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CHAPTER 1 

INTRODUCTION 

The Biological and Medical Research Group (Group H-4 of 

t h e  Hea l th  Div i s ion )  of t h e  Los Alamos S c i e n t i f i c  Laboratory 

has no t  i s s u e d  p rogres s  r e p o r t s  s i n c e  1957. R a t h e r  the 

p o l i c y  has been t o  r e p o r t  work only when complete i n  t h e  form 

of LA-documents or as m a n u s c r i p t s  submi t ted  d i r e c t l y  t o  

n a t i o n a l  and i n t e r n a t i o n a l  s c i e n t i f i c  j o u r n a l s .  Although 

p u b l i c a t i o n  d i r e c t l y  i n  t h e  p e r i o d i c a l  l i t e r a t u r e  probably 

results in t h e  widest  d i s t r i b u t i o n  of t h e  group 's  s c i e n t i f i c  

c o n t r i b u t i o n s ,  i t  does n o t  provide t h e  Laboratory Di rec to r ,  

t h e  A E C ' s  Div i s ion  of Biology and Medicine, other na t iona l  

laborator ies ,  and o t h e r  interested agenc ie s  w i t h  a n  e a s i l y  

accessible and con t inu ing  account of t h e  group's over -a l l  

research e f f o r t  and progress. A number of members of t h e  

s t a f f  of t h e  Div i s ion  of Biology and Medicine have expressed 

t h e i r  desire f o r  a p e r i o d i c  progress r e p o r t i n g  s y s t e m  t o  a id  

them i n  program p l a n n i n g  and budgeting o p e r a t i o n s .  P r i o r  t o  
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1957,  H-4 i s sued  a b s t r a c t s  of completed projects and work i n  

progress, ei ther  s e p a r a t e l y  or as P a r t  Of t h e  Heal th  

Div i s ion ' s  annual r e p o r t .  

in t h e  H e a l t h  D iv i s ion ' s  monthly p rogres s  r e p o r t s  t o  t h e  

Laboratory D i r e c t o r .  

of r epor t ing  fa i led t o  s a t i s f y  t h e  needs of a l l  persons  and 

agencies  interested in following t h e  programs of the AEC's 

n a t i o n a l  l a b o r a t o r i e s .  

Shor t  a b s t r a c t s  were inc luded  a lso 

I t  seems now that  both of these sys t ems  

This  document is a first attempt a t  semiannual r e p o r t i n g  

t o  see if it provides  a more s a t i s f a c t o r y  means of d i sseminat ing  

informat ion  on t h e  group ' s  program, T h i s  s y s t e m  of r e p o r t i n g  

is based l a r g e l y  on t h a t  of t h e  Argonne Nat iona l  Labora tory ' s  

D iv i s ions  of B i o l o g i c a l  and Medical Research, and Radio logica l  

Phys ics  -- modified t o  f i t  the  s t a n d a r d  format adopted for Lo8 

Alamos Sc ien t i f  i c  Laboratory r e p o r t s .  

The Bio log ica l  and Medical Rese8rch Group is d iv ided  i n t o  

the  fo l lowing  s e c t i o n s :  Biochemistry,  Lor-level Counting, 

Organic Chemistry, Radiobiology, Radiopathology, and Veter inary  

S e r v i c e s .  Reports of t h e  various p r o j e c t s  of each section con- 

s t i t u t e  a cbrpter of t h e  g e n e r a l  r e p o r t .  The project r e p o r t s  

are,  in moat c a s e s ,  documentation of progress made dur ing  t h e  

p a s t  s i x  months and do not c o n s t i t u t e  finished manuscripts  or 

f i n a l  l n t e r p r e t 8 t i o n a ,  8nd f r e q u e n t l y  d a t a  and concluaiona are 

t o  be cons idered  am interim o r  pre l iminary  in na tu re .  A t  t h e  
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end of e8ch chapter ir a title list of reports and articles 

written by section members during the report p e r i o d .  These 

articles represent projects finished and published in the 

open Ifterature, accepted for publication, or distrfbuted 

as W-documents. 

The personnel of t h e  group as of December 31, 1959, 

t h e i r  qualifications, classification, and group and section 

affiliation are shown by the following table of organization. 
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CHAPTER 2 

BIOCHEYISTRY SECTION 

i e T r u r i n e  and C h o l i c  Acid in I r rad  
(D. P. P e t e r s e a  and R. G. Could) 

In t roduc  t i o n  

Enhanced u r i n a r y  e x c r e t i o n  of t a u r i n e  by i r radiated 

an ima l s  (1,2) and man (3,4) appears t o  be l i m i t e d  quan- 

t i t a t i v e l y  by a mechanism invo lv ing  e i ther  s e l e c t i v e  oxida- 

t i o n  of a s u l f h y d r y l  p r e c u r s o r ,  o r  the l i b e r a t i o n  of f i n i t e  

amount8 of preformed t a u r i n e  (5,6). 

p8ncre r s  i n  t he  p roduc t ion  of excess ive  amounts of t a u r i n e  e) 
sugges t ed  t h a t  t h e  target  organ involved i n  convers ion  of 

p r e c u r s o r s  t o  free t a u r i n e  might w e l l  be the l i v e r  and t h a t  

f a i l u r e  of the con juga t ion  of t a u r i n e  w i t h  chol ic  acid might 

e x p l a i n  r e n a l ,  rather than  b i l i a r y ,  clearance. 

P a r t i c i p a t i o n  of the 

Tsur fne  con juga t ion  by l i v e r  hosogenates der ived  from 
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normal and irradiated (600 rads) r a t s  was measured by t h e  

method of Bremer ( 7 )  employing S3'-1abe1ed taurine. Direct 

measurement of in v ivo  conversion of t a u r i n e  t o  t a u r o c h o l i c  

acid was accwplished by de te rmining  free and conjugated S 

t a u r i n e  in t he  u r i n e  and bile of c o n t r o l  and irradiated 

b i le  f i s t u l a  ra t s .  Total  t a u r i n e  was measured by the method 

of Ling ( 8 ) .  

35 - 

R e s u l t s  and Di8CU8SiOn 

Measurements of t a u r o c h o l a t e  conjugat ion  by normal and 

i r radiated r a t  l i v e r  homogenates are summarized in Table 1. 

These data i n d i c a t e  t h a t  a f t e r  doses ranging from 100 t o  

1600 rads of whole body X i r r a d i a t i o n  t h e  most pronounced 

effect  on conjugat ion  occurred fo l lowing  a dose of 200 rads. 

Doses of t h i s  size were prev ious ly  shown t o  cause t a u r i n e  

product ion  in the  greatest amount (5 ) .  Thus, these data 

demonst ra te  t h a t  t he  conjugat ion  mechanism in t h e  liver is 

o p e r a t i v e  and that t h e  t a u r i n e  produced can be conjugated.  

S ince  cholate was presen t  i n  exceso (71, t h08e  r e s u l t s  a r e  

i n t e r e s t i n g  In t h a t  conjugat ion  c a m c i t y  followed t a u r i n e  

product ion  rather t h a n  dec reas ing  i t ,  as would be expected if 

the hypothes is  proved t o  be correct. A t  higher doses of 

r a d i a t i o n ,  t h e  e x t e n t  of conjugat ion  warn earentially t h e  aame 

a s  that noted i n  t h e  c o n t r o l  aninaals. A t  t h e  p r e r e n t  s t a g e  

-12- 

00131487.011 



d d  

-13- 

00131487.012 



of development, these data are d i f f i c u l t  t o  i n t e r p r e t  i n  t h e  

absence of in format ion  regard ing  t h e  t o t a l  t a u r i n e  and 

c h o l a t e  c m t e n t  of t h e  l i v e r  a f te r  v a r i o u s  doses  of r ad ia -  

t i o n ,  

point and should  i n d i c a t e  whether t h e  amount of t a u r i n e  

present is t h e  l i m i t i n g  factor involved in conjugat ion ,  or 

w h e t h e r  a f t e r  doses in excess of 200 rads conjugation a c t u a l l y  

f a i l s .  

Experiments are c u r r e n t l y  i n  progress t o  c l a r i f y  t h i s  

A mecond experiment  was performed t o  test d i r e c t l y  

whether e x c e s s i v e  t a u r i n e  e x c r e t i o n  arises from preformed 

t a u r i n e  or from o the r  s u l f h y d r y l  p recu r so r s .  Four pc of S - 
t a u r i n e  wa8 i n j e c t e d  i n t o  b i l e  f i s t u l a  ra t8 ,  and e x c r e t i o n  

of t h e  S35-label vas followed both i n  t h e  b i l e  and the  urine, 

These data ( suaaa r i zed  i n  Table 2) i n d i c a t e d  t h a t  dur ing  t h e  

f irst  21  hour8 a f t e r  600 r8d8,  t a u r i n e  excrwtion by both renal  

and b i l i a r y  r o u t e s  was e s s e n t i a l l y  t h e  same as that observed 

In  n o n i r r a d i a t e d  c o n t r o l s .  Total  t a u r i n e  was determined and 

specific a c t i v i t i e s  c a l c u l a t e d  f o r  t h e  first six hours of 

e x c r e t i o n .  These a n a l y s e s  f a i l ed  t o  show s i g n i f i c a n t  changes 

due t o  r a d i a t i o n  exposure.  Thus, theme data confirm t h e  

obse rva t ion  (9) that enhanced t a u r i n e  e x c r e t i o n  due t o  radia- 

t i o n  expo8ure does n o t  ari80 from preformed t a u r i n e .  

a n t i c i p a t e d  that experiments  c u r r e n t l y  in progress employing 

S35-sulfhydryl compounds m8y def ine  f u r t h e r  t h e  metabol ic  

35 

I t  l s  
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pathway l ead ing  t o  rad ia t ion- induced  excess ive  t a u r i n e  

e x c r e t i o n .  
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Serum Enzymes af te r  X-ray -and Garar-Neutron I r r a d i a t i o n  
@. P. Petersen and L. B. Cole) 

In t roduc t ion  

Previous  s t u d i e s  in t h i s  laboratory (1,2) a n d  by o t h e r  

i n v e s t i g a t o r s  (3,4) have shown that a c t i v i t y  of a number of 

enzymes normally found in the serum is i nc reased  by exposure 

t o  ionizing r a d i a t i o n s .  While some disagreement e x i s t s  

r ega rd ing  t h e  time of onse t ,  magnitude, and du ra t ion  of 

r a d i a t i o n  induced increases in serum enzyme c o n t e n t ,  i t  has 

been g e n e r a l l y  accepted t h a t  owing t o  v a r i a b i l i t y  of t h e  

response of common l abora to ry  species serum glutamic- 

o x a l a c e t i c  t ransaminase (GOT) measurements i n  p a r t i c u l a r  are 

u n s a t i s f a c t o r y  as an  index of r a d i a t i o n  i n j u r y .  The present 

s tudy  was undertaken t o  assess factors responsible  f o r  t h e  

v a r i a b i l i t y  and t o  determine t h e  f a t e  of enzymes released 

by injured t i s s u e s  i n t o  t h e  peripheral  c i r c u l a t i o n .  

Experimental  

Adult male Sprague-Dawley ra t s ,  female New Zealand 

rabbits,  and male rhesus  monkeys (Ucaca mula t ta )  were used 

for  these experfments.  Rats and rabbi ts  were given 250 KVP 

X I r r a d i a t i o n ,  and t h e  monkeys were exposed t o  t h e  degraded 

fission spectrum (23 per cen t  gamma contaminant) of t h e  

-17- 
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Godiva I I  assembly. 

g lutaaic-pyruvic  transam i n a s e  (GPT) lactic dehydrogenase 

(LDH), and malic dehydrogenase (MDH) were assayed by modlfica- 

t i o n s  of existing methods (5-8) based on spectrophotometric 

measurement of t h e  rate of disappearance of reduced diphospho- 

py r id ine  nuc leo t ide  a t  37.5.C. 

terms of pM of product formed per tal of serum per hour. 

B i l e  f i s t u l a  ra t s  were prepared by c a t h e t e r i z a t i o n  of t h e  

common duct  w i t h  No. 10 polyethylene tub ing  under pento- 

barbi ta l  a n e s t h e s i a .  The animals were subsequent ly  maintained 

in Bollman cages ( 9 )  and given 5 per cen t  dext rose  in # n-saline 

in place of t ap  water. Carbon tetrachloride (CC14, 795 mg/kg) 

in corn o i l  was i n j e c t e d  subcutaneously or by stomach tube 

as Ind ica t ed  in Table 1. 

Glutar ic-oxrr lacet ic  transaminase (GOT), 

A c t i v i t y  was expressed in 

Resul ta  a-nd D i s C U 8 S i 0 ! 1  

Comparison of t h e  enzymo con ten t  of serum samples drawn 

immediately be fo re  and 30 minutes after exposure of rhesus 

monkeys t o  doses of gamma-neutron i r r a d i a t i o n  ranging from 

187 t o  388 rads is shorn in Table 1. Inc reases  in serum 

enzyme a c t i v i t y  ranging t o  246 per c e n t  of the  correz~ponding 

p r e i r r a d i a t i o n  va lue  were found, bu t  no c o n s i s t e n t  relatfon- 

s h i p  between do89 and t h e  mrgnitudo of the re8ponse -8 

obsorved. I t  rppoared, t he re fo re ,  that within  t h e  range of 

00131487.017 
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TABLE 1. Inf luence  of Gamma-Neutron I r r 8 d h t l o n  on Serum 
Enzyme Concentration8 in t h e  Monkey 

- - 
LLI - 

Dose Me8a A c t i v i t y  Standard P r e i r r a d i a t i o n  
Group ( rads)  (@/a1 /hr Error  Value (%) 

- - - - 

Glutamic-ox8lace t IC Tr8nf58Win.m (GOT) 
Control  0 1.18 0.051 
Group I 195 1.00 0.078 
Group I1 271 1.94 0.076 
Group 111 287 1.38 0.098 
Group IV 337 1.78 0.116 
Group V 388 1.62 0.137 

Glutamic-pyruvic Trans8minase (GPT) 
Control  0 0.862 0,046 
Group I 195 0.916 0.079 
Group I1 27 1 1.200 0.071 

Group I V  337 1.040 0.051 
Group V 388 0 . 683 0.037 

Group 111 287 0.938 0.068 

3 
Cont ro l  0 23.9 1.00 
Group I 195 20.9 2.53 
Group I1 271 53.1 5.29 
Group 111 287 31.8 0.48 
Group I Y  337 51.1 3.84 
Group V 388 26.4 2.66 

rnOebydrqgenrreeE) 

Group I 195 27.9 -- 
Group I11 287 18.2 2.50 
Group IV 337 21.2 2.00 

Con t ro l  0 11.3 0,057 

Group I1 271 24.9 1.92 

Group V 388 15.6 1.79 

100 
85 

164 
117 
151 
137 

100 
106 
139 
109 
121 
79 

100 
87 

222 
133 
214 
110 

100 
246 
220 
161 
187 
138 

1 0 5 4 5 0 8  
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r a d i a t i o n  doses where such estimations would be most u s e f u l ,  

q u a n t i t a t i v e  e v a l u a t i o n  of t h e  i n j u r y  surrtained could  no t  

be made. 

p r e v i o u s l y  obta ined  from cancer  p a t i e n t s  (1) and from a 

r e c e n t  cri t icali ty a c c i d e n t  v i c t i m  (10) , 

In t h i s  respect, t he  data are similar t o  r e s u l t s  

S ince  the  auount of Injury caused by a given dose of 

r ad i r r t i on  m u s t  be r e l a t i v e l y  c o n s t a n t ,  t h e  v a r i a b i l i t y  

observed in animal popula t ions  sugges ted  thrt a phys io log ic  

mechanism n o t  p a r t i c u l a r l y  s e n s i t i v e  t o  i o n i z i n g  r a d i a t i o n s  

prevented accumulation of large amounts of enzyme in t h e  

c i r c u l a t i o n .  T h i s  idea was tested by measuring the  rate of 

disappearance  of GOT a c t i v i t y  a f te r  in t ravenous  adminis t ra -  

t i o n  of homologou8 myocardial enzyme t o  irradiated and non- 

irradiated rabbi ts ,  Data shown i n  F ig .  1 i n d i c a t e d  t h t  

LDm doses of r a d i a t i o n  d id  n o t  i n f l u e n c e  the  rate of disappear -  

ance  of c i r c u l a t i n g  enzyme. 

i n j e c t e d  enzyme a c t i v i t y  was c o n s i s t e n t  w i t h  the  idea (11) 

that GOT a c t i v i t y  is i n  e q u i l i b r i u r  w i t h  the to ta l  e x t r a -  

c e l l u l a r  f l u i d  carpr r tment .  Thum 5 cc of an enzyme prepara-  

t i o n  c o n t a i n i n g  2.3 x 10 C I y / m l / h f  increased serum GOT l e v e l s  

10 t o  15 fold, and r a p i d  d isappearance  i n d i c a t e d  t h e  l a r g e  

c a p a c i t y  of the i n a c t i v a t i o n  s y s t e m .  

D i l u t i o n  of kaom amounts of 

3 

Tho po l r8 lb l l l t y  that t h o  l i v e r  playod an Important role 

in i n a c t i v a t i o n  of c i r c u l a t i n g  8 . r ~ ~  mm-8 m a  invontigatod 
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by c8u8ing l i v e r  damuge and sub8equently measuring t h e  n e t  

i n c r e a r e  in serum enzyme accumulation due t o  i r r a d i a t i o n ,  

i n  camparison w i t h  CClq-poiuoaed c o n t r o l s .  

s u r u r i z e d  i n  Table 2, demonotr8ted tha t  an imals  w i t h  

impaired hepatic f u n c t i o n  g e n e r a l l y  e x h i b i t e d  much greater 

n e t  increases in serum enzyme accumulation due t o  i r r a d i a -  

t i o n  than  nonpoisoned, irradiated aniamls.  

These r e s u l t s ,  

In order t o  approach d i r e c t l y  t h e  q u e s t i o n  of enzyme 

i n a c t i v a t i o n  by b i l i a r y  e x c r e t i o n ,  b i l e  f i s t u l a  aniumla were 

irradiated (800 rads) and GOT was measured f r e q u e n t l y  i n  t h e  

collected b i l e .  Normal r a t  b i l e  con ta ins  approximately ha l f  

the  GOT a c t i v i t y  per u n i t  volume of r a t  serum, in c o n t r a s t  

t o  human g a l l  bladder b i l e  which has much higher a c t i v -  

i t y  (12). Figure 2 show8 t he  effect  of 800 rads on biliary 

e x c r e t i o o  of GOT a c t i v i t y .  These data indicated that 

enhanced GOT a c t i v i t y  appeared br iof ly  du r ing  the  first 

4 hours af ter  i r r a d i a t i o n  and r8p ld ly  r e t u r n e d  t o  normal 

levels. Mor. pareistent e x c r e t i o n  was observed in CC14- 

pOi80md animals ,  bu t  we cannot  a8 y e t  r u l e  o u t  t he  p e s i b i l -  

i t7  that t h e  GOT a c t i v i t y  appear ing  in b i l e  was of hepatic 

origin. However, based on t h e  aesumption that GOT a c t i v i t y  

i n  t h e  b i l e  w8a1 of c i r c u l a t o r y  o r i g i n  and i n  view of the 

d i l u t i o n  of i n j e c t e d  enzyme a c t i v i t y  de8cribed above, 

bllirrp e x c r e t i o n  could not account  for the  dieappearance 
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of more than - 5  per c e n t  of t h e  t o t a l  enzyle i n a c t i v a t e d .  

These r e s u l t s  are i n  agreement wi th  data previous ly  reported 

by Dunn and co-worker8 (11) and show conclu8ively thrt 

b i l i a r y  e x c r e t i o n  is n o t  a s i g n i f i c a n t  avenue for elimina- 

t i o n  of serum enzyme a c t i v i t y .  

u r i n a r y  or b i l i 8 r p  e x c r e t i o n  (2) and i n  view of t he  marked 

effect  of hepatotoxins  on r a d i a t i o n  induced accumulation of 

serum enzymes, it seems reasonable  t o  p o a t u l a t e  an  inac t iva -  

t i o n  mechanism i n  t h e  hepatic parenchyma. Reais tance t o  

r a d i a t i o n ,  together wi th  the  r,emark.ble c a p a c i t y  of t h e  

mecbanism t o  i n a c t i v a t e  c i r c u l a t i n g  enzyme a c t i v i t y ,  appears 

t o  expla in  the failure of serum GOT measurements as a s u i t -  

8ble i n d i c a t o r  of r a d i a t i o n  i n j u r y .  

I n  the  a b s e m ~ 8  of apprec i ab le  

.- 

+5 

* 

' 5  
UI 

-., - + 
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p h o r y l a t  i o n  in Hema3oiet i c  Tis-s-uz (D. F e 

P e t e r s e n  and L. B. Cole) 

I n t r o d u c t i o n  - 

Greasy and Stocken (1,2) have r e c e n t l y  r e p o r t e d  that 

n u c l e a r  phosphoryla t ion  of bound n u c l e o t i d e s ,  o r i g i n a l l y  de- 

scribed i n  calf thymus by Osawa ,  e t  a l  (31,  is a p e c u l i a r  

p rope r ty  of r a d i o - s e n s i t i v e  t i s s u e s  of t h e  r a t .  The process 

appears t o  be remarkably r a d i o - s e n s i t i v e  both  i n  v i v o  and i n  

v i t r o .  I n h i b i t i o n  was detectable almost immedia te ly  a f t e r  

25 rads, 80 t o  100 p e r  c e n t  complete a f te r  100 rads,  and 

r e v e r s i b l e  i n  v i v o  w i t h i n  4 t o  5 days .  Ord and Stocken (4) 

have sugges t ed  t h a t  the  r a d i o s e n s i t i v i t y  of v a r i o u s  ce l l  

t y p e s  t h u s  may be related t o  t h e  c o n t r i b u t i o n  of n u c l e a r  re- 

a c t i o n s  t o  t h e  c e l l u l a r  economy and  t h e  c a p a c i t y  of cytoplasmic 

r e a c t i o n s  t o  r e v e r s e  r a d i a t i o n  induced nuc lea r  d i s o r d e r s .  

This r e p o r t  summarizes r e s u l t s  of experiments designed t o  

assess t h e  nuclear-cytoplasmic i n t e r a c t i o n s  a f f e c t i n g  

n u c l e o t i d e  polyphosphate  c o n c e n t r a t i o n s  i n  t h e  sp leen  and 

thymus d u r i n g  t h e  e a r l y  p o s t  i r r a d i a t i o n  period. 

Young a d u l t  male Sprague-Dawley r a t s  weighing 180 t o  200 g 

were w e d  t o  make these s t u d i e s .  Nucle i  were prepared  i n  

sucrose-CaC12 by a mod i f i ca t ion  of t h e  method described by 

00131487.026 
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Osara (3) and i n  t h e  bu f fe red  medium of Cre88y and Stocken (2).  

Fol lowing  i n c u b a t i o n ,  n u c l e o t i d e 8  i n  t h e  ac id - so lub le  f r a c t i o n  

were adsorbed on N o r i t  and hydrolyzed by t he  method of C r a n e  

and Lipmann (5 ) .  Orthophospbte  l iberated d u r i n g  h y d r o l y s i s  

was eatimated by t h e  method of F i s k e  and Subbarow (6).  

c o r p o r a t i o n  of P32 i n t o  nuc lea r  n u c l e o t i d e  polypbosphates  was 

accomplished by isolat ion of n u c l e i  in sucrose-CaCT2 medium 

c o n t a i n i n g  loo3 Y 4 NaCN, 20 minutes  a f t e r  exposure t o  400 rads 

In- 

and i n j e c t i o n  of 100 pc P32-orthophosphate. Nucleo t ides  i n  

the t r ichloroacet ic  acid (TU) ex t r ac t  of n u c l e i  were appl ied 

t o  Whatman No. 1 paper and s e p a r a t e d  in a modi f i ca t ion  of the 

two-step s o l v e n t  s y s t e m  of Krebs and  Hems  (7 ) .  Spo t s  were 

l o c a t e d  i n  t r a n s m i t t e d  u l t r a v i o l e t  l i g h t  w i t h  an i n t e n s i f i c a -  

t i o n  s c r e e n  ( 8 ) ,  i d e n t i f i e d  by cor respondence  w i t h  a u t h e n t i c  

markers developed s imul taneous ly ,  c u t  o u t ,  and counted w i t h  

a n  end rindow Geiger-Muller tube .  Nucleo t ides  were e l u t e d  i n  

0.1 4 N HC1 and  e8timated by t h e  method of Vischer  and 

Chargaff  ( 9 ) .  Deoxyribonucleic acid phosphoru8 was measured 

i n  t h e  tr ichloroacetic acid p r e c i p i t a t e  by Schneider ' s  mod- 

i f i c a t i o n  (10) of t h e  Dische diphenylamine r e a c t i o n .  

f f  

R e s u l t s  and  Di8cusr ion  

The effect of 100 radr of X i r r 8 d l 8 t i o n  on phO6phorylR- 

t iOn of bound nuc leo t ide8  of rploon 8nd thymum n u c l e i  i8 

001 31487.027 



summarized in Table 1. 

tion of nuc leos ide  polyphosphate was completely i n h i b i t e d  

within 5 minutes a f te r  exposure. 

r a d i a t i o n  were q u i t e  v a r i a b l e  in our hands,  bu t  i n  view of 

t h e  d i f f e r e n c e s  i n  methods, these data are i n  e s s e n t i a l  agree- 

ment w i t h  t h e  r e s u l t a  i n i t i a l l y  reported by Creasy and 

Stocken (2) 

These data demonstrate that esterifica- 

Resu l t s  w i t h  lower doses of 

TABLE 1. Nuclear Phosphoryla t ion  af ter  I r r a d i a t i o n  i n  v i t r o  

- LI - - 
DOSO Time a f t d r  X r ay  

Tissue (rads) (minutes) pgP/mg D N A - P h i n  
-~ 

Spleen Control  

Spleen 100 

Thymus Control  

Thymus 100 

0 .65  

0.00 

0.33 

0.00 

Details of the phosphoryla t ive  process I n  n u c l e i  have 

not as y e t  been w e l l  def ined .  However, it has been shown 

that a f te r  i a o l r t i o n ,  degradation of nuclear  nuc leos ide  p o l y  

phosphates occurs a6 a f u n c t i o n  of time in t h e  absence of 

oxygen and that phosphoryla t ion  occurs  when oxygen is re- 

stored t o  t he  system (3). Since  degradation occurs slowly 

a t  o°C, it was reasoned t h a t  by inc luding  cyanide (3) i n  the 
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i s o l a t i o n  medium and working r a p i d l y  i n  t h e  cold, t h e  nucle- 

o t ide  complement p r e s e n t  i n  t h e  nucleus a t  t h e  time of sac- 

r i f ice  could  be determined. 

F igu re  1 shows t h e  concen t r a t ion  of adenine  nuc leo t ides  

in t he  s p l e e n  a t  i n t e r v a l s  of 10, 20, and 30 minutes  a f t e r  

exposure t o  200 rads. 

the basis of t h e  i n  v i t r o  experiments,  t h e  t o t a l  nuc lear  

adenine n u c l e o t i d e  c o n t e n t  of t h e  s p l e e n  decreased dur ing  

t h e  first 10 minutes  af ter  i r r a d i a t i o n  and subsequent ly  in- 

creased t o  greater than c o n t r o l  va lues  a t  30 minutes.  

more, t h e  accumulat ion c o n s i s t e d  not  of a d e n y l i c  monophos- 

phate but  rather r e s u l t e d  from a d i s p r o p o r t i o n a t e  i n c r e a s e  i n  

adenos ine  dipho8phate and adenosine tr iphosphate.  

Contrary t o  w h a t  might be expected on 

Further-  

F igu re  2 demonst ra tes  that a simflar s i t u a t i o n  e x i s t e d  in 

t h e  thymus gland.  These obse rva t ions  are d i f f i c u l t  t o  recoacil 

w i t h  t h e  previous  view of t h e  s i g n i f i c a n c e  of r a d i a t i o n  effecta 

on nuc lea r  n u c l e o t i d e  polyphoaphates (4) and i n d i c a t e  rather 

that t h e  n u c l e a r  defect i n  v ivo  may be related t o  t h e  transfer 

of phosphate energy t o  deoxynucleoside monophosphates. 

ever, r e c e n t  s t u d i e s  by K i e r  and Davidson (11) have questioned 

the v a l i d i t y  of n u c l e o t i d e  arcsasureaents conducted on materirl 

isolated i n  aqueous media, and f u r t h e r  s t u d i e s  are necessary 

t o  establish whether nuc leo t ides  estimated by t h i s  method 

r e p r e s e n t  t h e  a c t u a l  nuc lea r  nuc leo t ide  c o n t e n t .  

How- 
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Osawa, e t  a1 (3) havo repoated ly  e rphas i zod  that only 

bound nuc leo t ldoa  are phosphorylated and that neither added 

ino rgan ic  phosphate nor nucleos ide  monophosphates participate 

i n  phosphoryla t ion  of materials found i n  ac id - so lub le  e x t r a c t s  

following incuba t ion  a t  0 or 38'C. However, van Boldturn (12) 

ha8 demonstratod a dOCr.880 i n  t h e  e x t e n t  of l a b e l i n g  Of 

to ta l  n u c l e o t i d e s  of t ho  spleen and thymus a t  4 hours a f t e r  

i r r a d i a t i o n .  Thus, uptake of P32 by cytoplasmic phosphoryla- 

tion processes might  be^ expected t o  exchange w i t h  t h e  nuc lear  

system leading t o  labeling of nuclear  n u c b  otides.  Cytoplasmic 

nuc leo t ide8  might, t h e r e f o r e ,  be considered a primrry donor 

of phosphate for  nuc lea r  phosphorylat ion i n  vivo,  b u t  t h e  

process must proceed step-rise in order t o  expllrin phos- 

phory la t ion  i n  isolated n u c l e i  where no cytoplasmic donor is 

present  (2,3). 

Table 2 summarizes r e s u l t s  of a series of experiments i n  

which 100 pc  of P32-orthophosph8te was given immediately 

a f t e r  i r r a d i a t i o n  (400 rads) and the an imals  sacrificed 

20 minutes la ter .  Spleen and thymus n u c l e i  were r a p i d l y  

isolated i n  sucrose-CaCl2 conta in ing  c y a n i d e ,  washed twice, 

e x t r a c t e d  w i t h  trichloroacetic acid, and t h e  n u c l e o t i d e s  

isolatod chraatographical ly .  I t  i 8  a p p r r e n t  from these data 

that 20 minute. a f te r  exposure n e i t h e r  t h e  8dea ino  nuc leo t ide  

nor deoxyr ibonucle ic  acid phosphorus conten t  d i f f e r e d  

-33- 
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TABLE 2. P h o m p h o r ~ ~ ~  Labeling of Nucle8r Adenine Nu- 
c l e o t i d e s  f o l l o w i n g  i n  vivo Irradiation* 

pM Nucleot ide  Radiation 
Dose Ug DNA-P . -  

Tissue (rads) /Organ A T P  ADP A T P  ADP 

Spleen Control 73.3 1.70 1.05 3137 1590 

Spleen 400 70.8 1.35 0.95 4978- 1442 

Thymus Control 426.7 0.36 0.28 70,186 26,131 

Thymus 400 359.7 0 .37  0 .34  61,486 28,479 

*lo0 pc P32-ortbophoephate per animal.  
Label ing time: 20 minutes.  
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apprecirbll fram c o n t r o l  V 8 l U 8 8 .  The e x t e n t  of l a b e l i n g  

(expre8sed aa c / d W  of nucleot ide)  w 8 8  also comparable, 

ind ica t ing  that pho8phoryletlon in t h e  nuc le i  of irradiated 

i n t a c t  ce l la  failed t o  show t he  defect exhib i ted  in t he  

isolated nuclear  sys teo .  

The80 8ttempt8 t o  demonstrate t h e  nuclear  phosphorylation 

defect In vivo bave been uniformly unsuccessful.  However, it 

m u s t  be empbmized that tbe system involves  only n u c l e a r  and 

cytoplasmic r ibonucleo t ides  and that p a r t i c i p a t i o n  of deoxy- 

r lbo t ldee  has y e t  t o  be demonstrated. Thus, implicat ion of 

thirr  r a d i a t i o n  induced change in nuclear  nucleot ide metabolism 

m u s t  be aubjec ted  t o  f u r t h e r  rigorous in -ms t ig r t ion  regarding 

both the i d e n t i t y  and or igin of t h e  nucleot ides  before it 

can be d i r e c t l y  related t o  the defect in deoxyribonucleic acid 

s y n t h e r i r  of rad io-sens i t ive  cells . 
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D e o x e O S & d e B  i n  .the Urine of Irradiated Animals and Man 
(D. F, Pe te r sen ,  Y. ylgee, and A .  Murray, 111) 

In t roduc t ion  
_I 

Recent s tudies  by Parizek, et a1  (1) demonstrated t h a t  

increased  amounts of deoxyribose-containing materials 

appeared in 24-hour u r i n e  specimens collected from i r r a d i a t e d  

ra t s .  

t h e  Dische-pogi t ive material was deoxycyt idine.  

t h i s  r e p o r t ,  it was of interest t o  i n v e s t i g a t e  e a r l y  changes 

i n  t h e  deoxyribose c o n t e n t  of t h e  urine of irradiated a n i -  

mals and t o  i d e n t i f y  t h e  compounds c o n t r i b u t i n g  t o  t h e  t o t a l  

deoxyribose observed. 

it was p o s s i b l e  t o  examine urine specimens from two chemical 

workers exposed t o  gamma-neutron i r r a d i a t i o n  i n  t h e  most 

recent Los Alamos c r i t i c a l i t y  a c c i d e n t .  

According t o  these authors ,  t h e  major component of 

I n  view of 

I n  a d d i t i o n  t o  t h e  animal experiments,  

Experimental  

The u r i n e  specimens were c h r o u t o g r a p h e d  on Whatman No. 1 

paper us ing  t w o  a o l v e n t  mixtures:  butanol-water (86: 14 v/v) 

w i t h  an ammonia atmosphere, and i s o b u t y r i c  acid, 1Y ammonia, and 

0 . 1 M  EDTA (100;60:1.6 v/v/v).  Spots  were located i n  t r ansmi t t ed  

u l t r a v i o l e t  l i g h t  (2) and t h e  i d e n t i t y  of each compound was 

established by (a) spec t rophotometr ic  a n a l y s i s ;  (b) R f  value  

-37- 

00 131487.036 



coup8r.d with s i a u l t a n e o u r l y  developed a u t h e n t i c  M t e r f 8 1 ;  

( c )  homogeneity upon rechropa8tography w i t h  r u t h e n t i c  h.terii.1; 

(d) Dirche r e a c t i o n  for  deoxyriboae; and (e) pho8phorus 

analg8i8.  

cys t e i ae - su l fu r i c  acid r e a c t i o n  (2) and iden t i f i ed  on paper 

by Buchanan's modification (3 ) .  Quanti ta t ive 0 S t i U h 8 t i O U 8  of 

pur ine  and pyrimidine bases were performed spectrophotometr ical ly  

a8 de8cribed by Viacher and Chargaff (41, and phosphorus was 

measured by t h e  method of Fiske  and Subbaror (5 ) .  

Tota l  deoxyribose was measured i n  u r i n e  by Dische's 

Total  deoxyribose and deoxycytidine content  of u r i n e  

samples collected a t  f requent  i n t e r v a l s  a f te r  exposure t o  

200 and 400 rads are shown i n  Fig.  1. Increased excre t ion  of -5 

both t o t a l  Dische-posit ive material and deoxycytidine was 

detectable wi th in  4 hours af ter  exposure and increased  s t e a d i l y  

dur ing  the  sub8equent c o l l e c t i o n  period. 

v8lue8 8ra in q u r n t i t a t i v e  agreement w i t h  the previou8 r e s u l t 8  

of hrizek,  e t  a1 (1) but Inspect ion of Fig. 1 indicates that 

a large proport ion of the  deoxyribo8e-coat8fning m a t e r i a l  can- 

no t  be rccounted for as deoxycytidine. 

wa8 ob8erved i n  th4 i n i t i a l  u r ine  specimen obtained from the 

fa ta l ly  irradiated p a t i e n t  14 hours af ter  he sus t a ined  an 

a 8 y m e t r i c a l  exposure t o  -4OoO t o  12,060 rad8 of grow-neutron 

i r r a d i a t i o n .  

The deoxycytidine 

A similar s i t u a t i o n  

To ta l  Dische-posit ive material was approximately 

00 131 487.037 
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Fig. 1. Cumulative excretion of t o t 8 1  deoxyribose and deoxy- 

cytidine in rat urine following whole-body X 
irradiation. 
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t r ico tho amount found in rpecironm from a number of normai 

A summary of the  r e s u l t s  of chroutographic analysfa  of 

tho irr8dirf.d - urine specimen I s  shown i n  Table 1. A l l  the 

8epar8-d 8 dore  iti ire #or deoxgriboc8; bands 1 and 3 

rere 8h-n t o  contain phomphorru, 8nd e8ch lden t i f  ied $om- 

pound D I g r 8 t O d  as a s i n g l e  homogeneou8 band when e l u t e d  and 

r ech rou tographod  w i t h  8u then t i c  u t e r i a l .  Band 5 is as  y e t  

un idon t i f i ed ,  bu t  preliminary data i n d i c a t e  that it is prob- 

ab ly  thymidine, 

cyto8in0, adenine+ rnd guanine 18 ralrrted t o  a defect i n  

deoxyriboauulr ia  -acid 7. (IXA) Irr3rfrbol isr  was further aubstan- 

t i 8 t e d  by ideatffic8)ios of p-&inoi 

t h e  u j o r  metabolite of thymidine (6) , during characteriza- 

tion of tho 8 r i a o  acid8 present  In the i r r a d i a t e d  specimen (7). 

In vier og of s i g n i f i c a n t  amounts of BAIB, it 

is no t  surprl previoum woplmrl (1) repor ted  

failure t o  f i n d  trrcrea8ed amounta of thpr id lna .  Appearance 

of d e ~ n u c l e o t i d e 8  ha. been a t t r i b u t e d  t o  grosrr r 8 d i r t i o n  

That tho appearance of deoxynucleosides of 

I_ " 

-- 

d8rrga t o  tho kidnOy8, and tho p o 8 a l b i l i t y  exists that t h e  

.mount of phoephorylated nucleot ido In urine ray be a measure 

of such in jury .  

The r e l a t i v e  amounts of nucleo t ido  are presanted 88 

t o n t a t i v o  data bocaue t h e  ex ton t  of recovery from t h e  

f Q 5 w 4  -40- 
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pre l iminary  c h a r c o a l  adso rp t ion  s t e p  h a s  been e s t a b l i s h e d  

o n l y  for deoxycyt idine.  E lu t ion  of t r i t i a t e d  deoxycytidine 

by pyr id ine-e thanol  (v/v) w a s  c o n s i s t e n t l y  72 t o  74 per  coat 

a f t e r  a single  washing. 

of each of t h e  i d e n t i f i e d  materials is c u r r e n t l y  i n  progress.  

No conclusion,  t h e r e f o r e ,  has been drawn rega rd ing  t h e  

metabol ic  o r i g i n  of the u r i n a r y  deoxyribosides .  However, i t  

is a n t i c i p a t e d  that  experiments  employing l a b e l e d  precursors  

w i l l  c l a r i f y  t h i s  p o i n t .  

I n v e s t i g a t i o n  of selective e l u t l o n  
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Detec t ion  of u l t r a v i o l e t  a b s o r b i n g  s u b s t a n c e s  on pape r  

has  been faci l i ta ted by p r e p a r a t i o n  of a f i l t e r  

paper s c r e e n  impregnated  w i t h  0.1 t o  1 per  c e n t  e t h a n o l i c  

so lu t ions  of l - m e t h y l - ~ - ~ ~ - p h e n y l - 2 - o x a z o l y l ) - p y r i d i n i u ~ ~ p =  I 

toluene s u l f o n a t e  (MI PO). The compound, developed i n  t h i s  

laboratory by O t t ,  Hayes, and  Kerr (1) as  a l i q u i d  s c i n t i l -  

l a t o r ,  was found t o  possess f a v o r a b l e  e x c i t a t i o n  and  emiss ion  

c h a r a c t e r i s t i c s  fo r  use i n  a n  a p p a r a t u s  of t h e  t y p e  descr ibed 

by Drake, e t  a1 (2) 

4 

The d e v i c e  has been used  p r i m a r i l y  for  d e t e c t i o n  of 

p u r i n e  and p y r i m i d i n e  n u c l e o t i d e  d e r i v a t i v e s  and  has in -  

creased s e n s i t i v i t y  from 25 t o  50 gammas/cm2 (quenching of 

incident  u l t r a v i o l e t  from a m i n e r a l i t e  lamp) t o  0 . 5  t o  

1 gamma/cm2. 

used for approx ima te ly  one y e a r  w i t h o u t  a p p r e c i a b l e  d e t e r i o r a -  

t ion and t h u s  s a t i s f y  r e q u i r e m e n t s  f o r  s t a b i l i t y ,  homogeneity, 

and extreme S i m p l i c i t y  of p r e p a r a t i o n .  Since t he  s c r e e n s  

are q u i t e  t h i n ,  d i f f u s i o n  of f l u o r e s c e n c e  is e l i m i n a t e d  and 

o u t l i n e s  are  sharper t h a n  t h o s e  o b t a i n e d  w i t h  a phosphor- 

cmted glass s c r e e n .  

The pape r  i n t e n s i f i c a t i o n  s c r e e n s  have been 

-43- 
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Tho invostigrtora are indebtad t o  V .  N .  Kerr of the 
4 

Biomedical Research Group for the sample of MY Po. 
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B i o l o g i _ c a l W  A c t i v a t i o n  
w. H. Longhm) 

i m e t r p  (I). F. P e t e r s e n  and  

The h i g h  s u l f u r  c o n t e n t  of t h e  k e r a t i n o u s  appendages  of 

t h e  s k i n  has been u t i l i z e d  t o  p r o v i d e  an estimate of t h e  

fas t  n e u t r o n  dose i n  t h e  most r e c e n t  Loa Alamos c r i t i c a l i t y  

a c c i d e n t .  Due t o  the  small amount of phosphorus r e l a t i v e  t o  

s u l f u r  found i n  human hair  (less t h a n  1 per c e n t ) ,  P32 beta 

a c t i v i t y  arises almost e x c l u s i v e l y  from t h e  S32(n,p)P32 

r e a c t i o n .  I t  w a s  found that beta a c t i v i t y  c o u l d  be c o n v e r t e d  

t o  i n c i d e n t  dose of fast n e u t r o n s  on t h e  basis of 6 d/m/g 

hair per  rad. D e t e r m i n a t i o n s  performed on hair and s t e r n a l  

ca r t i l age  i n d i c a t e d  r e s p e c t i v e  i n c i d e n t  doses of fast  n e u t r o n s  

t o  t h e  head and chest of -2600 a n d  3000 rads (1). C u r r e n t  

expe r imen t s  s u g g e s t  t h a t  due t o  t h e  cons t ancy  of chemical 

composi t ion  and fixed a n a t o m i c a l  l o c a t i o n ,  a f irst  a p p r o x i -  

mation of t h e  i n c i d e n t  d o s e  of n e u t r o n s  above t h e  s u l f u r  

~ 
t h r e s h o l d  t o  v a r i o u s  parts of t h e  body may be de te rmined  

s imply  by c o u n t i n g  the  beta a c t i v i t y  of a n  ashed hair or n a i l  

sample. 

weighing 10 g. 

s u l f u r  c o n t e n t  t i s s u e s  a n d  s t r u c t u r e s  a s  a means of estimat- 

S e n s i t i v i t y  is of t h e  order of 1 rad f o r  samples  

A s y s t e m a t i c  i n v e s t i g a t i o n  of t h e  u s e  of h i g h  

ing f a s t  n e u t r o n  dose is being pur sued .  

Re fe rence  

' (1) P. S. Harris, s u b m i t t e d  t o  J. OCCuP. Med- 
41 



The Effect of WR-29 on Thiopen ta l  S l m  (D. F. Peter8en,  
R. G. Gould, and E. H. L l l l y )  

In t roduc t ion  

Seve ra l  complex o rgan ic  compounds have r e c e n t l y  rece ived  

cons ide rab le  a t t e n t i o n  due t o  t h e i r  capacity t o  suppres s  

cboleuterol b i o s y n t h e s i s  and effect s i g n i f i c a n t  r e d u c t i o n s  

i n  plasma cholesterol l e v e l s .  Benzmaleceae, t h e  a lpha  

isomer of N- (l-rae t by 1-2,3 -di-p-c d hloropheny lpropy 1) -ma leamic 

acid,  and p-(di-N-propylsulfamyl) -benzoic acid (probenecid) 

in t roduced  as p o t e n t  r e n a l  t u b u l a r  t r a n s p o r t  i n h i b i t o r s  

affect  cholesterol b i o s y n t h e s i s  by i n h i b i t i n g  the  first 

step, the  condensat ion of acetate w i t h  CoA (1). Chronic 

a d m i n i s t r a t i o n  of probenecid has been shown t o  cause  t r ans -  

i t o r y  impairment of hepatic func t ion  ( 2 ) ,  and benzmalecene has 

4 

a l s o  been observed t o  c r u s e  l i v e r  damage i n  humans (3). 

MER-29 

chloropheny1)ethaaol  markedly decrease8 cholesterol biosyn- 

t h e 8 i 8  by i n h i b i t i n g  the  las t  step, t h e  r e d u c t i o n  of t h e  side 

chin double bond of 24-dehydrocholesterol (4). In v i e r  of 

t h e  hepatic involvement noted previous ly  ( 2 ) J  it was of in -  

terest t o  determine if MER-29 has any effect on l i v e r  fuac- 

t i o n  tests. Hepat ic  f u n c t i o n  markedly i n f l u e n c e s  t h e  dura- 

tion of a n e s t h e s i r  r e s u l t i n g  from a d m i n i s t r a t i o n  of barb i tu -  

rate ana logs  p r i m a r i l y  d e t o x i f i e d  by the  l i v e r .  Thiopenta l  

1- g @-diethy lamin- thoxg) phenyl 1-10 ( p t  oly 1) -2- (2- 

1 
u 

4 6 -  
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was chosen f o r  t h i a  experiment because,  i n  a d d i t i o n  t o  its 

d e t o x i f i c a t i o n  by t h e  l i v e r  and kidneys, it is r a p i d l y  

seques te red  by body f a t  (5) , and a s i g n i f i c a n t  aberration 

i n  l i p i d  metabolism induced by chron ic  HER-29 feeding might 

thus be detected. 
Y 
z 

Experimental 

Female RF mice weighing 20 g a t  t h e  beginning of t h e  

experiment were div%ded i n t o  fou r  g r O U P 8 ,  each con ta in ing  

20 animals .  

l i b i tum a d i e t  as o u t l i n e d  i n  Table 1. On the  t e n t h  and 

f o r t i e t h  days of feeding each animal was given  30 rng/kg t h i -  

openta l  i n t r a v e n o u s l y ,  and t h e  d u r a t i o n  of a n e s t h e s i a  was 

recorded. Return  of the  r i g h t i n g  r e f l e x  i n  a q u i e t  room was 

taken as t h e  end p o i n t  of t h e  tes t .  

Each group was given tap water and f ed  ad  

R e s u l t s  and Discussion 

The mean d u r a t i o n  of a n e s t h e s i a  for each group is shown 

in Table 2. These data demonstrate that i i l e  a s i n g l e  sub- 

cutaneous i n j e c t i o n  of carbon tetrachloride caused a marked 

and p e r s i s t e n t  i n c r e a s e  i n  s l e e p i n g  t i m e ,  l e v e l s  of MER-29 

which effected a pronounced decrease in plasm c h o l e s t e r o l  (6)  

and weight gain due t o  anorexia  fa i led  t o  a l ter  s i g n i f i c a n t l y  

d u r a t i o n  of t h i o p e n t a l  a n e s t h e s i a .  I t  was, therefore, con- 

c l u d e d  that short-term chron ic  feeding  of MER-29 does not  

cause  a l t e r a t i o n s  in hepa t i c  function measured by t h i s  test. 
@i - 



TABLE 1. Experimental Diets 
- w - IC 

Group No. of Animals Compositfon of D i e t  

I 20 Powdered Purim chow + 5% corn o i l  
XI 20 Powdered Purim chow + Z% corn o i l  

I11 a0 Powdered Purina chow + 5% corn oil 
(2  g / 4  CC14 injected subcutaneously) 

0.03% yH1-29 
xv 20 Powdered Purim chow + 5% corn o i l  

0.1% HER-29 

TABLE 2 .  Thiopental Sleep Time fol lowing Chronic MER-29 
Feeding 

Group 
Dur8tiOn of Anosthesir (minutes) 
w t  . Mean % of Control 
- - 

10 days -- Time Tested 
I Control 

If  CC14 Control 
I11 0.05% YER-29 
XV 0.1% MER-29 

40 days - Time Tested 

I Control 
I1 C C l 4  Control 

I11 0.05% -029 
XV 0.1% MER-29 

21.5 3.93 
19.6 15.02 
22.0 3.97 
20.3 4.35 

25.8 4.85 
24 .O 9.38 
25.3 5.38 
23.6 5.47 

100 
383 
101 
111 

100 
193 
111 
113 

-48- 

00131487.047 



REFERENCES 

(1) 

(2) 

(3) I .  H. Page, p e r s o n a l  communication (1959). 

(4) J .  Avigan, D .  S t e i n b e r g ,  M .  J. Thompson, and E .  

V. D. Wiebelhaua, K. E. Beyer, I?. F .  RUSSO, F. T. 
Brennan, and E. R. Wynosky, Fed. Proc. - 12, 155 (1953).  

S .  R .  Blondheim, J .  Appl. Physiol. c 7, 529 (1955). 

Mosettig, Biochem. Biophys. Res. Cmm., i n  press 
(1960) 

(5) B. B .  Brodie, F .  B e r n a t e l n ,  and L .  C .  Mark, J. Pharm. 

(6) R. G. Could, E. H. L i l l y ,  and V .  E .  Mitchell, Circula- 

Exptl. Therap. - 105, 421 (1952). 

tion, in press (1960). 

-49- 

I Q 5 t i S 3 8  
i, ;Ji 

00131487.048 



A n  intensive s tudy  hnS been made of t h e  effect of feed- 

ing a new drug YER-29 t o  ra ts  on t h e  cholesterol concentra- 

t i ona  i n  plasma, l i v e r ,  i n t e s t i n e ,  a d r e n a l s ,  kidneys,  and 

r e s i d u a l  carcass. When fed a t  a l e v e l  of 0.05 per cen t  of 

the  d i e t ,  t h i s  drug decreases c h o l e s t e r o l  (as determined 

colorimetrically by t h e  Lieberman-Bruchard r e a c t i o n )  by 

about  50 per c e n t  without  producing any evidences of t o x i c i t y  

or undes i r ab le  side effects except  f o r  a decrease i n  r a t e  of 

growth due t o  decreased food i n t a k e .  Analyses for  t o t a l  

s terols  by a g r a v i m e t r i c  method have not revealed t h e  accumula- 

tion of larger than  normal amounts of sterols.  However, t h e  

isolated sterol is not as n e a r l y  pure Cho le8 te rOl  a s  i n  * 
c o n t r o l  an imals ,  as shown by mel t ing  po in t ,  etc. 

I t  ha8 also Men found that HER-29 greatly accelerates 

the disappearance of s t o r e d  e x c e s s  cholesterol in t he  l i v e r 8  

of rats, p r e v i o u s l y  fed  cholesterol for 28 days, and its 

effect  on atheromatous les ions  i n  r a b b i t  ar ter ies  -is under 

s tudy  . 
MER-29 a l s o  h a s  some effect  in i n h i b i t i n g  cholesterol 

a b r o r p t i o n .  The i n h i b i t o r y  effect of YER-29 on cholesterol 

1 0 5 4 5 3 9  
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c 

bioryntbes is  has been demonstrated using mevalonic acid-2- 

c14 as a p r e c u r s o r  i n  i n t a c t  ra ts  and i n  homogenates from 

ysR-29 fed rats. In a d d i t i o n ,  marked i n h i b i t i o n  has been 

s~orn t o  r e s u l t  from a d d i t i o n  of very small amounts of t h e  

drug t o  homogenate8 from nOrrP81  r a t  l i v e r s .  

A method of a n a l y s i s  for HER-29 in tissues has been 

developed which i o  s imple ,  specific,  and s e n s i t i v e .  Less 

than 10 mg can be measured in a large sample of plasma or 

tissue. The method is based on the fact that MER-29 can be 

first e x t r a c t e d  I n t o  t h e  nonsapon i f i ab le  f r a c t i o n  and then 

v t r a c t e d  i n t o  a small volume of d i l u t e  acetic acid.  

j l t h o u g h  M E R 4 9  itself does not  absorb a t  314 m(r, it is 

r e a d i l y  conver ted  t o  a n  anhydro-derivat ive by ac id i f ica t ion  

with BC1, which absorbs very s t r o n g l y  a t  t h i s  wavelength. 

The change i n  op t ica l  d e n s i t y  fo l lowing  a d d i t i o n  of HCl I s  

~ m ~ w r e ~  of t h e  HER-29 p r e s e n t  i n  t he  tiseue. 

B 
1 0 5 4 5 4 0  -51- 
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A study of the effect of 350 mg per day of YER-29 on . 

plasma cho les t e ro l  l e v e l s  of a group of 17 p a t i e n t s  a t  t h e  

Veterans Hoapital  in Albuquerque, New MO%iCO, bas been i n  

progrers for s e v e r a l  months. 

the effect of the drug on a t h e r o s c l e r o t i c  plaquerr. I t  l e  

a n t i c i p a t e d  that a number of these p a t i e n t s ,  selected for a 

l imi t ed  l i f e  expectancy, rill die dur ing  the  course of t h e  

s tudy  and that it rill be p088ible t o  obt8in data on choler- 

terol concent ra t ions  in plaques 8nd in a l l  body t i s s u e s .  Up 

t o  the present ,  decrea8ear of 8bout 25 per c e n t  on t h e  average 

in t h e  plasma Cholesterol levelm bave been noted, No s i g n i f -  

iC8nt cbnges i n  17-keto8tsroid. or in 17-hydroxycortico- 

8teroid8 b v e  been 0b8erved, i nd lc8 t lng  th t  t h i s  drug does 

not se r iou8 ly  l n t e r f e r o  w i t h  a d r e n a l - c o r t i c a l  hormone bf- 

08ynthe8ir a t  thim dosago l e v e l .  

The primary aim ir, t o  inver t iga t  

-52- 
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8 8nd Cholesterol 
w d u c e t  

L. B e l l )  
erol- (R. G. Gould, E. H. L i l l y ,  and V. 

I t  ha8 been shorn t h a t  t h e  r a t e  of hepatic b iosyn thes i s  

of c h o l e s t e r o l  in rat8 aa aea ru red  by t h e  inco rpora t ion  of 

ac.trte-l-C1' I n  v i v o  is decrersed by both adrenalectomy and 

hypophysectomy and that whole body X i r r a d i a t i o n  increased 

the r a t e  i n  adrenalectomized r a t s  but  not in hypophysectomized 

rats, sugges t ing  that t h e  p i t u i t a r y  is concerned i n  mediating 

t h e  effect of r a d i a t i o n  on cholesterol b i o s y n t h e s i s .  

Rats fed diet8 high in cholesterol accumulated large 

amount8 in l i v e r ,  p a r t i c u l a r l y  in t h e  esterified f rac t ion .  

Whole body r a d i a t i o n  mobilized t h i s  stored c h o l e s t e r o l  very 

rap id ly  and caused Its disappearance ,  

r a t e  of s y n t h e s i s  p r o p o r t i o n a t e l y  as  much as i n  normal 

a n i m ~ l s ,  a l t hough  t h e  actual rates were very  much l e s a .  

I t  also increased  t h e  

A l l  t h e  dat8 ob ta ined  i n  t h i s  i n v e s t i g a t i o n  on rate of 

biosynthes is  a8 func t ion  of t h e  concen t r a t ion  of cholesterol 

i n  l i v e r  s u p p o r t  t h e  p rev ious ly  reported hypothes is  that t h e  

log of t h e  s y n t h e t i c  ra te  is i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  

concent ra t ion  of free (i.e., u n e s t e r i f i e d )  cholesterol w i t h  . 

a s lope  cor responding  t o  a doubling of t h e  s y n t h e t i c  rate or 

a decrease of 0.12 t o  0 .15  mg of cholesterol pe r  gram of 

l i v e r .  
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F' 1 

T r 8 o i C e t i C  Acid (DTPA) 
(E. Forea8n and Y. Yagee) 

In t roduc t ion  

Because d i e t h y l e n e t r i a ~ i n e  p e n t a a c e t i c  acid (DTPA) 

appears  t o  be an agen t  of promise i n  t h e  t rea tment  of heavy 

metal poisoning and i n  other b i o l o g i c a l  a p p l i c a t i o n s ,  it was 

decided t o  i n v e s t i g a t e  its behavior  i n  t he  body. 

pound was labeled w i t h  C14 by A .  Hurray of t h i s  Laboratory. 

Metabolic s t u d i e s  us ing  the  labeled material were carried 

ou t  a f te r  ora l ,  in t ramuscular ,  In t ravenous ,  and i n t r a -  

p e r i t o n e a l  a d m i n i s t r a t i o n  t o  rats. 

The com- 

The behavior  of this compound in t h e  body was similar 

t o  that of Ca EDTA, with some minor q u a n t i t a t i v e  d i f fe rence8 .  

The compound was r a p i d l y  excre ted ,  p r imar i ly  i n  t h e  u r i n e .  

Over 90 per c e n t  of p a r e n t e r a l l y  adminis te red  doses appeared 

i n  t h e  u r i n e  by 24 hours. Most of t h e  dose was cleared from 

the  blood and t i s s u e  f l u i d s  w i t h  a half- t ime of 35 minutes. 

However, a portion of the  dose warn s l o w l y  cleared w i t h  a 

half- t ime of 1 day (Fig.  1). 

T i s sue  d i s t r i b u t i o n  of t h e  labeled drug a t  24 hours IS 

Presented i n  Table 1. A larger propor t ion  of p a r e n t e r a l l y  

-54- 
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TABU 1. Distribution o f  C ~ * - I ~ W W I  CI ~f ip~ in - to  a t  
24 Hours a i  tor Ad~inistratlon (a 1 

Ti8.U. or Intra- Intra- Intra- Speci f  ic ci, 
s8rpl. venous muscular peritoneal Oral (b) Activity 

Urine 87.3 91.9 91.0 3.60 10 

3.3 75 .00  0- Fecocr 5.4 3.8 

Kidney 0.7  0 . 3  

Liver 0 . 3  0 . 8  

0.4 0.10 

0.2 0.05 

174 

-- 0- 18.30 110 

-56- 
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adminis tered dose8 was found i n  the  body a t  24 hours  than 

was t h e  case w i t h  Ca  EDTA (i.e.,  over 5 per c e n t  as compared 

t o  less than  2 per c e n t ) ,  This may account for the  more pro- 

longed effect of DTPA when used t o  has ten  e x c r e t i o n  of metal 

ion6 from t h e  body. A t  24 hours,  the r e s i d u a l  compound was 

l a r g e l y  concen t r a t ed  i n  t h e  kidneys and l i v e r .  

The d i l u t i o n  volume s h o r t l y  a f t e r  i n j e c t i o n  was cal- 

cu la t ed  from data i l l u s t r a t e d  In Fig. l. When the u r i n a r y  

exc re t ion  was blocked by t y i n g  o?f the kidneys,  whole blood 

and p l ~ 8 M  c o n c e n t r a t i o n s  l e v e l e d  of f  and remained c o n s t a n t  

for  t h e  d u r a t i o n  of t h e  s tudy  ( i . e * ,  24 hours). The plasma 

concent ra t ion  reached 1 per cent of t h e  in3ec ted  dose pe r  cc, 

i n d i c a t i n g  a d i l u t i o n  volume of 100 c e  ( l e e * ,  approximately 

30 pew c e n t  of t h e  body weight of t h e  r a t s  used) .  

l i k e l y  that the fast component i n  t h e  blood d isappearance  

I t  is 

curve r e p r e s e n t e d  equiz ibr ium in t h e  e x t r a c e l l u l a r  f l u i d s  

and t h e  slow component is related t o  equ i l ib r ium of material 

between blood and t i s s u e  substance.  

I t  is of i n t e r e a t  t h a t  similarly t o  EDTA, the  material 

dol38 not  pas8 i n t o  t h e  red cells. Rem1 c l e a r a n c e ,  c a l c u l a t e d  

from the blood c l e a r a n c e  data, is 2 cc/mia and i n d i c a t e s  that 

exc re t ion  o c c u r s  both by glomerular f i l t r a t i o n  and t u b u l a r  

s e c r e t i o n .  
‘I Stud ies  in which t h e  drug was adminis te red  by stomach 

00 
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1 
i 

tuk  fnd1-t.d t h 8 t  t ho  1 ~ t O r I 8 l  -8 poorly ab8OrbOd. In * 
48 h 0 ~ 8 ,  75 per c e n t  of the  do80 8ppO8red in t h e  fecer and 

18 por con t  wa8 sti l l  in t he  g a 8 t r o i n t e s t i n a l  Contents. A 6  

judged by t he  appearance 02 a c t i v i t y  in t h e  u r i n e  and 

tlasue., loam than 4 por c e n t  was actually absorbed. Very 

lor blood lovels af tor  oral a d r i n i a t r a t i o n  v e r i f i e d  t h i s  

f ind ing  (Fig. 1) 

L i t t l e  of the a c t l v i t y  ever  8pporred in t h e  r e sp i r a to ry  

ma, which suggested that practically none of t h e  compound 

-6 oxidized. Chromtogr8php provided f u r t h e r  evidence for  

s t 8 b i l i t y  of the  uteri81 i n  t he  body. The presence of a-  

sing10 band on 8 U t O r 8 d i O g r 8 p h .  of plasma, ur ine ,  and fecal 

e x t r a c t 8  ind ica t ed  t h 8 t  the  radioactiolty W 8 8  a 8 8 0 ~ i a t e d  

w i t h  a a i n g l o  compound. Tha t  t h i s  compound -8 DTPA was 

demonstr8ted by shor ing  t h i s  material t o  h8ve the  same Rf 

v8luo a8 8a a u t h e n t i c  sample of the  o r i g i n a l  DTPA. 
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p 
(E. Foreman, Y. B. Roberts, 

and Y. Magee) 

I n t r o d u c t i o n  

Screening  experiments  done i n  t h i s  laboratory and in 

o the r s  (1-4) have shown that DTPA is cons iderably  s u p e r i o r  

t o  EDTA in has t en ing  e x c r e t i o n  of plutonium, both when t h e  

drug is given  a short  t i m e  a f te r  t h e  plutonium a d m i n i s t r a t i o n  

and when it i a  given  long  after the plutonium (Table 1). 

v i e r  of these i n t e r e s t i n g  obse rva t ions ,  follow-up s t u d i e s  

were done t o  i n v e s t i g a t e  t h e  in v i v o  chelating p o t e n t i a l  of 

DTPA more i n t e n s i v e l y  

In 

Methods and Re8u l t s  

The present studies were carried ou t  ru ing  Am241 as a 

Americium 241 was used becSuci0 it be- model for plutonium. 

haves very s i m i l a r l y  t o  plutonium in t h e  body and because it 

is a gama emitter which can be used t o  aeasure r e s i d u a l  

a c t i v i t y  i n  the i n t a c t  animal by use of a small anilnsrl 

counter ( 5 ) .  The isotope was i n j e c t e d  in t ravenous ly ,  and a t  

various time periods later m A  was adminis tered pa ren te ra l1y  

i n  some animals  (200 mg/kg) and by  oral  admin i s t r a t ion  

(150 mg/kg) in o t h e r s .  R e t e n t i o n  of t h e  isotope was followed 

by ser ia l  count ing ,  d a i l y  a t  f i rs t ,  and less f r equen t ly  la ter  

1 0 5 4 5 4 8  -59- 
L 

0013 



1'' 
i 

TABIS 1. lSffoct8 of Acuto rnd Chronic DTpd Rortwnt on 
Excretion rnd Doporrition of Pu 

239 

Urinr, Poco. Livor Sploon ROUIM Skolotor 

Acuto DTPA StudZ (a) 

Control. 12.70 
W A  86.20 

1 c & o n i c m ( b )  I Control. 12.70 

Acuto DTPA StudZ (a) 

W A  86.20 

c & o n i c m ( b )  

Control. 7 .7  
1 Womk 20.6 
2 WOOL. 25.4 
4 WOOLU 39.9 
6 Week. 37.0 

7.06 5.86 
4.05 0.40 

30.9 3.5 
21.2 4.2 
39.0 1.1 
34.6 0.4 
27.3 0.3 

0.80 243.11 53 . 36 
0.10 3.70 5.83 

Y 

--- 9.99 49.5 
1.8 7.30 44.8 --- 6.50 37 .O 
-..- 2.80 31.3 --- 3.40 30.7 
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ment . 
~ a r o r a l  foaturom are apparmnt in tho effect of admlni8tra- 

t ion of tho drug oa r e t s n t i o n  of t he  isotope. 

1. When lnjacted daily, s t a r t i n e  2 hour8 after the  

frotop was OiVen, the  iS quite e f f e c t i v e  8t first SO 

tbt after 2 reelu only 7 per cent of t h e  adminis tered doae 

was a t i l l  in the body. mi. v e r i f i e s  the i n i t i a l  observa- 

tiom wi th  plutonium. However, continued aQlnLst ra t lon  of 

th. drug brought fo r th  les8 and less of an increa8e  in 

awriclur excro t lon .  

2. After oral rdp l in i r t r a t ion ,  In which the  drui was 

mixed wi th  drinking water, accelerated exc ro t ion  warn alro 

noted, 

drug -8 given by i n j e c t i o n .  

tho i n i t i a l  do88 -8 still i n  the  body. 

However, t h i a  was not  am great a8 occurred when the  

Aftor  2 web, 12 per cent of 

8.r. too the drug 

1-t its O f f e C t i V 8 a 8 8 8  With repeated adminis t r8 t ion .  

3.  Uben p a r e n t e r a l  adminiatration w8s rtarted a t  varioua 

ti- period8 8ft.r the  i 8 0 t O p e  W 8 8  given, t ho  0f f6Ct iV8neSS 

of treatment was d i rec t ly  dspendent on t h e  delay in treatment;  

the longer the  delay, the leea t h e  e f f ec t iveness .  When the  

drug W 8 8  8tarted 1 week af te r  t h e  ieotop. -8 (CIVBLI, the 

residual isotope wa8 12 per cen t ,  Cmparmd t o  the  s i t u a t i o n  P 
.I 
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+hen t h e  t r ea tmen t  was started a t  16 days,  t h e  residual 

isotope was 15 per cent. Both of these can be compared t o  

a residuum Of 30 per c e n t  Of t h e  i n i t i a l  dose, a t  t h i s  same 

ti- period, i n  t h e  controls. 

I t  appear8 that t h e  decrease i n  e f f e c t i v e n e s s  of t h e  

drug wi th  repeated a d m i n i s t r a t i o n  is related t o  a t  least t w o  

f 8 c t o r s ~  namely t h e  natural decrease i n  a v a i l a b i l i t y  of t h e  

isotope (i.e., t h e  i n c r e a s e  i n  t h e  amount of i so tope  t h a t  is 

f ixed t o  t i s s u e  w i t h  t i m e ) ,  and because t h e  ra te  of e x c r e t i o n  

of the  chelated metal is fa r  greater than  t h e  rate of mobiliza- 

tion of t h e  metal from t h e  t i s s u e s  (even under t h e  effect  of 

-. therapeutic a g e n t ) ,  and hence t h e  pool of a v a i l a b l e  metal 

becomes exhausted and time is r e q u i r e d  for  its replenishment.  

The p r a c t i c a l  significance of these obse rva t ions  is t h a t  in 

a l l  p r o b a b i l i t y  less f r equen t  a d m i n i s t r a t i o n  of t h e  drug a t  

l a t e  time per iods  is just as e f f e c t i v e  as d a i l y  admin i s t r a t ion .  
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B T  (E. Fore-n, M e  B o  
Roberts, and Y.  Magee) 

Introduction 

Over the past  f e w  years evldenco has accumulated which 

ind ica tes  the  ex is tence  of  humoral stimulatory factors which 

logical reg- 

appear to 

cell l e v e l s .  

at lc  c e l l u l a r  

obln. Linmn, 

h lch  indicates  

01) is a naturally 

s t i c  c e l l u l a r  

use d 'its bone marrow. 

be a f e c t l v e  In 

h through the 

rated a protect ive  

dp irradiation.  

uggested that 

p9rh.p. baty l  r&err?hbl c o d d  be. urrod to potent iate  t h e  ther- 

apeutic e f f e c t s  03 I tran8fuaed-born marrow given a f t e r  irradi8- 

t i o n .  

"* J 

-64- 

OP131487.063 



preliminWY exp. r iaent r  in t he  form of 30&p l e t h a l i t y  

rtudf.8 carried Out. F e u l o  RF Pice (approximately 

30 t o  a ~ o u p )  a g ~ d  80 &ys were given whole body X irrrdi.8- 

tion a t  ~ e v @ M 1  do.. l e ~ e l a .  

uradi8ted 8t each doso l e v e l .  

F ive  group6 of 8nlolrls were 

One group a t  each dose wan kept 

control ,  8nd 08Ch of the other group6 rrrs given 8 d i f -  

ferent p w t  i r m d i r t i o n  treat-nt. The d i f f e r e n t  treatment 

rch08eP are i n d i c r t e d  in T8ble 1. 

The r e o u l t r  8t  t h e  variou6 dose l e v e l s  vrried conaid- 

ably, from shoring j u s t  a l i t t l e  p r o t e c t i v e  effect to 

u r k e d l y  effective r e s u l t s .  Table 1 o h w s  the  r e s u l t s  in 
-4 

the  m o a t  succesofu l  experiment, 8nd are u u f f i c i e n t l y  encourag- 

ing t o  warrant further invea t ig r t ion .  The v a r i a t i o n  in 

reaulta is somerbat disturbing, but  apparent ly  lack of re- 

producibi l i ty  is a werkneas in many r a d i a t i o n  p r o t e c t i v e  

mxperiments reported in t he  l i t e r a t u r e .  
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TABU 1. B 8 t y l  Alcohol a8 Protection against Irradiation 

survival him818 
Treatment (NO.) survival ($1 Group 

I 525 r X Irradiation 

I1 525 r + corn oil 

27 

25 

0 

2 

0 

a 

111 525 r bone marrow + 
27 3 11 corn o i l  

IV 525 r + baty l  alcohol 8 29 
i n  corn oil (25 ag/day) 28 

V 525 1: + bone marrow + 
batyl alcohol i n  corn 
oil (25 mg/day) 27 14 52 
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In t roduct ion  

In v i e r  of t he  kidney damage seen  after adminis t ra t ion  

of ethylsnedlrmine tetraacetic acid (EDTA), it was decided 

t o  carry out  s t u d i e s  t o  determine t h e  nephrotoxfc p o t e n t i a l  

of diethylenetr iamine p e n t r a c e t i c  acid (DTPA), a compound 

with  related s t r u c t u r e  and ac t ion .  Both compounds are of 

considerable c u r r e n t  i n t e r e s t  as c h e l a t i o n  agents f o r  

enbsncement of e l imina t ion  of radioisotopes from t h e  body. 

Methods and Resul t s  

The s tudy  was carried out in a manner similar t o  an 

e a r l i e r  one wi th  Ca EM'A (1). Yale Sprague-Dawley ra ts  were 

injected i n t r a p e r i t o n e a l l y  a t  va r ious  dose l e v e l s  t o  30 t o  

100 mg/kg, d a i l y  for 16 days, w i t h  a n e u t r a l  so lu t ion  of Ca 

DTPA conta in ing  1 per cent  procaine.  A t  that time t h e  a n i -  

m81s were sacrificed and pieces of kidney were f ixed  in 

10 per cen t  f o r u l i n .  Tioeues were 81sO taken for  frozen 

section. Fixed t i s s u e s  were eventua l ly  stained w i t h  hem- 

8tOXylin and e o s i n  and by the  periodic acid-Schiff's procedure. 

The f rozen s e c t i o n s  were s t a i n e d  w i t h  oil red 0 for f a t .  
-., A comparison of t h e  kidney changes caused by DTPA With 

those of EDTA is d i f f i c u l t  because of the'apparently d f f f e r e n t  

1 0 5 4 5 5 b  
-67- 



leaions caured by t h e  two drug.. 

scribed (l), produces a r e v e r s i b l e  osmotic nephros is  which, 

EmA, as  proviou8ly ds- 
..e.. 

when g iven  in large c o n c e n t r a t i o n s  and over long periods of 

time, can  p rogres s  fa ta l ly .  i n  EDTA poisoning t h e  proximal 

nephron is affected by i n t r a c e l l u l a r  d i s t e n t i o n  caused by 

water. The water sirnulatea v rcuo lea  i n  appearance,  since 

it  8 C C U 1 ~ U l a t 8 8  in varying sized droplets between the cyto- 

p lasmic  g ranu le s  and is u n s t a i n a b l e .  When t h i s  d i f f e r e n c e  

1s s e v e r e ,  t h e  c e l l u l a r  walls r u p t u r e  and t h e  t u b u l e s  are 

found f i l l e d  w i t h  amorphous debr i s  and l i n e d  by cel ls  which 

have only  occasional n u c l e i  and occas iona l  wisps of remain- 

ing ce l l  w a l l .  DTPA, on the  other hand, produces a “hyal ine  

- . ranular”  type  of lesion in 811 of t h e  animals s t u d i e d ,  even 

a t  v e r y  low doses. Accompanying t h i s  hya l ine  droplet change 

(Pig,  l) ,  t h e r e  is a cytoplasmic  shedding which leads t o  

format ion  of l i g h t  heaarrtoxylin8philic, amorphous casts. True 

cy toplasmic  vacuo l i za t ion  and r u p t u r e ,  as seen  in the  EmA 

kidneys, doe8 n o t  occur u n t i l  ve ry  high do686 8re given 

(500 ag M’PA/kg). 

DTPA, t h e  hya l ine  droplet change is apparent ly  Suppr688ed. 

When theue  vacuol8r  ch8nge8 8r0 seen with  

The hya l ine  droplet is d e s t r u c t i v e  i n  its own r i g h t .  Aa 

the  aqueous vacuoles  in EDTA r u p t u r e  cells, so do t h e  larga 

hy8 l lne  droplets  C 8 U 8 e d  by t h e  r e l a t i v e l y  l o r  doses Of l lTpA 

(Le. t h e  la0 t o  2x) m g / k g  range ,  see Fig. 1) . The c l i n i c a l  

-68- 1 0 5 4 5 5 1  
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Fig. 1. Histopathological effects of I3TPA. 



fapOrt8nC. Of thoro -0 typ.8 O f  0 8 8 0 t i C  nOphr08f8 18 d ~ b r t -  

8 b h .  There i 8  BO doubt thrt tho V ~ C U O l a r  tyw C8n 80riOU817 

interior.  with ron.1 function, 

tiom aa8oclrted with the hp8line granular type have not as 

p e t  been recorded, t h i r  lesion would appe.r potent ia l ly  to bo 

8erIOu8 in vier of tho widespresd tubular degeneration, 

obcrtructlon, 8nd nocr08is. 

While cllnfcrl larnffecrtr- 

Roforonce 

(1) E, Foroman, C, Plnnegsn, 8nd C. C. Lwhbrugh, J, A, 
Y. A. - 160, 1042 (ISM).  
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t i on  a a  
MM (C. R. Richmond) 

fn t roduct  ion 

Much of t h e  data incorporated i n t o  c a l c u l a t i o n s  of maxi- 

mum permissible concent ra t ions  of rad ionucl ides  in man and 

in a i r  and water are obtained from small mawals. Usually 

the data a r e  s u b s t i t u t e d  d i r e c t l y  and seldom are they extrap-  

olated on t h e  basis of interspecific metabolic o r  physiologic  

cor re la t ions .  

t o  i nves t iga t e  the comparative r e t e n t i o n ,  excre t ion ,  and 

This study is p a r t  of a general program designed 

absorption of r8dlonuclideo i n  s e v e r a l  species of mammrls 

by whole body in vivo radioassay techniques.  Data are Obta ined  

from man whenever p rac t i cab le .  Although these r e s u l t s  were 

reported earlier (l), the presen t  r e p o r t  includes some exten- 

sion of t h e  data and addf t iona l  i n t e r p r e t a t i o n  w i t h  regard 

t o  interspecies c o r r e l a t i o n s  . z 

Methods and Resul t s  

Urge volure l i q u i d  s c i n t i l l a t i o n  detectors were used t o  
86 measure whole body r e t e n t i o n  and exc re t ion  of No2', Rb 

and CS 13* or ~e 137 in 5 species of mammals after acu te  o ra l  

or paren te ra l  adminis t ra t ion  of 0.1 t o  1.0 wc doses. S ingle  

or m u l t i p l e  component exponent ia l  func t ions  of t h e  form 

f Q 5 t r S b l J  -71- 



best fit thm whole body r e t e n t i o n  data. 

F i g u r e s  1, 2, and 3 show families of r e t e n t i o n  func t ions  

of radiosodium, r a d l o r u b i d i u a ,  and r ad ioces iua  f o r  t h e  species 

s t u d i e d .  The area under each curve ,  which is propor t iona l  t o  

t h e  number of d i s i n t e g r a t i n g  atoms and therefore related t o  

dose,  i n c r e a s e s  from mouse t o  man f o r  a l l  3 rad lonucl ides .  

Parameters of t h e  r e t e n t i o n  f u n c t i o n s  of t h e  3 radio- 

n u c l i d e 8  for  t h e  5 species are given  In Table 1. These values  

were determined by t h e  somewhat s u b j e c t i v e  method of graphic 

a n a l y s i s .  

machine method which performs i t e r a t i v e  least squa res  f i t t i n g 8  

t o  8 sum of exponen t i a l s .  

The or ig ina l  data are now being analyzed by a 

In man, t h e  mean biological half-time of t h e  longes t  c m p  

13* or nent was -100 days f o r  Rb , and -140 days fo r  Cs 86 

137 CS These coraponeats r e p r e s e n t e d  -99 per c e n t  of t h e  t o t r .  

8f88 under the  composite r e t e n t i o n  func t ions .  Most of t h e  

N822 admin i s t e red  t o  man is r e t a i n e d  w i t h  a b i o l o g i c a l  half- 

time of -11 days. 

the r e t e n t i o n  func t ion  (90 per c e n t )  is con t r ibu ted  by t h e  

first 2 components. The longes t  component (-445 days in m n )  

r e p r e s e n t s  only about 0.3 per c e n t  of t h e  i n i t i a l  dose, y e t  

Consequently, mort of the  t o t a l  area of 

I O S 4 5 b  I 
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10 20 3 0 4 0  30 60 to 80 90 1 0 0  
TIME AFTER ADMINISTRATION (DAYS) 

Fig. 2. Psttern of Rbs6 retontion In five 8 V C i 0 8  of 8nIlufr. 
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it ,ccounts f o r  -10 per cent of t h e  total  a rm.  

ing 
,,ad points out  t h e  need for extremely s e n s i t i v e  de t ec t ion  

syetemm. The coaponents w i t h  r e l a t i v e l y  long half-tires 

observed for a11 aniol.18 given NaZ2 presumably r ep resen t  

slm exchange of bone sodium. 

Thi8 f ind-  

the need fo r  r e t e n t i o n  data over long periods 

The whole body is the  c r i t i c a l  organ for a l l  3 radio-  

nucl ides ,  

nuc l ides  i 8  e s s e n t i a l l y  100 per cent. 

c8lculated from human r e t e n t i o n  data, were 8.2 x log3 vc/psl 

for  Na22, 1.9 x loo3 p c h 1  for Rb8*, and 2.2 x IOo4 vc/ml 

G a s t r o i n t e s t i n a l  absorpt ion f o r  a l l  3 radio-  

Values for  (MPC),, 

137 for Cs . 
One of t h e  primary o b j e c t i v e s  of theue a t u d i e s  is t o  

look f o r  Interspecies c o r r e l 8 t l o n s  t o  provide a more sound 

brrris for ext r8pol8 t ion  of metabolic data from t h e  more common 

laboratory animals t o  man, In an earlier report, the biolog- 

ical hrlf-time BT1,2 ( fee . ,  the time required t o  e x c r e t e  t h e  

first ha l f  of an adminis tered dose) m s  shorn  t o  c o r r e l a t e  

with t h e  body surface area (SA) according t o  t h e  expression 

I n  tha present  s tudy,  t he  effective area of t he  r e t e n t i o n  

functloa ( i . e * ,  t h e  t o t a l  area under the  r e t e n t i o n  curve) for 

the 3 radionucl ides  i n  t h e  5 species wa8 correlated w i t h  t h e  

-77- 
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body roight (Fig. 4). 

iB8On8itivo to  flucturtiona of tb v.rirb10 p.raretar8, tb 

Although tho log-log plot I8 r o l 8 t l o o l ~  

dof in i to ly  8hOW t&t 8 X t r 8 p O l a t f O B  fr# 1W.r a n i w 8  t o  

man on the basim of tho relat ionship to  body wight  would be 

W0rO rcaurato th8n direct  8 U b t i t U t i O B  of tho V 8 l U O 8  Of 8ny 

of tho 4 othor 8p.cias. 

(1) C .  R .  Richmond, Rotention and m c r e t l o n  of  Radionuclide8 
of the A l k a l i  Metal. by Five M a n t i a n  Species, Loa 
Alar08 Sc lent i f  ic Laboratory Report LA-2207 (1958) 
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(C. R'. Richmond, J. E, 
Purchnor, rad G. A .  Trai ton)  

$ 
- 

Zinc is known t o  be an e r s e n t i a l  trace element. 

functions a. a promthetic group in enzymes concerned with 

p ro teo lp8 i s  and other8 concerned w i t h  gaaeous 8nd c e l l u l a r  

r e s p i r a t i o n .  

and In the func t ioning  of myelogenous bone marrow. 

It 

, 

Zinc may a l s o  participate In erythropolesfr 

5 Although d5 is no t  a product of nuclear fission, it 

18 produced v i a  neutron a c t i v a t i o n  In power r e a c t o r s  and 
65 - nuclear  d8tO!mtIO!LS. Consequently, small amounts of Zn 

hrvo boon detected in tho f lora  and fauna of s e v e r a l  areas, 

i n  fillout, and in commercial food supp l i e s .  zince5 has also 

people In the v i c i n i t y  of t h e  Hsnford works. 

tra obtained from s e v e r a l  cyc lo t ron  workers a lso show t h e  

pre8enco of ZnGS. 

t b  cyclotron 1)s r contaminant by t h e  (=1163(d,~n)~n05 reactfon. 

Gamma ray spec-, *- 
Prerumably, the  r r d l o z l n c  is produced i n  

Tbo preuence of Zne5 i n  food 8nd people as a coatrrinrrnt 

from nuclear  weapons tests, reactor e f f l u e n t s ,  and nuclear  

reae8rch opera t ions  motiv8ted this study.  

Yethodm and Reaul t s  

Abrorptlon, excre t ion ,  and r e t e n t i o n  of Zne5 were 8tudiW 

00 131 487.079 
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species of mammals by whole body radioassay techniques.  i n  
Biological r e t e n t i o n  func t ions  obtained by these procedures 

following s i n g l e  acute  O r a l  doses ( 3  1 JAC) of Zn65C12 can 

expressed as COlPPOSi te  exponent ia l  f u n c t i o n s  of t h e  form 

Retention curves f o r  mice, rats,  dogs, and man (2 s u b j e c t s ) ,  

calculated from t h e  equat ions  i n  Table 1, are shown w i t h  the  

r e t e n t i o n  va lues  in Fig. 1. These equat ions were 

determined by a computer method which gave the  bea t  f i t  t o  t h e  

)xperimental data. Equations 4 and 5 (Table 1) rep resen t  data 

obtained from 2 normal men for per iods  of 12 and 15 months, 

respectively. 

u n t i l  low a c t i v i t i e s  preclude f u r t h e r  measurements. 

: v 

- 

Changes in Who18 body a c t i v i t y  w i l l  be followed 

Table 2 g ives  the  parameters of t h e  e f f e c t i v e  r e t e n t i o n  

function for mice and the  area under each exponent ia l  func t ion  

contributing t o  the over -a l l  loss from to t o  t 33 . 
is proportional t o  the number of d i s i n t e g r a t i n g  a t o m  and is, 

therefore, related t o  dose. 

equilibrium condi t ions  were established dur ing  chronic  8XPOS- 

me, about 52 per c e n t  of t h e  Zn6’ atoms in t h e  mouse would 

The area 

Table 2 also shows tha t  if 

be loat w i t h  an e f f e c t i v e  h a l f - t i m e  of -91  days. A comparison 

of t h e  t o t a l  effective areas under the r e t e n t i o n  func t ions  for 

a r b u s  Species is shown in Table 3. Most of t he  a rea  under 

00 1 
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TABLE 2. "Effectiven Aroa8 under 4 Cwponenta of Cmposite 
Retention Function of ZneS Administered Orally 
t o  Mice 

- 

(% days) Total Area Compoaen t 

1 

2 

3 

88.82 0.30 2.3449 

11.19 11.55 0.0600 

1.84 91.18 0.0076 

37.5 

186 . 4 
239.6 

8.09 

40.22 

51.69 

.$ 

t 0 5 4 5 1 2  

00131487.083 



TABU 3. Total and Percentage " E f f e c t i v e "  Areas under t h e  
Compo8ite Retention Funct ions  of Zn 

65 Administered 

Orally to Four Mammalian Species 

8.09 

4.01 

0 .77  

0.07 

0.14 

40.22 

22.23 

2.38 

4.10 

0.69 

51.69 

73.77 

96.84 

95.83 

99.17 

464 

1308 

5465 

16131 

11337 

* LC i n d i c a t e s  laboratory  case. 

1 0 5 4 5 1 3  -85- 



e8ch r e t e n t i o n  func t ion  is related t o  t h e  component wi th  the 

1 0 5 4 5 1  

longes t  half-time. 

mice and man (25 t o  35 fo ld )  is t he  r e s u l t  of the  greater 

The d i f f e rence  in e f f e c t i v e  area between 

g a s t r o i n t e a t i n r 1  uptake and t h e  increased r e t e n t i o n  time of  

the  latter. Figure 1 shows t h e  whole body r e t e n t i o n  function8 

for the  4 species and suggest8 tho  p o s s i b i l i t y  of heterogonic 

re la t ionships  between to t a l  e f f e c t i v e  a rea ,  i n t e s t i n a l  uptrke, 

and size of t h e  species. L 

Figure 2 sholre t he  r e l a t i o n s h i p  between body weight of 9 

the  s p e c i e s  and uptake (amount re ta ined  a t  2 days) ,  as w e l l  

as t h e  r e l a t i o n s h i p  of body weight t o  t h e  e f f e c t i v e  area of 

t h e  r e t e n t i o n  func t ion ,  An i n t e r spec ie s  correlation between 

these parameters and body weight seems t o  e x i s t ,  and t he  

e f f e c t i v e  area (Y) in terms of the  body weight (W) is givcba". 

by t h e  expression 

li 

- 

0 , 3977 Y - 146.0 X 

Although 8 log-log r e l a t i o m h i p  is insenuitive,  human metabol 

p8rameters der ived  in t h i s  wry should be pre fe rab le  t o  expert 

mental animal da ta  for  c a l c u l a t i o n  of maximum permissible let 

of rad io iso topes .  

Tieuuo d i s t r i b u t i o n  s tud iea  in rats showed tbat the  104 

65 

However, because the b io log ica l ly  effec 

component of the  r e t e n t i o n  funct ion represpnted loss of Zn 

from bone and hair. 

4 

00131487.085 
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be conridered a8 tho critical organ. 

recowended u x i m u m  p01ml88iblO concentrations of Zn6’ i n  

water, (YPC), with thoae calculated from the present data 

for man im ahom i n  Table 4. 

from uming the  parawterm from the  long component only (c) 

and thoae for a l l  3 components (d ) ,  

A comparison of prerently 

The t w o  values for -resultad 

The ratio of c to d 

(-1) is the same aa the ratio o f  the area under the long 

component t o  the total  area (Table 3,  a. 
i 
i 

I 

-88- 
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TABLE 4. Maximum Permiamlble Concentrations of Zn65 in 
Us tor (ME) '1 (a) 

I- 

fm (1952) 23 21 0.10 0.10 2.6 x loo2 
ICRP (1959) 933(b) 194 0.10 0 .10  2.8 x 

445 157 0.50 7 . 0  lo4 
1.00(~) 7.0 

md1 
rn 

445 157 0.69 

9.2 f2 

4.603t/T) Crit ica l  organ = whole body; a 

q - 60 (LC. 

( y p c ) ~  T f ,( l  - e 

bColculatsd value. 
-0.693t Denominator of (m), equation - f, C 

dLC indicatem laboratory case 

-89- 
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A .  

M l d  lo6 iB mmmaIs (c. R. 
Richmond, J. E. Furchner,  and G. A .  Tra i ton )  

In t roduc t ion  

ZirconiwagS, R U ~ O ~ ,  and ~e 144 are rad ionuc l ides  formed 

in r e l a t i v e l y  high y i e l d  in t h e  nuc lear  f i s s i o n  process. 

ZirconiumgS/Nbgs and Ru106/Rh106 have been i d e n t i f  i e d  i n  

animal t i s s u e s  and foods by gamma r a y  spectrometry.  

Cer iua  144/Pr144 has been found in the  rumen c o n t e n t s  of rnf- 

asla and p o s s i b l y  in some foods. Although they are known t o  

be poorly absorbed, t h e  i n c r e a s i n g  presence of these r e l a t i v e l y  

sho r t - l i ved  r a d i o n u c l i d e s  i n  t h e  environment s u g g e s t s  t h e  

need f o r  f u r t h e r  i n v e s t i g a t i o n  of their absorption, r e t en t ion ,  

and e x c r e t i o n  by laboratory animals  and man. 

Methods and Resu l t s  

A m u l t i p l e  tracer experiment u s ing  ~ r ’ ’ / ~ b ’ ~ ,  RU 

and Ce 144/Pr144 in r a t s  provided pre l iminary  inforIImtion On 

g a s t r o i n t e s t i n a l  absorption. About 3.9 per c e n t  of t h e  

zirconium, 1 .S  per c e n t  of t h e  ruthenium, and about  0.6 per 

cent of the  cerium remained i n  the  animals  on the second dry 

fo l lowing  ora l  i n t u b a t i o n .  

some d i f f e r e n c e s  in e x c r e t i o n  rates as w e l l  as gas t ro in t ee -  

tinal a b s o r p t i o n ;  however, t h e  former is r e l a t i v e l y  un- 

important i n  determining t h e  observed va lue  because of the 

lo6/Rhlo6 

These numbers probably reflect 

-90- 
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period of observation. When adminis te red  o r a l l y ,  such 

o ~ l l  f r a c t i o n s  of these subs t ances  are absorbed from t h e  

g a s t r o i n t e s t i n a l  tract that t h e  r e t a i n e d  a c t i v i t y  soon f a l l s  

mlm the detectable l i m i t s  of most measuring techniques.  

For this reason ,  t h e i r  r e t a n t i o n  i n  rats and mice waa 

studied after i n t r r p e r i t o n e r l  a d m i n i s t r a t i o n  of the radio- 

,uclides. 

after o r a l  and i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  of Zn6’, Sr 

and Ba133 are t h e  same if corrected for the q u a n t i t y  n o t  

absorbed from t h e  g a s t r o i n t e s t i n a l  tract . 

We have found that whole body r e t e n t i o n  f u n c t i o n s  

, 85 

Figure 1 shows whole body r e t e n t i o n  data for -140 d a y s  
1 in 2 groups of rats i n j e c t e d  i n t r a p e r i t o n e a l l y  w i t h  tracer 

doses of Ru106/Rh ‘06 and ~ r ~ ~ / ~ b ~ ~  and assayed per iodical ly  

in an i n  v i v o  s c i n t i l l a t i o n  counter .  

half-time of t h e  long  component of these materials will be 

considerably greater thaa i n d i c a t e d  in t h e  National Bureau 

of Standards Handbook N o ,  69, 

col lected for  mice, rats, dogs, monkeys, and poee ib ly  man 

following a c u t e  oral  a d m i n i s t r a t i o n  for  purposes  of i n t e r -  

species comparisoas . 

I t  appears t h a t  the 

Data are being or rill be 

Daughter products  from Ce144 and Ru ’06 do not  complicate  

retention s t u d i e s  because of their  short  hp l f - l i ves .  Because 

14bg5 has a half- l i fe  about  ha l f  that of its pa ren t  (Zr”) ,  

‘ j  the r e t e n t i o n  and e x c r e t i o n  of Nbg5 are a l so  being s t u d i e d ,  
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A f r S 8  
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i At (DAYS) 
P i g .  1. Whole body rateation of intraparitoneally adrinfrtard 

Ru106/Rh100 and Zr 9 5 ~ B 5  by rats. I 
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designed small animal l iquid scintfl lation counter’, A ne 
L A s c - l I I  (Lor Alar08 Small Animal Counter I f l ) ,  will be 

,ore sensitive t o  relativelp weak gamma radiations than the 

couaters current ly  in use. 

Ce 144/p,144 and other rad ionuc l ides  with low energy gamma 

rrdiations will be invee t lga ted  in small m a m m 8 l o  using t h i s  

equipment. 

Whole body retention of 

1 8 5 4 5 5 3  -93- 



V I  
1 (C. R. Richmond, 
T. T. T r u j i l l o ,  and f ,  E. Langhro) 

In t roduc t ion  

The k i n e t i c s  of body water r e t e n t i o n  were s t u d i e d  ih a 

7 mrmmalian species as part of a general program t o  inves- 

t igate interspecies c o r r e l a t i o n s  i n  t h e  metabollsm of radio-  

n u c l i d e s  by m a m m a l s .  

Methoda rnd  Re8ul t s  
b. 

T r i t i a t e d  water was used as the  tracer. Table 1 g i v e s  
h t he  de ta i l s  of t h e  i n d i v i d u a l  experiments.  To determine 

t o t a l  l o s s  (or replacement)  of body water per u n i t  time, one 

must know t h e  size and tu rnove r  time of t h e  body water pool. 

These parsmeters can  be determined from the  Y-intercept  and 

the  half-time of t h e  r e g r e r a i o n  func t ion  which relater 

logarithm of H"0 concen t r a t ion  i n  body water t o  t i m e  a f te r  

8dmln i s t r8 t ion .  Table  1 also summarizea t h e  r e s u l t s  for 

half-time rnd body water for t h e  va r ious  species. 

t i o n  procmm f o r  a l l  speciee (throughout t he  period of study) I 
111.8 best dercribed by a sing10 exponent181 f u n c t i o n .  D8ta 

for Dipodomya de8erti (IUngaroo r a t )  are inc luded  aa the80 

rnimalr are atypical a. regrrdr rater metabolism. 

ca.88 where comparisons can be made, i n d i v i d u r l  Value8 f n  

I 
i 
i 
I 
1 

The reten- 

For thoro 

I O 5 4 5 8 2  -94- 
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* - - - 
Table 1 (columna 6, 7 ,  and 8 )  agree rearonably w e l l  with 

e x i s t i n g  data 
* 

Figure I show8 an  allorctric r e l a t i o n  between d 8 i l y  bodyr 

mter loss and body weight .  

fo r  t h e  regroeaion l i n e  im 0,996 and t h e  95 per  c e n t  confidencr 

l i m i t 8  are ahom for t h e  p lo t t ed  mean va lues .  Ungaroo rat8 ~ 

do not f a l l  w i t h i n  t h e  95 per c e n t  confidence l i m i t s  of t h e  

r e g r e s s i o n  l i n e .  The rate of body water turnover  is about 

one- th i rd  that expected froa t h e  r e g r e s a l o n  l i n e .  A mean 

half- t ime of -12 days fo r  body water r e t e n t i o n  (Table 1) ta 

i n d i c a t i v e  of t h e  high degree of mter conserva t ion  p r a c t i c o h  

by these animals .  Adolph (1) reported a regression coefficimv 

of 0.88 for  an i n t e r s p e c i f i c  comparison of d a i l y  water i n t a k i  

as a f u n c t i o n  of body weight .  

Tho c o e f f i c i e n t  of c o r r e l a t i o n  

* 

4' 

Although t h e  volume and turnover of body water may vary 

markedly among species, theso factors can be used t o  d e t e r r i n i  

the  volume of d a i l y  l o r8  which is related f n t e r s p e c i f i c a l l y  

t o  body weight.  One should be ab10 t o  estimate f a i r l y  

8 c c u r 8 t e l y  the  turnover  time of body water for  many r n 8 m m 8 l i 8 U  

species by using t h i s  equation and assuming t h e  body water t o  

bo 60 per c e n t  of t h e  body weight. For example, t h e  turnover  

time for a 10-ton o l e p h m t  would bo 8bout  25 day8. 

ropremntm 8 biological half-tirno of 8bout  17 drryr. F'iguro 2 

show8 8 p l o t  of t h e  log of tot81 body mter of the  V a r i O U 8  

This  
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,peci- as  8 function of the log o f  the body s o l i d s .  These 

&ts merely show th8t tho ratio of Water to solfds is a 

conrant for tb. 7 Species  and s h m  that  the degree of hydra- 

tion of the t f 8 8 U 8 8  Of th0 K8ng8rOO rat is quite  norpl.1. 

TbiS eaphr8iz.S the known fact  th8t tho unusual a b i l i t y  of 

t h i s  spcies to  l i v e  in the desert involves a spec ia l  adapta- 

t ion of the kidneys for the conservation of water, 

Reference 
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CBAPTER 3 
:- 

140 Monit0ri-f 8nd 181140/L. 
(8. Clinton, J .  A l l en ,  and E .  C .  Anderson) 

Introduction 

.a 

A projoct to  monitor sp8tamatically tha U. S. powdered 

milk supply for CBl3', 9'0, and Gxa/L8'M rrrs begun i n  

1956. 

includad to g i v e  more coPrplete coverage and to provide 

inform8tion on 8p(bcific ques t ions .  

During 1 9 5 7 4 9 5 8 ,  addition81 c o l l e c t i o n  stations were 

The network of collection 

stations as of the present  tima l r  shorn i n  F i g .  1. 

tiona of the 1959 data are being published q u 8 r t e r l y ' i n  the 

Tabula- 

New York Health and Safety h b o r a t o r y ' s  Strontium Program 

report!# (1-4)* A complete tabulat ion of 1958 data wa8 

Publiahed in 8 Log Alamoa Scientific Laboratory report (51, 

1 0 5 4 5 9 1  
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S,,,mary and i n t e r p r e t a t i o n  of 1958 r e s u l t s  have not been 

published, a l though p e r t i n e n t  conc lus ions  drawn therefrom 

~ v e  been made knom through d i s c u s s i o n s  and correspondence 

w i t h  interested People and agenc ie s .  

providing c o n t i n u i t y ,  the  p r e s e n t  report Includes d i s c u s s i o n  

of r e s u l t s  Obt8ln8d p r i o r  t o  t h e  present  report period and 

so00 r e v i e r  of past reports and of t h e  1958 r e s u l t s .  

I n  t h e  i n t e r e s t  of 

Re8ult8 and Discussion 

An earlier i n t e r p r e t a t i o n  of 1957 Cs137 l e v e l s  in U. S. 

powdered milk as a func t ion  of r a i n f a l l  ( 7 )  showed t h a t  t h e  

country could  be d iv ided  into two w e l l  de f ined  r eg ions .  

(in which t h e  Cd37 per inch of r r f n f r l l  w8u high) inc luded  

the  weetern and n o r t b e s t e r n  and far  nor the rn  states, and the 

o t h e r  (with l o r  Cs137 values)  inc luded  t h e  southern  and 

e s s t e rn  states. In t h i s  a n a l y s i s  of t h e  data, a l l  samples 

showing the  presence of Ba140/l.a140 were e l imina ted .  

Figure 2 show8 8 r e -eva lua t ion  of t h e  1957 data on t he  basis 

of t o t a l  p r e c i p f t o t f o n ,  including a l l  samples. In t h i s  case, 

Of course ,  t h8  averages  are somewhat h igher .  Div is ion  of t h e  

Country grossly i n t o  two more or  less w e l l  def ined  regions 

s t i l l  persists. 

especially in C a l i f o r n i a ,  however, seem t o  f a l l  i n t o  an 

intermediate region . 

One 

Values in some of the  western states and 

High t roposphe r i c  f a l l o u t  anomalies 

il 
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by B l s u r c k ,  North Dakota, and Idaho Falls, Idaho. 

I,, tmse cases, p r e v r l l i a g  winds are from the  gene ra l  direc- 

tion of t h e  Nevrdr T08t S i t e  favoring high tropospheric 

f r l l o u t  . High r a i n f a l l  anomalies a l s o  occur (YcYinnvllle, 

Fernbridge, C a l i f o r n i a ;  and LaGrange, Texas) . Them 

high local r8inf.11 area8, where t o t a l  precipi ta t ion is 

con~iderably  hfgher than t h e  average for the general region 

io which t h y  occur. 

cS137 i c t i v i t y  per inch  of p r e c i p i t a t i o n .  

near the d i f f u s e  or I l l -de f ined  borders of t h e  two general 

region6 may be expcted t o  show up as t r a n s i t i o n  anomalies. 

Only one such anomaly (St, Albans, Vermont) is Indicated by 

tho 1957 data. 

Thl8  r e s u l t s  in r e l a t i v e l y  lower 

~ o c a t i o n s  or areas 

Figure  3 8 h o n  a correaponding treatment of the  1958 

milk data. The general p i c t u r e  remains the same as that 

for the  1957 rebultb, with perhaps a solerht greater scatter. 

werter scatter may have r e s u l t e d  from a number of f ac to r s .  

Th. 1958 bomb t e a t i n e  prograas were unusually large and spread 

out Over 8 greater period, and f o r  t h e  first ti88 large 

89omt8 of debris were i n j e c t e d  i n t o  t h e  envi ronrent  a t  far 

aorthorly l r t i tudem.  

introduced t o  r e p r e s e n t  polrsible transition IrnomalieS . 
NOW milk sampling s t a t i o n s  a l so  were 

Of t h e  a d d i t i o n a l  s i tes included during 1958 were chosen 
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to li. gmographically .long the bouncl8ry bmtwoen the two 

r&Oo8 &flmd by tho 1957 8tudlO8 (including Sfbley, 10~8;  

Cf.romont, Yinno8ok; Doorfield, Wirconain; 8nd Andover, 

flu88CbIWOtt8), .ad tho80 indoed 8hOW 8 O  intermediate r r t i o  

m13' to  precipitation. 

their rom~ective main regions: 

yinnoaota, and Bottineau, North Dakota, In the region w i t h  

mid811 of high 8p0cif IC 8 c t i v i t y ,  and Bloomington, I l l i no i8 ;  

lmc88tor rad Springboro, Ponn8~lvrni8;  Binghrrtoa, New York; 

Otbr new point. f 8 l l  i n t o  

Bertha and Stillwater, 

l i lkeaboro,  North Carolixh, in t ho  roglon w i t h  lower 

The high r 8 i n i r l l  8 n o u l i e s  -if ic r c t i v i t y  r 8 i n f a l l .  

,#in 88 before. 

--latent w i t h  the much lowr BalM/Lilrla l o r e l a  during 

a l a  year, 8nd perhap8 con818teat with the f8ct that the 

1858 R a m &  te8t8 uer8 h . ld  l8t.r i n  tho pear 8nd tmdm 

coedition8 that minirisod trapomphoric contamination. 

No tropompherfc 8 n o u l l e s  were obmerved, 

A cwp8ri8on ktwaea t h e  atorage d3' milk level. f o r  

lSb7 and 1958 I8 glvon in P i g .  4. Many region8 8th-d l i t t l e  

Or no Cbnge,  while other8 rppoared t o  b v ~  incre88.d 30 t o  

80 p.r cent .  

ma... No conclumlona concorning direct versus ind l roc t  

Only four out  of 30 point. shared 8 a l i g h t  de- 

c 
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,colQgical upt-0 can be derived from this comparison, since 

both the in t eg ra t ed  level and rate of f a l l o u t  increased  

~ l o a r l y ,  -nY Of the milk samples fa i led  t o  rise as much 

19% by about 40 per c e n t  above the 1957 l e v e l .  

.rp.ct~d On eithor bral8. 
1 

Figure 5 ahom 80 8 n 8 1 0 g O U 8  cmparison of the C ~ I ~ ~ ~  in 

pop10 for 1957 and 1958. While there is considerable 

of 30 p r  cent  or so, as in the  case of the milk samples. 

n o  four New Mexico po in t8  refer t o  q u a r t e r l y ,  rather t h a n  

rmar~y, averagem 

- Figure 6 g ives  t he  r e l a t i o n 8 h i p  between t h e  Cs137 in 

p p l o  with that in milk from the  same genera l  area for t h e  

year 1958. Again, the New Mexico averages are by quarters. 

3ow of the  scatter is c e r t a i n l y  due t o  f a i l u r e  of t he  milk 

8ource1 t o  correopond wi th  the  population sample or (as m8y 

** th. C&8e With mB8.8, Y % 8 8 0 W i j  tho  SOuthOrSt, and 

'Oregon) too  few warureunt8 on peoplm t o  provide a represent -  

8 t i V O  8 u p l e .  "hare tm no systematic program for-measuring 

d3' &ova18 i n  tim populat ion.  sampling conaiats only of 

th. occrriolul Loa Alamoa visitor rho agreom t o  being 

-8mur.d. Ths 810- of t he  curve again suggomtr a d i s c r i r i n a -  

t h n  fac tor  of about 2 for cesium t o  potasmiurn on goiw fr- 

ilk t o  man* Am concluded frcm the 1957 r e8u l t8 ,  roughly half  
c 

;k 
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the Cs 13' in  people appears 

s i n c e  t h e  1939 r e s u l t s  

a n a l y s i s  is not  p#8ible a t  

iaary summary can be gfven. 

t o  be derivod from  ilk. 

are not y e t  complete, 8 d . w d  .- 
t h i s  time. However, a prallm- 

The t rend  of Cs 137 concon&- 

t ion  l a  milk w i t h  time for a few r ep resen t8 t iva  locrtioar ir 
8 h m  In Figs. 7 and 8 .  The amount of structure is rurpri8- 

ing for a pariod during which thoro  rrs no t r o p o s p h u m  4 -  

contamination becruse of tha test moratorium. 
4 

~ 1 1  8tatiolf$- 

show a sharp peak In milk d3' a c t i v i t y  near midyear 

show two peak;., one during e a r l y  spring  and another  durlry 

the oarly auuaer. A t  leaat the. posolble  factor8 can ,- . 

c o n t r i b u t o  t o  the o t ruc tu ra :  (a) ecolOgiC81 (0.g.) O r r e  

of t he  COWB' fodder, o i l a g e ,  graze, etc.);  (b) preCiplktlOl I . .  

p8ttems Influencing depmition of f a l l o u t ;  and (c )  000- - 

uniform tramport from t ~ t r 8 t O 6 p h O r O  t o  troposphere. Aa _ -  

attempt is k i n g  ~ a d o  to separate and i d e a t i f y  th. irpmP& 

* 

It i n  I n t e r e s t i n g  that 1959, the first year w i t h &  

concmntr8tion8 pe t  observed in milk fraa 8ever81 loccrti&-. 

Tha high p e k .  in May (e.g., Burlington, Washington, and; 
B 

Fr8nklin, Loui8iana) m y  k 8 dolayod r e f l e c t i o n  of thr, 

inject ion of larga amount. of c o n t a r i r u t i o a  a t  far nort-: 

-114- 

00131487.113 



1959 

Fig* 7 .  in milk versu date (1959) 
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sppc?ric - Area (8 .  E. Cl inton  ana PS. G. ~ador.8oo) 

In-troductlon 

A 8  mntioned i n  a p r e v i o u  paper (11, corre lat ion of  

Col3' lovols i n  peoplo with tb l 8 v e l s  i n  milk for the couILft 

ill l ' l  in geaeral, do not c o w  f r a  tha ident i ca l  area i n  which f h  

b v o  bwn ude of the ireash ri3k pmduction of three =$.or) ..- 

dairfea in the Albuquerque area over the same period. Th. -: - -  

correlation between theae data should be conaiderablg. kt- 

and 8 m o r a  dOt8iled PmljySi8 h88 hrra made. 

Ikcrramo of ahort-tern variation8 In the milk sampler 

l and iodlrldurrl variation. in people, the data have boen 

tho  upper curve giving tho r e s u l t s  far people, tho lower cur 

tbat far milk. The number of moa8urownts contributing to 

the avemgo are indicated i n  parenth0808 near each point.  iijll 

00131487.1 17 
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* 
For both people and milk t h e  l e v e l  has r i s e n  slorly and 

I 

F 
i 
! 

i 
I 
I 

! 

? 
1 

irregularly over t h e  period of observation, a t  averlrge r a k t  

of 10 and 5 pbc Ca/g K per year, r e spec t ive ly .  The pronouaca 

pea- i n  the  milk a c t i v i t y  are due, in part t o  in tense  trop- 
140 orrpheric f a l l o u t ,  as shorn by t h e  presence of 13rlam 

8 c t i v i t y .  In 8ddi t ion ,  a seasonal  p a t t e r n  in t h e  mi lk  

8 C t f V i t y  is suggested such as might be expected from change. 

i n  the food sources  of t h e  herd,  A s o l e w h a t  similar, but  _ _  

less in t ense ,  s t r u c t u r e  is evident  i n  the data f o r  people.& s- 

A more detailed analysis of t h e  c o r r e l a t i o n  between m i l k  

and people is possible from t h e  data shown i n  Pig. 2, in Wbg8 

t h e  q u a r t e r l y  averages for people are plotted against t h e  + 

milk average for  the preceding qua r t e r .  Since t h e  biologia@ 
9 

h 8 l f - l l f e  of CE 13' in man is a p p r o x i u t e l y  four months, a ir(c 
- 

-?? of about  one quarter is expected for 8 product such as m i l k , *  

which is l a r g e l y  conrumed soon after production. The pointrrj 
4 1  

are numbrod 8nd connected i n  c h r o n o ~ ~ i c 8 ~  Iequeace. Of tq 
11 pointm, moton show an excellent C O f i O l 8 t i O l r ,  while four 

8cattor badly. Cl rofu l  aonr lde ra t ion  of thoro four pointr 

rory  rorealing and 8uggemtr a reamon f o r  t he  dlrcrepancy. 

Tho t w o  p o i n t s  f a l l i n g  below t h e  curve (point8 6 rnd 10) a r m  

a88ocirt.d wi th  m i l k  aver8ger for the t h i r d  qu8rtmrr of 19s 

and 1958, r e spec t ive ly .  Thero are tho  p o i n t s  shoring tho 

1 
: {  

f 
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-- 
leaat in part t o  t h e  United States' Operations Plumbbob and 

Eardttck). 

the a c t i v i t y  of t h e  people t o  rise propor t iona te ly ,  so theso 

periods f a l l  below t h e  curve. 

entirely t o  the milk being too high; tho a c t i v i t y  of tha 

people remain. nea r ly  normal because it has not had t i m e  t u  

rise before t h e  milk a c t i v i t y  r e t u r n s - t o  i t 8  former lower . 

l eve l .  A similar but smaller effect is a lso  t o  be noted in 

the t h i r d  quarter of 1956 (point  2).  

Tho d u r r t i o n  of the milk perk is too short  for  

The effect is due r l roat  

The most pronounced failure of people t o  follor a peak. 

i n  the  mi lk  a c t i v i t y  is in t he  t h i r d  quarter of 1957 (point 6 

In the second qusrter of 1958, h O W V e r ,  a peak occurs in the2 

a c t i v i t y  of people which is not  preceded by 8 milk peak i n  

t h e  first quarter (point 8 ) .  In fact, a t  t h i s  time the  milk. 

i n  one Of th. 888SOnSl depressions p r O V i O U 8 1 y  mentioned. ' 

T h b  8borr8at point is due almost e n t i r e l y  t o  the high human 

ValuO; ths-rrlrt i8  only s l i g h t l y  lower than might be expect 

"hi. perk in aotirity of people MY be arcribed t o  a delayed 

re8ponre to t ho  tropospheric f a l l o u t  and/or seasonal peak o f .  

th-OFa-8-r . Foodrtuif8 much a8' w8k,8nd Cere81 gr8i - .  3 
M Y  b W O  8 delay-Of am much 8. 8fX moatbt k t W U  malt Coat 

I .  

t i o o  md i t 8  rofloctaaca in tho  act iv i ty  of t b  c~aaumof. 

ririlarly climaerdant point for orrly 19S7 (poiat 4), thorof 

m8Y bo amcrikd t o  tho delayod rppaumco in pooplo of t h e  

1 0 5 4 b 1 0  
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aUr.r  p a k ,  couplod with the annual r i n t o r  &prammion 

In t h i u  cmm, the  two offocta appear tho miXk a c t i v i t y .  

to contribut* about equally. 

If tho .boo9 oxplanat ion8 are c o r r e c t ,  tho  high milk 

activity ob8ez-d in tho t h i r d  q u a r t e r  of 1958 should be 

followod by 8 8 b r p  p..L i n  t he  human a c t i v i t y  during tho 

,woad qurrter of 1959, in sp i te  of t h e  fact that tho t0.t 

m a t o r i u r  bema 8t  the  end Of 1958. Thi8 IS indeed the C 8 8 8  

i8 O V i d O n t  frW Fig. 1. t h i s  quarter, tho New 

mxico population average rerched an a l l  time high of 

79 pw d 3 ' / g  K. During the  t h i r d  quarter, t h i s  average 

411 t o  67, i n d i c a t i n g  the traasitory nature of t he  increase.  

A m i l k  poak warn also observed in m o s t  of t h e  United 

Stat08 during tho 8 u n o r  of 1959 (see following section on 

Correlation of Cs 137 rad SrsO Levels in Milk).  

w ~ ~ / u ~ ~  a c t i v i t y  accomp8nied t h i s  peak, it is not certain 

tht t h e  i nc rease  is due e n t i r e l y  t o  seasonal effects. T h i s  

While no 

w c o r k i n t y  is duo t o  the  unu8ual nature of the  weapons tests 

in tho f a l l  of 1958; that 18, tho ingec t ion  of large amounts 

of debris i n t o  t b  Arctic 8tratoephere in which an unusuallp 

Tho abovo exp l rna t iona  are admittedly ad hoc and crnnot 7 ,a 

I O S 4 b l  I 
-133- 

t ?  



RBpaRlWcB - 
(1) E. C. Anderson, Science E, a83 (1958). 

. .  - 

.. 

i O S 4 b t 2  

b z o w d o d  88 d e f i n i t i v e l y  provon by tho d8ta. 

t b p d o  present a consfs tent  p icture  alrd have the adv8ntage. 

of suggest ing further experimentation. 

illurtrae t h  complexity of the mituatioa and the necessity 

for aomgllate atudie8 on r t 8 t i s t i c 8 1 l y  rigaificrnt numbers 

of gWopb.&nd on tho ujor capomnt8- of t b i z  d i e t ,  in or 

t o v k  certain of the factors op.ra*in#. 

Howover, 

If true, they a180 

-124- 
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corr~lrtion O&" 8nd SzLeve18- (E. C. Anderson f i . Schu le r t ,  l t r ront  &~ologic81 Obsorv8tory) 

Monitoring tho Srm level8 in t h e  coun t r j ' e  =I lk  rupply 

137 
prforwd praprrstory to  lor l e v e l  bets counting. Cesium , 
on th. othor h n d ,  C 8 9  be e88i lp  and r8pidly dotermined with- 

out procem8lag by gamma ray apectrwetry w i t h  either 8 l i q u i d  

qc in t i l l8 tor  or 8 aodiuo iodide crystal counter. I t  is very 

therefore, t o  coalrider t h e  p o s 8 l b i l i t y  of e8tla18t- 

ing Sr9O concent ra t ion  from t h e  cs 13' 8XUlp818. 

8.428~88 of the  great cheulca l  d i f f e rence8  between r t ront ium 

rod cesium, it warn clear a p r i o r i  that c o r r o l r t i o n  between 

thoir lorel8 i n  oilk, i f  any, would not  be rigoroue and would 

k subject t o  8 number of v8r i8 t ions  ( including so l1  t ype  and 

capo l i t ion ,  n a t u r e  of forage eaten by t he  a i r y  herda, etc.). 

High praclrlon, howover, may not be r equ i r ed  f o r  sow monltor- 

ing problem,  8nd f r equen t ly  tho poin t  of p r i n c i p a l  Intereat 

i a  tho 8Ver8ge concent ra t ion  of t ho  r8dlorctive nucl ide over 

8 12-ronth period r8ther than the  concentr8t lon In indlvld- 

88Uplea. ~ i m r p  f l u c t u a t i o n s  in Sr9O l e v e l 8  are le86 
. 

imPort8nt than the geaerrl t rend  in the l rc t lv i ty  l e v e l .  For 

re88oa, it seemed worthwhile t o  make a fa i r ly  detailed 

1 0 5 4 1 3 1 3  -125- 
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study of the 3rW and Cs 13' concentrationa in milk sample. 

frw various parts of the United States. 1 

Result. 8nd Discussion 

i 

Ileokly aliquot. were taken from the IASL f i l e  of d r y  

m i l k  8 a m p h ~  beginning in e8rly 1957, corpomited by month., 

8nd saut to tho Uaoat Geologic81 Observ8tory for Srm and 

in.  tha Lanont Geologic81 Observatory's annual report (1). 

~ h o y  concluded that "the Srm i a  varying essent ia l ly  indamad 

o a t l y  of the C. 13' in time so that rersurement of the 

crnnot b8 u8.d to obtain q w a t l t 8 t i v e  e 8 t i u t l o n  of the SrJv.! 

Although 8 rigorous quantitative correlatfon i n  lndivid 

seem to appesr betveen average8 for a given are8 or region.; 

A general arm. corralation i8  indicated by comprison of 0 

-1 8up1.8 d-8 not 8 0 0 m  to @Xiat, crude rOl8tiOa8hip. do 

19585 W 13' valuoa. for Clr~8di.n m i l k  with tho Srm values 
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TAEU 1. RELATIVE srm AND c237 AVERAGE LEVELS XII FOUR 
MAJOR CANADIAN YILX PRODUCING AREAS (1958) 

-- - 

Rela t ive  Aver. 
I 

S P  (2) Csl3' 

O n t a r i o  0.6 0 -69 
Western Canada 1 .o 0.87 
~s;ri~tilpes 1 . 2  1.17 
Sa. t e r n  Quebec 1.5 

n 

experiments go. 

t i o n  of t h e  two Independent i n t e r p r e t a t i o n 8  appears t o  be 

difference In t h e  prec is ion  standardm used. 

t o  t h e  LGO report, apeclfically t o  their Fig. SY-A for Bi 

North Dakota, one can note that over t h e  period from Marc 

through August 1958, t h e  SrW concentrat ion i n  tho  milk 

froa 6 t o  22 ppc/g Ca (a f a c t o r  of 3.71, w h i l e  over t h e  r&m 1 

pori& t he  Cs13' changed from 37 t o  80 ~ p c / g  K (a f a c t o r  0% i 
2.2). 

0.23 (a factor of 1.5). 

(from 0.10 to  0.28)  supportr  the  Lamont concluslon that 8 

urementr of C813' cannot be ursd t o  obtain Q W B t i t 8 t i V O  emtu 

The explanat ion of t h e  apparent contradEo 

Referr ing a t m 

I 

The r a t i o  changed on t h e  average f r a  about 0.15 to 

Tht range of variation of t h e  rat@/ 

90 tion of t h e  Sr . I t  also  appear. t o  be t r u e  th8t a cortaiP1 

portion of t h e  SrW v r r l r t l o n  ir not p a r a l l e l e d  by a c o r r u f l  
e 

in# v a r i a t i o n  In the d3'. Bor.ror, i t  ir our contontio~I* 
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the b s i c  long-term inc rease  over t h i s  period (as w e l l  as t h e  

,umequent d e c l i n e  dur ing  1959) is common both  t o  SrW 8nd 

CS 137 , and that w i t h i n  811 admit tedly large unce r t a in ty  it i o  

porrible to e s t i u t e  one from t h e  other. Whether t h e  cor re la -  

t ion 18 8 u f f l c l e n t l y  good to  be of practical value w i l l  depend 

OD t h e  problem a t  h n d .  

required, 8s fo r  example in t h e  es t imat ion  of discr imina t ion  

Where accura t e  Srm values  are 

loss. ?or routine monitoring, for example as a means of 

interpolat ion between direct SrsO determinat ions a t  y e a r l y  

interval8 or in area8 no t  otherwise sampled, t h e  method may 
- 
f r  I - 

9 Of 8018 U t i l i t y .  

A 8  Fig. 1 c l e a r l y  demonstr8tes, t h e  correlation c o e f f i c i e n t  

ir not a cons tan t  for a l l  geographic l o c a t i o n s  but v a r i e s  

s ign i f icant ly  in d i f f e r e n t  pa r to  of t h e  country,  the  range 

batweon Vermont 8nd North Dakota being a factor of 2. 

Figure 2 rhwm the geographical variation in the  observed 

average SrsO/Cs137 ra t io  in milk ;  a calcium t o  p O t 8 S S i U ~  r a t io  

Of 0.60 i8 assumed. 

It  i o  possible to estimate crudely the  expected value 

of t he  SrsO/Cs 137 r8tiO. 

.ilk aro der ived  e n t i r e l y  from #o i l  Uptake, then t h e  r 8 t i O  

should bo given io accordance w i t h  the following expression: 

If both s t ront ium and cesium in 

-129- 
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[$I -1 -"J xF] x DF1 x DF2 x[F] milk (1) 
milk f a l l o u t  soil 

where DF1 18 the r a t i o  of the  d i s c r i m i n a t i o n  factors of 

rtrontium and ceoium r e l a t i v e  t o  calcium and potasmiurn in 

going from B o i l  t o  P l a n t o ,  and DF2 is t h e  corresponding 

r r t i o  between P l a n t 8  and mi lk  (3). The arithaetlc s o l u t i o n  

is: 

0 . 5 5  x 1/20 x 0.7/0.01 x 0.13/2 x 0.100/0.145 
.ilk - 0.086 

.,ll theme factor8 are aore or less u n c e r t a i n ,  t h e  principal 

sources of error probably being i n  the  

values (3) 
E [ and D F ~  

An a l t e r n a t i v e  simple model assumes that both Srm and 

. Cs13' are de r ived  only from direct f a l l o u t  (by foliate 

absorption by plants and/or  direct i n g e s t i o n  by the cow). 

[s* 
Here, 

The r a t i o  is t hen  given by Eq. 2: 

( 2) 
milk f a l l o u t  l a n  t milk 

the p r i n c i p a l  numerical  u n c e r t a i n t y  lies i n  t h e  choice 

Of t he  potasaium t o  calcium r a t i o  for p l a n t s .  

"ooted grasses, t h i s  va lue  ie about  4 .7  whereas fo r  more 

For shallow- 
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deeply rooted hay crop8 (much 88 a l f 8 l f 8  and clover) it ir 

about 1.4. 

therefore, 0.116 to 0.035 (depending on tha pot88aiur t o  

137 
The c a l c u l 8 t e d  r8 t io  of Srw/Ca 

C 8 I C i r U  r 8 t i O  ChO8.n fo r  t h o  p h n t m ) .  Not8 th8t p O 8 8 i b l O .  

8088onal t rui8t ioa in tb. r8t io  m8y remalt from tho -8.8- 

b y  d i f f e rence  88 t h e  feeding r e g i u n  of the d8 i ry  herds 

undergo08 seraonal change. 

For the more probable cas. in which both soil Uptake 

and direct f a l l o u t  c o n t r i b u t e ,  8 gener.1 c a l c u l 8 t l o n  is not 

po88ible. EbwevOrJ the a g r e e w n t  of the r8n- of calculated, 

V8lUe13 w i th  tho observed range of 0.04 t o  0.14 18 encoury- 

fog, 8nd tbi8 suggests that a detailed c r l c u f a t i o n  baaed OB 

actual potassium t o  c r l c i u r  ra t ios  i n  ~ 0 i l 8  and p l a n t s  of a 

given milk-shed or  farm would bo prof i t r b l e  . 
R E n R m C E S  

(1) A. B. Schulert, Luont G.olgiC8l Ob88rvBtory, Columb 
Universit~, Palimdma, New York. 
(Septemkr 1959) . 
Snergy of Canrdrr Limi ted  Roport CflC-850 (1959). 

W. B. Unghrr 8nd E. C. bndef80n, Horlth Phyrlc8 

A ~ m l  Roport 

(2) 1. E. &Mitt, A. P. Jamaa, 8nd 8. B. N e W C m b ,  Atmi 

(3) (leas) 



~ a t  BMJ Pot.80im i n  e (B. E. Cl tn ton ,  1. E, Langhrm, 
md C. Anderaon) 
4 

I n t r o d u c t i o n  

~ a u r a w n t m  on t h e  average potassium concen t r a t ion  of 

tbr, human body (de t e rp ined  by whole body count ing  of t h e  K4* 

irotop.) 88 a f u n c t i o n  Of age for 1590 subject8 h8ve been 

p u b l i e d  (1). In te remt  in body potaorium has cont inued 

k c a m  of its p088ibl0 rOb t iOn8h ip8  t o  l e a n ,  protoplasmic 

ma1 Uf tho body, t o  mrucul8r development, and to phyoiology 
r. 

r g i 4 .  Uhole body count ing  of the gamma rays from t h e  

= V l Z y  occurriag isotope K40 permits determina t ion  of t h e  

&ly ps~8a lum c o n t o n t  I n  only 300 eeconbu, If indeed the  
1. 

body'r p O t 8 8 8 i U m  18 conf ined  t o  t h e  l ean ,  ox id i z ing ,  proto- 

plarmic -88, I t  8hould correl8te w i t h  brsal metabolic rate 

and rhfmld give lnforarrtion r ega rd ing  a fundamental body 

pammm#&r 8nd It8 vlrriatloa i n  heal th  and disease. 

wrrrui9rent8 m8y bm wed a180 i n d i r e c t l y  t o  estimate body 

Potassium 

wing the pa8t few months attempts have been made t o  

c m - & & S L  whole body potassium measurements w i t h  those made 

*- by the 8aw and other methods, 

It a% e- 

:? 
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counter) reported by HcHeill and Green (2) for th ir ty  19-ye.r 

old 8ubjoct8 showed axcolleat rgreewnt. Thoy reported 8n 

Our 8 V . m  of 2.15 + 4 0.0s g h g .  In 8ddition, 1 clubject a 
of tha Unitod Kingdm Atomic Energy R6898rCh ~stab~i8hmant 

8t  Earwall h a  kindly s8nt tho r08uft8 on himself a8 de- 

termined at four installation~ (Including IASL). These 

TABLE 1. TUTAL BOUT mAS81011  01' AS INDBPENDENTLY 
IQLASI1IIIluI AT ?Om DX STIILZATIONS 

151 

153 

149 

146 

8nd a caparison of tho two sot. of ro8ult8 8ro 8hom in Zbbt 

i Q S 4 b 2 2  



'2. , 

- - .  

IASL NRDL+ 

Subject 

- -  u-- - 

8re gr8teful to m .nd for t h e  opportunity to make 
th i s  c-mrison. 

ID only one crae i8  the disagreement between the two method8 

grerter than S per cent .  

there war0 r8ther large weight changes between the t w o  sets 

Note h s o  that in 80118 subjects  

of m e 8 ~ u r e ~ e n t s .  Since the  last four persons were a t h l e t e s  

(weight liftera), s o w  difference8 i a  totfil potrsaium map be 

expected on the Mri8 of In tens i ty  o f  training rnd degree of 

phy.1-1 f i tno88 a t  tho times of mmaeurement. One individual 

m h 8 d  h e n  trr in ing  for rbout 30 dry8 in prepar8tion for 

.Olympic meatl ing competition. 

REFERENCES 

(1) E. C. Andrr8oo 8nd W. B. fJngh.m, Scienco - 130, 713 (1959) . 
(2) It. 0.  YcRai11 rad R .  Y.  Green, Can. J.  Php8. 37, 683 

(1959) . 



t%li_br8tion of Larpo Volume Dotoctorr for  Absoluto Measure- 
mont of C a m  (a. C. Anderson and Y. A. Van Dill.) 

In t roduct ion  

Tho problem of ab8olute  c a l i b r a t i o n  of largo volume 

dotoctorq fo r  C8137 BO88WOWnt 18 d i f f i c u l t  b0C.U.  O f  the  . 
complex de-7 schema and d i f f e r i n g  method8 of abso1ute 

8 k n d a r d i z a t i o n .  'lbo types of staadrrdo have been inves- 

tigated: those based on gam68 ray ~ . a s u r e w n t s  and those 

M8.d oa abso lu te  beta counting. For c a l c u l a t i o n  of t r u e  

microcuries of ~ s ~ ~ ~ ,  it is assumed that t h e  gamma r a y  

abund8nce in the decay scheme Is 85 per cen t  (9s per cent 

b0- decay t o  8. 137m, 10 par c e n t  i n t e r n a l  conversion of 

the 0.062-Hev gamma ray) and that to ta l  e l e c t r o n  emission 

per d i s i n t e g r a t i o n  Is 1.095 ( the  conversion e l e c t r o n s  of 

Ba137m are emitted w i t h  a half-life of 2 minutes and are, 

t he re fo re ,  counted by the ab ro lu t e  b t a  method). 

Method8 and Reru l t s  

Tabla 18urrrri~es recen t  recal ibr8t io~  made with new 

sotr-  of ladependent Cs 137 s tandards .  Three of t h e  standarda 

wed fo r  the80 recal ibrr t ion stud108 were prepared a t  the  

Waltor Reed Army I n r t i t u t e  of Rerearch (de8ignated WRAIR 3, 

4, and 7 )  from a l i q u o t r  of a 88tiOnBl Bureau of Standard. '  

-136- 
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47,400 

24,200 
2,960 

2,9% 

47,900 

33,700 
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% I  

frotor In tb computer program. 

tut tho Cd3' counting officieacy did not dopond u r k o d l y  

I t  was e a r l y  ost8bUsh.d 

U P 0  LI tbrs might of the rub3ect or ampla,  the v 8 r i r t i o n  

m m e n  40 8nd 170 pound8 being within t he  rmgo + e 7 p.r 

c ~ ~ f .  Since thim effect -8 8ull caap8r.d w i t h  othor 

amC08 Of and With tb. r8ndor V a r i 8 t i O -  Of thO 

mubjOCt. k i n g  ;088WOd (mtmdrrd deviation of tlu popul8tIon 

dis t r ibut ion curve - 36 per cent) ;  the program waa wri t ten  

wlth 8 C8 e i f lc iency  independent of srrrplo weight. Ca1-  

ibr8tiOn i8 based on tho d r i l y  me88WeWnt of tb. C. 137 

rt.ndrJrd plrced in tho center  of an 88-pound m u g a r  phantom. 

Self-.b.curption for a c e n t r a l  source i r  higher t b n  for a 
di r t r lbu ted  80urco by 31 per cent  ( in the c8mo of pooplo) 

M d  38 W r  COnt (in th. -80 of drp D i u  88rpl88). A roduc- 

tion in t b  ca lcu la ted  abaofuto a c t i v i t y  by theae fac tor8  

i8, t b r O f O r 0 ,  indiC8ted. 

Coubining thm molf-rbmorptioa colroct lon with tho re- 

C8libration of the atandud give8 8 tot81 correction f 8 C t O r  

of 0.915 for people 8nd 0.810 for m i l k  8ampl.8. (For tho 

1957 8- h SCfOnCO, tb. to t81  C~rOCt iOn f 8 C t O r 8  -8 

1.08 8nd O.eb, reapoctivelp.)  

cwrectiaru refer t o  tho abmoluto v 8 l w  of tho c5 

cOrro.ntr8tion and t h t  811 v8luem are ch-d W th, 8- 

f 8 C t o r .  

I t  should k noted that the80 
137 

The r e l a t i v e  precf~fon la  not affectad by t h e  chmge, 
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and c ~ ~ o l r t i o n s  w i t h  r8inf.11, geoqrrphic locrtioM, etcy, 

8ro uochngod. The discrimination f8ctor b e t u e O x I  milk 8nd 
- .  

U I I r  p r O V i O U S l 7  reported a8 1.8, hOWOVOfr i 8  incre88ed to  1 
* 

3.0 becrurro of tho 13 por cent difforence in tho co r rec t io  

for those WplO8. 
*. 

I t  i 8  plannod t o  rolnvomtig8to th8 e n t i r o  Cs 

With tho irprovod precimion oxpoctod from tho now counterr 

it is d O S i r 8 b l O  t o  r o f i m  tb. 8 b 8 O l U t O  aIik8tim PrOpOr- 

t ioa8l ly .  

proaont corput.tion81 program rill not bo changed t o  i n c l u a  

Pending tho romultm of t h i s  d o t ~ i l o d  study, tho 

8ny O f .  t h e  8boVO O f f O C t 8 .  

R Q n u c E  - 
(1) E. C. Andorson, Scionco -0 128 882 (19%). 

, 4 ” :: ’ 
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65 in Cyclotron Workers (u, A .  Van.Dl l l8  and Y. J. zinc fi Sage 

Mermurewaf of IASL cyclotron workers In November 1958 

ia flmco I (1) revea led  t h e  presence of r a d i m c t l v l t y  i n  ex- 

cas8 of n o m 1  fl i n  the 1- t o  2 4 e v  region, 

18s i d e n t i f i e d  a8 Zn 

trooeter (2,3). 

c ~ r s c t e r i 8 t i c  ZneS peak a t  1.11 Yev in add i t ion  t o  t h e  usua l  

T h i s  excem 

urring: the lo r - l eve l  gamma r a y  spec- 65 

Figure  1 is a t y p i c a l  spectrum shoring the 

m13' and KM. 

Zinc" can be produced in large quantities i n  cyc lo t rons  

accelerating: deuteron8 by the reaction Cu6' (d,2n)Zn6' on 

copper dee8 and other parts. 

used for producing high specific a c t i v i t y  Zn6' (4) f o r  

In  fact, t h i s  r eac t ion  has been 

biological tracer work. In add i t ion ,  deuteron r eac t ions  can 

produce 291-&y YnS4, and He 3 r e a c t i o n s  can produce 53-day 

0e7. 

A repair operation in r h i c h  the machine is opened and t he  

doas removed la referred t o  am a **rollback" a t  t h i s  Laboratory. 

When thim occura, a major clean-up usua l ly  f o l l o r s .  DuFing 

rollbacka, gama r a y  spectra of f i l t e r  papers+ from t h e  a i r  

r8mplers have shorn d5, but in a d d i t i o n  peak8 very c lose  t o  

the energy of Be' (0.48 MeV) and YnS4 (0.84 Yev) . 
Of 8 nearby workbench top shored t h e  same r a d i o r c t l v i t l e s ,  

The surface 
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the cyclotron deflector and ion  source holder. Assuming 
7 65 tm 0.48-Yev peak ir a c t u a l l y  Be , then t h i a  and Zn 

did 

tw 
were tho predominant rad ionucl ides  observed and their  abun- 

droces were comparable. 

siailarly contaminated; the  amount of Zn6‘ was of the order 

Tools (screwdriver, e tc  .) were 

of 0.1 w. 
Gamma ray S p e C t r 8  of s e v e r a l  of t h e  cyc lo t ron  personnel 

,mt involved i n  rollbacks have been measured s e r i a l l y  s i n c e  

the expo8UrO w a s  discovered in November 1958. 

are shorn in Fig. 2. The maximum body burdens observed were 

about 0.1 pc, which is q u i t e  t r i v i a l  compared w i t h  t he  maxi- 

m ~ .  permlS8lble body burden of 60 pc ( 5 ) .  The e f f e c t i v e  

b i o l o g i c a l  h a l f - t i m e  is s l i g h t l y  less than t h e  hlf- t ime of 

phy8iCal  decay (T1,2 - 245 days).  Recontamination, however, 

u y  have occurred as a r e s u l t  of r o l l b c k s  during t h e  period 

of study, and r e s u l t s  on one ind iv idua l  seem t o  show t h i s .  

Do8er of Zn6’, adminis tered oral ly  t o  people (61,were 

e f f i c i e n t l y  absorbed, and r e t e n t i o n  ranged from 50 t o  80 per 

These data 

cent s eve ra l  m o n t h  after ingemtion. The e f f e c t i v e  biological 

half-time was 158 days. Ur ina ry  excre t ion  s e v e r a l  reeks after 

ingeetion was only about 0.05 t o  0.1 per cent  of t h e  body 

burden. 

workers listed i n  Fig. 2 showed that i f  any d5 were present ,  

th. amount was lesa than 0 . 2  t o  0.3 per cent  of the  body 

A n a l y s i s  of urine samples of the f i v e  cyc lo t ron  
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: r  

ulate matter MY become air-borne, pro tec t ion  is afforded by 

u@ of SbW C O V e f i w 8 ,  Q l O V O 8 ,  C O V O r 8 1 1 8 ,  C8P8, 8nd respir8tors. 

~ b .  router of e n t r y  i n t o  the body are not c e r t a l n ,  but prob- 

rblf on0 Of them 18 i nha la t ion .  

for r O 8 P i r 8 t O r 8  ( the Iml f -usk  type  being preferred by the  

A l l  the persoanel  woro f i t t e d  

group). 

love18 by U s i n g  sh ie ld fng ,  di8tanc0,  and limited working 

Extern81 expomare has been kept w i th in  permissible 

tiSa8 

I t  I8 probable that u n y  cyclo t ron  workers and perhaps 

thoro working: on other rccelorators (or rerctorm) have 8-11 

d5 burden.. It hr8 beon reported in two cyc lo t ron  Worker8 

8 t  th. m88achu8ot t8  I n 8 t i t u t e  of T e c h n o l w  ( 7 ) .  A SWVey 

o f  those p o t e n t i a l l y  exposed a t  other i n s t a l l a t i o n s  w u l d  

k of intoramt from tho viewpoint of good health phyric8 

Pr8ctice and batter understanding of the  metabolim ab r8diO- 

P U C l l d O 8  in tho human body. 

-14s- 



I '  (7) b S S 8 C h U 8 O t t S  ~natituto of TOCIIlIOIOgY, Annuai rro~rumm - 
I i r  Report, Contract AT(30-1) -952 (1959) . 

f 
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can bo produced by boob tests and nuclear  reactors 

i n t e r a c t i o n  wi th  s t a b l e  zinc and, in special casos, 
by 

reaenC0 i n  l iv ing  organ18u has been obaerved (1-3). im p 
am detected t h l 8  f8otop i n  muscle and liver samples brr. 

fw c r t t l e  r8i8ed in Nevada (41, and a lso in commercial ham- 

m e r  (lean ground bed shoulder)  and beef l i v e r  fr'olb the  

,mtbr.rtern are8 (Ikble  1 ) .  ZirconiumSS and niobiumg5, a 

f&aSiOn product mir very common in f a l l o u t ,  were also de- 

* s t a d  in tho Nevada and l o c a l l y  procured l i v e r  samples, but  

pot in tho m u s c l ~  or hmburger. Examination of milk samples 

f r a  two .rea8 of r e l a t ive ly  high f a l l o u t  (northwest Washing- 
ton and Louisiana in Y.y 1959) shored l i t t l e  or no Zn? 

Cuaful measurement of two people a t  this Labor8tory fa i led  

We 

t o  reveal anything but  the usua l  Cs 13' and K 4 0 .  

TABLE 1, dpHIoJ(1yILTIs RADIOACXIVITY OF m C I A L  BKEF LIVER 
&ID HAISURGER OBTAINED LOCALLY (75-pound samples) 

I - -  lrwm Potaes ium 
s8mpl. Zinc 65 Zirconium 95 cesium 13' (gorlkg) 

BNf Liver 50 30 180 2.8 

h i  rhoulder) 30 e 6  200 2.3 
-burger (lean ground 
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~ h .  fact that small amounts of dS appear i n  cattle 

s h l d  not be s u r p r i s i n g .  I t  is knovn that t h i s  radionucl ide 

is abaorbed w i t h  high e f f i c i e n c y  from t h e  gastrointestinal 

tract of cow0 (5); t o t a l  u r i n a r y  and fecal exc re t ion  i n  the  

f i r s t  four. days was about 25 per cent .  Ye=urements a t  

t h i n  hboratory ( 6 )  of d5 r e t e n t i o n  in people after o r a l  

inge8tioo shared that moat of the isotope l o  abaorbed, and 

r o t e n t i o ~ r r r ~ g e d  from 50 t o  80 per cen t  (after co r rec t ion  for  

phys i ca l  decay) s e v e r a l  months a f te r  Ingestion. I n  t h e  case 

of tho very heavy f a l l o u t  in t h e  Marahall ISl8nd8 following 

t h e  thmrmonuclear de tona t ion  of March 1954, d5 and Cs 137 

were found (1) in the  Rongelap r e 8 l d e n t s  in roughly equal 

amount8 (ranging up t o  0 . 5  pc). T h w ,  large q u a n t i t i e s  of 

Znsb “ p . 4 ~  produced i n  bomb ta8ts, and Its e n t r y  i n t o  cat t la  

and people is t o  be expected. I t  w i l l  not be a s u r p r i s e  i f  

more extens ive  meaaurements now or i n  the near f u t u r e  r evea l  

smaZ1, .alounta in people. 
.-. 

’ 4 4 .  

6 Tho u l n  poin t  about t h e  ml lk  r e s u l t 8  18 that t h e  d5 
- .  

cootent i. about an  order  of magnitude or more below meat. 
. . t  : c ’ - c . j r . i *  

I t  # p a d  be t-,oted that the  milk samplem were obtained from 
-- .’ 

d i t k f f . n t  p l a . : ~ r  than  tho meat, which come8 from the  south- 

ra8tom are8 (mainly Toma, Oklahoma, Nor MoxIco, and Colorrdc 
- 3 .  * 

In 8ddition, Zneb production m y  not bo w e l l  correlated ritb9 

f m M o a . o f  f i rmion productr ,  mince t h e  former i m  t h o  r08uae 
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of noutron lnter8ctlon wi th  st8ble zinc in bomb p a r t s  and/or 
. 

the surroundlnga. Thus, It 18 poaalb le  th t  the milk received 

its r 8 d l o r c t l v l t y  from f a l l o u t  w i th  a lor Zn6' ratio,  while 

the m8at r8preSOnt. f8 l lOut  wi th  8 high ra t io .  

Gracing 8nimalm fngemt largo a ~ o u n t s  of r ad ioac t ive  

cerium, ruthenium, and zirconium 88 fol18r contu inr r t ion .  

@ r t r o i n t e 8 t i n a l  ab8orpt ion 18 rppreciable only f o r  ZrgS and 

nbg5, 8nd r e t e n t i o n  lo high (7) a t  least In rats. The l i v e r  

f8 a ujor organ of depos i t ion .  Expected l e v e l s  In milk and 

pop10 would be much reduced bec8use of the  large discrfmiaa- 

tion frctora tht exis t  a t  each step up the  food chain. 

I 

(1) J. E. Bo80 8nd L. D. M a r l n e l l i  ( e a ) ,  Argonno N8tIoll.l 

(2) 

(3) Y. A. Van Dill8 8nd Y. J. Engelke, Science (elsewhere 

kbor8tory Report ANL-5755, pp. 53-60 (1957). 

R. W .  Perkin8 8nd J. Y. Nielnen, Science - 129, 94 (1959). 

in t h l r  report). 

(5) E. Borgh, &t Xongelige Nor8h Videnmk8bers S e l s h b  

(6) C. R. Bichmoad, 1. E. Langbar, and Y. A. V8n Dill., 

(7) 

Forhandlinger 23(13), 49 (1950) . 
unpublished drta (1959). 

C. 8.  Richmond, D. f. Martin, 8nd Y. A. Van Dill.,  
unpubli8hed data (19S9) . 
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Yemurewnts  on Srrad Ywt (M. A. V8B D i l h  8nd E. C. 
Andor800, wi th  R, A,  01.88 8nd E. Smith, Stanford Reserrch 
In.titute) !! 

Samples of beof irradi8t.d w i t h  12 rogrrada of 24-Hev 

electron8 on August 7 ,  1959, were Wa8~rOd wi th  both Eumco 1 

8nd the rodium iodide  g8mma r8y mpoctrollleter 8t LASL. The 

gamma r8y mpectrum of 8 typic81 srmple i 8  shorn in F i g .  1, 

Tho p r inc ipa l  a c t i v i t y  inducod by the i r r a d i a t i o n  m a  N822, 

produced a t  8 concentrat ion of about 2 x 10 curie. per -14 

-8r per meg8r.d. The 88mplem were 8 1 S O  w88ured by E. May 

a t  the Argonne National Labor8tory and provide 8 comparison 

botrwn the method. (Table 1). 

TABLE X .  RADIOACTIVITI O? MXAT XRIZADUTED WITB 

I 

12  ModRbDa OF 12-y15v ELECIRo#ICS 

LhSL Liquid 
ANL Crymtal IASL C r y r t a l  S c i n t i l l a t o r  - 

uzt%rr8df8- 

-)tnqp 3.35 2.54 2.31 
d 3 ' / g  It 96 123 103 I 

Irr8di.t.d S1blom 

0.26 a-0- 
21 )r&u #a /g moat 0.29 

0.21 0.17 n-- 

n -  H 

I O 5 4 6 3 8  -150. 
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I R a d l a r c t l r i t t  of Nevada Cattle a. -4. Van Dilla and Major 0 ,  

Farmer, on assignment t o  t h e  U . S . A . L . C . )  
& 

In J u l y  1957, a project was started by t h e  U. S. Atomic 

Snergy Commission t o  f i n d  ou t  whether catt le raised In the 

v i c i n i t y  of tha Nevada Test Site showed any r a d l 8 t i o n  e 

or were i n g e s t i n g  appreciable aooun t s  of f i s s i o n  products  

aind d e p o s i t i n g  thee  in t h e i r  t i s s u e s .  A t  present, herds a m  

u i a t r i n e d  at Delmar Valley,  C a l i e n t e ,  Nevsda, and at moll 
Creek, Contac t ,  Nevada, by t h e  U n i v e r s i t y  of Nevada, and one - 
at -  the Nevada Test S i t e  by the  A t o m i c  Energy COmmissio 

a ~ r l s - - f r o m  each herd are being sacrificed twice a year  

(Hap and November). Rumen, fecal, and t i s s u e  saoplea are 

analyzetkby gama r a y  spectrometric methods by t h e  Low- 

Counting Sect ion.  

are muscie, l i v e r ,  and bone. 

* 

Tissue samples c u r r e n t l y  analyzed here 

The presont arrangement, which r e p r e s e n t s  a conoider- 

able improrannt, is t h 8 t  t h e s e  qomplea are ashed a t  t h e  

Upivorsitr e# Nevada by Dr. V e r l s b d - p a c k e d  i n  s t a n d a r d  - 
po178thylana c o n t a i n e r s ,  and then  shipped t o  LASL. This 

conmidor8bly rimplif $98 88IPp lO handling and c8libr8- 
449 : 

tf-bl-, rod ala0 facre8ao8 8anritIV%ty 8Ub8t8ntirlly. - 

Table X giver t h o  rerultr oa liter 8nd ouacle ample8  

from thr.8 animalm of the  NT9 hard 8.Crff2Cad U p  1959. It 

rhould bo noted that tho C r  13' contact La crfaprrrbla with 

- 
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v. f ordiaary corrsrclrl beef .  

beef loin and rump in 1958 g8V8 50 Wc/g I[, 8Etd an81ysis of 

hamburger samples in 1959 for the Strnford b8errch Irutitutc 

g8oo rbout 100 wVc/# It. proximity to  8taric bomb te8Q 

BUBCO I u 8 o u r e ~ s n t  of camorci.1 

I 

I 
Not. tht znw3 is promeat in  811 of tho 1959 8ample8 ia  

Figures 1 and 3 amounts o n e - h l i  to  one-third of the C1137. 

8hm g8- rry SpOC-8 O f  pOOlOd lU8Clo SaWle8 frm 8llia8lS 

8 8 C r i f i C c b d  i n  Y.y 1958 8nd 1959, rosp.ct ive ly ,  W88 

not present in tha May 1958 8amplO., but -8 prosent un- 

quertiombly in 19S9. 

Novambor 1958 auplem. 

I t  u d o  its first app.rrraco I n  the 
I 
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rtion Do80 Rate8 above the Atmosphere (Y. A.  Van Dilla, 
?rrings, and R. D. HIebert, Group P-1) 

*i --- 

J. 

In t roduct ion  

In t h e  spring of 1959, the  Lor-Level Counting Section 

asked t o  Cooprate w i t h  t h e  Rererrch Directorate Of t h e  

A i r  Force Special Weapons Center a t  K i r t l a n d  A i r  Force B.80, 

i n  an effor t  t o  measure blological dose r a t e s  in t h e  Van Allen 

rsdi.tion belts. 

iw t& r a d i a t i o n  detector. Power supp l i e s  , t e lemeter ing ,  

vehicle Iaunchlng, etc., would be handled by P l r t l a n d  A i r  

Force Base and o t h e r  agencies .  

t f~sue -equ iva len t  ion chamber, since t h i a  s y s t e m  seemed most 

suited t o  me8sure t he  poorly understood mixture of protons,  

electrons, and bremsstrahlung in t he  t r rpped  r a d i a t i o n  belts. 

Our aid was desired in designing and bui ld-  

Decision was made t o  use  8 

I n i t i a l l y ,  the  v e h i c l e  envisioned was t h e  8ol ld-propel l8nt  

Journey8an rocke t  t o  be hunched  froa Wallop's I s l and ,  Virginia .  

"he expected a l t i t u d e  was 2OOO miles, and the magnetic l a t i t u d e  

-8 such that pene t r a t ion  of t h e  region between the Inner belt 

and the horn8 of t h e  o u t e r  belt would occur. The shot  would . 

be m a l t i t u d e  probe w i t h  no recovery of t h e  payload an t i c ipa t ed .  

B m v w ,  engine d l f f l C u l t i e 8  caused delay u n t i l  s p r i n g  1960. 

Arrangements are now underway t o  place t h e  equipment on 

8 Discoverer satell i te.  This program has as its o b j e c t i v e  a 
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recoverrble  capsule from a v e h i c l e  in a polar o r b i t  a t  a 

couple of hundred miles a l t i t u d e .  The preaent  (December 19 

s t a t u s  of t h e  vehic le  problem is as follows: we hope f o r  

ride8 on Discoverera early in 1960 and on Journeymen h t e r  

i n  1960. 

Developmoat of t he  loa chamber ha8 proceeded on schodu 

rod in September 1959 the  fir8t u n i t  vas campleted, terted, 

and crlibrrted. The Ion  chamber covers the range 0.01 t o  

100 r/hour; r 8 8 p o ~ e  is l O g 8 r i t h r i C  wi th  l maximu9 tima 

COn8tmt Of about 10 aecond8. The do80 r8-0 W 8 8  8 O l O C t O d  

the f o l l w l n g  basis. Maximum dome r a t o r  08timted by Van 

Allen m d  others in t he  heart of tho  inner belt lire rough 

100 r/hour. Minimum dose rates below the Van Allen belts 

and above the atmoephero a t  mid-lrtftudoa are roughly 

0.001 r/hour and are due t o  courlc n y n .  Since tho lowor 

doae rat08 8ro o f  l i t t l o  b lo log lc r l  a lgn i f i c rnce ,  it -8 do 

cidod t o  cover th. u p p r  rang@. 

for a logarithmic i n s t r u m n t  (a linear ramponso 01- raw. . 

Four d e a b 8  8eeWd pra 

8 W i t C h l -  -8 m1.d out kC8urO Of mocb8oicrl C a m p l i C a -  

tionr) . 
Con8truction det.118 Of th. C h r l k r  8nd OlOCtrOn%C8 

rhom I n  Flg. 1. Th. wit I 8  made of Luclto, with 8 g8m 
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n I 

?lg. 1. Ion chamber for dose rate mea8urement In 8 W C O .  
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+Or- O f  8 b o U t  250 CC. The filling Q.8 i8  a i r  a t  e 8 8 0 O t 1 8 1 1  

8tD#ph@riC ~ 8 8 8 U O .  The W8fl tbiChO.8 O f  1/4 i n .  W i l l  OX- 

clude a l l  protons 8ofter t u n  25 Mer 8nd 811 electrana soft- 

than 1 He+. 

Lucito (C&O,) w u  choaen bmcarue it fO8OibfO8 .oft 

tissue ia8of.r 8. tho dose dellrared g 8 U  f8y8, high O n e  

electrozta, and proton8 i8 concarnod, 8nd hc8u8e it I 8  8 COa- 

veaielrt and frequontly urrod rtorirl fw ion c h a m b e r  con8tma 

t ion.  I t  hu 8 d.n8iw O f  1 .2  and C O n S i 8 t 8  O f  carbon (60 P . Z  

c ent ) ,  oxygm (31 p.r cent) , 8ad h7drog.n (8 p.r cent) . Soft 

ti8.U. ha8 8irll.r don8lty 8nd 18 cumpolred m 8 i n l r  of tho 88- 

o l o u n t a .  The only differoaco i8  th8t tbs c8rbon-oxygon r8tl 

i r r  highor in  Lucite,  but t h i 8  ha8 nogllgible effect on eb.rff 

di88ip8tion and do80 6.1itomd PJ g.ru my8 8nd high OnOr(t). 

electrow .ad protons. ( T h i ~ i .  not true for slow neutrons, 

bat t h q  ara m u n t  to 8 nogll#iblc oxtmt.) 

a. 
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3. 

.- 

rent saturation occurs a t  100 v o l t s .  
C@ 

The fir8t two unit8 were sub jec t ed  t o  and succe8s iu l ly  

prrsed r i g i d  environmental tests speclf i e d  by girt land A i r  

pot~e Bame. When temperature tested from 40 t o  80’F under 

i r t ~ d i a t i o n ,  no detectablo change in ion  c u r r e n t  occurred. 

m n  taaperatur. te8ted from 80 t o  lM*F undor i r r a d i a t i o n ,  

a 6 per cent  change in reclponse (in r/hour) -8 observed. 

ion C h a m b e r  was vacuum te8ted i n  a b e l l  jar w i t h  source 

rtrrpmd t o  It; the  preasure -8 reduced t o  about 0 .05  at- 

Wpbre and held there fo r  two hours with no ion c u r r e n t  

Cb.ng8. This test  m a  repeated after c h i l l i n g  t h e  chamber 

to 40.1; sti l l  no c u r r e n t  cbmge warn ob8erved. The u n i t  was 

-m’acceleration tested a t  Kir t l and  A i r  Force Bme up t o  100 g 

under i r r a d i a t i o n .  Acce lera t ion  had no effect on ion c u r r e n t .  

Vibration tests a t  30 t o  2000 cycles per second were per-  

formed under i r r a d i a t i o n ,  and no effect on ion c u r r e n t  was 

producod 

From the viewpoint of r 8 d i a t i o n  hazcrrd8 in spice, t h e  

bpor tan t  physical quant i t iem are radiation dose ra te  and 

linear energy tramsfer (LET) t o  both ~ u p e r f f c i a l  and deep 

tirruer, The p resen t  Instrument w i l l  g ive  t h e  doso rate t o  

tb. more auperi ic ia l  t i s s u e s .  

00 .  can f i n d  out how the dome rate t o  the deeper t i 8 S U 9 8  

By increaa ing  -11 th ickness ,  

cbW08. 
-* 

J. 
4 
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Tho loo chamber gives no information as  to  the fraction 

of the doue due to  protorm, e lectrons ,  and bremsstrahlung 
I 
* and is imerurltlve to difference8 i n  LET among these  radia- 

.. t ions .  Not a great deal  is known about the composition and 

enarm spectra of tho r a d u t i o n  i n  the two Van Allen belts, 

80 it -8 judged 8dvisable to COnC8ntr8tO a t tent ion  on the 

dose rate itself. 

'! 
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Studio. Of th. P o u i b i l i t y  of Demigning a Lunar Gaur - b y  
Spctra_.trr a. A. V8n D i l l 8  rnd E, C. Andorson) 

In t roduct ion  

Approximately 18 month. ago t h e  Low-Levo1 Counting Sec- 

tion was approllched by Professor J. R. Arnold of t h e  Universi ty  

of C a l i f o r n i r  r t  L8 Jol la  regarding c o l l a b o r r t i o n  on a study 

of tho f ea8 ib i l i t y  of wrsUring the  g r u a  r ay  emi8810n of the  

1-r S ~ r f 8 C .  from 8 close lun8r  a r t e l l i t e .  The reques t  was 

ud. beC8u80 of tho Section's c o n t r o l l e d  lor background 

countirrg f ac i l i t y  and experience w i t h  low-level garma r ay  

r p o c t r o w t r y ,  Agreement -8 that t h e  Sec t ion ' s  staff  would 

- participate in experimental design of t h e  detector, p r e l i r -  

;- inary Iabora tory  w a s u r ~ ~ n t s ,  and a n a l y s i s  and interpreta- 

t i on  of the  f i n 8 1  data. A l l  bu i ld ing  and p8ck8ging of t h e  

inmtruuent would be done by indus t ry  on con t rac t  with the  

National Aeronaut ics  and Space Adrini8trat iOn.  
h 

I n s t 8 l l a t i o n  

dim t h e  v e h i c l e  and a11 telemeter ing opera t ions  would be the 

r e s p o n s i b i l i t y  of t h e  Jet Propulsion Laboratory. A t  p resent ,  

tho most l i k o l y  rocket system for t he  exporiwnt seems t o  be 

8 Centaur in 1963, bu t  a s i m p l i f i e d  proliminary experiment 

U y  be po88ible  sooner.  The purposo of t h e  experiment is t o  

P?oride information r e l evan t  t o  the  composition and geologic  

h is tory  of the  moon and t o  the r a d i a t i o n  i n t e n s i t y  a t  i t o  
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rurfrca. During tho p a m t  report period, some p r o l i m i q  

moaaurnentm of gamma a c t i v i t i e s  of corWin motoorito typ.. 

and terrestrial minerals h8ve been made and theoreticrrl 

conaideration8 i n i t i r t e d .  

1 

Thoorotic81 p r O d i C t % O M  o f  coacontr8tion8 of both !Ut-: 

8nd c o s m i c  ray induced r8dio8ct iv l ty  b v o  been made by knold 

8nd thm resu l t ing  g8mU r8y 8 p O C t m  8. seen by 8 3 X 3 in. 

N81 crpmt.1 h a m  been c8lculrted by &rvey Isr8el of  Group ~ 

Tho ro8ultm for the "thin source1* approxiut lon 8re sham i n  

Fig:.. 1 and 2. Prom tho point of view of theorlorn of lunar - 

*- 

forution,  the Ka line 8t  1.45 HOV i8  O f  QlPO8tO.t hte;Wt. . 
A 8  a r 8 d U t i o n  hasird, the pra inent  merlem of neutron cap- - ti. ; 

-** rr; gama ray. i n  iron (4 to  8 Mer) m u a t  bo OV8lu8ted. 

Using tb. reaultm for background l a  free space of a X&St 
i 

Crv8tal 8-d the  BU88i8n rockot b c h t 8  (I) ,  i t  i m  8 8 t l r U d  

that tha total back#round rrto ktwmen 0.45 8nd 4.5 Mov #bdd 

bo about S tiwm tho total gam8 ray m i q r u l  fr# tho moon in 

t b  m 8 u  bnd, rmmuming tho matelUto 'to bo clwe enough to 

the 1000 t o  giro 25 por cant geaotry (orbit81 dirt8nco 180 I 

8-0 tho luxmr rurfrco). Since thim b a m a u n d  I 8  pro8um8bl 

COnt%BUOUI, th. lh.8 from th, tooa 8hottld'brVO 8 -0 

f8Vor8bl. ratio. 

onorgy togion I 8  probably duo princimlly to local g8- 

31nco tho comic r87 background i n  thim 

,, 
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rduct ion,  it8 Wnltude rill depend on tb tota l  ma88 of 

If noces8rry, thim background 
P 
,,tar181 mU th. det8ctor. 

ba reduead by oxtendfng the detector  8-y from the  

mvo boon mdo of gana ray act ivi t iem of a number of mate-. 

r ia l8  which r igh t  bo preront on t h e  lunar  rurf8c0, Inc luding  

ep ic81  terr08trSrl igneous rock8 such 88 duni tes ,  gabbroe, 

dfori te8,  grrnite8, and ayemitea, 88 re11 r a  aeveral varietieer 

of Wteoritee. Figure8 3 rad 4 show f o r  compriaon the  8pectrr 

of 8 t o r r o s t r i r l  b lo t i to  grani to  and 8 chondri t ic  (stone) 

motmrlto. Note that tho Ka concent r r t lom d i f f e r  by a 

f rc tor  o f  8bout 100. Radium and thorium are prominent i n  the  

m i t e ,  but undotectrble  In the  moteorlte. b C 8 U 8 8  of t h e  

hrge dlf ieronco in Km 1evel8, even 8 cap . r8 t lve ly  crude 

O%perlunt or7 dlrt ingulrh between the  a l t e r n r t i v e  "hot" 8nd 

"cold" model. of lunar  formation. 

(1) S. N. Vernov, A. E. Chudakov, P. V. V.Lulov, 8nd S. 0. 
Ilogachev, Dokl. Acad. Nauk. S.S.S.R. - 125, 304 (1959). 
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Dovolopren Largo Volume L i p i d  S c i n t i l l a t i o n  Detector8 
(R. L .  Schuch, J. 0. Perrings, and B. C. Anderson) 

Introduction I - 
A u j o r  projec t  of t h e  Lor-Level Counting Section h e  

boon t o  explore tho l i r i t 8 t i o n s  and c8prbi l i t lO8 of large 

rolura l iqu id  s c i n t l l l ~ t i o n  detectors .  The first 4U rholo . 

body counter b u i l t  on t h l 8  prirrcipl8 -8 H m C O  1 (11, which 

hrr k . n  in opotation sinco July 1955. The socood counter - : 
b u i l t  (%ancoSp) n a  8 2a *pnlk-ln*' body cwatrr wing 14-in. % 

photomultiplier t u k r  8nd a 64n. l iqu id  depth (2). This ' 

unft Warn dimplayed a t  the Second Goner8 Conference on P W C O z  

f u l  Uaar of Atomic Energy and I8 now i n  StitrViC8 8t the 0.  9, 

b r r y  Medical Reso8rch Unit i n  Landstuhl, Gemany. On the  

baris of tho vary ouccessiul perforaance of the 2a counter; 

I 

,+ 

% 

t h e  declsion -8 made t o  design 8nd bui ld  an improved 41p 

un i t  (Humco 11). 

Bwca.11 u.8 24, 14-in. di .wtor  photomultiplier t u M  

( M o a t  IS-1338) t o  maximiro l i g h t  colloctiou efficiency, 

Sui r r t i l l r t o r  thiekaomr ham baon inarmuod t o  11 in, t o  iw 

0019148'1.169 
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E-CO I1 -8 f1r.t ogar8ted on A n t  28, 1959, -1- 8 

s c i n t i l l a t i o n  a o l u t l o n  conlrl8ting of 5 g/l P#) 8nd 0.05 g/ l  

#)POP i n  SclnSol I (8 highly 8lkalated bunzeno avail8ble from 

tho Bordon Company -- aee Organic Chemistry SectlOn'8 r.port) . 
Th. f i rmt  a u b j e c t  -8 W88Wed in tho countor wi th  t h i s  f i l l i n g  

on September 8 .  After  checking: background 8nd st8ndard8, the 

counter was refilled wi th  to luene  (4 g/l terphenyl  p lu8  

0.05 g / l  POPOP) on Octokr  9. A number of minor l a m  duo 

t o  b 8 i r l l n o  crrcb I n  tho opoxlde seal8 .round the photo- 

t u b 8  occurrod during t h l 8  period. 

T e s t s  of aotmtmr p o r f o r u n c e  wero repmted w i t h  tho 

toluoru f i l l i n g .  

W@ctr8 obt8lned w i t h  the  Gonevr counter and with t h e  two 

filling8 Of HuaCO 11. Tho r 8 p i d l y  r181ng port ion8 at  the 

1Qft On& of 08ch of the curve8 8re due t o  tub. n0%80 (a8 

ICIguro 4 8h-8 the  d l f f e r o n t l a l  background 

-173- 
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can k demonstrated by a measurement w i t h  no so lu t ion  in the  

countor). The i n t e r sec t ions  of these curve8 with the nearly 

linear portions of t h e  spectra betwoen 0.1 and 1.0 MeV set 

lower b m d m  t o  t h e  energy ranges of tho eyrrters (unless 

coincid.nce opera t ion  ia urred). 

s c i n t i l l a t i o n  l i g h t  reaching tho photOfSthods8, the  lower 

tho energy a t  which tho tube no180 interference beginu. 

GoOCO, t h i 8  point is about. 70 Lev. 

give8 8 8 l m i l u  value,  but with ScinSol I tb. V 8 l u O  I 8  400 kov 

Furthor atudy I s  king made by tho Organic Cheri8tr7 Section 

of t h i .  and other nonvola t i le  solvent8 t o  find one that 

C # b i n o 8  lar f b 8 h  poin t ,  lor coat, mad high l i g h t  output. 

A 70-Lor l o w r  l i m i t  covers e s s e n t i a l l y  a l l  tho useful. rango 

The -mater tho amount of 

For 

Humco I1 with toluene 

Of 8 1- 2 ~ C h t i l l a t i o n  and in p8r t lCu l r r  p r B i t 8  brew- 

8tr8hlung counting. A higher  cu tof f  8erIourrlp limit. tho 

v e r r a t i l i t y  of tho dotoctor .  
137 ? w e  5 8 h O n  th. difforont i .1  enorgy mWctr8 Of C. , 

r ~ a o l u t i o ~  (full-width.  a t  half-holghtm) -0 65, 57, and 

00131487 
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thickae88 of scinti l lator.  

resolved, a utter  of some importance since t h e  former 

nucl ide  l a  beginning t o  appear in food8 8nd i n  people from 

certain areas. 

Note that 2 8 '  and K40 can be 

4 
t 1 

On 0ctob.r 16, t h e  tank waa drained tb permit repair of 

8 lerking rorln $881, 8nd a cracked photomult ipl ier  face w8a 

d l 8 c o v ~ r e d .  

machined 8ur faces  of the tank ag8in.t which t h e  O-ring m8 

mad0 wore se r loua ly  warped so that s t r a i n s  were being 

developed in the  wtal r i n g s  8nd tr8n8mitted t o  the  gl8s8. 

The counter is, thorefor., s h u t  down pending r e c t i f i c a t i o n  

of t h i s  d i f f i c u l t y ,  

Subrequoat ro88urewatr rever led  that t h e  

Trans i s to r i zed  o l o c t r o a i c  c i r c u i t s  devolomd by the LASL 

e l e c t r o n i c s  group for RUDCO If include direct tr8nmfer of 

output  d8t8 t o  IBM punched c8rdm. Testing of thi6 equip-nt 

rill be begun as soon am tho counter  is oporatlonrrl, 

;I f O 5 4 b b b  -178- 
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-at of 8 Liquid S c i n t i l l a t i o n  Counter for  S u l l  
him81 Studio6 (R. L. Schuch) 
L 

I a t  r oduct i  on 

In 1953, a whole body amall animal counter  (LASrrC I )  

-8 colu t ruc ted  oa the  l i q u i d  s c i n t i l l a t i o n  p r i n c i p l e .  The 

un i t  COn8i8t.d of 8 w e l l  type arrangement in which t h e  

8 n i P . l  wa8 placed i n  t h e  c e n t e r ,  surrounded by an annular  

space f i l l e d  w i t h  s c i n t i l l a t o r  s o l u t i o n  v i e w d  by s i x  2-in. 

p h o t o l u l t l p l i e r  t u b s  (1). Tho counter h88 proved e x t r e r e l y  

urreful not only for metabolic s t u d i e s  of gaur emi t t i ng  

@ O t O p e 8  In r8t8 and mice, but  also for  me88uring the r e l a t i v e  
ut 

131 l e v e l  of I , etc., i n  t h e  c i r c u l a t i n g  blood of people a8 

a funct ion of t i m e .  In the  l a t te r  case, t h e  i n d i v i d u r l ' s  

forerrm and hand were placed in t h e  w e l l  and t h e  output  from 

the -coun te r  fed i n t o  a rate meter and recorder. The u t i l i t y  

of t h i 8  u n i t  h88 probpted studio. t o  develop an i8proved 

rodel . 
Reaultu and Discu8sion 

Fur the r  Infurmation was obtained on the r e l a t i v e  count- 

ing e f f i c i e n c y  fo r  8 po in t  source and l i v e  rice a t  V 8 r i O U 8  

pos i t i ons  along t h e  c e n t r a l  axis of t h e  countor.  The remlts 

obt8ined va r i ed  l i t t l e  from t h e  c8 lcu la ted  g8OmtriCal end 
uc 1088. 
-- 

-179- - I R a q  
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As a r e s u l t  of the Information obtained, a final d 0 8 l . g ~  

(LASAC 111) is now under cons t ruc t ion .  Tho b.xirw l ength  

of t h e  n e t  detector rill be 12 in., and tho  diameter of tho 

w e l l  8nd number of photomul t ip l ie rs  rill remain the 88w. 
- 

The photomul t ip l ie r  t u b a  rill be mounted d i r e c t l y  i n t o  tb. 

liquid. 

and tho natural background should be reduced by an order of 

This ahould improve l i g h t  output  10 t o  20 per cont, 

crrgnitude due t o  over-al l  reduct ion  in 8120. 

doslgnod wi th  both ends of tho  counting w e l l  open t o  

accmodato a larger number of experiments. 

The countor i w  

P r e l i m i n a r y  torte h8vo b o n  coaple ted  on 8 prototypo ef 

8 more o f f i c l e n t  8nd corpact counter  (Uuc 11). Thi8 u n i t ,  

con8i8t8 of 8 tank 12-1/2 In. i n  di8meter 8nd 12 i n ,  long + 

with seven 3-fa. dl8metor W o n t  p h O t o l u l t l p l l ~ r  t u b s  fittd 

on one and. 

i8 uurrounded by 8n rnnul8r  ring of 8 c i n t l l l r t o r  ro lu t ion  

4 in. t h i c k  (Fig. 1). Tbe p h o t a u l t i p l i e r  tubes lire couple4 

t o  an intorfacm of window gl.88 disks and are held in p h w  

by roldod RTV 501 milastic. 

A central counting w e l l  4-1/4 In. In dl8m0tor~ - 

P h o t # u l t i p l i e r  tube8 umre i nd iv idua l ly  brl8ncod for 

p u l ~  heieht output  8nd tbmir signal output. wore coanectod 

i n  p8rr11e1 (rig. 2). Th. t8Bk i 8  fi1l.d with 15 l i t O r #  O f  

r c l n t i l l a t o r  8o lu t lon  cont8inlng 4 g/l terphonyl plu8 

0.05 g / l  #)#Ip In toluono, The m i - l  output is fed I n t o  8 

00131487.179 



1. The Los Alamos Small Animal Counter (LASAC I t ) .  
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60 100-cb.nnel analycmr. Spectra were run on SOUfC.8 of Co 
I 

c ~ ' ~ ,  Co144J rnd CrS1 cootra l ly  10~8tOd in tho countor w e l l .  

The-d.ta - obtained with 8 Cs 137 source (which was tho 1 8 0 t O p 0  

m a *  thoroughly 8tudl.d) 8re suu8rized i n  Table 1, m d  theso 

A +' 
1. COYPAIIISON OF c8 137 YEAS-= YbDP OH Two YODELS 

OF A SHALL ANIMAL LIQUID SCINTILldTION COUNTER 
I. 

-- - 
Y Lower L i m i t  (kev) 

Mob1 I80tOpo Signal/Noise E1 f ic iency E Corpton Edge 
Counting - 

r 

4 0 .53  400 133 137 

137 I1 cs 9 . 3  0.10 130 52 

(1) It. T. Woodward, C. B .  S i c b o n d ,  m d  W. L8n#hu, Proceed- 
ings of the I b a l t h  Phy8ics Society,  p. 79 (1950). 

-183- 



quality and 8 r r i l a b i l i t 7 ,  0.n with which photaultipliorr ! I 

could k couplod t o  tho ond f8e.8, and 8iDpl ia i t f  of Uit 1 
! 

+Pilot Ch.ric818, Inc . w8tortoro, bH . 
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c o m t r u c t l o n .  Each u n i t  conaisted of a 3-in. diameter 

cyl inder  12 in. i n  l e n g t h  w i t h  a %in. pho tomul t ip l i e r  t ube  

f i t t e d  on one or both ends. The c y l i n d e r s  were wr8ppd 

ind ivIdu8l ly  w i t h  aluminum f o i l  for r e f l e c t a n c e  and w i t h  

bl8ck masking tape f o r  l i g h t  exc lus ion .  The o v e r - a l l  l eng th  

of a two-tube u n i t  ( f r equen t ly  referred t o  as a trlog") was 

28 in. A Single- tube u n i t  me8sured 20 in. in length. In 

the C a d 0  of t h e  two-tube log, t h e  p h o t w u l t i p l i e r 8  had t o  

bo c-efully balanced fo r  p u l s e  h e i g h t  ou tput .  As many logs 

88 r O q U l r @ d  can  be ar ranged  i n t o  a m u l t i p l e  u n i t  around t h e  

5 

s r r p l e  and the ou tpu t s  fed in parallel  i n t o  a s u i t a b l e  

t r o n i c  system fo r  amplifying and r eco rd ing  pulses .  
i -  

- -- 
% =  Observat ions 8nd Discussion 

P re l imina ry  measurements were made w i t h  a mult ip le -uni t  

of f ive  two-tube logs f i t t e d  around a metal cy l inde r  4-1/4 in. 

in diameter (Fig. 1). Tube ba lanc ing  and response of each 

log t o  a g iven  energy peak were accomplished through use  of- 

a h igh  v o l t a g e  d i s t r i b u t i o n  p a n e l  and a mult ichannel  a r r l y z e r .  

The ou tpu t  of each log was fed t o  the  i n p u t  of t h e  ana lyze r ,  

and by proper adju8tment of the h igh  v o l t a g e  t o  each tube  

t h e  P U l 8 0  he igh t s  could  be matched ve ry  accurately. The 

p u l s e  h e i g h t  is i nc reased  by a factor of about  2, when both 

t u b e s  view t h e  s c i n t i l l a t o r  together (Pig. 2) .  A Cs 137 

L 

-185- h 
' -. 

.q 
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Fig. 1. Five-unit lag r3:: with high voltage d i s t r i b u t l o ~  
p a n e l ,  

-186- 
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12 i o .  i n  length.  Bonded p ieces  were compared t o  so l id  

a&, first Ind iv idu r l ly ,  and f i n a l l y  in combination as a 

five-log r u l t i p l e  u n i t .  The best r e s u l t s  were obt r iaed  w i t h  

tm 9-in. cy l inde r s .  In a l l  casesD two tubem worm better 

tm 0118. 

~ g m  r8tiom and half-width reaolu t iona  of the  v8riou8 

Them conclumiono applied also when aignal t o  

combination8 were used as criteria (Table 1). 

Energy Resolution.--Energy r e s o l u t i o n  is l imited in 
"L - 

~ ~ n i c  a c i n t i l l a t o r s  by the broad peak r e s u l t i n g  from 

Cdppton i n t e r a c t i o n s  in t h e  low atomic number con8t i tuents .  

mth tho k8t tube-log c w b i n r t i o n  (Table 1, 9-in. long, 

u h  unit), a half-width resolution of 15.5 per c e n t  VIIS - J 3  

obtained f o r  C8 13' gamma r ays  e i g .  3). 

Effect of Li@t  Reflectors.--In terms of total  reflec- 

t i v i t y ,  it is w e l l  known that a d i f f u s e  r e f l e c t o r  (e.&, 

~ ' m a q n e s i u m  oxide powder) is supe r io r  t o  r specular  reflec- 

6 8uch a8 metal f o i l .  

r t r u c t e d  t o  study the  effect of variourr r e f l e c t o r s  in t h e  

log u n i t  geometry. The chamber was a l i g h t - t i g h t  aluminum 

A reflector test chamber w8s con- 

Cplind8r wi th  apaeers, caps,  and plugs t o  accommodate t h e  

var ious combinations of log8 and r e f l e c t o r s .  A photomult ipl ier  

tube n s  coupled t o  the plastic log and placed i n t o  the  te8t 

chamber. For apecular  r e f l e c t a n c e  tests, aluminum f o i l  was 

d i t t e d  around t h e  p l a s t i c  c y l i n d e r .  When m8gnesium oxide 
k- 

-189- 
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-8 wed, tho pordor was pourad and a p e d  in tho annular 

rpaco betwon tho I g  8nd chsrber rrll. 

l ight rofloctor8 is shorn in T.blo 2. 

tot81 -is In light collmction is 8cc#plIshod by p h c l n g  

tha reflector on tho ond o p p i t e  tho tub.. 

S W f 8 C O  of ryaemium oxide lncre88od the plsa hoight by 

68 p.r Cent, and in a l l  ca8.8 -8 10 to 15 p.r cant bettor 

A comparison of 

F i f t y  per c8nt o f  tho 

A complote 

than aluminum f o f l .  

Pulse might b t i o  to no Uflocta 
3- S c i n t i l l a t o r  

B.f loctor 

%amtic Scint i lhtm_(8)  

A 1  f o i l  
ycro 

(b) Liquid Scintillator 

1.18 1.43 
1.32 1.68 

1.31 
1.27 

A1 foil i m i d o  1.18 0.80 * 0.68 
A 1  f o i l  outrido 1.28 1.80 1.41 

O u t s i d .  1.32 3.00 i.sa 

a 

-19% 
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COmpari8on Of Pl88tiC and Liquid.--Similar With a 

cglindor f i l l e d  wi th  l i q u i d  r c i n t i l l a t o r  were made, but 

direct CMprrisona of the two systema could not  be 8ccomplished 

because of di8Similar r e f l e c t o r  surface app l i ca t ion .  

l iquid 8y8tOr, however, should produce the  saw r e s u l t  as the  

best pla8tic combination. 

I hollow Lucl te  tube f i l l e d  w i t h  8 s o l u t i o n  of 4 g / l  terphenyl  

pluu 0.05 g / l  a-NO- in monoi8opropylbipheayl. 

multiplier tube dipped d i r ec t ly  i n t o  t h e  l i q u i d  and f i t t e d  

in to  t h e  teat chamber. 

An optimum 

The l i q u i d  cy l inde r  conai8ted of 

Tho photo- 

Magnesium oxide and aluminum f o i l  were 

placed on t h o  i n a i d e  of the  cy l inde r  f o r  coaap8rison. Again, 

e Wgne.ium oxide incre8red t h e  output  by a f8ctor of 2. 

Since the  walls of tho Lucite conta iner  were much poorer t h a n  

t h e  surface of the  p l a s t i c  for t o t a l  i n t e r n a l  r e f l e c t i o n ,  

there -8 8 greater difference in pu l se  he igh t s  w i t h  the 

reflector a t  t h e  end only,  and end p l u s  s idea .  With the 

aluminum in81de t h e  Luci te  cy l inde r ,  d i r ec t ly  in t h e  l i q u i d ,  

a greater l i g h t  loss  w8s noted. The Luci te ,  al though a poor 

internal reflector, was 20 per c e n t  better than t h e  f o i l  

specular reflect'or. Tho r e s u l t s  are summarized in Table 2. 

Optical Couplina.--Optical coupl ing between the  photo- 

mul t ip l ie r  tubes  and the  end of the  plast ic  c y l i n d e r  was made 

by applying a h igh ly  t ransparent  f i l m  of petrolatum or s i l i c o n  

oil t o  t h e  end of the  plastic. There was l i t t l e  d i f f e rence  

tween p l a i n  whi te  petrolatum and the more e x o t i c  s i l i c o n  



materials. I n  a l i qu id  system, it  may prove more practicrif 

to  us0 a window interface. Disks of quartz ,  window glasa, 

and Pyrex 1/8 in. t h i c k  were cu t  t o  fi t  over tho 3-in. 

dlrmeter face of a plaa t ic  cylinder. The d i s k s  were coupla 
? 

t o  the  plaatic and t o  t h e  pho to lu l t l p l io r  tube wi th  potro- c. 

tw, 8nd tho pulsa  hefght output (frw a C8137 SOWCO) Of 9 
ma measured. The greatest v r r i r t l o n  noted was 8 33 per c q  * 

reduct ion  when Pyrex -8 used a8 the  lntOrf8CO. Quartz and., 4 

window glass, in t u rn ,  reduced the pulse height only .bout . 

:1 

10 par coa t ,  A 8-y of Stud108 w i t h  d i f f e r e n t  O p t f C 8 1  . 

coupl ing8 Is aharm in Fig. 4. 

Conclu8ion8 

A counting system br8.d on th. pr inc ip l e  of individual  

cy l inder8  of plastic scfatillator can k arranged in I vrriq 

of goomotrlo8, dopmding on tho roqu l r ewnt s  of tho uer,  

Ercopt for tho shioldin# probln, such 8ystom8 are r e l a t l v o  

Oa8y t o  dO8im rnd C ~ 8 t ~ C t .  With 8 tWO-tUbO 8J8t.0, tho 

1-r lirit of m.rmrremant i8  roducod t o  100 kev g8-8 rry 

enom; l m r  Iovals m y  be obtainod by proper 8election of 
p & u l t i p ~ o r  tuber.  ~ h .  abso lu te  couating e i i i c i e n c y  for 

CmnT-(667 tor q.rrr my.) w i t h  I, %in. diimotor, 9-ln. 10- 

cy l i ador  Is about 34 por cent.  Th8t I8 t o  88JI t h8 t  34 per 

8ra couated, d i r rogr rd i~g  g o o w t r l c 8 1  m d  ond lorrO8. 

-1% 
' @ A ' !  f 0 5 4 b 8 2  d 
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E, C. Ander8on and W. E, Unghrr, Avenge mt888iur & 

uontr8tion of tho Humn Body am a Funation of Ago, 

Sc&oaco 1_30, 714 (1959). 

B. C. Andor80m, Appllcrrtion8 of Natur.1 Gamma A c t i t i t t  

HOa8WOwnt8 t o  Moat, Food R.8. E, 806 (1S59). 

1. Iangh.u and E. C. Andor800, Bioophario Coatmiarrtior 

f r a  Nuc1o.r. Weapons T88t8 tbrou#h 1958. &: -!UP 

ittoo on R8dtrtion of tk 

;Ui, .: * Wag. Gama-Neutron Monitor, Is11 Roc. * 2, 95 (1958). 

(7) Yo A.  Van Dill., I g o  Cr78tal Counting, l?ucloonic8 
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(1) Y. A. Van D i l l a  and B. C .  Andorson, Personno1 Monitor- 

iag wi th  Urgo Liquid S c l a t i l l a t f o n  Counters, h o d  

Forcorn Mod. J ,  

Y. A. V8n D i l l a ,  J .  R. Arnold, 8nd E.  C .  Andarson, 

Hatur8l and Cosmic-ray Induced RId iorc t i r i t ia8  i n  

(3) Y, A .  van DIU. rad Y.  J .  Bngelke, zincB5 i n  Cyclotron 

(2) 

Y e t O O r I t O 8 ,  GOOChiEiC8 et CO8bOChf8IC8 A c t . .  

WQTkOf8, SCiOnCO. 

'4) Y. A .  Van D i l l r ,  Zinc" 8nd ZirconiumgS in Food, 

Saleuco 

(3) S. B. Zobrl8ky, E. D. Naumann, A .  J .  Dyer, 8nd E .  C. 

Andor8on, Tho Relationship between the Potasriw IsotoW 

I(@ 8nd b 8 t i n e 8 8  Of Live HW8, J. Animal SCf. 
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ORGANIC CBDYXSTRY SBCTIOIl 

I ntrM-uc t Ion 

14 program on contemporary c ._ . . 

stat. of t h e  ar t  of l i q u i d  s c i n t i l l a t i o n  counting and took 

on rdckd significance from 18rge-8c81e nuclear woaporu teat- 

la( tkcau8a of the hazard of C14 t o  man and tho u8oful d8tr 

o f ?  ntoorological and geocherical nature which might r e s u l t .  

b W O i g t I a 8  o i l  I 8  a nrtural torpano u ix tu re  which, by chemical 

. -  

- *..A 

convoraion t o  p-cymene, can be incorporated i n t o  a 9041 

liquid a c i n t i l l r t i o r r  counting: vo lu r .  and con t r ibu te  70 g of 
4 

c 6 r b .  Iongra88  is commercially cu l t i va tod  

1 r t l t ud .o  of 30.5 and 25.N and is f a s t  growing 

hrrvoitsd. 

between the 

and f requent 1y. 
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'I9mmtylaight samples harvested between August 1955 and 

June 1959 have been counted and t h e  results, corrected for 

f r a c t i o n a t i o n ,  are shorn  In  Fig. 1. The a c t l v f t y  iaCreare8 

are grously linear wi th  a s b r p  break upward (t,,) a t  about 

June 1958. The two heaispherea hrve d i f f e r e n t  slopes rnd 

i n t e r c e p t s .  

t h e  8 C t i V l t y  rise above the preborb l e v e l ,  the  southern ham 

isphere ex t r apo la t e s  t o  be 2 per cen t  richer in C14.  

time of cross-over f o r  the t w o  hemisphere8 is October 1956. 

A 8  of June 1959, t h e  lemoagraom data show t h e  hemisphere 

increases t o  be 26.8 per cen t  In t h e  no r th  and 19.7 per coal 

in t h e  south. A 8  of t h i s  t i m e ,  the average trogo8pherlc COP 

t e n t  was 7.3 x 10'' atoms of bomb C". 

A t  to (January 1954), t h e  time a t  t h e  st8rt of 

Tho 

1 
An extremely simple t h roe  campartmont model with ox- 

p o n e n t i s l  w c h a n i r r  of tranmier . 1 1 0 ~ d  from computmont olii 

t o  two 8nd f r r  two t o  t h r e e  ha8 been applied t o  t h e  expbri- 

monk1 aorthern hemimphere l e rongra r r  d8t8. The cor~r tmont  

8rO 8tratOrphOr0, I n t o  which tho CI4 18 origin811y'  InJOCtisd; 

troposphere, in which wo aro making a c t i v i t y  s e a a u r e ~ e n t 8 ;  

rad oceaa, i n t o  which moat of tho r c t i v i t y  rill eventually 

-0 80.n roridonco ti.08~ T ~ J  fOr 8trat08phOr0, 8nd f28  fC 

traporphoro, 8ro i a  t ho  equat ion for tho ~ o d o l ,  8nd tho C a b  

c u h t i o n  has u8.d 7 yearr for T~ aad l . S J  5, 8nd 10 year# 

Q(1131481.19 
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mrbolll4 (v, N .  gorr, F, N. ~ . y o r ,  and B. mn6- 
buryR in coop0r8tioa with N .  T, Yirov of tho Dopertnnt of 
& r $ m t l t W O ,  Foromtry Sorvice, Borkolop, California) 

* I  c -  

IMufficiont d.t8 havo b..n colloctod to &to f o r  an 

rhfelt woro collect06 in 1954, grvo an averago of 13.98 + rc 

0.m h n / g  of carbon. 

amWFa p8rt of tho Unitod S t a t 0 6  during the month of July 

ZSS'6. rweraged 14.21 + c 0.03  d/min/g of carbon. 

Nino samples collected i n  the south- 

4 p l o t  of the data through l a t e  1958 shows that tur- 

Lap h8ve risen i n  a c t i v i t y  a t  about the same rate as 

fu&grasr oil; however, there was a delay approaching t h i s  
1 -- 

ram f h d i n g  t o  an eventual t i m e  s c a l e  di8phCement (in- 

tegr8t;ing t i m e )  for turpentine8 on the order of one year. 

Ut.$ *mple8 should a l lor  a more accurate assessment of 

t h l 8 ~ h l u e  , 
% . - ,  z 

. ..' 
"I . .  . 



Carbon1* i n  Citrus F r u i t  012 (V. N.. Kerr, F, N, Hayes, 
E, Hansbury) 

A program for measurement of c14 a c t i v i t y  in citrur 

o i l s  was originally i n a t i t u t d  t o  s u p p l e w n t  measurement8 

taken frrrr lemongraos oils and r e p o r t e d  In t h e  previoua 

pepera. The d a k  provided by th8 larger number of citrus 

oils p l w  t h e i r  rider geographic81 range serve as a b8sls 

for 8 p a t t e r n  of C14 d i s t r i b u t i o n  and 8t t h e  88m time 

Point up 8 n m l i e s  in the pattem. 

The d a t 8  from the 63 citrus oil samples me8sured t o  

dat8.covor  the  period from late 1955 through the  first ha 

of 1959. Tho rate of increa8m of a c t i v i t y  i n  the80 o i l s  

i 8  p 8 r r l l o l  t o  t h a t  of tho l . r o n ~ 8 8 8  s8mplea. Therm is 

dirplacement of tho citrum oil t 8 1 U O 8  in t i m e  with regard 

t o  the lomongrass valuos. This I8 most prob8blp duo t o  t 

re la t lvo ly  lon-r growing priod of tha  citrus fruits, T 

an  averaging of a c t i v i t i e s  is obt8ined by l ay ing  dorn of2  

u t e r i 8 l a  of d i f f e r e n t  a c t i v i t y  during tho growth period 

for the f r u i t .  This apparont time difference between t h e  

l O m O a g r 8 8 8  samples and the c i t r u a  o i l s  is on tbe'order of 

t he0  months.. 

One obviou8 incongrui ty  w8a provided by sample8 

obtained from orang. grove. near Lo8 Ang.Iaa. 

lowor valuer  obtained fro8 tho.. ramplo8 are fatorpr8t.d 

The much 
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a i  ~ l ~ l i 2 0 d  "8UO88 Ef f a c t .  ** 

thm. oi l8  rad tho80 producod in a mor. rur8l rtmmpharo 

avorgam rbout 5 per cant.  

tho rate of rim of c14 a c t i v i t y  for 

Tho differonco k t w o n  - 

5 pi-. 1 

tk aarthorn horirphoro, a8 8hom in both lomoagrrrm 

(dashed l ino)  rnd cltrum O i l 8  (8ol id l i n o ) .  Tho point8 

hEt3ng b l o w  tho lino for normal o i lr  arm thoro froa 

ftrrbo grown mar Loa AngOlO8. 
4. 

/T ~ 

--#- .-, .ec --. 
a- 

I 1 1 I I I 1 I I 1 I I 
CITRUS OILS 
MORTHCRlY WCYISPHCRC 

0-  
0 N -  

I I I I I I I I 1 I L I 1 
t!@)S4 sb 56 97 38 39 60 

Big. 8% R8tO of rima of c14 a c t i v i t y  in citrum 0118 in 
tha northern heairphere . 

r 



-Em- (P. N. -yes, V. N. Kerf, 
E. Eaorburp, and D. L. Will5ame) 

' 

1 
14 A program to measure contemporary increases i n  C 

8CtiVfty In the bfocrphere m t U t  look backward i n t o  the n e u  

p88t to 08trbli.h the level of t r m d  i n  activity before tbr 

II, * 14.30 - 0.007t 

99131q87.204 
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. a  
A - 14.37 4 + 0.04 

Camphor ir  a vorj poor contwporarp 8tmO#phOriC 8amplorJ 

sm th. tram from rh leh  it i m  dorlvod ir may docador o ld  

rf tiw Of h8rVO.t and h88 k o a  8toring camphor t b o u ~ h o u t  

tm t i fa .  S O W  turp.ntine8 from pino rtmpr rhome eutting 

ir 08tabli8b.d to h8re occurrod w a j  dmcador ago -0 

mi- ~ O l l O c t ~ d .  Whom COtllltOdJ t h e i r  data ril l  ropror8nt 

cL4 8etiritio8 kforo or In tho early d8ys of tho or8 of 

urge-acale burning of f o ~ r i l  f u e l s .  

x 

I.. ' -  
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LBuid  S c i n t i l l a t i o n  Solu te8  (P. N. b y e s ,  E. Eansbury, V. N. 
gerr, 8nd D. G. O t t )  

The s c i n t i l l a t o r  t e s t i n g  program, which to  data has 

*valWt@d Over CmpOUd8 as s c i n t i l l a t i o n  s o l u t e s ,  is 

cootinuing i n  cooper8t ion w i t h  G. Daub of t h e  Universi ty  of 

Mexico 8nd h i 8  graduate s tuden t s  Who C8rry Out 8 C i n t f l l 8 -  

tion 8buorption 8nd f luorescence s t u d i e s  w i t h  the  f8cil i t ies 

in H-4. A s tudy  of phenanthrene derivrtivem ham bean CQQ- 

pieted i n  t he  disser ta t ion of S. P. Birkeland (l), who found 

seven new 8 0 l U t 8 8  more e f f i c i e n t  than PPO (our 8t8nd8rd),  

two of which matched the performance of our beat s o l u t e  PBD. 

%e of these new compounds , 5,7-dihydro-3, S-diphoayldibemz [c, 01 
OXepin (D-52) , i S  f i n d i n g  8 p p l i C 8 t i O n  a8 ths short  w8ve lewth 

witt41: in 8 two-sc in t i l l a to r  de t ec to r  under development by 

F. Roines 8t the  Case I n s t i t u t e  of Technology. Special 

mphthalene d e r i v 8 t i v e s  and s t i l b e n e  analogs are now being 

studied. 

Thore ha8 b o a  no s o l u t e  in a l l  the  t e s t i n g  pr0qr.m w i t h  

a s r x i m u ~  relative pulse  height (WE) greater th8n  1.28. 

We have received a p r i v a t e  c ~ u a i c r t i o n  in manuscipt fora 

from G. Rerrmnn, Johannes Gutenberg Unive r s i t a t ,  YIlnz, 
(9 

Germany, in which he reports t w o  new s o l u t e s  w i t h  aliximuar 

RPH >1.45.  Those were ev8luated in a sys t em 8nd with 8 

stand8rd supposedly iden t i c81  t o  our#. We receivatd 88mP1e8 

-209- 



ShiUMk8y8, O t  a1 (2) h r V O  reported thrt 8 IlOW # O l U t e *  

3 - ( 4 - b i ~ ~ a ~ l y 1 ) . - 5 - ( l - n r p h t h y l ) - 1 , 3 J 4 ~ ~ d ~ Z 0 1 ~ ,  . .  i8 #) 0 . 0 7  

m w  RPB - 1.18. 

tig8ted both here and In the Gerua labor8tory. 

This discrepancy is boing further inves- 

coat @attor than our kst roluto (thw its BPE should be  

8botat 1.54). 

ffrrd that i t8  pIIIxImum'RPH ir 1.13. 

. -  

10 b v o  rynthesizod the Russirn Cotpound 8nd 

. .. ... . ... . 
2 .." 

- - .- ...a " ... 

- . azo:  ' . -  
C: . 
. .  

. .  . .  
. ._ . .. --, '.. . - . 

. .  

. 

. T  

. .  
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Tho very large v o l u w  (-400 galloa8) of Hwco XI (808 

Cmpter 3) made it necemary t o  look f o r  new s c i n t i l l a t o r  

aolvent6 with t h e  ecoaomy and t r r m p a r e n c y  of toluene 

(solvent in Bumco I) ,  along wi th  the high f l 8 8 h  point  of 

t r f e t h y l b n z e n e  ( the solvent in Genco (1)). Solvont t rans-  

mt88ibilitY and r e l 8 t i v o  pula. height8 -) of aororal 

solvent,  80lut0, s c i n t i l l a t o r  comblnatlon8 were me88ured 

using 12-liter volumes of s c i n t i l l a t o r  so lu t ion .  Table 1 

b W S  8- of the r e s u l t 6  8nd a d d i t i o n a l  i n f o r u t i o n  concern- 

ing 8 f e w  new so lven t8  which ind ica te  t h e i r  possible useful-  

ness a8 1 8 r g O  volume a c i n t i l l r t o r  f i l l i ~ ~ g ~ .  

By tho tlw of the next r e p o r t ,  It is hoped not only t o  

h 8 ~  cho80n 8 worthy r c l n t l l l 8 t o r  for Humco 11, but also t o  

have minod cooalderably more understanding as to  the r e h t i v e  

lmportaoco of varioua s c i n t i l l a t i o n  parameters in affect ing 

t h e  porformrnco of 8 large voluma 8 c i n t i l l a t i o n  dotec tor .  

REFBRENCE 

(1) E, C. A U d O r i O D ,  F, N. Eayem, and R. 0.  Hiebert, 
N U C 1 0 0 ~ h i C 8  Is(e), 106 (1958). 
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t iquid Sc in t i l l r t i on  Countfog of Trit ium (D. G. O t t ,  F. 29. 
mpr, and T. T. Trujillo) 
c 

Introduation 

Th8 l i q u i d  r c i n t i l l 8 t i o n  counting syrtem which h.8 been 

in rou t ine  us. for ueveral years ,  al though q u i t e  s r t i u f a c t o r y  

fo r  most t r i t i u m  a888378, h88 been known for some t i m e  t o  be 

capable of conuiderabls  improvement. In the. first place, it 

is re8thetically de8ir8blU t o  be using t h e  best po8sible 

system av8i l rb1e  (within cert8in bounda of convenience and 

economic.) and secondly,  t o  have a sy8tem which is capable 

? assaying t r i t i u m  water 8raples whose a c t i v i t i e s  are very 

lor (8 few t i ~ e 8  background). Since these p r o p e r t i e s  h8ve 

not been p resen t ,  i n v e s t i g a t i o n s  were conducted t o  determine 

the formula and p r o p e r t i e s  of an improved s o l u t i o n  whose 

principal  use would be for  assaying o n e 4 1  water samples. 

Concentration of the compolrents of the  dioxrne sy8tem 

were var ied  and the fol lowing formula m s  chouea: 

125 g / l ;  PPO ( r e c r y r t a l l i z s d ) ,  7.5 g/l ;  #)#IP, 0.375 g / l ;  and 

dioxane.* using 15 a1 of s o l u t i o n ,  e f f i c i e n c i e s  fo r  counting 

t r i t i u m  were about 10.8 per c e n t  with 0 , l  rl water; 9 per 

cent w i t h  1 rl n t e r ;  and 4.5 per cent  w i t h  3 m 1  -tor.  

naphthalene, 

This 

2aatman Kodak Company NO. 2144. 



ropro8eat.d an improvement of about 50 mr cent over tb. 

"old" s o l u t i o n .  

ured h8r been rOpl8COd by t h e  mom1 screW48p Wm8ton Liqutd 

S c i n t i l l a t i o n  Spectrometer V i a l .  

35 c h i n  m i 4  15 el of S C i n t i l l 8 t W  ro lu t ion .  

The K i m b l e  10-dram Opticlear V i a l  originr 

Background is about 

Dioulu s y m t e u  have boon ob80rv.d t o  exhibit t h e  phon 

onon of cherilumine8cance rosul t iUg in ex t r eau ly  high back- 

ground of very 8hort half-life. This a f f o c t  ir t o  be 8tudi  

in detail,  but in practice it h a m  boeo found t o  occur i f  tho. 

sample i a  basic and it can be eliminated by lowering the  p 

w i t h  a fer m i c r o l i t e r s  of concentr8ted hydrochlor ic  acfd. 

With c e r t 8 i n  low a c t i v i t y  srrplee conta in ing  quonuhi 

impurit ies,  it is no t  posnible t o  propars a blank of idon 

e ch8r8cteristicm fo r  background de te ra in8 t ion .  Fol lor ing  fr 

t h e  previou8 deronotr8t ion fo r  C14 thrt background can be'+ y l  

related t o  counting e f f i c i ency ,  a similar rOl8tionShip rfll 

be sought for  tritium rater counting. 

Fur ther  s t u d i e a  t o  be c u r l e d  out v e v  soon includo 

dovolopwnt. of a mor. amti8factory in torn81 8t8nd.rd techni  

th8.problmr of increa8.d e f f i c i e n c y  a t  far counting rates; 

d~t~rllnation rad improvement (if noco8mary) of th. rali8biWI 

system, p a r t i c u l a r l y  for lor a a t i v i t y  samplea. Limitation - 
on tho u o u n t  of t r i t i u m  8 c t i o i t y  t h 8 t  c8n bo 8cbini8torod to 

C. 
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people in the cour8e of diagnortic  and phyrloloqic81 study 

mtCeS8it8teS the development of more precis. and r8pid 

technique8 of low love1 tritium counting, if tho potent ia l  

v 8 1 W  Of t h i 8  f80tOW i n  such studies is t o  be r O 8 l i Z @ d .  
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tho orgrnlc compound# which do not con ta in  hydrogen, 

p r f l u o f o -  campbund. 8uch a8 perfluorohexrno, herrifluoro- 

bonzeno, 8nd porf luoro to luene  looked most proci8ing a8 l i q u i d  

scint i l la tor  ~101vont8. 

an extremely poor s o l v e n t  for s c i n t i l l a t o r  s o l u t e s .  

f luorotoluene hr8 been obtained i n  small y i e l d  only as 8 by- 

product. 

t i a l l y  according t o  t h e  procedure of Fiellmann, e t  a1 (11, 

and p u r i f i e d  by t h e  gas chromatographic technique. 

Porfluorohexane was prepared but  was 

Per- 

Consequently, hexafluorobenzene was prepared essen- 

Solutions of various s o l u t e s  i n  hexafluorobenzene gave 

s l a t i v e  c u r r e n t s  (2) ranging up t o  25 per c e n t  of t h e  2,5- 

diphenyloxazole-toluene s tandard.  

rnd s o l u b i l i t y ,  dlphenyloxrzole was the s o l u t e  of choice but 

its s o l u t i o n  in CePs proved t o  be more subject t o  radiat ion 

h u g e  a t  high dome rates than were so lu t ions  of 9,lO-diphenyl- 

rnthracerr.. Oxygen-ire. solutionm. of t he  latter s o l u t e  in 

hexafluoroboneene (3.25 g/l) were the least  affected of those 

invea t iq . ted ,  and oxygen removal by s a t u r a t i n g  t h e  s o l u t i o n s  

with argon incros8ed s c l n t l l l a t l o n  e f f i c i e n c y  by 64 per cent .  

Based upon r e l a t i v e  cu r ren t  and oxygen quenching consid- 

B8sed upon l i g h t  output  

Or.tionZI, a s o l u t l o n  of 9,lO-dfphenylrnthracene (3 g / l )  in 

E-Xy1@ne -8 chosen fo r  the  neutron s e n s i t i v e  medium. 

d of this s o l u t i o n  wi th  argon raised the  response t o  Co 

Purging 
60 
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Photodetector8 fo r  Liquid S c i n t i l l a t i o n  D o r r i m e t g  _in t h e  
?ield (D. L. William, F. N. Hayes, and R. L. Schuch) - 

Do80 rato dovicem are needed which are capable of meaa- 

wing the  dooe rato of each component of a mixed r a d i a t i o n  

f i e ld  in tho v i c i n i t y  of reactors and other largo source8. 

A specific example of such a need i. the  r ecen t  measurement 

of r a d i a t i o n  doae rate frol IClwi-A, t h e  first prototype of 

a nuclear  power u n i t  fo r  rocket propulsion. These devices  

should bo dose rate and energy Independent over the  appl ic -  

ab le  energy region. Other derirable features are small 

a i m ,  mobi l i ty ,  and a m i n i ~ u r  requirement for as8ociated 

r l e c t r o n i c  equipment. 

To go w i t h  the system of **psired** l i q u i d  rclati l lator 

detectors (described in a previous report), which had a l ready  

been developed t o  meet these requirements,  it was nocesrary 

to  f i n d  r u i t a b l e  photodetectors in order t o  produce prac- 

tical l i q u i d  s c i n t i l l r t l O n  domimeterr. A de tec to r  for high 

dore rrtes wa8 cons t ruc ted  frw a cy l ind r i c81  steel chamber 

with 2041 volume, one end of which was a 1-1/8 in .  diameter 

uelenium-barrier photovol ta ic  cel l  (Fig. 1). The i n n e r  

surface of the  steel chamber was coated with  an epoxy resin,  

containing anatase TiOZ. The d e t e c t o r  used, as described in 

Loa A l r m o r  S c i e n t i f i c  Ubor8tory Report LA-2373 (1) , g r V e  a 

-8eful  l i n e a r  response from 6 t o  1 x 10 r a d h i n  of gamma 

. 

5 
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-, .. 

excit8tiOne R88ponaO of t h e  u n i t  (in a mixed r8d i8 t ion  f i e l d )  

f i l l e d  with  diphmoylojuzalm-~-xylmnm rcintl l l8tor I 8  8hom in 

fig. 2, and i t8 rmaporuo with 8 diph.aylousol8-h.#f~uoro- 

W o n t  8467 photooul t ipl imr war mado t o  rmplaco tha photorolt.iC 

cell. 
2 Thia de t ec to r  (1) rrra linmrr from IOo5 to 10 r8d/mln. 

Thm syrtmmm de8crib.d a r m  linmar ovmr an extroaalp ride - 2 - 
IF 

range and are c8p8blo of t r a n n l t t i n g  rigwl over long dl8- 

Wncea. Simultaneous gamma 8nd neutron rate meaauraaents can 

i o  a8do u6ing p81r8 of detector8 f i l l e d  w i t h  the appropriate 
% 

!quid rcintlllrtors. The basic l i a l t8 t ions  are: (a) the  

%cossl ty  for  p ropr r8 t ion  of the  b e u f  l u o r o b e m n e  crolvent ; 

(b) thm d e t e r l o r 8 t i o n  of 811 organic materi818,. 88 well Sr8 

photovolt8ic cells  over 8 parlod of ti# In h igh t r8d i8 t ion  

i lux08; and (c)  nmutron enorgy dopondonce of t h e  neutron plu8 

bra r87 sy8tem. 

gr8ctic8l poin t  of view m y  bo overcome through proper c8llbrr- 

In the latter ~880,  the problem*.fra the 

t ion .  Work on the80 8ysteu  with dif ferent  a c i n t i l l 8 t O r  ffll- 
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Fig. 3.  ReBpOa88 of  photovoltaic cell detector to g a m a  
ray. only in a mlxod radiation f i e l d .  
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i 

Corntruetion of a=tivo++ d? 

Column (p. L. Willi8.8) 
CllYI 

A .ob110 pr8wr8tiVO-8C810 Q.8 chromatographic Unit 

boon 888embled ( F i g .  l), which 88 capable of handling -88 

q U B t i t i . 8  of mterfrl, Tho ronring dov iw is a therm81 

conductivity C a l l  which 8 C t U 8 t O .  8 8trfp C h r t  recordor. 

8m8n8 of bridgo currant 8od 8 o l u i t i r i t y  controlr,  8 r i d e  

By 

r8ngo O f  dotector 8 O n 8 i t i V i t Y  i 8  . r 8 i 1 8 b h .  C#gOnOnt8 

which amount to 88 little 88 0.06 p.r cent  O f  8 1-gr.m 88mph 

8re detect8ble. Tho 2-in. x IO-it. colunn i n  t h i r  un i t  I8 

quickly 8nd easily intercbngerblo  with 0th8r8, thur offerlag 

rm8dy access to  a variety  02 column packing materialr.  
a 

I: I 1 0 5 4 1 1  I 

00 131487.222 



Fig. 1. Preparative-acale gaa chromatographic asaembly 
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All rpectrophotometric ln8trrmnatr of tho Group hrva 

bean centralized in a alngle inlrtruuotm laboratory, which 

allow6 more officiant and convaniaat urn of tha equipmoat 

for obtaining phy81Cal propertie8 and for qU8lft8tiVO and 

quantitative analyses. 

Organic Chomlstry Section (aa well am aoma from othar sac- 

tions) have made Increasing use o f  the facility. The ln- 

strumenta 8V8il&bb are a Beckman DK-1 Recording Spectro- 

photometer for the ultraviolet, visible, and near-infrrred 

(210 to 2850 ap); a B8ird Recording Infrrred Spectra- 

photoaeter for the infrared (2 to 16 p); and a recent addi- 

t ion, an Amiaco-Boaaun Spectrophotof~uoroter, modified 

for use with a Varian recorder, for fluorescence measure8entr 

i n  the ultraviolet and visible regions. A set of Sadtlar 

Standard Spectra for the infrwed and near-infrared is 

. available . 

Virtually all projects i n  tha 

I U S 4 3  I 3  
1 
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U b e l i n ~ o f l y  lmportant Compounds with Radio- 
a c t i v m  (A. Murray) 

The programs of the Biochemistry, Radiobiology, and 

Radiopathology Sections have been supported by the synthesis 

of the following labeled compounds, t h e  figures in paren- 

theses being specific activity of the radiochemically pure 

compound (in mc/g) on - carrier-free basis: 

(a) C14-Isoniazid (14.05). 

(b) H -N , N ,N * I -Triethylenethiophosphoramide 

(c) H -Cholesterol (39.3). 

(d) 

(e) 

3 
(2.15, 5.66, and 6.92). 
3 

3 H -Mevalonic acid as N,N'-dibenzylethylene- 
diamine salt (14.3). 

H -1- [p (8-d ie t hy lam inoet hoxy ) -pheny 1 j -1- (E- 
tolyl)-2-(p-chlorophenyl)ethanol c (35.3 and 
375) .  

3 

3 ( f )  H -Pyridoxine hydrochloride (1 56 and 1,310) . 
(0 )  

(h) H3-Thyrine (19,250) . 
(i) H -Deoxycytidine (8,640). 

(j) H -1-Acetyl-2-isonicotinoyl hydrazine (5.63).  

(k) Dihydrolanosterol-25, 26-H2 (0.086) . 

H3-Thymidine (395, 516, and 2,100). 

3 

3 
I -. 

3 

14 
With F. Domer* w e  prepared the C -Hemicholinium compound 

(a cholinesterase inhibitor) : 

et he thy lent)] b i s  [ (2-hydr oxyet hy 1) dime t hylaamonium-Ct4 bromide 1. 
[4,4'-Biphenylenebis (2-0x0- 

From t h e  Department of Pharmacology, Tulane University School 
of Medicine, New Orleans, Louisiana . 
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In addit ion,  tho following l a k l o d  compound. are in th. 

prOC088 O f  being s p n t h e 8 l ~ d :  

14 (a) 2,4,6-Tr~nitrotoluen-l-C 

(b) 

(c )  H3-1anoatorol. 

(d) €?-Linoleic Acid. 

Dihydrolan08terol-25,26-~ (In high a c t i v i t y )  

i 



A n a l y t i c a l  8nd separ8tioa Method8 of Spacial Use in Multi- - 
site I@8truct ive L s m t h o d s  (A. Hurray) 

Appl ica t ion  of papor chromatography (employing 14 x 22 i n .  

sheet8 of Whatman No. 3 MU, No. 17, and seed t ea t  papOr8) ha8 

been developed for  s e p a r a t i o n  and recovery of C14- or $0 

l abe led  component8 of a mixture of organic  compound6 up t o  

t h e  l e v e l  of 75 mg t o  2 g per sheet, 

t o  bo p a r t i c u l a r l y  e f f e c t i v e  i n  p u r i f i c a t i o n  of tritium-' 

labeled products  r e s u l t i n g  from t he  gasktxposure t echnique ,  

as w e l l  as those o f  extremely h igh  a c t i v i t y  formed by catalyt- 

tc exchange i n  the presence  of ar0 (1300 c/4 m l ) .  A simple 

expo8ure t o  X-ray f i l m ,  as t he ' de t ec t lng  system, replaces 

t h e  need for count ing  and ana lyz ing  the hundreds of a l i q u o t 8  

The method has proved 

of eluate collected by t h e  u s u a l  p repa ra t ive  column chroolat- 

ography methods. 

absorbing 88teriala is t h e  u l t r a v i o l e t  scanner  camera (1). 

A simp10 fluorescent i n t e n s i f i c a t i o n  sc reen  &a been developed 

t o  extend its usefulnous. 

Another detector applicable t o  u l t r a v i o l e t =  

The large p8-r method h.8 been a p p l i e d  t o  i s o l a t i o n  from 

human u r i n e  of C14+metabolitea of the  drug i 8 o n i a z i d  i n  amounts 

s u f f i c i e n t  t o  p e r m i t  i d e n t i f i c a t i o n  through t h e i r  phys i ca l  

properties, 

A s tudy  of the transforaarrtion brought about  i n  aqueous 

thymidine solution under c o n d i t i o n s  o i  r a d i o l y s i s  i n d i c a t e s  

-229- 



th8t the product8 are not  those of simple hydrolysis to 

thymine and deoxyribose. I t  is hoped that th68e separatlva 

methods w i l l  prove of value In establishing t h e i r  ident i ty ,  

(1) N .  A. m8k8, II. J. Bainom, R. E. Knouff, and E. D. 
Nielaon, A n a l .  Cher. - 28, 2036 (1956). 

i 
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(5) 
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2320 (1959). 

V .  N. Kerr, F. N. Hayes, D. G.  O t t ,  and E. Hansbury, 
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V .  N. Kerr, P. N. Hayes, D .  G. O t t ,  R. Lier, and E. 
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CHAPTER 5 
* 
%- 

4'- . 
RADfOBIOIXnn SECTION 

a (J .  F. l d i n g  and 
v .  G. St rang  

<?$% +. 
-i 
-s- 

T I n t r o d u c t i o n  
& 

There is increasing evidence t h a t  many a u t a & ~ , n s  u may 

have s l i g h t  dominant deleterioPI.-'diect8, which might  cur -  

minate i n  a greater popu la t ion  damage t h a n  the lethal effects 
.a, 

of hoaoaygous muta t ions  (1). The study described here W 8 S  

designed t o  observe t h e  h e r i t a b i l i t y  of r 8 d i a t i o n  daa8ge in 

mice in teras of r ep roduc t ive  performance 1 1  and life span. 
'1, 

Hothods and Resu l t s  

The population of mice used In t h i o  s tudy  o r i g i n a t e d  

from a s i n g l e  p a i r  of mice, and were tre8ted as showu i n  

Fig,  1. 

of age. 
1 
:of t h e  6 t h  gene ra t ion  has been completed. 

The X-ray treated mice were exposed a c u t e l y  a t  4 weeks 

A t  t h e  p r e s e n t  time o n l y  the  r ep roduc t ive  performance 

S ince  these data 
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are p r e l i m i n a r y ,  no a t t e m p t  has been made t o  a n a l y z e  and re- 

f i n e  them. 

t o g e t h e r  w i t h  a comparison of t h e  c o n t r o l  and  expe r imen ta l  

The mean and s t a n d a r d  errors of each o b s e r v a t i o n ,  

~ O U P S ,  a r e  shown i n  T a b l e  1. 

l i t t e r  data s t r o n g l y  suggeat t h 8 t  s u b l e t h a l  ( u n d e s i r a b l e )  

hered i ta ry  d e t e r m i n e r s  are produced by a c u t e l y  a d m i n i s t e r e d  

X- rays  of t h e  magnitude used and that these u n d e s i r a b l e  

The p r e l i m i n a r y  r e s u l t s  of t h o  

~ I U r a c t e r i s t i c s  a re  passed on t o  f u t u r e  g e n e r a t i o n s  i n  t h e  

manner one would expect from random s e g r e g a t i o n .  The e x t e n t  

tu which these characteristics are a d d i t i v e  may be determined  

t h e  l i t t e r  data from t h e  1 2 t h  g e n e r a t i o n  are completed. 

Refe rence  

W. L. R u s s e l l ,  L. B. R u s s e l l ,  and E. F. Oakberg, 
"Rad ia t ion  G e n e t i c s  of Mammals." I n :  R W  
and Medic ine ,  W. D. C l s u s  (ed . ) ,  Addison- e8 ey,  ea ng, -. 
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{ 
(J. F. S p a l d i n g  and V .  G .  S t r a n g )  

I n t r o d u c t i o n  

There has been some e v i d e n c e  t o  i n d i c a t e  that g e n e t i c  

f a c t o r s  which  d e t e r m i n e  t h e  l i f e  s p a n  of a species may be 

a f f e c t e d  a d v e r s e l y  i n  t h e  first g e n e r a t i o n  o f f s p r i n g  of male 

mice exposed t o  f i s s i o n  n e u t r o n s  (1). Evidence has a l s o  

been i n t r o d u c e d  which i n d i c a t e s  t h a t  muta t ion  ra tes  may d i f -  

fer w i t h  s p e r m a t o g o n i a l  stage (2). The purpose  of t h i s  

experiment  is t o  s t u d y  t h e  r e l a t i v e  effects of f i s s i o n  n e u t r o n  

and Co60 gamma i r r a d i a t i o n  of t h e  male p a r e n t  on t h e  life 

span and v i a b i l i t y  of h i s  o f f s p r i n g ,  as produced from a n  e a r l y  

and a l a t e  b r e e d i n g .  I n  t h e  e a r l y  breeding ,  t h e  o f f s p r i n g  

r e s u l t e d  from sperm that were i n  t h e  late s t a g e  of deve lop-  

ment a t  time of i r r a d i a t i o n ,  and  i n  t h e  l a t e  b r e e d i n g  from 

sperm that were in t h e  v e r y  e a r l y  stage of development .  

Methods and  R e s u l t s  

Two hundred and  twenty RF male mice 8 weeks of age were - 

randomly d i v i d e d  i n t o  11 g r o u p s  of 20 mice each and treated 

as shown i n  F ig .  1. Groups 1 th rough  5 were g i v e n  32, 6 7 ,  

102,  134, and 177 rads of f i s s i o n  n e u t r o n s ,  r e s p e c t i v e l y .  
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Group8 6 t h rough  10 were g i v e n  6 0 ,  120, 180, 240, and 

300 rads of Co60 gamma rays, r e s p e c t i v e l y ,  and group 11 was 

re tained a s  a n  unexposed c o n t r o l  group.  

Fol lowing  e x p o s u r e ,  a l l  male mice from exposed and  con- 

t r o l  g roups  were p l a c e d  i n  b reed ing  cages w i t h  a randomized 

p o p u l a t i o n  of RF female mice 10 t o  12 weeks of age w i t h  a 

cage r a t i o  of 1 male t o  4 females, E igh teen  days  a f t e r  t h e  

mating da te ,  t h e  males were removed. The l o n g e v i t y  of o f f -  

s p r i n g  from t h e s e  ma t ings  is b e i n g  s t u d i e d .  O f f s p r i n g  of 

i r r a d i a t e d  sires in par t  (1) were sib-nrated,  and t h e  l o n g e v i t y  

of t he i r  o f f s p r i n g  is being  s t u d i e d .  

S i x t e e n  weeks f o l l o w i n g  exposure ,  a l l  irradiated and 

c o n t r o l  males were placed i n  b r e e d i n g  cages w i t h  a randomized 

p o p u l a t i o n  of RF female mice 10 t o  12 weeks of age with a 

cage r a t i o  of 1 mole t o  6 females. The l o n g e v i t y  of o f f s p r i n g  

from these m a t i n g s  is under  s t u d y .  O f f s p r i n g  of  i r radiated 

sires i n  p a r t  (3) were sib-mated, and t h e  l o n g e v i t y  of t h e i r  

l i t ters is b e i n g  s t u d i e d .  

T h i s  program was started in September 1958 and w i l l  

t e r m i n a t e  a b o u t  September 1961. 

Refe rences  

(1) 

(2) W. L. Russe l l ,  J. W. Bangham, and J. S. G o w e r ,  Proc .  1 0 t h  

W. L. R u s s e l l ,  P roc .  Nat. Acad. S c i .  43_(4), 324 (1957). 

I n t e r n .  Congress  Genet . ,  Mont rea l  245 (1958). 
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1 
(T. T. Truj i l lo  8nd J. F .  Sp8lding) 

Con8ldor8bl~ inf orutfon f a  8v8 i l8b le  auggesting th8t 

younQ 8nd o l d  8oim818 show mignificant differencem in their 

8 b i l i t y  t o  withstmad stress. 

8ppe.r. to v8ry with  l i fe  sp8n ioterv81 of the 8pecl88 8Bd 

dogroo of rtresr. 

stross t o  which young uice 8ppo.r to  adju8t botter tbrn do 

old 011.8, 88 indic8ted by tho por coat of surVivOf8.  

The response of two ago groupa 

Subnorm81 tompersture is a nonspecific 

I t  W8a 

obrorred thrt 8t  8 teaper8turo of 6 to 7.C for 14 dry# in 

i n d i o i d w l s ,  73 per cent of 6 moat!l o ld  mice survived, while 

onIy 17 per cent of 19 month o l d  oa.8 could r l t h s t m d  t b l r  

rtres. 

. I t  18 w@IZ knom 8180 th8t 8 dof in i t .  lifo 8hortenlw 

i n  8 i C a  r O 8 U l t 8  from Slllgle or rUftip10 do808 Of Who10 b d y '  

radiation. Varlatlons i n  reduction of l i f o  rp8n 8ro 

d with 8tr8ln, 8OX, do..,, 8od do80 rat.. A r8BgO l a  "%= 
t b - d u c t l o n  Of l ife 8p8n 18 f-10 8 i C O  Of fra 0.3 t o  

0.7 dh) p.r roentgaa h.0 b o a  roportod. 

Tb. aging procou i 8  poorly roborrtoob if 8 t  a l l ;  hw- 

OWF, i t  a0888 important to campare tbo natural prooorr ritb 

r8dlr t ion  8ging undor 18bOr8tO- conditiolu. Thi. i n V O 8 t t # D  
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curana t ly  i n  progreis, was designed t o  observe d i f f e r e n c e s  

i n  t h e  two aging  mechanism8 in a s i n g l e  s t r a i n  of i r r a d i a t e d  

and n o n i r r a d i a t e d  mice, when exposed t o  a nonspec i f i c  streea 

such as cold.  

Methods and R e s u l t s  

Young female mice of t h e  RF s t r a i n  are being used in 

t he  i n v e s t i g a t i o n .  The r a d i a t i o n  exposures are gamma r a y s  

from a Co60 source .  

can ?am v a r i e d  t o  o b t a i n  des i r ed  dose 01 t o t a l  body r a d i a t i o n  

The dose r a t e  and length  of exposure 

and v a r i e d  l i f e  shor t en ing .  Radiation exposures begin when 
* v; 

$ @ n i m a l s  are 3 t o  4 months of age. A t  t h e  t e rmina t ion  of 

exposure, a l l  groups are allowed a 90-day recovery period 

b8f- s u b j e c t e d  t o  stress. A l l  dea ths  during t h i s  per iod  

wouid be considered a c u t e  deaths,  and subsequent t o  t h i s  
t 

?. 

pe&d as chronic dea ths  

grQpp of i r r a d i a t e d  mice 
,.' - - -  

due t o  a n  ag ing  process.  With each 

exposed t o  t h e  co ld  environment, a 

group of n o n i r r a d i a t e d  an imals  of t h e  same chronologica l  age 

is exposed and serve a s  controls. A l l  cold stress pe r iods  

are f o r  14 days a t  6 t o  7 O C  in a walk-in refrigerator. The 

animals are housed i n  i n d i v i d u a l  compartments with food and 

water a v a i l a b l e  ad l i b i t u m .  Upon te rmina t ion  of stress, the  

mice are r e t u r n e d  t o  t h e  normal warm q u a r t e r s  for a n  addi- 
* 

1 lO-day s u r v i v a l  obse rva t ion  per iod ,  a f t e r  which t h e  k 
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I 

experiment is t a r ~ i n a t e d .  To determine first t h e  effect of 

n a t u r a l  aging on r e s i s t a n c e  t o  cold of the RF s t r a i n ,  

500 young female mice of t h e  same age were randomized and 

groups of 100 orch are being  placed i n  the  cold room every 

4 months. The l i f e  span of the  RF mouse is believed t o  be 

between 2 and 3 years. 

The results t o  date  are rocorded In Tables 1 and 2. 

A l l  groups were observed for  de8th8 dur ing  and f o r  10 days 

a f t e r  t h e  stress period. Table 1 shows that 6 1  per  c e n t  of 

t h e  irradiated mice d ied ,  compared t o  45 per c e n t  of t h e  non- 

irradiated ani - l s .  Table 3 shows per  c e n t  deatha of 1 non- 

i r r 8 d i r t e d  group, coap8r.d w i t h  4 l r r ad i8 t ed  groups each 

r e c e i v i n g  a d i f f e r e n t  dose. Of t h e  500 young mice d iv ided  

in groups of 100 each t o  be exposed to cold every  4 aonths  

t o  determine r e s i s t a n c e  t o  stress w i t h  age, only  the first 

group (4 month8 old) has been stressed w i t h  86 per cent s u r -  

v iv ing .  

?row t he  d8tr presented ,  it is ev iden t  that there i 8  a 

d e c l i n e  In tho a b i l i t y  of irradlatod mice t o  resist cold 

when 8tr888ed a long  w i t h  a non i r r ad i8 t ed  group of the  same 

chrono log ica l  age. 

i n  t he  irradiated groups corresponded w i t h  t h e  whole body 

dose rece ived ,  w i t h  t he  oxcopt ion of Group 11 which received 

Aa shorn i n  Table 2J the per c e n t  deaths 

the  le88t r 8 d l a t f o n .  There w8r no gross ob8ervat ion during tb@ 
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*- 

or post stress period t o  ind ica te  a r e a s o n  for t h e  

m o r t a l i t y  i n  t h i s  group. To observe t h i s  phenomenon 
d- 

furthery a similar expe r imen t  is c u r r e n t l y  unde r  l n v e s t i g a -  

tion. Four hundred RF female mice, 4 t o  5 months o ld ,  in 

groups of 100 each, have r e c e i v e d  512, 1522, 2598, and 

3682 roentgens, r e s p e c t i v e l y ,  a t  a dose  r a t e  of 50 r/day. 

mes8 groups have n o t  been exposed t o  c o l d  as y e t ,  From t h e  

a t a  in T a b l e s  1 and 2, i t  appears t h a t  t h e  aging mechanisms 

the n a t u r a l  and r a d i a t i o n  processes 

mever,  r e d u c t i o n  of life span due  t o  

le mouse, based on our dose  r a t e s ,  7 

are  very similar; 

r a d i a t i o n  for t h e  RF 

h a s  no t  been obse rved .  

. .  

I O 5 4 1 3 2  -245- 





Group NO. of Total Do88 m p  No. of T0-1 DO.. Mice (rad.) No. Mice (rad8) wo. 

1 42 

42 

6 42 92 240 
480 7 42 182 

720 8 44 271 

. 4- 48 960 9 46 355 

a t  "r-day in terva l s .  
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The r e r u l t s  of this study (Table 2) show the  fo l lor lng  

1. R8diitlon-lnduced d8o.ge i n  the .owe ha8 on0 c a p  

nont which is pers.nent and irrevor8ible. 

2. A t  leirt 8 fract ion of t h i s  irreversible de- i a  

proportion81 to the magnitude of tho chrllenging dole, rob 

i 8  DO8rm8blO i n  t O ? U  O f  i.p8irmUt in 8 W V i V a l  t h e  i n  a 

coatinou8 g8na r8dirtlon f i e l d  . 
3. F188iOn neutrons are more e f f e c t i v e  in daluging tb  

N-ir WCh.ni8a th8n 8ra g8m8 r.78 by 8 f8Ctor O f  8mrart= 

lUt.1~ 5 .  

Referonces 

(1) G. A .  Sacher, Chapter 12, In: Radioblolo rad U d i c i  
\1. C18US ( O d . )  8 A d c i i s o n - W e m l e y , ~  
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Acuto End P 

I n t r o d u c t i o n  

Promaturo aging or l i fe  s h o r t e n i n g  appears  t o  b. one of 

tho import8at effocts of r 8 d l 8 t l o n  expowre. N o r ~ m l l y ,  t he  

agin# 8ffect I 8  me8sured by coiparing t h 8  median 8 W V l V 8 l  

time of i r r 8 d U t e d  8nd control a n l m 8 l s ,  which requires 

ob8erv8t ion  throughout t h e  entlre l i f e  span. Acuto end 

p o i n t 8  of r8dlat ion-lnduced aging would permit more observa- 

t i o n s  w i t h  less handling and housing problems and would 

supplement median surviv8l s t u d i e r .  I t  is po88iblo also that I 

such obse rv8 t ions  would c o n t r i b u t e  fundaeenta l  information -; 

on the  mechrnirms of radiation aging. This s tudy  was under- - 

t8ken t o  exp lo re  calcium uptake and accumulation in t h e  

aorta, kidney hypertrophy after u n i l a t e r a l  nephrectoary, 8nd 

tompar8ture shor t en ing  of t h e  r a t  t a l l  tendons as physfologic  

i n d i c a t o r s  of  radiat ion-induced aging. 

Methods rad R e s u l t s  

-2%- 
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ngle a c u t e  r 8 d l 8 t i o n  do80 on such a mersurement. 
_. .. 

&le Spragu@-D8Wlep r a t s  were irradiated w i t h  350 r8ds - 
of T6c) KVP X r8y8  a t  t h e  8ges of 3, 6, 9 ,  and 12 month8. Two 

o r  t h e  rats were i n j e c t e d  i n t r a p e r i t o n e a l l y  w i t h  

of Ca4', as were un l r r ad ia t ed  con t ro l  rats of the 

08. The ra t s  were sacrificed 24 hours af te r  i n j e c t i o n  

aorta, from t h e  heart t o  t he  diaphragm, was removed. 

was a88ayed f o r  t o t a l  calcium and Ca4'. The r e s u l t s ,  

d as  per cent  of i n j e c t e d  dose per 100 ag of dry 

ght ,  per  c e n t  of i n j e c t e d  dose per  pg calcium times 

crg calcium per lag d r y  t i s s u e ,  a r e  given i n  Figs .  1, 

, r e spec t ive ly .  

calcium content  of the a o r t a  seems t o  decrease be- 

ages of 3 and 12 montha, wh i l e  the Ca4' uptake 

i n d i c a t i n g  an increased  turnover.  The effect of an 

e of 350 rads is n e g l i g i b l e  after 2 months. I t  is 

whether an effect would be detected a t  earlier o r  
.*w. 

1r;trr i n t e r v a l 8  or whether larger r a d i a t i o n  doses , de l ive red  

c h r o a ~ c r l l y ,  would demonstrate an effect .  
F 
~T4- 

Y ice 
1 -. - 

tr -3 " w 
If the response of a young animal t o  a stress is more 

-qknt i n  r e l i e v i n g  the  r e s u l t a n t  s t r a i n  than that of an old  
JiF 
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animal, t hen  tho response t o  a s t r e a s  may bo a measure of 

phybiOlOgiCa1 age. The hypertrophy of a surviving kidney Is 

a w e l l  known response t o  t h e  stress of u n i l a t e r a l  nephrectomy. 

Sevoral experiments testing t h i s  response as a func t ion  of 

age and r a d i a t i o n  do88 were carried out. 

A m .  --Twenty-four hours a i  ter 

exposures t o  X-ray doses of 186, 279, 372, 465, and 558 rad., 

groups of CS’IBlack female mice were u n i l a t e r r l l y  nephrec- 

toaized, and the kidney was blotted dry and weighed. Forty 

days af te r  nephrectomy, t h e  animals were sacrificed and the  

rlurvivlng kidney was weighed. The per cent  gain n 8  cal- 

-: cula ted  as i o l l o r s :  

x 100 Xidaey weight a t  sac r l f i ce f iody  weight a t  sacrifice 
Kidney weight a t  aephrect#p/godp weight a t  nephrectomy 

;The r e s u l t s  are shown i n  Fig. 4. There was a decreaao in 

hypertrophy l i n e a r  wi th  t h e  logarithm of doam, except f o r  t he  

las t  po in t  which may bo due t o  a connective t i s s u e  hypertrophy 

a t  t h i 8  dose in t h6  animals in this group (35 per cen t  of the  

animals a t  t b i 8  doso l e v e l  d ied) .  

g . - 4 5 7 B l r c k  female mice 

were u n i l a t e r a l l y  nephrectomized a t  3, 6, 9, 12, 18, and 

24 month8 of age. Forty days after nephrectomy, t he  m i m . 1 8  

were sacrificed. Figure 5 shows the r e s u l t s .  The l a s t  point  
- 

* 
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Fig. 4. Acuto reapoar8 o f  hpprtrophying DOUO kidnoy t o  
irra d i r t  ion. 
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18 O f  doubt fu l  v 8 1 u e ~  SinCO Only 4 a n i U l 8  8 W V l V @ d  40 d8y# 

post nephrectamy. 

18 months of age no use fu l  r o l 8 t f o n  betwon 8go and kldnay 

hypertrophy n8 found. Verzar rod Hugin found similar roo 

I t  8eom evident that ktweon 3 8nd 

8 U l t .  r8t8 (a), 

r t r o  h .-45781rCL: 

f e u l o  rice were irr8di8ted 8t t h e  8g.s of 3 8nd 9 month8 

w i t h  200, 300, and 400 r8dm; 8 group of 34onth-old mice u8a 

worm u n i l a t e r a l l y  nephrectomizOd. 

tha mice wore 88Cri f iC.d .  Tho r e s u l t s  8re given in Fig .  6 

and give no p w t i c u l a r  i nd ica t ion  that age of t h e  animal 8t 

time of un I l8 t e r81  nephrectaay 8nd i r r 8 d i a t l o n  ha8 8ny affoc 

on kidney hypertrophy 88 an lndicr tor  of r8d ia t ion  effect. 

Forty days af ter  nephrect 

-t "ail ? o n d o m a . -  

V O r w  (4) shwed t h 8 t  the 18olated t a l l  tandon8 of rats 

ahortma when exposed t o  8 temperature of 60.C and that tho 

mount of cont r8c t ion  is 8 func t ion  of t o m p r a t u r o  and ago 

of the. rat. 

on ~ p r ~ e - ~ ~ w ~ o y  rat8 s and IS month. oi ago. 

An attempt t o  rowat t h i 8  axpmriwnt waa mmla 

rmmult. 

aro givon i n  Fig. 7 .  

-258- 
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e 3 MONTH OLD AMIMALS 

A 9 MONTH OLD ANIMALS 

DOS€ (RADS) 

Fig. 6 .  Delayed response  of kidney hypertrophy to radiation 
exposure i n  rice of different &gee. wfi 
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I t  can bo seen that t h e  per cent  shrinkage doe8 not vary 

with age, although tlm time a t  which maximum cont rac t ion  i s  

reached I8 d i f f e r e n t  a t  these ages. Fur ther  t e a t s  a t  other 

ages should be made. 

cont rac t ion  could bo used as an ind ica t ion  of age respoase. 

I t  is po8sible that t h e  ti- of maximum 

Conclusiona 

Although these s t u d i e s  were s t r i c t l y  prol i r inary,  they 

seem t o  support  t h e  conclusion that the threo mothod. tested 

show l i t t le  promise a8 a c u t e  end p o i n t s  of radir t loa- induced 

aging. I t  is a n t i c i p a t e d ,  however, that a search for  such 

indicatore w i l l  be continued. 
- 
& 
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1 
4 

(P. S. Harris, E. F. Yontoy., and W. H. 
Sc hwe i t zer 1 

In t roduct ion  

The Loa Alrr08 Godiva XI a880mbly is U 8 0 d  exten8lvely 

as a r8di8tioa source f o r  tho 8tudy of r a d i a t i o n  effects 
I on biologlcll mrterials, a8 r o l l  a8 effects on physical  I 

as~~semblies, e l e c t r o n i c  component8, and o the r  materials. I t  i 
I s  especially used In experiments involving effects of 

f i ss ion neutrons,  In such s t u d i e a ,  it Is important t o  know 

the  doe0 and nature  of t h e  r a d i a t i o n  exposure a t  t h e  point 

of interest w i t h  t h e  ob jec t  being exposed In place.  I t  w8r + 

considered worthwhile, t he re fo re ,  t o  make a study of radia- 

t l o n  dose and f l u x  from t h e  assembly under a series of condi.: 

t ions of usage. 

I 

I 

Method. 8nd Resu l t s  

A rarlom of measurementr on neutron f lux ,  noutroa dmo, 

rad gama rap dose were mado und8r aoveral exporimentrl  coadh 

tion8 commonly used a t  Godiva when radiation effectr dcporl- 

a 8 n t r  are being performed. 

per imental  s e tups  and condi t ions  rro no t  given here, sinco 

a docum8nt g iv ing  pe r t inen t  datai l8  (1) has already been 

prepared and is rordy f o r  d l s t r i b u t l o n .  

De8crlption8 of t h e  vrriour ex- 

The r e s u l t s  i n d i c r t ~  

-282- 
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t h e  v a r i a t i o n s  from free a i r  estimates that might be ex- 

pected under pe r tu rb ing  c o n d i t i o n s .  

t o  s e v e r a l  conclus ions  of importance in r a d i a t i o n  effects 

s t u d i e s  a t  t h i s  source ,  among which are the  fol lowing:  

These experiments  led 

1. L o c a l  environmental  p e r t u r b a t i o n s  produced by the 

experfmental  objects themselves modify both fast  neut ron  and 

gamma r a y  doses a t  t h e  p o i n t s  of interest. 

2. A monitor such  as  temperature  rise in t h e  assembly 

cannot be used t o  g i v e  an a c c u r a t e  index of ei ther f lux  or 

dose a t  t h e  p o s i t i o n  of some experimental  o b j e c t .  

3. S u l f u r  as  a f l u x  o r  dose monitor canno t  be used t o  

g i v e  an a c c u r a t e  estimate of t o t a l  f l u x  or t o t a l  dose a t  the  

p o s i t i o n  of sowc exper imenta l  o b j e c t .  

4. Plutonium surrounded by BIO can be used t o  g i v e  a 

reasonably a c c u r a t e  estimate of t o t a l  fas t  f l u x  and t o t a l  

f a s t  neutron dose (accuracy better than 20 per c e n t )  a t  t h e  

p o s i t i o n  of an exper imenta l  object under t he  usua l  c o n d i t i o n s  

of t he  experiment.  

by the  use  of low 2 i n t e rposed  materials, plutonium In  itself 

Is u n s a t i s f a c t o r y ,  

If t h e  leakage spectrum Is h igh ly  modified 

5 .  Gaamr r a y  t o t a l  dose cannot  be predicted from a t o t a l  

neutron do88 measurement i n  r a d i a t i o n  effects experiments  t o  

better t h a n  a factor of 3 t o  4. 

6. Thermal neutron f l u x e s  are not predictable and (if 

-263- 



of any importance) awt be b O 8 8 u r O d .  

7 .  G.uu ray dose roaaurlng dovfcO8 ahould b. thermal 

noutron Insens i t ive  becauno the preaenco of perturbing mate- 

rials generally tends to rriso the thermal neutron flux back. 

ground and Puny standard grmum dose detector8 have 8 high 

s e n s i t i v i t y  (on a rrd for rad basis)  to  therm81 neutrons. 

R 
-: 
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E E  
( I .  U. Boom, G. Traiton, L. Conklin, 8Bd D, C.  Uhite) 

In t roduc t ion  

Although a c u t e  and ch ron ic  effects of r 8 d i r t i o n  on mice 

are  accepted as boing s o m e w h a t  dependent on age a t  time of 

exposure, there have been few s t u d i e s  i n  which r e s u l t s  have 

been c o l l e c t e d  i n  t h e  same l abora to ry ,  unde r  t h e  same condi- 

t i ons ,  and  on t h e  same random populat ion of a n i m a l s .  This 

s tudy  is an attempt t o  observe age dependence of s e v e r a l  

r ad ia t ion  effects  under t h e  same set of c o n d i t i o n s  c o n t r o l l e d  

as c a r e f u l l y  a s  possible.  

Methods 

CF1 female mice from t h e  same o r i g i n a l  random group were 

exposed t o  whole body rad ia t ion  of 100, 200, and 400 rads a t  

2, 6, 12, and 18 months of age. Groups of animals exposed 

a t  18 months of age contained 40 t o  50 animals .  A l l  other 

irradiated groups had 150 animals. 

t h e  c o n t r o l  group. Also, from t h e  same o r i g i n a l  random group, 

nonl r rad ia ted  mothers were chosen fo r  breeding  purposes and 

t h e i r  babies were exposed a t  1 t o  7 days of age. This part  

of t h e  s tudy  i n c l u d e s  males and females. Following irradia- 

tfon, t h e  babies were placed w i t h  t h e i r  mothers for 30 dam, 

"wried, and  rerandomized. The number of a n i m a l s  i n  each group 

There were 300 a n i m a l s  i n  



_- 

v a s i e d  between 80 and 100 a t  time of eXpOIOUre .  

R t ~ 8 U l t 8  and Discuss ion  

The a c u t e  30-day mortality for a n i m l s  irradiated w i t h  

400 r8d8 of 2 month. of age or older  is shown i n  Table 1, 

Tab les  2 and 3 summarize the  mean S W V i V 8 1  and l i f e  shorton, 

lag of t h e  animals  irradiated a t  the var ioua age l e v e l s .  

In Tab le  3, t h e  l i f e  shor t en ing  -8 based on t h e  m88n 

s u r v i v a l  of t h e  c o n t r o l  animals .  Although o n l y  one con t ro l  

group of animals  was used for the c a l c u l a t i o n  of l i f e  shorter 

ing in Table 3, the  l i f e  shor t en ing  of the  irradiated group 

was based on t h e  mean s u r v i v a l  of c o n t r o l  animals c a l c u h t e d  

on the  basis of t h e  number of c o n t r o l  s u r v i v o r s  a t  t he  ti.0 

of i r r a d i a t i o n  of each of t h e  i r radiated groups, A n i u l r  

i r radiated i n  t h e  first week of l i f e  were comprred t o  their , 

own set of c o n t r o l  animals, as g iven  i n  Table 1. The 8881- 

s i t i v i t y  t o  a c u t e  effects of i r r ad ia t ion  appears  t o  bo in- 

-creased w i t h  t h e  age of t h e  animal w h i l e  the chronic  dolapod:  

effects on l i f e  s h o r t e n i n g  docreared w i t h  age. 

The t o t a l  tumor inc idence  In these animala is gioon in 

Tables 4 and 5. 

are reported. 

i 8  attempted i n  t h i s  report. 

Only t h e  number of primary tumorr occurr ing  

KO specific breakdown in tumor c l a r 8 i f i c a t i o n  

A l l  tumor8 of reticular t l r r W  

have been classified as leukemias and lpmphoma8, 88 
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TABLE 1 .  Acute Mortality o f  CF1 Female Mice Exposed t o  
Whole Body X Irradiation a t  Various Age Levels 

Acute %-dry Age a t  
E%pO8Ur9 Dose Animals Mor t a l i  t y  
(month.) (rads) (No 1 (per cent) -- 

2 400 152 
Control 3 10 

6 400 154 
Control 305 

12 400 155 
Control 26 4 

18 400 43 
Control 202 

6.6 
0.3 

11 .o 
1.3  

0.0 
2.9 

26.7 
6 . 0  1 

-26 7- 
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TABLE 3 .  Life Shortening g f f e c t  on CFl Female Mice Exposed 
t o  mole Body X Irr8diation a t  Various Aee Levels 

Age a t  Mean L i f e  L i i e  
E%pO8We DO60 Animals Sp.n Shortening 
(aon t h8) (r8d8) (No (days) (per c e n t )  P-valuea 

2 100 
a00 
400 
Control 

6 100 
200 
400 
Control 

12 100 
200 
400 
Control 

la  100 
200 
400 
Control 

147 
145 
142 
309 

151 
141 
137 
301 

139 
139 
128 
259 

42 
4s 
33 

190 

535 
459 
355 
617 

544 
532 
427 
629 

627 
629 
590 
083 

74 
712 
704 
755 

13.4 
25.7 
42.5 -- 
13 .5  
15 .4  
32.1 

0. 

8.2  
7 . 9  

13.6 
0- 

1.3 
5 .7  
6 . 8  
II 

0.01 
0.01 
0.01 

0.01 
0.01 
0.01 

00 

0.01 
0.01 
0.01 

-0 

0.60 
0 . 0 2  
0.01 

0. 
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TABLE 4.  Per cent  Tumor Incidence In CP1 Mice (Irradiated 
a t  1 to 7 days of age) 

Females 
4 . 7  
2 .7  
2 .3  
4 . 2  

- 
1 . 6  25 .4  1 5 . 9  

18.9 2 .7  9 .6  
1 8 . 6  0.0 9 . 3  

2 . 8  1 5 . 5  5 . 6  

15 .9  
2 0 . 3  
39 .5  
1 5 . 5  

63 100 
74 200 
43 400 

Control  7 

Males 

79  100 
69  200 
34 400 

Control 80 

cI.cu 

m- 5 . 1  -- 4.3 
1 5 . 2  27.8 0.0 

-- 5 . 9  
1 7 . 4  0.0 

0.0 -- 5 .O 
0.0 1 4 . 7  

18.8 

15 .9  
2 3 . 5  
12 .5  
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7 '  

rocommended by Dunn (1). P i t u i t r r y  tumors wore not inves- 

tigated. The occurrence of mul t ip l e  primary tumora in one 

anim8l var iod  con8iderrbly between t h e  groups of animals 

s tud ied .  -4 
- 3  

E&ch p r i m r y  tumor waa considered sepa ra t e ly .  

In tho irradiated bbierr, tho leukemia incidonce was k 
- .  increa8ed in both sexos, but  a t  higher doses t h e  increase 

was greater in the ferrles. Lung tumor incidence was in- 

creased u l i g h t l y  in the group of males rece iv ing  100 rads. = 

Tho number of ovarian tumors was g r e a t l y  increased in tho 

i r r r d i r t e d  females. 

I - 
5. 

- 3  

.. 
- 
I - -  J 
I The threshold  dose f o r  ov r r i an  produc-- -- 
2 t i o n  appeared t o  be less t h a n  100 rads in t h i s  s train of 

mice. f n  general ,  where t h e  over-al l  tumor incidence is 

incroa8ed over that of t h e  control anibalb, t h e  l a t e n t  
z 

-4 

$j 
". 
-2 

period f o r  tuwor induct ion is decreased. 

The tuaor  incidence data for all mature age group. 

(Table 5) show that t h e  leukemia incidence v a r i e s  w i t h  8go -- -T 
+ in t h i s  s t ra in  of mice. The greatest s u s c e p t i b i l i t y  is soon 

S t  3 month8 rnd them a t  I8 months. A n i P r l r  irradiated rt - _  
12 m o n t h  d id  not show any increase i n  leukemia over that of 

7 

tho c o n t r o l  a n i m l n ,  An increased incidence i n  ov8rf.n 

tumor8 wa8 geen in animr ls  i r r a d i r t o d  rt 2 month8 of aga. 

%o ilrcre88e in ovar i rn  tumor incidence -8 8.011 i n  animals 

irr8dl8ted a t  6 month. of age o r  older. 

incidonc8 of lung tumors d i d  n o t  d i f f e r  from the c o n t r o l  
Tha o V O r 4 l l  
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inc idence ,  but tho  latent petriod for production of theme ne- 

oplasms I s  reduced in i r r a d i a t e d  animals .  

Gompertz funct ion  (age s p e c i f i c  l o g  rate8 of morta l i ty )  

w i l l  be c a l c u l a t e d  for a l l  groups of animals .  

Reference 

(1) T .  B .  Dum, J. Nat. Cancer I n s t .  - 14, 1281 (1954) .  
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E-ial 8 a  

8ad Tumor IBCidmnCO of Q1 Mice (I. U. Boon., G .  "rafton, 
8 e 

I I( n t roduc t ion 
4 

P8rti.l body expoBure t o  iouizing i r r 8 d i 8 t i o n  ir a 

techniquo which ha8 be8n used t o  s tudy a r i d e  v a r i e t y  of 

rad i r t ioa  effecta. In t h e  p8.t i t  h88 had p r r t i c u l u .  

applicrt ioa i n  a c u t e  mor t a l i t y  s t u d i e a ,  and only r e c e n t l y  it 

h88 been appl ied  t o  long-term .ad life shortening effect.. 

No spocif ic  experiment81 dat8 r e l a t i n g  t o  l i fe  span and lit, 

expect8ncp af ter  p8rti.l body expo8ure vera a v a i l r b l e  u n t i l  

a recont shor t  paper by Kallmrn 8nd Kohn (1). 

, 

Tho presen t  experiment '18. derlgned f o r  t h e  purpomo o t  

studying t h e  long-term effects of p.rti.1 body exporure 

w i t h  specific reference t o  shor ten ing  of l i f e  spaa, tumor 

incidmce,  and ago specific rate8 of morta l i ty  (commonly 

known 88 Gomportz fuac t iona) .  

t o  tho80 frw mico receiving equiv8lent  i n t O g r . 1  dorer duriw 

rholo body oxpouures and t o  u n i r r r d i 8 t e d  control .IC.. 

Therm r e r u l t s  wmro caplrod 

-374- 



exposure .  During exposure,  t he  mice were anesthetized w i t h  

sodium p e n t o t h a l  (91 mgkg body weight), 

Every attempt was made t o  s h i e l d  uniformly t h e  upper or 

lower p o r t i o n s  of t h e  body, w i t h  t h e  t i p  of t h e  x iphoid  

process a r b i t r a r i l y  chosen as t h e  ana tomica l  landmark. The 

par t i a l  body s h i e l d s  were hollow c y l i n d e r s  of 114 in. lead, 

l i n e d  on t h e  i n s i d e  w i t h  p a r a f f i n ,  The o u t s i d e  was covered 

w i t h  brass so t h a t  t h e  c y l i n d e r s  cou ld  be machined t o  g i v e  

a f l a t  end or “s ide“  t o  prevent  t h e  c y l i n d e r s  from r o l l i n g .  

A l l  mice received only  a single X-ray exposure.  -1 

250 KVP Maxitron X-ray machine was used.  

exposure  t r a y  c o n t a i n i n g  t h e  an ima l s  was con t inuous ly  r o t a t e d  

d u r i n g  exposures .  The a i r  dose was 52 r h i n  w i t h  a t i s s u e  

dose of abou t  50 r a d 8 h i n .  Phantom dosimetry indicated t h a t  

t h e  t i s s u e  dose t o  the  s h i e l d e d  areas was only 3 per c e n t  of 

t h e  t o t a l  dose d e l i v e r e d  t o  t h e  exposed t issue.  

The pie-shaped 

The whole body exposure doses  were 100, 200, and 400 rads, 

w h i l e  a n i m a l s  which were sh ie lded  (upper o r  lower body) re- 

c e i v e d  200, 400, or 800 rads. The t o t a l  weight  of t h e  t i s s u e  

exposed in each of t h e  sh ie lded  groups was the  same. 

t h e  i n t e g r a l  doaes were e q u i v a l e n t  i n  these cases. I n  addi- 

t i o n ,  t h e  i n t e g r a l  dose of s h i e l d e d  an imals  r e c e i v i n g  800 rads 

was e q u i v a l e n t  t o  that g iven  i n  whole body exposure of 400 rad.; 

s h i e l d e d  400-rad e q u i v a l e n t  t o  whole body 200-rad, etc. 

Thus 

-275- 
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Animalo were 8UtOp8lOd 8t  doath, and t i 8 8 U O  88Bpl.8 war0 

t8k.n from a p p r o x i u t e l y  60 por coat of tho r a i u l 8 .  

1080 8urrir81 tim8, tumor incidooco, 8nd 8go rpocific log 

rat08 of ~ o r t a l i t y  wero determined. 

Tho 

Tab10 1 a u m ~ u i z e 8  tho .Cut0 3 0 4 7  ~ o r t 8 l i t y  at.. 

Th. ~ 8 1 ~ 0 8  aro highor than might bo oxpoctod. 

dum to  importing largo numbers of animal8 t o  our 1 8 b O r 8 t O r Y  

Unfortunately, 

8t t h i 8  t i m e ,  8 moder8to S.lmOt10118 outbroak occurred. 

animal8 diad i n  the  follwing 30 d.78. No fur thor  de8thr 

occurred In tho con t ro l  group u n t i l  190 d.78 af ter  tho irr8dir 

tloa d 8 t O .  Long-tors at8 were not  influonced by thI8 8 8 r I y  

inioction, a8 8 n i u l 8  dy ing  i o  tho first 30 d8y8 war0 nbt i p  
eluded in tho moan r u r v i v s l  o r  dea th  r a t e  d8t8. 

Tho ~ 0 8 0  8ur r iv8 l  t h o  and por cont of l l f o  8hortealng 

8. camparad t o  noairr8diatod con t ro l  a n l u l r  8ro ruaurized 

In Tablo 2. Tho st8nd8rd error of t h a  .om r8ag.d fr# 5 14 

t o  + Ir 19. Tho P-vrlue8 givoa i n  t h i s  tabla aro caprrod t o  t b  

control animala, In Tabla 3 t h e  data aro expwor8.d in t o n 8  

' / c $- f A ' !  

00131486.274 
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TABLE 1. Acute Mort8 l i ty  of P a r t i a l  and Whole Body X 
I r r r d i 8 t e d  CF1 Mice 

Exposure Acute SO-day 
Dose Animals  Xor tr 1 i t y  

(rads)  (Bo. 1 (per c e n t  1 Treatment 

Upper body s h i e l d e d  

Lower body s h i e l d e d  

Whole body exposure 

Control 

200 
4 0 0  
8 0 0  

200 
400 
800 

100 
200 
100 

147 
148 
155 

1 5 1  
158 
161  

1 5 1  
146 
154 

10.2 
1 2 . 9  
22.4 

7 . 3  
13.9 

8 . 7  

8 . 6  
1 8 . 5  
35 .1  

--- 158 6.3 
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U p p r  body rhioldod a00 132 567 6.9 0 . 0 3  ' 

400 128 508 18.9 c 0.01 
800 121 491 19.4 c 0.01 

Loror body mhioldad 200 140 568 3 * 5  0.10 
400 136 559 8.2 0.02 
800 147 549 9.9 <0.01 

Wholo body sxpaaure 100 138 549 9.9 < 0.01 
200 120 486 21.3 < 0.01 
400 100 443 27.3 c0.01 

Control --. 148 609 --- -M 

: 

("Mice th t  di.6 in tb. f f rr t  30 d.78 rftor OxpOSW. were Dot 
iaclud8d io tho d8ta. 

(b)Tha stmdard error from tho mom r8nq.d from f 14 to - + 19. 

(C)P-orluOa ( 0 . 0 5 ,  a8 datorminod by V' toatlng, woro coorida 
to indicato a mipificant dlfferenco from tho control aaImsl& 

00131484278 



T A B U  3. Decrement i n  the Lifo Sp8n per Unit D O 8 0  of P8rti.l 
and Whole Body X Irrrd i8 ted  cP1 Mice 

Upper body s h i e l d e d  200 21 
400 26 
000 15 

Lower body s h i e l d e d  200 11 

800 a 
400 .13 

Whole body exposure 100 60 
200 57 
400 42 

18 

13 
2 1  

9 
11 
6 

26 

18 
a4 
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For wholo body ergmure, tho IDCre88.d s o n r l t i r i t y  of femr10 

mica a8 do80 docre88e8 i n  t h 8  600 t o  200 r8d r8ngO h.8 h a  

notod and mentioned preriou.17 by Pur th  (2) and S8ch.r (3). 

~[.li..n and rOhn (1) have ropor ted  similar r e s u l t r .  I t  h a  

boon suggomted tht  t h l r  I8 saeharr r e l a t o d  t o  tho p.culiu!lt  

grO8ter 8en8i t fVi t7  t o  x r8y8 O f  tho U O W e  OV8ry. 

A brief swmry of t he  Over-811 tumor lncidonce is pro- 

sented in "8ble 4. In t h i s  p 8 r t i c u l 8 r  s tudy,  no s t r i k i n g  

ovor-811 loukemi8 incidence -8 seon . Tho loukomia iacidoacm 

m8p h8vo beon inf1uenc.od by th, Sal ronol la  i n fec t ion  prmrant 

a t  the tfw of irr8di8tioa. Thymic Involut ion E8y havo boon 

preaont  st t h e  timo of i r r r d l a t l o n  8s 8 r e s u l t  of tho inf*c- 

t i o n .  

iaterr~ls, tho l a t e n t  period for  tumor occurrence is decrorred 

If t h e  tumor incidenco is ex8mined on the b8s i8  of 8ge 

In irr8dl8ted 8tria818. 

Age S p O C i f i C  lOq r8t.8 Of E O r t 8 l i t l  fOr 811 CIU8.8 O f  

d.8th, e%C@pt l O u k O r i 8 ,  obt8lnod fo r  811 c o n t r o l  and 

i rr8dhtod  group.. In 811 in8t8nc08, tho regierrlon coof- , 

f i c i o n t ,  I..., tho slopes, d i d  not  d i f f e r  s i g n i f i c a n t l y  ita 

t b f  Of the c o n t r o l  and t h e  l i n e 8  could be dr8m p8r81lel 88 

sham in Fig, 1. The Gomportz funct ion8 are dfspl8ced upward 

f r a  t h e  c o n t r o l  I n  a l l  inst8ncoa.  

mont occurrod f o l l w i n q  400 r8d8 whole body eXpWure. 

r8toa fol lwing 800 rad 400 r8ds  t o  tho lower h8lf of t h e  bod7 

could be r8prO8ented by one line. 

Tho m o 8 t  sovorm dirpl8cr- 

-8th 

Displaceaont following 

f 0 5 4 -i b 1 
I i\ g.B.'rl 

- -  
I 
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upper body exposure is no t  as  great as  t h a t  following lower 

body exposure. 

group is given i n  Fig.  2. 

A p l o t  of t h e  displacement above the  c o n t r o l  

L i f e  shor ten ing  effect in p a r t i a l l y  exposed CF1 mice 

was not  s t r i c t l y  proport ional  t o  exposure or i n t e g r a l  doso. 

The decrement i n  l i f e  span per  u n i t  dose was n o t  cons tan t .  

To understand t h e  differences in the results between upper 

and lower body exposure8, e8ch must be considered ou the  

bas la  of the p a r t i c u l a r  l e s ion  involved. The greater sen- 

s i t i v i t y  fol lowing lower body exposures is no doubt inf luenced 

by t h e  rad ia t ion  s e n s i t i v i t i e s  of t h e  ova r i e s  and t h e  gastro- 

i n t e s t i n a l  t ract .  

References 

(1) 

(2) 

(3) 

R. F. Kallman, and H. I .  Kohn, Science -Hc 128, 301 (1958). 

J .  Fur th ,  and Y .  C. Boon, Science Y 98, 138 (1943). 

G .  Sacher, Radiology 67, 250 (1956). 
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E f f e c t  of S i n g l e  S u b l e t h a l  Doses of Nitrogen Mustard (HN,) 

X I r r a d i a t i o n  (I. U, Boon., G. Tra f ton ,  L.  Conkl in ,  and 
D. C. White) 

I n t r o d u c t i o n  

Many drugs  used i n  c a n c e r  chemotherapy have been re- 

por t ed  t o  produce b i o l o g i c a l  effects similar t o  those  produced 

by i r r a d i a t i o n .  One of t h e  most observed effects of such  

drugs is that of p roduc t ion  of muta t ions .  For these reason8, 

such  d rugs  are  f r e q u e n t l y  c r l led  radiomimetric or mutagenic 

agents and are  of considerable interest t o  r a d i o b i o l o g i s t s .  

T h i s  s t u d y  was designed t o  i n v e s t i g a t e  the long-term and de- 

layed effects of n i t r o g e n  mustard (HN2) as compared t o  sub- 

l e t h 8 l  doses  of whole body i r r a d i a t i o n .  

Method8 and R e s u l t s  

Ni t rogen  mustard  was admin i s t e red  as 6 i n g l e  s u b l e t h a l  

do8es t o  CF1 and CFII Swiss femrle mice. 

were chosen on the basis of LDso s t u d i e s  conducted on e8ch 

s t r a i n .  Tho r 8 d i a t i o n  was d e l i v e r e d  as 1 s i n g l e  whole body 

The do8e8 8 d a i n i 8 t e r e d  

dose of 400 rads of 250 KVP X i r r a d i 8 t i o n .  The air  dose r8te 

wa8 52 r h i n  w i t h  a t i s s u e  dose rate of 50 rads/min. The m1 
mice were irradiated o r  treated a t  about  4 months of age, and 

t h e  CFW Swiss mice a t  abou t  3 months of age. 
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Tho data sbowing a c u t e  30-d.y mortali ty from nitrogon 

a d U 8 t 8 r d  are given i n  Table 1, T 8 b l e  2 SummariZOS tho moan 

survival and l i fe  shor ten ing  d8ta for both r8diat ion and iW2, 

and data shoring tumor incidonce are presented in Table 3. 

Whilo n i t rogou mustard d id  not s i g n f f l c 8 n t l y  a f f O C t  the  l i f o  

sp8n of cT1 mico, 400 rrdr of whole body X irr8dl8tfon 

8hortoned tho moan lifo rp.n of cP1 mlce by 38 por cout.  

t h i r  s t m l n  of mice, t h e  leukemia incidence was d e f i n i t o l y  

e lev8ted  only in t ho  group expo8ed t o  400 rads, 

must8rd (4 mg/kg) d l d  n o t  in f luonce  t h e  leukemi8 inc idence  

bu t  d i d  Increaso  tho incidence of l u n g  tumors. The increaae 

in lung tumor8 may n o t  have boon r o f l e c t e d  in t h e  life span 

dat8, 88 t h i 8  tumor h8s 8 long latent porlod oven in t h e  mico 

r ece iv ing  EN2. 

in the  irradi8ted ml mice. 

fa  

Nitrogen 

Ovrr i rn  tumors were only s l i g h t l y  increased 

This map bo related t o  tho age 

8 t  which tho animal8 worm i r r8di8ted,  which w1.8 about 4 month# 

t h i s  C8.0. 

In tba CFW SwI.8 s t r a i n  of mice, l i fe  shortoning follow- 

ing - rad8 of rholo body i r r 8 d i a t i o n  w8s only 13.7 pur cmt .  

Yico of this s t r a i n  which recoivod 2.5 mghg of lWz shored DO 

8imifiC.nt 1 i f O  shortoning effect, ~h110 sic0 X'OCeiVing 

3.5 bg/kg of m2 had a reduct ion in moan l i fe  Sp8n of 9.3 par 

cont  . 
Tho roduct iou  of l i f o  awn o f  8niarl8 in tho 400 r8d 
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TABLE 1. Acute 30-d8y Mortality i n  CFl and CFV Swisa FemaIs 
Mice fol lwing Adminiatration of HN2 or X Irrrdiai- 
t i o n  

Acute 30-&Y 
~ n i - 1 ~  Mor ta 11 t y  

Treatment (NO.) (per cent) 
-A 

CF, Yfce 

4 wm fM2 
400 rads 
Control 

Srism C F W  Mice 

3.5 mgf’kg HN2 
2.5 mg/kg BN2 

Control 
400 rrds 

138 
147 
141 

91 
07 
97 

111 

1 . 4  
4 . 1  

0 

2.2 
3.2 
1 .o 
0.9 



T A B U  2, Life Shortening Effect i n  CP1 and CPI firIra Fom810 
Mice following Admini8tr8tion of RN2 and X 
I r r a d i a t i o n  

Moan Life Life 
Animals' d Span b S h o r t ~ n l n g ~  

Treatment (No.  (days) (p.r c e n t )  P-va1u.r 

! 

CF1 Mice 

4 mglkg HNz 
400 rads 
Control 

S w i s s  CFW Mice 

3.5 mg/kg €3N2 
2.9 mg/kg EN2 
400 rads  
Control 

138 6 10 3.1 
141 391 37.9 

630 --- 141 

0.40 
0.01 

-0 

89 542 9.2 0.02 
86 578 3.2 0.50 

87 515 13.7 4 0.01 
-0- -- 110 597 

("Mice that died In t h e  first 30 d8ys after exporure were not 
inc luded in the  data. 

( b ) S t ~ n d 8 r d  error from t h e  mean ranged from f: 13 t o  + J 18. 

(C)Re18tive to control8 . 
(d)?-v81u~s <O.OS, a. determined by Ot" tosting, were con- 
s i d e r e d  to  i n d i c a t e  a s i g n i f i c a n t  d i f f e r e n c e  from t h e  control 
anlm8lr. 
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X lrr8dl8tad and 3.5 m g h g  group6 88p b. re l8tod to tbr, 

l O U h 8 -  lncidonco. Incidoncm O f  leuLO8la fnCrO88.d io  

both of tb.80 group., and thr, 1atOnt period for ledcowla 

induction -8 dmcroaaod. Tbo lncidonco of lung turor8 .u 

Only 8 l i g b t l f  incro8mod i n  th. m2.mOUp8 and m f f . c t . d  

tho r8di . t lon.  -7 tmor incldonca i n  irradiated mice * 

wa8 l m r  than tb.t of tho control  rice. Neither the 400 

of whola body X irradiation nor the  m2 induced ovarian tm 

formation in thlm atrain* 

-290- 
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E f f e c t  of P r o - i r r a d i r t i o n  Treatment w i t h  G l u t r t h i o n e  on L i f e  
Span and Tumor Inc idence  of CFI Mice (I. U. Booae, G. Trafton, 
L. Coakl ln ,  and D. C. White) 

I n t r o d u c t i o n  

Agent8 such  a8 Cys te ine ,  CySteamin0, g 1 U t 8 t h i O n e D  512. 

aa lnoe thy l i ao th iu ron ium d ibrwido  (AET), etc. ,  admin i s t e red  

b e f o r e  i r r a d i a t i o n  have been shown t o  exert a p r o t e c t i v e  

effect  by modifying t h e  response  of a c u t e  lethal doaes of 

X i r r a d i a t i o n .  In t h i s  s tudy ,  g l u t a t h i o n e  (a known protsc- 

t l v e  a g e n t )  was admin i s t e red  t o  CP1 fear18 mice p r i o r  t o  a 

s i n g l e  lethal or s u b l e t h a l  dose of X i r r a d l 8 t l o n .  

effects  on l i f e  span ,  tumor inc idence ,  and age specific log 

ratea of m o r t a l i t y  were comp8red t o  animals  r e c e i v i n g  a 

single dose of 4 0 0  rads of whole body X i r r 8 d i a t i o n  and t o  

n o n i r r a d i r t e d  animals. 

Long-term 

Methods and R e s u l t s  

The r a d i r t i o n  w88 d e l i v e r e d  a8 a s i n g l e  dose of 250 

X i r r a d i a t i o n .  Tho a ir  dose vas 52 r h i n  w i t h  a t i s s u e  dose 

of 50 rrds/arln. G l u t a t h i o n e  (4 g/kg body weight) m a  admin- 

istered 30 minuter b e f o r e  i r r a d i a t i o n .  The mice were t r o a t e d  

and irradiated a t  17 veeka of age. T8ble  1 list8 the group.,  

t h e  nuaber  of animal8  i n  each group, and t h e  a c u t e  mort8litY 

data. Table 2 s u a m r r i z e s  t h e  mean s u r v i v a l  and l i f e  shor t en -  

ing data. The decrement i n  I f fa  span per  u n i t  is given  In 
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TABLE 1. Acuto 30-&y Mortalit7 i n  Irr8dirted m1 Mica 
Protreatad with Glutathione 

AnIra18 
Treatment 

a r8ds 147 4.1 

Glutathion. + 400 r8d8 141 0.7  

Glutathione + 700 F8d8 142 6 .O 

Glutathion. only 154 0 

Control 141 0 

-292- 
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2. Mern Surviv81 Time and L i f e  Shortening i n  Irradiated 
CF1 Mice P r e t r o r t e d  w i t h  Glut8thlone 

4 0 0  rad8 141 391 39.8 < 0.01 

Glutathione + 400 rad. 140 479 26.2 < 0.01 

G l ~ t 8 t h l O n e  + 700 rad8 134 427 34.2 c 0.01 

Control  I ( g l u t a t h i o n e )  154 666 0- 0.10 

Control  I1 (no g l u t a t h i o n e )  
141 630 

Combined c o n t r o l  Groupud 295 649 

-.- 0- 

-0 -0 

("Includes time p r i o r  t o  r a d i a t i o n  exposures bu t  doe8 not in- 
c lude  data for mice dying in the  f irst  30 d8yu after exporure. 

(b )Re la t ive  t o  combined c o n t r o l  Groupr I and II. Po 

(C)P-values 
t o  i n d i c a t e  a s i g n i f i c a n t  d i f f e r e n c e  from t h e  c o n t r o l  animals 
which d i d  not receive g l u t 8 t h i o a e ,  i.e., c o n t r o l  Group 11. 

(d)Combined c o n t r o l  group., 1 .e.,  animal8 which r ece ived  glut.- 
t h i o n e  and thoro r e c e i v i n g  no g lu ta th ione .  

<O.OS, as determined by ' I t "  t e s t i n g ,  were considered 
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Tablo 3.  

Tabla 4. 

- 

of l l f o  rhortoniag 8nd tumor incidance 8t both the l o t b l  aw-' 

rubloth81 do- lavola. 

for nonlaukmi8 8nd 811 doatb h.Va 8180 k o a  calculrtod for- 

Thm ovar=all ttmar incldonco I 8  8-rI-d i n  

Glutathiono had 8 dofinlto protoctfro affect In toma 

Age 8 p . C i f i C  log ratam of 8ort8lity 

5 4  1 8 
-294- 
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TABU 3. Docromant in Life Span por Unit D-o") in X 
Irradirted Yico Pretreatad with Glutrthlone F 

400 rrdo 65 26 

Glut8thlone + 400 rad. 43 17 

Glutathione + 700 r8d8 32 13 

(b)Averaga weight of alco used -8 25 gm. 

-295- 



x 
0 
r( c 
Y 
(I 
0 a 

a 
G 
c, " 
8 
0 
Q) 
c, 
(I 
4) 
k 
*, 

E 

0 
4) 
*r 
d 
.r( 
0 
(1 
k 
k 

X 
a 
rl 

a 
0 a 
4) 

u 
C 
w 

w 

2 

G 

i 

ea 
* 0 

0 
d 
A 

d 

ur 

m 
In 
d 

0 

0 
Q 
Ey 

2 
d 

a 
(I 
k 

+ 
4) 

8 
5( 1 %  ( I s  

8 2  
k 3  

I 



In t roduc t ion  

The scow of t h i s  s tudy  was t o  enumerate t h e  tumor types 

noted  in mice wed i n  a v a r i e t y  of r o d i e t i o n  experiments pre- 

. s e n t e d  in t h e  prev ious  papers. The completed s tudy  will in- 

c l u d e  a c o r r e l a t i o n  of these tumor t y p e s  w i t h  dose of rad ia-  

t i o n  administered and t h e  mode of admin i s t r a t ion ,  and w i l l  

encompass t h e  i nc idence  of each viarie.ty of neoplasm. 

To provide a more comprehensive e v a l u a t i o n  of these ex- 

per iments ,  8 c a r e f u l  microscopic exaa in8t ion  wa$ made of a l l  

t i s s u e s  removed a t  t h e  time of autopsy. A t o t a l  of 5,277 CFW 

mice Were employed in t ho  course  of these s e v e r a l  experiments,  

of which 3,333 (or abou t  60 per cen t )  were au tops i ed  and 

! t i s s u e 8  taken . 
rl Of t h e  t o t a l  number of q$ce u t i l i z e d ,  960 were c o n t r o l s  

and r ece ived  no i r r a d i a t i o n .  

doses of X i r r 8 d l a t l o n  ranging from 100 t o  800 r a d s  a t  various 

age l e v e l s  w i t h  or without  p a r t i a l  body s h i e l d i n g .  

o therwise  i n d i c a t e d ,  t h e  fol lowing tIrrsue8 were r o u t i n e l y  

removed fo r  his tologic  examination: 

k i d n e y s ,  and s ternum. 

The remainder were adminis tered 

Unleas 

lungs ,  l i v e r ,  sp leen ,  

Obvious lesions noted in other organa 
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‘1 or t i a r u e r  were alro prererved. 

b r a i n  or sp ina l  cord was made, nor ..ar t h e  ske1etrl s y s t n  

No gross examiarrtion of tb 

surveyed in any detail.  

C l a s s i f i c a t i o n  

Without inc luding  actual porcent.gea, t h e  four  m o a t  

f requent  tumor t y p e s  noted i n  t h i s  8tudy were pulmonary, 

mamm8ry, ovarian, 8nd r ~ t i c u l o 4 n d o t h e ~ i a ~ ,  Including tho 

leuireria8 and lymphooru. 

’.> 

- 

There is a rather marked v a r i a t i o n  in incidence of b o t h  

spontaneous and induced pulmonuy neoplasm8 among the  nurnroua 

s t r a i n s  of mice c u r r e n t l y  wed I n  b i o l o g i c a l  ro se r r ch  (1-4). 

This incidence v a r i e s  from 80 t o  90 per cen t  i o  strain A t o  

r e l a t i v e  r e s i a t a n c e  i n  t he  CS7Black and L s t r a i n r .  

genesis and morphology, however, r e m i n  unaffected by d l f -  

f.eronces in strain o r  mode of induct ion.  

Tho prthol 

Thore waa no pred i l ec t ion  8s t o  s i te  of origin except thrt 

tho majority of these tumors apparently rrirro near the l u 4  

periphory . 
are so l i ta ry  i n  c o n t r a s t  t o  t he  mul t i cen t r i c  na tu re  of thora 

induced through chemical or  phy8ical meanr. 

In genoral ,  tho80 tumors arising apontaneoualy 

The80 tumors 

grow prilprrlly W i t h  8 8 p h O r I C 8 1  configur8tion With prOvOs- 

s i v e  cornpramion of encircl ing lung t l s r u e .  Not inf requenr ly ,  
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i t  

* 
however, the  a d j a c e n t  a lveol i  are p rogreo r ive ly  

cords of tumor cel ls  extending along tho septa. 

ins tance8 ,  t he  pseudoencapsulat ion noted in t h e  

t y p e  of growth is r e l a t i v e l y  inconspicuous.  

invaded by 

In there 

expanding 

Microscopically, t h e  basic s t r u c t u r e  of these pulmonary 

t u a o r s  is similar. There ia  a a p e c t r n l  v a r i a t i o n  i n  t h e  

c e l l u l a r  pattern based on tumor l o c a t i o n ,  amount of support-  

ing stroma, etc. Tho p a t t e r n  is that of an e p i t h o l i o i d  tumor 

showing a predominance of a c i n a r  and p8pi l la ry  ConfiSurai- 

t i o n s .  The tumor cells are cuboida l  o r  lor colwrur.  The 

cytoplasm is uniformly homogeneour and s l i g h t l y  acidophi l ic .  

Occasional tumors are observed i n  which t h e  cell6 e x h i b i t  

paranuclear  vacuoles .  The free borders of the80 C e l l 8  show 

no evidence of c i l i a  formation,  The n u c l e i  are, in geue ra l ,  

uniformly ovoid or spherical i n  form. 

t h e  n u c l e i ,  as w e l l  as t h e  degree of s t a i n i n g ,  may vary from 

The r e l a t i v e  size of 

tumor t o  tumor and,  i n  f a c t ,  from area t o  area i n  a s i n g l e  

tumor This i ncons i s t ency  g i v e r  these tumors a variegated 

appearance.  

coalesce in the c o u r s e  of t h e i r  g r w t h .  

T h i r  887 also become e v i d e n t  when two tumor f o c i  

With t he  excep t ion  of t h e  r e l a t i v e l y  in f r equen t  a n a p l a s t i c  

tumor forms, the number of m i t o t i c  f i g u r e 8  is extremely small.. 

Despite t h e  e s s e n t i a l l y  benign appearance of these tumors, 

however, t h e y  muat of necess i ty  be cons idered  as malignant O r  
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-- 
p o t o n t i a l l y  88lIgn8nt  by virtu0 of t h e i r  modo of growth 8nd ' 

24 
t rm8mi88 ib i l i t y .  A W I Q U O  rnd r a t h e r  striking fO8t -O Of - 

& 
theso tumors I 8  tho morphologic t r a n r f o r u t l o n  which occurs 

whon one of the80 truor8 &oak8 through tho p l O U r 8  or 

mota8tasizer t o  r o g i o ~ l  lymph nodor. The t w o r  thon a88umos. 

sr 

4 

3 8 8 8 r C W 8 f O U 8  p8ttOrn W i t h  Only 8C8ttered 8 t t O m p t 8  8t  8 C i n  

= fOm8tion. Di8t8nt b O t 8 8 t a t t C  108iOn8 m U 8 t  b0 O X t r O 8 . 1 ~  2 
b- 

rare, as none w8s noted in t h i r  study. 5 

Gmdy 8nd S t w 8 r t  (l), in a dOt8iled aMly8 i8  Of t h e  
-. 

histogenos18 Of tho.@ tumOr8; u t l l l z ~ d  proran rothod. Of 

rap id  tumor Induction t o  s tudy the a l t o  of origin. Thlr w88 

aCC0mpli8hed tha d 8 i l y  8 8 C r i f i C O  of 8 O V U r 8 l  anim8ls and 

serial  s e c t i o n i n g  of the  f b o d  lung t i r r u e .  Tho r e s u l t s  of 

t h i s  exp.ri8ont 8nd 8 8llil8r study porforaod by MO8tOfl and _' 

Larrren (5) rborod coaclu8ively th t  the88 tumors  arom in 

a l v e o l a r  ti8.u. wi th  no 8pparont 88 roc ia t ion  with bronchiolm 2 
n 

or bronchi. This W88 Of p0.t import8nco 88 t h e  C O l l U l u  "? 

morphology of thoro  tumor8 would, l a  many In8tanco8, ruggerp'  

an  origin from bronchiolar  o p i t h e l i w .  I t  Is still conceiv- 

.4 

8 b l O  tht they M Y  8 t O 8  f t O W  "DUlt~pOtOnti81" C.118 a t  O r  

tho bronchiol8r-r lveolar  duct  junc t ion .  

On0 othor form of pulmonary tumor 1118 occ8slon8lly notod 

in t h i r  aorios. Port ion8 of tho rbovo tumorm in rare InmtancU 

exhib i tod  def i n i t o  squamous ch.r8cterirtic8 w o n  t o  tho  f o r u m  

t ion  of e p i t h o l l a l  p e a r l s .  I t  could not bo determined whether 

I Q S i t l i S ?  b r p  
&. ' 
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-- 
I I 

plrrir i n  t h a  8lrmdY exirting ueoplaim. Tho fact  that  t h i r  

p a r t i c u l a r  c o n f i g u r a t i o n  a l r r y r  appoarod a i  an in tegr r l  p a r t  
r, 

I of tho r t 8 n d a r d  pulmonary tumor 1md;strang suppor t  t o  tho  
3 

-t 

With 

p e r i r o n t s  

mataplamia . 

b u t  for oxcoptionm a l l  mico employed In t h e m  OX- 

were f o a a l o ;  thorefore, mammary tumor. comprised 

e$ a large percent8ge  of the  tot81 number of neoplasms noted 

a t  au topsy ,  In order t o  main ta in  cons is tency  w i t h  o t h e r  

similar s t u d i e s  on these tumors in mice, t h e  c l a s 8 i f i C a t i o n  

Of Dunn (6) W 8 8  foll-ed a8 C l O S e l y  a8 pO88ible. 
-I 

Mammary t i s s u e  in the feuale EOUSO may be found over 8 

very broad area, ex teading  from the c e r v i c a l  reg ion  t o  the 

vulva on t h e  v e n t r a l  surface and almost t o  t h e  midl ine on 

t h e  dorsum of t h e  body. Because of t h i s  widespread d i s t r i b u -  

tlon, any s u b c u t a m o w  tumor a r i a i n i  in t h i s  are8 must be 

cons idered  as p o t e n t i a l l y  mammary in origin.  I n  gene ra l ,  

t h e  gross c h s r i c t e r i s t i c n  of the8e tumors are  as f o l l o r s :  

rounded or ovoid, soretimer nodular ,  w e l l  c i rcumscribed,  

moderately f i r m  groufh. which oa c u t  surface are Been t o  be . 

composed of grayish-white t i r r u o .  V ~ r l o u s  add i t iona l  features 

may a t  times be noted sucb as d i s t ended  v8scular  channels,  

blood f i l l e d  c y r t s ,  area8 of necroi$s, and an exudate of milky  

f l u i d .  
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8t  da l ino8t ing  tho- tumors m u a t  bo dotorminod by tho pro- 

8nd o.r.i8tl,on8 of  tho morphology 8ro tho ru10 rather t h n  

tho exception. 

A.--T&e predominant p 8 t t e r n  is on. 

O f  mall follicles of tubal08 8rnng.d goner811y f B  8 l o b u l u  

i81hion. Tho lining O f  th. f O l l i C l O 8  C O D S i 8 t S  O f  8 ring10 

layor of uniform cuboidal ~011s wi th  hoaogono0tlll, 8 l i g h t l y  

a c i d o p h i l i c  cytopl88m. A 8  occrrmioorrl v8euola m 8 ~  k notod 

In tho cytopl88m. 

wi th  uniform chromatin d i a t r i b u t l o n .  Mitotic figuror 8ro 

The ouc lo i  are r u l l  rod ovoid or roundod 

00131486.300 ; 



- -  

show tho uniform c o n t i n u i t y  found in Typo A tumors. 

tumor p a t t e r n  is ruch that a luaorr ex i8 t8 ,  thm fro. Innor 

border is i r r e g u l a r  and occas ion8l ly  papillary. The nuc le i  

aro a8 v a r i a b l e  a8 tho cot1 morphology, and hyp.rchrocrrtism 

with chromatin c l u i p i n g  i8  not unuuwl.  A double ce l l  l i n i n g  

is o f t e n  a prominent foature in t h i q  tumor type  w i t h  t h e  

more peripheral l aye r  compcaed of somewhat elongated, deeply 

s t a i n i n g  cells. Tho80 m y  be likonmd t Q  myoopitholial cell.. 

A v a r i a n t  of t h i r  Type B tumor is vorthy of note  and 

In SOQII) tumors 

If  tho 

might be considered a8 a separate e n t i t y .  

examined, it has been found t o  compo80 a l a rgo  por t ion  of t h e  

t o t a l  tumor ma88. In t h i s  v a r i a n t ,  there has been an exten- 

sive overgrowth of epithelial cells such a8 t o  form a so l id  

mass of c loae ly  packed cells. In t h i s  p a r t i c u l a r  configura- 

t i on  there is l i t t le ,  if any, p r e d i l e c t i o n  toward lumen forma- 

tion. In the c e n t r a l  rmgioaa ef thoro cell  masses, there are 

Often cleft-like IPaC.8, rod I t  PUy occa8ionally bs noted that 

.the lumenal layer of  calla hu linod up wi th  a d o f i n i t e  po la r i ty  

rnd In a relatively ordorly f88h lOB.  Tho spaces thus  formed 

contain an exudato which is f requont ly  f i l l e d  with sloughed 

c e l l s  and ce l l  debria. 

.--Tumors given t h i s  specific do8ignation 

muat show a 8 U b 8 t m t i 8 1  portion of the tumor t o  have an epi-  

dermoid s t r u c t u r e .  The r e m i n d e r  of the  tumor is either 
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Typo A or B, or an 8dmlxturo of both. 

typo tworr exhibi t  small f o c i  of SqUrrrOtu ~ l o m e n t r  88 la- 

tegr8l por t ions  of t he  gl8ndul8r 8 t ruc tu res .  

appear t o  bo e u r p l o 8  of aquaroua r o t r p l a s i r  8nd do not 8- , 

t o  have any i nhe ren t  neoplrrtic p o t o n t i a l .  

8 c l n t h o u # ,  on tho 0th.r h a d ,  inCr088.d n\llbOr8 Of mitot ic  

figures 8nd 8 more di8orgmized growth p 8 t t e r n  ind lc8 te  trdr 

Many of t h e  gl8ndulu 

Those foci 

In the adono- 

t&00pl8#18. 

t l811p u l i g m n t  8s 8re the  pUlWOn8rY t U W O r 8 .  M O t & 8 t r P 8 i 8  t o  

t he  lung 8nd regioual lymph nodes I s  not  unuru81, and dlroct  

extension t o  the  8dJ8cent connective t i s s u e  and muscle c a p  

nent r  I8 aeon w i t h  gr9.t r o g u l r r i t y .  

0vari.a t u ~ o r r  are r o l r t i ~ e l y  uncamon i n  c o n t r o l  mfco, 

whareu lrr8dlrtloa i n c r e r r a r  tho por coat tumor formation 

s e v e r a l  fold. In  an r u a l y s i r  of O V W I 0 8  fo l lor fng  irradia- 

t i o n ,  i t  I# 0880nti81 t o  be 8blO t o  rocognizo tho 8 t r U C t W 8 1  

a l t e r 8 t I o a r  producod by t h l r  i n j u r i o u r  agent.  There I8 8 
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d i f f o r e n t i a t i o n  k t m o n  t h e  soquonce of events  following 

ionizing r a d i a t i o n  and i n i t i a t i o n  of a t r u e  nooplaat ic  pro- 

loosely embedded i n  a colloid-like material. A progre8sive 

morphologic change take8 placo w i t h  these " f o l l i c u l a r "  cell8 
8 

becoming larger w i t h  an abund8nce of pale CytOpl8.E. In t i m e ,  

a d o f i n i t e  hyperpla8la of these elemmits mmy k c w e  ovident 

i i t h  granulosa cel l  outgrowths i n t o  tho ad jacent  ovarian 

Of p a r t i c u l a r  i n t e r e s t  is t h e  rather l a t o  occurrence 

of downgrowth of t h e  germinal epithelium. These assume the  

c h a r 8 c t e r i s t i c s  of ep i the l i a l  t u b u l e s ,  which o f t e n  extend 

deeply i n t o  tho ovarian t i s s u e .  This p a r t i c u l a r  phonwenon 

i r  p e c u l i a r  t o  mice tbt have been subjected t o  i r r a d i a t i o n  
1 .  

and is n o t  found among t h e  c a a t r o l s .  

From these Ob8OrV8tlOn8, i t  l a  apparent thrt t h e  v a s t  

majority of tumor. arising i n  irradi8ted mice mu8t stem f r W  

t h e  persist ing **follicle@* cells and the stroma, or  t he  newly 

formed tubu la r  downgrowth. 

Granulo88-cell  Tumor8.--Although con8idered t o  be an un- 

COIooIon tumor in the  h u u n  femalo, it has t h e  highest  incidence 

among the ovar ian  tumors of irradiated mice. I t  is composed 
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of stroma may 8180 diopl8y con8idor8blo var i8 t ion .  The.-. 

C 8 1 l O d  l u t o o u t r  should b8 con8idered 8 v r r I8n t  of tho gna 
d 

ul-8 co l l  tumor 8nd conmiots of largo, pale o ta in ing  cellr 

conta in ing  much l i p i d  mtori81 In tho cytopI8om. Only ram 

may on. soo 8 tumor cwpo8od e n t i r e l y  of ouch cel ls .  A 

gradtul rh8ding from the t y p i c a l  gr8nulo.8 co l l  t o  tho f u 4  

l u t o i n i z o d  co l l  i r  the r u l o ,  and d i o t i n c t  me88 of both cel 
. 

typ.8 8 f 8  g8nOrally ~0t.d in th. s8me tumor. Another lor# 

Common v a r i a n t  I8 t h e  tumor which show8 8 d e f i n i t o  8pindlO 

c o l l  componant, probably der ived f r a  tho thoca intorn8 

cells. 
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has beon no de tec t rb l~  evidence of hormoM1 a c t i v i t y  in t h e m  

8dOno~m8 

Qfmple c y s t 8  of t h e  ov8ry rill be mentioned in p88oing 

only because they probably represent  t h e  e f f e c t  o f  an ab- 

norm8lity of ovarian func t ion  or r e r lduur  o f  hemorrhage and 

have no specific r e l a t i o n  t o  neoplas i r .  In order t o  coo- 

plete  t h e  classificatfon of tumors noted in t h i s  study,  

c e r t a i n  less common tumors should be mentioned such a8 p 8 p i l l a r y  

cyatadenom8 and its rare m8llgn8nt counterpar t ,  p a p i l l a r y  

cystadenoc8rcinorpu, teratoma, and embryonrrl cell  carcinoma. 

Raticulo4ndoth- 

As Is t h e  case w i t h  811 tumors found in t h e  mou80, 8 

concerted e f for t  has been made t o  p a r a l l e l  a8 clo8aly as por- 

slble t h e  c l 8 s r i f i c a t i o n  of r e t l cu lo -endo the l i a l  neOphSPr8 

in man. Dunn'a c l a 8 8 i f i c 8 t i o a  (6 )  Is mort caprehen8ive and 

complete. I t  is roundly baed upon critica1 review of pro- 

V i O U 8  r e p o r t r ,  C 8 r O f U l  OV81UtiOn O f  p8thOlOgiC dO8CriptlOnr 

and an  exhau8tlve survey of t i u s u e  preparat ions f r o m  her  010 

18boratory.  Tho Cl888ifiC8tiOn i 8  predlc8ted upon t h e  COntOn- 

t l o n  that theso neoplasrs o r i g i n a t e  f r o m  stem ~0118, gran- 

U l O C p t O 8 ,  lymphocyte8, re t iculum C e l l s ,  and pl88mmytO8. 

This present  s tudy shall, therofore ,  have 88 It8 barir the  

C l a S 8 i f i ~ 8 t i O n  88 SOt f o r t h  by D U O  8nd her  P88OCi8te8 (7) 



In tho exp.rf~orat8 from which th ia  pathology surtoy 

e..ILltOd, tho O X 8 C t  d i f foren t i8 t ion  Of tb.0 V 8 r i O U 8  
'I 

roticulo=oodotholi8l noopl.8~8 w8m not con8iderad t o  bo 

e s s o n t l r l  t o  tho pro jwtod  goal.. Thi8 roport, tbroforo, 

i8  b88.d e n t i r e l y  upon ti8.U. 8 O C t i O m  Without tb. k n o f i t  

of peripheral blood or bone marrow prepar8tion8. The fo1md-! + '  
l w i n g  type8 wore encountered In t h i 8  8tudy. 7 * 

tumor w i t h  tho cell8 app88ring io t h 8  p r i p h e r r l  blood 8t . 
8 O  0 8 r l Y  stage 8nd 8 very rldO8prO8d d is t r ibu t ion  of orglnig 

lesions, The c e l l a  aro r o l r t i v e l y  hrge 8nd i u u t u r o  in 

morphology, with p.18 cytoplasm rnd Urge hyperchromatic 5 

nuclei  which are f r equon t ly  indented. 

-.--This t o n  is ro8t r lc ted  t o  thoae lymph0 

c y t i c  neopl.rmm which remain localized for extended period..-, 

of  tha thymum. T h i s  tumor may r-in wholly wi th in  t b  c o e  

f-08 of tho crpaulo. Thoro ia, howmtor, an oronturrl b r a -  

through with aubmoquont oxtonmion t o  tho purmt8rrl rogioa 

and t o  tho hilum of tho l ~ g ,  rhoro par1varcul.r rad pri -  

bronchi.1 %uffiag:" kcooa a p r a f n o n t  foaturo,  moa with  

thla  exton8lro local rpro8d, thoro m8y bo no oridonco of 
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systemic d isseminat ion  or invaaion of t h e  p e r i p h e r a l  blood. 

L y p l p h q t , - - T h f a  neoplasm may a r i s q  * a8 an e n t i t y  

u n t o  itself or stem from the  even tua l  gene ra l i zed  dissemin8- 

t i o n  of a pre -ex i s t ing  lymphos8rco~a .  The degree of systemic 

involvement may be extremely v a r i a b l e ,  but  t h e  major i ty  

e x h i b i t  t t ~ 1 a s 8 i ~ t '  gener8 l ized  leukemic spre8d.  

GJ.--As t h e  mice being considered in 

t h i s  s t u d y  were allowed t o  d i e  from "natural" causes ,  t h e  

d i agnos i s  of t h i s  e n t i t y  was p a r t i c u l a r l y  d i f f i c u l t .  Although 

a c o n s i d e r a b l e  per c e n t  of these a.nimals h8d large neoplasms 

of Various t y p e 8 ,  t h e  basic cause of d e a t h  w8m p r imar i ly  a 

ma88ive pneumonia o r  pneumonitis w i t h  o r  without  a histolog- 

i c a l l y  e v i d e n t  s ep t i cemia  or bacteremia. 
? 

These processes  

were i n v a r i a b l y  accompanied by an i n t e n s e  g ranu locy t i c  

response f r e q u e n t l y  leukemoid in scope. F o r t u n a t e l y ,  the  

v a s t  m a j o r i t y  of the60 inf lamm8tory  r e a c t i o n s  were e a s i l y  

i d e n t i f i e d  and c8used no d i a g n o s t i c  problem. There remained 

only 8 r e l a t i v e l y  few cases where no obvious cause f o r  t h e  

pronounced g r a n u l o c y t o s i s  could be found. I n  most of these 

i n s t a n c e s ,  t h e  morphology of t h e  ce l l s ,  as w e l l  a s  t h e i r  d i s -  

t r i b u t i o n  in t i 88ue8 ,  f u l f i l l e d  the  c r i t e r i a  of granu locy t i c  

leukemia. 

~.--_S_._rcom.i8gn0~i~ of t h i s  neoplasm posed 

no p a r t i c u l a r  problem. Characterist ically,  t h i s  tumor exten- 

s i v e l y  i n v o l v e s  t h e  l i v e r  w i t h  m u l t i p l e  f o c i  of v a r i a b l e  size 

-309- 



. -- 

5 

corpomed of white t i s s u e .  Tho80 i n f i l t r 8 t i n g  growth8 were 
f 

a180 cormonly noted in the  me8enter ic  nodel, 8p10011, kidaeyt,. 

and lesm c a m o n l y  i n  the  ovariem, lungs,  and thymua. The 4 

h l 8 t O l o g i C  p 8 t t o r n  iS one Of lW8Olp 8rr8W.d 1 8 r g O  C O l l S  : 

s h o r i n g  u r k e d  v a r i a t i o n  in rizo rad conf igu ra t ion .  Nuclear 

pleormrphi8m is pronounced and Varie8 from r e l 8 t i v o l y  sull  

ovoid n u c l o i  t o  largo bizarre conf igu r8 t ions .  Multi- 

n u c l e a t e d  cella were f r e q u o n t l y  observed in soma of there 

tumors. Of p a r t i c u l a r  i n t e r e s t  were a few of these reticulum 

.* 

- 

c o l l  type8  that clomoly rere@bled clrssicail Eodgkin '1. 

A8ide from tho four main tumor categorier a l r e r d y  noted, 

there remain nuaeroua d i v e r s e  neoplasms in t h i s  s tudy .  When 

t8ken  a8 i n d i v i d u a l  e n t i t i e s ,  however, the  r O l 8 t i V O  incidencw 

of each of these tumor types is very smrrll. Moreover, i n  

many i n s t a n c e s ,  only on. such tumor might have been noted in 

t h e  e n t i r e  s tudy  b u t  rill be mentioned for t h e  sake of com- 

Liver.--Livor tumors a r e  r e l a t i v e l y  common and h8ve been 
Iyy 

t h e  s u b j e c t  of much d e t a i l e d  r e s e a r c h  (8-12). The gross f erh  

of these hepatomas a r e  e s a e n t i n l l y  s i m i l a r ,  t h e  tumors being 

e v i d e n t  a8 large nodular i r r e g u l a r i t i e s  of t h e  l i v e r .  In 

color 8nd con8i r tency ,  t h e y  a r e  not un l ike  the  ad jacen t  normal 

p8ronchya8. Oa clore innpec t ion ,  horovar, t ho  uniform lobulw 

a r c h i t e c t u r o  r n d  V 8 8 C U h r  p a t t e r n  are 18CkIng. The h l S t O l W  
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of-the hepatwar is q u i t e  uniform w i t h  v a r i a t i o n s  p r e s e n t  i n  

ce l l  morphology and cell-cord s t r u c t u r e .  T h e s e  growths are  

- g e n e r a l l y  w e l l  c i r c u m s c r i b e d  b u t  with no e n c a p s u l a t i o n .  A t  
6 

t h e  pe r iphe ry  there irr u s u a l l y  compression of a d j a c e n t  l i v e r  

t i s s u e ,  as w e l l  as obv ious  i n v a s i o n  by n e o p l a s t i c  cel ls .  

The hepatoma cel la  are l i n e d  up in an i r r e g u l a r  c o r d - l i k e  

f a s h i o n  separated by e n d o t h e l i a l  l i n e d  s i n u s o i d s  which  may 

be e n t i r e l y  c o l l a p s e d  and  devo id  of blood o r  w i d e l y  d i s t e n d e d  

and  conges t ed .  T h e r e  are no  portal  areas p r e s e n t  and  no 

e v i d e n c e  of  t r u e  l o b u l e  f o r m a t i o n .  The tumor ce l l s  v a r y  from 

uni form c u b o i d a l  cells, which are only  s l i g h t l y  e n l a r g e d ,  t o  
- 

t he  g rea t ly  e n l a r g e d  p o l y g o n a l  c e l l s  w i t h  a great abundance 

of cytoplasm. T h i s  cytoplasm, in g e n e r a l ,  is somewhat more 
* 

basophi l ic  i n  its s t a i n i n g  as compared t o  t h e  a d j a c e n t  normal 

l i v e r  cel ls .  The cy top la sm is v a r i a b l e  in its character, 

v a r y i n g  from homogeneity,  t o  f i n e  g r a n u l a r i t y ,  t o  marked 

v a c u o l a t i o n .  Not u n u s u a l  are large,  sphe ro id ,  h y a l i n  or 

.waxy i n c l u s i o n s  The n u c l e i  f r e q u e n t l y  d i s p l a y  remarkable 

pleomorphism w i t h  a88ociated hyperchromatism and  ch romat in  

clumping.  In 8- of the88 hepatomas, i n t r a n u c l e a r  acid- 

o p h i l i c  i n c l u s i o a 8  are q u i t e  prominent .  

G a s t r o i n t e s t i n a l  Trac t . - -Severa l  tumors of t h e  gastro- 

i n t e s t i n a l  t r ac t  were n o t e d  (10,13,14). The m a j o r i t y  of these 

were of gastric o r i g i n .  ~ q u a m o u s  ce l l  carcinoma a r i s i n g  from the  

fo re s tomach  accoun ted  f o r  f o u r  of t h e  tumors.  I n f i l t r a t i o n  

00 



-8 OxtOn8i~O w i t h  involveront  Of tho l1V.r 8nd P8nCr.88. 

TWO mucoid CWCinOu8 (mucin-rocrot fng 8dOnOC8rCIn-8) 8md 

4 

one 8donoortou8 polyp were r h o  rerrdfly i d e n t i f i e d .  No 

d i 8 t 8 n t  BOt88t88 .8  ware noted. In rrddition, there WOfO t.0 

8Wpl88tfC 8-11 ~01l.d neopl8SBS 8nd 8 D  UnUrUrrl mixad tumor 

With 8 8 8 r C # 8 t O W  8 t rw  cont8lning nOOp18StiC g l rndu l r r  

elemont8 8nd foc i  of O ~ S O O W  depo8itlon. Throughout tho 

i n t e s t i n a l  tract only two l ea ions  were noted. Both con mi it^ 

of 8ggreg8tes of r t y p l c r l  glrnda w i t h i n  t h e  mu8cu18ria 8nd 

could n o t  d o f i n i t e l y  be c l 8 a 8 i f i e d  ab t r u e  neopl8sas on 

morphologl, or h C 8 t i O n .  -0 hrge 8denoc8rcinolpr; W 8 8  f o u d  

in tho anal roglon, but  the  s i t e  of origin could not bo 

I d e n t i f i e d .  

Adremls.--Of t h e  endocrine syatea,  not inc luding  tho 

gOMd8, only the 8drOn818 were Iden t i f i ed  88 being t he  sit0 

Of tumor f o r u t i o n .  No Specific se8rch -8 -de for nOOb&rir 

of thm hypophyris or thyro id-pus thyro id  regfon8. 

tho rdrolul  wore p r o d a i n r n t l p  cortic81 in origin. 

8pp.u.d t o  k boniga 8 d o n a 8 8  capo8ed of w i f o r l  cuboid81 

C.118 8fr8ng.d in i r r e g u l r r  cord8 rnd d i f f e r i n g  only 8 l l g h t l l  

f r a  tho normal cor tex .  I n  gonoral, tho adenoma -11s -r* 

a l i g h t l y  l8rg.r 8nd t h o  cytopl88r a l w h r t  W1.r 8nd l8CkiW 

f i n 0  V 8 C U O l 8 t % O ~  or g r r n u l u i t ~ .  

cO1luUr  c h . r 8 c t o r i 8 t i c s  i n d i c r t  ing porrsiblo modull8ry o r i l i a  

Tumor8 of 

-80 811 

On0 8 d r O l u 1  tumor had 
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These ce l l s  were large and e l o n g a t e d ,  o f t e n  sp indle-shaped ,  

and some showed g r a n u l a r i t y  of t he  cy top la sm.  An i n d i s t i n c t  

c o r d - l i k e  c o n f i g u r a t i o n  was t h e  predominant  p a t t e r n ,  a l t h o u g h  

some of  t h e  ce l l s  were clumped t o g e t h e r  I n  small n e s t s .  The 

n u c l e i  r e v e a l e d  o n l y  s l i g h t  pleomorphism, and  mitoses were 

rare.  

.--The f i n d i n g  of renal n e o p l a s i a  was res t r ic ted 

t o  six t u b u l a r  adenomas. These were a l l  small i n  s ize  and 

l o c a t e d  a t  t h e  p e r i p h e r y  of otherrise normal cor t ica l  t i s s u e .  

No e n c a p s u l a t i o n  was p r e s e n t ;  however, t h e  tumor border was 

w e l l  d e l i n e a t e d .  The h is to logic  p a t t e r n  was one of a t y p i c a l  

t u b u l e  f o r m a t i o n .  The lumens v a r i e d  from almost obscure  

s l i ts  t o  w i d e l y  d i r t e n d e d  c y s t i c  spaces c o n t a i n i n g  amorphous 

a c i d o p h i l i c  g l o b u l e s  and  cel l  debr i s .  

cuboidal  and  n o t  i n f r e q u e n t l y  heaped up into p a p i l l a r y  p r o j e c -  

tions w i t h i n  t h e  lumens.  The cytoplasm ts a c i d o p h i l i c  and 

g e n e r a l l y  f i n e l y  g r a n u l a r .  

u n i f o r m l y  rounded,  and  u s w l l y  s i t u a t e d  p a r a b a s a l l y .  

t h e  adenomas had a n  area of c e l l u l a r  and  n u c l e a r  pleomorphism, 

The c e l l s  are high 

The n u c l e i  are r e l a t i v e l y  small, 

One of 

KO mitoses were n o t e d ,  and this is c o n s i d e r e d  a d e g e n e r a t i v e  

ra ther  t h a n  m a l i g n a n t  a l te ra t ion .  

-,--The o c c u r r e n c e  of tumors a r i s i n g  from 

t h e  e p i d e r 8 i 8  was ex t r eme ly  r,are, b o t h  i n  t h e  irradiated mice 

and i n  t h e  c o n t r o l s ,  One epidermoid carcinoma w a s  present 
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in tho extorn81 e8r region 8nd d i ~ p l 8 y e d  C h S s i c 8 1  h i s t o l w  1 
I with broad tongue6 of epidermoid cells invading I n t o  tho 

derris; ep i the l i8 l  pearls were r e 8 d i l y  I d e n t i f i e d .  The om1 

mucosa con t r ibu ted  three aqurrmous ce l l  c r r a inoor s  which h d  

r i d o l y  I n f i l t r r t e d  t h e  8dJ8cont o t r u c t u r e s ,  including buccal f 
. .  

wal l  and mandible. 

Yosencher_._l_. --Many oeoplsiams in t h i s  category - - 
wore found; however, most have n o t  been d e f i n i t o l y  c l r a 8 i i i ~  

a s  y e t .  In gener81, t h e  f u l l  8 C o p e  of mesenchymal tumor8 

irr noted. The groas and mlcro8coplc c h a r a c t e r i a t i c a  of 

theso tmorr parallel very clorelp those noted in man. B o t h  

benign 8nd malignant v r r i o i t e s  are r o l l  reprerented. Tho 

s8rcwam prodoain8ted0 probably due t o  t h e i r  rap id  growth  

and r e l a t i v e l y  l 8 r g O  8120 8 t  8 U t O p S y .  Among t h e  a e r e n c h y u l  

tumors present  in t h i s  series 8re fibroma, fibrorarcom8, 

Bamlmlly, tho 8tudy thua fa r  completed constitut.8 a 

sum07 of p o r t i n e n t  literature regard ing  neopl8sms identified 

i n  18bor8tory m i C 0 .  From the80 accu ru l r t ed  d8t8, 8 workablo 

c l r s m l f l c r t l o n  has k e a  corpilod 8nd the  tumors notod w i t h i n  

t h i 8  sorlom 8ppll.d thoreto. In goaoral ,  there has boon no 
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s i g n i f i c a n t  histologic dev ia t ion  frm the ca tegor i e s  here in  
I 

described. As might be expected ‘in any autopmy study of 

this magnitude, there are sever81  neoplasms which f 8 i l  t o  

f u l f i l l  the himtologic criteria of any of t h e  above C 1 8 S 8 e S .  

These tunors  a u r t ,  of neces8i ty ,  bo more fully ev8lu8ted. 

The completion of t h i 8  study awaits t h e  final correlation 

as t o  tumor incidence a s  a func t ion  of r ad ia t ion .  
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(D. C. IVhi'tO 8nd P. C .  S8nders) 

In t roduc t ion  

I t  has been 8hom that both Cow g8wa r8y r  and X r8ya 

produce giant cel l  forms i n  8 v a r i e t y  of estrblirhed ce l l  

s t r r i n a .  Thi8  biologic81 phenoaenon, a l though t y p i c a l  o f -  

ce l l  s t r a i n s ,  has 81.0 been reported in ear ly  p8888ge8 of 

primary e x p l a n t  cells  of s e v e r a l  typem. The mechanism of 

g i8nt  ce l l  format ion  is no t  f u l l y  understood, bu t  f u r t h e r  

studlelr  of theme rltered cella have shown them t o  be in- 

c8pable of cell divimion 8nd,  therefore, c o l 0 n ~ ' f o r m a t I o n .  

The purpose of t h i r  8tudy was t o  correl8te t h e  per c e n t  of 

g i a n t  cel ls  formed in Hob ce l l s  w i t h  t h e  to t81  dose of 

r 8 d i r t i o n .  

A l l  expoauros war8 mado i n  Roae chambers (1) inocula ted  

w i t h  S-3 HoLn cell8 w i n g  approximately 5,OOO cells per 

chamber. 

10 per  c e n t  horae aerum for 48 hours preceding  exposure t o  

Coco or X ray8.  

source  using a c o n f i g u r a t i o n  t h 8 t  permitted t h e  s i m u l t 8 n O o ~  

s u b j e c t i o n  of 60 chambers t o  a uniform dose rate of 5 r/mln. 

Theso cells were grown in E8glea b8sic medium plu8 

Cob8lt exp08ures were c8rrled out  a t  the  
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In ordor t o  Loop tho r e r u l t r  of X i r r r d i a t i o n  compar8ble, 

such di8tanco -8 employed 80 t h 8 t  tho doso r8te of th888 1 

O X p O 8 W 0 8  8180 -8 

In 8 furthor e f f o r t  to  68kO the r O 8 U l t 8  88 St8ti8tiC81jl. 

v 8 l i d  88 p#8ible,  no 10.8 t&n 10 C b m b O r 8  Were u8.d a t  

e8ch prodot~rrinod t o t a l  dose. 

war. ovorl8pp.d; tho repot i t fve  group. served 88 8 check 

tho va l id f ty  of t b  newly rdded doao group.. 

00 a8ch "ruLL," th. do80 

Employing the.@ methods, t ho  following d-0 group. were 

e u r i n o d :  0 ,  75 ,  150,'300, 450, 600, 750, 900, IOOO, and 

1200 r. 

woro oxposod. Polloring i r r rd i8 t ion ,  the chamber culturer 

were iacubatod for an 8ddlt lonal  5 day6 with medium chngea 

larlndi8tolp following i r rad i8 t ion  8ad w a i n  on t ha  second pat 

i r r8d i8 t ion  day. On the f i f t h  &y, the charkrs worm di.0 

u a t l o d .  Tho coverglaae cu l ture8  were washed with phosphata 

bufforod mallno, fixod with absolute  methyl alcohol, and 

r a i n e d  wi th  tho Jacob80~1'8 wthod (YIy-Grun~ ld -Gieu r )  

?oe f& determiorrtlon of g h a t  co l l  prcoat8ge8,  811 

e0Zla wro includod which had 8 t  l o u t  twice tho t o t a l  UW 

of t& 8tur-d H.U c o l l ,  With for Orrcoptioar, th. nuc1Ot 

of th.80 #ba t  co l l a  oxhibitod rarphologic 8ltor8tion8 

including u e r o n u ~ l o i ,  multiplo nuclot,  bizarro coni igur8- 

A t o t a l  of 149 Cow chambers and 4 0  X-ray c&sb.rr 

w 

tion., 8nd 8typiC81 chrumatio formation. Not includod i n  tb 
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(t8at cell count n r e  tho80 cell8 ahowing only nucle8r d i 8 -  

t o r t i o n  or  f r 8 g ~ a n t r t i o n .  Tho numbor of tbme latter cell8 

r e u i n o d  088ent i8 l ly  conmt8nt a t  a l l  d o 8 0  l O V e 1 8  and d i d  not  

appear t o  bo an 1ntogr.l part of g i a n t  cel l  formation. 

each cororqlas~ prspara t ion ,  a to ta l  of 1,OOO cel ls  were 

For 

count8d i n  randm ~iCr08copic f i O l d 8  Uing 8 1OX objective 
& 

and 13x oculars .  

Tho i r r 8 d i 8 t i O x ~  of He& cells employing tho mmthod de- 

acr ibod  g8vo 8 readi ly  reproducib le  curve of g i 8 n t  ce l l  

production a8 8 func t ion  of t o t a l  r8d ia t ion  dose. 

8h-8 tho do80 re8pon.e r e l a t i o n s h i p ,  

Figure 1 

Bv81uation Of the c o n t r o l  C h B b O r 8  revealed 8 COLI- 

a l 8 t 8 n t  1 per cen t  g i a n t  c o l l  forsP.tion, which is in 8Qrecb- 

oont with obrsro8t ion8 of others, who have undertaken similar 

8 tud ie8  wing t ho  ~ I A  coll. A l l  ch8rb.r counts  8t tho pro- 

8 C r i b . d  do80 lOV.18 in C10.0 8grwmnt 8nd do not  rep- 

. r e r e n t  tho 8vor.g. m l u o  of r i d o l y  v8r iab lo  dotor r in8 t ion8 .  

I t  18 of i n t e r e a t  t o  not. that tho g i a n t  c o l l  valuoa for  

X-ray OXpO8W.8 COn8i8te l l t l~  8OEOWh.t higher th8n those 

obtainod w i t h  Cow g8mm i r r r d i a t i o n .  

Although tho r e m u l k  t h w  far ind1c.t. 8 d e f i n i t e  C O r r O h -  

tion botwea giant cell formation 8nd to ta l  do60 of r a d i a t i o n ,  

it i 8  apparent  that much a d d i t i o n a l  i nvea t iqa t ion  mu8t b8 
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&arried L out i n  order t o  establish a s a t i s f a c t o r y  base l i n e  

fo r  f u r t h e r  s t u d i e s  p e r t a i n i n g  t o  t h e  r e l a t i v e  biological 

e f f e c t i v e n e s s  (RBE) of other  types  of r a d i a t i o n .  Fu r the r  

s t u d i e s  should inc lude  t h e  effect of dose ra te ,  e v a l u a t i o n  

of t o t a l  ce l l  s u r v i v a l ,  and de termina t ion  of colony p l a t i n g  

e f f i c i e n c y .  

I t  seemed reasonable t o  assume that under r i g i d l y  con- 

t ro l led  exper imenta l  c o n d i t i o n s  t h i s  biological response  t o  

ionizing r a d i a t i o n  might prove t o  be an important a d j u n c t  t o  

t h e  e v a l u a t i o n  of the  r e l a t i v e  effects on HeLP cells of a 

v a r i e t y  of r a d i a t i o n s  of d i f f e r e n t  types  and energies. 
I '  7% 

A 

Reference 

(1) G. G .  Rose, Texas Rep. B io l .  a .  Med. Y 12, 1074 (1954). 
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The ni t rogen  mustard and t r f o t h y l e n e  w l a r i n e  contont 

of normal 8nd tumor t i s 8 u e  a f t o r  intrrvenouu and i n t r a -  

arterial i n j e c t i o n  In r a t a  bar been previously reported 

from t h i s  Laboratory (Cancer Re.., l.7, 1120-1126, 1957). A 

s i m l h r  s tudy has been completed w i t h  C14-18beled trl- 

e thylene  thiophosphoramlde (C1*-thlo-"EPA) In norm81 rrtr, 

Method8 8nd Re8ul ts  

The r e l a t i v e  toxic effect of thio-TEPA administered by 

int ravenous and intra-arterial  i n j e c t i o n 8  was determined 

for a series of graded dores. The doses were 8 ,  9, 10, 11, 

and 12 mg/kg body weight. 

each dose l e v e l .  

Six t o  12 rats were i n j e c t e d  a t  

The concent ra t ions  of C1'-lab8lrd thio-TEPd m d  utab- 

oliter wero memured in tho var ious  tissuom following intra- 

V O ~ O W  and intra-arterial i n j e c t i o n  of 9 mghg body wight  

of the drug. 

r r p i d l y  in the  body, the animal8 mre sacrificod 5 minutar 

a f te r  i n j e c t i o n  and t h e  va r ious  tis8ues romovod f o r  aa.lyrfrl 

Since a lky18t lng  agent8 of t h i s  t y p e  rerct 
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In addi t ion  t o  t h e  tirrue anrlyais  f o r  C1* con ten t ,  t h e  

d t a b o l i r r  of t h e  drug was s t u d i e d  over a 24-hour period.  
2 F  

t h  tho u r a  of a tanda rd  g l ra r  ~rotrbolism cagea,  a8 pro- 

wioruly wod. and darcribod i n  t h i s  Laboratory,  t h e  oxc re t ion  

p e t t o r n  i n  urlao, focoi, and expi rod  a i r  (COS con toa t )  -1 

s t u d i e d ,  Tho aot8bollmr of the  C14-thio-TEPA waa f u r t h a r  

l nvea t ig8 ted  through t h e  u r e  of ur ina ry  chromatograms. A I 1  

samples were counted by t h e  l i q u i d  s c i n t i l l a t i o n  method. 

. a l l  count ing  was done in a Los Alamos Model 540 coincidence 

ayster coun te r ,  

.,, A n  a t t e r p t  war made t o  correlate his tological  damage 

i t h  t h e  c o n c e n t r a t i o n  of t h e  drug in the  t i s s u e s  and the r o u t e  

f I n j e c t i o n .  Normal rats were given i n j e c t i o n s  i n t r a -  

- k e r i a l l y  and  in t r avenous ly  of 9 mg/kg body weight  of t h io -  

-A and sacrificed fo r  his tological  s tudy  a t  i n t e r v a l s  of 

1, 3, 7 ,  and 14 days.  A summary of t he  r e s u l t s  fo l lows .  

*a 1. There w 8 8  no s i g n i f i c a n t  difference in t he  s u r v i v a l  

%-- ” 
if9 
* 

-=mo of normal ra t s  when treated w i t h  thio-TEPA by e i ther  of 

the two i n j e c t i o n  r o u t e s  a t  any of t h e  dose l e v e l s  treated. 

The LDg0 dose by either r o u t e  was 10 ag/kg body weigh t .  

@ ‘  

2. The d i s t r i b u t i o n  of C14 a c t i v i t y  from labeled th io-  

TEPA in t i s s u e s  of normal rats given i n j e c t i o n s  In t ravenous ly  

and i n t r a - a r t e r i a l l y  is summarized in Table 1. O f  t h e  tissue8 

i n v e s t i g a t e d ,  

s i g n i f i c a n t l y  
% 

t 0 5 4 8  

on ly  t h e  testes, l i v e r ,  and blood cells d i f f e red  

in c o n c e n t r a t i o n  between t h e  two r o u t e s  of 
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TABU 1. Tls8uo Dlstrlbutlon of C1' Activity 3 Minutes 
af tor  Intravoaou8 and Intra-rrtorfal A d l P i B i 8 t r 8 -  

tlon of C'*-thio-TgPA to Rats 

m Sample Intrrvenour 

Thymus 9 . 0  

-es i2.s 

Spleen 9 . 0  

ICIdnops 17.9 

Gastrointest inrl  Tract 3.9 

Brain 8 . 0  

Yuacle 

Herr t 

Testes 

Liver 

Blood Colla 

9.7 

10.4 

4.7 

9 .4  

8 .8  

9.4 

10.2 

6.8 

10.2 

4.8  

7.2 

7 . 9  I 
i 

12.6** I 

5 . 9*+ ! 

1 
10.6 

7.8** I 1 

I 

4 ,  
- :  

1 

P188alr 13.9 11.6 1 

I ++ Values differ s lgn i f l caat ly  (P 3 0 . 0 5 )  for the two route@ of administration. ?j 
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i n j e c t i o n .  

viourrlp obtained wi th  t r i e t h p l e n e  melamine (m) rather than 

n i t rogen  mustard (m,) . Carbon a c t i v i t y  following the in j ec -  

t i o n  of thio-TEPA, regardless of t h e  rou te  of i n j e c t i o n ,  was 

more evenly d i s t r i b u t e d  throughout a l l  t i s8ues  th rn  either 

TEY or HN2. 

These r e s u l t s  more c l o s e l y  resembled those pre- 

14 

3. Table 3 summarizes t h e  24-hoU excre t ion  data. Be- 
tween 87 and 98 per cent of the drug is excreted In the u r ine  

in the first 8 hours fo l lowing  i n j e c t i o n .  

4. Chrom8tograms of urine samples i n d i c r t e  that the 

m j o r i t y  of the injected drug is excreted as  thio-TEPA. 

The Rf  va lue  of thio-TEPA w i t h  either n-butanol r r t u r r t e d  

wi th  water or 80 per cent e thano l  as so lvent  s y s t e m s  -8 

- 0 . 8 6 .  'Rvo or three o the r  u n i d e n t i f i e d  metabol i tes  were 

presen t  In lesser amounts than the  thio-TEPA. 

5. Hirtopathological findings following t h e  adminis t r r -  

t l o n  of thio-=PA were not  inf luenced by the  route of admln- 

i s t r r t l o n  or tiusue concentrrt ions of the  drug and i t8 

ne tabo l l t e8 .  

TABLE 2. Carbon'* A c t i v l t p  Excreted in 24 Hours f o l l W l n g  
Adminiatration of C''-thio-TEPA t o  Rats 

Ur i n e  FeCe8 Expfred C02 Tota l  
(par cent )  (per cent )  (per cent) (per cent )  

95.9 0.98 2.14 99.02 
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~i (I .  U. ~oono,  L. Y .  

Conklin, G .  Trafton, and R. Do8 Pres*) 

In troduc t 1 on 

1 Th. hydraside of i r o n l c o t i n i c  acid (18onlazid) i r  on. of 

the more promising drug8 for  the chomotherapy of tubOrculo8ir, I 

Labeling of t h i s  important ther8peut lc  agent w i t h  C 

Hurray and Uagham (1) has af forded  an 8 d d l t i o n a ~  means of 

11 
by 

s tudying  i t 8  m t . b O l i 8 I  In a n l u l m  and man. 

Tho present study war a J o i n t  project b 0 t W m m  tho  

Univers i ty  of C a l i f o r n i a ' s  Lo. Alamos Sc ien t i f  IC Laboratory 

and *U. 9. Publ ic  -81th Service Boapita1 a t  Fort  Defiance, 

Arlzona, and Department of Public Health and Preventive 

Yedicino, Cornel l  University, New York Hoapital  Medical Cantor, 

New York C i t y ,  t h e  purp080 of which VI# t o  s tudy tho mcbtabollm 

of C14-imo~iaeld in t u tmrcu l r r  and nontuberculrr  patient.. 

Hathob. and ILo8ults 

Wt8boli8. O f  i r o n l 8 t i d  -8 rtudIOd la tuborculrr rad 

nontuborcular patient. followin# i n t r r a u r c u l a r  adminir t r8t ion 

of  approximately 300 pc of C14-i80nlaxld. 

i n  blood and u r lno  w a m  followad for 24 hourr. Urine c 
contont -8 dotarmined ovor an addition81 48-hour p ~ i o d .  

C.rbOd* love18 in tho sp in81  f l u i d  wero dotorminod 3 hour. 

8f ta r  drw adminimtration. Chromatographic a n a l y r l r  of the  

~ . ~ b ~ ~ ~ ~  ac t$vi ty  
14 

t O S Q 8  t 3 
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ur ine  samples was performed, and chemical s epa ra t ion  of the  

major excre tory  products  was carried out  and t h e  amount of 

r a d i o a c t i v i t y  determined. 
14 In 2 p a t i e n t s ,  C - isoniazid determinat ions wore re- 

peated fol lowing d a i l y  adminis t ra t ion  of 300.mg of pyridox- 

ine for 3 week8. In 4 pa t ion tm,  t he  C14-iooniazid was re- 

peated fol lowing 3 t o  4 weeks of d a i l y  para-ominosalycflic 

acid (PAS) admin i s t r a t ion .  F i n d i n g s  have ind ica ted  the  

following: 

1. Seventy-five t o  95 per cen t  of t h e  dose was ex- 

creted in the urine i n  24 hours. 

2. Levels in the  s p i n a l  f l u i d  2 hours a f te r  drug ad- 

ministration were found t o  be approximately one - f i f th  t h e  

serum l e v e l  a t  t h i s  time. 

3. Chromatographic separa t ion  of urirmry metabolites 

of t he  C14-isoniazid demonstrated a t  least three major bands. 

By means of Rf va lues  of known samples and i n f r a r e d  spec- 

t rome t ry ,  the a c e t y l  I soniaz id  and i s o n i c o t l n i c  acid were 

unequivocally i d e n t i f i e d .  Only ve ry  small amounts of un- 

changed C14-iaoairzid were present .  

a c e t y l a t i o n  v a r i e d  w i d e l y  between indiv idua ls ,  it appeared 

t o  be a cons tan t  biological characteristic of s i n g l e  indlv- 

iduals .  

t h e  isoniazid as  the  a c e t y l  de r iva t ive ,  while  o t h e r s  as l i t t l e  

Although the degree of 

Some s u b j e c t s  excre ted  as much as 60 per cent  of 
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88 20 per cant 8s the  acetyl i8oniazid. 

Very l i t t l a  or no change in the pattern of  urinrrt 4. 

wtaboliter could k induced by O r 8 1  8dainistr8tion of e1tb.r- 

pyridoxine or PAS. 

Refaranco 

(1) A .  MWr8y 111 and 1. 8. hagham, J. Am. Chon. Soc. z, - 

6289 (1952). 

k 
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&& (T. T. T r u J i l l o ,  J, D. 
k r i n g s ,  and J .  Y. Wellnltz) 

1 

I a t roduc t lon  
9 -  

In connection w i t h  8 t u d l e s  of effects of heavy primary 

casric rays, it may be he lp fu l  t o  have a 1in08r alpha source 

or exposing t i s s u e  cells e i the r  in a mas. or in s i n g l e  
*I 

layers. Th18 source should produce uniform r a d i a t i o n  and 

lor mean6 to  88t8blIsh do80 received by the ~0118. On0 
- I ,  

lble method for preparing 8ucb 8 aourco i8  tho cb leCt r0 -  

pUtfag of a known amount of plutonium on a very t h i n  wire 

t could be Introduced i n t o  t h e  cell  cu l tu re .  This inve8- 

t i o n  wa8 conducted In an at tempt  to  obt8in rucb 8 80urCe 

Hothods and Re8ult8 
, .. 

- .  L , 

IM .c KOH s o l u t i o n  for t h e  e l e c t r o p l a t i n g  process. 

fpr preparing tbi8 b8ic r o l u t i o n  is de8crfb.d i n  a previoum 

'Uta A l a m o a  Report (1). A s o l u t i o n  containing 1,aoO,OOO d/a/ml 

-:prepared by t h e  above method, 

$ W i n g  process I s  shorn in Pig. 1. Platinum wire 0.003 i n .  

CNck ,  sealed i n t o  a hypodermic needlo, wan uaed 88 the cathode 

fer e l e c t r o d e p o r i t i o n  of the p lu tonyl  ion. The cathode wa8 

The method 

The apparatus tor tha  electro- 
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passed through ano the r  hypodermic needle of larger gage into 

t h e  L u c i t e  box used  t o  conf ine  the  p la t ing  o p e r a t i o n  i n  event  

of s p a t t e r i n g  or an  a c c i d e n t a l  s p i l l  of the  s o l u t i o n .  A v i a l  

con ta in ing  approximately 2 m l  of p lu tony l  KOH s o l u t i o n  U~ELS 

raised t o  submerge the anode (platinum wire coi l )  and cathode. 

The c u r r e n t  188 s u p p l i e d  by three 1-1/2 v o l t  dry cells. 'I4wO 

platinum wires approximately 2 c m  i n  length  were e l e c t r o p l a t e d  

for periods of 5 and 30 minutes,  r e s p e c t i v e l y ,  and counted 

in a gas flow p r o p o r t i o n a l  coun te r ,  

The two wires electroplated for 5 and 30 minutes counted 

24,000 and 136,000 dim, r e s p e c t i v e l y  (assuming a 50 per cent 

count ing e f f i c i e n c y ) .  Radioautographs of  these sources  were 

8ubsequently made t o  observe d i s t r i b u t i o n  of plutonium on t h e  

wire. Figure 2 shows radioautograph of t he  second source  pre- 

pared by embedding in p a r a f f i n  and p l ac ing  r q o f n ~ t  a nuclear 

track photographic emulsion. The w i r e  wad embedded i n  t h e  

paraffin t o  approximately ha l f  its diameter t o  p reven t  exposure 

of the  emulsion from scattered a lpha  particles.  

From t h i 8  p re l lmlna ry  s tudy ,  i t  is e v i d e n t  that e l e c t r o -  

depos i t i on  of t h e  p l u t o a p l  ion can be accomplished on t h i n  

p l a t i n u m  wire, and the plutonium appears  t o  adhere t i g h t l y  and 

t o  be depos i t ed  uniformly (Fig. 2) .  The source  can be counted 

i n  a special  c o u n t e r  and an  e s t ima t ion  of to ta l  a c t i v i t y  observed 

for dose e s t i m a t i o n  purpoees.  P repa ra t ion  of the  sources froa 

I O 5 4 8  t ci 
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Pu238 would increme the deposited a c t i v i t y  and the  dose rate 

by a factor  of about 270. 
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CEAPTER 6 

RAD1OPATIK)XDGY SECTION 

2- 
2 (C. C. Lushbaugh and 
D. B. Hale) 

In t roduct ion  

I ron  rrrm one of t h e  first metals to  be recognized a6 

nocemmary for  normal h u u n  ue tabo l i sa .  

te-hre rdmlni8terad a b ro th  from i r o n  f i l i n g s  steeped In wine 

to  people rho were p a l e  rad  appeared t o  have " th in t t  blood. 

Stoce then,  O r 8 1  Iron medication has been t h e  accepted treat- 

d t  fo r  aa-lc strter. 

t -he, p a r e n t e r a l  iron tms been g/ven empir ica l ly  to overcore 

Hippocrates Is known 

When such o r a l  treatment Is not  effec- 
*? 

tb. appr ren t  i n a b i l i t y  of t h e  i n t e s t i n e  t o  absorb i ron.  

Nr#.rou. poatulr tem have been mrde t o  explain this apparent 

blockage of muco88l 8b6orption, bu t  again tod8y there is a 

S e r I O U  que8t lon 88 t o  whether Such a mucooal blockage eXIetS* 

The humrn body has no meants of excre t ing  absorbed iron. 

pachromic aneuia ,  t he re fo re ,  can r e s u l t  only from Iron 1088 

ough hemorrhage or from f a i l u r e  of d i e t a r y  i ron  t o  be absorbed. 
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Thoro lr today  no rimplo moan8 of dotormining rhe thor  any 

p a r t i c u l a r  p a t i e n t  rill absorb fngorted lroa. 

a v a i l a b l e  for such determinat ions r e l y  upon q w n t i t a t i v e  8p11, 

y 8 i s  of feces for either stable i r o n  or Pos9 used as a 

The mothod. 

tracer (1) . While WO Of thS8 180tOp. b.8 8f.pllflUd t h e  

l abor lou r  i r o n  axmlyres, I t  ha8 not  rolved the  d i f f i c u l t  

p r o b l e r  of making q u a n t i t a t i v e  fecal c o l l e c t i o n s  In fa r t id im 

p a t i e n t s .  A 8  a r e s u l t ,  i r o n  b l a n c 0  s tud ie8  are st i l l  d i f -  

f i c u l t  t o  do and are priormod only I n  ru8earch and n o t  in 

medical practice. 
m 

Tho whole-body counter  may bo used t o  determine tho fate 

and ab8orpt lon of oral ly  adminis tered Iron by measuring tho 

per c e n t  of the  dose which is r e t a i n e d  permanently in the  

body. 

the  1 8 r g O  l i q u i d  s c i n t i l l a t i o n  counter ,  s i n c e  FeS9 ha8 a 

strong gamma rap f o r  which t h e  machino has a high efflcleacy. 

These measurements can be made d i r e c t l y  and easily with'! 

Method. - 

Or81 uptrko and r a t o n t i o n  of Fo5@ h8ro boon r tud lod  In 
Aftor a normal grwr ray moa8urownt, 08ch lodiru 66 porroar. 

uaf ingortod 0.5 t o  0 . 7  pc Fa5@ (rpociflc activity 3 bc/mg) U 

forrow c i t r a t o  in 1 par cont  ..corbie acid s o l u t i o n  to  u i n -  

t 8 i n  tha i ron la  tho roducod r t r t o .  

from a p l a r t i c  rpoon rad followed by lngortlon of 100 t o  2OOal 

of -tor or carboruted brorrgo. 

idmedi8tely t o  determino tho counting rate 89 modified by th 

Tho do80 war admloirt~rd 

T h i  p r t l o n t  war couatod 
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t i ea t ' s  bass. I n  t h i r  r r y ,  geometric and mass abso rp t ion  

problem8 r e s u l t i n g  from t h e  wide v a r i a t i o n  in size of sub- 

Jects were miniaizod.  

Feca l  s a ~ p l e 8  from the  fir8t 10 p a t i e n t s  wero collocted 

q u 8 n t l t a t i v e l y  in p l m t i c  c o n t a i n e r s  and countod t o  o b t a i n  a 

*%8lance" b t w e e n  inge8ted  and r e t a i n e d  plu8 excreted iron. 

When corrected for  decay, these data revea led  that  even in 

cons t ip8 ted  p 8 t i e n t s  the  retained a c t i v i t y  wa8 e s 8 e n t i a l l y  

cons t8n t  a f t e r  1 week (Fig. 1). I t  -8 por8ibl0,  t h e r e f o r e ,  

t o  8 o t  up a r o u t i n e  method of a n a l y s i s  whereby t h e  p8ti-t 

-8 counted for 200 8econds lamediately after taking t h e  

r a d i o a c t i v e  iroa and again only on t h e  seven th  day. With t h i s  

b t h o d ,  it was t hen  possible t o  minimize the amount of t i m e  
4 

- -  - r e q u i r e d  for tho de tormin8t ion .  Both counts  were related t o  

Ir 8erled s t r n d r r d  c o n t 8 l n i n g  an  amount of iron equivalent t o  

th8 t  inges tod  by the  p a t i e n t  t o  correct for r 8 d i o r c t i v e  decay. 

An addi t ion81 56 p a t i e n t s  were s t u d i e d  us ing  t h e  l a t te r  method. 

C l i n i c a l l y ,  t h e  66 8 U b J e C t 8  were classified as  follows. 

Th i r t een  were normal or had rece ived  previous  p a r e n t e r a l  

or oral iron modication. A t  t h e  tire of t h i s  s tudy ,  they  a l l  

had hemoglobin valwm that wore considered normal. 

Nineteen of tho s u b J e c t s  were considered t o  be aneaias 

secondary t o  a c u t e  i n f e c t i o n s  ( a l l  had had p rev ious ly  normal 

.hemoglobin de t e rmina t ion8  and were found, du r ing  an  a c u t e  

i n f e c t i o n ,  t o  have unexpected anemia). 
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rcubr8 V O r 8 ,  1 polpcythomla .@COndrry t o  P U l r P O ~ ~  diS@8rO 

i s w h i c h  i n f o c t l o n  w88 8 component, and 1 familial eryth- 

SlkEytoais) 
-% 

Twenty-oight p a t i e n t s  were cotuidered 88 typ ic81  hypo- 

chromic anem188. Four of these were Spanish-Americ8n c h i l -  

a*a, who had been fed milk by brea8t or b o t t l e  a8 t h e i r  

y source o f  nutr iment  f o r  over  one year and were compul- 
.. -c. 

&p d i r t  eaters, and one (G) was a 7arontha pregnant  wom8n. 

c 

R e 8 U l t 8  and Di8CUS8lOn 

F igure  1 mhows Fa5' r e t e n t i o n  cu rves  typical  of 4 d i f -  

h # e n t  c o n d i t i o n s .  One is for  a normal hea l thy  man, and 

another for t h e  same man af te r  SO0 m 1  of blood had been with- 

d d m  by venamectlon. 

&MIC anemic a d u l t  woaan, and t h e  f o u r t h  is for  a seve re ly  

-n- 

The t h i r d  is for  a moderately hypo- 

& a u r i c  d i r t - e a t l n g  c h i l d  w i t h  a 4-g hemoglobin. 

appear t o  bo a composite of t w o  exponen t i a l  l i n e s ,  one 

A l l  curves  

r e p r e s e n t i n g  focal  t r a n s i t  t i m e  of t h e  unabsorbed i n t r a -  

i n t e 8 t i n a l  i r o n  dose, and the  other (wi th  no apprec iab le  

slope) r e p r e s e n t i n g  t h e  r e t e n t i o n  of t h e  FeS9 absorbed from 

the  i n t e s t i n a l  tract. Con t r ibu t ion  of t h e  first exponent ia l  

t o  the o v e r - a l l  e x c r e t i o n  curve  becomes i n s i g n i f i c a n t  a t  
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about tb f i f t h  &y, thu8  a l lowing  use  of the  seven th  day 

as th. ti- for t h e  second (and lrst) count a8 a measure of 

iron absorptfon. 

IronsQ abso rp t ion  is c o n t r a 8 t e d  w i t h  whole blood heaoglk 

b i n  in Pig. 2. A rough c o r r e l a t i o n  exis ts  between Iron 

abmorption a8 meallured by t h i s  method and t he  hemoglobin 

v a l u e s  of t h e  hypochroric p a t i e n t s  (E) without  i n f e c t i o n .  

P a t i e n t s  recover ing  or still s u f f e r i n g  froa various a c u t e  or 

chronic i n f e c t i o n s  (I)  do no t  appear t o  show any enhance- 

aont of i r o n  ab8orptlon above that seen  in t h e  normal pa- 

t i e n t s  (N). The anemic leukemlc p a t i e n t s  (L) likewise did 

not rbor inCrO88ed iron a b s o r b r b l l i t y .  

t i en t .  (P) stand o u t  r e u r k r b l y  b e C 8 U 8 0  of t h e i r  h i g h  heroglo- 

bin rnd lncrea8ed Iron a b s o r p t i o n .  The one p 8 t i e n t  (PI) 

w i t h  polycythemia secondary t o  chron ic  b r o n c h i e c t a s i r  and 
degene r8 t ive  erphysem does n o t  show t h i 8  phenomenon. If 

Polycythemic pa- 

t h e  exp lana t ion  for  t h i s  example of i ~ ~ C r O a 8 8 d  aboorption in 

polycythemia rubra  ve ra  I 8  etiologic, then rate of inteWinrS- 

8b8orptioa of iron would bo a much simpler method of d i f -  

f o r o n t i r t i n g  i t  from recondrr .~ polycythemia than p r e s e n t  

bin and rbrorbed 99 per c e n t  of t h o  Pas9 tracor do80. A t  

prr tur i t ioa  two month8 later,  tho p lacen ta  wa8 prmervod  10 ; 
I 
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GRAMS OF HIEMOGL081NIML 

59 
F i g .  2. Absorption and r e t e n t i o n  of o r a l l y  administered F e  

i n  relation t o  t h e  peripheral blood hemoglobin of 
p8tiOnta. (N) = s o - ~ 8 l l e d  normals; (H) - hypo- 
chromic anemias; (P) - polycpthemias; (I) = pos t  
i n f e c t i o u s  anemias; (L) = leukemias; (G) = a 7- 
month8 pregnant W o m a n ;  and (PI) = a polycythemic 
man wi th  s e v e r e  pulmonary d i b e a s e .  

J* 
F“ 

-343- 



that It,  the  mother, and the  new born c h r l d  could be radio- 

asraped on t he  day the  child -8 diachrged from the  hor- 1 
1 pi ta l .  A t  that ti- tho mother warn found to  have retained 

48 por c e n t ,  thm placenta  10 per cen t ,  and the c h i l d  23 per 

cen t  of the origins1 doue. 

heavi ly  r e q u i r i n g  a pomt-partw tranufueion,  probably ex- 

plaining t h e  deficit  of 18 per c e n t .  I t  would seem, there- 

f o r e ,  that t h i 8  18 per cent  should be added t o  the maternal 

percantage,  making her n e t  ab8orption a t  the  t i m e  of 

adminis t ra t ion  of the  dose 66 rather than 99 per c e n t .  

The mother had hemorrhaged 

The poor c o r r e l a t i o n  between hemoglobin and Iron absorp- 

. t i o n  led t o  an at teapt  t o  relate absorption t o  serum iron 

content .  Figure 3 ahorm t h e  c o r r e l a t i o n  in t h e  first 12 pa- 

t i e n t u  for which serum iron l e v e l s  were obtained a t  the tiw 

of oral administration of t h e  tracer. Addit ional  cases are 

boing obtained w i t h  serum troa 8nd serum iron binding 

capacitim8 in order t o  t o r t  tb rpparont exponontial  ml8- 

tionrhip which Bfg, 3 8 . e ~  t o  ind ica to .  Tho p a t l o n t  w i t h  

l08a th8n 2 per c e n t  r e t o n t i o n  and a aerum iron of only 

27 p# b d  chronic  pye lonephr i t i s ,  chronic  mentstrurl blood 

1088, rad poor n u t r i t i o n .  

tlnal abrorp t ion  of i r o n  is not necoa ra r i lp  correlated wi th  

t h e  serum i r o n  l e v e l  or bodllv need for  i r o n  as postulated 

by Granick (2). 

Thir cam illustrates that intor- 

Whether t h i r  failure t o  rb8or.b iron I s  due 

* 
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t o  8 t r u e  "IIIUCOS81 blockade" in t h l 8  c88e c8nnot bo dator- 

mined by t h i s  method. The method 8hoW8, however, th.t or81 

iron w d i c 8 t i o n  would k wolom8 in 8uch 8 C 8 8 a  of hypofer- 

romi8. Since .arum iron -8 no t  de t e r t i ned ,  t he  app.rent 

f8iluro of Fe" 8baorption i n  the infectiou8 C88.8 (I) 8nd 

in the leukemia prtiontm (L) c8nnot be di8Cu88ad from tho- 

p o i n t  of v i e r  of apparent i ron  need. Xowever, upon recovor7 

from t h e i r  i n f e c t i o n ,  t h e  m j o r i t y  of ~880s of UnCfmplk8tOd 

r c u t o  respiratory i n f e c t i o n  shorod a r e t u r n  t o  normal 

hwroglobin leva18 without i r o n  ther8py. 

case8 givea O r 8 1  or p r r o n t e r a l  iron ther8pp, hemoglobin 

rocovery d id  not seem t o  be ha8tened, app8rently since t h e i r  

i r o n  store8 were not depleted. 

In thome infectod 

These ob8erp.tion8 seemed 

p . r t l C U l a r l ~  t r u e  in C I 8 0 8  Of .Cute 8nd 8 U h C U t O  hOmtlti8. 

Tho whole-body counting tochaiqua for  dotan ler ing  per 

coat ro ton t ion  of an o r a l l y  admini8tored tracer do80 of  - 

de 8pPO-8 t o  be a f8UilO BO808 Of mo88urfng 8b8OrpflOn Of 

Or8lly 8drlni8tOrOd iron. 

h . r O  h88 rev8al.d th8t thoro  8rO 

iron 8b8orptioa in vrr iou8  di8oare8 8nd normal p h y 8 l o l ~ i C  

s h t e s  which warrant further inveatIg8t lon.  The 8pp.ront 

l8ck of iron rb8orption in the anem188 of tho throe  louluri8 

Th. prel18tnrry 8tudy roportod 

f 8 C t 8  8bout i n t @ 8 t b 8 1  
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and in acu te  infectionm is n o t  underr t rndable  in the l i g h t  

of proamat knowledge. The remarkably h igh  i r o n  abaorpt ion 

by t h e  pregnant woman and the  large proportion of t h e  oral 

dosa found ruboequentlp in t h e  placenta  and i n f a n t  eapha8lze 

t h e  naad for more data on O r 8 1  iron r e t e n t i o n  in pregnancy. 

The increased s a n a l t i v i t y  of the new human counter  now under 

conmtruction w i l l  provide accu ra t e  measurements of Fe 

uptake w i t h  do808 of l e s a  thrn 0.1 pc* 

such 8 tudiea  t o  be mado more safely and more frequently i n  

young persons and i n  early pregnancies.  

- 
59 

T h i s  rill p e r m i t  
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7 r 
A&nt M m -  

Lu8hb8ugh and P. S. New) 
;of (C. c. 

Introduct ion 

Although r t u d i 8 8  of thyro id  uptako 

t he  large6t s i n g l e  u.0 of F l d i O i 8 O t O p ~ 8  

Of 1131 C O a 8 t i t l l t O  

in c l in ica l  medicino, 

these stud108 are commonly i ~ c c u r 8 t e  8nd d i f f i c u l t  t o  

i n t e r p r e t .  In s p i t e  of recent rttemptcl t o  s t8ndr rd ize  

tochniquom (l), only tho oxtromos of thyro id  dpafunction are ~~ 

u n i r e r ~ 8 l l y  detectable or i n t e rp ro tab lo  bocawe of inherant  

orror8 in tho mothods of ~088ufoment. Overcoring theme 

which 8ro largoly goometric, would 8ppo.r 

me8ruramont of tho o n t i r o  body rathor than 

Pomitioning tho who10 body would aot bo 
I s= 

81 d i f f i c u l t  a8 poai t ioo ing  

body count  could bo u8od 88 

m a k i n g  oach p a t i e n t  h i r  om 

Of 8Olf4b8Orpt lon.  

tho am&, and the i n i t i r l  wholo - 

tho 100 per cont dom, t h e r o w  I 

. -  rtmdard and e l l a i n 8 t i n g  tho 

h o  i n r t r w o n t 8  f o r  dotormirution of r r rd iorc t iv l ty  in 

thm rholo body 8ro p r e r o n t l y  8 r8 i l8b lo .  Tho one m o l t  comma4 

in U.0 C 0 8 8 i 8 t 8  of 8 l8rg0 rod$- i o d i d ~  C r Y 8 f 8 1  c0upl.d W i t h  

p h o t a u l t i p l i o r  t u b 8  8nd 8 pul80 hoight  8n8lpz.r. Th. O t h u  

I8 8 hor i zon ta l  ro l l - typ .  l a  l i q u i d  8 c i n t l l l ~ t l o o  countor,-  

, 
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h 

balm l o c 8 l l y  a8 t h e  %08 Alamos flusan Counter" 8nd desig- 

n-*tJ;b HUDCO I .  
* a- 

Comparison. of whole body counting w i t h  conventional 
- 

Z@&Z count ing of t he  gland i tself  (l), as a method for  de- - -  - 
t o d i n a t i o n  02 thyro id  I 13' r e t e n t i o n ,  were followed in 

17 f l t i e n t s  choaen a t  r8ndw using a 9 x 6 i n .  sodium iodide 

cry+al, t h e  whole  body l i q u i d  s c i n t i l l a t i o n  counter,  and a 

s * k s  i n .  collimated .odium iodide  crystal  pl8ced over t h e  

o l d .  "c 

e - f b  4n l i q u i d  s c i n t l l l o c e t e r  have been de8crlbed pre- 
-l- -% 

,L - 

V-ly (3-4). Both  t h e  9 x 6 i n .  and t h e  3 x 3 in. cryst818 
- .3al 

.z 
mounted on an ad jus t ab le  t rol ley and enclosed i n  a 

row 10 x 10 x 7 feet in size i n  order  t o  achieve a 

ckground. In theae expe r l aea t s ,  only a single chmnel 

ar -8 ured with t h e  crystals. The lower ga te  d is -  

c r i r i n 8 t o r  -. was set a t  260 kev so t h a t  no pulses  were recorded 

Z&&ergy back scatter. 

bet& unable t o  detect so f t  gamma rays below 500 kev, recorded 

+ah f a l l .  belor that energy, thu8  e l i a i m t f b g  m o d  rr"i t h  

The l i q u i d  s c i n t i l l a t i o n  counter,  
*" 

m f , t h e  'c- 640 Lev emission of While these emissions 

kented only 10 per  cent  of - - t h e  t-1 
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from 1131, tho e f f l c i o n c y  02 tho l i q u i d  rc ln t i l l# l . to r  clru 

high oaough t o  dotoct cbmgor of the 881. ordor 88 dotocted 

by tb, sodium iodido cryrtals. 

T . b l ~  1.h-8 tb. Cl in i c81  C l 8 8 . i f i a t i O n  O f  the 

17 p8tiontm 8nd tho numkr of doteruinatioa8 u d o .  Tky 

by mouth, 8nd m c h  group of 3 p 8 t i e n t s  -8 rel8ted t o  8 

"neckw' phantom which contained the  samo mount  of I 

adminimtorod t o  t h e  pa t ien t .  

Brucer (l), conilisted of a Luclte  cy l inder  12.5 cm i n  

dl8aoter .ad 18 cm high r l t h  8 w e l l  ia8ide 1 8 r g O  anough t o  

131 

This; pbantom, aodelod 8fter 

roluno of 25 11. Tho rntorior surface of tho tub .  was 

1.5 c1 from tho surface of the cylindOr. 

ard W88 counted 08ch t ire tho p8t font  -8 r8dlO8888yOd Ill 

tho s c l a t l l l a t i o n  countor o r  by tho 3 x 3 in. collimated 

Thl8 ph8atw 8t8nd- 

Cry8t81. I t  -8 not. used In conJunction W i t h  tho 9 X 6 in. 

C q 8 k x ,  88 tb. a t 8 b i l i t y  of tb. background horo 8110-d 

foo? mathamatical cor roc t ioa  for i r o t o p i c  docay aftor th. 

I 

e, 

1' 
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The 3 x 3 in. c r y s t a l  was a t  first used 10 cm 3wap from t h e  

t h y r o i d  or phantom, bu t  later was used a t  the more c l i n i c a l l y  

accept8ble d i s t r n c e  of 25 cm. 

p r t i e n t  was f i l t e r e d  by the commonly used "A" or "E" 

f i l t e r  (1) . The data were proceclsed u s i n g  t h e  fol lowing 

Neither t h e  crystal nor t h e  

formulas  : 

LIQUID SCINTIWMETER 

P 8 t i e n t  coun t s  = P a t i e n t  background - a Per  c e n t  Re ten t ion  = 

Standard counts  - Machine background 

-T 
F 

<Y 

Per  c e n t  Reten t ion  9 
I n l t i 8 1  p a t i e n t  counts  ( n e t ) ,  c o r r e c t e d  a- 

- 
131 for p h y s i c a l  decay of S 

3 x 3 IN. SODIUM IODIDE CRYSTAL 

Per c e n t  Uptake - .-- 
., - 
,i' 

_ _  

Only 14 of the  20 determina t ions  were completed w i t h  a l l  

3 coun te r s .  These r e s u l t s  are  t a b u l a t e d  in Table 2, along 

w i t h  some p e r t i n e n t  c l inical  information.  

t i o n  v e r s u s  upt8ke s tudy  is shown in Fig. 2 t o  demonstrate 

A t y p i c a l  r e t en -  
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t h e  correspondence 

t e n t i o n  and direct 

usua l ly  obta ined  between whole body re- 

uptake by t h e  thy ro id .  The whole body 

r e t e n t i o n  l i n e  is sometimes s l i g h t l y  lower than  t h e  thy ro id  

uptake l i n e ,  In t h i s  case8 both l i n e s  appear t o  e x t r a p o l a t e  

f o  t h e  same zero i n t e r c e p t  of 21 per c e n t .  
* 
** (This case was 

not inc luded  In t h e  or iginal  20 s t u d i e s . )  

F i g u r e  3 shows a graphic  comparison of per  c e n t  whole 

body r e t e n t i o n  and per c e n t  uptake by t h e  thy ro id ,  a l l  a t  

48 hours af ter  a d m i n i s t r a t i o n  of t h e  I131. The data i n d i c a t e  

geasonably good agreement among the  three methods. The mrrjor 

. disagreements  were i n  Cases These cases 

.. a l l  obvious geometric p p s  an extremely 
- 
-11 t h i n  w-n who c l i n i c a l l y  was a low eu thyro id  who d i d  

- not becole c l i n i c a l l y  hyperthyroid w i t h  TSH, a8 i n d i c a t e d  

by direct count ing  over t h e  gland.   ase em showed r e n a l  re- 
131 

t e n t i o n  and abdominal e x t r a t h y r o i d  l o c a l i z a t i o n  of the  I . - w i t h  a 30-year-old bone a g e ,  who seemed c l i n i c a l l y  not 

t o  respond t o  TSH. C a s e e m s  a bull-necked man, thyroidec- 

tomized completely 2 weeks before the  tes t ,  whose neck count 

was 25 times h i s  t h i g h  count fmmediately a f t e r  an  intravenous 

i n j e c t i o n  of radioiodine and b e f o r e  any l o c a l i z a t i o n  could 

have occurred .  

d i s p r o p o r t i o n a t e  size of t h e  v a s c u l a r  bed i n  t he  hea l ing  

This d i s p a r i t y  probably r e s u l t e d  from t h e  

'I% 
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. -  

t h y r o i d a l  neck area. The c o r r e l a t i o n  w i t h  biased c l i n i c a l  

i t p r e s s i o n s  (5) was best  w i t h  t h e  477 l i q u i d  s c i n t i l l o m e t e r .  

TBS l i q u i d  scint i l la tor  (Humco I )  seemed t o  measure whole 

body r e t e n t i o n  better t h a n  t h e  9 x 6 in. crys ta l  and  

t ' by ro ida l  b i n d i n g  better t h a n  t h e  3 x 3 in. crys ta l ,  prob- 

a b i y  because  of m i n i m i z a t i o n  of geometric v a r i a t i o n s .  

C1)r re la t ion  between t h e  r e s u l t s  of t h e  two whole body count -  

* methods a t  48 hours was good. 
2% 

From the  practical p o i n t  of view, a fm c r u d e  time 

s t u d i e s  were made d u r i n g  t h e  actual c o u n t i n g  p r o c e d u r e s .  I t  

w8s found that 14 minu tes  of t h e  pa t i en t ' s  t i m e  and  5 minutes  
- 

- 2 t h e  t e c h n i c i a n ' s  time were needed per d e t e r m i n a t i o n  w i t h  

tjm l i q u i d  s c i n t i l l o m e t e r ,  w h i l e  15 t o  20 minu tes  of t h e  

m t i e n t ' s  t i re and  a b o u t  45 minu tes  of t h e  t e c h n i c i a n ' s  t i m e  
* a  

were needed t o  o b t a i n  a f i n a l  r e s u l t  w i t h  t h e  sodium iodide 

c y 8  ta 1s. 

These  s t u d i e s  suggest that r a d i o a s s a y  of NaI 13' reten- 

t i o n  by t h e  whole body l i q u i d  s c i n t i l l o m e t e r  is a v a l i d ,  

simple,  and  facile means of de te rmin ing  t h y r o i d a l  i o d i n e  

b i n d i n g  r n d  hence  t h y r o i d a l  f u n c t i o n .  A d d i t i o n a l  s t u d i e s  

( t h i s  report) i n  rats and  humans, under v a r i o u s  e x p e r i m e n t a l  

and c l i n i c a l  c o n d i t i o n s ,  e x t e n d  these o b s e r v a t i o n s  and suppor t  

t h i s  c o n c l u s i o n  by showing tha t  t h e  per c e n t  r e t e n t i o n  of 

o r a l l y  a d m i n i s t e r e d  i o d i n e  i n  t h e  whole body depends upon 
,I. 
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r e l a t i v e  need for i o d i n e ,  thyro ida l  and p i t u i t a r y  a c t i v i t y ,  

and r e n a l  funct ion .  
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(C. C. Lushbaugh and D.  B .  Hale) 

I n  t r o d u c  t 1 on 

An a p p a r e n t l y  good c o r r e l a t i o n  between t o t a l  body 

r e t e n t i o n  of  I 13' (measured by whole  body c o u n t i n g )  3 d a y s  

a f t e r  o r a l  a d m i n i s t r a t i o n  and t h y r o i d  uptake (measured i n  

th. c o n v e n t i o n a l  way) i n  t h e  same p a t i e n t  seems t o  j u s t i f y  

f u r t h e r  s t u d y  of t o t a l  body r e t e n t i o n  as a method of 

do te rmin ing  t h y r o i d  f u n c t i o n .  The p r e v i o u s  r e p o r t  (1) 

gests t h a t  the second  of t h e  two components of t h e  r e t e n -  3 n c u r v e  e x p r e s s e s  t h y r o i d  b i n d i n g  of  I 13' and ,  there- 

fore, is i n d i c a t i v e  of t h e  l e v e l  of t h y r o i d  a c t i v i t y .  

Furthermore,  t h e  o b s e r v a t i o n  t h a t  food and i o d i n e  dep r iva -  
I 

t i o n  i n  r a t s  i n c r e a s e d  t o t a l  body r e t e n t i o n  of I 13' and 

daereased its rate  of e x c r e t i o n  (2) p r o v i d e s  more evidence  

that i o d i n e  metabolism is m a n i f e s t e d  by changes  i n  whole 

body r e t e n t i o n  of a n  I 13' tracer . A d d i t i o n a l  o b s e r v a t i o n s  

on humans are reported here t o  demons t r a t e  f u r t h e r  how the  

1131 r e t e n t i o n  f u n c t i o n  changes w i t h  disease, chemotherapy, 

and metabolic s t a t u s .  
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Methods and M a t e r i a l s  1 
The method of whole body count ing  arid other techniques 

used i n  these s t u d i e s  is desc r ibed  f u l l y  in t h e  preceding 

paper (1). Data on some of t h e  p a t i e n t a  descr ibed  i n  that 

s t u d y  are used in t h e  p re sen t  paper a long  w i t h  a d d i t i o n a 3  

data from other p a t i e n t s  w i t h  normal and abnormal t h y r o i d  

func t ion .  Only t h e  whole body l i q u i d  s c i n t i l l a t i o n  counter  

. -  

was used t o  measure body r e t e n t i o n  in the  a d d i t i o n a l  p a t i e n t s ,  

The number of a t h y r o i d  c h i l d r e n  s t u d i e d  was increased  t o  6 ,  

and 1 proven hyperthyroid and  1 hypothyroid case have been 

s t u d i e d .  A t o t a l  of 35 p a t i e n t s  have been s t u d i e d  a f t e r  

oral Naf 13' a d 8 i n i s t r a t f o n ;  20 have been s t u d i e d  a f t e r  

- 131 
in t r avenous  1131-thyroxine and 6 a f t e r  Intravenous I - b 

t r i i odo thyron ine .  Two a d d i t i o n a l  pa t i en t s  were given Lugol'r 

s o l u t i o n  t o  s tudy  its e f f e c t  on t h e  rate of e x c r e t i o n  of 

bound I131. Iodine1'' r e t e n t i o n  by 22 of the  appa ren t ly  

normal patleats was followed a i  long am pomrible t o  t r y  t o  

~ r k b l i r h  t h e  mean slop. of tho f i n a l  exponen t i a l  docry r8t.. - 

Re8ult8 8ad Dimcwrion 

The r emul t s  of the80 s t u d i e a  are presented  gr8phiCal lp  

i n  Pig., 1-8. The t o t a l  body I 13' r e t e n t i o n  p a t t e r n r ,  de- 

p i c t e d  i n  Ffg. 1, show that the  r e t e n t i o n  curve can vary 

r i d o l y  from the  normal i n  dimeared stater and may be lnfluOnC@d 
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by therapy  (e.g., t apazo le ) .  In both normal and abnormal 

cases, t h e  whole body r e t e n t i o n  func t ion  is t h e  sum of .- 4 

131 
2 exponen t i a l s ,  as i n d i c a t e d  in F i g .  2, which shows I 

r e t e n t i o n  i n  eu thy ro id  and a t h y r o i d  c h i l d r e n .  

The first exponen t i a l  (A) r e p r e s e n t s  t h e  rate of 

u r i n a r y  e x c r e t i o n  of unbound iodide ,  as shown by quan- 

t i t a t i v e  urine c o l l e c t i o n s  d u r i n g  t h e  first 24 hours  af ter  

oral a d m i n i s t r a t i o n  of t h e  t r a c e r .  A l l  b u t  a minute trace 

of t h e  iod ine  e x c r e t e d  du r ing  t h i s  time is i no rgan ic  (3) 

and represents e f f e c t i v e  renal competi t ion w i t h  t h e  thyroid 

fo r  unbound I 13’ i n  t h e  serum. 

t h e  half-times of e x c r e t i o n  of unbound iodine by noma1 

These d a t a  a l s o  show t h a t  

c h i l d r e n  and c h i l d r e n  thyroidectomized for cancer were - 
approximately t h e  same, 8 .4  and 9 . 6  hours,  r e s p e c t i v e l y .  

In a l l  t he  cases s t u d i e d ,  t h i s  ha l f - t ime  v a r i e d  between 

7 and 22 hours .  
x 

I t  appears  t o  be prolonged by poor r e n a l  

func t ion  as in chron ic  pye loaephr . - t i s  and other r e n a l  1 

diseases. The second exponent ia l  (B) r e p r e s e n t s  t h e  amount 

of o r a l l y  admin i s t e red  I 13’ incorpora ted  in t h e  bound iodin. - 
c y c l e  (3,J). The slop. of t h e  second exponen t i a l  r e f l e c t s  4 
t h e  rate of u r i n a r y  loa8 of iod ide  f r e e d  from t h e  bound 

i o d i n e  pool 88 t h e  labeled hormone. are u t i l i z e d  8nd de- 

- 

graded . 
A n  a t t empt  was made t o  uae r e t e n t i o n  datr from 
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22 supposedly normal p a t i e n t s  t o  e s t a b l i s h  t h e  average 

normal r a t e  of tu rnover  of t h e  bound iod ine  pool (coapo- 

nen t  8) .  C o l l e c t i o n  of data, however, an8 too SpOr8diC t o  

permi t  e s t ab l i shmen t  of t h e  ha l f - t ime w i t h  s a t i s f 8 c t o r y  

accuracy .  It  -8 ponisible only t o  88y that t h e  Slop0 

appeared t o  represent a half-tire of between 40 and 50 d8p8, 

corresponding  t o  a r a t e  of bound i o d i n e  loss  of 1.4 t o  

1 .7  per c e n t  per day. A half-time of about 50 day8 is 

c o n s i s t e n t  w i t h  va lues  r e p o r t e d  i n  t h e  l i t e r a t u r e  (3,4) 

and is assumed t o  be tho proper one t o  use in t h i s  r e p o r t .  

F i g u r e  3 shown t h e  average I 13’ whole body r e t e n t i o n  

by 6 normal s u b j e c t s  when the  tracer m a  a d m i n i 8 t ~ r e d  

intr8venoumly as 1131~t r i iodothyronine ,  and Fig.  4 .how. 

its average  r e t e n t i o n  when i n j e c t e d  i n t o  20 normal poop10 

ae  thyroxine. 
When t h e  tracer I 13’ is in t roduced  i n t o  t h e  cycle a8 

a label on t h e  thy ro id  hormones, t h e  whole body r e t e n t i o n  

pattarns change and t h e i r  e x p o n e n t i a l  components appear  t o  

be t h o  u t i l i z a t i o n  ratem of the80 products  of t h y r o i d a l  

8 c t i r i t y .  Two component. are aeon f o l l o r i n g  admin i r t r8 t ion  

of 18bOled t r i i o d o t h y r o n i n e  (Fig.  3), a r a p i d  e a r l y  one (A) 

r e p r e s e n t i n g  t h e  amount of I 13’ t r a c o r  excreted a f t e r  i n t r a -  

c e l l u l a r  degrada t ion  of the hormone, and another  (B) show- 

i n g  t h e  amount of tracer r ecyc led  through the  thy ro id  bound 
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i o d i n e  pool .  The first exponen t i a l  has a half- t ime of 

1.4 d a y s  and t h e  second a half- t ime of about  5 0  d a y s ,  as 

prev ious ly  r e p o r t e d  for  the ra te  of turnover  of bound iodine, 

The rate of i o d i n e  e x c r e t i o n  in (A) appears  t o  be de termined  

by t h e  rate of u t i l i z a t i o n  of t r i i o d o t h y r o n i n e  which  frees 

iodide (3,4).  

The t o t a l  body r e t e n t i o n  l i n e  fol lowing admin i s t r a t ion  

of 1131-thyroxine (Fig. 4) appears t o  show t h r e e  exponent ia ls ;  

t h e  first (A) w i t h  t h e  same s lope  as t h e  exponen t i a l  (A) 

in t h e  t r i i o d o t h y r o n i n e  s tudy ;  a second (B) w i t h  a 7.5-day 

half-life; and 8 t h i r d  (C) w i t h  approximately a %-day h a l f -  

l i f e .  Exponent ia l  (B) may r e p r e s e n t  t h e  ra te  of u r ina ry  

e x c r e t i o n  of i od ide  a f t e r  in t ravenous  breakdown of thyroxine 

t o  t r i i o d o t h y r o n i n e  w i t h  t h e  l i b e r a t i o n  of an  iodide ion (3). 

This r a t e  of e x c r e t i o n  is determined by t h e  rate of degrada- 

t i o n  of thyroxine  which t h e  l i n e ,  therefore, r e p r e s e n t s .  

Presence of t h e  first exponen t i a l  (A) implies contamination 

of the labeled thy rox ine  wi th  labeled t r i i o d o t h y r o n i n e ,  since 

such  a r a p i d  u t i l i z a t i o n  rate (1.4 day half-time, see Fig. 4) 

could not  be determined by whole body count ing  i f  t h e  compound 

being used was formed a t  a slower product ion ra te  (7.5-day 

half-time) by a "mother" sub8t8nce. Exponent ia l  (C), agi i l l ,  

represents t h e  f r a c t i o n  of i od ide  f r e e d  a f t e r  thyroxine  and 

t r i i o d o t h y r o n i n e  u t i l i z a t i o n ,  8nd recyc led  through t h e  thyro id  

00131487.368 
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1 
pool i n s t e a d  of being exc re t ed  a t  once by t h e  kidneys. 

I t  would seem from these s t u d i e s  t h a t  t h e  f i n a l  whole 

body r e t e n t i o n  l i n e ,  therefore, r e p r e s e n t s  t h e  binding 

capacity of t h e  thy ro id  and c y c l i n g  of t h e  I 13' tracer as 

iodinated thy rog lobu l in ,  thyroxine ,  t r i i o d o t h y r o n i n e ,  d i -  

i odo ty roa ine ,  and free iodide a s  diagramed by Riggs (3) 
I 

and Werner (4).  

Figure  5 shows how t h e  r a t e  of tu rnover  of t h e  bound ., 

iodine pool may be increased  i n  a normal person by increas-  

i n g  i n t a k e  of stable iodine .  D i l u t i o n  of t h e  I 13' tracer 

i n  the e n l a r g e d  free iodide pool decreases t h e  per c e n t  of 

tracer that can be bound by t h e  t h y r o i d  and forces its 

e x c r e t i o n  a long  w i t h  t h e  inc reased  u r ina ry  e x c r e t i o n  of t h e  

stable iodide .  In t h i s  case, 150 mg of i od ine  (as Lugol's c 

s o l u t i o n )  per day i n  an 85-kg woman decreased the half-time 

of t h i s  exponen t i a l  from about  55 t o  about 20 days, so that  

t h e  a p p a r e n t  tu rnover  rate changed from 1.3 t o  3.5 per cen t  

per day. 

- - - 

- 

F i g u r e  6 showa NaI131 uptake and r e t e n t i o n  by t h e  same 

(hypothyroid) p a t i e n t  before and a f t e r  a d m i n i s t r a t i o n  of 

t h y r o i d  s t i m u l a t i n g  hormone (TSH). Treatment was administered 

on t h e  day preceding i n g e s t i o n  of t h e  The data show 
I 
4 

that TSH d e f i n i t e l y  increased  the  r e l a t i v e  size of t h e  bound 
131 i o d i n e  pool and sugges t  that whole body r e t e n t i o n  of I 
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is an i n d i c 8 t i o n  of t h e  t h y r o i d  b i n d i n g  a c t i v i t y  a t  t h e  time 

of a b s o r p t i o n  of t h e  tracer. 

- When c o n s i d e r e d  a l together ,  these s t u d i e s  appea r  t o  

s u p p o r t  t h e  f o l l o w i n g  c o n c l u s i o n s :  

1. Unbound 1131, a f t e r  gastric a b s o r p t i o n ,  is ex- 

c r e t e d  r a p i d l y  by the  k idneys  (ha l f - t ime  7 t o  10 hours) .  

2. Bound 1131, af te r  en t r apmen t  by t h e  t h y r o i d  g l a n d ,  

1. l o r t  m l o r l y  by t h e  u r i n a r y  r o u t e  (half-t ime abou t  50 days ) .  

3. The rate of u r i n a r y  loss of I from t h e  bound 

iodide pool is determined  by (a) d a i l y  i o d i d e  i n t a k e ;  

(b) size of free iodide p o o l  (specific 1131 a c t i v i t y ) ;  

t h y r o i d  b i n d i n g  a c t i v i t y ;  (d) r a t e  of conver s ion  of thyro-  

b u l i n  t o  t h y r o x i n e ;  and (e) c o m p e t i t i v e  r a t i o  of r e n a l  

f u n c t i o n  t o  t h y r o i d  f u n c t i o n .  

4.  The per c e n t  of o ra l  tracer dose re ta ined  by t h y r o i d  

b i n d i n g  i m  dependent  upon t h e  same f a c t o r s  as in (3) and ex- 

presmeo t h e  e q u i l i b r i u s  state of t h e  p a t i e n t ' s  i o d i n e  

metabolimm, which c a n  be s t u d i e d  by whole body I 13' r e t e n t i o n  

measurements.  

1 0 5 t i 8 h  t 
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I o d i n e  (C. C. Lush- 
bough and  D. B. Ule)  

I n t r o d u c t i o n  

I o d i n e  13' up take  by t h e  t h y r o i d  gland of e x p e r i m e n t a l  

an ima l8  im d i f f i c u l t  to  d o t e r m i n e  because of t h e  small s i ze  

of t h e  g l a n d  i n  r018 t iOn  t o  t h e  c o u n t i n g  a p p a r a t u s  and t h e  

r e a u l t l n g  large errors due t o  geometrical e f fec ts  from 

movement of  t h e  animal d u r i n g  measurement ( 1 , 2 ) .  Thyro id  

up take  i n  small a n i m a l s  is, t h e r e f o r e ,  commonly done by re- 

moving t h e  t h y r o i d  and r a d i o a s s a y i n g  s o l u t i o n s  of t h e  g l a n d  

o b t a i n e d  a f t e r  d i g e s t i o n  (3,4) o r  by c o u n t i n g  t h e  whole organ 

*n a Texas  well c o u n t e r  (5 ) .  A s c i n t i l l a t i o n  w e l l  c o u n t e r  

large enough t o  hold a n  e n t i r e  r a t  makes poss ib le  repeated 

r e p r o d u c i b l e  measurements of i o d i n e  r e t e n t i o n  i n  t h e  whole 

body w i t h o u t  t h e  need fo r  s a c r i f i c i n g  t h e  a n i m a l s .  The Los 

Alamos small an imal  c o u n t e r ,  descr ibed  i n  d e t a i l  elsewhere (61, 

has proved  t o  be ideal for  t h i s  purpose.  If t h e  r a t i o  of 

t h y r o i d  and  e x t r a t h y r o i d  iodide i n  t h e  ra t  becomes c o n s t a n t  

a s  i t  does i n  t h e  human b e i n g  ( 7 )  , then  t h y r o i d  up take  i n  

r o d e n t s  c o u l d  be de te rmined  by whole body c o u n t i n g ,  as in t h e  

human ( 8 , 9 ) .  The f o l l o w i n g  expe r imen t s  were done t o  inves-  

t i ga t e  t h i s  pos8 ib i l i t y .  
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Methods and R e s u l t s  

the  experiments.  

dose of 1 pc  N s I 1 3 1 .  

a d m i n i s t r a t i o n  of t h e  dose and a t  approximately 4,  10, 24, 

50, 60, 7 0 ,  84, 96, 105, 120, 144, 168, and 195 houra af ter-  

ward. The data were expressed as per c e n t  of t h e  s t anda rd  

dose r e t a i n e d  (converted t o  per c e n t  of the  o r i g i n a l  dose for 

each  r a t ) .  

A r e f e r e n c e  s t anda rd  was made us ing  t h e  

The r a t s  were counted a t  once a f t e r  

On t he  6 t h  day af ter  a d m i n i s t r a t i o n  of the dose, t h e  

s t a r v i n g  rats were k i l l e d  and t h e i r  t h y r o i d  g l ands  removed 

by e x t i r p a t i o n  of t h e  trachea, thy ro id ,  and a d j a c e n t  t i s e u e .  

The animals  f e d  n o r m a l l y  were n o t  k i l l e d  u n t i l  the  8 t h  day. 

After removing t h e  t h y r o i d  g lands ,  t h e  carcaaaes were re- 

counted in orde r  t o  determine t h e  p a r t i t i o n i n g  of the r e t a i n e d  

p e r  coot of o r i g i n a l  dose In  t h e  t hy ro id  and e x t r a t h y r o i d .  

tisauea 

Figure 1 rhora the  averago d a l l y  per c e n t  r e t e n t i o n  of 

NaI131 for t h e  two groups of r a t s  p l o t t e d  semi log8r l thmica l ly .  

A f t e r  3 days, t h e  p e r  c e n t  r e t e n t i o n  began t o  decrease a8 a 

-_ 
Eighteen Sprague-Darley male r a t s ,  weighing approximately 

300 g, were given 1 bc N d 3 l *  

o r a l l y  and were allowed food ad l i b i t u m .  The o t h e r  n ine  were 

given  t h e  dose I n t r a p e r i t o n e a l l y  and were s t a r v e d  throughout 

Nine rece ived  the isotope 

s i n g l e  exponen t i a l  l i n e .  When this exponent ia l  l i n e  (designated 8) 
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was 8 u b t r a c t e d  from t h e  (heavier )  t o t a l  r e t e n t i o n  curve,  a 

second e x p o n e n t i a l  l i n e  (A) was found. Serum r a d i o a c t i v i t y  

w a s  h igh  i n  t h e  nonprotein f r a c t i o n  of t h e  blood dur ing  time 

exponent A was dominant, bu t  p r e s e n t  only in t h e  pro te in-  - 
bound f r a c t i o n  when exponent B was o p e r a t i o n a l .  The param- 

eters of t he  e x c r e t i o n  func t ions  for t he  ind iv idua l  animals 

a re  summarized i n  Table 1. Assuming t h e  exponen t i a l s  of t h e  

r e t e n t i o n  func t ions  represent metabol ic  pools ,  t he  turnover  

rate and mean residence time for I 13' in each compartment are 

given.  In de te rmin ing  t h e  averages ,  r a t s  2 and 8 in t he  

normal group were omitted on t h e  basis  that the  size of 

compartment B, as judged by t h e  zero i n t e r c e p t ,  placed these 

r a t s  (which appeared ill l a t e  i n  t h e  experiment) w i t h  t h e  

"s ta rved"  group. They were a l s o  omlt ted from t h e  averages 

in Tab le  2, which shows t h e  I 13' c o n t e n t  (in p e r  cent of ad- 

a i n l 8 t e r e d  dose) of normal and s t a r v e d  rats before and a f t e r  

pout  aorter thyroidectomy. The d i f f e r e n c e  in body content  be- 

f o r e  and after thyroidectomy is resumed t o  be a measure of t h e  

extrathyroidal iod ine .  I n  terms of per cen t  of administered 

dose, whole body r e t e n t i o n  of J e x t r a t h y r o i d a l  iod ine ,  

and t h y r o i d  bound iodine were a l l  increased by s t a r v a t i o n .  

Discussfon 

The r e su l t .  show that t h e  normal r a t  "pick8 up" 8 t o  
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TABLE 1. Parameters of Whole Body NaI 13' Retention in Rats 

Zero Intercepts Half -Times Turnover Mean Time 
4 (%I ( h r d  (hrs)  (Whr)  

-CI4-- Icc.LuIy ----I 

Group A *  B* A B A B A B 

Norm81 Rats 

1** 90 
(2) 73 
3 88 
4 92 
5 85 
6 89 
7 88 

( 8 )  71 
9 77 

Average 87 

9tarved Rats 
1 62 
2 69 

4 67 
6 73 
7 64 
9 57 

Average 65 

3 a2 

9.9 
29.0 
12.0 
8.3 
15.0 
11 0 0  

12.5 
28.0 
23.0 
13 .O 

38 
31 
26 
33 
27 
36 
34 
35 

9 
9 
9 

8.5 
9 

7.5 
9.5 
9.5 
10 

9 

12 
12 
11 
8 
13 

12.5 
11.5 
11.4 

185 
189 
149 
159 
174 
157 
207 
160 
164 
171 

585 
865 
515 
225 
271 
307 
222 
427 

77 
77 
77 
82 
77 
92 
73 
73 
69 
78 

58 
58 
63 
87 
53 
55 
60 
62 

0.37 
0.37 
0.47 
0.44 
0.40 
0.44 
0.33 
0.43 
0.42 
0.40 

0.12 
0.08 
0.13 
0.31 
0.26 
0.23 
0.31 
0.21 

13 .O 
13 .O 
13 .O 
12.3 
13.0 
13.3 
13.7 
13.7 
14.4 
13 .O 

17.3 
17.3 
15.9 
11.5 
18.8 
18.0 
16.6 
16.5 

267 
273 
215 
229 
25 1 
227 
299 
231 
237 
248 

844 
1248 
743 
325 
391 
443 
320 
616 

* 
A = First exponential line (rate of excretion of unbound iodine); 
B = Second exponential line (rate of excretion of bound iodine). 

**  
( ) Omitted from average. 
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TABLE 2. Effect of Starvation on Whole Body Retention and 
Distribution of 1131 in Rats 

1 
Thyroidectomy Thyroidectomy 46 of Original % of Retained 

1 
2 
3 
4 
5 
6 
7 
0 
9 

5.1 * 
(14.8) 
5.4 
3.8 
7.3 
4.7 
6.6 

(12.8) 
10.4 

4.1 
(9.3) 
3.6 
2.4 
5 .O 
3.0 
3.7 
(6.5) 
5.9 

Averrge 6.2 4.0 

1 .o 
( 5 . 5 )  
1.8 
1.4 
2.3 
1.7 
2.9 
(6.3) 
4.5 
2.2 

20 
(37) 
33 
37 
32 
36 
44 

(49) 
43 
35 

42 13.6 32.0 18.6 40 
29 

10 .o 15 .O 

38 
5.7 14.0 

60 
19.7 7.6 20 .o 12.4 

11.1 
51 

7.5 

46 
13.1 12.4 
11.6 

44 Avorrgo 23.7 13.3 10.4 

1 
2 25 .O 
3 
4 
6 18.6 
7 25.5 
9 25.0 13.4 

* 
( ) Omitted from avoragem. 
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23 per  c e n t  ( a v e r a g e  13 per c e n t )  of a n  i n g e s t e d  I 13' tracer 

lose .  S t a r v a t i o n  a p p a r e n t l y  a l te rs  t h e  amount which is con- 

: e n t r a t e d  by t h e  t h y r o i d  and  its rate of t u r n o v e r .  S t a rva -  

t i o n  c a u s e s  c o n s e r v a t i o n  of t h e  I 13' tracer, and  in these 

experiments enhanced " thyro id  pickup" 3 f o l d .  S i n c e  s t a r v a -  

t i o n  was t o t a l  i n v o l v i n g  i o d i n e  d e p r i v a t i o n ,  as w e l l  as l a c k  

of n u t r i m e n t ,  these r e s u l t s  would seem t o  i m p l y  t h a t  t h y r o i d  

b i n d i n g  of i o d i n e  is dependent  i n v e r s e l y  upon t h e  amount of 

i o d i n e  i n g e s t e d  by t h e  normal an imal .  T h i s  o b s e r v a t i o n  

might  e x p l a i n  t h e  a p p a r e n t  "blockade" of t h e  t h y r o i d  by 

l a r g e  doses of  i o d i n a t e d  chemicals, a s  s e e n  in " f i c t i t i o u s l y "  

? 1131 u p t a k e  s t u d i e s  a f t e r  human cho lecys tog raphy .  Further  

s t u d y  of t h i s  phenomenon would seem warranted, p a r t i c u l a r l y  

since it  is a l s o  appl icable  t o  t h e  problem of i o d i d e  therapy  

of humnn hype r thy ro id i sm.  O f  a d d i t i o n a l  i n t e r e s t  would be 

similar s t u d i e s  of t he  effect  of t h i o c y a n a t e ,  t h i o u r a c i l ,  

and  o ther  t h y r o t o x i c  a g e n t s  upon whole body r e t e n t i o n  of 

i o d i n e  i n  t he  r a t .  The f i n d i n g  of a r a t i o  of 2 t o  3 between 

i n t r a -  and e x t r a t h y r o i d a l  hormonal i od ine  in t h e  r a t  was 

q u i t e  unexpec ted  in view of t h i s  r a t i o  i n  man of 1 t o  1 7  (7 ) .  

Increased t h y r o i d  up take  of i od ine  h a s  been demonstrated 

r e v i o u s l y  i n  s t a r v i n g  r a t s  ( lo),  whi le  a decreased uptake  

.as been reported in r a t s  f o r c e  fed t o  o b e s i t y  (11). Although 
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those i n v e s t i g a t o r s  f e l t  j u s t i f i e d  on t h i s  b a s i s  t o  diagnose 

hyper -  and hypothyroidism, r e s p e c t i v e l y ,  i t  would seem i n  

retrospect that these changes i n  uptake may reflect only the 

d i f f e r e n t  s p e c i f i c  a c t i v i t i e s  of t h e  unbound iodide pools  

a f t e r  r a d i o a c t i v e  l a b e l i n g  and n o t  d i f f e r e n t  thyro id  

a c t i v i t i e s .  

isotopic method, a l l  groups of a n i m a l s  should  be maintained 

on t h e  same known o r a l  in take  of s table  iod ine .  The observa- 

Before such diagnoses can be made by any radio- 

131 t i o n  that s t a r v i n g  r a t s  conserve o r a l l y  adminis te red  I 

and hold a greater percentage i n  the gland may he lp  t o  expla in  

t h e  phenomenon of t ' increased t h y r o i d  b ind ing"  of r a d i o i o d i n e  

in r a t s  exposed t o  l a r g e  doses of whole  body i o n i z i n g  r a d i a -  

t i o n  (4,12) .  The i n c r e a s e s  found by t h o s e  i n v e s t i g a t o r s  

would seem t o  para l le l  t h e  degree of anorexia  and self- 

s t a r v a t i o n  found commonly i n  the i r r a d i a t e d  rodent (13). The 

i n c r e a s e d  r e t e n t i o n  of 1 13' dur ing  s t a r v a t i o n  is remarkably 

s i m i l a r  t o  the increased r e t e n t i o n  of sodium (14) and potas- 

sium (15) in s t a r v i n g  heavi ly  i r r a d i a t e d  rats. 

S t u d i e s  of whole body I 13' r e t e n t i o n  i n  rodents  are  

fcba8ibl8 us ing  in vivo  count ing techniques .  

i r  mainta ined  a t  a conatan t  l e v e l ,  t h e  pe r  cent of r e t e n t i o n  

can bo used t o  e v a l u a t e  thy ro id  b inding  a c t i v i t y  in amall  

If Iodine i n t a k e  

animals a 
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The Quecrt-ion of Sodium Loss in t h e  I n t e a t i a r l  Derth Syndr- 
of Radir t lon  Dame (C, C. Lushbaugh, J .  Sutton, and C. R. 
Richmond) 

I n t rpduc t-i on 

hypOtha8.8 h.Ve beon f o r o u l r t a d  t o  O X p l r i n  t h 8  

phenomenon of g ' in t e8 t ina l  derth" from r rdiat ion draUg8. 

- 8 t l O r  (1) concluded that the  two most probable caus08 of 

death were the t k c t i o n  of proteolytic enzyme8 and/or 1088 

of watar and e l e c t r o l y t e s . "  mile supported i n d i r e c t l y  by 

i n n u w r r b l o  c l i n i c 8 1  and l r b o r r t o r y  obaervations Of "cholorr- 

l i k e t g  diarrhea, severe  dehydration, and syatemic toxemia, 

and by ameliorat ion of damage by i n t e s t i n a l  s h i e l d i n g  (3) ,  

i n t e s t i n a l  e x t i r p a t i o n  (3), and msaive saline in fus ion  (4,5), 

l i t t l e  or no di rec t ly  suppor t ive  drta have been found for  

either of these causes of derth.  An experiment81 eva lua t ion  

of the  concept of death being due t o  electrolyte or water 

1088 8ppOarOd possible by determination of sodium, pota~8luB, 

r n d  -tor turnover rates ( 6 , 7 )  in normal and irradiated ani -  

lul8. 

tho hypothosim that large a c u t e  doses of whole-body irrrdir- 

t i o n  affact d i s t r i b u t i o n  and exc re t ion  of body modlum. 

Tho experiments reported here attempt t o  t o u t  d i r e c t l y  
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Methods and R e s u l t s  

Effect of Radia t ion-  oss D i s t r i b u t i o n  of Sodium.-- 

.le f irst  e x p e r i m e n t  was des igned  t o  show t h e  effect  of 

100 rads of 250 KVP X i r r a d i a t i o n  on gross  d i s t r i b u t i o n  of 

. tracer dose of Na2'. S i n c e  gastr ic  r e t e n t i o n  and apparent 

; t a r v a t i o n  are char8cter l~t ic  of h e a v i l y  irradiated an ima l s ,  

i t  was n e c e s s a r y  t o  s t u d y  a l so  t h e  effect  of food  depr iva -  

t i o n .  A g r o u p  of 12 ra ts  w a s  d i v i d e d  i n t o  c o n t r o l  and 

i r radiated subgroups  of 6 a n i m a l s  each. T h r e e  a n i m a l s  from 

each subgroup were d e p r i v e d  of food beg innn ing  1 2  hours  p r ior  

t o  t h e  e x p e r i m e n t ,  a n d  t h e  o t h e r s  were a l lowed  food ad 

.bit-. Three a n i m a l s  from each subgroup were irradiated 
J 

w i t h  2100 rads of X r a y s  (at a dose  ra te  of 57 r i m i n )  and 

a l l  a n i m a l s ,  i n c l u d i n g  t h e  fasted and n o n f a s t e d  u n i r r a d i a t e d  

c o n t r o l s ,  were g i v e n  ( v i a  stomach tube )  0 . 4 7  pc Ya22 i n  

1 m l  of physiologic  s a l i n e .  Immediately a f t e r  Na22 adminis-  

t r a t i o n  a l l  a n i m a l s  were coun ted  i n . t h e  small a n i m a l  l i q u i d  

s c i n t i l l a t i o n  c o u n t e r  ( 8 ) .  Ttrenty-four hours  la ter  t h e y  were 
22 

counted a g a i n  to d e t e r m i n e  t h e  p e r  c e n t  r e t e n t i o n  of t h e  Na 

i n  terms of the  o r i g i n a l  dose. They were sacrificed immediately 

a f t e r  c o u n t i n g  and  the  p e r  c e n t  of t h e  a d m i n i s t e r e d  dose re= 

t a ined  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t ,  s tomach,  small p l u s  

large i n t e s t i n e s ,  b l o o d  (10 m l ) ,  and  carcass de termined  by 

Counting in t h e  Same c o u n t e r .  The data showing t h e  comparative 
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effects of fasting and/or 2100 rads of irradiation on the  

gross distribution of Na2' are given i n  Table 1. 

00131481.384 

TABLE 1. COYPARATIYE EFFECTS OF FASTING AND/OR 2100 RADS 
X IRRADIATION ON 24-EOUR GROSS DIST'RIBUTIOW OF Na22 
IN RATS* 

7 
Who 18 -B Od y G. 1. 10 m1 of 
Retention Carcass Tract Stomach Intestines Blood 

Con~trols 

Fed 

Fasted 

2100 rads 

Fed 

Fasted 

04 
09 
01 
93 
93 
91 

98 
97 
99 

90 
96 
96 

68 
70 
66 
76 
77 
75 

55 
55 
31 
73 
76 
77 

9 
9 
9 
7 

8 
a 

38 
36 
67 

0 
10 
9 

1 
1 
1 
1 
1 
1 

31 
30 
63 
1 
1 
1 

0 
8 
8 
6 
7 
7 

8 
7 
5 

7 
9 
8 

7 
7 
7 
7 
7 
7 

5 
5 
2 
7 

8 
a 

*All results are in teras of per c e n t  of administered dose. 

Effect of Starvation on Sodiun_Retentlon,--Simultaneourrly 

with the above experiment, 12 animals were used to determine 

effect of starvation alone on rate of excretion of body sodium. 

All animals were given a tracer doae of Na22 via stomach t u b  

and left on ad libitum feeding for 3 days. At th8t time, h8lf  
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-- 

of t h e  g roup  was le f t  on c o n t i n u o u s  f e e d i n g  and  t h e  o t h e r  

ha l f  s t a r v e d  for  a n  a d d i t i o n a l  6 days ,  Throughout t h e  9-day 

expe r imen t  t h e  t o t a l  r e t e n t i o n  of b o t h  g roups  was de- 

t e rmlned  by d a i l y  whole-body c o u n t i n g .  The ave raged  data 

showing effect of s t a r v a t i o n  a l o n e  on sodium r e t e n t i o n  o r  

e x c r e t i o n  are shown in Fig. 1. 

Effect of I r r a d i a t i o n  on Sodium Retent ion.--Since 

h e a v i l y  Irradiated a n i m a l s  show gaa t r ic  r e t e n t i o n  o r  f a i l  t o  

ea t ,  a n  exper iment  was d e s i g n e d  t o  compare Na22 r e t e n t i o n  i n  

irradiated an ima l s  w i t h  that of s t a r v e d  u n i r r a d i a t e d  c o n t r o l s  

t o  see i f  exposed a n i m a l s  showed i n d i c a t i o n  of accelerated 

body sodium loss. F i v e  g r o u p s  of a t  least  6 an ima l s  each 
3 

were g i v e n  N a 2 2  (-1 pc per ra t )  v i a  stomach tube  and kept  

on ad l i b i t u m  f e e d i n g  for 3 d a y s ,  T h e i r  retained N a 2 2  w a s  

measured d a i l y  v i a  whole-body c o u n t i n g .  During t h e  t h i r d  d a y ,  

randomly selected groups  were g i v e n  1O00, ZOOO, 5000, and 

8000 rads of 250 KVP X r a y s  (a t  a dose  rate of 57 r/min) and 

one g roup  was k e p t  as  a c o n t r o l .  
4 

P e r i o d i c  measurement of 

Na22 r e t e n t i o n  was c o n t i n u e d  u n t i l  death of t h e  i r radiated 

g r o u p s .  The ave rago  r e t e n t i o n  of each g roup  as a f u n c t i o n  

of t i m e  is shown i n  F ig .  2. A s i n g l e  l i n e  fits t h e  data f o r  

a l l  g roups .  

Effect of I r r a d i a t i o n  on T o t a l  Exchangeable Sodium.-- 

Another  exper iment  was d e s i g n e d  t o  de t e rmine  whether  a c u t e  
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r a d i a t i o n  produced s i g n i f i c a n t  changes I n  to ta l  exchangeable  

sodium, e v e n  though t h e  pe r  c e n t  r e t e n t i o n  of Na22 d i d  not 

a p p e a r  t o  be a l te red .  Three  g r o u p s  of 8 rats e a c h  were 

g i v e n  Na2' by 

approx ima te  1 y 

mouth a n d  kept  on ad l i b i t u m  f e e d i n g  f o r  

2 days., a f t e r  which t h e y  were d e p r i v e d  of 

- - 
food. 

. .  A t  the same t i m e  one group  w a s  g i v e n  a n  a c u t e  exposure  of 

700 rads and a n o t h e r  2100 rads of 250 KVP X r a y s ,  The t h i r d  

group was kept  as a c o n t r o l .  Throughout t h e  e x p e r i m e n t a l  

per iod ,  t o t a l  r e t e n t i o n  of Na22 was measured d a i l y  and urine 

samples collected. 

was derived from t h e  Na22 c o u n t s  and  from t h e  t o t a l  sodium 

The s p e c i f i c  a c t i v i t y  of u r i n a r y  sodium 

determined by flame photometry.  From these d8ta, t h e  total 

e x c h r n g c 8 b l e  sodium was estimated by t h e  f o l l o w i n g  e x p r e s s i o n :  

= _ W h o l s v i t y  (d/sec) 
Nae Specif i c  A c t i v i t y  (d/sec/meq) 

in which t h e  numera tor  is the body Na2' a c t i v i t y ,  and t h e  

denominator  is t h e  u r i n e  specific a c t i v i t y .  

The changes  i n  a v e r a g e  per  c e n t  r e t e n t i o n  and t o t a l  ex- 

changeable sodium as a f u n c t i o n  of t i m e  for t h e  3 groups  are 

shown in Fig. 3 .  
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1 
Discussion and Conclusions 

The only s i g n i f i c a n t  feature of the  data in Table  1, 
3 

showing the  effect of 2100 rads of i r r a d i a t i o n  on d l s t r i b u -  

t i o n  of inges t ed  sodium, is t h e  fact t h a t  a major part of 

t h e  dose of N a 2 2  was s t i l l  in t h e  stomach 24 hours a f t e r  

exposure.  This was n o t  t h e  case w i t h  animals fas ted p r i o r  

t o  i r r a d i a t i o n .  These obse rva t ions  i n d i c a t e  that gaa t r ic  

r e t e n t i o n  of food by heav i ly  Irradiated rats i n d i r e c t l y  

i n f l u e n c e s  r e t e n t i o n  and absorpt ion of o r a l l y  adminis te red  

Na22. This  is not a f a i l u r e  of t h e  abso rp t ion  process but  

rather a matter of phys i ca l  o b s t r u c t i o n  in which t h e  sodium 

is r e t a i n e d  i n  the stomach a long  w i t h  t h e  food. 

The data i n  F i g ,  1 d e f i n i t e l y  show that food depriva-  

t i o n  produces a r e t e n t i o n  of body sodium and p o i n t s  o u t  t he  

n e c e s s i t y  of comparing sodium excretion b y  heav i ly  irradiated 

a n i m a l s  w i t h  fasted c o n t r o l s .  When t h i s  was done (Fig. 2) 

there appeared t o  be no s i g n i f i c a n t  d i f f e r e n c e s  in the  gross 

r e t e n t i o n  r a t e  of Na22 by u n i r r a d i a t e d  ra ts  and those re- 

c e i v i n g  a c u t e  exposures of lo00 t o  8000 rads of X irradia- 

t i o n .  

A n  at tempt  t o  demonstrate a n  effect  of 700 and 2100 rad8 

of X i r rad ia t ion  on t h e  t o t a l  exchangeable sodium of f a s t i n g  

rats (Fig. 3) fa i led t o  show any s i g n i f i c a n t  d i f f e r e n c e s  
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5 between irradiated g r o u p s  and t h e  c o n t r o l .  The data 

s c a t t e r e d  b a d l y ,  perhaps because of d i f f i c u l t i e s  in quan- 

t l t r t i v e  collection of 24-hour u r i n e  samples  and i n h e r e n t  

contaminat ion with i n e r t  sodium d u r i n g  sample co l l ec t ion  

or  d u r i n g  a n a l y s i s  w i t h  t h e  f lame photometer .  

Although t h e 8 0  s t u d i e s  are of a p r e l i m i n a r y  n a t u r e ,  

t hey  show r a t h e r  c o n c l u s i v e l y  t h a t  comparison of g r o s s  re= 

a n i m a l s  f a i l s  t o  s u p p o r t  t h e  i d e a  that i n c r e a s e d  sodium loss 

is e i t h e r  caused by r a d i a t i o n  o r  p l a y s  a dominant role  i n  

" i n t e s t i n a l  d e a t h "  syndrome of mass ive  a c u t e  exposure .  
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Water Loss in 
C. Lushbaugh, 

D. B, Hale, and T. T. Trujillo) 

In t roduc t ion  

A r e c e n t  s tudy  (1) using whole-body count ing  techniques 

r evea led  that, c o n t r a r y  t o  expec ta t ion  (21, t h e  heav i ly  X 

irradiated ra t  d i d  not l o s e  sodium ion from e x t r a c e l l u l a r  

t i s s u e s  faster than a s t a rved  normal animal. R a t s  w i t h  mor- 

phologic damage t y p i c a l  of t h e  " i n t e s t i n a l  radiation dea th  

syndrome" conserved sodium ion t o  t h e  same degree as normal 

s t a r v i n g  animals. 

i n d i c a t e  that sodium loss was no t  t h e  primary cause of dea th  

Although these experiments  seemed t o  

i n  t h i s  syndrome, I t  was thought p o s s i b l e  t h a t  potassium or  

Water, i f  l o s t ,  might produce changes in t h e  intra- and extra- 

c e l l u l a r  r a t i o s  of potassium and sodium which would be in- 

compatible w i t h  l i f e .  Prel iminary experiments  have now been 

completed in which t h e  p o s s i b i l i t y  of potassium and water 

lose was i n v e s t i g a t e d  I n  normal, s t a r v e d ,  and irradiated ra t s ,  

Methods 

Nine rats were given 56.5 pc K42 by stomach tube.  Three 

were fed ad l i b i t u m  throughout t h e  experiment,  and the  other 

6 animal8 were deprived of food but not water f o r  3 days before 

the isotope was adminis tered.  Twelve hours af ter  i so tope  
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a d m i n i s t r a t i o n ,  3 of t h e  6 s t a r v e d  animals were i r radiated 

w i t h  2100 r a d s  from a 250 KVP Maxitron u n i t .  The dose  was 

... 

chosen  because  i t  was w e l l  w i t h i n  t h e  r ange  r e q u i r e d  t o  

produce  t h e  so-c8lled "gut  syndrome of a c u t e  r a d i a t i o n  dea th . "  

A 2 x 2 i n .  sodium i o d i d e  c r y s t a l ,  i n  con. junct ion w i t h  a 

v a r i a b l e  s l i t  a n a l y z e r  and ra te  meter, was used t o  c o u n t  t h e  

a n i m a l s  d u r i n g  t h e  e a r l y  phase  of t h e  expe r imen t ,  s i n c e  t h e  

K42 gamma a c t i v i t y  was t oo  h i g h  f o r  t h e  l i q u i d  s c i n t i l l o m e t e r .  

As t h e  r a d i a t i o n  decayed (12.3 hour  h a l f - l i f e ) ,  t h e  c r y s t a l  

was moved p r o g r e s s i v e l y  c l o s e r  t o  t h e  r a t .  A l l  a n i m a l s  were 

c o u n t e d  under  identical  c o n d i t i o n s  and a l l  c o u n t s  re la ted t o  
... 
k " s t a n d a r d , "  which c o n s i s t e d  of a n o t h e r  r a t  k i l l e d  a f t e r  o r a l  

A 
a d m i n i s t r a t i o n  of 5.6  pc  K42 and k e p t  refrigerated throughout  

t h e  expe r imen t .  A f t e r  28 h o u r s ,  t h e  K42 count  ra te  had sub- 

s i d e d  s u f f i c i e n t l y  t o  allow the a n i m a l s  and s t a n d a r d  t o  be 

a s s a y e d  i n  t h e  Los Alamos small an imal  c o u n t e r .  Measurements 

were carried out immedia te ly  and a t  11, 24,  30, 45, 54,  70, 

8 0 ,  95, and 120 hour s  a f t e r  a d m i n i s t r a t i o n  of t h e  i s o t o p e .  

Another  g roup  w a s  used  t o  d e t e r m i n e  the  amount of water 

l o s t  f o l l o w i n g  2100 rads of a c u t e  X i r r a d i a t i o n .  One hour, 

24, 48, a n d  72 hours  a f t e r  i r r a d i a t i o n ,  groups  of 3 r a t s  were 

g i v e n  2.923 pc HTO i n  1 m l  of H20 i n t r a p e r i t o n e a l l y .  

c o n t r o l  a n i m a l s  r e c e i v e d  t r i t i u m  water bu t  no i r r ad ia t ion .  

Three  and  one-half  t o  4 hours  later (approximate e q u i l i b r a t i o n  

Three 
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t i m e ) ,  t h e  a n i m a l s  were k i l l e d  a f te r  withdrawing 5 t o  10 la1 

of blood by heart  p u n c t u r e .  The t r i t i u m  a c t i v i t y  p e r  ml of 

body water was determined  by vacuum d i s t i l l a t i o n  of water 

from whole blood and r a d i o a s s a y  of 0 . 5  ml of the d i s t i l l a t e  

i n  a n  i n t e r n a l  beta r a y  l i q u i d  s c i n t i l l o m e t e r .  

Results and Discuss ion  

Figure 1 shows t h e  e x p o n e n t i a l  ra te  of loss of K4' by 

t h e  normal ,  s t a r v e d ,  and i r radiated groups i n  t h e  first ex- 

p e r i m e n t .  Tab le  1 summarizes t h e  p e r  cent r e t e n t i o n  of t h e  

o r i g i n a l  tracer dose  by t h e  3 groups  a t  95 hours  a f t e r  

i r rad ia t ion ,  a t  which time the i r radiated group was moribund. 

T.4BLE 1. PERCENTAGE OF K42 RETAINED AFTER 95 HOURS BY NORMAL, 
STARVED, AND IRRADIATED RATS 

Rat Normal S t a r v e d  2100 r a d s  

1 53.8 75.4 
2 52.4 92.5 

3 56.2 87.4 
Average 54 .1  85.1 

85.2 

82.9 

89.5 
85.9 
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These data fa i led  t o  show any  s i g n i f i c a n t  po tass ium lose 

i n  t h e  i r radiated a n i m a l s .  T h e i r  ra te  of potass ium l o s s  was 

slower t h a n  no rma l ly  fed c o n t r o l s  b u t  e s s e n t i a l l y  t h e  same 

a s  that of u n i r r a d i a t e d  an ima l s  t h a t  were d e p r i v e d  of food. 

Loss i n  body weight  and  changes i n  t o t a l  and p e r  cent body 

water are c o n t r a s t e d  i n  Table 2 ,  I n  t h e  4 days  p reced ing  

dea th  from 2100 rads,  t h e  r a t s  ave raged  a b o u t  20 p e r  c e n t  

loss  i n  body weight  w i t h o u t  any d i s c e r n i b l e  l o s s  i n  per c e n t  

of body water. I n  o r d e r  f o r  body we igh t  t o  have remained 

c o n s t a n t  a t  a b o u t  70 per  cent ,  14 per c e n t  of t h e  l o s s  i n  

body weight must have been water, w h i l e  6 per c e n t  of t h e  

loss (3 g i n  a 250-g rat) was p r o t e i n  and f a t .  

These e x p e r i m e n t s  appear t o  agree w i t h  p r e v i o u s  f i n d -  

i n g s  (1) , which implied t h a t  electrolyte ( s p e c i f i c a l l y ,  

sodium) is n o t  l o s t  a t  a n  abnormal rate f o l l o w i n g  massive 

a c u t e  r a d i a t i o n  exposure .  The data i n d i c a t e  that  potassium, 

like sodium, is conse rved  i n  t h e  s t a r v i n g  i r radiated r a t  and 

that any water lost is p r o p o r t i o n a l  t o  loss  of protoplasm. 

These o b 8 e r v a t i o n a  would appea r  t o  cast  a d d i t i o n a l  doubt on 

t h e  v 8 l i d i t y  of t h e  concept of e l e c t r o l y t e  and water loss 

b e i n g  fundamenta l  t o  t h e  i n t e s t i n a l  d e a t h  s y n d r m e  fo l lowing  

0 

a c u t e  r a d i a t i o n  exposure .  

REFERENCES 

(1) C. C. Lushbaugh, J. S u t t o n ,  and  C.  R. Richmond. 
Quest ion of Sodium Loss i n  t h e  I n t e s t i n a l  -8th 
Syndrome of R a d i a t i o n  Damage. 
H. Q u a s t l e r ,  Rad. Res. - 4 ,  303 (1956). 
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TABLE 2. CHANGE IN BODY WEIGHT AND BODY WATER OF RATS FOLWW- 
ING 2100 RADS OF X IRRADIATION 

Body Weight Body Water 
_ _ _  _ _  - 

Initial Final Loss Tritium Activity Total Per 
(e 1 (Q 1 (g 1 (mc /ml) (ml) Cent 

275 
254 
293 

Average 

239 
255 
212 

266 
245 
246 

Average 

238 
260 
232 

Average 

236 
256 
238 

Average 

275 
254 
293 

239 
255 
212 

2 53 
227 
237 

220 
240 
213 

185 
190 
93 

0 
0 
0 

No irradiation 
14.74 
16.59 
14.49 

1 hour after irradiation 
0 
0 
0 

17.35 
16 . 66 
18.08 

24 hours after irradiation 
13 16.13 
18 19.02 
9 17.53 

48 hours after irradiation 
18 
20 
19 

19.65 
17.89 
19.58 

72 hours after irradiation 
51 22.61 

198.3 72.1 
176.5 69.5 
201.7 68.8 

7lxT 

168.5 70.5 
175.5 68.8 
161.7 76.3 

-71.9- 

181.2 71.6 
153.7 67.8 
166.7 70.3 

T 

148.8 67.6 
163.4 68.1 
149.3 70.1 

1681181 

129.3 69.9 
66 died before 4-hour equilibration 
35 died before 4-hour equilibration 

Tnr 
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A Stain Modification for Precise Identification of Three 
Connective Tissues (G. L. Humason and C. C. Lushbaugh) 

Introduction 

The staining method of Lewis and Jones (1) has been 

modified to combine ammoniacal silver carbonate, orcein in 

acid alcohol, and aniline blue following phosphomolybdic 

acid. Elastin, reticulum, and collagen can be selectively 

demonstrated on the same slide with exceptional clarity. 

It has found practical application in problems of pathology 

which pertain to vascular invasion and capsular infiltra- 

tion by carcinoma, and degenerative diseases of connective 

tissues and blood vessels. 

Results - 

Figure 1 shows photomicrographs (240x1 of the staining 

characteristics as seen in an infiltrating mammary g land  

carcinoma (A) and, after addition of orange G to the pro- 

cedure, in a thyroid carcinoma (B). These photomicrographs 

illustrate that the small, more easily invaded blood and 

lymphatic vessels are devoid of elastic tissue and are often 

beat identified by the surrounding reticulum and collagen. 

This procedure makes such identification easier than by 

other, more common routine methods. 

Reference 

(1) A .  L. Lewis and R. S. Jones, Stain Tech. - 26, 85 (1951). 
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Fig. 1. Staining characteristics seen in an infiltrating 
mammary gland carcinoma (A) and in a thyroid 
carcinoma (B). 

-401- 



RADIOPATHOLOGY SECTION PUBLICATIONS 

(1) C .  C .  Lushbaugh, E.  Marvin, and D ,  B .  a l e ,  The L i f e -  

span of the  Radiochromated Erythrocyte,  Abstract 

No. 1935, Fed. Proc. 18, Part 1 (1959).  

(2) C .  C.  Lushbaugh and D .  B .  Hale, Whole-body Counting In 

C l i n i c a l  Diagnomis, J. Nuc. Med., 

E d i t i o n ,  Abstract (1959), p.  27.  

MANUSCRIPT SUBMITTED AND ACCEPTED 

(1) C.  C.  Luehbaugh, J .  Sutton, and C ,  R .  Richmond, The 

Quertion of Elec tro ly te  Loss in the  In tes t in81  Death 

Syndrome of Radiation Damage, Rad. Res. 

-402- 

00131 487.400 



CHAPTER 7 

VETERINARY SECTION 

Responsibility and Function 

The Veterinary Section does no research per se. It is 

entirely a service section with the responsibility of supply- 

ing and caring for all experimental animals used for biolog- 

ical and medical research by the other sections. It is a h 0  

the section's responsibility to maintain proper healthful 

conditions and adequate production and use records for the 

entire animal facility. 

Stock supplies of mice, rats, guinea pigs, rabbits, 

dogs, and monkeys are maintained either by breeding or by 

purchase. Supervision, maintenance, and care of the stock 

animals are so le ly  the responsibility of the Veterinary 

Section personnel. 

supervision of care and checking of the experimental results 

become the direct responsibility of the research staff member. 

Once animals are placed on experiment, 
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Rout ine  c l ean ing ,  feeding ,  and water ing  of the experimental  

an ima l s  u s u a l l y  are performed by the  caretaker personnel  

under j o i n t  supe rv i s ion  of t h e  Veter inary  Sec t ion  Leader and 

t h e  experimenter .  Routine c l ean ing ,  feeding,  and watering 

are maintained on a 7-day week basis. 

F a c i l i t i e s  

A t  t h e  end of t h i s  report per iod ,  t h e  animal f ac i l i t i e s  

inc luded  2 mouse breeding rooms; 1 mouse stock room; 1 dog 

room and runs; 1 stock ra t  room; 1 miscel laneous animal room; 

1 wash room; 1 equipment room; 1 feed room; 1 k i t c h e n ;  and 

1 off ice .  There is storage for equipment in the  sub-basement. 

The exper imenta l  rooms are located on the l abo ra to ry  f loo r s  

and consist  of 4 large rooms (12 x 24 i t )  and 6 smaller rooms 

(8 x 24 f t ) .  

An a d d i t i o n  t o  t h e  animal facil i t ies is under cons t ruc-  

t i o n  a t  a cost of approximately $325,000. 

i n c l u d e  5 monkey pens w i t h  o u t s i d e  e x e r c i s e  areas (maximum 

c a p a c i t y  50 animals ) ;  19 dog kennels  w i t h  o u t s i d e  r u n s  (maxi- 

mum c-city 57 an ima l s ) ;  13 mouse rooms (maximum c a p a c i t y  

40,OOO a a l u l s ) ;  mouse feedfag room; dog and monkey f eed ing  

room; dog breeding room; monkey metabolism room; dog metabolism 

room; large animal qua ran t ine  room; autopsy 8nd treatment area; 

storage area f o r  v e t e r i n a r y  s u p p l i e s ;  v e t e r i n a r y  office; mouse 

The new fac i l i t i es  



cage c leaning  room; mourn bedding and c8gO s to rage  a r e a ;  8nd 

locker room f o r  animal carotakerm, Tho addi t ion  w i l l  be 

complotod In March 1960. 

Animal Stockr 

- Ylco,--A11 a k a  urod by t h e  Biomedic8l Reuoarch Group 

are bred and raired i n  t h e  animal f ac i l i t y .  No purchase8 

are m8de from commercial supp l i e r s .  Usually only females 

are used i n  e~cper ioents .  The basic mouse f o r  t h e  product ion 

of t h e  laboratory stock is t h e  RFY purebred s t r a i n  (brother- 

sister mated) whose of f sp r ing  are randomly mated t o  provide 

B RF e t r a i n  which  is u s e d  exclus ive ly  i n  rou t ine  mouse 

experiments. The breeding fac i l i t i es  thus  produce a l l  t h e  

s tock  breeding mica, a s  w e l l  as its own breeder s tock  replace- 

ments. A purebred AICR albino s t r a i n  is maintained and used 

exc lus ive ly  for s p e c i a l  s tud ie s .  Production is b a s e d  upon 

requested numbers. A randomly mated CFW s t r a in  is bred and 

carried i n  the  mouse colony p r i m a r i l y  f o r  s p e c i a l  s t u d i e s  

and c o r r e l a t i o n s  w i t h  past experiments conducted a t  a t i m e  

when the CFW moue (obtained commercially) was t h e  standard 

animal  ueed in t h i o  laboratory.  Production is based on t h e  

number reques ted .  

Rats.--The - only r a t s  used in the laboratory are of t h e  

Sprague-Dawley s t r a i n .  These lire suppl ied  by t h e  commercial 
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s u p p l i e r .  

100 animals  per shipment. 

on s p e c i a l  order. 

Male r a t s  are rece ived  i n  biweekly shipment8 of 

Females are obta ined  occas iona l ly  

=.--The only  dogs used in t h e  l a b o r a t o r y  are pure- 

bred beagles that are bred and ralsed in t h e  animal f a c i l i t y .  

The p a r e n t  stock w a s  obtained i n  1954 from the beagle colony 

of t h e  Un ive r s i ty  of Utah p r o j e c t .  

-.--Monkeys have been used In t h e  past only for  

special experiments .  

c o l l a b o r a t i o n  of t h e  USAF School of Aviat ion Medicine a t  

Brooks A i r  Force Base. Very few animals  have been kept  on 

hand because of inadequacy of fac i l i t i es .  The s t ra in  used 

Is Macac8 mula t t a .  In t he  f u t u r e ,  increased experimentat ion 

w i t h  monkoy8 l a  8 n t l c l p r t e d  in connect ion  w i t h  t h e  i n v e s t ~ g a -  

tionu of i n t e r s p e c i e s  c o r r e l a t i o n s  I n  t h e  metabolism of 

radioirotope8 (8ee Biochemistry Sec t ion)  

Stocks have been obta ined  through the  

~ . - - R . b b l t s  and guinea p i g s  are 
T, 

obta ined  on ly  on r e q u o r t  of t h e  experimenters  and a re  

ordered froa a o a r e f u l l y  a e l e c t e d  commercial s u p p l i e r .  

demand im n o t  great. 

of La Puonte, C a l i f o r n i a ;  and guinea pig. are obt8lned from 

Adam Cav8ry of San Gabriel, h l i f O r n i 8 ,  

The 

Rabbits a r e  be ing  supp l i ed  by Bunny Run 
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For convenience ,  t h e  an ima l  i n v e n t o r y  is g i v e n  f o r  t h e  

e n t i r e  c a l e n d a r  year of 1959 and is as fo l lows :  

RFY S t r a i n  

Total  number babies born  
T o t a l  number wean l ings  
Weaning p e r c e n t a g e  
Number b r e e d i n g  females 

RF S t r a i n  

T o t a l  number of female weanl ings  
Number of females d e l i v e r e d  f o r  

Number of females in stock 
Number of above b e i n g  h e l d  f o r  

Number of b r e e d i n g  females 

e x p e r i m e n t a t i o n  

a g i n g  s t u d i e s  

AKR S t r a i n  

T o t a l  number babies born 
T o t a l  number wean l ings  
Weaning p e r c e n t a g e  
Number del ivered for  e x p e r i m e n t a t i o n  

Number of b r e e d i n g  females  

females 
males 

CFW S t r a i n  

T o t a l  number of female weanl ings  
Number of females d e l i v e r e d  f o r  

Number of b r e e d i n g  females 
e x p e r i m e n t a t i o n  
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4,053 
3,417 
84.29 

143 

12,147 

8,586 
4,890 

1,150 
1,312 

3,038 
2,271 
74 75 

1,183 
350 
126 

1 , 631 

1,631 
54 



Total number r e c e i v e d  
Number d e l i v e r e d  for experimentation 
Number male rats in s t o c k  
Number of above being held  for 

aging  s t u d i e s  

Number bred 
Number male beag les  for breeding and 

Number female beag les  for  breeding 
s tock  

and s tock  

Number i n  s t o c k  (males only) 

Number of r a b b i t s  r e c e i v e d  
Number i n  s t o c k  
Number of guinea pigs r e c e i v e d  
Number in stock 
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2,923 
1,328 

817 

377 

0 

27 

9 

3 

36 
18 
24 
10 

001 31 487.408 
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