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RETENTION O F  CALCIUM-45 AND STRONTIUM-90 IN THE RHESUS MONKEY 

Six new~individuals have been  int roduced into the s r 9 0  monkey colony 
s ince  the preceding r e p o r t .  The a g e s  of a l l  an ima l s  i n  the exper iment  have 
now been de te rmined  according to  the method desc r ibed  by van Wagenen and 
Asling. Accura te  aging a l lows u s  to  cons ider  two sepa ra t e  g roups  of 
monkeys-  -adul ts  and adole.sce'nts. The adolescent  group cons i s t s  of those  
an imals .under  4 y e a r s  of age  and the adult  g roup  of those  an ima l s  4 y e a r s  
o r  o lder .  Table  I  shows the  number s  o r  names  of an imals ,  the i r  a g e s  a t  
injection,  and the da tes  of injection.  

Complete  exc re t a  col lect ions  have been  made during t.h.e f i r s t  20 
we'eks a f t e r  injection fo r  the nine monkeys in jected s ince  Jan.uary 1957, and 
a one-week s ample  h a s  been co l lec ted  eve ry  two months  thereaf te r .  
Although .excret ion collections we re  complete  only dur ing the  f i r s t  10 days  
f o r  the four  monkeys in jected p r i o r  to  1957, per iod ic  weekly spec imens  a r e  
being tak,en to de t e rmine  the  slope of the l ong - t e rm  component of the e x c r e -  
tion curve .  

E x c r e t a  s amp le s  a r e  oven-dr ied and reduced  to a s h  i n  a muf f l e  
fu rnace  a t  500' C .  Ashing i s  completed by boiling with conc. HN03. The 
a s h  i s  d issolved i n  25 c c  of 4 HNQ3 and diluted to 200 m l  with d i s t i l l ed  
wate r .  A 0.57'0 o r  1.070 aliquot-(such that  the f inal  d r y  weight will not 
exceed 250 m g )  i s  t r a n s f e r r e d  to a weighted g l a s s  planchet ,  and dilute 
NH40H i s  added with s t i rk ing to precipi ta te  the  ingoluble phosphates.  The 
s l u r r y  i s  evaporated on a hot plate a t  low hea t  and then s t rongly hea ted  to  
sublime the volati le ammonium sa l t s .  The resu l t ing  sample  i s  not 
hygroscopic  and i s  evenly sp read  over  the en t i r e  su r f ace  of the planchet .  3 

I 

' ~ u r b i n  and Asling, e t .  a l .  , Stront ium-90 i n  the Rhesus  Monkey, i n  
Biology and Medicine Quar te r ly  Repor t  No. UCRL-8031, 1957. 

, . 
' G .  van Wagenen and C. W. Asling, Rotentgenographic Es t imat ion  of Bone 

Age in  t he 'Rhesus  Monkey (Macaca mula t ta ) ,  Am. J. Anat. (in p r e s s ) .  

3 ~ .  B a r r ,  A. Method for  Uniform Mounting of Samples  Emit t ing S o f t  
. Radiations,  Univers i ty  of Cal i fornia  Radiation Labora tory  Medical  and 
Health Phys ics  Quar te r ly  Repor t  No. UCRL- 2881, .,p. 15, 1955. 



Table .I . 

Ros te r  o f  s rS0- in jec ted  r h e s u s  monkeys.  Each  a n i m a l  rece ived  35 pC of 
sr9'-.y9O in  a single in t ravenous injection excep t  where  o therwise  indicated 

A g e a t  . Date Animal  Sex Group 
. . in ject ion in jected R e m a r k s  

Stupe M 4.25 adult  . May I54 9' 

Rosy ' F 5.0 I I Apr i l '  I54 9' 3 months  pregtiant a t  
t=O. Has  s ince  bo rne  2 
n i o r t  off spr ing .  

Tony M 4.3 1 1  . I I " * Arthr i t i c ;  s ac r i f i c ed  a t  

8 months .  

10 (Pa t )  F 3.7.5 ado les .  Aug. '55 * Late  ado lescen t  o r  young 
adult .  Sacr i f i ced  a t  3 months .  

I I 

I I 

adul t  

adole s .  
I I 

I I 

I I 

. 

I I 

Jan .  '57 
I I I I 

1 I I! 

Feb .  '58 
I I I I 

I I I I 

Sept. '58 

In t raper i tonea l  injection 
I I I I 

I I I I 

J a v a  monkey 

l a t e  ado lescen t  o r  
young adult.  

9' 
Comple,te ,excret ion col lect ions  ,to day 10; s a m p l e s  taken sporad ica l ly  

t he r ea f t e r .  
/- 

Durbin and  Asling 



The  pla ted s a m p l e s  a r e  counted fo r  a t  l e a s t  2000 counts with a thin end- 
window G-M tube and a Nuclear-Chicago s c a l e r  f i t ted with an  automat ic  
changer .  when  the  in i t ia l  count of a group  of s amp le s  i s  co'mplete. the  g roup  
i s  recounted  with a 64-rrig/cm2 A1 f i l t e r  t o  s c r e e n  out the  c a 4 5  ,beta par t i c les .  
P e r c e n t  transmission of the s r 9 0  and Y ~ O  b l t a  p a r t i t l e s  through the a b s o r b e r  
i s  de t e rmined  each  t ime  s ample s  a r e  counted. An aliquot of e ach  injection 
solution s e r v e s  ' a s  the counting s tandard .  

Be t a -  par t i c le  e l f -absorp t ion  c u r v e s  (shown i n  F ig .  1 )  we re  p r e p a r e d  
f o r  both Ca45 and Sr 98 by the dilution method,  using bone a sh ,  soft- t i s sue  
a s h ,  u r i ne  a s h ,  and  feca l  a s h  a s  m a s s  sou rce s .  After  the  f i r s t  few months  
the  specif ic  ac t iv i t i es  of both ca45 and s r 9 0  i n  the excre t ion  s amp le s  decl ine  
to l e s s  than 0.1 cpm/mg of a s h ,  and  i t  becomes  n e c e s s a r y  e i ther  to p r o c e s s  
th s a m p l e s  chemical ly  o r  to apply a co r r ec t i on  fac tor  to  account f o r  na tura l  80 K ,background.  The a l m o s t  exclusively. vegetable die t  of t he se  an ima l s  l e ads  
to  approxim.ately 20 i n  a mixed -exc re t a  ash '  spec imen  weighing 

2 20  rng/crn . The cpuntirrg r a t e  due to K~~ (and pre 'sumably a s m a l l  con t r i -  
bution f r o m  long- l ived fal lout  a c t i v i t i e s )  was  deter inined i n  a s e r i e s  of 
un.contaminated s a m p l e s  of monkey ur ine ,  feces ,  and mixed exc re t a .  These  ' 

c u r v e s  a r e  shown in  F ig .  2 fo r  sarriples with andwitho.ut  the A1 a b s o r b e r .  
The re la t ionsh ip  between K40 count and s ample  th ickness  i s  not l i n e a r  over 

2 a l l ;  however,  m o s t  spec imens  fa l l  within the  range  '7.5 to  20 m g / c m  , where  
the deviation f r o m  a straight: li'ne i s  not too g r ea t .  The number  of control  
. samples  w a s  sma l l ,  and  they w e r e  s c a t t e r e d  about the l i ne s  shown i n  Fig .  2. 
The  val id i ty  of the co r r ec t i on  fo r  ~ 4 0  background act iv i ty  was  t e s t ed  by 
subjecting a group  of srqO- containing e x c r e t a  spec imens ,  previously  a s s a y e d  
b y  the usua l  method,  to chemica l  p rocess ing .  Duplicate 10 cc  s amp le s  of 
disso1,ved exc re t a  a s h  w e r e  made  a lkal ine  with NH40H to  p rec ip i ta te  the  
insoluble  phosphates .  The soluble s a l t s -  -po tass ium,  sodium ces ium,  e tc -  - 
w e r e  s epa ra t ed  by centrifugation,  and  by  r epea t ed  washing of the  p rec ip i ta te  
with di lu te  ammon ia .  Resu l t s  of the  two a s s a y  methods  a r e  compared  i n  
Table  11. . Those s a m p l e s  fo r  which the r e s u l t s  of the  two methods  did not 
a g r e e  c o se ly  (general ly  those  col lected a f t e r  1000 days )  will b e  r e  
f o r  Sr9' b y  the Nuclear  Science and Engineer ing Corp .  by t he i r  Y98s2Ydng  
p r o c e s s  (precipi ta t ion of YP04) ,  and.wi l1  be i u r t h e r  pr  oce s scd  i n  th i s  
l a b o r a t o r y  b y  a modif ied Y-milking method dev ised  by Dr .  M. Nerv ik  of the  
UC RL L i v e r m o r e  Labo ra to r i e s  involving .extract ion of Y with t r ibutyl  phosphate.  

At t o t a l - s amp le  counting r a t e s  of 35 cpm (15 cpm background and 10 
c p m  K ~ O ) ,  t he  e s t ima ted  e r r o r s  a r e :  counting *570; uncer ta inty  in  s e l f -  
absorpt ion,  * 1070; uncer ta inty  in  K40 co r r ec t i on ,  zt1070; and manipulat ive ,  
zt50/0, fo r  a to ta l  e s t i m a t e d  e r r o r  of 15% to 207'0. At to ta l  counting r a t e s  
g r e a t e r  than  100 cpm the  e s t ima ted  e r r o r  dec l ines  to about 1070~ a 

The  excre t ion  r.ates of ~a~~ and s r 9 0  and the  re tent ion calcula ted f r o m  
to ta l  exc re t i on  m e a s u r e m e n t s  a r e  shown i n  Table 111 fo r  a g roup  of ado lescen t  
monkeys .  T h e s e  da ta  a r e  plotted as  exponential  c u r v e s  i n  Fig .  3 .  The 

L 

s lope  of the  l onges t - t e rm  component of the  ~ r 9 0  cu rve ,  1080 * 250 days ,  h a s  
been  e s t ima ted  by averag ing  the  s lopes  of l e a s t -  s q u a r e s  f i t s  of the  da ta  irorri 
individual  ado lescen t  monkeys col lected between the  250th and 530th day. 
Th i s  m e a n  slope c o m p a r e s  favorably  with f i t s  s i m i l a r l y  obtained fo r  data  
f r o m  t h r e e  adult  monkeys  co l lec tea  between the 250th anci 1550th day. The 

Durbin and  Asling 



Self-absorption in samples of rat tissues 
0 e Bone 0 Soft tissue 
U* Urine ++ Feces 

Self-absorption of ygO P-emission passing through - 
a 65 rng/crn2 Al absorber assumed negligible in 
samples <20 rng/cm2. 

101 I I I I I I 1 
0 5 10 15 20 25 30 35 

Sample mass (mg/cm2) MU- 16242 

Fig. 1. Self-absorption of ca4 '  and sr90 in  a s h  f rom bone, 
soft  t issue,  and excreta .  



35 - I I I 
0 

0 Urine 
30 - A A ' Feces 

- 

Filter: Al, 64 mg/cm2 
Uncontaminated samples - 
counted in glass dishes in 
automatic sample changer. 

0 ' 5 10 15 20 25 30 35 
Sample mass (mg/cm2) 

. . MU- 16243 

Fig. 2. . Beta-part ic le  activity of K~~ in unprocessrd  ash of 
monkey urine and of f eces  a s  a function of sample m a s s .  



Table I1 

Compar i son  of sr90 a s s a y  of monkey exc re t a  chemical ly  p roces sed  to r emove  K 40 
and counted without chemica l  p rocess ing  but with a K~~ co r r ec t i on  applied 

Ifionkey--'l . 

Week 57 
Week 67 
Week. 76 

.Monkey 23 

week  57 
.Week 6 7  
Week 7.6 

Stupe 

1229 days  
1341 days  
1479 days  
1-542 days  . . 

.Rosy 

963 days  
1084 days  
1194 days  
1362 days  
1500 days  

4 0 Soluble s a l t s  removed  Unprocessed exc re t a  a s h , .  K 
co'rrection applied 

70 dose in  1- D/o dose i n  1- 
week sample  week sample  

Sample w e ~ h t  0.570 s ample  
( m g h  1 to ta l  count r a t e  



Table  I11 

E x c r e t i o n  of s r 9 0  a n d  ~a~~ by  ado lescen t  r h e s u s  monkeys ,  
a g e d  29' to 38 m o n t h s  when in jec ted .  Me,ans a r e  shown in 
percent.of,adrninistere-3 dosk * ' s t a n d a r d  deviat ion.  

s r 9 0 ;  35pC ;(5 m o n k e y s )  ~ a ~ ~ ;  135p.C ( 3  m o n k e y s )  

Day T o t a l  c x c r e t i o n  Retent ion To ta l  e x c r e t i o n  Retention 
(YO/ day (%/day) 

- - -  
0.34 * 0.07 
0.22 * 0.07 
0.18 * 0..05 
0.18 * 0.04 
0.12 * 0.02 
0.1.2. k 0.04 
0.09 0.02 
0..09 * 0.03 
0.09 * 0.03 
0.08 + 0.02 . 

0.07 0.01 
0.09 * 0.03 
0.06 * 0.02 
0.07 * 0.02 
0.06 * 0.02 
0.06 0.02 
0.07 * 0.01 
0.04 * 0.01 
0.04 * 0.01 
(2 m o n k e y s )  
0.017 
0.018 
0.014 
0.022 
0.018 
0.012 , . 

0.010 
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Fig .  3. E x c r e t i q n  r a t e  of s r 9 0  a n d  ~a~~ i n  ado lescen t  r h e s u s  
monkeys  a f t e r  a s ing le  p a r e n t e r a l  inject ion.  S tandard  . 

devia t ions  of. the m e a n  va lues  f o r  g r o u p s  of t h r e e  o r  m o r e  
monkeys .  
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s i z e  of the  l ong - t e rm  tu rnover  compar tment  i s  highly sensi t ive  to the age  
a t  injection,  and i s  s t i l l  i n  doubt fo r  both age  groups .  The excre t ion  curve  
and  the  re ten t ion  c u r v e  de r ived  f r o m  i t  that  give the b e s t  ag reemen t  with 
~ r 9 O  re ten t ion  calcula ted f r o m  tota l  excre t ion  col lect ions  to 140 days ,  f o r  
monkeys  i n  the 28- t o  40-month age  group,  a r e  

-0~693 t /0 .55  + 2e2470/d -0'693t/5'3 + 15%/d e -0.693t/58 E~ = 3480/0/d e 

-0.693t/ 1080 
t 0.02570/d e 9 

R = J Edt.  

0 

$ r90  re ten t ion  was m e a s u r e d  i n  the ske le ta l  p a r t s  of one adolescent  f e m a l e  
monkey s ac r i f i c ed  94 days  a f t e r  injection.  The re ten t ion  calcula ted f r o m  
the  abo e cu rve  w a s  42.90/0, compared  with the m e a s u r e d  re tent ion of 
43.20Joo. z 

The  s lopes .  of t he  components  of the  above equations a g r e e  with 
those  of a n  equation published prev ious ly  fo r  a g roup  of monkeys  of mixed  
a g e s ,  both  adul ts  and ado lescen ts ;  however ,  the  amoun t s  of ~ r 9 O  p r e s e n t  i n  
the  f a s t e s t -  and s lowes t - tu rnover  compar tmen t s  differ. In the adult monkey 
the  rapid,-  tu rnover  compar tmen t  accounts  f o r  about 5070, and t he  s lowes t  
t u rnove r  compar tmen t  conta ins  l e s s  than 25% of the  in jected srqO These  
f indings a r e  in g e n e r a l  a c c o r d  with those  of Speckrni.n and   orris^ on the:+g.e 
dependence of Sr89 re ten t ion  i n  the m a l e  raL. 

I t  i o  too e a r l y  to ~ s t a b l i s h  a s lope f o r  the l ong - t e rm  c o m p o n ~ n t  of 
the  ca4 '  excre t ion  cu rve ,  but  a s lope s i m i l a r  to  that  f o r  ~ r 9 O  m a y  be I i ILad 
to  the ca4' d t a  as  they now s tand.  S imi l a r  l ung - t e rm  tu rnover  r a t e s  f o r  
~a~~ and Sr98 have .been  obse rved  i n  t he  r a t ,  and these  data  appea r  e l s e h h e r e  
i n  th i s  r e p o r t .  

4 ~ u r b i n ,  P a r r o t t ,  Wil l iams,  e t  a l . ,  Metabolic Studies  with Strontium-90 i n  
the  Rhesus  Monkey (p r e l im ina ry  r e p o r t )  i n  The  S h o r t e r - T e r m  Biological  
H a ~ 2 r ~ F : ~ f ' ~ a ~ F a l l o u t  F i e l d ,  a Symposium,  G. M. Dunning and J . A .  Hilcken,  (1" - 
E d s . ,  Washington D. C . ,  ~ e c .  i956,  pp. 173-  182. - 

5 ~ 9  W. Durbin and  H. B. Jones ,  Es t ima t ion  of the  Tu rnove r  Equation of 
S t ron t ium-  90 fo r  Human Bones,  Second Internat ional  c o n f e r e n c e  on the Peace fu l  , 
Uses  of Atomic Ene rgy ,  Geneva,  Switzer land (United Nations,  New York, 

1958) ( in p r e s s ) .  

'T. W. speckman  and  W .  P. N o r r i s ,  The Retention of S t ron t ium-89  i n  Ra ts  
a s  a Funct ion of Animal  Age a t  Injection, i n  Medica l  R e s e a r c h  =.vision 
Qua r t e r l y  .Report ,  ANL- 5597, pp. 77- 78, Ju ly  1956. 
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During the f i r s t  70 days ,  when the s r 9 0  excre t ion  r a t e  i s  declining 
rapidly ,  excret ion da ta  fo r  the adolescent  monkey can be  f i t ted to a power 
function. ' After  the  70th day the  excre t ion  r a t e  devia tes  marked ly  f r o m  a 
power function. Sufficient t i m e  h a s  not p a s s e d  yet  to t e l l  whether th is  
deviation i s  a second-power function of m o r e  posit ive slope o r  a region of 
cu rva tu re  a s  indicated by  Ward. 

45 The C a  kxcte t ion data  cannot b e  f i t ted  to  a power function *du r ing  
any apprec iab le  i n t e rva l  up to 140 days  postinjection.  These  data ,  however ,  
can  be r ep re sen t ed  a s  a s e r i e s  of exponentials ,  a s  shown in  Fig .  3. The 
r e s u l t s  thus  f a r  a r e  too p r e l im ina ry  to es tab l i sh  s i m i l a r i t i e s  o r  d i f f e r ences  
of s lope o r  of compar tmen t  s i z e  between the two i so topes .  

RETENTION O F  
CALCIUM-45 AND STRONTIUM-90 IN THE ADULT FEMALE RAT 

T r a c e r  s tud ies  of ~a~~ and s r 9 0  i n  r a t s  r e p o r t e d  previously  f r o m  
th i s  l abo ra to ry  have  had some  s e r i o u s  shor tcomings :  ( a )  m e a s u r e m e n t s  w e r e  
not extended over  a sufficiently long t ime  t o  es tab l i sh  the  slope of the  longes t -  
t e r m  component of the  re ten t ion  cu rve ;  (b) ske le ta l  re tent ion was m e a s u r e d  
a t  only a f ew  widely spaced  i n t e rva l s ,  making the  p r ec i s i on  shape of the  
cu rve  u n c e ~ t a i n ;  and ( c )  balance s tud ies  w e r e  not pe r fo rmed ,  making 
ana ly s i s  of e r r o r s  difficult.  The expe r imen t s  r epo r t ed  h e r e i n  w e r e  designed 
to overcome some  of these  objections.  F e m a l e  r a t s  110 days  old w e r e  
chosen  a s  t e s t  an ima l s  because  they we re  still ynnng enough to a l low a t  l c a s t  
16 ~ n o n t h s  of study be fo re  pulmonary d i s e a s @  and m a m m a r y  t u m o r s  
se r ious ly  reduced  the i r  number .  Although the  bones  of f ema le  r a t s  of th i s  
age  ar.e s t i l l  growing to some  extent ,  growth i s  proceeding a t  a re la t ive ly  
slow r a t e .  

s i x ty  an ima l s  we re  given 0.5 p~ of sr9' i n  the  S r  90 y 9 0  equ i l ib r ium 
mix tu re ,  and varying amounts  of high- specif ic-act iv i ty  ca4< The fats 
scheduled f o r  s ac r i f i c e  within 2 mont& a f t e r  in ject ion ( I - ,  4- ,  18-, 35-, 
and 68-day groups  r ece ived  2 pC C a  ; those  held  f r o m  4 to  8 months  
rece iped  4 pC Ca4'; and  18 l ong - t e rm  an ima l s  r ece ived  10 pC ~ a ~ ~ .  Both 
i so topes  w e r e  diluted i n  neu t ra l . i so ton ic  sodium c i t r a t e  and  injected 
intramus.cul.arly. Immedia te ly  a f t e r  in ject ion the  42 r a t s  i n  the  1- to  263- 
day groups .  we re  placed i n  me tabo l i sm  cages  i n  gro.ups of t h r ee .  Comple te  
col lect ions  of s epa ra t ed  u r ine  and f e c e s  w e r e  m a d e  unti l  the  130th day; 
pooled e x c r e t a  w e r e  col lected t he r ea f t e r  unti l  a l l  t he se  g roups  we re  s ac r i f i c ed .  
On the 35th 'day the long- t e r m  an ima l s  w e r e  placed i n  me tabo l i sm  cages  i n  
g roups  of t h r ee  f o r  comple te  e x c r e t a  col lect ions  unti l  the  130th day. Because  
of p rev ious  diff icult ies i n  keeping r a t s  i n  open-mesh  me tabo l i sm  cages  f o r  
long pe r iods  of tilnd without significant  l o s s e s  due to pneumonia,  the long- 

' 

t e r m  a n i m a l s  we re  t r a n s f e r r e d  to  s tock  cages  a t  th i s  t ime .  Subsequentl.y, 
they have been  r e tu rned  to the  me tabo l i sm  cages  f o r  a l - w e e k  col lect ion 
per iod each  month.  These  a n i m a l s  a r e  weighed twice each  month,  and any  
an ima l  los ing 20 g o r -  m o r e  i n  any  2-week per iod  i s  given a n  in ject ion of 

7 ~ .  H. w a r d ,  Compar i son  of Exc re t i on  and Retention of s r 9 0  i n  Monkeys 
and Radium i n  Man, Am. J. Roentgenol . ,  Radium Therapy ,  Nuc lear  Medo - 79, 
530- 53 1 (1958). 
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60,000 units  of penicil l in.  Aureomycin i s  a l s o  given i n  the  drinking water  
two days  a week to control  pulmonary d i s ea se .  The excreta-col lect ion 
schedules  a n d  the number  of independent m e a s u r e m e n t s  of excret ion r a t e  
a r e  shown i n  Table IV.  

Animals  w e r e  sacr i f i ced  i n  g roups  of s i x  except  f o r  t h r e e  135-day 
r a t s ,  which we re  autopsied a t  68 days  to rovide a check on ~a~~ excre t ion  
m e a s u r e m e n t s .  The  v e r y  high in i t i a l  S r6  excre t ion  r a t e  and  the low ~a~~ 
dose  i n  t he  s h o r t - t e r m  an ima l s  m a d e  ~a~~ counting i n  the e a r l y  u r ine  and 
f e c a l  spec imens  uncer ta in  until a  balance study could b e  m a d e  with a g roup  

45 that  h a d  rece ived  a l a r g e r  amoGnt of C a  I 

At autopsy complete  blood counts we re  taken and m a r r o w  s m e a r s  . . 
:wer.e p r e p a r e d .  Both f e m u r s ,  one t ibia and fibula, and  the c r an i a l  vault  
.&ere  d i s s ec t ed  and weigb6d .. . The f e m u r  lengths  we re  m e a s u r e d ,  and  one 
.was  f ixed f o r  h is tological  examination.  The remain ing  bone spec imens  . 
were a s h c d  a n d  a s s a y e d  separa te ly .  The gas t ro in tes t ina l  t r a c t  was  d i s -  
~ e c t e d  as  a i ~ n i t  and  added to the  l a s t  excreti0.n collectiur!. The i nc i so r  
t e e th  w e r e  r emoved  f r o m  the  r e m a i n s  of the c a r c a s s  fu r  s e p a r a t e  a s s a y  
a f t e r  ashing,  and the soft  t l s s u e  ash w d s  washcd f r s m  the ra.rcass with 
water. 

Radioact ive  a s s a y  techniques  f o r  the  two i so topes  w e r e  the  s a m e  
a s  d e s c r i b e d  i n  the  preceding sec t ion  fo r  monkey m a t e r i a l .  Because  of the  
d i f f e r ences  i n  die t  of the  two spec ies ,  the K~~ content  of exc re t a  a s h  was 
r e d e t e r m i n e d  for  the  r a t ,  The c u r v e  i s  shown in  F ig .  -4. 

The t ime c o u r s e  of re ten t ion  and the  change of excre t ion  r a t e  of 
~a~~ and s r 9 0  i n  the s a m e  an ima l s  a r e  shown in  Table  IV. The excre t ion  
cu rves  obtained b y  plotting t he se  data  on a s emi loga r i t hmic  s ca l e  a r e  
shown in  F i g s .  5 and 6 f o r  ~a~~ and s r 9 0  respec t ive ly .  The equat ions  of 
t h e s e  curves ape 

and  

The  s l ight  deviation of the  expe r imen ta l  points i n  each  of these  c u r v e s  f r o m  
the  smooth  c u r v e s  shown dur ing  the second month  i s  the  r e s u l t  of the l o s s  by 
a t t r i t i on  of those  por t ions  of the i nc i so r  t e e  h that  w r e  la id  down shor t ly  
a f t e r  injection,  when the blood l eve l s  of Ca15  and  Sr" we re  s t i l l  high. This  
"ground away" tooth subs tance  a p p e a r s  exclusively  i n  the  f ece s .  The amount  
of in jec ted  isotope r e p r e s e n t e d  b y  the  a r e a  between the  smooth cu rve  and  the 
e x p e r i m e n t a l  points dur ing t h i s  i n t e rva l  i s  v e r y  c lose  to the m e a s u r e d  pe rcen t  
of in jec ted  dose  i n  the  i n c i s o r s  1 to 4 days  a f t e r  injection.  

D u r i n g t h e  f i r s t  130 days  a f t e r  in ject ion,  when u r ine  and f ece s  we re  
being col lected separa te ly ,  the f eca l - t o -u r ina ry  ratio fo r  ~a~~ was  5 to 6 
(except  dur ing  the  second month,  when the  labeled por t ions  of the i n c i s o r s  
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Table IV  

Retention of ~a~~ and sr90 by the adult  f ema le  Sprague-Dawley r a t .  Each  r a t  
rece ived  0.5 pC ~ r 9 O  and f r o m  2 to  10 pC ~ a ~ ~ .  Data a r e  e x p r e s s e d  i n  p e r -  
cent  of admin i s t e r ed  dose  of each  isotope co r r ec t ed  fo r  deviation of r ecove ry  

f r o m  1000/oo. 

Ca 
45  

S r  90 
- -- 

Days No. ' - 70 excre ted  O/o re ta ined  .Excret ion r a t e  
cages  (%/day k - S .  D. ) 

14 11.8 88 .2  11.8 k 2 . 6  
12 7.41 80.8 7.41 * 1.13 
12 .  6 .71  . 74.1 3.36 k 0 . 6 5  

8 3.78 70.3 1.26 k0 .26  
8 2.44 67 .9  0.61 *.0.09 

' 8  1 ,33  66 .5  0.44 k 0 . 0 5  
8 1 .53  65.0 0.38 *0.05 
8 .2.47 62 ,5  0.35 *0.04 
8 2.24 60 .3  . 0.32 k0..02 
6 2.49 57.8 0.36 k0 .02  

12  2.15' 55.6 0.31 *0'.06 
12 1.86 53.8 0.26 *0.04 
1 1  2.40 5 1.4 0.17 k0 .06  
8 0.84 50.6 0.12 *0.02 
9 1.40 49.2 0.10 *0.012 
9 0.96 48.2 0.094* 0.010 
9 1.37 ' 46.8 0.077* 0.008 
9 0 -94 4:5.9 0.067*0.011 
2 0.96 44.9 0.066*.0.005 
2 0.86 44.0 0.062* 0.006 
8' 0.32 0.046* 0.007 
2 1.22 42.5 . '  0.056k0.005 
8 0.62 0.044*0.008 
2 0.69 41.2 0.050* 0.004 
8 0.68 0.048* 0.009 
2 1.08 0.051*.0.012 
7 0.7 7 38.8 0 ,055k0.008 
2 0.38 0.053*0.001 

No. 
c ages  

1 4  
12 
12 
8 
8 
8 
8 
8 
8 
6 

11 
1 1  
1 1  

7 
8 
8 
8 
8 

( 2 
2 
7 ' 

2 
7 
2 
7 
2 
5 
2 

70 excre ted  70 reta ined Excre t ion  r a t e  
(%/day * S.. D. 1 
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40 Fig. 4. Beta-part ic le  activity of K in unprocessed a sh  01 -.rat urine 
and feces  a s  a  function of sample mass. 
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w e r e  being worn away, and the  F:U r a t i o  r o s e  to 7.5). The f eca l - t o -u r ina ry  
r a t i o  of ~ r 9 O  ave raged  1.2 ( r i s ing  to  2.6 dur ing the l o s s  of the labeled p a r t  

.of the i n c i s o r s ) .  

The s lopes  of the  t h r e e  components  of the  el imination c u r v e s  a r e  the  
s a m e  for  both c a 4 5  and ~ r 9 0  within the e r r o r s  of the  exper iment ,  providing 
f u r t h e r  evidence of s i m i l a r  handling of these  two e l emen t s  once they r each  
the bony t i s sue .  The di f ferences  i n  magni tude of the  skkle ta l  tu rnover  com-  
pa r tmen t s  and  the di f ferences  in  feca l -  t o -u r ina ry  r a t i o s  can  b e  accounted f o r  
by  the m o r e  conserva t ive  t r ea tmen t  acco rded  calci iun by the kidney8 and by 
the  gas t ro in tes t ina l  t r a c t .  9 

The c u r v e s  of ~a~~ and  s r 9 0  re tent ion calcula ted by d i f f e r ence  f r o m  
the s u m m e d  excret inn col lect ions  are shown in  F igs .  7 and 8. The re ten t ions  
of these  two isotopes  m e a s u r e d  i n  the  s e r i a l l y  s ac r i f i c ed  an ima l s  a r e  shown 
with the  cu rves .  Except  f o r  one l ong - t e rm  point of m e a s u r e d  re ten t ion  f o r  
e ach  isotope,  t h e r e  i s  good a g r e e m e n t  between the m e a s u r e d  re tent ions  of 
t he  s e r i a l l y  s ac r i f i c ed  a n i m a l s  and  the  re ten t ions  calcula ted by s w m i n g  
excre t ion  over  a s  many  a s  14 cage  groups ,  a g r e e  v e r y  well.  The equations 
of the re ten t ion  c u r v e s  fo r  the  two rad ioe lements  i n  110-day-old f ema le  r a t s  
a r e  

and 

A s  expected,  t he se  equations a g r e e  .within exper imenta l  e r r o r .  with t hose  
obtained by  in tegra t ion  of the  excre t ion  cu rves .  Speckman and N o r r i s  
m e a s u r e d  the  re ten t ion  of ~r~~ in  m a l e  r a t s  o f  va r ious  a g e s  by whole-body 
counting. The i r  m e a s u r e m e n t s  c e a s e d  a t  200 days  postinjection becahs.C of 
the sho r t  half l i fe of the s r 8 9  isotope.  The m e a n  s lope  of the  l a s t  porti.ons of 
t he se  re ten t ion  cu rves . ( f rom 120 to 200 d a y s )  was  Tb = 610 i ' 5 0 d a y s  f o r .  :.,>: 

m a l e s  40 to 440 days  old.. Th i s  s lope is v e r y  s i m i l a r  to what we obtain 
(560 :* .30 d a y s )  f r o m  excre t ion  measui-ements  of 1 10-day-old f e m a l e s  The : 
s imi l a r i t y  i n  the s lopes  of the l ong - t e rm  re tent ion component fo r  c a 4 '  and 
s r 9 0  i n  m a t u r e  f ema le  r a t s  and  s r 8 9  in m a l e  r a t s  ove r  a b r o a d  span  of gges  
sugges t s  that  t h i s  v e r y  s low r a t e  p r o c e s s  is independent of the  s t a t e  o f '  
ac t iv i ty  of bone growth  and g r o s s  bone tu rnover .  

. The d i s t r ibu t ions  of ~a~~ and s r 9 0  in  the  lbng bones ,  c r a n i a l  vault ,  
, 

and  i n c i s o r s , a r e  shown in .  Tab les  V and  VI. The half t i m e s  of the re ten t ion  
components  of t h e s e  bones  a r e  p r e sen t ed  i n  Table  VII. The half t i m e s  of the 

, 
' h l a c ~ o n a f d ,  Noye s ,  and Lorick,  Disc r imina t ion  of Ca lc ium and  Stront ium 

by  .the Kidney, &. J. Physiol .  - 188, 131- 136 (1957). 

~ a s s e r m a n ,  C o m a r ,  and Nold, Influence of Amino Acids  and  o the r .  Organ ic  
Compounds on Gas t ro in tes t ina l  Absorpt ion of Radiocalc ium and  G d i o s t r o n t i u m ,  
Fed .  P r o c .  15, 1881 (1956), Abs t r ac t .  - 
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Fig .  7. Total ietention of ~a~~ by the 1 10-day-old female r a t  
' ca'lculated from summed excret ion measurements.  Retention 
measured in serially 'sacrificed animals i s  shown with standard 

. deviation.. 



.. . 
kig. 8.: Total retention of sr90 by the 110-day-old female r a t  

calculated f rom summed exc'retion measurements .  
Retention measured  in  ser ia l ly  sacr if iced animals  i s  
shown with s tandard deviaiion. . 



Table V 

45 
Distribution of Ca  i n  represen ta t ive  ske le ta l  p a r t s  of the  adult  f emale  Sprague-  
Dawley r a t .  Values a r e  ~ : x p r e s s e d  i n  percen t  of admin i s t e r ed  dose  cokrec ted  fo r  
deviation of r ecove ry  f r o m  1000Jo Means a r e  shown * s tandard  deviation. Ra t s  1, 
4 ,  18, ,35 and 68 days  old recLzive:d 2 PC ~ a ~ ~ ,  and 128- and 256-day za t s  rece ived  
4 pC c a 4 $  i n  a  single i n t r a m u s c u l ~ r  injection.  

C ran i a l  
F e m u r  Tibia-  F ibu la  Inc i so r s  Skeleton Ba l -  Total  Avg. . 

vault  ., I : anc'e . retenti'om. r e c o v e r y  
$ dose .%/ g yodose , O / o / g  - 70 d o i e  Wg y ~ , & s e  ..yodose: Ojo dose  70 dose  

l d a y  2.6*.:2 2.8*.2 2.6*.'1 4.0*.5 2.6*.:1 2 . 5 k . 3  4.4*.6 81.2 0.93 84 .6*1 .2  92,9 
(6 r a t s )  

4 days  2 . 8 f . 3  3 . 0 f . 3  2.5rt .I .  4.2f4.4 2 . 9 f . 4  4 . 4 i . 5  7 .6* .9  68 .5  0.34 7 3 . 2 f 2 . 1  97.4 . 
(6 r a t s )  . 

1 8 d a y s  2.3*.,2 2 . 3 f . 2  1.9*.1 2 . 7 f . 3  2 ,8* .5  4 . 8 f . 3  8 .1* .3  63 .1  ' 0 . 1  6 7 . 9 k 2 . 3  100,5  
(6 r a t s )  

3 5  days  2 . 2 f . 3  2.0*.4 1 . 6 + . 1 ,  2 .71 .2  3 . 1 k . 4  3 . 6 f . 5  5 . 7 + . 8  56.8 < 0.1 60 .4*3.6  105.4 1: 
(6 r a t s )  .- 

W 
I 

6 8  days  2.1*.4 2.0*.4 1.5*.3 2.1 *.4. 2 .9* .4  8 1 f . 1 1  1.1*.1 46.~9 < 0.1 k7 .7+3.7  96.7 '.' 

(9 r a t s )  

130 days  1;8*.'2' 1 .9*.1 1 .  1.8*.2 2.4*.1 .36* .09  ,49*.11 46..1 < 0:l . 46.5*1.1  104.2 
(3  r a t s )  

263 days  1 ,6  *.1 1 . 4 k . 2  9 8 .  1 . 3 *  . l  1 . 7 + . 1  .22* .02  ,27* .10  39.!6 . -  39.8 -. * 1 .4  107.8 
(6 r a t s )  

273 daysa 41.3 *2.7 - 
(3  r a t s )  

. . a Skeletal  m e a s u r e m e n t s  we re  made  on t h r ee  long- te rm r a t s  that  died of pneumonia. c j  
w 

Durbin and Asling 



- Table VI 

9 0 . . . .  
Distribution of Sr  i n  represen ta t ive  ske le ta l  p a r t s  of the.;adult f 'emale Sprague - 

, Dawley r a t .  Values a r e  exp re s sed  i n  percen t  of admin is te red  dose .  co r r ec t ed  fci'r 
deviation of recbvery  q m  100%. Means a r e .  shown f s tandard  deviation. Each  
r a t  rece ived  0.5 PC S r  i n  a single i n t r amuscu l a r  injection.  

Bal-  Total  Avg. 
F e m u r  Tibia-fibula . 

Crania l  
I nc i so r s  

I vault - , 

Skeleton ence  r t en- .  r e cov -  
E o n .  ery 

% dose %/ s '70 dose 70/g . 70 dose Yo/g 70 dose 70 dose  7 0 . d o ~ e  ' 70 dose  - - 
l d a y  2 . 3 f . 1  2.7.*.2 2.0*.1 3 . 2 f . 3  2 . 4 5 . 2  2 . 2 f . 3  3.7*.5 '59.3 ' '0 .49,  62.0 k 2 . 5  104 .2 '  

,(6 r a t s )  

4 days  1 . 8 f . 1  2 . 0 f . 2  1 . 6 f . 1  2 7  2 .0* .3  2.7*.1 4 :6* .1  44.2 0.31 4 7 . 2 r 3 . 8  105.1 
(6 r a t s )  

P 

18 days  1 . 4 f . 1  , 1.4* .1  1 . 2 f . 1  1 . 8 f . 2  1 .7* .2  2 .9* .3  ' 4.9*.3 3 6 4  ' 0 . 0  39.4 * 2.8 1:04.9. 
(6 r a t s )  

3 5  days  1 . 2 f . 2  1 -2* .2  . 89*  .09 1 . 4 f . 2  1 . 7 f . 2  2.0*.'2 ' 3.0*.3' 30.2 0.10 3 2 . 3  r 2 . 6  103 .4  'k 
(6 r a t s )  . .. ? 
6 8  days  1 . 2 f . 2  l . l r t . 2  0 . 8 f  . l l  1 . 2 f  - 2  1 .6 . f . 2  . 2 3 f  - 1  . 36*  -13  28.4 1 2 8 . 6 f . 4 . 2  ,101.7 
(9 r a t s )  

130 days  1.3)*.2 .98*.03 .62*.06  .98*.09  1 .4* .1  - 0 7 f . 0 2  .09* .03  25.7 < .10 2 5 . 8 k 2 . 0  103.5 
(3  r a t s )  

263 days  .95*.06  .83*.06  .61*.07 .77*.06  l . l * . l  .05* .02  .06*.03 23.5 - - 23.5 r i . 3  100.6 
(6 r a t s )  

273 daysa 21.6 k 2 . 4  - - -  
(2 r a t s )  

c 
a Skele ta l  m e a s u r e m e n t s  were  made  on t h r e e  l ong - t e rm  r a t s  that  died of pneumonia; one inadver tent ly  

ci 

did ndt r ece ive  a srqo injection.  
P 
t' 
Cr, 
UI 
b - -  

. . '. w 
Dur.bin and  Asling 
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Table "VII 

90 *Turnover compartme.nts and half t imes  of ~a~~ and S r  in 
the long bones and cranial  vault of the 110-day=old female r a t .  

F e m u r  

F e m u r  

activity 

Tibia and 
fibula ':. 

Tibia a n d  
fibula 
specific 
activity 

Crania l  
vault 
specif ic  
activity '  

Durbin and A,sling 
. . 



l onges t - t e rm  components  of re tent ion of both rad ioe lements  i n  t he  s epa ra t e  
bones  we re  s i m i l a r  to those  of the  skeleton a s  a whole. The s lopes  of the 
l onges t - t e rm  component of the c u r v e s  of specific act iv i ty  v s  t ime  were  
s t eepe r  (half t i m e s  w e r e  s h o r t e r )  f o r  both rad ioe lements ,  a s  was  expected 
f r o m  the continued slow growth of the long bones  (the f emur  i n c r e a s e d  4*470 
i n  length f r o m  the 68th to the  263rd day postinjection).  

T h e r e  w e r e  not enough m e a s u r e m e n t s  dur ing the f i r s t  few weeks a f t e r  
injection to es tab l i sh  p r ec i s e ly  the  shapes  of the  re tent ion c u r v e s  of these  
bones; .  some  gene ra l  conclusions,  however ,  can  b e  d rawh f r o m  the  in for  - 
mat ion  a t  hand. The r e  tention cu rves  and specif ic-act iv i ty  c u r v e s  (percen t  
dose  p e r  g r a m  wet weight) .for both ~ a 4 5  and ~ r 9 O  i n  the long bones  p o s s e s s  
a t  l e a s t  two and probably t h r e e  components:  

(a) a componknt with a half t ime  of the.o.rder .of. 1 day; . 1.. . , ., - 
(b) a ,component  with a half t ime  varying between 7 and  18 days ,  
(c )  and a component with a half  t i m e  s i m i l a r  to that  of the  skele ton a s  a . 
whole--about 600 days .  

It i s  tentat ively suggested that  t he se  components  r e p r e s e n t  

( a ) r a p i d  physicochemical  exchange a t  bony s u r f a c e s  (Tb= l  to 2 days ) ,  
(b) g r o s s  A i h e r a l  tu rnover  due to growth and remodel ing (TB=7 to 18 days) ,  
( c ) . and  a v e r y  s low p r o c e s s  r e sembl ing  i n t r ac rys t a l l i ne  diffusion and exchange,  
a s  postulated by N o r r i s  e t  al. (TB > 4 0 0  days) .  lo 

The  reten$ion c u r v e s  f o r  the 6pecific a'ctivit,y of the ci;allial vault 
po.ssessed .one l ong - t e rm  component s i m i l a r  to  that  found fo r  the  long bones  
and poss ibly  a v e r y  shor t - l ived  component, '  but  no component of i n t e rmed ia t e  
hal f i t ime a t t r ibutable  to bone growth.  The absence  of a growth component 
i s  not s u r p r i s i n g  because  growth of the c r an i a l  bones  i s  . e ssen t ia l ly  complete  
by the 110th day of l'ife, when the an ima l s  we re  in jected.  11 

Even  very  s m a l l  amounts  of long-lived rad ioac t ive  bone s e e k e r s  m a y  
have  profound pathological  ef fects  on the  bones  of roden ts .  The i n  idence 'of 
bone t u m o r s  i s  increa ,sed,  l2  and bone growth i s  mai-kedly a l t e r ed .  $13 i t  was ,  
the re fore ,  of in te r . es t  to a s c e r t a i n  whether  the  rad ia t ion  accumula ted  i n  the  
bones  of the  l ong - t e rm  an ima l s  might  b e  s o  a l t e r i ng  them a s  to  r e n d e r  t he se  
expe r imen t s  invalid a s  " t r a c e r  s tudies .  Seve ra l  of the  blood va r i ab l e s  
w e r e  m e a s u r e d  in  a s e a r c h  fo r  poss ible  changes  i n  the  bone m a r r o w ,  and  
f e m u r  lengths  w e r e  r e c o r d e d  to  d i s cove r  if t h e r e  had  b e e n  any e f fec t  on bone 
growth.  The hematological  da ta  a r e  shown in  Table  VIII, and the bone growth 
m e a s u r e m e n t s  a r e  shown i n  Fi . 9. Eight  months  a f t e r  admin is t ra t ion  of 

9 8  4 pC of ~ a ~ ~ ' a n d  0.5 PC of S r  t h e r e  w e r e  no detectable  d i f fe rences  between 

1 0 ~ o r r i s ,  e r ,  and  B r u e s ,  Retention of Radioactive Bone Seeke r s ,  Science 
128, 456-462 (1958). - 

I 1 ~ e n r y  R *  F rank ,  A Roentgenographic Study of Skull Development in  N o r m a l  
and Hypophysectomized R a t s  ( M a s t e r ' s  Thes i s ) ,  Universi ty of Cal i fornia ,  1953. 

I'M. Po Finkel ,  Rela t ive  Biological  Effect iveness  of In te rna l  E m i t t e r s ,  
Radiology - 67,  665-672 (1956). 

l3 k r b i n ,  Asling,  Jeung,  e t  a l .  , The Metabol ism and  Toxicity of Radium-223 
. ; I i .  . .  
."in Rats ,  UCR'L-8189, F e b .  1958. 

Durbin and  Asling 



. . Table  VIII  
' 

Compar i son  of s o m e  blood va r i ab l e s  i n  n o r m a l c o n t r o l  and 
. ~ ~ r ~ ~ - C a ~ ~ - i n j e c t e d  r a t s  

srY0- ca4 '  Sr90-Ca45 
200-day- 180 days  old 300-day- 3.73 days  old 

old con t ro l  (78'-d5y:-group)' old con t ro l  (263-day group)  
. . 

Hemoglobin 
g / l ~ ~  c c  14.1 14.0 14.5 14.4 

i 
4 ,Whi te  c e l l s / m m  3 

(X l o 3 )  10.96 9.57 8.03 11.28 

O/o Lymphocytes  84.6 88.3 80.9 85.8 . 

the h e m o g r a m s  and bone-growth pa t t e rn s  of in jected and con t ro l  r a t s .  
Radiat ion dosages  to the  skele ton we re  calcula ted f r o m  the  ~a~~ and Sr 90 

re ten t ion  curves ,  on the assumpt ion  of a un i form isotope dis t r ibut ion and a n  
a v e r a g e  ske le ta l  weight of 27 g. By the  68th day 2pC  of ~a~~ had de l ivered  
l l  r ad ,  and 0.5 PC sr9', 33.4 r a e 5  By the  263rd day the accumulated 

90 rad ia t ion  dosage f r o m  4 pC of C a  was  48.7 r ad ,  and f r o m  0.5 pC of S r  , 
59.6 r ad .  

T h r e e  m o r e  r a l s  we18e s ac r i f i c cd  384  days postinjectinn,  and nine 
i n j ec t ed  an ima l s  r e m a i n .  These  wi 1 b e  followed individually with 1-week 
e x c r e t a  s amp le s  e a c h  month f o r  Cai5 a s  long a s  i t  c an  b e  detected,  and to 

90 the  end of the  expe r imen t  fo r  S r  The remain ing  an ima l s  will be s a ~ l l i f i c e d  
i n  g roups  of t h r ee  e v e r y  4 munths .  

Durbin and  Asling 
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Fig. 9. Growth of the femur of the female rat. ' 



THE INDUCTION O F  MAMMARY TUMORS 
IN THE SPRAGUE-DAWLEY RAT 

211 
The  ini.tia1 observa t ions  on m a m m a r y  tumor  incidence i n  At - 

in jec ted  f ema le  Sprague-Dawley r a t s  have been  repor ted .  l4 Seve ra l  new 
g roups  of r a t s  have been  added to the  exper iment  to  explore  th is  phenomenon 
f u r t h e r  Some of the unresolved quest ions  a r e :  ( a )  How do these  r e su l t s  
with ~ t ~ l  l c o m p a r e  with those  obtained by the Brookhaven Labora tory  g roup  
using penetra t ing rad ia t ion?  (b) What i s  the  l i fe-span incidence of m a m m a r y  
t u m o r s  i n  At 211- i r rad ia ted  r a t s ,  and how does  i t  c o m p a r e  with the  l i fe-span 
incidence in  no rma l  con t ro l s ?  ( c )  I s  the  ~ t ~ l l ' e f f e c t  dose-dependent?  
(d) What a r e  the re la t ionsh ips  between the  deg ree  of hypothyroidism (At 

21 1 

p roduces  m a r k e d  i r r e p a r a b l e  damage  i n  the  thyruid  gland),  the percentage of 
tn.mor s induced,  and  the  propor t ion of these  that  a r e  riialignanl? aud ( e )  
What i s  the influence of ovar ian  horrnone8 on rumor iuducliuuf:' Is the tilumbor 
of t u m o r s  reduced  in both i r r a d i a t e d  and  no rma l  r a t s  following ovar iectomy,  
and can  i t  b e  i n c r e a s e d  i n  n o r m a l  and i r r a d i a t e d  in tact  r a t s  o r  r e s t o r e d  i n  
ovar iec tomized  rats by exogerluus e s t rogen  5' 

(a) In o r d e r  to c o m p a r e  our  r e s u  t  d i rec t ly  with those  obtained by 
She l l aba rge r  e l*  and Cronki te  e t  al. 'gusing penetra t ing radia t ion,  and 
to conse rve  At which can b e  m a d e  only a few mil l icur ie ' s  a t  a t ime ,  the 
55-day-old  age  point h a s  been  abalndoned i n  favor  of younger,  lighte'r animals . '  
The  Brookhaven g roup  found m a m m a r y  t u m o r s  i n  7970 of a g roup  of f e m a l e .  
Sprague-Dawley r a t s  dur ing the  11 months  following a s ingle  exposure  to 
250 kvp x - r a y  o r  Coho  y - r a y  when the r a t s  we re  43 days  of age .  F o r  purp6ses  
of d i r e c t  compar i son  th i r ty  43-day-old female  r a t s  of the s a m e  s t r a i n  we re  
given 0.5 p ~ / ~  of ~ t ' l l ,  and  by  the  end of the 11th month 63% b o r e  m a m m a r y  
t umor  s .  

211 
(b)  Our e a r l i e r  experiments with At - i r r ad i a t ed  r a t s  we re  t e rmina ted  

1 y e a r  postinjection,  and t he i r  con t ro l  g roup  was Loo s m a l l  to provide e iable  
f l  1 s t a t i s t i c a l  informat ion on the propor t ion of mal ignant  t umors .  The At - 

in jec ted  r a t s  now on hand will be  fullowed until 100% have developed m a m m a r y  
t ~ ~ . m n r s  o r  have died f r o m  o ther  cause s .  A group  of 103 control  an ima l s  h a s  
b e e n  es tabl ished.  Fifty r a t s  have been  held  600 days  o r  m o r e ;  eight  (16%) 
have  developed m a m m a r y  t u m o r s - - a l l  uf which we re  f i r s t  s c e n  a f t e r  the 
460th day of l i fe--  and 14 have died of pulmonary d i s e a s e  o r  unknown causes .  

( c )  To t e s t  the  dependence of t umor  induction on dose ,  At 
211 was in- 

jec ted a t  the  following dosages :  0.095 0.27 0.5 0.6 
and  0.76 p ~ / g .  The  number  of t u m o r s  developed i n  each  g roup  i s  shown in  
Table  IX. Tumor  induction i n  the va r ious  g roups  a s  a function of t ime  a f t e r  

1 4 . ~ u r b i n ,  Asling, Johnston,  e t  a l . ,  The Induction of T u m o r s  in  the  Ra t  by 
Asta t ine-  21 1, Radiation R e s e a r c h  9, 378- 397' (1958). - 

5 ~ h e l l a b a r g e r ,  c ronk i t e ,  Bond, e t  al. , The Occu r r ence  of M a m m a r y  Tumur  s 
i n  the Ra t  a f t e r  Sublethal  Whole-Body I r rad ia t ion ,  ibid - 6, 501- 512 (1957). 

16Cronki te ,  She l labarger ,  Bond, e t  a l . ,  Studies of the Mechanism of 
Induction of Radiation-Induced B r e & . T u m o r s  in  the  Rat,  ibid - 7 ,  31 1 (1957) 
Alostract.  

Durbin and  Asling 



Table  IX 

M a m m a r y  t u m o r  incidence  i n  f e m a l e  Sprague-Dawley rats a s  
a function of ~ t ~ . l  dosage .  In jec t ions  w e r e  i n t r a m u s c u l a r  
when r a t s  w e r e  4 3  d a y s  old,- 

. .  . . . . . 

~ t ' "  dosage  Cont ro l  

N,o. of r a t s  18  

Days post in jec t ion when 
t u m o r  a p p e a r e d  

a 
P e r c e n t  of m a m m a r y  t u m o r  b e a r e r s  

a  P e r c e n t a g e  a d j u s t e d  fo r  d e a t h s  due  to  pneumonia .  

b ~ s t e r i s k s  denote  number  of pneumonia  d e a t h s  (nontumor  b e a r e r s )  d u r i n g  
i n t e r v a l .  

Durbin  and Asl ing 



injection i s  shown in F ig ,  i O .  F r o m  the t ime of appearance of the f i r s t ,  
tumor in th is  s e r i e s  of animals ,  60 to 90 days a f te r  injection, until a t  l eas t  
the 340th day, the 0 . 2 7 - p ~ / ~  and 0 . 5 - p . ~ / ~  groups were  developing tumors  a t  
the r a t e  of 0.25%. per  day. The lowest-level grou  , 0.095 p ~ / ~ ,  and the 
two highest-dosage groups,  0.6 p ~ / ~  and 0;76 pC 7 g, had a longer latent 
per iod of about 200 days before tumbrs began to appear  a t  this  s a m e  ra te .  

The incidence of tumors  a s  a function of dose i s  shown in  Fig.  1 I .  
Below 0127 tumor  induction seemed to be dose-dependent, and a s t ra ight  
line through the f i r s t  two points on the 340-day rve  passes  through a 
t ~ i m o r  incidence of 4% a t  z e r o  dose. As the  Atz5' dosage was inc reased  the 
tumor  incidence leveled off, and a t  thc highest dosages i t  had falleh 30% 
below peak incidence. The relat ionships between i r rad ia t ion  of the develop- 
ing m a m m a r y  t i ssue ,  and  the ex tc t~ t  of ~ t 2 1 1  i r r o c l i a t i n n  damage in the 
ovar ies ,  a r e  yet  to b e  worked out. I t  i s  possible that the estrogen-producing 
in ters t i t ia l  t i s sue  is impai red  a t  the higher ~t~~~ dosages a s  the germinal  
t issue i s  a t  lower dosages,  and the s t imulus for  m a m m a r y  development and 
prol i ferat ion i s  reduced below that requi red  for  maximal  tumor induction. 

(d)  F u r t h e r  a t tempts  a r e  being made to eliminate the complications 
of s e v e r e  hypothyroidism by reducing the init ial  thyroid damage or by ad-  
minis t ra t ion  of exogenous thyroid hormone. Shel labarger  e t  al. l7  found 
that the thyroidal uptake of AtZ1l  could be   re vented to a lar e degree  by 

2 l f P r i o r  adl~linistrBti0t-i of KSCN and, in  addition, that the,  At accumulated 
by the thyroid gland was so  loosely bound that much of i t  could be "washed 
outf '  by a subsequent single in'ection of KSCN. We a r e  attempting to con- 

' 

t r o l  thyroid damage due to  Atil  1 by giving KSCN before  an  injection of At 211 
and in a s e r i e s  of c losely spaced injections for  the f i r s t  24 hours  the rea f t e r .  
Some pre l iminary  exper iments  with ve ry  young r a t s  suggest that this mode of 
t r ea tmen t  will be  reasonably successful  in  reducing the init ial  ~ t ~ ' '  thyroid- 
a l  damage.  The KSCN enhances u r ina ry  excret ion of At2" somewhat, but 
not enough to change the ole-body radiation dosage by m o r e  than 1070. 
Three  weeks af te r  an At2* injection r a t s  t rea ted  with KSCN had 24-hour 
thy r aida,l 1 3 1 uptap? of 50% of normal  while ~ t ~ l 1 - i n j e . d t e d  r a t s  that 
rece ived  KC1 had I uptakes that were  l e s s  than. lUO/o of n o ~ m a l .  Other 
judgments of thyroid function are  being made .  These  include endocrine 
gland weights, cytology, growth ra te ,  and s tandard  metabol ic  r a t e s .  A 
l a r g e r  group of an imals  was recent ly t r ea t ed  with At2'' and KSCN, but 
r e s u l t s  a r e  not available a t  the p resen t  ti,me. 

In th.e e a r l i e s t  exper iments  we a t t e m  ted to control hypothyroidism 
by giving 1-thyroxine in the drinking water .  P2 The concentratioti of thyroid 
hormone was apparent ly too low, and the r e s u l t s  were  equivocal. F i f teen  
additional r a t s  have been given 0.5 y ~ / g  of ~ t ' l l  and a r e  not receiving 
6 pg of 1-thyroxine by subcutaneous injection th ree  tirres weekly. During the 
f i r s t  142 days  a f te r  the injection th ree  r a t s  have developed m a m m a r y  
tu_rnor.s. 

i 7 ~ h e l l a b a r g e r ,  Dcrbin, . P a r r o t t ,  et  a l .  , Effects of Thyroxine and KSCN on 
Capacity of Rat Thyroid to Accumulate Astatine- 21 1, P roc .  Soc. Exptl. Biol. 
a n d  Med .  87, 626-629 (3954).  - 
DU-bin and Asling 



Fig.  10. Incidence of m a m m a r y  t u m o r s  i n  the f ema le  r a t  a s  
a function of t ime  a f t e r  injection of ka r ious  dosage of ~ t ~ 1 1 .  



Fig. 11. Incidence of mammary  tumors  in the female r a t  a s  a 
function of dose. 



f 
I ( e )  Cronk i te  e t  a l .  o b s e r v e d  that  m a t u r e  r a t s  a n d  ovar iec tomized  r a t s  

develop f e w e r  m a m m a r y  t u m o r s  a f t e r  a s ingle  e x p o s u r e  to  x - r a y  than i n t a c t  
developing r a t s  o r  ovar iec tomized  r a t s  subsequent ly  given a n  o v a r i a n  implan t .  16 

A g r o u p  of 1 10-day-oid  r a t s  (sexual ly  m a t u r e  a n d  n e a r l y  
and  a g r o u p  of 43-day-old  o v a r i e c t o m i z e d  r a t s  
No t u m o r s  hav.e been  s e e n  i n  e i t h e r  g r o u p  to date .  

' 

We a r e  p r e s e n t l y  a t tempt ing to  e s t a b l i s h  the  dosage  of exogenous 
e s t r o g e n  and  p r o g e s t e r o n e  that .wi l1  s u s t a i n  n o r m a l  u t e r i n e  weight  a n d  n o r m a l  
m a m m a r y  development  i n  the Sprague-Dawley r a t  ovar iec tomized  a t  43 d a y s  
of age .  
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. . RADIATION CHEMISTRY 

. Warren  M. , G a r r i s o n  i n  c h a r g e , .  
! 

'Boyd M. Weeks, ~ . i c h a e l  E. Jayko, Winifred Bennett,  Sibyl Cole, 
and  Gordon Hughes. 

PRODUCTION O F  AMIDE GROUPS ('AND AMMONIA) IN 
THE RADJOLYSIS O F  OXYGENATED PROTEIN SOLUTIONS 

The i nd i r ec t  ac'tioti of io'nizing radia t ion oti pepsin and g e l a t i n .  in  
oxygena.ted solution h a s  been  shown to l e ad  to the fo rmat ion  of h igh-molecu la r -  
weight p roduc ts  containing the carbonyl  bond. It h a s  a l s o  been  fourld that  
conventional  ac id  hydro lys i s  of the  i r r a d i a t e d  pepsin and gclatinr.solutions 
l i b e r a t e s  a s e r i e s  of a-keto  ac id s .  'These observa t ions  a r e  cons i s ten t  with 
the proposa  i t ha t  a princ:ipcll ~ l l t c l ~ a n i s m  of ind i rec t  act i  rln involves c leavage 
of the peptide bond a s  r e p r e s e n t e d  by the  ove r - a l l  react ion1,  

---CO-NH-CH(R)-+ H,O t O2 ' * -CONYz + RCO -+ H;02. 
L .  L 

(1) 

An inheren t  f e a t u r e  qf t h i s  r eac t i on  i s  the predic t ion that  c a r l o u y l  and 
a m i d e  g roups  should be  produced i n  equa l  yield. P r e l i m i n a r y  r e s u l t s  of 
exper. i inents now i n  p r o g r e s s  substant ia te  th i s  conclusion.  A G value of 1.1 
fo r  f o rma t ion  of a m i d e  groups  i n  the  Coho y - r a y  i r r ad i a t i on  of qxygen- 

s a tu r a t ed  ge la t in  solut ions  h a s  been  observed .  This  value  i s  a l m o s t  ident ical  
with the  p rev ious ly  r e p o r t e d  G fo r  carbonyl  production.  Ammonia  i s  a l s o  
f o r m e d  with G Z  0.3. The  l a t t e r  i s  a s s u m e d  to  b e  f o r m e d  by'oxidative '  
deamina t ion  of" t e r m i n a l  and ( o r )  s ide-  chain amino  groups .  3 

Arnide g roups  and f r e e  ammon ia  a r e  de t e rmined  i n  the follizwing way: 
An al iquot  of the  t a r g e t  solution i s  m a d e  a lkal ine  to  phenolphthalein and 
d i s t i l l ed  i n  a c losed  s y s t e m  (in vacuo) into a r e c e i v e r  containing a few m l  of 
0.9. N s i ~ l f u r i c  acid, N e s s l e r e s  r eagen t  i s  used  to  de t e rmine  ammon ia  r e -  
cove red  i n  the  dis t i l la te .  A second aliquot of the t a r g e t  ~ o l u l i ~ r l  is l i l a d ~  1 PJ - 
i n  hydroch lor ic  ac id  and hydrolyzed fo r  1 h r  a t  95Q.C to  l i be r a t e  ammon ia  
f r o m  a m i d e  l inkages .  Subsequent t r e a t m e n t  i s  a s  de sc r ibed  above.  Gelatin 
having a low amide  content  was  s e l ec l ed  lo r  t he se  s tud ies .  Solutinns w e r e  
dia lyzed p r i o r  to i r r ad i a t i on  to  r educe  the  f reebammonia  content to a min imum.  

'M. E. Jayko  and W. M. Ga r r i son ,  Fo rma t ion  of > C=O Bonds i n  the  
Radiation-induced Oxidation of P ro t e in  i n  Aqueous Solution, Nature  181, 413 - 
(1958). 
2 G a r r i s o n  and group,  i n  Biology and Medicine Semiannual Repor t ,  UCRL-8265, 
Apr i l  1958, p. 5. 

5 B. M. Weeks and W. M. G a r r i s o n ,  Radio lys i s  of Aqueous Solutions of Glycine, 
Radiat ion R e s e a r c h  - 9, 29.1 (1958). 

4 ~ .  B. Vickery,  Ra te  of Hydro lys i s  of Wheat Gliadin, J .  Biol. Chem.  - 53, 
495 (1922). 

 e el at in (purif ied calf skin),  Batch 60- 9680, E a s t m a n  Organic  Chemica l s .  
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. ~ x ~ e r i m e k t i l  conditions we re  adjusted so':that dmide agd ammon ia  
. 

production by rad io lys i s  was a t  l e a s t  t h r e e  t i m e s  the 'background values .  
Th is  ,involved a d o s e  of " 1019 ev /ml  fo r  a 3.5 7' g,elat in splution. Analyses  
o~ b,,o&ol . a ~ d , , i r ~ a , d i a t e . d  m a t e r i a l  a r e  reproduc ib le  . . ' to . ~ ' t h i ' r i ' , * 5 ~ 0  fo r  any  . . .  . . I ,  

.parti=ulii$. . . sto,d:k s  01uti.o.n;' ' ' . . . . .  . ..:,,.:'..'. . . . .  . . 
.,: ... '.. . . , . , . , . . . I  " '  . :. , 

. , : , PRQQUCTION:OF CARBONY L BONDS IN THE RADIOLYSIS OF 
. . . , .  . .. . 

. " . ., .:;.;.:, ,-:. . ;  .. . . .,. -:::OXY:GENAT.ED .PROTEIN SOLUTIONS ... .:. ' , 
', 2 .  . . .  , . .  . . . . . . .  . . . .  

The ear l i ' e r .  s ' tudies on ca rbonyl  production i n  the radia t ibn- induced 
oxidation of . p r  otein we re  confined l a rge ly  to the  two m a t e r i a l s  , peps in  and 
gelatin.,;(see above).  . . T h i s  work . i s 'being extended to ' include.var ious  o ther  . . 

; enzymes  and .proteins'.- . Data: on .total d 'arbon.j l ,p~o'duction i n  'oxjrgenated 
.soluti.'ons! of chymot ryps in  and yeas t  dehydrogenase  have 'been obtained. ' T h e  
~ : f b ~ . y . f > C . =  0 

. .  , .producti6n' . in .Cp60 y - r a y - i r r a d i a t s d  chymdtrypsin  solutions 
* i s  app~oxih- ia te .1~  ,I, . a s  was found fo r  pepsin  under.. e ssen t ia l ly  ident ical  , 

conditions (concen t ra t ion ;  5 mg/ml ;  dose ,  10 l9  ev /ml) .  The cor responding  
value f o r  the d,ehydr.,ogenase s y s t e m  i s ; , ' however ,  somewhat  lower .  Th i s  . 
obse~vatio,ri~~i's, 'c:onsistent~.&ith,.the fac t  . that  the . su l fhydry l . con ten t  of'dehydro- . . 
genase.'.i$ muqh 'higher :  than.' that. 'of. any of . the .aforement ioned ..enzymes and 
p~ot~i~s.~~~~~,.P~~te.cti~v~.,,acti~';;. of: the sulfhydryl  ,der ivat ive  cyste ine  on ca rbonyl  
pr.oiju.cti6<:in',th& . .  . radi.=tion2induced oxidatiori' of pepsin  has . ' been  desc r ibed .  2 
Expkr iments  ar .e now under .way to  es tab l i sh  whether  sulfhydryl  oxidation 
and c a % r b ~ n y l  producti ,on~'occur i n  pa ra l l e l  o r  i n  sequence i n  the  r ad io ly s i s  of 
.such sfrstems.  This point i s  of pa r t i cu l a r  significance f r o m  the ,  radia t ion-  . 

b i ~ l ~ g i c a l ' s  . . tandpoint. 
. . .  

' i n  conjunction with t he se  s tudies ,  e f fo r t s  a r e  being m a d e  to i n c r e a s e  the  
accu racy  of m e a s u r e m e n t  of to ta l  ca rbonyl  function a s soc i a t ed  wi th . the  high- 
mo lecu l a r  -we,ight .oxidatio oducts . .  A detai led desc 'r ipt ion of t he  or iginal  ."15 method h a s  been  r epo r t ed .  In b r i e f ,  t h i s  p rocedu re  i s  a s  follows: 
I r r ad i a t ed  prote in ,  solutions ar ,e  t r e a t e d  with 2.2, 4-dinitrophenylhydrazine and 
then dia lyzed to r emove  e x c e s s  r eagen t  and any produc ts  of low mo lecu l a r  
weight. An app rop r i a t e  al iquot of the  dia lyzed solution is then added to ( 

methanol-potas  s i um hydroxide solution, and the  hydrazone content  i s  
a s s a y e d  :A.spect~ophotometr ical ly  with the assumpt ion  b ing m a d e  that  the 
value of E i s  independent of the ca rbonyl  s t r uc tu r e .  Most  of the  p ro te in  
data  have E%% obtained by using the  acetone hydrazone  der iva t ive  a s  a 
r e f e r e n c e  s tandard .  A s e r i e s  of s tud ies  h a s  been  m a d e  and i s  being m a d e  on 
s e v e r a l  d i f ferent  modif icat ions  that  do  not depend  on ' the  a forement ioned  
a s sumpt ion  r ega rd ing  E . T h r e e  modif icat ions  show p romise :  max '  

( a )  d i ~ ' ~ 1 a c e m e n t  of reagen t  i n  p ro te in  hydrazone  by t rea t ing  with a r e f e r e n c e  
carbonyl  i n  e x c e s s ,  

(b )  m e a s u r e m e n t  of extinction coefficients in  reg ions  0s. the s p e c t r u m  below 
400 mp.  .Value's of Emax i n  the  u l t rav io le t  show l e s s  dependence on ca rbonyl  
s  t r u c  t.ureg: 

( c )  Determinat ion of ca rbonyl  bonds by m e a s u r i n g  r e m o v a l  of hydraz ine  
r eagen t  r a t h e r  than production of hydrazone  der iva t ive .  Work i s  being continued. 

'G* R. Lappin and  : L..C. Cla rk ,  C o l o r i m e t r i c  Method for  Determinat ion of 
T r a c e s  of Carbonyl  Compounds,  Anal. Chem.  - 23 , 541 (1951). 

G a r r . i s ~ n  



PRODUCTION O F  c 14- LABELED PRODUCTS IN THE RADIOLYSIS O F  
OXYGEN-FREE PROTEIN SOLUTIONS CONTAINING C ~ ~ H ~ C O O H  AND HC 1 4 0 0 H  

In the rad io lys i s  of oxygenifree  solutions containing pro te in  molecu les  
RH and  a s imp le  o rgan ic  solute  RH,  tJere i s  a c ~ r t a i n  probabil i ty of r ad i ca l  
c,ombination reac t ion  of the  type R + R + R - R. If the na ture  of the  r ad i ca l  
R i s  known f r o m  independent s tudies ,  informat ion on the configuration of the  
p ro t e in  r ad i ca l  R can  be  obtained f r o m  the i d e n t i f i c a t i o ~  of products  f o r m e d  
i n  conventional  h d r o l y s i s  of the  modified p ro te in  R - R. Studies i n  which &I 
i s  a ce t i c  a c id  (Cr4H COOH) and  RH i s  pepsin  have shown that  h igh-molecu la r -  
weight C 14-labeled der iva t ives  a r e  produced and that  hydro lys i s  y ie lds  a 
s e r i e s  of c14 - l abe l ed  amino  ac ids .  A pr inc ipa l  one of t he se  shows a n  exac t  
correspondence with authent ic  a s p a r t i c  dcid when chromatographed  on an 
ion-  exchange colurrln a f te r  the method  of Stein and Maare .  Prucesae..r involvcd 
i n  the  fo rma t ion  of the  C14 a s p a r t i c  acid have been d i s c u s r u d .  T l ~ c  s jmplcot  
explanal ion i s  that  C'?H COOH r a d i c a l s  der ived f r o m  ace t i c  a c id  curnbine 
with p ro t e in - f r ee  r ad i ca f s  of configuration -NH-CH-CO-. 

B e c a u s e  of the indicated i ~ n p o r t a n c e  of these  concepts  in the  study of 
the  rad ia t ion  c h e m i s t r y  of p ro te ins ,  a wholly independent conf i rmat ion of 
the  a s p a r  t i c  acid  identif ication s e e m e d  de s i r ab l e ,  The p rocedu re  chosen 
involved appl.ication of t he  Van S1yk.e p rocedu re  in  which p r i m a r y  amines  a r e  
conver ted  to the cor responding  hydroxy der iva t ives  by  the  act ion of n i t rous  
ac id .  , To 50 X of f r e s h l y  p r e p a r e d  n i t rous  ac id  solution (3.5 M in  sodium 
n i t r i t e ,  3.5 M in ace t i c  Acid) was  added the C14 act iv i ty  assoFia ted  with the  
a s p a r t i c  a c i F f r a c t i o n  (Peak  A, Fig .  5, p. 15, Biology and Medicine Semi-  
annua l  Repor t ,  UCRL-8265). After  the reac t ion  had  gone to  completion 
(" 1 5  m i n )  about 20 m g  of authent ic  m a l i c  ac id  was added,  and the  mix tu re  
w a s  chromatographed  on a s i l i c ic  a c id  column with 350/o,'butanol (v /v )  i n  
ch lo ro fo rm.  E x a c t  cor respondence  between 'C14 act iv i ty  and t i t e r  of the  . - 
authent ic  m a l i c  ac id  was  observed .  Fo rma t ion  ol. C14-labeled a s p a r t i c  a c i d  
i s  t h e r e f o r e  conf i rmed.  As  noted previously ,  a s e r i e s  of c14 - l abe l ed  ac ids ,  
i n l ~ d d i t i o n  t o  a s p a r t i c  acid ,  is f o r m e d  i n  the  r a d i ~ l y s i s  01 aqueous p c p ~ i n  
C H3COOH solution. Identif ication s tud ies  of s o m e  of t he se  a r e  i n  p r o g r e s s .  
It  i s  to  be noted that  on the  basis ,of  the p roposed  m e c h a n i s m  f o r  i nco rpo ra -  
t ion of C l 4  act iv i ty  (i. e .  , -NH-C (R)-CO- t CH2COOH-), all the C 
l abe l ed  amino  ac id s  fo rmed  would b e  de r iva t i ve s  of succinic  ac id .  It  can  be 
r ead i l y  s e e n  that  only one of these ;  a s p a r t i c  acid ,  c o r r e s p o n d s  to a na tu ra l  
a m i n o  ac id .  

Use of c14- labeled f o r m i c  acid ,  i n s t ead  of a ce t i c  acid ,  would appea r  to  
p rov ide  i n t e r e s t i ng  poss ib i l i t i e s  fo r  f u r t h e r  exper imenta t ion  along t he se  
l ine  s .  In t h i s  c a s e  the  ; "indicator ' '  would b e  the  ~ a r b o x ~ l ~ r a d i c a l - c  1 4 ~ ~ ~ .  
Combinat ion reac t ion  with the r ad i ca l  configuration - NH- C (R)-  C 0- would 
l e ad  to a s e r i e s  of C14-labeled malon ic  a c i d  der iva t ives .  T h e s e  on decarboxyla-  
t ion would b e  expected to give the  o r ig ina l  (natural ly  rocclnrr'ing) amino  ac id  
f r o m  which they w e r e  der ived .  F u r t h e r m o r e ,  s ince  t h e r e  i s  no g r e a t  i sotope 
effect  i n  the  deca r  oxylation reac t ion ,  the  f ina l .p roduc ts  should contain 
roughly half the CP4 act iv i ty  of the  malon ic  ac id  der iva t ives .  Measuremeri t  

7 ~ a r r i s o n  and group,  i n  Biology and Medicine semiannua l  Repor t ,  i 
UCRL-8265, Apr i l  1958, p. 13. 

G a r r i s o n  



of specif ic  activity of the var ious  amino  ac ids .  i n  the prote in  hydrolyzate  
should then provide informat ion on re la t ive  p-&ad.t~$b.?.p,f~babi'lItie s 'ai.'hhqe:9.ariously 

. subst i tu ted -CH(R)-  g roups  of the peptide cha in . .  . 

. .  . . . , . 
I .  : , .. . . :: ~ r e l i k i n $ r ~  data'on the,p<pkiii- H C . ~ ~ O O H  s skem h i &  been  obtained. 

1 4  .oxygen-free sQ1ution.s ( . loe4 M .  pepsin,  14-2 M HC OOH) w e r e  i r r a d i a t e d  
with.,4,0-Mev he l ium ion's ' f r o m t h e  Crocke r  LTboratory 60-i'nch cyc lo t ron i~for  
a to ta l  dbse.of . - 2 . ~  1018 ev/ml;  The. i r r a d i a t e d  solutions we re  dis t i l led  i n  
vacuo. to' 'r .ecqvtr C:14-labeled f o r m i c  acid .  The r e s idue  was d i sso lved  i n T  
N hydrochlor ic  .acid and dialyzed fo r  4 hou r s  i n  cellophane aga ins t  running - 
water  t n  the.  cold. :The dia lyzed f rac t ion  was made  4 N i n  hydroch lor ic  acid ,  
hydrolyzed (i.n -- vaciio) f.0+:.36 h o u r s  a t  95O.C, 'and chromatographed  on a ' 

Dowex-50 column according to  t y  amibo  ac id  separa t ion  p rocedu re  used  i n  
the p e p s i n - ~ 1 % ~ 3 ~ ~ ~ ~  +-&udieb. A s e r i e s  of d is t inct  C14-labeled peaks  
was  o.bserved. . ~dent i f i c ' a t ion  s tud ies  a r e  now i n  p r o g r e s s .  . 

. I '  

, .DOSE-RATE EFFECTS IN THE 'RADIOLYSIS OF AQUEOUS ACETIC 
. '  - ACID-OXYGEN MIX'TURES . . 

E a r l i e r  r e p o r t s  have de sc r ibed  the  development of analyt ical  techniques 
fo r  the  quanti tat ive stu* of radia t ion- induced oxidation i n  aqueous a c e t i c  
acidLoxygen solutions.  A deta i led study of mechan i sm i n  the  rad io lys i s  of 
t h i s  s y s t e m  h a s  been  completed.  The work h a s  been  r epo r t ed  separa te ly .  9 
The following g ives  a br ief  s u m m a r y  of the  r e s u l t s .  

The  m a j o r  oxidatcon produc ts  a r e  glyoxylic, .glycolic,  ' a n d  oxal ic  ac ids ,  
formaldehyde,  . and carbon,  dioxide. F o r m a t i o n  of t he se  p roduc ts  apparent ly  
o c c u r s  through pa ra l l e l  p r o c e s s e s  in i t ia ted by fo rmat ion  of a common 
p r e c u r  s o r ,  viz. , the. peroxy r ad i ca l  O ~ C H  COOH ( d  :RQ. )i)'.i,: T h e r e  i s  no 
evidence f o r  a chain  reac t ion  involving the ko2 i n t e r m e k a t k .  The p r o b l e m  
of elucidating the  mechan i sm of R 0 2  r e m o v a l  i n  t h i s  study h a s  been  found to 
b e  c losely  r e l a t ed  to the c l a s s i ca l  p rob lem of formulat ing the  m e c h a n i s m  of 
chain  t e rmina t ion  i n  hydrocarbon  oxidation. The expe r imen ta l  r e s u l t s  i n  the 
acetic.a 'cid-oxygen s tud ies  h,ave been  found to b e  consis tent  with the concept 
that  the  r emova l  s t eps  a r e  of the  type 2R02- products ,  R 0 2  + H20- 
products .  The evidence for the o c c u r r e n c e  of these  competing r eac t i ons  
(which a r e .  s econd -o rde r  and f i r s t - o r d e r  i n  R 0 2  respec t ive ly)  was  obtained 
f r o m  observed  effects  of rad ia t ion  in tens i ty  on product  y ie lds .  A comple te  
d i scuss ion  of deta i led p r o c e s s e s  i s  included i n  the a r t i c l e .  8 

- - -  ~ ~ 

8 ~ a i r i s o n  and g roup  i n  Biology and Medicine  Qua r t e r l y  Repdr t ,  UCRL-3880, 
June  1957, p, 19. 

9 ~ e n n e t t ,  .Gale, G a r r i s o n  and  Haymond, Radiation-Induced Oxidation of 
Aqueous Acet ic  Acid- Oxygen Solutions,  Radiation R e s e a r c h  ( i n . p r e s  s ) .  



SYNTHESIS O F  HIGHER-MOLECULAR- WEIGHT PRODUCTS IN THE 
RADIOLYSIS O F  OXYGEN- F R E E  FORMIC ACID SOLUTIONS 

It h a s  been  shown that  i r r ad i a t i on  of dilute,  oxygen-free f o r m i c  ac id  
solut ions  with cyclot ron-produced pro tons  o r  he l ium ions  l e a d s  to the 
syn thes i s  of a number  of p roduc ts  of h igher  mo lecu l a r  weight. The compounds 
identif ied include oxal ic ,  glyoxylic, glycolic,  mesoxa l ic ,  t a r t r on i c ,  and 
t a r t a r i c  a c i d s  and glyoxal. These  products  a r e  not f o rmed  in  apprec iab le  
yie ld  by neutron a n d  y - r ay  i r rad ia t ion .  Th is  s y s t e m  i s  of considerable  
i n t e r e s t  i n  that  i t  i s  the s imp le s t  aquo-organic  s y s t e m  that  can b e  used to 
obtain informat ion on the radiativri c h e m i s t r y  of the  carboxyl  l inkage.  More  
r e c e n t  s t ud i e s  have contr ibuted informat ion on the effect  of pH on the chem-  
i c a l  p r o p e r t i e s  of the  COOH i&ee rad ica l .  A sumrriary of t h i s  work h a s  been  
i s s u e d  a s  a s e p a r a t e  r e p o r t .  A deta i led d i scuss ion  of m e c h a n i s r ~ ~  i s  
included,  

R A DTOLYSIS O F  GLYCINE- WATER SYSTEMS AT ELEVATED TEMPERATURES 

In the  r ad io ly s i s  of aqueous glycine solutions above 1 M, the value 
G(NH3) a t  r o o m  t e m p e r a t u r e  i n c r e a s e s  a l m o s t  l inear ly  wi thyoncen t ra t ion  up 
to the solubil i ty l im i t ,  which i s  " 3 M. T h e ,  s imple  s t  explanation i s  that  a 
d i r e c t  ac t ion  of rad ia t ion  on g lyc inecon t r i bu t e s  to ammon ia  production.  It  
h a s  been  pointed out that  a radia t ion- induced reac t ion  of the type 
NH2CH COOH - NH2 + CH2COOH followed by NH2 + NH2CH2COOH- 

3 NH3 + ~ H ~ C H C O O H  would sa t i s fy  the  known exper imenta l  r equ i r emen t s .  . 

T h e r e  i s  a l s o  evidence f o r  a competing d i rec t -ac t ion  p r o c e s s  leading to the  
fo rma t ion  of methylamine:  NH2CH COOH-• CH3NH2 + C 0 2 .  It was  fe l t  

? that  r ad io ly s i s  st i idies of aqueous g ycine  a t  e levated t e m p e r a t u r e s  would b e  
of i n t e r e s t  because  ' informat ion on the d i r ec t - ac t i on  p r o c e s s e s  could b e  
obtained ove r  a much  g r e a t e r  range  i n  glycine concentrat ion.  The expe r i -  
ments '  would a t  the  s a m e  t i m e  provide in format ion  on the t e m p e r a t u r e  . 

dependence of the e l emen ta ry  p rocesses . .  

P r e l i m i n a r y  t h e r m a l  s tudfes  w e r e  required to  e s t ab l i sh  the  max imum 
t e m p e r a t u r e  and t he  cor responding  glycine concentra t ion that  could b e  u sed  
without in t roducing p rob l ems  of t h e r m a l  decomposi t ion,  A s e r i e s  of 
g lyc ine-wate r  m i x t u r e s  with i nc r ea s ing  glycine/water  r a t i o  we re  hea t ed  i n  
heavy-wal led py rex  tubes  (evacuated)  to  the m i n i m u m  t e m p e r a t u r e  r e q u i r e d  
for  comple te  dissolut ion of the  glycine.  The amounts  of m a t e r i a l  taken w e r e  
such  that  " 5 m l  of solution was  obtained i n  each  ca se .  Glycine solut ions  a t  

0 t e m p e r a t u r e s  above 160 C begin  to show t h e r m a l  decomposi t ion.  The 
s a tu r a t ed  solution a t  t h i s  t e m p e r a t u r e  c o r r e s p o n d s  to a concentra t ion of 
" 10 M. A s e r i e s  of 12 tubes  cover ing the concentra t ion range  0.25 M to  
10 M-has been  i r r a d i a t e d  with f a s t  neu t rons  produced by b o m b a r d m e r t  of 
be ry l l i um with 24-Mev deu te rons .  The tubes  we re  mounted uniformly on a 

0 
rota t ing wheel i n  a g lycer ine  ba th  which was kept  a t  a  t e m p e r a t u r e  of 155 5 C .  
On the b a s i s  of ana ly t ica l  r e s u l t s  completed to date ,  i t  a p p e a r s  that  the 
ammonia  yield i n c r e a s e s  r egu l a r l y  with glycine concentra t ion up to the  

' ~ e n n e t t ,  Cole,  and  Gar r i son ,  Synthesis  of Higher -Molecular  - Weight 
P roduc t s  i n  the Radiolysis  of Aqueous Solutions of F o r m i c  .Acid, Radiation 
R e s e a r c h  (in p r e s s ) .  

G a r r i s o n  



10 M value. The methyl  amine  yield, on the other  hand, tends to l eve l  off 
a t  concentra t ions  above about 3 to 4 M. ' . . .  - . . . . : . 

RADIOLY SIS O F  ORGANIC LIQUIDS 

Use of ICN a s  a new type of "scavenger"  fo r  the study of reac t ive  
in te . rmediates  f o r m e d  in  rad io lys i s  of organic  l iquids h a s  been descr ibed .  

11 

Information obtained on the y - r ay  rad io lys i s  of solution of ICN in.methano1, 
n-hexane,  cyclohexane,  and benzene h a s  been  abs t r ac t ed  f o r  the  Spring 1958 - 
meet ing of the  Amer i can  Chemica l  Society. Subsequent work h a s  been  
devoted to a detai led study of the  y - r ay  rad io lys i s  of benzene containing 
IC 1 4 ~ .  The r e s u l t s  conf i rm a n  e a r l i e r  suggestion that  phenylcyanide i s  a 
m a j o r  product.  A s u m m a r y  r e p o r t  of the work with ICN including a deta i led 
d i scuss ion  of mechan i sm i.s now being p repa red  fo r  publication. 

PAPERS AND REPORTS 

Work i n  t h i s  f ield h a s  been  r epo r t ed  dur ing the  per iod Apri l -September  
1958 a s  follows:. 

Winifred Bennett,  Sibyl A. Cole, Warren  M. Ga r r i son ,  and Herman  R.. Haymond 
Radia.tion-It-xduced Oxidation s f  Aqueous A.ce t i c  Acid Acid- Oxygen Solutions 
(submit ted to Radiation ~ e s e a r c h ) .  

War ren  M. Ga r r i son ,  .Radiation Chemis t ry  of Organic 'Compounds Containing 
the N-C Bond, UCRL-8436 Abs t rac t ,  Sep tember  1958 (for AAAS Symposium 
on Radiation Chemis t ry ,  Washington, Decembe.r 1958).. 

. . 

Gordon Hughes and War ren  M. Ga r r i son ,  Radiolys is  of Solutions of ICN in  
Organic  Liquids,  i n  Abs t r ac t s  of P a p e r s ,  133rd Meeting, Amer i can  
Chemica l  Society, Apri l  1958: 

Michael  E. ~ a ~ k o ' a n d  War ren  M. Ga r r i son ,  Fo rma t ion  of > C  0 Bonds in  . 
the  X- Ray-Induced Oxidation of P r o t e i n  i n  Aqueous Solution, i n  
~ b s t r a c t s  of P a p e r s ,  133rd Meeting,  ~ r n e r i c ~ n  Chemica l  socie ty ,  
Avri l  1958. 

. Michael  E. Jayko, Boyd M. Weeks, and War ren .M.  Ga r r i son ,  Mechanism i n '  
the Radiolysis  of Aqueous P ro t e in  Solutions, in P roceed ings  of the 

. second  Internat ional  Conference on Peacefu l  Uses  of Atomic Energy  
(United Nations,  New York,  1958). 

Boyd M. W e e k s  and  War ren  M. Ga r r i son ,  Fo rma t ion  of C 1 4 - ~ a b e l e d  
P r o t e i n  Der iva t ives  i n  the  Radiolysis  of Aqueous .Peps in  (Abs t rac t ) ,  
Radiation R e s e a r c h  9,  202 (1958): ( p r e s e n t e d  a t  the Internat ional  Congre s s  
of Radiation' ~e s e a r c h ,  Burlington,  Vt. , August 1958). 

" ~ a r r i s ~ n  and i n  Biology and Medicine Semiannual  Report ,  UCRL-8265, 
Apri l  1958. p. 14. 

 ordo don Hughes and  War ren  M. Ga r r i son ,  Radiolys is  of Solutions of ICN, 
i n  Inorganic  Liquids,  UCRL-8287 Abs t rac t ,  June 1958. 
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Boyd M. Weeks a n d  W a r r e n  M. G a r r i s o n ,  Rad io lys i s  of Aqueous Solutions 
of Glycine,  Radia t ion R e s e a r c h  - 9, 291  (1958). 
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BIOLOGICAL STUDIES OF RADIATION EFFECTS 

John H. Lawrence in  charge 

Donner Laboratory of Biophysics and Medical Physics  
University of California, BeAeley, California . 

RADIATION THERAPY AND BIOLOGY . 

IRRADIATION OF THE PITUITARY IN HUMANS 

J a m e s  L. Born, Richard A. Carlson,  and F ranco  F, Sangalli 

The cu r ren t  investigation on the effects of i r rad ia t ion  on the human 
pituitary gland, using the beam f rom the 184-inch cyclotron, has  been in 
progress  since the Fall of 1954; The purpose of this study i s  to determine 

. t h e  possible beneficial  effect,^ on various neoplastic and metabolic d iseases  ' 
that a r e  under'.endocrine control and cap  be mediated through the pituitary. 

During the, f i r s t   e ear of the study, 30 patients were  i r rad ia ted  with the  
340-Mev pr'oton beam f rom the cyclotion. During the next two ybars  studies 
of the patients contin.ued, but no fvr ther  patients were i r rad ia ted  because 1.. 

the .cyclotron was torn  down and rebuilt .  One yea r  ago the cyclotron was 
again placed in operation, and i r radiat ion on human patients'virith var ious 
d iseases  was resumed.  Because of energy changes a 900-Me+ alpha-particle 
beam having t issue-destruct ive proper t ies  comparable  to the proton beam 
was used in place of the proton beam. 

s&inty-  six patients have been i r rad ia ted ,  64  of these because of 
me ta.s tatic b r e a s t  cancer .  Of the remaining twelve patients, th ree  have 
diabetes mell i tus  with complications, and five have acromegaly;  the other four  
have had respectively,  chronic lymphatic leukemia, acute  lymphatic leukemia, 
embryonal dysgerminoma, and inalignant exophthalmos. Since our .pur\pose . 
i s  to determine the effects of this {'irradiation on the course  of the par t icular  
d isease  and on ceztain physiological processes ,  a comprehensive clinical and 
laboratory study i s  c a r r i e d  out before i r rad ia t ion  and every 4 to 8 weeks 
thereaf te r .  The comprehensive evaluation include s: ' 

1. Complete physical examinatiori 
'2 .  Appropriate .x,- r ay  examinations 
3. Blood chemical  t e s t s  of: e lectrojytes ,  r ena l  function, l iver  function, 

thyroid function (PBI) 
4. ~ w e . n t ~ - f o u r - h o u r  ur inary  gonadotropins, ke'tosteroids, hydroxysteroids,  

es t rogens ,  and calcium 
5. Urinalysis,  B,SP, EKG 
6. ~ i o ~ s y  and other diagnostic proced'urcs, a s  needed 
7. Blopd volume, . . body volume, 'and in  appropriate  ' cases  r e d  cell  l i fe  

. studies,  erythropoietic studies,  carbon- 14 carbohydrate 
metabolic studies,  and growth-hormone studies.  

Of the 76 patients i r rad ia ted ,  29 a r e  living a t  present :  the longest-  
surviving patients a r e  living a t  39 and 36 months respectively.  Of the 
deceased patients, s ix  of the seven who were te rminal  a t  the t ime of 
i r rad ia t ion  died during t reatment ,  .four died of other causes ,  and the . remainder  
eventually died of their  disease.  



Of the 29 living patients 21 have metastat ic  b r e a s t  cancer .  In seven 
of these the period of follow-up has  been too brief to dete=mine the effects 
of therapy.  We have observed subjective and objective improvement in 
seven of the remaining fourteen patients. In one there  has  been subjective 
improvement  alone. In six we have so f a r  noted ei ther  no improvement,  o r  
progress ion  of their  disease.  

Laboratory and clinical data indicating the degree of completeness of 
hypophysectomy a r e  being collected on a l l  patients. The changes indicating 
successfu l  hypophysectomy appear  gradually and a r e  by no mea.ns confined 
to those sh0win.g improvement.  In 18 of the patients with bre& ca.rcinoma 
who a r e  now deceased, there  was objective evidence of temporary  a r r e s t  o r  
~ e g r s s s i ~ n  of their  d isease .  

Ea r ly  encouraging r e su l t s  a r e  being observed in  a group of eight 
patients with diabetes mell i tus  and acromegaly. All th ree  diabetics t rea ted  . 

had advanced eye complications. One alsv lrad advanced diabetic 
glomeruloscierosi 's  with ,the nephro tic s ynclromc, uremia ,  a.nd severe  anemia. 

. Following i r rad ia t ion  this  patient 's  insulin needs dropped to ze ro  and he  
los t  a l a rge  quantity of edema fluid. The other two diabetics have experienced 
a r r e s t  or improvernentl.of the i r  diabetic ret ini t is  and their  insulin needs have 
decreased .  

F ive  patients with acromegaly have been i r rad ia ted .  One t rea ted  6 
months ago has  shown a gradual  reduction in  insulin requiremerlts and 
aiphenyl biguanide, and his  carbohydrate metabol ism now appears  to be 
normal .  Another patient who i s  1 month postirradiation has  been able to 
el iminate  insulin ent i rely 'although he was taking 80 units per day pr ior  to 
i r rad ia t ion .  TW'O other patients show l e s s  striking evidence pf improvement,  
while one shows no evidence of improvement .  

In both groups of patients i r rad ia ted-  -those wilh tlle 340-Mev proton 
beam and those with the 900-Mev alpha beam-- i t  i s  to be rioted that the 
e a r l i e r - c a s e s  in Loth groups received sma.ller radiation doses over longer 
per iods of t ime than those i r r ad ia t ed  la te r  in' the se r i e s .  Also, m o r e  of the 
e a r l i e r  b r e a s t  c'ases had f a r  advanced disease,  some even near  terminal .  
One can reasonably expect be t te r  r e su l t s  a s  patients a r e  t rea ted  e a r l i e r  in  
the course.  of their  d isease  with the 900-Mev alpha-particle beam in the 
higher dose ranges.  The ea r ly  r e su l t s  of pituitary i r rad ia t ion  in  the 
ac romega l i c s  and diabetics is encouraging. Pi tui tary i r radiat ion will be 
continued in  patients with b r e a s t  carcinoma,  acromegaly, diabetes mell i tus ,  
and other conditions that a r e  under endocrine control through mediation of 
the pituitary.  The. r e su l t s  observed i n  the t rea ted  patients have been 
sufficiently encouraging to warrant  continuation of the study so  that a 
s ta t is t ical ly  significant number can be evaluated. The in ter re la ted  metabolic 
investigations yield data of importance in  gaining an underlying knowledge of 
the d isease  p rocesses  involved, 

Lawrence 



ALIGNMENT FOR PITUITARY IRRADIATION 

G r a e m e  P. Welch 
. . 

Alignment of pat ients  i n  the  i r r ad i a t i on  appa ra tu s  i s  now routinely 
m a d e  with the  aid of e lec t ron ic  image  amp l i f i e r s .  The x - r a y  f luoroscopic  
image  of the pat ient ' s  p i tu i tary  i s  observed  d i r ec t l y  while a l ignment  ad jus t -  
m e n t s  a r e  being made .  This  r e s u l t s  i n  m o r e  efficient  operat ion and l e s s  
s t r a i n  'on the patient ,  s ince  x - r a y  p i c tu r e s  a r e  now taken only a s  a f ina l  
che'ck. 

HISTOLO.GICAL E F F E C T S  O F  ACCELERATED PARTICLES 
DIRECTED AT THE HYPOPHYSIS O F  RATS 

Gille s  LaRoche,  Pau l  Blanquet,. and Corne l ius  A. Tobias  

In th i s  g roup  of expe r imen t s  the  hypophyses of r a t s  we re  i r r a d i a t e d  by 
a lpha pa r t i c l e s  o r  deu te rons  acce l e r a t ed  by the 184-inch cyclotron.  Animals  . 

that  had  r ece ived  a s ingle  dose  of 10,000 r a d s  did not show any detectable  
his tological  changes  a t  the l eve l  of the hypophysis i t se l f ,  the thyroid,  the  
ad rena l s ,  o r  the  t e s t e s  8 weeks a f t e r  i r r ad i a t i on .  On the  o ther  hand,  i n  , 

those  admin i s t e r ed  20,000 r a d s  the hypophysis showed obvious s igns  of " 

degenerat ion.  The gland was considerably  reduced  i n  s i z e  and demons t r a t ed  
l a r g e  concentra t ions  of pyknotic nuclei,  s epa ra t ed  by s t r a n d s  of remain ing  
cy top lasm whe re  ce l l  boundar ies  we re  invis ible .  Among these  an ima l s  
t h e r e  was  impr .ess ive  reduct ion i n  the height of the  epi thel ia l  c e l l s  of the  
thyroid  glands ,  accompanied by a significant  i n c r e a s e  i n  the  s i z e  of the 
colloid .ve s i c k  6 .  

ELECTRON MICROSCOPY O F  THYROID TISSUE 

Thomas  Hayes  

Techniques  for  fixation, ' staining,  and sectioning of t i s s u e  spec imens  
f o r  e l ec t ron  mic roscopy  have been  es tab l i shed  i n  t h i s  l abora tory .  A 
P o r t e r - B l u m  u l t r amic ro tome  and  a n  RCA EMU-2E e l ec t ron  mic roscope  a r e  
used.  During the l a s t '  s i x  months ,  pa r t i cu l a r  a t tent ion h a s  been  focused  on 
the thyroid  t i s s u e  of r a t s ,  both no rma l  and hypophysectomized.  Hypophysectomy 
'was  c a r i e d  out by u s e  of the cyclot ron b e a m  o r  by  su rge ry ,  and a n  a t t emp t  
was  m a d e  to  s e e  the  effect  of such  a r e m o v a l  of the pi tu i tary  on the  sub-  
mic roscop i c  s t r u c t u r e  of the  thyroid.  

A prominent  f ea tu r e  o'f the  thyro id  ce l l ' a s  s e e n  i n  the  e l ec t ron  
m i c r o s c o  e i s  a s y s t e m  of cytopl'asmic m e m b r a n e s .  These  m e m b r a n e s  a r e  
about 50 1 thick,  have s m a l l  g r anu l e s  a t t ached  to one side,  and have been  
postulated t o  b e  in t imately  concerned  with thyroid  secretion. '  

The  m o s t  s t ~ i k i n g  effect  of hypophysectd;my on the  thyroid  u l t r a s t r u c t u r e  
was  the  l o s s  of t he se  cy tomembranes .  I t  i s  poss ib le  that  t he se  r e s u l t s  c a n  
be u sed  to develop a morphological  t e s t  of thyroid  function that  would b e  of 
value i n  a s s e s s i n g  the efficiency of hypophysectomy following cyclotron 
i r rad ia t ion .  . . 



THYROID PHYSIOLOGY 

Pau l  Blanquet,  Ann Rhodes,  Da'vid Yudilevich, and  Gilles La  Roche 

Iodinated P roduc t s  i n  t h e  Thyro id  

A method  h a s  been  developed by Blanquet, Meyniel,  and co -worke r s  
fo r  s epa ra t i on  of the iodinated amino  ac id s  of the  tliyroid gland on an anion- 
exchange r e s i n .  A pancrea t in  hydrolyzate  of the gland i s  p laced on a column 
of .Dowex- 1 X 2 i n  the .OH- f o r m ,  and elution i s  c a r r i e d  out with 0.2N HC 1 
containing ethyl and  i soamyl  a lcohols .  

The iodothvronine s ,  monoiodotyrosine ,  aild diiodoly ruti iui;  arc 
sliccessively' eluted,  while inorgan ic  iodide r e ina in s  abso rbed  on l h e  cu1u~i.111. 
The t h y r o i j p i a n d s  used  a r e  t aken  f r o m  r a t s  given dose s  of the u d a r  ul 
100 pC of I . one o r  two days  f o r e  s ac r i f i c e .  Thus the  iodinated 
const i tuent2  ziie l abe led  with 11", and the p r o c e s s  of the elution i s  followed 
by  Geiger  c o u ~ t i n g .  'The radioact ivi ty  s e r v e s  as a m e a s u r e  of the amol~.nt: o.f 
e a c h  const i tuent  p r e s e n t ,  namely,  thyroxine,  mono- ,  and diiodotyrnsi.ne. 

By u s e  of th i s  method,  s tud ies  w e r e  made  of the thyroid  function of 
a n i m a l s  that  had been  subjected to in tense  a lpha-par t i c le  o r  deu te ron  
i r radia t i0 .n  of the pi tu i tary  a r e a ,  The  effect  of such i r r ad i a t i on ,  when given 
i n  sufficiently high dose  (20,000 r a d s ) ,  i s  quali tat ively s i m i l a r  to that  of 
s u r g i c a l  hypophysectomy. 

\ 

S i m i l a r  i r r ad i a t i on  of the  eminen t ia  med ia l i s  a r e a  of the hypothalamus 
was  a l s o  c a r r i e d  out. In tense  i r r ad i a t i on  of the med ian  e r~ l inence  a p p c a r s  to 
r e s u l t  i n  thyroid  abno rma l i t i e s  that  a r e  di f ferent  f r o m  previously known 
des t ruc t i ons  of t h i s  gland. The  thyroxine content  of the thyroid  is d e c r e a s e d  
to  about 1/10 normal ,  whil'e ,1131 uptake and  mono-  and di iodotyrosine  content 
a r e  near  no rma l .  It i s  poss ible  that  i n  t h i s  condition the  thyroid  n le tabo l i sm 
i s  s t i l l  n o r m a l  but  the thyroxine i s  r e l e a s e d  i r n r n e d i a l ~ l ' ~  as i t  i s  fo rmed ,  
Another  explanation woirld b e  the ex i s tence  of a new hormone  act ing on 
fo rma t ion  of thyroxine,  which would a c t  under  the  con t ro l  of rierve c e n t e r s  
loca ted  i n  o r  nea r  the  med ian  eminence.  

E l e c t r o n  mic roscopy  of the thyroid  of the  . an imals  u sed  i n  t he se  s tud ies  
r e s u l t e d  i n  demons t ra t ion  of s t r ik ing  subce l lu la r  morpholog ica l  changes ,  
c o r r e l a t e d  with ho rmona l  functions.  These  a r e  d i s c u s s e d  i n  ano ther  sec t ion  
of the  r e p o r t .  

Iodinated P roduc t s  i n  the P l a s m a  

An a t t emp t  i s  being m a d e  to  s e p a r a t e  va r ious  p l a sma  components  
th rough  the  u se  of ion-exchange r e s i n s .  In a f i r s t  s t e p  the  p ro t e in s  would b e  
s e p a r a t e d  f r o m  the  f r e e  amino  ac ids .  In a second s t ep  the  p ro te ins  would be  
submi t ted  to fu r the r  f ract ionat ion (ion exchange,  sa l t ,  o r  e thanol)  and  
pur i f icat ion,  while the  f r e e  amino  a c i d s  could b e  par t i t ioned accord ing  to 
the p rocedu re  de sc r ibed  fo r  thyro id  hydro lyza tes .  

I t  i s  hoped that  through t h i s  f ract ionat ion a b e t t e r  knowledge of va r ious  
iodinated, p roduc ts  in  the  p l a sma  will b e  gained,  thus  furnishing a dependable 
m e a s u r e  of thyroidal  ac t iv i ty .  

Lawrence  



STUDIES ON 
THE HYPOTHALAMO-HYPOPHYSEAL FUNCTION-IN THE DOG. ' 

Orland K. Anderson, Julian P. Henry, and Gilles La Roche 

Under this program alpha part ic les  acce lera ted  by the 184-inch 
cyclotron a r e  used to produce well-defined lesions a t  the level of var ious 
hypothalamic nuclei in  male .  beagles ., Pre l iminary  histological and x - r a y  
studies of the regions surrounding the 3rd ventricle have permit ted the 
location of the paraventr icular  nuclei and their  position with respec t  to 
c rania l  bony landmarks.  

A new and great ly  simplified holder was designed to stabilize the 
head of the animal  during i r radiat ion.  The holder i s  fixed to a ro tary  
mechanism and the highsenergy beam, 1/ 16-inch in  diameter ,  i s  focalized 
on the des i red  region. In order  to prevent extensive vascular  damag,e a t  the 
s i te  of i r radiat ion,  fractionated doses of 2000 r a d s  per  ..nuclei, up to  a 
maximum of 24,000 rads ,  a r e  administered.  At this  t ime t h e  animal  i s  
kept under observation to a sce r t a in  t h e ' ~ o s s i b 1 e  endocrine o r  per ipheral  . 

ef fec ts  connected with the destruction of these nucleated centers .  

The principal advantages in the use  of the cyclotron r a t h e r  than the 
usual. surgical  s tereotaxic  techniques r e s ides  in  the fact  that, following 
i rradiat ion,  slowly developing lesions in  l imited regions'  r e s t r i c t ed  by the 
diameter  of the beam, permi t  a gradual disabling of the "target" centers .  

ELECTROENCEPHALOGRAPHIC INVESTIGATIONS 
ON BRAIN-IRRADIATED RATS 

* 
Cornelius A. Tobias and ~ e o i ~ e  M. Ts i l j a r -  Lentulis 

I t  has  been known for "some y e a r s  that whole-body-irradiated animals  
o r  an imals  that have been subjected.to intense b ra in  i r rad ia t ion  of many 
thousand roentgens exhibit cent ra l  nervous sys tem symptorns in  the post- 
i r rad ia t ion  period. Some of these r e semble  rage,  o thers  a r e  connected with 
unusual hyperactivity of the an imals ,  and s t i l l  other symptoms re semble  
epileptic shocks in ' the  human. The use  of the cyclotron beam enables us  to 
i r r ad ia t e  a smal l  localized portion of the brain; therefore a systematic  study 
was s ta r ted  t7deetGrmine the imf iedia te  effect of proton and alpha part ic le  
i r rad ia t ion  on neural function, including e lec t r ica l  proper t ies  of brain,  and 
a lso  to  s e e  whether physiological changes a r e  associated with delayed ef fec ts  
descr ibed  above. As pa r t  of this study a s imple electronic  a r rangement  was 
built which enables u s  to  follow the electroencephalogram of a r a t  e i ther  . 

during i r rad ia t ion  or any t ime in  a post i r radiat ion period. P re l imina ry  
experiments  indicate that t he re  a r e  important  changes associated with the 
electroencephalogram during and a f t e r  i r rad ia t ion  of a r a t .  F o r  successful  
r e su l t s  the r a t  should not be anesthesized during the experiment.  During 
whole-head i r rad ia t ion  the amplitude of the b ra in  waves was found to inc rease  
by a significant factor ,  but immediately a f te r  i r rad ia t ion  the amplitude 
r e tu rns  to  normal.  There i s  an effect owthe frequency spec t rum of the bra in  
waves. If the r a t  rece ives  a dose of 30,000 r a d  or  m o r e  to h is  bra in ,  then in 

* 
Fellow, Foreign Science Resea rch  Project,,  NAS-ICA, Washington, D, C. 
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the post i r radiat ion period there  follow occasional shocks, resembling 
epilepsy, whic.h may  lead to the death of.the animal.  .If i r radiat ion i s  turned 
on continuously until the animal dies  then the over,-all amplitude of the 
b ra in  waves a r e  found to continuously dec rease  until i t s  vanishi'ng a t  or  near  . 

the t ime of death. Somewhat s imi lar  electroencephalographic chang.es 
a l ready have been previously reported by Russian workers  and by some 
worke r s  i n  the United States.  Our efforts a r e  directed to be t te r  understanding 
of the mechanism of development of these.  effects and al'so. toward finding 
regions tin the b ra in  that may be  responsible for  the frequency and amplitude 
dis t r ibut ions of bra in  waves. 

BIOLOGICAL EFF.EC TS OF HEAVY -ION BOMBARDMENT 

Donald. Fluke 

The completion in 1957 of a new l inear  acce lera tor  for  ions of carbon, 
nitrogen, oxygen, and neon has  made  possible a study of radiobiological 
effects  a t  higher values of ion density than a r e  encountered with alpha r ays ,  
The work i s  of in te res t  in considering effects of flssion fragments  and of 
heavy cosmic- ray  p r i m a r i e s  outside the e a r t h o s  atmosphere,  a s  well a s  i n  
m o r e  theoret ical  aspec ts  of radiobiology. Following assembly  of apparatus  
suitable for use with the new machine and for coping with the unusual 
problems of dos imet ry  involved, a study has  been made of direct-act ion 
effects  in  bac ter ia l  spores ,  in  a bacteriophage, and in  severa l  enzymes. 
The g r e a t e r  efficiency of slow alpha r a y s  in  rendering bac ter ia l  spores  
incapable of producing microcolonie s has  been followed by decreasing 

A, 
efficiency a t  still higher ion density values,  much a s  i n  e a r l i e r  work with 
vegetative yeas t  ce l l s .  The heavy-ion studies of effects on infectivity and 
host-killing proper t ies  of bacteriophage have emphasized the remarkablv  
constant response  of this  organism to a l l  "ordinary" values of ion density, 
but a t  highest  ion densi t ies  a saturat ion effect i s  seen. The e f fec l  u1 della 
rays on this  sys tem i s  c lear ly  involved, and both spores  and phage $how 
behavior a t  high ion density which can reasonably be  represented  a s  
saturat ion of a c r o s s  section for  the incident par t ic les .  That the enzyme 
work has  not shown such saturat ion i s  probably associated with the fact that 
efficiency begins to decline a t  lower ion density. The decline continues 
smoothly throughout the region studied, and a reasonable delta- r a y  c o r r e c -  
tion gives no a s su rance  that a ta rge t  concept alone can r ep resen t  the 
radiobiological p r o c e s s e s  involved i n  the inactivation of the catalytic 
property.  The apparatus  has  now been modified s o  that vegetative cel l  
p repara t ions  can be studied, and i t  is expected that the work will next 
concentrate on high-ion-density effects in  metabolically active cel ls .  

HEMATOLOGICAL EFFECTS O F  LOW DOSES OF RADIATION 
IN HUMANS 

. , 
Howard P a r k e r  

The double- nucleated lymphocyte response to repeated low-level doses 
of ionizing radiation has  previously been confirmed in  this  laboratory.  
During the pas t  yea r  studies have been c a r r i e d  out in  an attempt to establ ish 
what s ize  of single whole-body dose of ionizing radiation would give r i s e  to 
this  response .  There  i s  an  indication that the response i s  detectable i n  two 
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humans  who rece ived  the highest  doses--of  the  o r d e r  of 2.5 r g a m m a  
radiation.  

! 

Repeti t ion of such s tudies  and fu r the r  an ima l  expe r imen t s  will be 
neces sa ry  to es tab l i sh  the, r e sponse  a t  th i s  dose  l eve l  and to  e lucidate  the  
dose-  r e sponse  re la t ionship .  

These  s tudies  a r e  s t i l l  i n  p r o g r e s s ,  and recjuire ' the  counting of 
l i t e r a l l y  t ens  of mi l l ions  of white blood ce l l s  individually by eye,  with the  
u s e  of m o t o r  -d r iven-  s tage mic roscopes .  , lnve st igation of the  feas ibi l i ty  
of pe r fo rming  these  ce l l  counts automat ical ly  was  recen t ly  c a r r i e d  out with 
the he lp  of the  Data-Reduction E l ec t ron i c s  Group, UCRL. Automation i n  
such a p rob lem s t i l l  p r e s e n t s  v e r y  g r e a t  diff icult ies (and hence i s  s t i l l  
pruhibit ively expensive) .  Hoivever, an  au tomat ic  coupter  h a s  a would be 
t remendous ly  valuablein ce l l  c o u r i t i ~ g  afmany s o r t s  i f  i t  could b e  m a d e  to  
d i s c r imina t e  e l emen t s  of f o r m  and  color  a s  well a s  s i z e .  

Informat ion on the binucleated lymphocyte r e sponse  should b e  of value 
i n  fu r ther ing  our  unders tanding of the  radiosensi t iv i ty  of the  lymphoid s y s t e ~ n ,  
and m a y  incidentally be  of he lp  i n  developing a biological  method f o r  
observing .smal l  dose s  of radia t ion i n  the. human. 

WHOLE-BODY HUMAN COUNTER AND 
LOW.-..BACKGROUND COUN'TING FACILITY 

IIoward Parker 

Stil l  i n  the e a r l y  development  s tage i s  the  human whole-body counter  
a t  Donner Labora tory .  

In r ecen t  months  the p rob l em h a s  been  studied,  s i m i l a r  f ac i l i t i e s  
v is i ted  and  expe r t s  consulted,  the  counting equipment o rde red ,  and 
a r ch i t ec tu r a l  p lans  f o r  the faci l i ty  begun. 

The  faci l i ty  will cons i s t  of a well- shie lded underground s t ee l  r o o m  
containing a l a r g e  Nal c r y s t a l  100- channel sc int i l la t ion s p e c t m m e t e r ,  a s  
well a s  a s soc i a t ed  low-background r o o m s  fo r  o ther  biological  s tudies .  

The human counter wil l  b e  p r e p a r e d  f o r  d iagnosis  in radfoac t iv i ty  
accident  c a s e s ,  e i t he r  occupational  o r  resu l t ing  f r o m  a d i s a s t e r  i n  any  
nea r -by  community.  It wil l  a l s o  b e  u sed  i n  r e s e a r c h  i n  na tura l  and fal lout  
act iv i t ies '  i n  humans  and an imals ,  i n  a s s e s s m e n t  of body K~~ act iv i ty  (and 
hence  "lean body weight"), and i n  the  m e a s u r e m e n t  of blood l o s s  by . total-  
body ~ e ~ 9  act iv i ty  i n  -sorrie Do.nner .Clinic pat ients .  Many new u s e s  f b r  th i s  
faci l i ty  are expected to  b e  found. It wi l l  identify and quanti tate g a m m a -  
emit t ing i so topes  i n  amounts  a s  s m a l l  a s  cu r i e .  

The  counter  will produce a g r e a t  volume of potential ly use fu l  data ,  
and hence plans  a r e  being m a d e  to  u s e  ca rd-punch  da ta  s t o r a g e  and  
au tomat ic  computer  methods  whe reve r  poss ible .  



LIPOPROTEIN AND SURVIVAL STUDIES AFTER X-IRRADIATION 

: John Hewitt 

Invest igat ions  into .the nature  of the s'ti 'rradiation hyper l ip ro te inemia  
a r e  continuing. The  effects  of combining x- i r rad ia t ion  and other  t r e a t m e n t s  
capable  of producing l i pemias ,  such a s  CC1"'  oisoning and exces s ive  4 p  
bleeding,! a r e  being examined.  

Also  i n . , p rog re s s  i s  a study of the possibil i ty of ~ s ' i n ~ ' F e ~ ~  to deter- 
m i n e  the r e l a t i ve  rad iosens i t iv i ty  of the  an ima l s  of a given group.  
I r r ad i a t i on  d.epr'es s e  s '  the  incorpora t ion  of  J?e59 into the  r e d  blood ce l l s .  
Th i s  effect  i s  a , func t ion  of x - r a y  dose ,  a~nd i s  r epo r t ed  to b e  detectable  a t  
d o s c s  o.s. low as  5 r .  To t e s t  the re la t ionsh ip  between this  dep re s s ion  of 
e ry th ropo ie t i c  act iv i ty  and surv iva l  of the .individual animal ,  ' r a t s  a r e  being 
i r r a d i a t e d  with low d o s e s  of x - r a y s  and pos t i r rad ia t ion  incorpora t ion  of 
~e~~ into  t he i r  r e d  b l o o d ~ c e l l s  i s  being m e a s u r e d .  The animals will l a t e r  
b e  i r r a d i a t e d  .with an  LDkO dose  and t he i r  survival  following t h i s  dose  will  
be  c o m p a r e d  with t h e i r  f ;59.-incorporation r e sponse  a f t e r  the previous  
t e s t  dose .  . . 

RADIATION E F F E C T S  O F  THE PERMEABILITY O F  YEAST CELLS 
T O  SODIUM AND POTASSIUM IONS 

'Kwan Hsu  

Yeas t  c e l l s  g rown in  potato dex t ro se  b r o t h  fo r  36 h o u r s  a r e  harves ted ,  
washed,  and  resuspended  i n  s t e r i l e  d is t i l led  wate r .  They a r e  i r r a d i a t e d  i n  
t he  dis t i l led  wate r  suspension with 250-kvp x - r a y  (Phi l ips  250-kv x - r a y  

" machine ,  with 0.5 m m  A1 f i l t e r ) .  After  i r r ad i a t i on ,  the  s a m e  suspension is 
divided into t h r ee  a l iquots .  At di f ferent  t i m e  i n t e rva l s  the  ce l l s  a r e  
centr i fuged.  and the  superna tan t s  a r e  a s s a y e d  fo r  Na and  K. P o t a s s i u m  is 
found to  l e a k  out f r o m  the  ce l l s  into the  suspension within 10 minu t e s  a f t e r  
i r r ad i a t i on .  The po t a s s ium content  i n  the wate r  i n c r e a s e s  exponential ly " 

within the f i r s t  3 h o u r s  and then r e a c h e s  a constant  value f r o m  10 to 18 
h o u r s . a f t e r  ' i r rad ia t ion .  ~ r e l i r n i n a r ~  s tudids  have giveu tlle following 
r e s u l t s :  

' Time  a f t e r  ~ o t a s s , i & n  i n  wate r  
i r r a d i a t i o n  (p.g/108 c e l l s )  

:S t ra in  (h r  ) . I r r a d i a t e d  Contr0.1 

X- 320 (diploid) 

X -  36 2 (hexaploid) 



The exper iment  i s  being continued to study the  leakage of po tass ium f r o m  
haploid, diploid, te t raploid ,  and hexaploid ce l l s  a t  d i f ferent  .dose l eve l s .  

NE UTRON-AC TIVATION ANALYSIS 

Kwan Hsu 

Neutron-activation ana lys i s  i s  a method of de te rmin ing  the  const i tuents  
of a sample  by exposing i t  to  t h e r m a l  neutrons ,  which by nuclear  r eac t i ons  
will m a k e  s o m e  elements '  radioact ive .  F r o m  the  c h a r a c t e r i s t i c s  of the 
radioact ive  i so topes  thus  induced the unknown e l emen t s  m a y  b e  quanti tat ively 
determined.  F o r  many  e l emen t s  th i s  method g ives  h igher  a c c u r a c y  and 
g r e a t e r  p rec i s ion  than other  mic rochemica l  methods .  It  provides  a power-  
ful  method f o r  determining the t r a c e  e l emen t s  i n  biological  t i s sues .  

Yeast  c e l l s  of different  s t r a i n s  and blood s e r u m  a r e  i r r a d i a t e d  i n  the  
cen te r  of the  L i v e r m o r e  wate r -bo i le r  r e a c t o r .  The t he rma l -neu t ron  f lux  
v a r i e s  f r o m  2.42X 1 0 l o  n / cm2-sec  i n  the cen t e r  to 1.83X .10l0; a t  4 inches  
f r o m  the cen te r .  The s amp le s  a r e  i r r a d i a t e d  f o r  2 h o u r s  and  a r e  then 
a s s a y e d  f o r  Na and K, p r i m a r i l y  to invest igate  the reproducibi l i ty  of the 
method.  NaCl and KC1, e i ther  i n  c r y s t a l  f o r m  o r  i n  wate r  solution, a r e  
u sed  a s  s tandards .  The ac t iv i t i es  a r e  counted i n  G-M and scinti l lat ion 
counte rs  a t  d i f ferent  t i m e  i n t e rva l s .  Act ivi t ies  a f t e r  the  2-hour i r r ad i a t i on  

' can be de te rmined  f r o m  extrapolat ion of the  decay cu rves .  F o r  example ,  
4 i n  one pa r t i cu l a r  exper iment ,  5X %O' g  of NaCl  i n  2 m l  solution gave 

1.74X l o 4  cpm of  la'^ act ivi ty  (half l i fe 15 hou r s ) ,  and g of KC1 i n  
4 2 r n l  solutiotl gave 1.33 X10 cpm of K~~ act iv i ty  (half l i fe  12.4 hou r s ) .  The 

counting was  done i n  a well- type sc int i l la t ion counter (Harshaw,  type 7F8) .  
The sodium and po tass ium contents  in  the  biological  s a m p l e s  a r e  de t e rmined  
i n  many  ways. The r a t i o  of the Na and K contents  i n  the t i s s u e s  invest igated 
i s  such that  i t  i s  v e r y  diff icult  to de t e rmine  accu ra t e ly  by  pulse-height  
ana lyzer .  At p r e sen t ,  separa t ion  of the  two i so topes  by ion-exchange r e s i n  
s e e m s  to work bes t .  F o r  blood s e r u m ,  the Na and K contents  de t e rmined  by 
neutron-act ivat ion ana ly s i s  fa l l  within the  range  a s  de t e rmined  by f l a m e  
photometer .  Yeast  c e l l s  of d i f ferent  s t r a i n s  g rown in  min ima l  cu l tu re  
med ium gave Na content  f r o m  2 to 10 pg/108 cells , ,  and po tass ium content 
f r o m  100 to 242 pg/108 ce l l s .  

The L i v e r m o r e  L T P R  r e a c t o r ,  now in  operat ion,  ha,s a max imum 
t h e r m a l  flux of 2.5X l o i 3  n/cm2- s ec .  The detect ion l im i t  f o r  Na and  K 
should be of the  o r d e r  of magni tude of 0,00035 t ~ . ~ / r n l  and 0.004 pg/ml. 1 
P r o g r e s s  is now being m a d e  i n  invest igat ion of the p rocedu re  fo r  i r r ad i a t i on  
of biological  s amp le s  by t he  t h e r m a l  flux of the L i v e r m o r e  L T P R  r e a c t o r .  

1 
W. W. Meinke, T r a c e - E l e m e n t  Sensit ivi ty:  Compar i son  of Activation 

--.- Analysis  -th Other  Methods, Science 1 2 1 ,  177- 184 (1955). - 
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BLOOD BIOCHEMISTRY AND CIRCULATION 

PHYSIOLOGICAL E F F E C T S  O F  HUMAN URINARY ERYTHROPOIETIN 

Donald Van Dyke 

I t  i s  appa ren t  f r o m  the  work i n  t h i s  and  o ther  l abo ra to r i e s  that  one of 
the  p r i m a r y  f a c t o r s  i n  the  c o n t r o l  of division and growth of the hemocytoblas ts  
of the  m a r r o w  i s  a ho rmona l  fac tor  cal led erythropbiet in .  The sc reen ing  of 
a l a r g e  number  of pat ients  i n  the  pas t  two y e a r s  h a s  demons t r a t ed  that  
c e r t a i n  individuals with s e v e r e  a n e m i a  not only have high l cve l s  of 
e rp thropoie t in  i n  t he i r  p l a s m a  but  constantly exc re t e  the erythro,poietic 
h.6rinone i n  the u r ine .  ~ e t h o d s  have been developed forc .oncentra t ing th i s  
m a t e r i a l  i n  1/1000 of the  so l ids  of the  u r ine .  In the  l a s t  .year a n  intensive 
ef for t  h a s  been  m a d e  to de t e rmine  the physiological  and  chemica l  p rope r t i e s  
of th i s  u r i n a r y  erythropoiet in .  Ul t raf i l t ra t ion prov ides  a n  ac t ive  f r ac t i on  
which i s  sufficiently f r e e  of toxic s ide  effects  to be  usable  i n  m o s t  
physiologic s tud ies .  The admin i s t r a t i on  of th i s  m a t e r i a l  for a per iod of 
14  days  to  m i c e ,  r abb i t s ,  and monkeys h a s  r e su l t ed  i n  the  production of a 
polycythemia.  An adult  m a l e  monkey given 100 m g  intra.venously daily f o r  
15  days  showed a 637' i n c r e a s e  i n  the  to ta l  c i rcu la t ing  r e d  ce l l  volume. In 
studie's of the  spleen i n  r a t s ,  i t  h a s  been  shown that  At1 i n c r e a s e  i n  DNA 
p r e c e d e s  a n  i n c r e a s e  in  incorpora t ion  of rad io i ron ,  indicating that  the  
p r i m a r y  effect  of t h i s  m a t e r i a l  i s  to  s t imula te  divis ion of the  hemocytob las t s  
of e ry thropoie t i c  t i s s u e .  Expe r imen t s  a r e  i n  p r o g r e s s ,  using m a r r o w  
suspens ions  and ,per fus ions  of i so ra ted  l imbs ,  i n  o r d e r  to fu r the r  our  
under  standing of ' t h e  m e c h a n i s m  of act ion.  The knowledge gained f r o m  
s tud i e s  on monkeys  about  the  rou te  of admin i s t r a t i on  and the dose  r equ i r ed  
i n  p r i m a t e s  w a r r a n t s  a l im i t ed  p r o g r a m  i 'nvestigating ,the poss ible  
t he r apeu t i c  use fu lness  of t h i s  rnater ia l  i n  c e r t a i n  types  of anemia..  Th i s  
wil l  b e  under taken i n  the  near  fu tu re .  1 

STUDIFS O F  
THE E F F E C T  O F  ERYTHROPOIETIN ON BONE MARROW IN VITRO - 

J a m e s  Beck 

It i s  ye t  to b e  shown that  e ry thropoie t in  a c t s  d i r ec t l y  on bone m a r r o w .  
An a t t emp t  to demons t r a t e  t h i s  i s  being m a d e  by m e a n s  of m e a s u r i n g  F e  59  
uptake of r a t  bone m a r r o w  c e l l s  i n  suspens ion  i n  a .synthetic medium.  Some 
i n c r e a s e '  i n  i r o n  uptake by  m a r r o w  c e l l s  i n  the  p r e sence  of anemic  r a t  s e r u m  
ove r  that  by m a r r o w  c e l l s  i n  the p r e s e n c e  of n o r m a l  r a t  s e r u m  h a s  been  ' 

found thus  f a r ,  though r e s u l t s  have been  inconsis tent .  If th i s  can  b e  depend- 
ably  repea ted ,  the  next s t e p  i s  conditioning the  suspens ion  of m a r r o w  ce l l s  
with human  erythropoiet in .  Thus,  i n  addit ion to  the  fundamental  significance 
of demons t ra t ing  a d i r e c t  ac t ion,  the  technique m a y  b e  useful  fo r  a s s a y .  
T h e  method  would a l s o  b e  helpful  i n  de te rmin ing  the  na ture  of the p r o c e s s  of 
i r o n  uptake by  t he se  ce l l s ,  i n  finding a n  o rgan  sou rce ,  c tc .  

. 
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CHEMICAL SEPARATION AND CHARACTERIZATION 
OR URINARY ERY THROPOIETIN 

Howard C. Me1 

Star t ing f r o m  the  proteinlike m a t e r i a l  col lected by h igh -p re s su re  u l t r a -  
f i l t ra t ion of u r i ne  of pat ients  containing erythropoiet in  activity,  va r ious  
physicochemical  p rocedu re s  have been c a r r i e d  out. Solubility m e a s u r e -  
m e n t s  a t  pH 8 indicate  that  a t  to ta l  concentra t ions  g r e a t e r  than 6% the  
solubility of the  biological  a c t i v i t y  i s  not exceeded,  whe rea s  the  l i m i t s  of 
solubility of some  of the nonactive m a t e r i a l  have a l ready ,  been  reached .  
By continuous e lec t rochromatographic  p rocedu re s  i n  conjunction with 
deta i led spec t rophotomet r ic  and pH ana lys i s ,  specif ic  activity h a s  been  
inc ' reased by  a fac tor  of 5.5 o r  g r e a t e r .  Composit ion of t h e  m o s t  ac t ive  
por t ions  i s  significa.nt1.y different  f r o m  that  i n  the  m o r e  ac id ic  o r  b a s i c  
f r ac t i ons  of the  u r ine  u l t ra f i l t r a te .  

PROGRESS IN METHODOLOGY, IN PHYSICAL CHEMISTRY, AND 
IN STUDY O F  THE METABOLISM OF HUMAN SERUM LIPOPROTEINS 

F r a n k  T .  'Lindgren and  Alexander V. : Nichols 

A s impl i f ied p rocedure  h a s  been developed f o r  the study of the s e r u m  
l ipoprote ins  which r e q u i r e s  only 2 m l  of s e r u m  (or ~ l a s m a ) .  Lipoprote in  
isola t ion and ana ly s i s  a r e  achieved i n  a NaBr  med ium of densi ty  1.20 g /ml .  
All c l a s s e s  of the s e r u m  l ipoprote ins  m a y  be s tudied with th i s  p rocedure ,  
including the comple te  low-density s p e c t r u m  f o r  which equivalence with the  
c s tabl ished low-density c lass i f i ca t ion  (solo-14'crd, va lue s )  h a s  been  de te rmined .  f 

. Another analyt ical  development f o r  the study of l ipoprote ins  h a s  been  
a d e t h o d  to i so l a t e  l ipoprote ins  on a ' sedimentat ion equi l ibr ium sa l t  
g rad ien t  i n  the p r epa ra t i ve  u l t racen t r i fuge ,  using such  h igh-molecu la r -  
weight s a l t s  a s  NaBr and .CsCl. Such a method .a l lows  the  physical  and 
chemica l  ,s tudy of v e r y  n a r r o w  l ipoprote in  bands  of g r e a t e r  physical  homo-  
geneity than was he re to fo re  poss ib le .  A pre l imina ry  study of the  S F - 8  low- 
densi ty  l ipoprote in  band i so la ted  f r o m  five n o r m a l  adult  individual  s r evea l ed  
some  chemica l  unhomogeneity of th i s ' . c lass  ( f rom pe r son  to pe r son )  with 

' r e s p e c t  to g lycer ide ,  cho les te ry l  e s t e r ,  and unes te r i f i ed  cho les te ro l  content. 

Other  physical -  chemica l  s tud ies  i n  l ipoprote ins  include pa r t i a l  e t he r  
extract ion.  P a r t i a l  degradat ion of both $ 2 0 - 4 0 0  and  high-densi ty  l ipoprote ins  
by t h i s  p r o c e s s  g ives  r i s e  to l ipoprote ins  exhibit ing a wide r ange  i n  such 
physical  p rope r t i e s  a s  hydra ted  densi ty  and pa r t i c l e  s i z e .  Many c l a s s e s  of 
t he se  product  l ipopro te ins  a r e  chemica l ly  di f ferent  f r o m  the ph,ysically 
corrresponding n o r m a l  (undegraded)  l ipoprote ins .  The  high-densi ty  l ipo- 
q o t e i n s  exhibited considerably  m o r e  s tabi l i ty  to  e t h e r  ex t rac t ion  than  the  
S f20-  400 l ipoprotein.  Nonetheless ,  i t  was  poss ib le  to obtain f r o m  high- 
densi ty  l ipoprote in  by  e the r  ex t rac t ion  a n  e s sen t i a l l y  l ipid-,free p ro te in  .. 
f r a g m e n t  of 43,000 mo lecu l a r  weight units .  

The e f fec t s  of s t o r age  on l ipopro te ins  and the i r  s tabi l i ty  to f r e e b e -  
thawing cyc les  h a s  a l s o  been studied.  Pro longed  s to r age  a t  -28OC was  found 
to b e  m o r e  in ju r ious  to  l ipoprote ins  than s to r age  a t  e i t he r  f r o m  0 to -5' o r  
f r o m  0 to +5OC. However,  degradat ion of the l ipoprote ins '  o c c u r r e d  a t  a l l  
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. . 

t e m p e r a t u r e s ;  t h e r e  was  extensive  damage  a f te r  a few months  of s to rage .  
No u l t racen t r i fuga l  ef fects  we re  observed  to occur  when l ipoprote ins  were  
frozen.  and  thawed five t i m e s  o r  l e s s . '  However,  r epea t ed  f reez ing  and thawing 
r e s u l t e d  i n  extensive  and p rog re s s ive ly  g r e a t e r  d m a g e . ,  These  effects  
w e r e  not influenced by the  r a t e  of the  free.ze-thawing p roces s .  

In s tud ies  on the me tabo l i sm  of l ipoprote ins  the effects of a 3 0 - ~ / d a ~  
soy leci th in  supplement was  invest igated i n  a group  of Stockton .Stkte Hospital  
p a e t s .  The  absorpt ion and the  chemica l  f o r m  p re sen t  in  the blood s t r e a m  
of t r i t ium- labe led  s t e a r i c  ac id  fed before  and  dur ing the per iod  of lec i th in  
supplementat ion w e r e  studied.  However,  nu ellect of the leci th in  could bc 
demons t r a t ed .  Furth 'er ,  s tud ies  of the  total  s e r u m  l ip ids  and  the to ta l  s e r u m  
l ipopro te ins  made  before ,  'during, and a f t e r  the  leci th in  per iod revea led  np 
such  benef ic ia l  lowering effects  a s  had been  previously  r e p o r t e d  (by 
M o r r i s o n ) .  

' 

In connection with both metaboi ic  and physical -chemical  s tud ies  of 
l ip ids  and  l ipoprote ins ,  a radiological  . (Sr90) g a s  chromatographic  unit 
des igned specifically fo r  fa t ty  ac id  ana ly s i s  h a s  near ly  been  completed.  
Th i s  uni t  soon wili a l low full  chemica l  cha rac t e r i za t i on  and quanti tat ive 
ana ly s i s  of the fat ty a c i d s  p r e s e n t  i n  ex t r eme ly  s m a l l  l ipid s a m p l e s  ( l e s s  
than 1 m g ) .  

BLOOD HEPARIN AN.D LIPOPROTEIN LEVELS 

Tadao Yasugi 

In f u r t h e r  s tudies .  of the ro l e  of h e p a r i n  i n  l ipid metabolisliz, a n  in -  
ves t iga t ion  h a s  been  c a r r i e d  out with the  object  of co r r e l a t i ng  the na tura l  
l e v e l  of h e p a r i n  i n  c i rcula t ing blood with concentra t ions  of choles te ro l  acid 
the  va r ious  c l a s s e s  of l ipopro te ins .  'The population sampled  was a g r v u p  of 
105 schizophrenic  m a l e s ,  age  40 to 50, i n  the Sta te  Hospital  a t  Stockton, 
Cali 'fornia. Subjects we re  i n  a fas t ing s t a t e  when blood was drawn. The 
method  of hepa r in  ana lys i s  (modified f r o m  Bassiouni ,  J. Clin. Path .  6 , '  39 
(1953)) m e a s u r e s  to ta l  "heparinlike ' I  subs tances ,  and gave a m e a n  value of 
3.07 mg/lOO m l  of blood. Lipoprote in  m e a s u r e m e n t s  w e r e - m a d e  by the 
s t anda rd i zed  u l t racen t r i fuga l  techniques  of th i s  l abora tory .  Significant in -  
v e r  s e  co r r e l a t i ons  we re  demons t rab le  fo r  the  following p a i r s  of var$ables:  

0 S f O -  12 v s  "heparin" f = -0.49 (p  < .001) 

Choles te ro l  v s  1hepar in"  r = -0.47 (p < .0.01) 

C o r r e l a t i o n  coefficients with all c l a s s e s  of h igh-densi ty  l ipoprote ins  and. 
with the  ne . r$ .ow-densi ty  l ipopro te ins  w e r e  s m a l l  and not stati 'stically 
significant .  
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ATHEROSC LEROSIS AND BLOOD PRESSURE 

Wei Young 

. In analysis  of the data obtained by studying a r t e r i a l  sections i t  has  
been found that the relationship between cerebr 'a l  a therosc leros is  and blood 
p res su re  (both systoiic and diastol ic)  i s  highly significant. This relation- 
ship drops  off a s  age inc reases  to 80-89. In coronary a therosc leros is ,  on 
the other hand, there i s  no correlat ion with systolic blood p r e s s u r e  through- 
out the age groups studied (60-89), but there  i s  a statist ically significant 
relationship with diastolic p r e s s u r e  in the age groups 60-69 and 70-79. 
This relationship a l so  d isappears  in the 80-89-year age,..group. 

PHYSIOLOGICAL ROLE O F  LIPOPROTEINS 

. Wei Young 

, . ,In o rde r  to l e a r n  m o r e  about the physiological ro le  and possibly' the 
s t ruc tura l  configuriation of lipoproteins, we have c a r r i e d  out p e r f u s i ~ n  
studies,. using vagal hea r t  preparat ions and observing the effects of vagal 
stimulation. I t  has  been found that the s,erum protein protects  the integrity 
of vagal effect. Lipemic s e r u m  potentiates the vagal inhibitory effect ,  
while alburriin, o r  a s e r u m  protein fract ion f rom which substantially a l l  
lipids and lipoprote'ins have been removed ultracentrifugally; tends to reduce . . , ' . . 
it. 

P re l imina ry  experiments  using lipid components i n  the medium show 
that a cer ta in  fract ion of phospholipids abolishes the *pagal inhibitory action. 
This needs to be  verified by repetit ion of the experiment ,  using purified and 
bet ter  charac ter ized  mater ia l .  

INFRARED SPECTROMETRY AND LIPID CHEMISTRY 

Keith F r e e m a n  

The simplified inf rared  spectrophotometr ic  method of s e r u m  lipid 
analysis,  recently developed in  this  laboratory,  has  been applied'to three  
groups of subjects,  c lassif ied clinically a s  follows: ( a )  normal;  (b)  multiple 
sc l e ros i s ;  ( 3 )  Hodgkin's disease.  This work has  had a twofold purpose: f i r s t  
to study the distributions of s e r u m  concentrations for  total lipid and f o r  the 
var ious individual lipids for each of these groups,  searching for  possible 
charac ter i s t ic  aber ra t ions  in  the d isease  groups;  and secondly to evaluate the 
method m o r e  thoroughly by comparison with independent chemical analysis  
of many of the se ra .  With r e spec t  to the second objective, the o rde r  of 
disagreement  with chemical analysis  for  the var ious components i s  indicated 
in  the following table: 



Number of. Measured ,' . Compared -.Aver age 
~ 0 m p a r i s 0 ~  component with discrepancy 

3 5 To.tal lipid Weight 2.670 
41 Total cholesterol Chemic'al * 6'*070 
53 Total phospholipid Lipi'd 'pho'sphoY.us:anal,- -1 1 *670 
19 Ester i f ied fatty acids  ' ' SaponifTcation * 7.3Yo 

The differences appear  to be random in  direction except in  the case 
of phospholipids, for  which the inf rared  determination i s  nearly always 
higher  than the chemical value. Fur the rmore ,  the magnitude of the e r r o r  
in  this  par t icular  component shifts f rom one se t  of analyses  to the next, i. e . ,  
for one group of determinal ions the discrepatidy may range l r u r ~ l  U Lu 1O1'/o, 
and for  another group done at  a diff'erent t ime i t  may  be P O  lo  ZUyoo. Pusvlble 
causes  of the systematic  difference and the fluctuation a r e  being investigated. 

Comparison of the three groups on a s ta t is t ical  bas i s  has  been only 
- 7  partially c a r r i e d  out. HodgkinUs d isease  cases ,  i t 1  part icular ,  have 

accumulated slowly, and for many of them clarification of their  clinical 
s ta tus  i s  necessary .  F r o m  the available data i t  appears  that in  Hodgkinas 
d i sease  both total lipids and total cholesterol  tend to be lower than in normals  
(71% of total  lipid values and 8270 of total cholesterol  values a r e  below the . 
medians of the corresponding normal  dis t r ibut ions) .  In multiple sc l e ros i s ,  
on the other hand, the lipid distributions a r e  substantially the same a s  in  
normals .  The medians a r e  slightly, but not significantly, higher.  

PROLIFERATION IN THE LIVER RETIC ULOENDOTHELIAL SYSTEM 

E r n e s t  L. Dobson, Lola So Kelly, Caroline R. Finney, and J. Dorothy Hirsch , 

Studies of l iver  reticuloendothelial (RE) sys tem proliferation have 
continued. We have repor ted  previously that the injection of Zymosan 
produces a dramat ic  inc rease  in l iver  UNA synthesis which is due tu Lhe 
prol i ferat ion of l i t toral  cells.  1 

In a recent  paper Heller et  a l .  demonstrated that mass ive  doses  of a -- 
var ie ty  of e s t r  ~ g e n i c  sub sta'nce s st imulated phagocytic activity, but concluded-. 
. f r o m  indirect  evidence that hyperplasia  of RE elemerits was not involved, 2 

However, we had observed' previously (in unpuBlished experiments  on the 
radiation-protective proper t ies  of e s t rogens )  that l iver  .DNA synthesis was 
increased .  These observations suggested that phagocytic activity and DNA 
synthesis  should b e  compared '  direct ly .  DNA synthes,is was measured  by 
the 2-hour incorporation of P~~ into l iver  DNA and the phagocytic activity by 
the r a t e  of removal  f r o m  the blood of intravenously injected colloidal carbon. 
F igure  1 2  presents  the r e su l t s  obtained af te r  a single subcutaneous injectton 
of 1 m g  of es t rad io l  in  se same  oil. They confirm the increased  phagocytic 
activity and make it c l ea r  that this i s  associated with ve ry  active cell  p ro-  
l iferation in the l ive r .  Other t issue s a r e  current ly under investigation. 
This  finding i s  of in t e re s t  in the interpretat ion of the radiation-protective 
proper t ies  of estrogen. 

- - 

'UCRL-8265, Apri l  25, 1958, p. 41. 

2,T-Ipller, J. H . ,  Meier ,  R. M . ,  Zucker ,  R . ,  Mast,  G-. W. Endocr ino log~  
h l ,  235, 1957. - 
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Fig. 12. Phagocytic function and DNA synthesis a t  various t imes  
af te r  subcutaneous e s t radiol  injection. 
(Specific activity = (cpm/mg ~ ) / c ~ m . i n j e c t e d / ~ ) .  



THE ROLE OF THE THYMUS IN LYMPHOCYTE PRODUCTION 

John C. Schooley and Lola S. Kelly 

A controversy ex is t s  in the l i te ra ture  on whether the smal l  ce l l s  of 
the thymus (thymocytes) and the lymphocytes of the lymph nodes and blood 
a r e  identical cell  types.  and, in  fact, whether the ce l l s  produced in  the 
thymus ever  leave this organ. Experiments a r e  in p rogress  to clarify this 
problem. Long-Evans r a t s  were thymectomized a t  6 days of age.  At 60  
days the thoracic duct was cannulated a t  i t s  entrance into the subclavian 
vein and the output of lymphocytes determined. A1 autopqy thc remaining 
lymphoid t i ssues  were  weighed. In another group of operated animals  the 

' 

DNA' synthes is  of the remaining lymphoid t issue was d e t e r ~ d t l e d  3 hours  
a f te r  the i n j ~ r t i  nn nf P~~ by a modified Schmidt- Thannhauser technique. 
The r e su l t s  a r e  shown in  Tables  X and XI. . . 

It i s  c l ea r  that t.he.ie was no significant difference i n  DNA specific 
act ivi t ies  in the lymph nodes ofsthe thymectomfzed ar~d sham-operated 
animals ,  indicating normal  r a t e s  of cel l  renewal. The DNA content per  
unit weight of lymphoid t i ssue  was unchanged. There  was a decrease  in  the 
weight of the lymphoid t issue of the thymectomized r a t ,  therefore',  the 
total  cel l  production m u s t  have been reduced .in pzroportion to the decrease  in  
weight. 

The thoracic  duct lymphocyte output of the thymectomized . . animals  
showed a dramat ic  decrease'  to 27% of the control values. The blood 
lymphocyte levels were a l so  reduced in the operated animals ,  but this 
dec rease  was not s o  marked  a s  the thoracic  duct differences.  This r a the r  
marked  dec rease  i n  thoracic  duct output in  the .thymectomized .animals 
might be in te rpre ted  a s  indicating that the lymphocytes pro'duced in  the 
thymus do leave this  organ via the alferent  lymphatics, and empty into the 
th.nracic duct; however, par t  of this decrease  may. simply rcoult  f r o m  the 
dec reased  m a s s  of the remaining lymphoid t issues.  

F u r t h e r  e3perir1,lents a r e  in  p r o g r e s s  using a n  autoradiographic 
techni.que with- t r i t ia ted thymidine a s  a ce l l  label,  
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Table X 

Specific act iv i ty  of DNA i n  thymectomized and sham-opera ted  r a t s  
3 h r  a f t e r  P~~ injection 

Thymectomized r a t s  Sham-opera ted  con t ro l s  
(11 a n i m a l s )  ( 7 an ima l s  ) 

Tis  sue  DNA specific DNA specif ic  DNA specif ic  DNA specif ic  
activitya activity,  % activitya activity,  70 

ac id-  soluble ac id-  soluble 

Spleen 20 .9  $ 5. lb 14.6 * 4 . 3  12.4 * .4 .0  8 . 4 9  * 2 .3  

Ly111ph nodes  i2:7 0 .39  6 . 8 9  * 0 , 4 4  10 .8  * . 0 . 54  6.5.3 * 0 . 3 2  
(mesen t e r i c  
and ce rv i ca l  ) 

a Given a s  cprn/mg DNA phosphorus  
cpm/g  body. weight . X 100 

b ~ r r ' o r s  shown a r e  s tandard  e r r o r s  of the mean.  
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Table  XI  
-- - 

Thorac ic  duct outputs and Lymph-node weights in :hymectomized and sham-opeca:ed r a t s .  . 

T r e a t m e n t  Animal WBC per  m m  
3 

weight blood 

S h a m -  207 * 1 6 ~  20,130 * 1,700 
ope la t ed  
conr ro l s  
(12 s n i m a l s )  

Thyinecto - 196 * 15 15,100 1,400 
mizcd  
(11 a n i m a l s )  

Lympho y te s  Thorac ic  Lymphocytes  kymphocyte  Mesen te r i c  C e r v i c a l  
p e r  mmS blood duc: lymph pe r  m m 3  output i n  lymph nodes lymph nodes  

flow tho rac lc  duct t ho rac ic  dact  (mg/lOO g m  (mg/100 g m  
( m m 3 / h r )  lymph . Fer h r  pe r  Kg body weight) body weight) 

body weight 

a ~ r r o r s  shown a r e  s t anda rd  e r r o r s  of the  mean .  



CELLULAR BIOLOGY 
. . 

GROWTH O F  YEAST 
UNDER C YC LIC APPLICATION O F  VARIOUS STIMULI 

. . . . , ,_ . . , .. . .  . ' . :June B a r r  
. . 

A study of the effects of cycling various stimuli--specifically oxygen 
and nitrogen, complete and depleted media--on a .population developing ' f rom 
a s tarved inoculum of diploid yeast  has  been undertaken with the expectation 
that such studies may disclose pat terns  involved in growth, in  budding, and 
i n s t o r a g e o f f o o d r e s e r v e s .  Suchpa t t e rnsmaye luc ida te thosevar iab les  
which a r e  responsible for  obtaining a high degree  of synchrony, A 
synchrostat  has  been constructed which automatidally, by way of solenoid 
valves actuated by cara switches, a l te rna tes  oxygen and nitrogen, d ischarges  
depleted medium, and dispenses,  f r e s h  medium a'ccording to a predesignated 
cycle which ca'n be  var ied  f r o m  a total of 15 minutes to 8 hours .  Modifications 
a r e  in  p rogress  on the synchrostat  which will allow for a m o r e  accura te  
timing mechanism and which will permi t ,  among other  things, subperiods 
corresponding to the. generation t ime under different se t s  of conditions, 
(varying oxygen, nitrogen, and natural  and synthetic complete media)., ' , 

Pre l iminary  experiments  have been per formed to ascer ta in  the degree of 
synchrony obtainable following various durations of starvation in the 
depleted growth medium or in  succinate buffer. The nature of the cel lular  
changes occurr ing during succinate s tarvat ion have been sought in  spec t ra l  
studie s suggested by ea r l i e r  cytological findings. 

THE EFFECTS OF ELEVATED TEMPERATURES ON 
THE GROWTH AND INHERITANCE OF SACCHAROMYCES : .CEREVISIAE 

Freddie  Sherman 

A comparat ive study was made  of the growth of yeast  in  var ious media 
0 at the optimum tempera ture  (30 ) and a t  supraoptimum tempera tures .  It 

was found that a t  elevated t empera tu res  there  i s  a dec rease  in the ability .of 
yeast  to grow, which may  be  alleviated by (a)  increasing the percentage of 
yeast  ex t rac t  i n  the medium, (b) adding oleic acid to the medium, or ( c )  
using an  inoculum of ce l l s  which have been previously grown a t  the elevated 
tempera ture .  Because of these findings, i t  :is believed that growth a t  
e1evated: temperatures  r e su l t s  in an increased  nutrkent requi rement  which 
may  be  eliminated by induced adaptation. 

When yeast  were  grown a t  elevated t empera tu res  o r  exposed f o r  a 
shor t  t ime to le thal  t empera tu res  i t  was found that there  was a g rea t ' i nc rease  
in the fraction. of respiratory-deficient  mutants  (peti tes).  It was shown that 
the inc rease  of nlutants did not a r i s e  because of selection, and that the 
elevated t empera tu res  actually induced the mutation. F r o m  the r e su l t s  of 
var ious genetic analyses  i t  was shown that these resp i ra tory-def ic ien t  
mutant's a r e  very  s imi l a r ,  i f  not identical, to vegetative petites occurr ing 
spontaneously o r  induced by acriflavine.  
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ELECTRON MICROSCOPY OF YEA.ST 

Walter , ~ i r n b ' a u r n  . 

..E\ffo.rtG.*have been made to visualize yeast  ce l l s  in  the electron 
microscope .  It had been' shown that only yeast  cel ls  grown in a very  par t -  
icu lar  way (Lindg.renas Medium) showed a normal  internal  s t ruc ture  when 
p repa red  with s tandard  technique.^. 

. '  By inv.estigating.va~rious fixatives and s tains ,  i t  was hoped to extend 
the electron mikroscopy ::.;,:of-, ::yea,st:..' ) . t o  : , . . I ;  include cel ls  .grown on any 
m e d i b .  ~ h o s ~ h o t u r i ~ s t i c  ' a c i i  hPoved to be .of Galue in  increasing . . the 
con t i a s t  in  the cell ,  par t icular ly th,e cell  m-gmbranes. . . 

. . 

In o r d e r  to eliminate the possibility that the ,ce l l  wall i s  in te r fer ing  
with staining, the ye,ast cel ls  were stained af ter  sectioning .: S0m.e success  
has  .been'achieved .with th is .  technique using a smic  acid and phosphotungstic 
acid a s  the electron s tains .  

PHYSIOCHEMICAL STUDIES O F  YEAST MICROSOMES. 

J a m e s  K. Ashikawa 

Microsomes  of 'different s izes  a.nd stabili t ies have been observed in  
s tarving,  nonproliferating, a n d ~ p ~ o 1 i ' ~ ~ C : r ~ t : i ~ g  . % cells.  ' 

When starving ce l l s  a r e  given utilizable nitrogen, the growth curve 
shows a charac ter i s t ic  lag phase corresponding to the degree of starvation. 
During this  phase the principal mic rosomal  component (80s) afipears to be 

, degraded and  reconstituted..  " . 

Ultracentrifugal sedimentation s.tudie s have sho'wn that this  phase is 
foliowed by the appearance of four new mic rosomes  corresponding to the 
logari thmic growth phase of the cel ls ;  The concentration of mic rosomes  
r eaches  a maximum during log growth, As the ce l l s  pass  through stationary 
phase' a gradual quantitative and qualitative change occurs  in  these components. 

The re .  a r e  s tudies  indicating that ~ n i c r  osome s may'  actively part ic ipate  
i n  protein and lipid synthesis.  It i s  therefore,  very possible that this 
change i n  the mic rosome  s regulates  biosynthe s i s  by regulating enzymic 
act ivi t ies .  

' 

EFFECTS OF pH AND ANOXIA ON GROWTH 
AND X-RAY SENSITIVITY O F  ESCHERICHIA COLI 

Thor nton Sargent  I11 

The .effects of hydrogen ion concentration during growth, i r radiat ion,  
and post i r radiat ion incubation on the survival of x- i r rad ia ted  Escher ich ia  
coli have been studied. 

Weatherwax reported that the hydrogen ion concentration during post- 
i r rad ia t ion  incubation had a lar,ge effect on this  organism af ter  ultraviolet  
i r rad ia t ion .  A much sma l l e r  but s imi lar  effect was found h e r e  a f te r  
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x- i r rad ia t ion ;  surv iva l  was  lower  when the incubation medium was alkaline.  
The effect  was l a r g e s t  when t he  o rgan i sm had been  grown anaerob ica l ly  in  
acidic  medium before  i r rad ia t ion .  

A cu l t~$e  'of E scheri ,chia col i  grown aerob ica l ly  i n  nutrie.nt b ro th  - ' 

becomes  alkaline,  but a n  anaerob ic  glucose  b ro th  cu l t u r e .becomes  acidic .  
Cu l tu r e s  we re  grown aerob ica l ly  and  anaerobical ly  with the hydrogen ' ion 
concentra t iop mainta ined a t  i ' c o n s t a n t  value by addit ion of a c id  o r  a lka-  
l ine phosphates  during gr.o.wth. Ce l l s  f r o m  the se  cu l t u r e s  we re  . i r rad ia ted  
under  the s a m e  conditions of. ac idi ty  o r  alkalinity a s  those  under  which they 
w e r e  grown and a l s o  under opposite condit ions,  

~ e r o b i c a l l ~  gr.own ,cells  showed the  s a m e  surv iva l  r e g a r d l e s s  of 
hydrogen ion  concentra t ion dur ing growth.and i r rad ia t ion .  . ~ n a e r o b i c a l l y  
growti cells .  a r e  known..to ,sh6w a sigm'oidal o r  mul t ip le-hi t  type of surv iva l  . 

cu rve  when grown under no rma l  ac.idicchondi~i6n.s-.:-: Gyeatly-:+nc,rea.sed. rad io-  
sensitivit 'y was  found in these  ce l l s ,  however , :  when' they w e r e  grown under . . 

alkal ine  anaerob ic  conditions. 

Ce l l s  i r r a d i a t e d  under condit ions of a c id i t y ' o r  alkalinity opposite to: 
those  under which they we re  g rown showed no modif icat ion i n  surv iva l  that  
could b e  a t t r ibu ted  to a n  effect  of hydrogen ion concentra t ion dur ing 
i r rad ia t ion .  Since rad iochemica l  r eac t i ons  a r e  known to  b e  pH-dependent 
th i s  i s  cons idered  evidence aga ins t  i n t e r  ce l lu la r  i nd i r ec t  :action by  x - r a y s .  

T h e  well-known e f f e c t  of enhancement  of rad ia t ion  damage  by oxygen 
was  invar iably  observed  when ce l l s  under  the va r ious  condit ions above were  
i r r a d i a t e d  i n  air .and i n  ni t rogen.  The enhancement  r a t i o  was  a lways  the  
s ame ,  demons t ra t ing  a n  independence of the oxygen effe.ct f r o m  o ther  
e f fec t s  observed .  . ' 

C e l l s  f r o m  ac id  anaerob ic  cu l t u r e s  we re  found to contain many  
nuclei ,  while a lkal ine  anae rob i c  ce l l s  w e r e  found to  have f ewer .  Th is  
d i f fe rence  was  shown by mic roscop i c  observa t ion  and  by ana lys i s  of the 
desoxyr ibose  nucleic ac id  content  p e r  cel l .  If ki l l ing of a ce l l  by  x - r a y s  i s  
due to nuc lear  inactivation,  the di f ference i n  number s  of nuclei  exp la ins  the 
di f ference i n  sensi t iv i ty  of c e l l s  f r o m  alkal ine  and  ac id  cu l t u r e s .  These  
findings, and  the  comple te  independence f r o m  the  oxygen effect ,  provide a 
dif ferent  explanation f r o m  that  of Hol laender  and h i s  co -worke r s ;  they pro-  
posed that  the  protect ion afforded by  anae rob i c  growth i n  t h i s  o rgan i sm i s  
due to anae rob ios i s  dur ing i r r ad i a t i on  caused  by  endogenous r e m o v a l  of 
oxygen. 

It i s  p roposed ' tha t  the nuc lear  mul t ip l ic i ty  of a c id  anae rob i c  c e l l s  i s  
due to inhibit ion of a n  enzyme s y s t e m  respons ib le  fo r  s epa ra t i on  of daughter  
c e l l s  a f t e r  nuc lear  reproduct ion.  
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THE CELL-C ULTURE PROGRAM 
. . 

J i m ,  Koeh1,er . . 

A program of cell  culture has  been undertaken for the.purposes of 
b&ad.ening and extending work done on. microorganisms in '  this group a s  
w e l 1 . a ~  the investigation of problems pertaining specifically to cell  culture.  
The HeLzircell has  been c h 0 s e n . a ~  the.initia1 cell  line because of i t s  ease  of 
cultivation and applicability to .the cancer  problem. The s t r a in  designated 
by Theodore Puck a s  the S clone was acquired through the c o u r t e s y o f  
Dr. Mary McClain of the d a v a l  Biological Resea rch  Station and i s  being 
cul tured by the methods employed in- tha t  laboratory.  ~ ~ u t i . i e  c u 1 t u r e . i ~  ' ,  

0 
being c a r r i e d  out i n  stoppered 8-02 mi lk  dilution bottres incubated a t  37 C 
in  balance nutrient media containing 10% lamb s e f v .  Because the ce l l s  
attach to the. glass  within 2 4  hours ,  they can be r.emo+ed for  t r ans fe r  o r  
reinoculation o:nly.bg a special  tpypsinization technique. The usual  inoculum 
cons is t s  of about 10 cel ls ,  which i n c r e a s e s t o  about 1o7;in the course  of 
3 t o  4 days; a t  which time the cel ls  must  be transferred.:  Initial a t tempts  a t  
cultivation jhav.e 'been very successful,  ' ster i l i ty  requirements  bei.op no inore 
s t r ingent  than tho,se employed in  general  bacteriol~ugy, 

Seve ia l  problems a r e  current ly under investigation,- including the 
morphological effects of estrogen treatment '  and pos.sible uses  of such . 

changes in  a -  rapid bio-assay of these.  h ormones,  and some bas ic  radiation- 
effect work. . . 

.. . 

MEASUREMENTS OF C E U  MEMBRANE POTENTIAL 

Cornelius T. Gaffey . . 

Resea rch  effor ts  a r c  to .be directed 4t the understanding of interface 
phenomena a t  the cel l  membrane ,  such a s  the propagation of impulses  along 
nerve fiber's. . Sinc.e nerve membrane  i s  only I U U  A,.  thick, the possibility 
of d i rec t  chemical  s tbdy-is  largely ruled out. Analysis by e lec t r ica l  
techniques coupled with isotopic t r a c e r  methods offers the special  advantage 
that minute changes in  membrane  proper t ies  .(such a s  resis tance,  capacitance, 
and potential difference ) of the living cel l  a r e  readi ly measurable .  Studies 
of this so r t  focused on the ,problem of radiosensit ivity of nerves  to high- 
ener'gy protons and deuterons permi t  one to  obtain information about the 
organization of the macromolecules  which a r e  the s t ruc tura l  e lements  of 
the cel l  membrane .  
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AGING 

BIOLOGICAL MEASUREMEN.TS AND AGING 

' Arthur R. Tamplin 

Two maj,or d i sease , s t a t e s  account for  80% of the deaths in the United 
States today. The number one kil ler i s  d isease  of the cardiovascular  system, 
which accounts for 60% of the deaths,  and the number two killer i s  cancer ,  
which accounts for 20% of the deaths.  The population death r a t e s  for these 
d iseases  show an exponential i nc rease  with age. Thus ei ther  individuals 
a r e  m o r e  susceptible to the d iseases  a s  they grow older or the d isease  i tself  
runs a course  in t ime.  In o t h e r  words, something i s  happening in an 
individual with t ime which inc reases  his  tendency to die. Biologists have 
1.ong 'distinguished between chr  one-lbgical age and physiological age;  that i s ,  
they have recognized that a t  a given chronological age individuals will 
exhibit different tendencies toward death, Thus biological experience 
indicates that a population i s  a group of individuals who.are  undergoing 
physiological aging a t  some as so r tmen t  of- r a t e s  and that this physiological 
aging leads  to death. 

Obviously i t  would be very useful to be able to m e a s u r e  the physio- 
logical age  or  death tendency of individuals, because then those with a very 
high death tendency could be compared with those who have a very  low death 
tendency in an effort to gain some insight into these aging processes .  In a 
study of the evolution of coronary a r t e r y  d isease  Gofman introduced a highly 
effective approach to this problem. Gofman found that individuals who 
developed clinically manifest  symptons of coronary  a r t e r y  d isease  o r  who 
died f r o m  the d isease  had, on the average,  higher concentrations of cer ta in  
s e r u m  lipoproteins. However, there  was considerable overlapping of the 
lipoprotein distributions in the two groups.  That i s :  many individuals of the 
group who didnDt develop clinically manifest  d isease  o r  die of the d isease  
had levels  equal to o r  g rea te r  than those who did develop clinically mani fes t  
d isease  o r  die of i t .  At this point one could say qualitatively that higher 
lipoprotein concentrations were  somehow related to coronary a r t e r y  disease.  ( 
In an  effor t  to quantitate this relationship,  Gofman divided the ordinate on 
the d isease  distribution by the ordinate on the nondisease distribution a t  the 
same lipoprotein concentration, and thereby constructed a curve  of 
probability of dying ve r sus  lipoprotein concentration. Thus h e r e  was a 
relatively s imple method of quantitating the physi ological age o r  death 
tendency in  a population. Obviously by the  inclusion^ of m o r e  biological 
measuremen t s  a m o r e  cr i t ica l  es t imate  could be made.  

F u r t h e r m o r e ,  in this study of 1i.poproteins and coronary a r t c r y  d isease ,  . 
i t  became apparent  that the mean of those who died of the d isease  approached 
the mean of the remainder  of the.population a s  one went to the m o r e  advanced - ages.  In fact, il the study had been confined to individuals above 60 y e a r s  of 
age, one might have concluded that no relationship existed. This i s  what 
one would anticipate.if  the l ipoproteins were  a m e a s u r e  of the r a t e  a t  which 
individuals were developing. death tendency. In okher words,  only .individuals 
who were  developing death tendency a t  a ve ry  high r a t e  would die a t  younger 
ages,  and a s  t ime went on individuals with lower and lower r a t e s  would be  
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includ,ed. 'Thus it evolved f rom this study that ordinary s tat is t ical  methods 
. were  not efficient i n  studies of aging, and a mathematical approach suited 

to the part icular  needs of the problem was necessary .  This i s  a continuing 
project  which i s  now in progress .  

. . . . 

~ r o a d l ~  the co'ncept.,is that an individual's physidlogical age or  death 
tendency can be es t imated  by an appropriate  combinati'on of biological 
measurements . .  These  measurements  can be separated into three groups: 

i . . ' ~ t a s u r e m e n t  s which a r e  related. to ' the  am.ount of accumulated 

. . aging. 

2. Measurements  .which i r e  related to the r a t e  of aging. 

3 .  Measurements  which a r e  related to death tendency but which 
a r e  constant with t ime or  bear  no relationship to tinle. 

e 0 * If we let  "TI1 r ep resen t  physiological age and  le t  1t1~. n2, n 
represent  some. s e t  of biological m c k a u ~ e m e n t s , .  then wk can express  ?he 

. . 
concept above a s  follows:.  . .  

, .  . 
Furthe.rmore,  if "DUD represen t s  the death rate., then we have 

D = ' f(T); : 
: " ,( 2.) 

and if the measurement  i s  adequate, the f o l l o ~ i j ~ g . e q u a t i o n  should hold: 

where t , r e p r e s e n t s  time: 

In pract ice one would calculate the relationship between 'ID" a n d  the 
biological measuremen t s  direct ly  without the introduction of "T", a s  was 
done f o r  coronary disease.  Then these various probabili t ies would be 
combined according to the laws of probability theory. This i s  a simple and 
r a the r  s t raightforward p rocess  with independent measurement ,  but when 
the measuremen t s  a r e  in te rcor re la ted  the complexity i s  enormous. However, 
since this does r ep resen t  a bounded mathematical  problem, for  each 
population and se t  'of p a r a m e t e r s  the var ious solutions a r e  unique. Thus 
one can predict  the maximum relationship of any one variable a s  the number 
of equally related var iab les  i s  increased;  or  one can predict  the maximum 
relat ionship of a l l  remaining variables  a s  the relationship of one of them i s  
increased .  Mathematically this  can be expressed  a s  follows: - 

L 
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where 

= extrapolated probability of dying a s  a function of 
the value of the biological measurement  (nb) 

nOni 
N . ~ .  = ra t io  of the number of people living with a par t icular  
NL no value of no and n .  to the total number of peoble alive 

with that value of nb. 

PA ( D/ni L ) = absolute probability of dying provided that the 
individual has  the part icular  va laeof  ni a n d i s  alive.  
This probability i s  m e a s s r e d  when the probability 
d. dying 00 a l l  other pa ramete r s  i s  unity. 

The effort  a t  present  i s  directed toward mathematical  models which 
will give quantitative examples  of these equations. Such data should be of 
g rea t  value in  experimental design and in  evaluating experimental resu l t s .  
They should r e p r e  sent an  additional se t  of s ta t is t ical  tables ,  which will 
allpw workers  in  the field of aging to se t  additional quantitative l imi ts  on 
their  resu l t s .  

GENETICS 

FRUIT F L Y  GENETICS 

Gurt  Stern,  Gerald Brave r ,  Philip Hildreth, and Gweneth .Car son 

Studies of the Spouse Effect on Spontaneous and X,Ray-Induced Lethal 
Mutations in Drosovhila melanoizaster 

Hildreth and Carson  have shown that the frequency of spontaneous 
lethals i n  X chromosomes  derived f rom wild- type ma les  was influenced by 
the type of female that had been inseminated. This phenomenon, called 
the "spouse effect, " has  been studied along the following lines:  

(a)  Tes ts  b e r e  m a d e  to de termine  whether differences in the genetic 
backgrounds of the m a l e s  examined for lethality were  involved in  the spouse 
effect. When the genetic ba'ckground of he high-frequency line was replaced 

lethal.  
t with that of the low-frequency line the Ychromosome lethals  remained  

(b) No c lear -cut  spouse effect was demonstrated for  x-ray-induced lethals.  
( c )  Fur the r  t e s t s  of spontaneous lethals a r e  being c a r r i e d  out with a new 

experimental  des i  n that uses' one line of inbred m a l e s  and th ree  different  
l ines  of females .  zg 

' philip Hildreth and Gweneth Car  son, P r o c .  Nat l .  Acad. . Sci. U. S. 4 3 ,  - - 175- 183 (1957). 
3 
L. 

G. L o  Carson  and G. Brave r ,  P roc .  Tenth. Intern.  Congr. Genet. 2, 44 - 
(1958). 

Lawrence 



, . 

Studies  on Mating P r e f e r e n c e s  and Behavior ' in  ~ r ' o s o ~ h i i a  

As p a r t  of t he  design of expe r imen t s  i n  connection with the above- 
d e s c r i b e d  spouse  e f fec t  on mutat ions ,  single ma1e.s we re  placed i n , v i a l s  with 
bne e,ach of, two genet ical ly  di f ferent  f ema le s ,  A and B . .  sequence  of 
mati i igs was r eco rded .  . F i r s t  mat ings  of ' m a l e s ~ e f e e q u a l l ~  f requent ly  with 
A and  with B,- A m a l e  which ,had m a t e d  with A mated ,  .with B . i n  only 40 70 of - 
t he  c a s e s  and did not m a t e  aga in  i n  60% ( d u r Z g  a fixed pe'rTod of 2 h o u r s  and 
15 minqt&s.)., In contra 's t ;  a m a l e  which had f i r s t .m+ted  with B.' mated  sub- 
sequent ly  with A in 6070: of the ca.ses and did not k a t e  again  in-400/oo. Var ious  
.aspect .s  of t he sema t ing i  pkoper t i es  x r e  under study..:.' They have a bear ing  on 
p rob l ems .  of population gene t i c s  and the  in te rpre ta t ion  of ' some e x p e r i m e n t a l '  
d e t e rmina t i ons  of f i tneysi  ' A manusc r ip t  deal~ng with mat ing pr"prrlica i r  
near ly  completed.  I . . .. . , . 

. . . . 

C!~rt s ~ E T , ~ ,  Gera'ld*Braver,  . . p h i l i p  Hildrath; and  ~ w & e t h  C a r s o n  

Human 'l 'mn ISataflTke Ratio of Motnozygotic to B a y g o t i c  Affected Twins 
and  the F requenc i e s  of 'Affected Twins i n  Unselected Data 

. . . . 

A t h e o r e t i c a l  a n a l y s i s  of a sce r t a inmen t  of hu&n twin p a i r s  h a s  l ed  to 
the  following c o n c l u s i o ~ s :  the r a t i o  of monozygotic to  dizygotic twin pa i r s  ' 
a s c e r t a i n e d  on the b a s i s  of a 'given t r a i t  may  be  f r o m  one half to one t imes  
the r a t i o  i n  the  gene ra l  .population, and the r a t i o .  of twin p a i r s  to  a l l  individuals 
f r o m  one to two t i m e s  &s' high a s  i n  the  general 'populat ion.  3 

. . 
. .  . 

~ a d i a t i d n  and Population Genet ics  

A r ev i ew  of the above topic h a s  been  p r e p a r e d  fo r  the ~ t o m i c  Ene rgy  - - 
Commiss ion :  C u r t  s t e rnp i  i n  Radiation ~ i 0 l - o ~ ~  and Med ic ine .  (Addison- 
Wesley, Reading, ~ a s s i . ,  1958),chaP. 9, pp. 206-227. 

, . RADIATION -1N'UUCED REVERSIONS 

Ralph L. Gunther 

Studies  of radia t ion- induced r e v e r s i o n  a t  a number  of genet ic  loci  have 
been  c a r r i e d  out, us ing 'diploid  c e l l s  homozygous f o r  the pa r t i cu l a r  loc i  under  
study.  .X-ray-induced r e v e r s i o n s  w e r e  reduced  i n  f requency by  approximately  
twofold when i r r ad i a t i on  was p e r f o r m e d  i n  ni t rogen ins tead  of a i r .  Some 
indicat ion of d i f ferent ia l  ni trogen protect ion fo r  d i f ferent  loc i  is, a f forded by  
the  r e s u l t s ,  although all s t r a i n s  showed a l ldose- reduc t ion l '  f ac to r  g r e a t e r  
than 1.7, A fif tyfold var ia t ion  i n  mutat ion sensi t iv i ty  o c c u r r e d  i n  ;different  
s t r a i n s  a t  dose s  which c a u s e  l i t t le  inactivation.  Of pa r t i cu l a r  note i s  the 

J C u r t  'Stern,  Acta  Genet. Med. e t  Gemel lol .  7, 3 13-318 (1958); P roc .  
- .  

Tenth Intern .  Congr .  Genet. 2, 275 (1958). - 
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tenfold difference in back-mutation sensitivity between two different  s t ra ins ,  
each homozygous for  one of two hetercal le les  a t  the a r g - 4  locus.  Radiation- 
induced revers ion  of one haploid was half that of the diploid homozygous fo r  
the same m a r k e r ,  and DRF due to nitrogen was the same  in both ploidies. 
Other haploid s t r a ins  !showed a much higher induced revers ion  frequency than 
correspondi-ng diploids, or showed equivocal r e su l t s  because spontaneous 
mutations masked the induced ones. Thus homozygous diploid auxotrophes 
a r e  favored to avoid phenotypic express ion  of suppressor  mutations. 

F o r  the s a m e  survival,  revers ion  due to ultraviolet  light was generally 
higher than that due to x - rays ;  uv-induced revers ion  was highest in those 
s t ra ins  showing highest revers ion  f r o m  x- rays ,  and conversely.  

Pre l iminary  studies with alpha par t ic les  a t  one locus indicated a lower 
efficiency for  revers ions  for th is  radiation than for  x - rays ,  a s  contrasted 
with a g rea te r  e.fficiency for  inducing lethality. 

PAPERS AND REP.0RTS I ', i 

Work in  this field has  been repor ted  during the period April-September 
1958 a s  follows: 

Jamea  A. Ashikawa, Ultracentrifugal Studies of Microsomes f r o m  Starving 
Nonproliferating and Prol i ferat ing Yeast, to be published in  Proceedings 
of the Biophysical Society. 

Ann C. Birge  and Joseph A. . Sziyeg, The Effedts of Accelerated Carbon .Nuclei 
and Other Radiations on the Survival. of Haploid Yeast. P a r t  I: Dosimetry 
of the Cyclotron Beams.  P a r t  I1 (with C a r l  A. Beam and Cornelius A. 
Tobias): Biological Experiments;  submitted to Radiation Resea.rch. . 

J a m e s  L. Born, Orland K. Anderson, Hal 0. Anger, Ann C. B i r g e S e P a u l  
Blanquet, Tor  Brustad, Richard A. . .Carlson, Donald .C. . Van 'Dyke, 
Donald J.  Fluke, Joseph Fa Garcia ,  Jul ian P.' Henry, Ralph M. .Knisely, 
John H. Lawrence, Char les  W. Rigg's, ,Bo G. Thorell ,  Cornelius A, 
Tobias, Paul  Toch, and Graeme P. Welch, Biological and Medical 
Studies with High-Energy Pa r t i c l e  Accelera tors .  * 

Tor  BEustad and Donald J .  Fluke, Effect of Stripped Carbon and .Oxygen Ions 
i n  .Lysozome (Abstract) ,  Radiation Research  9 (July 1958). (Reprint - 
1958- 133) 

R. Lowry Dobson and Mary M. C*hupp, Hematologic Effects in  Man of Low- 
' 

Level ,  Radiation Exposure.  

Donald J .  Fluke and Tor Brustad,  Effect of Stripped Carbon and .Oxygen Ions 
on Bacter ia l  Spores  and Bacteriophage (Abstract) ,  Radiation Res,ea.rch 9 ,  - 
(July 1958). (Reprint,:1958- 134) 

- * 
Presented  a t  the Second International Conference on the Peaceful  Uses of 

Atomic Energy,  Geneva, September 1-13, 1958. 
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Jose* F. Garc i a  and  Donald C. Vat$ Dyke, Dose-Response Relat ionships  of 
H-a.n Ur inary  Erythropoiet in ;  * 

Morgan  ~ a r r i s  and .Roman J. Kutsky, Growth R a t e s  of ~ i b r o b l a s t s  f r o m  
Chick  Skele ta l  Mus.cle i n  Cu l tu r e s  Supplemented with Homologous 
~ u c l & o p r o t e i n s ,  Cance r  R e s e a r c h  1.8, 585-91 (1958). (Repr int  1958-'113) 

, . - 
P a u l  Howard -F l ande r s  and P i e r r e  Jockey,  The Effect  of N i t r i c  Oxide on 

: 

Radiosensi t iv i ty  and  the  Mechanism of Radiation Injury (Abstract ) ,  
Radiation' R e s e a r c h  2 (July 1958). (Repr int  1958- 12) 

~ a r u c - h  S. ~ a c o b s o n ,  F a c t o r s  Affecting the Response  of' Chlamydomonas to  
Frac t iona t ion '  of X- Kay Uose s (Abs t rac t ) ,  Radiation Re search - 9 
(Juiy  1958). (Repr int  1958-135) 

John  H. .Lawrence  aed  ~ ' i l l i a m  G ,  Donald, J r , ,  Giant ~ o l l i c u l a r  Lymphoblas toma:  
Z I t s  T r e a t m e n t  with :Radioisotopes,  Ann. In te rna l  Med. 49, 1 - 16 (1 958). - 

(Repr in t  1958- 154) 

F r a n k  T. Lindgren,  N. Keith F r e e m a n ,  Alexander V. Nichols,  and  J'ohn W. 
Gofman, "The Phys ica l  C h e m i s t r y  of Lipoprote in  Transformat ion" ,  i n  
The  Blood Lipids  a n d  the Clear ing  Factor ,  a r e c o r d  of the Th i rd  

. In ternat ional  Conference on Biochemica l  PPoblems  of Lipids,  
Ju ly  26-28, 1956.. 

Robe r t  K. M o r t i m e r ,  Radiobiological  and ~ e n e t i c  Studies on a Polyploid 
.Ser ies  (Haploid to Hexaploid) of Saccharomyce  s ce r ev i s i ae ,  Radiation 

. R e s e a r c h  - 9, 3 12-326 (1958). (Repr int  1958-33) 

Myron  Pollycove,  Isotopic M e a s u r e m e n t s  of the  Life  s p a n  of Human Ery th rocy t e s ,  . * Leu.kocyte s ,  and  P la te le t s .  

I. 4 
M. J .  H. 'Smith ,  Action of. Sal icyla te  on Metabol i sm of .Acetate-  2-C jn the Rat, 

Science, - 128,  423 (1958). (Repr int  1958-35) , 

M. J .  H. Smith ,  Effects  of Sal icyla te  on the  Metabol ic  Activity of t he .Sma l l  
In tes t ine  of the  Rat ,  Am. J.  Physiol .  193, 29-33 (1958). (Repr int  1958- - 
34)  

Donald J .  Rosenthal  and  John H. Lawrence ,  Radio i so topes . in  Medicine,  i n  
Radiat ion Biology and  Medicien:  Se lec ted  Reviews i n  the '  Life Sciences ,  
Wal ter  D. Claus ,  Ed.  (Addison- Wesley, Reading,  M a s s .  , 1958), 
Chap.  20. 

C h a r l e s  A. Sondhaus, The  Hemoglobin Content of Single E ry th rocy t e s  in .Ce l l  
Aging and  Hemopoiet ic  Dis turbance (Thes i s ) ,  UCRL- 8203, M a r c h  1958. 

* 
P r e s e n t e d  a t  the  Sccond Internat ional  Conference  on the  Peacefu l  Uses  of 

Atomic Ene rgy ,  Gen.eva,' Sep tember  1- 13, 1958. 



C u r t  Stern ,  Radiation and. Population Genetics,  i n  Radiation Biology and 
Medicine: Selected Reviews i n  the  Life Scineces ,  Walter  D. Claus ,  
Ed.  (Addison-Wesley, Reading, +i4ass., 195.8), Chap. 9. 

E. H. S t r i sower ,  J. W. Gofman, B. S t r i sower ,  and 0. d e l a l l a ,  Physiologic  
Effects  of 1 - Triiodothyronine,  J .  Clin.  Endocrinol.  and  Metab. - 18, 
721-735 (1958). (Repr int  1958- 136) 

Corne l i u s  A. Tobias  and T o r  Brus tad ,  Radiobiological 'Studies .with 
Acce le ra ted  Heavy Ions,  to be  p r e sen t ed  a t  the  Symposium on ,the 
P h y s i c s  and Medicine..of the Atmosphere  and .Space, San Antonio!:., 
Texas ,  November  1958. 

Corne l ius  A. Tobias ,  Kwan Hsu, and J a m e ~  L. Born ,  Biological  and 
Medical  Studies with Acce l e r a to r s ,  i n  Radiation Biology and Medicine: 
Selected Reviews i n  the Life Sciences ,  Walter D. Claus ,  Ed. 
(Addison-Wesley, Reading,  M a s s . ,  1958) Chap. 22. 

C. A. Tobias ,  H. C. Mel, and  D. G. Simons,  Cosmic  Radiation and Space . 
Trave l ,  Science - 127, 15b8- 15 10 (1958). (Repr int  1958- 107) 

Donald C. Van Dyke, The P i t u i t a ry  Ery thropoie t i c  Factor, ,  Ann,. N. Y. Acad. 
ScFe (in p r e s s ) .  

Donald C .Vh,n,:. Dyke, Jo seph  F. Garc ia ,  and  John  H. Lawrence  ~ i o l o & i c a l  ,* 
and Chemica l  C h a r a c t e r i s t i c s  of Ur inary  ~ r ~ t h r o ~ o i e t i n .  

Donald .C. Van Dyke, Mi r i am E . .  Simpson, Alexei  A, Koneff, and .Cornel ius  
A. Tobias ,  Long- T e r m  Effec t s  of Deuteron I r r ad i a t i on  of the  Rat 
P i tu i t a ry ,  Endocr inology.  (in p r e s s ) .  

G r a e m e  P. ~ e l r h ,  ' A Pos i t i ve -Feed  F lu id  P u m p  with Variable  .Flow  ate, 
UCRL-8342, June  1958. 

T.  Yasugi,  J. W. Gofman, 0. d e l a l l a ,  A..R.. Tamplin ,  and  KO Oshima,  
Rela t ionship  of Blood Hepar in  Leve l s  to  S e r u m  Lip.oproteins and  
Cho le s t e ro l ,  Leve ls  i n , F a s t i n g  Subjects ,  P r o c .  Soc. Exptl .  Biol. - 98, 
46-49 (1958). . . (Repr int  1958- 109) 

* 
P r e s e n t e d  a t  the  Second Internat ional  Conference  on t he  Peacefu l  Us.es of 

Atomic Ene rgy , .  Geneva,  Sep tember  1-.13, 1958. 
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RADIATION DETEC TION AND PROrl'ECTION 

Lawrerice Radi.ation Labora tory-  
Universi ty of California 

Berke ley ,  Cal i fornia  

HEALTH CHEMISTRY 

Nelson B. Garden  i n  cha rge  

Repor ted  by R o s e m a r y  J .  B a r r e t t  

GENERAL 

'l'he un ive r s i t y  of Ca l i lu rn ia  made  avai lable  mee t ing  space  and other  
accommodat ionS f o r  the 1958 Autiaal Mceting i n  B e r k ~ l p y  nf the  Health 
P h y s i c s  Society,  in June.  'l'llest group3 uf  tllu Raclia ti nn  Ln.horatory most  
d i r e c t l y  concerned  with th i s  mee t ing-  - p r i m a r i l y  Health Chemis t ry ,  Health 
Phys i c s , ;  and  the  Medical  group-  - joined with r ep re sen t a t i ve s  f r o m  the  
U. S. Naval Radiological  Defense Labora tory ,  T r a c e r l a b ,  Genera l  E l e c t r i c  
(San J o s e ) ,  the Atomic Ene rgy  Comrriission San F r a n c i s c o  Operat ions  Office,  
and  o t h e r s  i n  organiz ing the t h r e e  -day  meet ing.  Heal th  Chemis t ry  p r e sen t ed  
exh ib i t s  of t h e i r  s t anda rd  2- inch por tab le  l ead  shie ld  and manipu la to r  box 
a s s e m b l y ,  the  6- inch l ead  c a v e u s  low-leak venti lat ion sy s t em,  and a t r a i n  
f o r  to ta l  c ap tu re  of off-gas in  s lug-dissolving opera t ions ,  used  with the 6-  
inch  .cave work.  

EQUIPMENT DEVELOPMENT ti 

~ a i n t a i n i n ~  the policy of keeping all radioact ive  work i n  enc lo su re s  
r e q u i r e d  the  fabr ica t ion  of 66 uni ts  dur ing th i s  per iud.  Many were  s t anda rd  
un i t s  involving gloves  o r  2- inch l ead '  shielding,  and s o m e  were  spec ia l  i t e m s  
t o  provide a t m o s p h e r e  con t ro l  o r  to f u r n i s h  e n c l o s u r e s  fo r  unusual  mechanica l  
procooooc,  

The ' rou t i ne  o l  developing ncw o r  improving  old equipment  and tech-  
'niques h a s  produced p r o g r e s s  i n  engineef ing and gadge t ry  a s  r e p r e s e n t e d  by 
the following. . 

A c c e s s o r y  equipment fo r  u s e  i n  the  Donner Clinic:  improvemen t s  w e r e  made  
onl- sy r inge  shie lds ,  cone ho lde r s ,  shie lded "cocktail"  cups ,  and ca r ry ing  
c a s e s ,  a l l  of which f u r t h e r  r educe  chron ic -exposure  p.ossibil i t ies.  

F o i l  punch f o r  u se  in' 2-inch l ead  caves :  a n  improved  actuat ing m e c h a n i s m  
%as m a d e  f o r  the  punching of th icker  and  h a r d e r  foi ls  within the caves .  

Hand-tool  r a c k  i n  a t o m i c - b e a m  oven-loading box: the  p lacement  of hand 
too l s  i n  a convenient  r a c k  i n  t h i s  enc lo su re  r a t h e r  than on i t s  f l oo r . ha s  
r educed  the  contaminat ion of the  tools.  

Connect ion fo r  1iql.ii.d-waste carboy:  t he  "Yu  connection f r o m  the hoods to the  
l iquid- was te - rece iv ing  uni ts  h a s  b e e n  r edes igned  fo r  e l iminat ion of b r eakage  - 
and fo r  e a s e  of handling of the  operat ion.  

Ga rden  



Target  c a r t  f o r  60-inch-cyclotron ta rge ts :  a c a r t  has  been disigned to 
accommodate "window assembly ta rge t  blocks" (consisting of target  and 
collimator unit), for this type of ta rge t  assembly i s  t o o ~ l a r g e  to be  used with 
the existing micro targe t  equipment; this assembly  i s  a1s.o prone to b.ecoming 
m o r e  .radioactive. under the cyclotron beam bombardment;  some give readings 
which indicate that the radiation a t  the surface i s  a s  high a s  10,000 r /h r .  

Polyethylene-sealing welding head: broad,er acceptance of the sealable 
polyethylene enclosures .  has  requi red  improvements  in  the welding head, and 
has  necessitated quantity production to. meet  the diversified application of 
this  te.chnique. 

Centrifuge head; the head of the centrifuge used in the gloved boxes has  been 
rede,signed for :  achievement of g rea te r  ~ t r s n g t h  ai-~il rigidity. 

Miscellaneous shielding: unique probl.ems have been presented imachieving 
shielding for  the atomic beam equipment; special  s ize,  shape, and mobility 
have been incorporated in  lead shields in  ' three of these work boxes. 

INSTRUMENT GROUP 

The health aspec ts  of the separation of californium f rom pi le- i r radiated 
amer ic ium necessi ta tes  the following of the count of spontaneous-fission neutrons.  
This information i s  a l so  most  valuable for the chemical operations,  and has  
here tofore  been done by t ransfer r ing  the samples  f rom the separation box to 
the counting a r e a .  This procedure i s  t ime-consuming and conducive to spil ls .  
A neutron-counting probe has  been adapted for  installation within the box 
i t s e l f ,  eliminating these difficulties. 

LIQUID WASTE DISPOSAL 

I3uring this  period 550 gallons of aqueous liquid waste and 55 'gallons of 
organic liquid waste (oils)  were solidified. - .  

Sampling of a l l  aqueous was tes  discharged through the acid-  waste sys tem 
in  Building 70 i s  being coritinued on a routine bas is .  No radioactivity above 
permiss ib le  levels  h a s  been recorded.  

In line with the goal of having z e r o  activity reach  the sewer system, 
the installation ofia monitoring sys tem for  the sink wastes  f rom the chemis t ry  
laboratory in  Building 71 (Hilac) has  been completed, and the sys tem i s  now 
in  operation. - 

The cement-vermicul i te  mkthod of waste solidification has  been modified 
fo r  use  with high-level alpha-emitting wastes.  T r i a l s  a r e  now being made.  

A r epor t  by John A. .Kaufmann and Nelson B. Garden, "The Disposal 
of Radioactive Waste Mater ials  a t  the University of California .Radiation 
Laboratory" was i ssued  a s  UCRL-8380, June 1958. 

Garden 



AIRBORNE-'AC TIVITY CONTROL 

Fallout-rainrout data showed continuance of reportable  fission-product 
activity and r epor t s  have been made to the Division of Biology and Medi'cine 
of the Atomic Energy Commission; data have a lso  been supplied to the 
State Department of Public Health and to var ious Donner Laboratory 
r e s e a r c h e r s .  

All "historical" a tmospher ic  f i s s i o n - ~ r o d u c t  'monitoring data perti'nent 
to this  s i te ,  covering the period 1951 to date, were compiled and graphed. 
A low concentration during July and August of each year ,  ' n f  unknown c'ause, 
was - .character is t ic .  A second obvious fea ture  was the upward t rend in the 
activity over  the y e a r s .  

The Airborne Activity Control Group was invited to submit i t s  design 
and specifications for  a n  active p sa%pler! {enryioying stacked activated- 
carbon l a y e r s )  to the American Committee of Governmental Industrial  
HygienistsD Air Sampling Committee for inclusion in the forthcoming revision 
of the ~ n c ~ c l o ~ e d i a  of Indus Ll;idl I-Iygiknc ~nct rumenta t inn  (IJnives sity of 
Michigan), and a draf t  has  been submitted. . 

A modified and improved "general purpose scrubber." unit has  been 
completed a n d  laboratory-  tes ted and i s  ready for use for high-level-activity 
applications a s  needed. 

A special  r ig  was devised for  accomplishing three purposes in an 
enc lnsure  for' holding . . radioactive-animals;: the r ig  achieves (a)  air 
cleaning and ventilation; (b)  cage cleaning and refuse  collection (prepara tory  
to waste  disposal)  by vacuum within the unit; (c)  minimizing of operation 
exposure to penetrating radiation by enhancing speedy work. 

Modifications to  Hilac- target  c lose-  capture a i r  -cleaning gear  (to 
prevent  sp read  of contaminants) continue a s  new Larget gadgctry i c  developed. 

Owing not only to a shortage nf personnel  but a l so  to a n  increascd  
number of a r e a s  needing coverage, a cutback in  frequency of operat ing-area 
a i r  sampling became necessary  (30 rooms  a r e  now on weekly instcad of daily 
sampling).  Current ly,  97 a r e a s  a r e  var iously covered by the a i r  sampling- 
evaluation program.  

\ 

SPECIAL PROBLEMS GROUP 

During this period 66 special  radioactive sources  were fabricated 
according to the specificati.ons (quantity and energy') of the r e s e a r c h e r s .  
Fif ty-s ix sources  a l ready in existence were  inspected, adjusted, and ( o r )  
repa i red .  . Nineteen new commer  c i a l 'ma te r i a l s  were te sled for  their  suit - 
ability for  laboratory purposes.  In the course  of detecting and identifying 
radioactive contamination, 280 a s s a y s  were  made.  

Garden 



HEALTH PHYSICS 

B u r t o n  J.  Moyer  i n  , cha rge  

STAT-ISTICAL SUMMARY O F  MONITORING PROGRAM ' . . . 

S u r v e y  I n s t r u m e n t s  Mainta ined 

B e t a - g a m m a  m e t e r s .  . . . . . ' . . . . . . . . . . .  22 
. . .  I D L m e t e r s  . . . . . . . . . . . . . .  ; 21 

J u n o i o n , c h a m b e r :  . . . . . . . . . . . . . . . .  20"' 
Abacus  l o g a r i t h m i c  ion  c h a m b e r .  . . 30 
Record ing- in tens i ty  m e t e r s  . 8 
V i c t o r e e n p r o t e x i m e t e r .  3 

. . . . . . . . . . . . . .  Slow- neu t rou  pr. opor t ional  c o u n t e r s .  15  
F a s t - n e u t r o n p r o p o r t i o n a l c o u n t e r s  ne or table) . I _  11 
, S l o w - n e u t r o n p o r t a b l e u n i t .  , ' 4 
Balancedchamber- - fas tneut ron--por table  . 3 

. . . . . . . . . . .  Spec ia l  t i s s u e  . , wal.1 s u r v e y  i n s t r u m e n t  ? 1 

Survey  I n s t r u m e n t s  i n . S t o r a g e  

B e t a - g a m m a m e t e r s .  . 7 

P e r s o n n e l  M e t e r s  i n  Use ( B e r k e l e y  only)  . . 

. . . . . . . . .  T o t a l  p e r s o n n e l  c o v e r e d  with film badges .  .2000 

S u m m a r y  of  i n s t r u m e n t  u s e :  

. . .  I n s t r u m e n t s  . ' Building s  

. . . '  , . 
. . . . . . 

E l e c t r o s c o p e s .  5 1 
53 a n d  8 0  

7 '1 

. , 
70  

2 

D o s i m e t e r s  

Slow- neu t ron  
c h a m b e r s  

N u m b e r  p e r  day , 

(approx.  
.:I f o r .  6. m o n t h s  

Man d a y s  
0 f' 

c o v e r a g e  

4500 
2700 
2700 

, 900 
1800 12 ,600 to ta l  

53  'and 8 0  . : 1 5  ' . 2 7 0 0  
10.  1800 4 ,500 to ta l  

. 

53 a n d  8 0  1 5  2700 
. z  . . . . ' . l o  ' . ' 1800 

. - 4,500 to ta l  
. . 

I 

. . 



C a s e s  of .:Monthly Exposu re  above 0.5r (excluding L i v e r m o r e )  (gamma read ings  
only ) 

Monthly.f i lm 184-inch 60-inch Bldg. 51 ' Chem. . Other  Total  
. . . . , .  . expos.  above . ..: ?yea " . a r e a .  . . 

, . ,  , . .  , . _  . . . . .  , . '  . 2 .  . . '  

. .  . . . 
During F i s c a l  Year 1958 f i lm badges  we re  changed eve ry  month  i n s t ead  

of e v e r y .  week, a n d  'it. has: been found that  tiiis p e r m i t s  the de te rmina t ion  of 
sma l l e r .  In tegra ted ,  exposu re s .  In additon, study leading tu '  des ign of. a new 

' f i lm-badge holder  begun; at preseri t  i t  is. con?emplated:that the  new f i lm-  
badge ho lder  -will b e  a wal le t - s ize  c a r d  a i d  will hold two 160,nito.ring f i lms .  

RADIATION SURVEY WORK AND RESEARCH PROJECTS 

1. Init ial '  su . rveys  a t  points remote '  f r o m  . Building . 5 1 we re  begun, to 
m e a s u r e  the  radiat ion- produced by the BeGati-on. ~ o c a t i o n s  include both 
UC'RL propqr  and por t ions  of r e s iden t i a l  Berke ley .  

' 

2.  A high-efficiency neutron.-detection ,system was  s e t  up and ma in -  
ta ined fo r  P r o j e c t  Sherwood. A s iA i l a?  s y s t e m  was checked p r io r  to  sh ip-  
m e n t  to the' Geneva Conference .  

3 .  The design wa.s completed and  constructk&h.;.initiaterl of three v e r y  
sens i t ive  in tegrat ing ionizat ion c h a m b e r s  fo r  u s e  under  any environmental  
condit ions . . . 

$1 

4. A 50-channel pulse-height  ana lyze r  was  put into operat ion t o  study,  
with a sodium iodide c ry s t a l :  

a. The  g a m m a  s p e c t r a  f r o m  fallout .  
b .  The g a m m a  spec ' t ra  f r o m  ve ry  sens i t ive  neutron th resho ld  

de t ec to r s .  
c .  Requ i r emen t s  fo r  a low-background counting faci l i ty .  . . 

. fi . . 3  

5. A faci l i ty  foy the act ivat ion by  t h e r m a l  neutrori c ap tu re  of va r ious  
e l e m e n t s  to provide be t a  and  g a m m a  ca l ib ra t ion  s o u r c e s  h a s  been  put in to  
operaliT~n. . . 

Moyer  
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. . REPORTS,  AND-PAPERS 
. . 

. . 
- : :Project  r e p o r t s  p r epa red  dur ing the per iod Apr i l  through Sep tember  1958: 

. . . . . . 

. ' H: % ~ ~ d e  . . . . . Pa t t e r son ,  Wilmpt 'N. H.gs s ,  , ~ u r ' t b ~  J..' ~ o y e r ,  a.nd:Roge.r W. Wallace, 
. T h e F l w  a ~ ~ d ' ~ p & c t r u m  of Cosmii : -Ray-Produced ~ e u t r o n s  a s  a Function 

pf Altitude., . UCRL-82.08, May' ,1:958. 
. . .  

.Ala'n R:. Smith,  , . . . 
: The . . ~ t r a y ~ i d i a t i o ;  F i e l d o f  the, Bevatron,  UCRL-8377; Ju ly  1958. 

. . . . . . .  
. . 

H: wade  Pat . ter .son,  A1a.n R. Smith,  and  Lloyd'Stephens,  i 
. . Fal lou t  and.,.Natural . Backgr 'ound' in . . , the  . . .San F r a n c i s c o  Bay Area ,  UCRL-8401, 

. August 1958. . .  . " . 
, . .  . . . . 

' .  . . . . 

P a p e r s  foe . ' i+&eRtatioh . a t ' t h e  ~ e a l t h .  p h y s i c s  ~ o c i ' b t y  mee t ing  i n  Berke ley ,  
(9.J.f': June., . .:": . ..,, 1.958, w e r e  indi'cated . . by the se  abstra 'cts: .  

. . , . .  
Lloyd D. Ste.phens,' . . '. , c L  
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