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F O R E W O R D  

Thi s  i s  t h e  n i n e t e e n t h  i n  a  c o n t i n u i n g  s e r i e s  o f  Bio logy  

Department Annual R e p o r t s .  T h i s  r e p o r t  d e p a r t s  s u b s t a n t i a l l y  from 

t h e  fo rma t  o f  p r e v i o u s  y e a r s .  Repo r t s  a r e  much s h o r t e r - - t o  s a v e  

you r  t ime  i n  r e a d i n g ,  t o  s ave  o u r  t ime  i n  w r i t i n g ,  and t o  f a c i l i -  

t a t e  e a r l i e r  i s s u a n c e  o f  t h e s e  r e p o r t s .  We c o n t i n u e  t o  l ook  upon 

p u b l i c a t i o n  i n  t h e  open l i t e r a t u r e  a s  o u r  p r imary  v e h i c l e  f o r  

d i s s e m i n a t i o n  o f  r e s e a r c h  r e s u l t s .  

R e p o r t s ,  t h i s  y e a r ,  a r e  t i t l e d  t o  co r r e spond  w i t h  AEC 

Budget Submission t i t l e s  (189 f o r m s ) .  I n  many i n s t a n c e s  we have  

s u b d i v i d e d  t h e s e  t i t l e s  t o  f a c i l i t a t e  t h e  o r g a n i z a t i o n  o f  r e s u l t s .  

During t h e  p a s t  y e a r  t h e  Envi ronmenta l  and L i f e  S c i e n c e s  

D i v i s i o n  a c q u i r e d  a  new manager,  D r .  Edward L .  Alpen.  The former  

manager,  M r .  H e r b e r t  M .  P a r k e r ,  r e t u r n e d  t o  h i s  p o s i t i o n  a s  Con- 

s u l t a n t  t o  t h e  D i r e c t o r .  The o n l y  major  o r g a n i z a t i o n  change w i t h i n  

t h e  Biology Department  was t h e  e s t a b l i s h m e n t  of  a  new Cytology 

S e c t i o n  under  t h e  management o f  D r .  James C .  Hampton. T h i s  i s  a  

s m a l l  s e c t i o n ,  concerned  p r i m a r i l y  w i t h  e l e c t r o n  microscopy s t u d i e s .  

A complete  l i s t i n g  o f  Biology Department p e r s o n n e l ,  by s e c t i o n ,  i s  

i n c l u d e d  a t  t h e  end o f  t h i s  r e p o r t ,  t o g e t h e r  w i t h  l i s t s  o f  1969 

p u b l i c a t i o n s  and p r e s e n t a t i o n s .  

A h i g h l i g h t  o f  t h e  y e a r  was t h e  Symposium on R a d i a t i o n  Biology 

o f  t h e  F e t a l  and J u v e n i l e  Mammal, h e l d  i n  R ich l and ,  May 5 - 8 ,  j o i n t l y  

sponso red  by t h e  AEC D i v i s i o n  o f  Biology and Medicine and B a t t e l l e -  

Northwest .  Scheduled  f o r  June  2 -5 ,  1970 ,  i s  t h e  Tenth  Annual 

Hanford Bio logy  Symposium on P o l l u t i o n  and Lung B iochemis t ry .  

C o n s t r u c t i o n  on t h e  new Bio logy  Labora to ry  c o n t i n u e d  t h rough-  

o u t  t h e  y e a r .  Before  t h e  end of  a n o t h e r  y e a r ,  we hope t o  be w e l l -  

e s t a b l i s h e d  i n  t h e s e  new q u a r t e r s .  

W .  J .  B a i r ,  Manager 
Biology Department 



BNWL- 1306 
P a r t  1 

TABLE OF CONTENTS 

FOREWORD . . iii 

GASTROINTESTINAL IRRADIATION STUDIES . 1 

G a s t r o i n t e s t i n a l  R a d i a t i o n  Syndrome i n  t h e  M i n i a t u r e  
Swine - B. W .  Wachholz, T. D .  Mahony, and M .  F. S u l l i v a n  . 2 

P r o t e i n  Loss from t h e  I r r a d i a t e d  I n t e s t i n e  - 
M .  F. S u l l i v a n  and B.  W .  Wachholz . 4 

EFFECTS OF IRRADIATING SKIN - D .  D.  Mahlum . 7 

RADIATION AND HUMAN SPERMATOGENESIS - E .  B .  Howard and C .  C .  Jannke .  9 

RADIATION EFFECTS ON CHYLOMICRON SYNTHESIS AND CAPILLARY 
PERMEABILITY IN MICE - J.  C .  Hampton, M .  F. S u l l i v a n ,  and B .  R o s a r i o  . 11 

CELLULAR REGULATORY MECHANISMS . . 1 5  

Kynureninase S t u d i e s  - J .  R .  Tu rne r  . . 1 5  

Membrane T r a n s p o r t  o f  N u t r i l i t e s  i n  Neurospora - W .  R .  Wi ley ,  
R .  P.  S c h n e i d e r ,  and Laura S .  Winn. . . 16 

S e c r e t i o n  o f  E x o c e l l u l a r  Enzymes - H .  Drucker  . . 1 8  

FINE STRUCTURAL EFFECTS OF TEMPERATURE IN FISH - J.  C .  Hampton, 
J .  M .  Dean, and R .  R .  Adee . . 19 

METABOLISM AND EFFECTS OF RADIONUCLIDES IN THE DEVELOPING FETUS 
AND THE YOUNG . . 23 

Plu tonium i n  t h e  P l a c e n t a  - M .  R .  S ikov  and D .  D .  Mahlum . . 24 

C a r c i n o g e n i c i t y  o f  1311 R e l a t i v e  t o  Age a t  Exposure - 
M. R .  S ikov  and D. D .  Mahlum . . 26 

Mechanism of  l3'1 E f f e c t s  a s  R e l a t e d  t o  Age a t  Exposure - 
D .  D .  Mahlum and M.  R .  S ikov  . . 26 

C a r c i n o g e n i c i t y  o f  1 4 4 ~ e  R e l a t i v e  t o  Age a t  Exposure - 
D. D.  Mahlum and M .  R .  S ikov  , . 27 

E f f e c t  of Age on t h e  Binding  o f  Zinc - H.  E .  Erdman, 
D .  D .  Mahlum, and M .  R .  S ikov  . . 28 

EFFECTS OF RADIOIODINE IN SHEEP AND SWINE - R .  F. Palmer and 
H.  A .  Ragan. . . 31 

EFFECTS OF RADIOSTRONTIUM IN MINIATURE SWINE . . 33 

Chronic  T o x i c i t y  S tudy  - W .  J .  C la rke ,  E .  B .  Howard, 
H .  A. Ragan, P a t r i c i a  L .  H a c k e t t ,  Glenda S.  Vogt ,  J .  L .  Beamer, 
M .  T. Ka rag i anes ,  and R .  F. Palmer.  . 34 

Dosimetry S t u d i e s  - R .  F. Pa lmer ,  J .  M .  Thomas, C .  R. Watson, 
and J .  L .  Beamer . . 37 

Ute r ine -Mi lk  Exposure Study - B e a t r i c e  V .  McClanahan, 
P a t r i c i a  L .  H a c k e t t ,  and J. L .  Beamer . . 38 

RADIATION-INDUCED LEUKEMOGENESIS IN MINIATURE SWINE. . 39 

V i r a l  S t u d i e s  i n  M i n i a t u r e  Swine - E .  B .  Howard, 
M .  E .  F r a z i e r ,  and C .  C .  Jannke  . . 39 

V i r a l  S t u d i e s  i n  C a t s  - E .  B .  Howard, M.  E .  F r a z i e r ,  
R. F. Palmer,  and J .  L .  Beamer. . . 40 

INHALATION STUDIES . . 43 

Chronic  E f f e c t s  o f  I n h a l e d  2 3 9 ~ u 0 2  i n  Beagles  - J .  F. Pa rk ,  
E .  B .  Howard, and W .  J .  B a i r  . . 44 

Computer S i m u l a t i o n  o f  t h e  K i n e t i c s  and Dosimetry of  I n h a l e d  
P lu tonium - B.  0 .  S t u a r t ,  C. L .  Sande r s ,  W .  J .  B a i r ,  and 
P. J .  Dionne . . 47 



BNWL-1306 
P a r t  1 

U n i l a t e r a l  Pulmonary D e p o s i t i o n  S t u d i e s  - J .  F. Park  
and R .  L .  Amster . . 47 

Pulmonary C a r c i n o g e n e s i s  S t u d i e s  i n  Ra t s  - C .  L .  Sande r s  . . 49 

U l t r a s t r u c t u r a l  E f f e c t s  o f  I n h a l e d  2 3 9 ~ u ~ 2  - C .  L .  Sanders  
and R. R .  Adee . 49 

T h e r a p e u t i c  Removal o f  I n h a l e d  P lu tonium - J .  V .  D i l l e y  . . 51 

Promethium Oxide 1nh . a l a t i on  S t u d i e s  - B .  0 .  S t u a r t .  . 51 

B iochemis t ry  of  Pulmonary T i s s u e s  - E .  G .  Tombropoulos. . . 52 

Aeroso l  Technology S t u d i e s  - D .  K .  C r a i g  . . 53 

LOW LEVEL PLUTONOUM INHALATION STUDIES I N  BEAGLES - J .  F. P a r k ,  
P. L .  C l a r y ,  D .  K .  C r a i g ,  and M .  G .  Brown . . 55 

INHALATION HAZARDS TO URANIUM MINERS - BIOLOGICAL STUDIES . . 57 

Chronic  Exposure o f  Hamsters t o  S imu la t ed  Uranium Mine 
Atmospheres  - B. 0 .  S t u a r t ,  E .  B. Howard, P. L .  C l a r y ,  
and D.  K .  C r a i g  . . 58 

Chronic  Exposure of  Dogs t o  S imu la t ed  Uranium Mine Atmospheres - 
B .  0 .  S t u a r t ,  D .  H.  W i l l a r d ,  E .  B .  Howard, P. L .  C l a r y ,  
and D .  K .  C r a i g  . . 60 

Dynamic S i m u l a t i o n  Models f o r  I n h a l e d  Radon and Radon 
Daughters  - B .  0 .  S t u a r t  and P. J .  Dionne . . 62 

SPACE NUCLEAR SYSTEMS STUDIES . . 63 

F a t e  o f  I n g e s t e d  2 3 8 ~ ~ 0  i n  M i n i a t u r e  Swine - V .  H .  Smith . 2 . 63 

I n h a l a t i o n  o f  2 3 8 ~ u 0 2  - S o l i d  S o l u t i o n  M a t e r i a l s  by Beagle  
Dogs - D. H.  W i l l a r d  and J .  F. Pa rk  . . 65 

Long-Term E f f e c t s  o f  I n h a l e d  2 3 8 ~ u 0 2  i n  Beagles  - 
D .  H .  W i l l a r d  and J .  F. Park  . . 66 

REMOVAL OF INTERNAL EMITTERS . . . . 69 

E f f e c t  o f  Age on P lu tonium Removal - V .  H .  Smith . . 69 

Metabol ism o f  Promethium i n  M i n i a t u r e  Swine - 
V .  H .  Smith and R .  L .  Amster . . 70 

DEVELOPMENT AND EVALUATION OF BLOOD IRRADIATORS - F. P .  Hungate,  
F. T. C r o s s ,  M .  K.  G i l l i s ,  and B .  D .  Bingham . . 75 

MALONALDEHYDE AS A RADIOLYSIS PRODUCT OF BIOLOGICAL MATERIALS - 
J. K .  Yoss and D .  B .  Menzel . 77 

BIOLOGY DEPARTMENT STAFF . . 79 

PUBLICATIONS AND PRESENTATIONS . . 85 



BNWL-1306 
Part 1 

G A S T R O I N T E S T I N A L  I R R A D I A T I O N  S T U D I E S  

This long-continuing project has included studies of morphologic damage, 

functional disturbances, permeability changes, and the influence of secre- 

tions on the irradiated alimentary tract. Our experimental animal has 

been principally the rat, but we have more recently been interested in 

species comparisons employing miniature swine, rabbits, mice, and guinea 

pigs. The importance of fluid and electrolyte loss in the survival of 

animals exposed to intestinal irradiation has been given further considera- 

tion in our recent studies. 

In addition to the research described in the reports which follow, we 

have conducted studies for the National Aeronautics and Space Administra- 

tion that are closely related to our AEC program. These studies indicate 

that irradiation of the gastrointestinal tract is largely responsible for 

the nausea and vomiting that occurs in all miniature swine shortly fol- 

lowing 1000 rad whole-body gamma irradiation. Maximal response was noted 

after lower-body exposures of 1500 rad; there was a lesser response both 

above and below this dose. Substantial quantities of fluid and electrolytes 

are lost by this route. If these losses are critical to survival following 
intestinal irradiation, studies with swine may be more extrapolatable to 
the human than studies with rodents, which lack a vomiting center, 
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G A S T R O I N T E S T I N A L  R A D I A T I O N  SYNDROME 

I N  T H E  M I N I A T U R E  S W I N E  

I n v e s t i g a t o r s :  
B .  W. WachhoZz, T .  D .  Mahoney* 
and M .  F .  S u Z l i v a n  

T e c h n i c a l  A s s i s t a n c e :  

D .  L .  C a t t  a n d S .  A. Hughes,  J r .  

Morphologic f a c t o r s  i nvo lved  i n  

t h e  r e sponse  of t h e  i n t e s t i n e  t o  

i r r a d i a t i o n  have been shown t o  d i f -  

f e r  markedly i n  d i f f e r e n t  s p e c i e s .  

The s m a l l  i n t e s t i n e  h a s  u s u a l l y  

been  t hough t  t o  be t h e  c r i t i c a l  

segment i n  a s s e s s i n g  t h e  r a d i o s e n -  

s i t i v i t y  of  t h e  g a s t r o i n t e s t i n a l  

t r a c t ,  b u t  o u r  s t u d i e s  have shown 

t h a t  t h i s  i s  t r u e  o n l y  f o r  muco- 

s a l  damage which u s u a l l y  r e s u l t s  

i n  an  e a r l y  d e a t h  d u r i n g  t h e  

f i r s t  week a f t e r  exposure .  I n  

a  l a r g e  an imal ,  such  a s  t h e  sw ine ,  

which r e semble s  man i n  body s i z e  

and i n  many of t h e  ana tomica l  f e a -  

t u r e s  of  t h e  g a s t r o i n t e s t i n a l  

t r a c t ,  de l ayed  changes o c c u r  i n  

t h e  i n t e s t i n e  which appea r  t o  be  

r e l a t e d  t o  t h e  i n j u r e d  v a s c u l a t u r e  

i n  e i t h e r  t h e  lower s m a l l  i n t e s -  

t i n e  o r  i n  t h e  l a r g e  bowel ,  and 

t h e s e  may cause  d e a t h  a  few 

months a f t e r  exposure .  These 

o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  

" o n s u  Z t a n t  P a t h o Z o g i s t ,  
Med ica l  A r t s  B u i l d i n g ,  
R i c h l a n d ,  W a s h i n g t o n  

IPUBLICATIONS: G A S T R O I N T E S T I N A L  

I R R A D I A T I O N  S T U D I E S  

McKENNEY, J .  R. r r E l e c t r o Z y t e  F l u x e s  
and E Z e c t r i c a Z  P o t e n t i a l s  i n  I s o l a t e d  
R a t  I n t e s t i n e ,  I r  S k o r n y a  ( e d .  ) I n t e s t i -  
n a l  A b s o r p t i o n  o f  Meta l  I o n s ,  
Pergamon P r e s s ,  O x f o r d ,  p p .  82-2 0 0 .  

McKENNEY, J .  R. and M .  F .  SULLIVAN. 
" E Z e c t r o  l y t e  T r a n s p o r t  and Vo Z tage  
Measurements  o f  Ra t  I n t e s t i n e  i n  
v i t r o ,  " Am. J .  P h y s i o l . ,  voZ. 217, 
p p .  2728-2 7 3 5 .  1969.  

WACHHOLZ, B .  W . ,  T .  D .  MAHONY, and 
M. F .  SULLIVAN. " I n t e s t i n a l  Rad ia -  
t i o n  I n j u r y  i n  M i n i a t u r e  Swine , "  
R a d i a t i o n  R e s e a r c h ,  v o l .  39,  p .  526. 
( A b s t r a c t ) .  2969. 

r a d i o s e n s i t i v i t y  of  t h e  v a s c u l a t u r e  

c o n t r i b u t e s  s i g n i f i c a n t l y  t o  i n t e s -  

t i n a l  r a d i a t i o n  i n j u r y  and may be  

c o n s e q u e n t i a l  i n  r a d i o t h e r a p y  when 

loops  of  bowel a r e  i n c l u d e d  i n  t h e  

exposure  f i e l d .  

To f u r t h e r  ou r  knowledge i n  t h i s  

a r e a  we have accumula ted  f u r t h e r  

d a t a  on t h e  a c u t e  and s u b - a c u t e  

e f f e c t s  i n  m i n i a t u r e  swine  exposed 

b i l a t e r a l l y  t o  6 0 ~ o  gamma r a d i a t i o n .  

(Tables  1 and 2 ) .  Some were exposed 

t o  whole-body i r r a d i a t i o n  and o t h e r s  

t o  lower-body i r r a d i a t i o n  o n l y .  The 

r a t i o  of  t h e  median r a d i a t i o n  dose  

caus ing  a c u t e  d e a t h  f o l l o w i n g  lower-  

body exposu re  t o  t h a t  which caused  

d e a t h  a f t e r  whole-body exposu re  was 

abou t  8 t o  1, i n  c o n t r a s t  t o  t h e  

r a t i o  of  2 o r  3 t o  1 s e e n  i n  s m a l l  
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l a b o r a t o r y  an ima l s .  T h i s  i n d i c a t e s  

a  h i g h e r  r e s i s t a n c e  of  t h e  swine  

g a s t r o i n t e s t i n a l  t r a c t  t o  a c u t e  

r a d i a t i o n  e f f e c t s .  Acute d e a t h  

u s u a l l y  d i d  n o t  occu r  i n  m i n i a t u r e  

swine u n t i l  dose s  t o  t h e  lower-  

body r eached  abou t  2500 r ad .  Muco- 

s a l  i n j u r y  r eached  i t s  g r e a t e s t  

s e v e r i t y  a t  abou t  6  days  pos t expo -  

s u r e  which i s  a  few days  l a t e r  

t h a n  obse rved  i n  t h e  r a t .  

TABLE 1. M o r t a l i t y  Da ta  on  Whole- 
Body I r r a d i a t e d  M i n i a t u r e  Swine 
( 6 0 ~ 0 ,  b i l a t e r a l  exposu re )  

M i d l i n e  Pos t exposu re  
Dose, Number S u r v i v a l ,  

r a d  Exposed days  

205 1 s u r v i v e s  a t  
600 days  

2 4  5  1 18 

2 8 5  1 s u r v i v e s  a t  
600 days  

326 3  1 6 ( 2 ) ,  1 8  

3 6  0  1 15  

4  10 1 17 

570 1 11 

9 4  0  2 9 ,  10 

1220 1 9  

1550 1 7  

1670 1 6  

180 0  1 5  

2050 1 5  

2850 1 6  

TABLE 2 .  M o r t a l i t y  Data on Pa r t i a l -Body  I r r a d i a t e d  
M i n i a t u r e  Swine ( lower-body,  b i l a t e r a l ,  6 0 ~ 0 )  

Mid1 i n e  
Dose, Number 

r a d  Exposed F a t e  

9  5  0  1 k i l l e d  a c c i d e n t a l l y  a t  30 days  

1250 2 s u r v i v e  a t  600 days 

1550 1 d i e d  a t  85 days 

16 5  0 2  s u r v i v e  a t  600 days 

2 0  0  0 3  3  2 d i e d  a t  6  days  
1 d i e d  a t  1 5  days  
1 d i e d  a t  33 days  
2 2  k i l l e d  f o r  h i s t o l o g y  

a t  2-10 days  
7  k i l l e d  f o r  h i s t o l o g y  

a t  69-133 days  

2250 1 d i e d  a t  69 days  

2450 5  d i e d  a t  6 ,  7 ,  8 ,  1 0 ,  and 
11 days 

2900 4 d i e d  a t  7  (21 , 8 ,  and 9 days  
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P R O T E I N  L O S S  F R O M  T H E  I R R A D I A T E D  

I N T E S T I N E  

Investigators : 

M. F. S u Z Z i v a n  a n d  B .  W. WachhoZz 

Technical Assistance: 

Alma L .  Crosby  a n d  M .  L .  S m i t h  

From the standpoint of bath mor- 

phologic and histologic observations, 

vascular injury appeared to be more 

prominent in the irradiated intestine 

of swine than we have observed, or 

than has been usually reported, for 

rodents. In previous studies we 

attempted to quantitate these effects 

on the vasculature by measuring the 

permeability of the intestine to 

macromolecules moving from the blood 

to the lumen. Polyvinylpyrrolidone 

(PVP) labeled with 1311 was used as 
a "stand-in" for plasma protein. We 

increased leakage was seen in the 

irradiated pig intestine, but the 

percentage of injected excreted 

by the unirradiated pig was only one- 

fifth that excreted by the rat and 

was more similar in this respect 

to the excretion pattern seen in 

humans. Irradiated mice and rabbits 

did not increase their leakage of 

protein into the lumen of the intes- 

tine as a response to radiation. 

The mechanism of protein leakage 

into the intestine thus presents a 

dilemma. The direct experimental 

evidence, in some species but not in 

others, suggests an increased perme- 

ability, which allows mncromolecules 

P E R C E N T  OF I N J E C T E D  5 1 ~ r  
E X C R E T E D  I N  F E C E S  

D O S E ,  0 10 20 30 
S P E C I E S  r a d s  I I I 

M O U S E  0  
750 

1000  

have now extended these studies to R A T  0  
quantitatively compare vascular in- 50 0 

1000 
jury in rats, rabbits, guinea pigs, 

mice and swine. R A B B I T  

Plasma protein was labeled with 2000 

injected 2 days following ex- S W I N E  

O B 
posure of the lower body to various 

radiation doses known to cause 

severe intestinal radiation injury FIGURE 1. Species Comparison of "Cr- 
Labeled Protein Leakage from the 

(Figure Irradiated rats (loo' Irradiated Intestinal Tract [51CrC12 
1500 R) lost about three times as injected intravenously, 2 days (3 diys 

much protein into the lumen of the in- in the case of swine) following lower- 
body irradiation; cumulative fecal 

testine as did unirradiated controls excretion of 5 1 ~ r  measured durinq 
< 

in agreement with previous observa- ensuing 4 days. ] 

tions employing PVP. A similarly 
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t o  l e a k  i n t o  t h e  lumen of  t h e  i n -  

t e s t i n e ;  whereas ,  i t  has  g e n e r a l l y  

been  found  b o t h  i n  t h i s  l a b o r a t o r y  

and by o t h e r s ,  t h a t  r a d i a t i o n  de-  

c r e a s e s  p e r m e a b i l i t y ,  a s  exempl i -  

f i e d  by t h e  d e c r e a s e d  movement of  

f l u i d  and e l e c t r o l y t e s  from t h e  

b lood  t o  lumen. 

We a r e  c u r r e n t l y  i n v e s t i g a t i n g  

t h e  p o s s i b l e  impor tance  of  t h e  

l ympha t i c s  a s  a  r o u t e  of  p r o t e i n  

l e a k a g e  i n t o  t h e  i r r a d i a t e d  g u t .  

The d i f f i c u l t i e s  a s s o c i a t e d  w i t h  

m a i n t a i n i n g  i r r a d i a t e d  an ima l s  f o r  

s e v e r a l  days  w i t h  a  lymph f i s t u l a  

a r e  f o r m i d a b l e  and t h e  d a t a  ob-  

t a i n e d  a r e  s t i l l  q u i t e  l i m i t e d .  

They do s u g g e s t ,  however, t h a t  t h e  

i n c r e a s e s  i n  f e c a l  5 1 ~ r -  l a b e l e d  

p r o t e i n  t h a t  occu r  f o l l o w i n g  i r r a -  

d i a t i o n  may be  due t o  l e a k a g e  v i a  

t h e  l ympha t i c s .  T h i s  i n c r e a s e d  

e x c r e t i o n  c o r r e l a t e s  w i t h  a  con- 

comi t an t  d e c r e a s e  i n  t h e  l e v e l  o f  

"Cr - l abe l ed  p r o t e i n  i n  t h e  lymph. 
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E F F E C T S  OF I R R A D I A T I N G  S K I N  

Investigator: 

D .  D .  MahZum 

Technical Assistance: 

D .  L .  C a t t  and  J o a n  0. Hess 

This project has three major objec- 

tives : 

Determination of the response 

of skin to ionizing radiation 

as influenced by size of exposure 

site and radiation dose admin- 

istered. 

Determination of the effect of 

age at time of exposure. 

Determination of the effect of 

combined treatment of the skin 

with radiation and known pharma- 

cologic compounds with carcino- 

genic properties. 

Observation continues on the 

Hanford Miniature Swine exposed as 

young adults to doses of 1, 2.5, 6.25, 

15, or 40 krad of 6-radiation from 

2 0 4 ~ 1  plaques of 0.01, 0.5, 1.0, or 
2 5.0 cm areas. After 18 months, only 

the areas of 0.5 cm2 or larger, which 

were irradiated at the 6.25 krad or 

higher doses, are grossly visible as 

thin, whitened circles. Hair contin- 

ues to grow even in the heavily irra- 

diated areas. No signs of tumor 

development are as yet apparent. 

Additional swine were exposed for 

serial sampling for histologic exam- 

ination. A few newborn miniature 

swine were also exposed to 2 0 4 ~ 1  

plaques. The severity of the re- 

sponse in these young pigs exceeds 

that of the older animal. These ani- 

mals show impaired or altered hair 

growth in the heavily irradiated 

areas, and the size of the damaged 

area appears to increase as the 

animal grows. Additional animals will 

be exposed at early ages and carefully 

observed for both early changes and 

eventual tumorigenic response. 
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Quit-e interesting results are be- 

ginning to appear in the experiment 

where newborn, weanling, or adult 

rats were exposed to 0.01, 0.5, or 

1.0 cm2 field sizes of 2 0 4 ~ 1  8-radi- 

ation at doses of 1, 2.5, 4, or 10 

krad. At 15 months postexposure, 

tumors had developed at only two of 

192 exposed sites on adult rats. Nine 

tumors had developed at 162 sites on 

rats exposed as weanlings, and 28 

tumors had developed at 165 sites on 

rats exposed shortly after birth 

(Table 1). Only one of these tumors 

(from a weanling) has been examined 

histologically; it was classified as 

a basal cell carcinoma. Although the 

majority of the tumors arose at the 

0.5 and 1 cm2 sites, a few have ap- 

peared at the 0.01 cm2 sites. Sex 

plays an important role in the tumor 

response, as all but two of the 

tumors have been found in males. 

In the rats exposed as adults, the 

areas damaged by irradiation corre- 

spond closely to the size of the 

original exposure site. In the 

rats exposed as newborns, par- 

ticularly to the higher doses, 

scar tissue often covers an area 

much larger than that originally 

irradiated. Although still very 

preliminary, these results suggest 

that a wide difference in sensitivity 

of skin to tumor induction exists 

between the immature and adult 

animal. 

TABLE 1. E f f e c t  o f  R a d i a t i o n  Dose, F i e l d  S i z e ,  Sex, 
and A g e  a t  Exposure on Skin  Tumor Inc idence  i n  t h e  
F i s c h e r  Rat a t  1 5  Months Pos texposure  

Male Female - 
Age at L Field size, cm Field size, cm 2 

Exposure Dose, rads 0.01 0.5 1.0 0.01 0.5 1.0 

Newborn 1,000 1/5* 2/8 1/6 0/7 0/7 0/5 

2,500 2/10 4/6 1/5 0/6 0/5 0/7 

4,000 2/6 2/11 3/8 0/9 1/3 0/6 

10,000 0/9 4/8 3/12 0/5 0/6 1/4 

Weanling 1,000 0/5 0/9 0/6 0/7 0/5 0/6 

2,500 1/5 2/4 1/6 0/7 0/6 0/8 

4,000 2/10 0/8 2/5 0/7 0/7 0/8 

10,000 0/7 1/5 0/9 0/6 0/9 0/9 

Adult 1,000 0/15 0/16 0/17 

2,500 0/18 0/14 0/15 

4,000 0/14 0/16 0/18 No female adults 

10,000 0/16 0/17 0/15 were exposed' 

* Number of sites showing tumors/number of irradiated sites. 
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R A D I A T I O N  A N D  H U M A N  S P E R M A T O G E N E S I S  

Investigators: 

E. B .  Howard and C. C. J a n n k e  

This program of cooperative research 

with Dr. C. A. Paulsen of the Univer- 
sity of Washington, School of Medicine, 

was initiated in 1966. It has included 

counts, motility, vital, staining, 

fluorescent antibody, and morphology 

studies of sperm in samples of seminal 

fluid collected from control and tes- 

ticular-irradiated subjects. Major 
research emphasis during the past year 

has been concerned with the role of 

the autoimmune response in effecting 

testicular function following radia- 

tion damage to the testes. Human 

sperm antibodies were produced in rab- 

bits, the antibodies were tagged with 

fluorescent compounds, and the sperm 

samples from irradiated and biopsied 

subjects were tested for antibody 

response. 

Four volunteers who received 100 R 

of testicular X-irradiation showed a 

decrease in total sperm count within 

1 week. Sperm counts reached less 

than 10% of pre-exposure level by 

9 weeks postexposure. By 59 weeks 

postexposure, none of the counts had 

increased above 10% of pre-exposure 

values. Sperm motility began to de- 

crease at 3 weeks postexposure, and 

reached zero by 15 weeks; recovery 

began at 39 weeks. The live sperm 

count dropped below 50% from 7 to 43 

weeks postexposure. Positive fluo- 

rescent antibody staining of sperm was 

demonstrable between 3 and 39 weeks 
pos texposure. 

Four volunteers who received uni- 

lateral testicular biopsy, but no 

irradiation, showed an initial decrease 

in total sperm count at 1 week post- 

exposure. The count decreased to less 

than 40% of pre-experimental values 

within 9 weeks posttreatment. By 

19 weeks posttreatment, total sperm 

counts had increased to greater than 
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50% of the pre-experimental values. similar to those of X-irradiation of 

Sperm motility decreased slightly be- the testes, but to a less severe de- 

tween 5 and 27 weeks posttreatment. gree. Sperm samples from these 

It appears that spermatogenic ef- subjects will continue to be monitored 

fects of testicular biopsy are until some recovery is evident. 
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R A D I A T I O N  E F F E C T S  O N  C H Y L O M I C R O N  S Y N T H E S I S  A N D  C A P I L L A R Y  
P E R M E A B I L I T Y  I N  M I C E  

Investigators: 

J. C. Hampton, M. F. SuZZivan and B. Rosario 

The main features of this project 

were initiated by the principal in- 

vestigator at Northwestern University. 

When Dr. Hampton joined the Pacific 

Northwest Laboratory, the project 

was continued as a significant 

adjunct to our studies of gastrointes- 

tinal radiation effects. 

Plasma sampling has shown that 

ingested, labeled fatty acids 

cross the intestinal epithelium to 

enter the lymph and blood stream, even 

after X-ray doses which are known to 

strip epithelial cells of ribosomes 

and to appreciably alter other cell 

organelles. Protein synthesis is re- 

quired in the production of chylomicrons, 

the normal transport form of lipids. 

This must be reconciled with the fact 

that radiation destroys or alters the 

intracellular organelles responsible 

for protein synthesis. It is impor- 

tant to know whether labeled fatty 

acids present in plasma after irradia- 

tion are actually incorporated into 

chylomicrons or whether they may cross 

the damaged epithelium, unchanged, by 

diffusion. 

Ileum, jejunum and liver specimens 

from C57 brown mice sacrificed at 1, 
2, 3, and 4 days after exposure to 3kR 

of total body X-rays are being examined 
3 with respect to absorption of H -pal- 

mitic acid in safflower oil, adminis- 

tered by stomach tube 30 min prior 

to sacrifice. Preliminary observa- 

tions, based upon light microscopic 

techniques, show that copious amounts 
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of l i p i d  were absorbed by j e j u n a l  

e p i t h e l i a l  c e l l s ,  and a  l e s s e r  amount 

was absorbed by i l e a l  c e l l s ,  i n  

c o n t r o l s ,  and a t  1 and 2 days p o s t i r r a -  

d i a t i o n .  Liver samples from t h e s e  

animals showed an accumulation 

of l i p i d  i n  hepa tocy tes  w e l l  above 

t h a t  observed i n  mice no t  r e c e i v i n g  
3  H - p a l m i t i c  a c i d  and o i l .  Widely 

d i l a t e d  l a z t e z l s  laere c o n s i s t e r i t l y  

found i n  the  i r t e s t i n e s  of t h e s e  

animals .  The arn0un.t of l i p i d  i n  

e p i t h e l i a l  c e l l s  diminished r a p i d l y  

a t  3 and 4 days p o s t i r r a d i a t i o n  

(Figure  1 )  and t h i s  was r e f l e c t e d  

i n  diminished a.ccumulations i n  

hepatocytes  and l a c k  of d i l a t i o n  

of l a c t e a l s .  I t  appears  t h a t  

e p i t h e l i a l  c e l l s  i n  t h e  3- and 

FIGURE 1. V i l l i  from Mouse I n t e s t i n e ,  Fixed 30 min A f t e r  
Feeding 3 ~ - ~ a l m i t i c  Acid i n  Saff lower  O i l  [ (A)  Con t ro l  - 
l a r g e  l i p i d  d r o p l e t s  a r e  c l e a r l y  v i s i b l e  i n  n e a r l y  every 
c e l l .  (B) 3-1/2 days a f t e r  exposure t o  3000 R - mucous 
d r o p l e t s  ( l a r g e  b lack  p a r t i c l e s )  a r e  s t i l l  p r e s e n t  i n  
g o b l e t  c e l l s ,  b u t  t h e r e  i s  l i t t l e  evidence of  l i p i d  
absorp t ion . ]  
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4-day p o s t i r r a d i a t e d  i n t e s t i n e  a r e  

c a p a b l e  of a b s o r b i n g  l i p i d  i n  f a i r l y  

l a r g e  amounts b u t  t h a t  t r a n s p o r t  

a c r o s s  t h e  c e l l s  i n t o  t h e  lamina  

p r o p r i a  i s  g r e a t l y  impa i r ed .  E l e c t r o n  

mic roscop ic  and a u t o r a d i o g r a p h i c  

d a t a  from t h i s  exper iment  a r e  n o t  

y e t  a v a i l a b l e .  I t  s h o u l d  e s t a b l i s h  

whether  t h e  absorbed  l i p i d  i s  complexed 

w i t h  p r o t e i n  (chylomicrons)  i n  

i r r a d i a t e d  an ima l s  o r  i s  p r e s e n t  

a s  t r i g l y c e r i d e  o n l y .  
S t u d i e s  on c a p i l l a r i e s  have demon- 

s t r a t e d  t h a t  t h e  p r e s e n c e  o r  absence  

of  b i l e  i n  t h e  i n t e s t i n e  ha s  l i t t l e ,  

i f  a n y t h i n g ,  t o  do w i t h  p e r m e a b i l i t y  

changes and v a s c u l a r  damage, a s  judged 

by morphologic  appea rance .  I t  i s  

c l e a r ,  however, t h a t  t h e  f e n e s t r a t e d  

t y p e  of  c a p i l l a r y  no rma l ly  p r e s e n t  i n  

i n t e s t i n a l  v i l l i  p rompt ly  d i s a p p e a r s  

a s  e p i t h e l i a l  damage becomes more 

s e v e r e  a t  t h e  3 -  and 4-day  p o s t i r r a d i a -  

t i o n  i n t e r v a l ,  and t h a t  th rombi  form 

i n  l a r g e r  c a p i l l a r i e s  of  t h e  lamina  

p r o p r i a .  Thus a  m o r p h o l o g i c a l l y ,  and 

p robab ly  f u n c t i o n a l l y ,  d i s t i n c t  v a s -  

c u l a r  component i s  l o s t  a s  a  r e s u l t  o f  

i r r a d i a t i o n ,  and c i r c u l a t i o n  i s  e i t h e r  

impai red  o r  pe rhaps  hemorrhage p r e -  

v e n t e d ,  by th rombi  i n  many o f  t h e  

l a r g e r  c a p i l l a r i e s .  I n  f u r t h e r  s t u d i e s ,  

it i s  expec t ed  t h a t  a  d o s e - r e s p o n s e  

r e l a t i o n s h i p  can  be e s t a b l i s h e d  w i t h  

r e s p e c t  t o  damage t o  t h e  d e l i c a t e ,  

f e n e s t r a t e d  c a p i l l a r i e s  i n  i n t e s t i n a l  

v i l l i .  





BNWL- 1306 
Part 1 

C E L L U L A R  R E G U L A T O R Y  M E C H A N I S M S  

Studies on the nature and mechanism of cellular regulation are 

necessary to an understanding of the physiological effects of radiation, 

temperature, and other environmental stresses. We are concerned in this 

project with the regulation and molecular basis of three interrelated 

types of biological phenomena: 

The role of metabolites as effectors of specific RNA synthesis. 

8 Transport of nutrilites across the cell membrane. 

Secretion of exocellular enzymes involved in the degradation of 

macromolecules. 

K Y N U R E N I N A S E  S T U D I E S  

Investigator: 

J .  R .  T u r n e r  

Technical Assistance: 

C a r l a  J. F a r r e 2 2  

Synthesis of messenger-RNA specific 

for the inducible enzyme kynureninase 
(i. e. , transcription DNAdRNA) proceeds 
in cultures of Neurospora in the pres- 

ence of inducer plus cycloheximide, an 

inhibitor of protein synthesis. Sub- 

sequent removal of inducer and cyclo- 

heximide results in the appearance of 
kynureninase (i. e. , translation, 
RNA--+protein) in these cells. The mRNA 

formed in the absence of protein syn- 

thesis is stable and as a result 

accumulates in the cells to a concen- 

tration (after 70 min) sufficient 

to allow synthesis of kynureninase at 

P U B L I C A T I O N S :  C E L L U L A R  R E G U L A T O R Y  

M E C H A N I S M S  

TURNER, J .  R .  a n d  W .  A .  S O R S O L I .  
r l I n d u c t i o n  o f  K y n u r e n i n a s e  i n  
N e u r o s p o r a  c r a s s a , "  Bacterial. 
P r o c . ,  p .  5 0 .  1 9 6 9 .  ( A b s t r a c t ) .  - 

VUKOSAVOVICH, MARY J . ,  J .  R .  TURNER, 
a n d  W .  H .  MATCHETT. " A  D i r e c t  
M e t h o d  o f  A s s a y i n g  f o r  K y n u r e n i n a s e , '  
N e u r o s p o r a  N e w s  l e t t e r ,  v o l .  1 4 ,  
p p .  1 9 - 2 0 .  1 9 6 9 .  

W I L E Y ,  W .  R .  " A n  A m i n o  A c i d  
B i n d i n g  P r o t e i n  R e l e a s e d  f r o m  
N e u r o s p o r a  c r a s s a  b y  C o l d  O s m o t i c  
S h o c k , "  B a c t e r o Z .  P r o c . ,  p .  1 2 4 .  
1 9 6 9 .  ( A b s t r a c t ) .  

a rate seven-fold higher than the rate 

in maximally induced cells. Accumula- 

tion of stable messenger-RNA is linear 

in the absence of protein synthesis; 

however, the rate of decay of this 

messenger-RNA during subsequent trans- 

lation appears to be proportional to 

the rate of translation. 
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3 0  m i n  R E C O V E R Y  

N O  R E C O V E R Y  

I 1 I I I I 

Attempts to purify kynureninase 

have yielded a preparation with a 

specific activity 30 times that of the 

crude extract. Measurement of some 

kinetic properties of kynureninase 

show that the Krn is 1.55 x ~ O - ~ M .  - 

The enzyme is inhibited by kynurenine 

at concentrations greater than 

1 x ~ o - ~ M  - and by N-formyl-kynurenine 
-- 

at concentrations greater than 

8 x I O - ~ M .  - This substrate inhibition 

O lo 20 30 40 5 0  6 0  may have significance in the mechanism 
T I M E  I N  C Y C L O H E X I M I D E ,  m i n  of regulation of tryptophan degradation 

in this organism. 
FIGURE 1. Appearance of Kynureninase 
in Neurospora During Recovery Follow- 
ing Exposure to Inducer in Presence 
of Cycloheximide. [Cycloheximide 
(4 vg/ml) was added to the culture 
at zero time. Kynurenine 
(0.05 pmole/ml) was added at 5 min, M E M B R A N E  T R A N S P O R T  OF N U T R I L I T E S  
as indicated by arrow. Samples of 
Neurospora cells were removed at I N  N E U R O S P O R A  
frequent intervals, washed, and 
either frozen immediately for 
later assay or reincubated for 
30 min in minimal medium before 
freezing for later assay. The 30-min 
recovery period, with no inhibition Investigators: 
of protein synthesis, allowed trans- W .  .@. WiZey,  .@. P. S c h n e i d e r  
lation of the RNA message to an extent 
proportional to its accumulation dur- and Laura S .  Winn 

ing initial incubation with the Technical Assistance: 
inducer, kynurenine.] C l o t i s  White 

Accumulation of messenger-RNA was Our concept of a simplified model 

shown to require inducer and was sen- for nutrilite transport in Neurospora 

sitive to actinomycin-D, whereas the is illustrated in Figure 2. 

expression of the messenger-RNA did This model proposes that a compon- 

not require inducer and was insensitive ent "C"  present in the cell membrane 

to actinomycin-D. These observations catalyses the transport process by 

demonstrate a temporal separation of binding the substrate "S." Component 

the processes of transcription and "C" is stereospecific which implies a 

translation in this organism, and also need for different catalytic systems 

indicate that the rate of synthesis of or carriers for different solutes. In 

kynureninase is proportional to the the case of the tryptophan transport 

concentration of kynureninase specific system, we have isolated and partially 

mRNA . purified a protein component with 
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C E L L  
E X T E R I O R  

C E L L  
I N T E R I O R  

+ S 

FIGURE 2. Model for Nutrilite 
Transport Across Cell Membrane of 
Neurospora. (Symbols have the 
following significance: St sub- 
strate; C, carrier; SC, substrate- 
carrier complex; A, energy donor; 
%, metabolic energy. ) 

many of the properties of "C." Trans- 

port of the substrate is concomitant 

with the binding of the substrate (S) 

to the carrier (C). The affinity of 

the carrier for its substrate is de- 

creased on the intracellular side of 

the membrane by the input of metabolic 

energy, which accounts for the fact 

that both amino acids and sugars are 
concentrated against a 200- to 350-fold 

concentration gradient. 

Exchange diffusion, a nonenergy- 

requiring process, occurs in the case 

of sugar transport systems but is 

absent in amino acid transport pro- 

cesses in Neurospora. This process 

is represented in Figure 2 by the 

single diagonal line. In support of 

the exchange diffusion mechanism, we 

have observed a rapid efflux of intra- 

cellular labeled 3-0-methyl glucose 

glucose was added to the culture 

medium. This rate of efflux was not 

enhanced by sodium azide which sug- 

gests that energy is not required for 

exchange. 

We showed previously that the 

tryptophan transport system in 

Neurospora was repressed by growth in 

high levels of tryptophan. All sugar 

permeases studied thus far in Neuro- 

spora are repressed by growth in 

glucose in much the same manner as the 

tryptophan transport system. The glu- 

cose permease was derepressed 1000- to 

2000-fold by growth of the cells in 

glycerol or in the absence of an 

oxidizable carbon source. The site 

of glucose or catabolite repression 

appears to be at the level of trans- 

cription. 

The formation of messenger-RNA 

during derepression for the glucose 

permeases, was investigated in the man- 

ner just described for specific 

kynureninase message accumulation. 

Cells were derepressed for glucose 

permease in cycloheximide, a condition 
which permits the accumulation of 

specific messenger-RNA in the absence 

of protein synthesis. Using glucose 
as a co-repressor for the synthesis of 

new message, the half-time of mRNA 

for the glucose permease was shown to 

be 7 min; under conditions where 

translation of the message was inhib- 

ited the half-time was increased to 

approximately 40 min. These results 

suggest that mRNA turnover is coupled 

to translation. 

Amino acids and sugars appear to be 

transported by similar but distinct 

mechanisms in Neurospora; both systems 

when exogenously supplied 3-0-methyl 
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seem to be regulated in much the same 

manner. The following quest ions remain 

to be answered: 

What is the nature of the energy 

donor to the transport processes? 

What is the precise mechanism by 

which the "carriers" or permeases 

mediate translocation? 

What is the special arrangement of 

these proteins in the membrane? 

Purification and determination of the 

physical properties of the transport 

proteins are expected to provide some 

answers to these questions. Studies 

on the in vitro aggregation of isolated 

membranes will hopefully provide in- 

formation on the precise mechanism of 
translocation. 

SECRETION OF EXOCELLULAR ENZYMES 

Investigator: 

H. Drucker 

Technical Assistance: 

Louise C. N e i l  

Cultures of Neurospora were found to 

secrete a proteolytic activity when 

grown in medium containing calcium, 

bovine serum albumin, and a trace of 

sucrose. The secretion or synthesis 

of the proteolytic activity is cata- 

bolically repressed when substrate 

quantities of sucrose are present in 

the growth medium. Calcium appears to 

be required for either the synthesis 

or secretion of proteolytic activity in 

Neurospora as well as in a comparative 

bacterial system, Streptomyces fradiae. 

Examination of the effect of calcium 

on the activity of a representative bac- 

terial protease, thermolysin, (Figure 3) 

from Bacillus thermoproteolyticus, has 

shown that the kinetic parameters Km and 

'max determined for the substrate 

furylacryloylglycine leucinamide, vary 

with calcium concentration in a complex 
fashion. Both Km and Vmax peak at a 

calcium concentration of 3 x l~-~fi,l - 
- 5 to 7 x 10 E, at all temperatures in- 

vestigated. It seems clear that ~ a + +  

does not behave as a simple co- 

factor. As a possible explanation, 
we would suggest that there is a ~ a + +  

dependent structural change occurring 
+ + 

at a Ca concentration of about 

7 x 10-~fi1, which alters the kinetic - 
properties of the molecule and results 

in a product which is autodigested, 

thus resulting in an irreversible 

react ion. 

FIGURE 3.  Effect of Calcium on 
the Kinetic Parameters (Km and 
V a,) of the Bacterial Protease 
~germolysin Acting on the Sub- 
strate Furylacryloylglycine 
Leucinamide 
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F I N E  STRUCTURAL EFFECTS OF TEMPERATURE I N  F I S H  

Investigators: 

J .  C. Hampton, J .  M. Dean 
and R. R .  Adee 

Our previous work on temperature 

effects demonstrated a shift in metab- 

olism during acclimation to changes in 

water temperature. Liver and muscle 

were used as model organs,and some fine 

structural changes in liver were corre- 

lated with the biochemical data. 

A comparative study of red and white 

muscle fine structure is now being 

completed on tissues from trout accli- 

mated to 7.5 O C .  This work will provide 

background for future studies on tem- 

perature effects on the size of actin 

and myosin filaments and for auto- 

radiographic studies on protein (myosin) 
synthesis in muscle. The results of 

the present studies show only minor 

differences, if any, in sarcomere 

length and dimensions of filaments but 

a significant increase in the number 

of mitochondria and glycogen in red 

muscle as compared to white muscle. 

Figure 1 is an electron micrograph of 

red muscle and shows numerous large 

mitochondria, large numbers of glycogen 

particles, and myofibrils having a 

diameter at least twice those of the 

white muscle shown in Figure 2. 

White muscle is low in glycogen 

content, has few mitochondria and fre- 

quently shows Z lines and adjacent 

sarcomeres out of register. This is 

rarely seen in red muscle. The two 

micrographs are printed at the same 

magnification. 

Further work is planned on fine 

structural changes in red and white 

muscle. However, emphasis in this 

project will shift from a concern with 

metabolic adaptations to temperature 

changes, to a concern with early 

changes in organs which are called into 

play immediately at the onset of tem- 

perature change. In this way, a more 

direct understanding of the interplay 

between biological effects and the 

environment may be forthcoming. The 

sensing mechanism or pathway which 

mediates acclimation is unknown, but 

certain organs, for example the 
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FIGURE 1. Electron Micrograph of Red Muscle from Trout 
Acclimated to 7.5 OC [Large mitochondria (M) occur 
between myofibrils (MF) . Z-lines (Z) are in register. 
Numerous dense glycogen particles ( G )  are seen. ] 

hypothalamus, lateral line system, studied for possible fine structural 

swim bladder, and gills, are suspect changes at temperatures ranging from 

because they function in sensing and 7.5 to 30 O C .  Autoradiographic studies 

initiating responses to environmental on cell turnover and protein synthesis 

changes such as temperature, dissolved in these organs and in liver during 

gases, and pressure. Accordingly, temperature acclimation should also 

these organs in the trout will be provide useful information. 
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FIGURE 2. Electron Micrograph of White Muscle from 
Trout Acclimated to 7.5 OC. [There are no mitochondria 
myofibrils (MF) are small, 2-lines ( 2 )  are out of register, 
and glycogen particles (G) are few.] 
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M E T A B O L I S M  A N D  E F F E C T S  O F  R A D I O N U C L I D E S  I N  T H E  D E V E L O P I N G  F E T U S  

A N D  T H E  Y O U N G  

Many of the biological parameters used to calculate permissible levels 

of exposure of adults to radioactive materials are inappropriate for the 

rapidly growing infant and child. These differences, when considered with 

the greater intrinsic radiosensitivity of the immature organism, emphasize 

the need for more detailed information on the metabolism and toxicity of 
radionuclides in the juvenile animal. This project has been principally 

concerned with the effects of age on the metabolism and toxicity of several 

radionuclides of current interest. These include 1311 137cs, 
9 144~e, 3 2 ~ ,  

6 5 ~ n ,  and the monomeric and polymeric forms of 238, 23gpU 
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P L U T O N I U M  I N  T H E  P L A C E N T A  

Investigators: 

M .  R .  S i k o v  a n d  D .  D .  M a h l u m  

Technical Assistance: 

J o a n  0 .  H e s s  a n d  D .  L .  C a t t  

There has been speculation regard- 

ing the radiosensitivity of the pla- 
centa and the role of placental 

damage in producing prenatal death. 

Monomeric plutonium localizes in the 

placenta and in the fetal membranes 

and may provide a system for studying 

the radiosensitivity of the placenta. 

Monomeric 2 3 9 ~ ~  was intravenously 

administered to pregnant rats at a 

single time between 14 and 19 days of 

gestation; fetuses and placentas 

were collected at intervals there- 
after. Autoradiographs (Figure 1) 

demonstrated a pronounced localization 

of plutonium in the villus visceral 

splanchnopleure portion of the yolk sac 

Significant amounts were also seen in 

the decidua and labyrinth layers of 

the placenta. The concentration was 

greatest in the decidua following in- 

jection at 15 days of gestation, and 

in the labyrinth after injection at 

19 days. The concentration was lower 

in the spongiotrophoblast, the activ- 

ity being primarily localized in the 

giant cells. Although high radiation 

doses were received by these local- 

ized areas, no intrauterine mortality 

was observed at doses of up to 50 pCi 

to the dam. The cross-placental 

P U B L I C A T I O N S :  M E T A B O L I S M  A N D  E F F E C T S  

O F  R A D I O N U C L I D E S  I N  T H E  D E V E L O P I N G  

F E T U S  A N D  T H E  Y O U N G  

ERDMAN, H .  E . ,  M .  R .  S I K O V ,  a n d  
D. D. MAHLUM. " A g e - R e l a t e d  D i f -  
f e r e n c e s  i n  Zinc M e t a b o l i s m  i n  
t h e  R a t .  5: M .  R .  S i k o v  a n d  
D. D. M a h l u m  f e d .  l ,  R a d i a t i o n  
B i o l o g y  o f  t h e  F e t a l  a n d  J u v e n i l e  
Mammal ,  USAEC C O N F - 6 9 0 5 0 1 ,  p p .  2 0 7 -  
2 1 6 .  1 9 6 9 .  

MAHLUM, D .  D. a n d  M .  R .  S I K O V .  
" C o m p a r a t i v e  M e t a b o l i s m  o f  C e s i u m - 1 3 7  
b y  A d u l t ,  S u c k l i n g ,  a n d  P r e n a t a l  
R a t s , "  C o m p a r a t i v e  B i o c h e m i s t r y  a n d  
P h g s i o l o g y ,  v o l .  3 0 ,  p p .  1 6 9 - 2 7 5 .  
1 9 6 9 .  

MAHLUM, D. D. a n d  M .  R .  S I K O V .  
" P h y s i o c o c h e m i c a Z  S t a t e  a s  a  D e t e r -  
m i n a n t  o f  P l u t o n i u m -  2 3 8  T o x i c i t y  
i n  t h e  R a t , "  H e a l t h  P h y s i c s ,  v o l .  2 7 ,  
p p .  3 4 6 - 3 4 7 .  2 9 6 9 .  

MAHLUM, D. D. a n d  M .  R .  S I K O V .  
N S k e l e t a Z  C h a n g e s  I n d u c e d  i n  
W e a n l i n g  R a t s  b y  P l u t o n i u m - 2 3 9  
a n d  C e r i u m - 1 4 4 . "  I n :  M .  F. S i k o v  
a n d  D .  D. M a h l u m  led. l ,  R a d i a t i o n  
B i o l o g y  o f  t h e  F e t a l  a n d  J u v e n i l e  
Mammal ,  USAEC C O N F - 6 9 0 5 0 1 ,  p p .  5 6  7-  
5 7 6 .  1 9 6 9 .  

MAHLUM, D .  D .  a n d  J .  D .  B E R L I N .  
" U l t r a s t r u c t u r a Z  A l t e r a t i o n s  A s s o -  
c i a  t e d  w i t h  N e p t u n i u m -  I n d u c e d  F a t t y  
L i v e r s ,  " F e d e r a t i o n  P r o c . ,  v o Z .  2 8 ,  
p .  4 2 4 .  1 9 6 9  ( A b s t r a c t )  

S I K O V ,  M .  R .  " E f f e c t  o f  A g e  on  t h e  
I o d i n e - 1 3 1  M e t a b o l i s m  a n d  t h e  R a d i a -  
t i o n  S e n s i t i v i t y  o f  t h e  R a t  T h y r o i d ,  n 

R a d i a t i o n  R e s . ,  v o l .  3 8 ,  p p .  4 4 9 - 4 5 9 .  
1 9 6 9 .  

S I K O V ,  M .  R.  a n d  D. D .  MAHLUM f e d .  ), 
R a d i a t i o n  B i o l o g y  o f  t h e  F e t a l  a n d  
J u v e n i l e  Mammal ,  USAEC C O N F - 6 9 0 5 0 1 .  
1 9 6 9 .  

S I K O V ,  M .  R . ,  J .  M .  THOMAS, a n d  
D .  D .  MAHLUM. ' C o m p a r i s o n  P a s s a g e  
o f  a  T r a c e r  T h r o u g h  t h e  G a s t r o i n -  
t e s t i n a l  T r a c t  o f  N e o n a t a l  a n d  A d u l t  
R a t s ,  " G r o w t h ,  v o Z .  3 3 ,  p p .  5 7 - 6 8 .  
1 9 6 9 .  
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movement of 12'1- l a b e l e d  albumin was 

determined a t  3  o r  5  days a f t e r  ex- 

posure  of the  dam t o  plutonium t o  

measure p l a c e n t a l  damage; t h e r e  was 

F I G U R E  1. Autoradiograph of  Sec- 
t i o n s  of  P l a c e n t a  and Associa ted  
S t r u c t u r e s  from 19-Day Rat F e t u s  
I n j e c t e d  24 h r  P rev ious ly  w i t h  Mon- 
omeric 2 3 9 ~ ~  (The h i g h e s t  concen- 
t r a t i o n  of  plutonium i s  i n  t h e  
v i l l u s  v i s c e r a l  splanchnopleure  
p o r t i o n  of  t h e  yo lk  s a c ;  t h e r e  is  
less i n  t h e  l a b y r i n t h  l a y e r ,  and 
l e a s t  i n  t h e  decidua o r  ma te rna l  
p l a c e n t a . )  

no i n d i c a t i o n  of a l t e r e d  f u n c t i o n .  

Only a  smal l  amount of plutonium 

c rossed  t h e  p l a c e n t a ,  i n  accord w i  

our  e a r l i e r  f i n d i n g s ;  a u t o r a d i o -  

g r a p h i c a l l y ,  t h i s  appeared t o  be 

e n t i r e l y  i n  t h e  monomeric form and 

was p r i m a r i l y  l o c a t e d  i n  t h e  f e t a l  

bone. 

S tud ies  i n  p r o g r e s s ,  wi th  p l u t o -  

nium i n j e c t e d  a f t e r  9  days of  g e s t a -  

t i o n ,  skpw s i m i l a r  l o c a l i z a t i o n  i n  

t h e  p l a c e n t a  and f e t a l  membranes, bu t  

doses a s  low a s  6.25 pCi t o  t h e  dam 

have produced e x t e n s i v e  p r e n a t a l  

dea ths  (Table 1 ) .  

TABLE 1. F e t a l  M o r t a l i t y  i n  Rats Following I n j e c t i o n  
of  Dam wi th  2 3 9 ~ ~  (number d e a d / t o t a l  number a t  r i s k )  

Ges ta t ion  
Dose, Day Ges ta t ion  Day Examined 

v C i  I n j e c t e d  1 0  1 2  14 1 7  18 2 0  ------ 
0  - - 3/22 0/6 1 /23.  0/14 0/10 0/45 

6.25 9  2 3/ 3  8  

12.5  9  1 7 / 2 0  15/25 29/29 16/38 

2 5  9  9/15 14/24 29/29 

5  0  15 0/30 0/11 
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C A R C I N O G E N I C I T Y  O F  13' I  R E L A T I V E  T O  
A G E  A T  E X P O S U R E  

Investigators: 

M. R .  S i k o v  and D .  D .  MahZum 

Technical Assistance: 

J o a n  0. Hess and D .  L .  C a t t  

An experiment was started about 

30 months ago to determine the carcino- 

genicity of l3'1 relative to the age 

of the rat at the time of exposure. 

Prenatal, newborn, weanling, and adult 

rats were exposed on five consecutive 

days to three levels of 1311. The 

adult and weanling animals were in- 

jected intraperitoneally; the newborn 

animals were exposed via the milk by 

injection of the dam on the day of 

parturition and on the next 4 days; 
and the prenatal animals were exposed 

by injection of the pregnant animal 
during the last 5 days of gestation. 

Exposures were contrived to produce 

the same range of radiation doses to 

the thyroids of all age groups. 

All surviving animals are being 

killed as they reach 30 months of 

age; approximately 50% of the ani- 

mals of each age group have died 

by that age. Thyroid function is 

measured prior to sacrifice by in- 

jection of a tracer dose of 12'1 and 

measurement of thyroid incorporation 

at 24 hr postinjection. Thyroid 

function, as measured in this manner, 

is slightly impaired in the animals 

of all age groups which received the 

highest exposure level of radioiodine. 

Effects on thyroid function at lower 

exposure levels are not apparent at 

this time. A limited study of plasma 
levels of tri- and tetraiodothyronine 

did not show impairment at any dose 

level. 

Thyroid pathology, including neo- 

plasia, has been noted in all age and 

dose groups. Analysis of these data 

must be deferred until all animals 

are dead. There is some indication 

that the incidence of mammary tumors 

in the rats exposed while immature 

is elevated in comparison to controls 

or animals exposed to the same radia- 

tion dose as adults. 

M E C H A N I S M  O F  13' I E F F E C T S  AS R E L A T E D  

T O  A G E  A T  E X P O S U R E  

Investigators: 
D. D .  MahZum and M .  R .  S i k o v  

Technical Assistance: 

J o a n  0 .  Hess and D .  L .  C a t t  

Several experiments have been per- 

formed to determine whether effects 

noted following the administration of 

relatively large doses of 1311 are 

due to direct radiation damage to the 

thyroid, to indirect effects of the 

induced hypothyroid state, or to radi- 

ation effects on the surrounding tis- 

sues and the whole-body due to radio- 

iodine in the thyroid gland or circu- 
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lating throughout the body. In 

initial experiments, the effects of 

X-irradiation of the thyroid were 

compared with effects produced by 

radioiodine in the neonatal rat. 

Unfortunately, due to technical dif- 

ficulties, the X-rays were not very 

well localized to the thyroid gland. 

Assay for thyroid stimulating hormone 

(TSH) in the pituitary gland at 

4 months postexposure showed a much 

greater decrease in the X-rayed ani- 

mals, which suggested a direct effect 

on the pituitary and a marked radio- 

sensitivity of the neonatal hypophysis. 

In subsequent experiments, head- 

only exposure of neonatal rats to 

500 R resulted in no decrease in thy- 

roid uptake of a tracer dose of 1251 

at 8 weeks postexposure; but 750 R to 

the head consistently decreased up- 

take. Irradiation of the newborn 

rats with 3000 R failed to decrease 

thyroidal uptake of subsequently ad- 

ministered 1311. Analysis of these 

results suggested that X-radiation 

is histologically less effective than 

13'1 8-radiation in damaging the 

thyroid. This is in contrast to 

reported results in older animals. 

To extend this study, newborn rats 

were X-irradiated in the neck region, 

given graded doses of 13'1, or surgi- 

cally thyroidectomized. A series of 

adult animals were treated in the 

same manner. These animals will be 

subjected to various physiologic 

tests of thyroid function and eventu- 

ally sacrificed for histopathologic 

C A R C I N O G E N ~ C I T Y  OF 1 4 4 c e  RELATIVE 
- 

TO AGE AT EXPOSURE 

Investigators : 

D .  D .  MahZum and  M .  R .  S i k o v  

Technizal Assistance: 

J o a n  0. Hess and  D .  L .  C a t t  

A limited number of rats were ex- 

posed to 0.25, 0.50, or 1.0 uCi/g of 

144~e. The radionuclide was injected 

into the tail vein of weanling or adult 

rats or into the heart of newborn rats. 

Approximately 35 rats of each age 

group were injected at each dose 

level. Radioanalyses indicated simi- 

lar concentrations of 1 4 4 ~ e  in the 

skeletons of animals injected as wean- 

lings or adults; the concentrations in 

the skeleton of animals injected neo- 

natally, however, were substantially 

lower. The relative concentrations in 

the livers of the weanling and adult 

animals were diminished in those 

which received the highest dose. A 

lesser effect of dose was seen in the 
newborn animals. 

Nine months postexposure osteogenic 

sarcomas have developed in three-quar- 

ters of the animals exposed as weanlings 

to 1 uCi/g. A lesser tumor incidence 
was observed among the animals injected 

as weanlings at the lower dose levels. 

A year postexposure, no tumors have 

been observed in animals exposed to 

1.0 or 0.25 pCi/g as adults, but 50% study . 
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of those which received 0.5 pCi/g 

as adults have developed bone tu- 

mors. No bone tumors have been ob- 

served in the rats exposed neonatally. 

Larger groups of weanling rats 

have been exposed to 0.5 or 1.0 pCi/g 

of 1 4 4 ~ e  to obtain additional data 

on tumor incidence and to eval- 

uate the intermediate effects pre- 

ceding frank neoplasia. Liver func- 

tion was determined in some of these 

animals at 1 month postexposure; no 

effects were noted in the function of 

either the reticuloendothelial or 

parenchymal elements of the liver 

Radiographs obtained at 1 month 

postexposure, showed evidence of 

osteoporosis and a low incidence of 

spontaneous hairline fractures in 

rats exposed to the highest dose 

level. Breaking strength of ex- 

cised femurs was markedly reduced 

as early as 1 month after exposure 

(Table 2). 

E F F E C T  OF AGE ON T H E  B I N D I N G  O F  Z I N C  -- 

Investigators: 

H .  E .  Erdman, D .  D .  MahZum 
and M. R .  S i k o v  

Technical Assistance: 

D .  L .  C a t t  and J o a n  0 .  Hess  

We had previously observed that 

6 5 ~ n  is retained more tenaciously by 

newborn rats than by adults or wean- 

lings. To determine whether these 

differences were correlated with the 

ability of selected tissues to bind 

zinc, homogenates of liver, muscle, 

or kidney were dialyzed against 0.001 M 

EDTA ( e t h y l e n e d i a m i n e t e t r a a c e t i c  

acid) in tris buffer, pH 7.4. There 

was a progressive removal of 6 5 ~ n  

during the 4-day dialysis period. 

TABLE 2 .  Effect of 1 4 4 ~ e  Administered to Weanling Rats on 
Breaking Strength and Chemical Composition of the Femur at 
One Month Postadministration 

14 4 Treatment Level ( u ~ i  Ce/g) 

Measure 0 - 0.5 - 1.0 

Calcium, % wet wt 11.1 11.1 10.6 

Phosphorus, % wet wt 6.5 6.2 5.6 

Magnesium, % wet wt 0.2 0.2 0.2 

Zinc, % wet wt 0.01 0.01 0.01 

Dry wt, % wet wt 58.5 59.3 56.8 

Ash wt, % wet wt 35.2 33.8 34.0 

Breaking Strength of Femur (s) (a) 13.2 11.9 5.9 

( a )  S = grams l e n g t h 1 2  + c r o s s  s e c t i o n a l  a r e a .  
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The f r a c t i o n  removed, o f  t h a t  p r e s e n t ,  

was h i g h e s t  from t h e  l i v e r  samples  

o b t a i n e d  from newborn r a t s .  The e a s e  

o f  removal dec rea sed  w i t h  t h e  a g e  of  

t h e  an imal  a t  t ime  of 6 5 ~ n  i n j e c t i o n ,  

and w i t h  t ime  e l a p s e d  s i n c e  i n j e c t i o n .  

Q u a l i t a t i v e l y  s i m i l a r  p a t t e r n s  were 

found f o r  musc le  and k idney .  

These r e s u l t s  f a i l e d  t o  p r o v i d e  

a  s i m p l e  e x p l a n a t i o n  f o r  t h e  observed  

d i f f e r e n c e s  i n  r e t e n t i o n  o f  6 5 ~ n  by 

n e o n a t a l  r a t s  a s  compared t o  o l d e r  

an ima l s .  F u r t h e r  expe r imen t s  were 

per formed u s i n g  c h e l a t i n g  a g e n t s  

which e x h i b i t  a  g r aded  s e r i e s  of  b ind -  

D I A L Y Z E D  D I A L Y Z E D  D I A L Y Z E D  
A G A I N S T  A G A I N S T  A G A I N S T  
G L Y C I N E  H I S T I D I N E  E D T A  

i n g  s t r e n g t h s  f o r  z i n c  i n  an a t t e m p t  FIGURE 2 .  Removal o f  6 5 ~ n  from 
t o  r e s o l v e  d i f f e r e n t i a l  b i n d i n g  p o o l s .  L i v e r  Homogenates During 4-Day 

D i a l y s i s  A g a i n s t  S o l u t i o n s  o f  Vary- 
D i a l y s i s  a g a i n s t  g l y c i n e  d i d  n o t  r e -  i n g  Complexing S t r e n g t h  

move a s  much 6 5 ~ n  from l i v e r s  of new- 

b o r n  r a t s  a s  d i d  d i a l y s i s  a g a i n s t  

h i s t i d i n e  o r  EDTA ( F i g u r e  2 ) .  T h i s  

d i s t i n c t i o n  was even more a p p a r e n t  w i t h  n o t  ? p p a r e n t  w i t h  d i a l y s i s  a g a i n s t  

l i v e r s  o f  wean l ings  and a d u l t s .  Age- t h e  s t r o n g e r  c h e l a t o r s ,  h i s t i d i n e  and 

r e l a t e d  d i f f e r e n c e s  i n  t h e  s i z e s  of  EDTA. The s i g n i f i c a n c e  of t h e s e  ob- 

z i n c  p o o l s  were a p p a r e n t  w i t h  d i a l y s i s  s e r v a t i o n s  remains  obscu re .  

a g a i n s t  g l y c i n e  and w a t e r  t h a t  were 
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E F F E C T S  O F  R A D I O I O D I N E  I N  S H E E P  AND S W I N E  

I n v e s t i g a t o r s :  

R .  F. P a l m e r  and  H. A .  Ragan 

Since  1949,we have conducted  r a d i o -  

i o d i n e  s t u d i e s  i n  sheep  t o  d e f i n e  t h e  

l owes t  d a i l y  f e e d i n g  l e v e l  which w i l l  

c ause  d e t e c t a b l e  damage d u r i n g  t h e  

l i f e s p a n  of t h e s e  a n i m a l s .  The major  

a s p e c t s  o f  t h i s  work have been com- 

p l e t e d  and r e p o r t e d .  F i f t e e n  o f f s p r i n g  

sheep ,  exposed t o  r a d i o i o d i n e  i n  u t e r o  

and by s u c k l i n g  o n l y ,  remain on e x p e r i -  

ment and w i l l  be s a c r i f i c e d  d u r i n g  t h e  

coming y e a r .  F i v e  ewes, 6 t o  9  y e a r s  

of  a g e ,  whose on ly  13'1 exposure  

o c c u r r e d  i n  u t e r o  and d u r i n g  s u c k l i n g  

of  t h e i r  1 . 5 -  o r  5 .0-pCi/day dams, 

and 2 0  c o n t r o l s ,  were s a c r i f i c e d  d u r -  

i n g  t h e  p a s t  y e a r .  No g r o s s  o r  

h i s t o p a t h o l o g i c  l e s i o n s  a t t r i b u t a b l e  

t o  r a d i a t i o n  exposu re  were  found .  
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E F F E C T S  O F  R A D I O S T R O N T I U M  I N  M I N I A T U R E  S W I N E  

I n i t i a t e d  i n  1958 ,  t h i s  s t u d y  has  a s  i t s  g e n e r a l  g o a l  t h e  development  

of  a  b e t t e r  u n d e r s t a n d i n g  of t h e  p o t e n t i a l  haza rd  of  r a d i o s t r o n t i u m  t o  

l a r g e  an ima l s  and man. Th i s  i s  be ing  accompl i shed  by d e f i n i n g  t h e  b i o -  

l o g i c a l  e f f e c t s  o f  d a i l y  i n g e s t i o n  of  'Osr i n  m i n i a t u r e  sw ine ,  a l a r g e  

an imal  s p e c i e s  more comparable  t o  man t h a n  t h e  s m a l l e r  l a b o r a t o r y  

an ima l s .  Near ly  800 female  Pitman-Moore m i n i a t u r e  swine ,  r e p r e s e n t i n g  

t h r e e  g e n e r a t i o n s ,  have been exposed t o  a t  f e e d i n g  l e v e l s  r a n g i n g  

from 1 t o  3100 pCi /day .  There  have been 194 u n t r e a t e d  l i t t e r m a t e  c o n t r o l s .  

C u r r e n t l y ,  173  e x p e r i m e n t a l  swine w i t h  8  t o  11 y e a r s  of  exposu re ,  and 6 7  

c o n t r o l s ,  a r e  be ing  ma in t a ined  f o r  l i f e t i m e  o b s e r v a t i o n  and s t u d y .  A t  

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

which a r e  s e p a r a t e l y  d i s c u s s e d  below. 
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CHRONIC TOXICITY STUDY 

I n v e s t i g a t o r s :  

W .  J .  C l a r k e ,  E .  B. H o w a r d ,  
H .  A .  R a g a n ,  P a t r i c i a  L .  H a c k e t t ,  
G l e n d a  S .  V o g t ,  J .  L .  B e a m e r ,  
M. T .  K a r a g i a n e s  a n d  R .  F .  P a l m e r  

O r i g i n a l  an ima l s  were  s t a r t e d  on 

expe r imen t  a t  9  months o f  age ,  f e d  'Osr 
d a i l y ,  b r e d  a t  a p p a r e n t  9 0 ~ r  s k e l e t a l  

e q u i l i b r i u m ,  and t h e i r  o f f s p r i n g  g r a d -  

u a l l y  r a i s e d  t o  t h e  same f e e d i n g  l e v e l  

a s  t h e  dam. These F1 an ima l s  were  

t h e n  b r e d  t o  p r o v i d e  t h e  F2 gene ra -  

t i o n ,  which was exposed i n  t h e  same 

manner a s  t h e  F1. Animals  were f e d  

a t  1, 5, 25, 125 ,  625, and 3100 pCi/day.  

The p a s t  y e a r  h a s  s e e n  no d r a m a t i c  new 

developments  i n  t o x i c  e f f e c t s .  I t  h a s  

been  of i n t e r e s t ,  however, t o  c o l l e c t  

t h e  d a t a  from t h i s  expe r imen t  on f a r -  

rowing per formance ,  i n  t h e  l i g h t  of 

a l l e g a t i o n s  conce rn ing  p o s s i b l e  

e f f e c t s  o f  f a l l o u t  ' O S ~  on human 

f e t a l  and i n f a n t  m o r t a l i t y  (Tables  1 

and 2 ) .  

L i t t e r s  from t h e  p a r e n t  g e n e r a t i o n  

of  sw ine ,  which i n g e s t e d  'Osr from 

9  months of a g e ,  showed no s i g n i f i c a n t  

d i f f e r e n c e s  i n  l i t t e r  s i z e ,  p e r c e n t  

s t i l l b o r n ,  o r  b i r t h  w e i g h t  between con-  

t r o l s  and an ima l s  i n g e s t i n g  up t o  

625 uCi/day.  Animals i n g e s t i n g  

3100 uCi/day d i d  n o t  s u r v i v e  t h e  g e s t a -  

t i o n  p e r i o d .  Among l i t t e r s  from swine  

exposed  t o  'Osr from concep t ion  (F1 

g e n e r a t i o n ) ,  t h e r e  a l s o  were no s i g -  

n i f i c a n t  d i f f e r e n c e s  i n  p e r c e n t  s t i l l -  

b o r n ,  b i r t h  w e i g h t ,  o r  weaning we igh t  

PUBLICATIONS: EFFECTS OF 

RADIOSTRONTIUM IN MINIATURE SWINE 

CLARKE, W .  J . ,  E .  B. HOWARD, a n d  
P. L .  HACKETT. " S t r o n t i u m - 9 0  
I n d u c e d  N e o p l a s i a  i n  S w i n e .  ' I  I n :  
C. W .  M a y s ,  e t  a l .  ( e d . )  D e l u g e d  
E f f e c t  o f  B o n e - S e e k i n g  R a d i o n u -  
e l i d e s .  U n i v e r s i t y  o f  U t a h  P r e s s ,  
p p .  2 6 3 - 2 7 7 .  1 9 6 9 .  

HOWARD, E. B . ,  W .  J .  CLARKE, M .  T .  
KARAGIANES, a n d  R .  F. PALMER. 
" S t r o n t i u m - 9 0  I n d u c e d  B o n e  T u m o r s  
i n  M i n i a t u r e  S w i n e .  R a d i a t i o n  e. V O Z .  3 9 ,  p p .  5 9 4 - 6 0 7 .  1 9 6 9 .  

PALMER, R. F . ,  C. R .  WATSON, a n d  
J .  L .  BEAMER. " R a d i a t i o n  D o s e  t o  
F e t u s e s  o f  M i n i a t u r e  S w i n e  I n g e s t i n g  
S t r o n t i u m - 9 0 .  " I n :  M .  R .  S i k o v  a n d  
D. D .  M a h l u m  ( e d s . )  R a d i a t i o n  
B i o l o g y  o f  t h e  F e t a l  a n d  J u v e n i l e  
Mammal. U .  S .  A t o m i c  E n e r g y  C o m m i s -  
s i o n ,  C O I F - 6 9 0 5 1 ,  p p .  8 9 - 9 6 .  1 9 6 9 .  . 

between c o n t r o l s  and an ima l s  a t  a l l  

l e v e l s  o f  9 0 ~ r  f e e d i n g  t h rough  

125 uCi/day.  F1 an ima l s  r e c e i v i n g  i n  

e x c e s s  of 125 pCi/day d i d  n o t  s u r v i v e  
t o  produce  o f f s p r i n g .  

To p l a c e  t h e s e  swine  d a t a  i n  some 

p e r s p e c t i v e  r e l a t i v e  t o  human expo- 

s u r e s ,  t h e  f e e d i n g  l e v e l  o f  

625 pCi/day i s  more t h a n  a  m i l l i o n  

t imes  t h e  peak d i e t a r y  l e v e l  o f  

e v e r  r e p o r t e d  i n  American d i e t s  
( abou t  30 pCi/g d i e t a r y  c a l c i u m ) ,  

and more t h a n  h a l f - a - m i l l i o n  

t imes  h i g h e r  t h a n  t h e  p e r m i s s i b l e  

d a i l y  i n t a k e  l i m i t  o f  pCi 

e s t a b l i s h e d  f o r  o c c u p a t i o n a l  exposu re  

by t h e  I n t e r n a t i o n a l  Commission 

on R a d i o l o g i c a l  P r o t e c t i o n .  

While  i t  cannot  be  c o n s i d e r e d  

proved  (nor  can  it e v e r  b e  proved  w i t h  
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TABLE 1. Far rowing  Per formance  o f  Swine I n g e s t i n g  ' O S ~  from Age 9  month^'^) 

Feeding B i r t h  Weaning 
Level  No. of L i t t e r  P e r c e n t  w t  , P e r c e n t  w t  , 

(pCi /day)  L i t t e r s  S i z e  S t i l l b o r n  g Weaned kg 

( a )  A l l  v a l u e s  e x p r e s s e d  w i t h  95% c o n f i d e n c e  i n t e r v a l s ,  e x c e p t  p e r c e n t  
s t i l l b o r n  where,  u s i n g  b i n o m i a l  d i s t r i b u t i o n  t a b l e s ,  no s i g n i f i c a n t  
d i f f e r e n c e s  were n o t e d  from c o n t r o l  v a l u e s .  

( b l  S i g n i f i c a n t l y  d i f f e r e n t  (P ~ 0 . 0 5 )  from c o n t r o l s .  ( A t t r i b u t e d  t o  r a d i a -  
t i o n  e f f e c t s  on m i l k  o u t p u t  o f  dam) 

TABLE 2 .  Far rowing  Per formance  o f  Swine Exposed t o  ' O S ~  
from Concept ion  ( a )  

Feeding  B i r t h  Weaning 
L e v e l ,  No. o f  L i t t e r  P e r c e n t  w t  , P e r c e n t  w t  , 

uCi/day L i t t e r s  S i z e  S t i l l b o r n  g Weaned kg 

( a )  A 2 2  v a l u e s  e x p r e s s e d  w i t h  95% c o n f i d e n c e  i n t e r v a l s ,  e x c e p t  
p e r c e n t  s t i l l b o r n  where ,  u s i n g  b i n o m i a l  d i s t r i b u t i o n  t a b l e s ,  no 
s i g n i f i c a n t  d i f f e r e n c e s  were n o t e d  from c o n t r o l  v a l u e s .  

( b )  S i g n i f i c a n t l y  d i f f e r e n t  (P ~ 0 . 0 5 )  from c o n t r o l s .  
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any amount of data) that no fetal or 

neonatal effects occurred in these 

animals, it can be most confidently 

stated that any such effects were of 

very minor significance compared to 

other effects observed. None of the 

second generation swine on 625 pCi/ 

day even survived to produce a third 

generation. There have been 73 cases 

of hematopoietic disorders in swine 

ingesting 'Osr, and two in controls. 

Significant increases in these dis- 

orders have occurred only in the 

125- and 625-pCi/day groups. Bone 

tumors have been seen in seven ani- 

mals of the 125- and 625-pCi/day 

groups. We would conclude from this 

study that possesses no uniquely 

hazardous characteristics not attri- 

butable to its radiation quality and 

metabolic behavior. As a predomi- 

nantly bone-seeking radionuclide, its 

effects will be manifest in bone and 

hematopoietic tissue and not in 

effects on fetal or neonatal mortality. 

In an effort to optimize the pro- 

duction of hematopoietic neoplasia in 
'Osr-fed swine, four sows were started 

on a regimen of 313-yCi/day. Platelet 
levels in these animals lie between 

those previously observed in the 125- 
and 625-pCi groups; neutrophil levels 

approach those of the 625-pCi group. 
Hematopoietic neoplasia may be ex- 

pected to develop in these animals 

within the next year. Of the 15 off- 

spring from these 313-pCi/day sows, 

only two have survived for 7 months. 
The 13 that died had clinical symptoms 

of the hemorrhagic syndrome similar 

to those encountered in 625-yCi/day 

offspring. On the basis of these re- 

sults, six sows were started on 

250 yCi gO~r/day, a level that hope- 

fully will permit survival of their 

offspring long enough to produce 

myeloproliferative disorders with a 

shorter induction period than encoun- 

tered with 125-yCi/day offspring. 

A significant effort this past year 

was placed on the study of leukocyte 

alkaline phosphatase (LAP) values in 

control swine and in those exhibiting 

hematopoietic disorders. The average 

for 57 normal adult swine was 200, 

compared to the reported human value 

of 46. Ninety percent of segmented 

neutrophils showed alkaline phosphatase 

activity, while only 35% of the band 

neutrophils showed activity. Age 

effects were not observed in healthy 

control animals 9 to 114 months 

of age. One case of chronic myelog- 
enous leukemia in a 25-yCi/day off- 

spring was thoroughly studied for 

18 months and demonstrated a marked 

depression in enzyme activity. In 

other myeloproliferative disorders, 

the two lowest values were observed in 

myeloid metaplasia. In myeloid leu- 
kemia the granulocytic variants were 

lowest, eosinophilic next, and the 

erythroid and myelomonocytic variants 
overlapped the control range. 
"Aleukemic" leukemia cannot be dis- 

tinguished from myeloid metaplasia on 
the basis of LAP scores. In myelomo- 

nocytic leukemia alkaline phosphatase 

activity is observed in granulocytes 

as immature as the myelocyte. It was 

concluded from this work that LAP 

scores are a valuable diagnostic aid 

if the following precautions are 

observed: 
Single terminal scores are 

invalid if hemolysis occurs, as 
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this may interfere with the and "two-hit" aberrations are produced 

reaction. in porcine chromosomes exposed to 

@ Pregnancy increases the LAP score. doses of 50 to 200 Tad. 

Infections and abscesses increase 

the LAP score. 

The presence of increased num- 

bers of basophils in peripheral 

blood decreases the LAP score. 

Differentials on alkaline phos- 

phatase smears are important, 

but calculated scores must be 

based on segmented neutrophils 

only. 

D O S I M E T R Y  S T U D I E S  

Investigators: 

R .  F .  Pa lmer ,  J .  M .  Thomas," 
C .  R. Watson" ana' J .  L .  Beamer 

Chromosome preparations were 

obtained from all ''ST swine that 

died or were sacrificed during the 

past year; metaphase spreads were ex- Miniature swine, ingesting 'OS~ 

amined from those animals that re- daily, were sacrificed at intervals 

ceived complete histopathologic ex- during the second half of gestation, 

amination. Except for nonspecific and thermoluminescent dosimeters were 

chromatid gaps and breaks, no con- implanted in critical tissues of the 

sistent aberrations were observed that fetuses. The dosimeters were exposed 

could be correlated with either the with the fetuses in place, in utero, 

disease state or the exposure of and with the fetuses exteriorized, and 

the animal. One control animal that 

died of a spontaneously occurring 

chronic granulocytic leukemia, eosino- 

philic type, showed an abnormality 

in both leukocyte cultures and in 

bone marrow preparations that was 

similar to the Philadelphia cl~romosome 
found in many humans with chronic 

granulocytic leukemia. This abnormal 

chromosome appeared to be a metacentric 

with a missing portion of either 

the short or long arms, giving rise 

to an apparent acrocentric. 

Preliminary results of an in vitro 

experiment to compare the responses 

of human and porcine chromosomes to 

either X-rays or 8-particles from 

9 0 ~ r - 9 0 ~  suggest that the behavior of 

the two species is qualitatively 

similar, but that fewer "one-hit" 

from such measurements it was deter- 

mined that the fetuses are irradiated 

from their own 9 0 ~ r - 9 0 ~  and not sig- 

nificantly from the 9 0 ~ r - 9 0 ~  of their 

dam. Applying these findings to the 

animals in the long-term 9 0 ~ r  toxicity 

study, cumulative skeletal radiation 
doses of about 50 rad were calculated 

for the fetuses of animals receiving 

125-pCi/day, and 400 mrad for fetuses 

of the 1-pCi/day animals. 

Thermoluminescence dosimeter 

measurements on periosteal and 

endosteal surfaces of femur diaphyses 

from two 125- and two 25-pCi/day off- 

spring animals averaged 67 + 5 (+  S.E.) 

* A p p l i e d  M a t h e m a t i c s  Depar tmen t  

* *  RadioZog icaZ  S c i e n c e s  
Depar tmen t  
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and 103 + 11%, respectively, of the 

average bone dose rates calculated 

for each bone from measured "Sr 

concentrations. Extension of these 

types of measurements to bones other 

than femurs is in progress. 

UTERINE-MILK EXPOSURE STUDY 

Investigators: 

B e a t r i c e  J .  McCZanahan, 
P a t r i c i a  L .  H a c k e t t  a n d  
J .  L .  Beamer  

This study was designed to deter- 

mine the effect of 'OS~ exposure at 

different stages of pre- and postnatal 

development on subsequent production 
of hematopoietic disorders. The heat 

periods of 20 sows were synchronized. 

Part of the animals were fed 125 pCi 

''sr/day until apparent equilibrium 

body burdens were attained. All 

were bred and the litters switched 

at birth to provide a total of 47 ani- 

mals in the following 'OSr exposure 

groups: uterine exposure only, uterine 

+ milk exposure, uterine + milk + sub- 

sequent radioisotope feeding exposure, 

milk exposure only, and milk + sub- 

sequent radioisotope feeding exposure. 

Except for these alterations, the same 
protocol was employed as was used in 

the 125-uCi/day chronic toxicity study. 

The animals in the two treatment 

groups receiving 125 pCi ''Sr/day 

subsequent to weaning are showing 

small but significant depressions in 

peripheral blood platelet levels. 

Clinically, all animals appear to be 

in good health at age 1 year. How- 

ever, in the group that received 

in milk only, four animals have 

maintained high serum alkaline phos- 

phatase levels as compared to their 
controls. Lack of correlation of 

these values with the glutamic- 

oxalacetic transaminase (SGOT), and 

glutamic-pyruvic transaminase (SGPT) 

values would seem to indicate that 

this alkaline phosphatase elevation 

is not of hepatic origin. It will be 

of interest to study alkaline phos- 
phatase isoenzymes and acid phosphatase 

concentrations in these animals. 
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R A D I A T I O i % - I N D U C E D  L E U K E M O G E N E S I S  I N  t 4 I I J I A T U R E  S W I N E  

Thus fal-, we have observed 72 cases of hematopoietic disorders anLong 

the swine or? our chronic ingestion study: 70 cases in irradiated pigs 

and two in control pigs. The spectrum of these disorders has ranged from 

myeloid metaplasia to granulocytic leukemia to lymphocytic leukemia, with 

hematologic variables in each group. These cases represent the lareest 

number of experimentally induced hematopoietic disorders ever produced in 

large experimental animals and afford an excellent model system for basic 

studies, not only on radiation-induced leukemia but also on the myelo- 

proliferative a ~ d  lymphoproliferative disorders cf man, and leukemogenesis 

in general. 

V I R A L  S T U D I E S  I N  M I N I A T U R E  S W I N E  -- 

Investigators : 

E .  B.  H o w a r d ,  M .  E.  F r a z i e r  
a n d  C .  C .  J a n n k e  

Technical Assistance: 

M a r i l y n  J .  B o t t o r f f  

Our objectives in this study are to 

isolate viruses from pigs with 'Osr- 

induced leukemia, identify the viruses, 

adapt them to tissue culture systems, 

and eventually to pass the viruses to 

immunologically depressed unirradiated 

animals in an attempt to transmit the 

leukemias. The study is also con- 

cerned with the detection of humoral 

factors in plasma and tissues from 

these leukemic animals, responsible 

for the induction or regulation of 

hemopoiesis. 

P U B L I C A T I O N S :  R A D I A T I O N - I N D U C E D  

L E U K E M O G E N E S I S  I N  M I N I A T U R E  S W I N E  

CLARKE, W .  J . ,  E .  B.  HOWARD, a n d  
P .  L .  HACKETT. " S t r o n t i u m -  9 0  I n d u c e d  
N e o p z a s i a  i n  S w i n e . "  I n :  C .  W .  M a y s ,  
e t  a l .  l e d .  ) D e l a y e d  E f f e c t s  o f  
B o n e - S e e k i n g  R a d i o n c u Z i d e s .  U n i v e r -  
s i t y  o f  U t a h ,  p p .  2 6 3 - 2 7 7 .  1 9 6 9 .  

HOWARD, E. B . ,  C. C. JANNKE,  a n d  
W .  J .  CLARKE. " S t i m u Z a t i o n  o f  P o r c i n e  
S p l e n i c  C u Z t u r e s  b y  a R a d i a t i o n - I n d u c e d  
L y m p h o i d  L e u k e m i a  F i  Z t r a t e :  A P r e Z i r n -  
i n a r y  R e p o r t .  " A m .  J .  V e t .  R e s . ,  
Val. 3 0 ,  p p .  4 2 3 - 4 2 8 .  1 9 6 9 .  

Viruses have been isolated from 

three miniature swine with myelogenous 

leukemia and have been identified 

as adenoviruses. However, in addition 

to these adenoviruses, we continue to 

see "C" type particles in preparations 

from these and other leukemic swine. 

We currently suspect that the leuke- 

mogenic agent is the "C" type par- 

ticle and that the adenoviruses are 

contaminating or helper viruses. 
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E f f o r t s  t o  s e p a r a t e  t h e  adenov i ru s  

from t h e  "C" t y p e  p a r t i c l e  have been  

u n s u c c e s s f u l ,  i n d i c a t i n g  t h e  p o s s i b l e  

r o l e  t h i s  v i r u s  i s  p l a y i n g  i n  t h e  

leukemogenic p r o c e s s .  

At tempts  t o  t r a n s m i t  t h e  leukemia 

t o  newborn mice by means of t i s s u e  

c u l t u r e  p r e p a r a t i o n s ,  v i r a l  i s o l a t e s ,  

and f r e s h  plasma from leukemic swine  

have  been  i n c o n c l u s i v e .  Such a t t e m p t s  

w i l l  c o n t i n u e  w i t h  c r o s s  t r a n s m i s s i o n  

s t u d i e s  i n  immunologica l ly  d e p r e s s e d  

c a t s  and swine .  

V I R A L  S T U D I E S  I N  C A T S  

I n v e s t i g a t o r s :  

E .  B .  Howard,  M .  E .  F r a z i e r ,  
R .  F .  P a l m e r  a n d  J .  L .  Beamer 

T e c h n i c a l  A s s i s t a n c e :  

L i n d a  C.  S m i t h  

The f e l i n e  " S r - v i r a l  leukemogenesis  

p r o j e c t  was s t a r t e d  d u r i n g  t h e  p a s t  

y e a r  t o  p r o v i d e  a  b e t t e r  sys tem f o r  

s t u d y i n g  t h e  p o s s i b l e  v i r a l  r e l e a s e  o r  

a c t i v a t i o n  i n  an  an imal  c h r o n i c a l l y  

exposed t o  ''Sr. The s o - c a l l e d  "stem- 

c e l l "  l eukemias  o c c u r r i n g  i n  some of 

t h e  swine of  ou r  c h r o n i c  'OSr f e e d i n g  

expe r imen t  a r e  i n  many r e s p e c t s  

comparable  t o  t h e  spon taneous  " r e t i c u -  

l o s i s  o r  r e t i c u l o - e n d o t h e l i o s i s "  t h a t  

o c c u r s  w i t h  some f r equency  i n  c a t s .  

Bone marrow d y s c r a s i a ,  g e n e t i c  p r e -  

d i s p o s i t i o n ,  and v i r a l  a c t i v i t y  a r e  

c o n s i d e r e d  t o  be  i nvo lved  i n  t h e  

e t i o l o g y  and p a t h o g e n e s i s  o f  t h i s  

d i s e a s e .  The c a t  h a s  t h e  a d d i -  

t i o n a l  advan t ages  o f  a  s h o r t e r  g e s -  

t a t i o n  p e r i o d  and a  lower ma in t enance  

c o s t  when l a r g e  e x p e r i m e n t a l  numbers 

a r e  n e c e s s a r y .  

F o r t y  queens and f o u r  toms have  

been  pu rchased  and w i l l  b e  b r e d  a s  

t h e y  come i n  s ea son .  The f ema le  o f f -  

s p r i n g  ( e v e n t u a l l y  100 a n i m a l s )  w i l l  

b e  d i v i d e d  i n t o  f i v e  e x p e r i m e n t a l  

g roups  a s  f o l l o w s :  

1. Twenty k i t t e n s ,  d e r i v e d  from 

" s r - f e d  queens ,  and p l a c e d  on 

'OSr f e e d i n g  a t  weaning.  

2 .  Twenty k i t t e n s ,  d e r i v e d  from 

"Sr- f e d  queens ,  i n o c u l a t e d  

w i t h  f e l i n e  leukemia  v i r u s  a t  

b i r t h ,  and p l a c e d  on 'OSr a t  

weaning.  

3. Twenty k i t t e n s ,  d e r i v e d  from 

"Sr- fed  queens  t h a t  were  

i n o c u l a t e d  w i t h  f e l i n e  leukemia  

v i r u s  a t  mid-pregnancy.  The 

k i t t e n s  w i l l  b e  p l a c e d  on 

a t  weaning.  

4 .  Twenty k i t t e n s  from queens  n o t  

f e d  t h e  k i t t e n s  w i l l  b e  

i n j e c t e d  w i t h  f e l i n e  leukemia  

v i r u s  a t  b i r t h  and w i l l  n o t  be  

f e d  

5 .  Ten k i t t e n s  from queens  n o t  f e d  

''ST; t h e  k i t t e n s  w i l l  b e  k e p t  

a s  c o n t r o l s  f o r  hemato logy ,  

c h e m i s t r y ,  and h i s t o l o g y .  

I n  a  p i l o t  s t u d y ,  s e v e n  k i t t e n s  were 

p l a c e d  on a  f e e d i n g  regimen of  1 pCi 

'OSr/day a t  4 o r  1 5  days  pos tweaning .  

The an ima l s  were s a c r i f i c e d  a t  2 8 ,  63 ,  

93 ,  139 ,  and 180 days  of  'OSr f e e d i n g .  

Un l ike  swine  of comparable  m a t u r i t y ,  
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none of  t h e  c a t s  a t t a i n e d  an  e q u i l i -  

br ium l e v e l  o f  9 0 ~ r  i n  t h e i r  s k e l e t o n s .  

These d a t a  were used  t o  e s t i m a t e  t h e  

r a d i a t i o n  dose  t h a t  w i l l  be d e l i v e r e d  

t o  t h e  s k e l e t o n  of  k i t t e n s  born  t o  a  

queen i n g e s t i n g  2 pCi 'Osr/day, and 

who w i l l  r e c e i v e  0 . 5  pCi ' 'sr/day from 

weaning t o  90 days  of  a g e ,  1 pCi/day 

from 90 t o  180 days  of  a g e ,  and t h e n  

2 vCi/day f o r  t h e  r e s t  o f  t h e i r  l i v e s .  

By 180 days  o f  a g e ,  t h e  c a t ' s  s k e l e -  

t o n s  w i l l  have accumula ted  a  dose  o f  

abou t  800 r a d ,  w i t h  a  dose  r a t e  a t  

t h a t  age  of 1 3  rad /day .  A t  300 days  
o f  a g e ,  t h e s e  v a l u e s  w i l l  approximate  

3500 r a d  and 3 2  r a d / d a y ;  by 450 d a y s ,  

9500 r a d  and 50 r a d / d a y .  
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I N H A L A T I O N  S T U D I E S  

This project emphasizes the biology of inhaled plutonium and other alpha 

emitters. It is concerned with answering several major questions: 

What are the consequences of inhaling plutonium or other alpha emitters, 

and what are the biological responses and the dose relationships? 

By what parameters are potential human exposures recognized and evaluated 

in terms of the hazard to the individual? 

What are effective therapy procedures for removing inhaled radionuclides 

from the body? 

To answer these questions, a variety of investigations are included in this 

project, some at a quite basic level. Progress on these investigations is 

summarized in the reports which follow. Several major long-term studies of 

biological effects that have grown out of this project are covered in 

separate projects: "Low-Level Plutonium Inhalation Studies in Beagle Dogs," 

"Inhalation Hazards to Uranium Miners - Biological Studies," and "Space 
Nuclear Systems Studies." 
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C H R O N I C  E F F E C T S  O F  I N H A L E D  239~u02 

I N  B E A G L E S  

Investigators: 

J .  F .  P a r k ,  E .  B .  Howard 
a n d  W. J .  B a i r  

Technical Assistance: 

L .  R .  R i c h a r d s o n  

The long-term study of the bio- 

logical effects of inhaled 239~u02 

in beagle dogs is in its eleventh 

year. Of 40 exposed dogs, 30 have 

died and five were sacrificed for 

tissue distribution data. Twenty-two 

dogs which have come to autopsy had 

multiple primary pulmonary tumors. 

All 15 of these dogs that survived as 

long as 54 months postexposure had 

lung tumors. The lowest plutonium 

lung burden associated with a tumor 

was 0.05 pCi at death 9 years after 
exposure. 

The tumors in the lungs of all the 

dogs were classified as bronchiolar 

adenocarcinomas. In addition to 

bronchiolar carcinomas, one dog had 

bronchial carcinoma, five dogs 

epidermoid carcinoma, two dogs lymph- 

angiosarcomas and one dog a capil- 

lary hemangioma. Two of the dogs that 

died developed secondary pulmonary 

osteoarthropathy related to the 

pulmonary lesions. 

In addition to pulmonary lesions, 

the tracheobronchial and mediastinal 

lymph nodes were severely damaged 

with nearly complete replacement by 

P U B L I C A T I O N S :  I N H A L A T I O N  S T U D I E S  

B A I R ,  W .  J .  a n d  V .  H .  SMITH,  R a d i a -  
t i o n  C o n t a m i n a t i o n  a n d  R e m o v a l .  I n :  
A .  M .  F r a n c i s  D u h a m e l  ( e d .  ) Pro 
g r e s s  i n  N u c l e a r  E n e r g . 1 ,  P e r g a m o n  
P r e s s .  S e r i e s  XII, v o l .  2 ,  
p p .  1 5 7 - 2 2 3 .  1 9 6 9 .  

B A I R ,  W .  J . ,  N. S .  PORTER, D. P. 
BROWN, a n d  A. P .  WEHNER. " A p p a r a t u s  
f o r  D i r e c t  I n h a l a t i o n  o f  C i g a r e t t e  
S m o k e  b y  D o g s , "  J .  A p p l i e d  P h y s i -  
o l o g y ,  v o Z .  2 6 ,  p p .  8 4 5 - 8 5 0 .  1 9 6 9 .  

B A I R ,  W .  J .  " I n h a l a t i o n  o f  R a d i o -  
n u c l i d e s  a n d  C a r c i n o g e n e s i s .  " P r o -  
c e e d i n g s  o f  t h e  C o n f e r e n c e  o n  
I n h a l a t i o n  ~ a r c i n o g e n e s i s ,  
G a t l i n b u r g ,  T e n n e s s e e ,  O c t o b e r  8 - 1  1 ,  
1 9 6 9 .  ( I n  P r e s s  1 9 7 0 1 .  

PARK, J .  F .  a n d  E .  B .  HOWARD. 
" A c u t e  E f f e c t s  on I n h a l e d  2 3 8 ~ ~ 0 2  i n  
B e a g l e  D o g s ,  " H e a l t h  P h y s i c s ,  
v o l .  1 7 ,  p .  3 8 2 .  1 9 6 9 .  ( A b s t r a c t ) .  

SANDERS ,  C .  L .  " F a c t o r s  I n f l u e n c i n g  
t h e  R e m o v a  Z o f  I n h a l e d  2 3 9 ~ ~ 0 ~  
P a r t i  c l e s  b y  P u l m o n a r y  W a s h i n g ,  " 
T o x i c o  l o g y  a n d  A p p l i e d  P h a r m a c o  l o g y ,  
v o l .  1 4 ,  p .  6 3 7 .  1 9 6 9 .  ( A b s t r a c t ) .  

SANDERS,  C.  L . ,  P .  J .  DIONNE,  R .  R .  
ADEE, a n d  D .  L .  SHERRELL .  " R o l e  o f  
t h e  P u l m o n a r y  M a c r o p h a g e  i n  D e t e r -  
m i n i n g  t h e  E a r l y  D i s t r i b u t i o n  o f  
A l p h a  D o s e  f r o m  I n h a l e d  P l u t o n i u m  
P a r t i c l e s ,  " R a d i a t i o n  R e s . ,  
v o l .  3 9 ,  p .  4 7 8 .  1 9 6 9 .  ( A b s t r a c t ) .  

SANDERS ,  C .  L .  n T h e  B i o l o g i c a l  
B e h a v i o r  o f  2 3 9 ~ ~ 0 ~  P a r t i c l e s :  R o l e  
o f  t h e  P e r i  t o n e a Z  Mononuclear  P h a g o -  
c y t e ,  " R a d i a t i o n  R e s . ,  v o l .  3 8 ,  
p p .  1 2 5 - 1 3 9 .  1 9 6 9 .  

SANDERS ,  C .  L .  " T h e  D i s t r i b u t i o n  
o f  I n h a l e d  P l u t o n i u m - 2 3 9  D i o x i d e  P a r -  
t i c l e s  w i t h i n  P u l m o n a r y  M a c r o p h a g e s , "  
A r c h .  E n v i r o m e n t a l  H e a l t h ,  v o z .  1 8 ,  
p p .  9 0 4 - 9 1 2 .  1 9 6 9 .  
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scar tissue and metastatic tumors. 

One dog had a lymphagiosarcoma and 

two dogs capillary hemangiomas in the 

mediastinal lymph nodes. One dog 

showed lymphoma in the mesenteric and 

mandibular lymph nodes. The hepatic 

lymph nodes were also fibrotic, with 

lymphoid necrosis. 

Several aging control dogs were 

euthanized for histopathological 

comparison to the exposed dogs. Anal- 

ysis of hematology data indicated that 

dogs surviving for 93 months after ex- 

posure to 2 3 9 ~ ~ ~ 2 ,  with b ~ d y  burdens 

of 0.2 to 1.0 yCi, continue to show 

lymphopenia compared to controls of 

similar age. The absolute lymphocyte 

count of the exposed dogs was 1.5 
3 

2 0.3 x 10 /mm3 (95% confidence inter- 
3 3 val) compared to 2.5 2 0.2 x 10 /mm 

for the controls. 

Since the last report, plutonium 

analyses have been completed on four 

dogs euthanized when death was immi- 

nent due to pulmonary neoplasia, 85 to 
110 months after plutonium inhalation 

(Tables 1 and 2). The estimated 

initial alveolar deposition ranged 

from 0.6 to 1.8 pCi. The terminal 

body burdens were 0.4 to 1.4 v C i  with 

7 to 21% retained in the lungs, 41 

to 56% in the tracheobronchial and 

mediastinal lymph nodes, 16 to 23% 

in the liver, 5 to 10% in the skeleton, 

6 to 10% in the abdominal lymph nodes 

and 1.4 to 1.6% in the spleen. The 

lymphatic system contained 52 to 66% 

of the total plutonium retained in 

P U B L I C A T I O N S  (contd) 

SANDERS, C .  L .  and  R.  D .  ADEE. "The  
U l t r a s t r u c t u r e  o f  M o n o n u c l e a r  
P h a g o c y t e s  Fo i l o w i n g  I n t r a p e r i  t o n e a i  
A d m i n i s t r a t i o n  o f  2 9 ~ ~ 0 ~  P a r t i c l e s ,  " 
J .  R e t i c u Z o e n d o t h e l .  S o c . ,  v o l .  6 ,  
pp.  2 -23 .  1969 .  

STUART, B.  0 .  "The  R e t e n t i o n ,  D i s -  
t r i b u t i o n  and  E x c r e t i o n  o f  I n h a l e d  
1 0 6 ~ u - 1 0 6 ~ h 0 2  i n  B e a g l e  Dogs,  
H e a l t h  P h y s i c s ,  v o Z .  1 7 ,  p .  3 8 4 .  
1969.  ( A b s  t r a c t ) .  

TOMBROPOULOS, E. G . ,  W .  J .  BAIR, and 
J .  F. PARK. "RemovaZ o f  I n h a l e d  
1 4 4 ~ e - 1 4 4 ~ ~  O x i d e  b y  D i e t h y Z e n e t r i -  
a m i n e p e n t a a c e  t i c  A c i d  (DTPA) T r e a t -  
m e n t .  I .  1 4 4 ~ e - 1 4 4 ~ r  O x i d e  P r e p a r e d  
by  P e r o x i d e  O x i d a t i o n ,  " H e a l t h  
P h y s i c s ,  v o l .  26 ,  pp .  3 3 3 - 3 3 8 .  1969 .  

WEHNER, A. P.  " E Z e c t r o - A e r o s o i s ,  
A i r  I o n s  and P h y s i c a Z  M e d i c i n e , "  Am. 
J .  P h y s i c a l  M e d i c i n e ,  v o Z .  4 8 ,  
p p .  1 1 9 - 1 4 9 .  1969 .  

WEHNER, A. P. " E f f e c t  o f  E l e c -  
t r o - A e r o s o l  I n h a l a t i o n  on Pu lmonary  
CZearance  o f  2 3 9 ~ u ~ 2  i n  R a t s ,  " 
I n t e r n a t .  J .  B i o m e t e o r . ,  S u p p l e m e n t  
t o  v o Z .  13 ,  p .  93 .  ( A b s t r a c t ) .  

these animals. The hepatic lymph 
nodes contained nearly all of the plu- 

tonium in the abdominal lymph nodes. 

The highest concentration occurred 

in the tracheobronchial or mediastinal 

lymph nodes followed in descending 

order by hepatic lymph nodes, lungs, 

liver, other lymph nodes, spleen 

and skeleton. These results emphasize 
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TABLE 1. Plutonium Distribution in Dogs 85 to 110 Months After 
Inhalation of 239~u02 

Plutonium Distribution 
(Percent of Terminal Body Burden) 

Survival, Terminal 
Months Body Thoracic Abdominal 

Dog After Burden, Lymph 
Number Exposure uCi Lungs Liver Skeleton Nodes 

Lymph 
-- Nodes Spleen 

TABLE 2. Plutonium Concentration in Dog Tissues 85 to 110 Months 
After Inhalation of 2 3 9 ~ ~ 0 ~  

P l u t o n i u m  C o n c e n t r a t i o n  (pCi P e r  Gram Wet T i s s u e )  

S u r v i v a l ,  T e r m i n a l  
Months Body T h o r a c i c  Abdominal O t h e r  

Dog A f t e r  Burden ,  Lymph Lymph 
Number Exposure  p C i  Nodes 

Lymph 
Nodes Lungs L i v e r  Nodes S p l e e n  S k e l e t o n  

the increasing importance, with the 

passage of time, of the lymphatic 

system as a possible critical tissue. 

The livers of several dogs were 

divided along their anatomical fis- 

sures and each sample analyzed to 

determine the gross distribution of 

plutonium in the liver. Concentra- 

tions varied by about a factor of 

two between the highest and lowest 

lobe in a dog. This information is 

of significance to the interpreta- 

tion of analyses on human liver 

tissue collected at postmortem. 

Of the five surviving dogs in this 

experiment, two show radiographic 

evidence of pulmonary neoplasia. 
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C O M P U T E R  S I M U L A T I O N  O F  T H E  K I N E T I C S  

A N D  D O S I M E T R Y  O F  I N H A L E D  P L U T O N I U M  

Investigators: 

B .  0 .  S t u a r t ,  C. L .  S a n d e r s ,  
W .  J .  B a i r  and P .  J .  Dionne* 

Additional data on the distribu- 

tion of plutonium in beagle dogs 

sacrificed up to 9 years after expo- 

sure were incorporated into the 

simulation model for inhaled 239~u02. 

This model, to date, suggests a 

biphasic pattern of slow clearance 

from the pulmonary lung, with a long- 

term component of 4-year half-time. 

The model indicates that tracheo- 

bronchial lymph nodes may attain 60% 

of the initial slow pulmonary compon- 

ent; liver burdens may reach 15 to 20% 

at times up to 15 years after expo- 

sure; skeletal burdens rise to 5 or 

6%. The model is being modified to in- 

corporate cumulative doses in pulmonary 

and systemic organs based upon daily 

low-level exposures, to provide a more 

realistic evaluation of current MPC 
levels and to provide insight into re- 

actor siting problems. Extrapolation 

of the accumulation of chronically 

inhaled 2 3 9 ~ ~  in various tissues over 

20 or more years suggests a plateau- 

ing of lung burdens at about 12 

times the yearly pulmonary deposition. 

Tracheobronchial lymph nodes, liver 

and skeletal burdens continue to rise 

almost linearly, reaching 10 times, 

* C o n t r o l  and I n s t r u m e n t a t i o n  
Department  

2 times and 0.6 times the yearly 
pulmonary deposition by the end 

of 20 years. 

Further studies on the distribution 

of radiation dose around an inhaled 

plutonium particle were carried out 

using a computer simulation technique. 

Over 50% of the available a energy 
from one plutonium particle is ab- 

sorbed within the tissue equivalent of 

one alveolus. The average penetration 

distance of an a particle in the 

alveolar region is 100 pm, with ranges 

of 48 to 270 pm observed. About 45 

alpha emissions are required to re- 

sult in a "reproductive death" of 63% 

of the nuclei in a two-dimensional 

section of a "typical alveolus." The 

number of a emissions required for a 
D37 dose is much higher in a three- 

dimensional array with over a thousand 

cells at risk. Significant alveolar 

damage around a particle would only 

be expected if a high enough alpha 

flux was produced to overwhelm the nor- 

mal reparative and cellular renewal 

processes of alveolar epithelium and 

endothelium. 

U N I L A T E R A L  P U L M O N A R Y  D E P O S I T I O N  S T U D I E S  

Investigators: 

J .  F .  Park and R .  L .  Amster  

Technical Assistance: 

M. D .  S n y d e r  

Six beagle dogs were exposed to 

aerosols of 2 3 9 ~ u ~ 2  thr~ugh a bron- 

chial catheter which deposited pluton- 

ium in only one side of the lung. The 
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total quantity deposited, as estimated 

from in vivo counting, ranged from 50 

to 100 pCi. Lymphopenia developed 

promptly in all animals. 
Thirty days postexposure, the por- 

tion of the lung with the plutonium 

burden was surgically removed. One 

year after this surgery there was no 

indication that the lymphocyte count 

was returning toward normal. Lymph- 

ocyte count in the dogs surgically 

relieved of their plutonium burdens 
3 3 was 0.45 + 0.3 x 10 /mm , and in the 

nonrelieved dogs was 0.42 + 0.3 x 
3 10 /mm3. as com~ared to 2.26 + 3 x 
3' 10 /mm3 in surgically relieved con- 

trols. In vivo counting indicated 

thorax burdens of 3 to 4 pCi in the 

surgically relieved dogs and 20 to 

50 pCi in the nonrelieved dogs. The 

pathological response in the exposed 

lung was observed radiographically. 

One year postexposure, the exposed lung 

shows severe fibrosis compared to the 

contralateral control lung in the same 

animal (Figure 1). 

One dog was euthanized 6 months 

after exposure, 5 months after surgi- 

cal removal of the left lung, which 

contained 42 pCi of plutonium. The 

final body burden was 3.9 pCi with 51% 
in the thoracic lymph nodes, 46% in 

the remaining lung, 1% in the liver, 

1% in all other tissues. Since some 

plutonium was retained in the lung, 

it is not clear whether the continu- 

ing lymphopenia is due to the lung or 

lymph node burden. The thoracic 

lymph nodes in the remaining animals 

Neg 702183-2 

FIGURE 1. Thoracic Radiograph of a 
Dog Showing Severe Unilateral Pulmo- 
nary Fibrosis 1 Year After Deposi- 
tion of Approximately 100 pCi 239~~02 
on the Right Lung 

will be removed and lymphocyte values 

compared prior to sacrifice. 

This technique should prove valu- 

able in future studies. Exposures 

at lower dose levels should help to 

elucidate the mechanism of lympho- 

penia production. Use of this tech- 

nique will make possible the study 

of tumor production at dose levels that 

would normally kill the dog in a few 

weeks due to radiation pneumonitis. 
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P U L M O N A R Y  C A R C I N O G E N E S I S  S T U D I E S  I N  

R A T S  

Investigator: 

C. L .  S a n d e r s  

Technical Assistance: 

T h e  Zma J a c k s o n  

This is a report of very prelim- 

inary observations on the effect of 

dose distribution on the carcinoge- 

nicity of plutonium in the lung of 

rats. Sixty-nine rats were injected 

through the thoracic wall, into the 

lung, with 0.7 pCi 239~u02 (0.25 pm, 

CMD). About 0.2 pCi of this pluton- 

ium was retained in the lung during 

the interval from 27 to 400 days after 

injection. During this interval, 

about half of the animals were sacri- 

ficed for study of plutonium distribu- 

tion and histopathology. Injected 

particles initially form a pocket of 

intense radioactivity in the lung. 

Later, these particles may spread 

peripherally near the surface of the 

lung and into adjacent lobes. Hyper- 

plasia and fibrosis were observed in 

areas of highest plutonium 

concentration. 

Twenty-seven rats were sacrificed 
at 400 days postinjection. In 11 

of these animals, the plutonium was 

fairly evenly dispersed throughout 

the lung. None of these animals 

showed metaplasia or neoplasia. Six- 

teen of the animals showed localization 

of greater than 90% of the plutonium 

in less than 10% of the lung volume. 

These animals showed severe fibrosis 

in the areas of plutonium deposition. 

Metaplasia was observed in these fi- 

brotic areas in 10 of the rats. Neo- 

plastic lesions, including an 

endothelioma, adenocarcinomas, and 

epidermoid carcinomas, were seen in 

5 of the rats with localized plutonium 

deposits. The tumors arose from the 

margins of the fibrotic zones and 

extended into unirradiated areas of 

the lung. It was estimated that from 

1 to 6 x 10' rads were delivered 

to the isolated pockets of lung tissue 

from which the cancers arose. These 

results suggest that concentration 

of the dose in a functionally insig- 

nificant fraction of the lung is 

considerably more hazardous than 

spreading the same total amount of 

activity throughout the lung. 

Investigators: 

C .  L .  S a n d e r s  a n d  R .  R .  A d e e  

Technical Assistance: 

T h e l m a  J a c k s o n  

The ultrastructural response of 

the lung to inhalation of 1 to 2 pCi 

239~u02 was investigated. Light and 

electron microscopic autoradiography 

were used to identify plutonium par- 

ticles. Particles were engulfed by 

Type I alveolar epithelium within a 



few hours after exposure (Figure 2). alveolar epithelium cells was ini- 

Many similarities were observed be- tially increased and there was a 

tween previous electron microscope change in the structure and type of 

studies on radiation pneumonitis from inclusions found in these cells. 

external radiation and this study There was a marked accumulation of an 

with plutonium. The number of Type I1 exudate in the air space, comprised 

FIGURE 2 
Engulfed 
exposure 

. Electron Micrographs Showing Inhaled 2 3 9 ~ ~ ~ 2  Particles 
by Type I Alveolar Epithelial Cells [(a) 60 min post- 
(b) 90 min postexposure, (c) 7 days postexposure; 

AS = air space, Ep = epithelium, BM = basement membrane, En = 
endothelium, Cp = capillary, E = erythrocyte, arrow indicates 
plutonium particle] L 
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of phospholipid residual material, 

surfactant-like material and protein. 

This coincided with a large increase 

in alveolar macrophages of histocytic 

appearance, often occluding the entire 

air space of some alveoli. Loss of 

endothelium and replacement with 

fibrin and collagen was seen along 

with greatly increased numbers of 

septal cells. Edema, cytoplasmic 

fragmentation, mitochondria damage, 

loss of endoplasmic reticulum, were 

usual findings in pulmonary cells. In 

the latter stages, a large increase 

in tissue mast cells and plasma cells 

was observed, with the mast cells be- 
ing associated with septal cells and 
collagen fibrils in the walls. The 

radiation pneumonitis was character- 

ized by extensive loss of endothelium, 

fibrosis, edema with fluid and pro- 

tein accumulation in the alveoli. 

T H E R A P E U T I C  R E M O V A L  O F  I N H A L E D  

P L U T O N I U M  

Investigator: 
J .  V .  DiZZey 

Technical Assistance: 
K. E. McDonaZd 

appeared to show some effectiveness. 

Diamox, Diuril and Miltown decreased 

the rat lung burden but increased the 

translocation to other tissues. When 

the animals were treated with these 

drugs in combination with DTPA the 

systemic burden was reduced 45 to 

90% in each group and the lung burden 

was decreased as much as 25 to 50% 

in the Diamox+DTPA and Diuril+DTPA 

groups. Miltown+DTPA did not de- 

crease the lung burden. These studies 

suggest that the primary drug treat- 

ment is somehow responsible for 

making the inhaled Z39~u02 available 

for chelation by DTPA. 

P R O M E T H I U M  O X I D E  I N H A L A T I O N  S T U D I E S  

Investigator: 

B .  0. S t u a r t  

Technical Assistance: 

J .  C .  Gaven 

Some long-term results have be- 

come available from three dogs exposed 

to aerosols of 147~m203 calcined at 

750 OC and from one dog exposed to 

147~m203 dissolved and recalcined at 

750 OC (Table 3). Four years after 

Forty therapeutic agents have initial alveolar deposition of 1 to 

been tested in continuing studies of 2 pCi of 147Pm2~3, all dogs retained 

the removal of inhaled 2 3 9 ~ u ~ 2  from about 20%. The dogs exposed to cal- 

the lungs of rats. Promazine HCL, cined 147Pm2~3 retained only 2 to 3% 

Halotestin, Estradiol, Diuril, Phener- of the final burden in the lungs, and 

gan, Progesterone, Diamox and Miltown, less than 1% in the tracheobronchial 
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TABLE 3. Promethium Distribution in Beagle Dogs After Inhalation of 1 4 7 ~ m 2 ~ 3  

Initial Terminal Percent Total Body Burden at Sacrifice 
Years Alveolar Body 

Dog After Burden, Burden, 
No. Material Exposure uCi L C I  Lungs TBLN* Liver Skeleton Muscle Kidneys Spleen - 

364 Calcined 4 1060 240 2 0.08 34 5 6 4 1 0.04 
Oxide 

366 Calcined 4 1220 260 3 0.06 39 4 9 3 1 0.03 
Oxide 

382 Calcined 4 1710 380 2 0.03 29 5 9 5 1 0.05 
Oxide 

374 Recalcined 3.7 1190 2 2 0 30 13 18 2 9 3 1 0.04 
Oxide 

* T r a c h e o b r o n c h i a Z  Lymph N o d e s  

and mediastinal lymph nodes; 50 to slight proliferation of the epithelium 

60% was in the skeleton, 30 to 40% from several small bronchiols . The 

in the liver and 3 to 5% in the muscle. lungs and lymph nodes from dogs that 

The dog exposed to recalcined 147~m203 inhaled the non-recalcined oxide at 

retained 30% of the plutonium in the similar doses and retained less than 

lungs, 13% in the tracheobronchial 3% after 4 years, showed no signifi- 

and mediastinal lymph nodes, 29% in cant lesions. Histopathology of liver 

the skeleton, 18% in the liver and 3% and skeleton is not completed. 

in the muscle. A greatly increased 

pulmonary retention of the recalcined 

material is evident together with a 
much greater translocation to, and B I O C H E M I S T R Y  OF P U L M O N A R Y  T I S S U E S  

retention in, the tracheobronchial 

lymph nodes. Chemically identical 

substances may differ markedly in 

their pulmonary behavior, dependent Investigator: 

on minor changes in physical composi- E. G. TornbropouZos 

tion. Technical Assistance: 

Tracheobronchial lymph nodes of A. J a c q u e Z i n e  C z a r y  

the dog exposed to recalcined 147~m203 

showed proliferation of basophilic 

plasma cells, total lymph node necrosis 

in some nodes,and much replacement by Lung lipid content has been shown 

fibrous connective tissue. Four years to increase 24 hr after X-irradiation. 

after alveolar deposition of 1200 pCi Lung mitrochondria derived from thoracic 

the lung showed slight to moderate X-irradiated animals incorporated more 
hypertrophy of small bronchiolar muscle, 14c from palmitate into lecithin, 

foci of fibrous proliferation, and a triglycerides, monoglycerides, and 
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diglycerides, between 14 and 24 hr 

postexposure, than did mitochondria 

derived from control animals. The 

microsomal fraction did not show this 

stimulation. 

In experiments designed to elu- 

cidate the pathway of lung lecithin 

synthesis, lung mitochondria, lung 

microsomes,and slices of lung tissue 

were incubated with (ble-14c) choline, 
14 (1, 2 -  C) phosphorylcholine, 

(M~-'~c) methionine, and (u-14c) 
ethanolamine (Table 4). The optimal 

conditions for incorporation of the 

above components by the subcellular 

fraction were determined. These 

studies showed that lung subcellular 

fractions incorporate 14c from choline 

into lecithin mostly by exchange reac- 

tions and to a lesser degree by the 

CDP-choline pathway. The ethanola- 

mine pathway is also operative in 

lung tissue, but is of only minor 

importance. 

Experiments using gas chromoto- 

graphy indicate that palmitate is in- 

corporated into lecithin almost 

exclusively as a whole molecule without 

prior elongation or unsaturation. 

Lung washings collected immedi- 

ately prior to euthanasia, from dogs 

with radi0graph.i~ evidence of plu- 

tonium-induced pulmonary neoplasia, 

showed no significant difference in 

surface tension measured with a sur- 

face tension balance. Methods were 

outlined to measure lipid composition 

of lung washings and to study the 

relationship of different classes of 

lipids, their fatty acid composition 

and surface tension activity. 

TABLE 4. Incorporation into Lecithin 
of 1 4 C  from Nitrogenous Bases and 
Methyl Donors by Lung Subcellular 
Fractions 

Nanomoles o f  1 4 C  compounds i n -  
c o r p o r a t e d  p e r  mg o f  i n c u b a t e d  

p r o t e i n  by: 

M i t o c h o n d r i a  Microsomes S l i c e s  

Chol ine  
( ~ e - 1 4 ~ )  0.75 1 . 2  1 . 6  

Phosphory l -  
c h o l i n e  
( 1 , 2 - 1 4 ~ )  

Ethano- 
l amine  
( U L - 1 4 ~ )  

Methio-  
n i n e  
(Me- 1 4 ~ )  0.14 0.22 0.20 

A E R O S O L  T E C H N O L O G Y  S T U D I E S  

Investigator: 

D. K. C r a i g  

An examination of the character- 

istics of an aerosol as determined by 

several types of sampling instruments 

was initiated. It was shown, for 

example, that the particle size dis- 

tribution obtained from a thermal 

precipitator sampling at 20 ml/min 

was significantly different from that 

obtained from a point-to-plane elec- 

trostatic precipitator sampling at 

100 ml/iilin if the aerosol contaiaed 

a significant number of particles 
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greater than 1 pm in diameter. Cali- 
f R E S P I R A B L E  A E R O S O L :  OUT 

I I 
bration work on a range of sampling 

devices, including the above two types 

of precipitators, and the Mercer, 

Casella and Andersen cascade impactors 

was initiated. Rotameters used to 

measure the volume of air drawn 

through aerosol samplers can be in 

error by several hundred percent if 

there is a significant pressure drop 
across the sampling devlce. A method 

was derived for correcting the indi- 

cated flow. 

Techniques for the generation of 

monodispersed aerosols were surveyed, 

and it was concluded that the most 

promising methods for plutonium aero- 

sols would be: (a) a spinning disk 

generator, for the size range 0.5 um 

to 10 pm, using a plutonium dioxide 

or a plutonium nitrate colloid as feed 

material; and (b) a vaporization- 

condensation technique for the size 

range 0.01 to 0.5 pm, using plu- 

tonium metal as the source material 

in an atmosphere of helium. The gen- 

eration of constant concentrations of 

aerosols, suitable for chronic inhala- 
tion experiments, from dry powders of 

various materials was investigated in 

some detail. A cyclone (Figure 3) 
was designed for insertion between the 

aerosol generator and the exposure 

chamber. It was shown to be effective 

in removing non-respirable particles 

from the aerosol, eliminating all 

aerodynamic equivalent spheres greater 

than the sizes shown in Table 5 for 

various flow rates. 

AEROSOL FROM 

G E N E R A T O R :  1  

N O N R E S P I R A B L E  
F R A C T I O N  O F  

- 
1 i n .  
S C A L E  

FIGURE 3. Cyclone Used as an 
Elutriator to Remove Non- 
respirable Particles from the Air 

TABLE 5. Diameter of Smallest Aero- 
dynamic Equivalent Sphere that Is 
Completely Trapped in Cyclone Shown 
in Figure 3, as a Function of Flow 
Rate 

A i r  Flor; R a t e  Diameter 
:/pin cm3/sec 

L' 1co 16.h 

12 217 11. r 
le 300 3 . ~ 7  

7 4 400 9.21 

3 '3 5'33 7.3h 

36 630 6.70 

4 2 700 6.20 

4 8 800 5.80 

5 4 900 5.47 

50 1009 5.19 
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LOW LEVEL P L U T O N I U M  I N H A L A T I O N  S T U D I E S  I N  B E A G L E S  

I n v e s t i g a t o r s :  

J .  F .  P a r k ,  P .  L .  CZary,  
D .  K .  C r a i g  and M .  G .  Brown 

Techn ica l  A s s i s t a n c e :  

L .  R .  R i c h a r d s o n  and M .  D .  S n y d e r  

I n  s t u d i e s  t h a t  were i n i t i a t e d  7 t o  

10 y e a r s  ago,  35 b e a g l e  dogs i n h a l e d  

2 3 9 ~ u ~ 2  a e r o s o l s  and were h e l d  f o r  

d u r a t i o n  of  l i f e  o b s e r v a t i o n .  Of 18 

of  t h e s e  dogs t h a t  d i e d  a f t e r  s u r v i v -  

i n g  f o r  a t  l e a s t  4-1/2 y e a r s  p o s t -  

exposure ,  a l l  had pr imary  pulmonary 

tumors.  The i r  p lu tonium burdens a t  

au topsy  ranged from 0.4 t o  2.7 u C i .  

I t  i s  appa ren t  from t h i s  d a t a  t h a t  

s t u d i e s  must be conducted a t  much 

lower exposure  l e v e l s  i f  i n fo rma t ion  

i s  t o  be o b t a i n e d  conce rn ing  dose -  

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

Dogs a r e  be ing  r a i s e d  f o r  t h i s  low- 

l e v e l  p lu tonium i n h a l a t i o n  s tudy  and 

exposures  w i l l  commence d u r i n g  t h e  

coming y e a r .  Dose l e v e l s  t o  be em- 

ployed and numbers o f  an imals  t o  be 

Table 1. The two h i g h e s t  exposure  

l e v e l s  o v e r l a p  t h o s e  i n  t h e  e a r l i e r  

s t u d i e s  and shou ld ,  p r e d i c t a b l y ,  l e a d  

t o  a  h i g h  i n c i d e n c e  of  l ung  tumors. 

The lowest  l e v e l  cor responds  t o  t h e  

p r e s e n t l y  e s t a b l i s h e d  p e r m i s s i b l e  body 

burden;  i . e . ,  it should  r e s u l t  i n  an  

average  dose  (as  c a l c u l a t e d  by I C R P )  

o f  15 rem/year  t o  t h e  lung .  Both 

2 3 8 ~ u 0 2  and 2 3 9 ~ u 0 2  w i l l  be s t u d i e d ,  

s i n c e  bo th  a r e  of  pr imary  hazard  con- 

c e r n  and because  comparison of  

e f f e c t s  w i l l  p rov ide  d a t a  of  b a s i c  

i n t e r e s t  on t h e  i n f l u e n c e  o f  s p e c i f i c  

a c t i v i t y .  These two i s o t o p e s  of  

plutonium have v e r y  s i m i l a r  r a d i a t i o n  

c h a r a c t e r i s t i c s ,  b u t  2 3 8 ~ ~  has  a  

s p e c i f i c  a c t i v i t y  280 t imes  g r e a t e r  

t han  2 3 9 ~ ~ .  

a s s igned  t o  each group a r e  shown i n  
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TABLE 1. Exper imenta l  Design For  Low Level  Plutonium 
I n h a l a t i o n  Study i n  Beagles  

I n i t i a l  A lveo la r  Depo- Number of Dogs Exposed t o  

s i t i o n  Level ,  p C i  2 8puo 2 2 3 9 ~ u ~  

Con t ro l s  - 2 0 -  

S t u d i e s  a r e  i n  p r o g r e s s  on t h e  i n i t i a t e d  t o  de t e rmine  whether  depo- 

g e n e r a t i o n  of  a e r o s o l s  o f  r e p r o d u c i b l e  s i t i o n  and e a r l y  r e t e n t i o n  behav io r  

p a r t i c l e  s i z e  d i s t r i b u t i o n  over  t h e  a r e  i n f l u e n c e d  by dose l e v e l  a t  t h e  

wide range  of  c o n c e n t r a t i o n s  r e q u i r e d .  ve ry  low l e v e l s  t o  be employed i n  

P r e l i m i n a r y  s t u d i e s  a r e  a l s o  be ing  t h i s  exper iment .  
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I N H A L A T I O N  H A Z A R D S  T O  U R A N I U M  M I N E R S  - B I O L O G I C A L  S T U D I E S  

Etiological studies of the relatively high incidence of lung cancer 

and other pulmonary diseases in the miners have shown clearly increas- 

ing effects above 840 cumulative working level months (CWLM).* Many 

recent reports have discussed the difficulty of establishing a cause and 

effect relationship between increased incidence of lung cancer and exposure 

to 100 to 400 CWLM. In addition to the hazard of inhaled radon daughters, ore 
dust concentrations in the mine atmosphere, diesel engine exhaust fumes, 

and cigarette smoking are possibly synergistic factors which must be 

considered. 

The continuing experiments in this research project involve daily 

exposures of both hamsters and dogs to controlled levels of radon daughters 

and uranium ore dust for the lifespan of the animals, at levels which 

should cause minimal lifespan shortening. A closely related project sup- 

ported by the National Institute for Environmental Health Sciences, HEW, 

through an interagency agreement with the AEC, supplements these studies 

to include exposures to diesel exhaust fumes and cigarette smoke. The HEW 

and AEC projects were integrated into one experimental design at the 

request of the two funding agencies to ensure maximum effort and 

efficiency. Results of the combined projects are described in this report. 

Two other AEC-sponsored projects are closely coordinated with these 

animal experiments. Under the project entitled "Inhalation Hazards to 

Uranium Miners - Radiochemical Studies," the radionuclide and trace 

element contents of aerosol samples from uranium mines and the contents 

of biopsy and autopsy samples from uranium miners will be analyzed for 
comparison with the results from the animal experiments. Special analytical 

procedures required for the animal experiments were developed under the 

"Radiochemical Studies" project. Also closely related is the project 

"Uranium Miner Exfoliative Pathology" in which lung washing samples from 

dogs exposed to laboratory-produced uranium mine atmospheres will be 

compared with similar samples from uranium miners for study of preneo- 

plastic and neoplastic cells. 

* 1 7 0  w o r k i n g  h o u r s  w i t h  e x p o s u r e  a t  one Working L e v e l ;  d e f i n e d  a s  
2 . 3  x l o 5  p o t e n t i a l  M e V  o f  a l p h a  e n e r g y ,  from r a d o n  d a u g h t e r  d e c a y ,  
per  l i t e r  o f  a i r .  
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C H R O N I C  E X P O S U R E  O F  H A M S T E R S  TO 

S I M U L A T E D  U R A N I U M  M I N E  A T M O S P H E R E S  

Investigators: 

B .  0 .  S t u a r t ,  E .  B .  Howard, 
P. L .  CZary and D. K. C r a i g  

Technical Assistance: 

J .  C .  G a v i n  and H .  G .  S t e e Z e  

Four groups of hamsters (initially 

102 animals per group) are receiving 

lifetime, daily, 6-hr exposures to 

30 WL and 600 WL radon daughters with 
and without simultaneous exposure to 

aerosols of carnotite ore dust 

(15 mg/m3). Bimonthly hematological 

sampling of selected hamsters from 

each group has shown no significant 

differences in peripheral blood param- 

eters. Biweekly weighing of all 

animals has shown no significant dif- 

ferences in mean body weight. Animals 

are sacrificed when moribund. Death 
is usually preceded by a sharp loss 

of body weight. At nearly 1-1/2 years 

of age, these hamsters are approaching 
their mean life-span. About half of 

the animals remain alive in each of 

the study groups, and there is no evi- 

dence of life-shortening in the 

experimental groups (Figure 1). 

After the first 6 months of daily 

exposures to 30 WL, the lungs of sacri- 

ficed animals showed some con- 

gestion and edema, with slight 

thickening and early hyalinization 

of the interalveolar septa. A slight 

P U B L I C A T I O N S :  I N H A L A T I O N  H A Z A R D S  T O  
U R A N I U M  M I N E R S  - B I O L O G I C A L  S T U D I E S  

BAIR, W .  LT., fl. S .  PORTER, 
D .  P. BROWW, and A .  P. WEHNER. 
" A p p a r a t u s  f o r  D i r e c t  I n h a l a t i o n  
o f  C i g a r e t t e  Smoke by  Dogs," J2 
A p p Z .  P h y s i o l . ,  voZ.  2 6 ,  
p p .  8 4 7 - 8 5 0 .  1969.  

BAIR, W .  J .  " I n h a l a t i o n  o f  R a d i o -  
n u c l i d e s  and C a r c i n o g e n e s i s , "  
C o n f e r e n c e  o n  I n h a l a t i o n  C a r c i n o -  
g e n e s i s ,  Gat Z i n b u r g ,  T e n n e s s e e ,  
O c t o b e r  8 -12 ,  2969. ( I n  P r e s s ) .  

degree of emphysema was also found. 

After 6 months and longer of daily 

exposures to 600 WL, edema was 

associated with the alveolar septa; 

areas of peripheral emphysema were 

found, with a moderate inflammatory 

reaction involving mononuclear and 

polymorphonuclear cells. Alveolar 

cell proliferation and hyperplasia of 

the bronchiolar epithelium are 
occasionally seen. 

Lungs of animals exposed to 600 WL 

plus carnotite ore dust showed areas 

of alveolar septa1 breakdown with 

emphysema plus dilation and congestion 

of the pulmonary vasculature. Several 

animals have shown some basal cell 

hyperplasia of the lining epithelium 

of intermediate bronchioles with an 

early indication of epithelial 

metaplasia. A severe generalized 

pneumonitis has been observed in many 

animals of this group; less severe 

pneumonitis has been observed in ani- 
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- = 3 0  WL R A D O N  D A U G H T E R S  ---- = C O N T R O L S  -- = 6 0 0  WL R A D O N  D A U G H T E R S  
-.- = 6 0 0  WL R A D O N  D A U G H T E R S  P L U S  

U R A N I U M  ORE D U S T  

1 0 0  2 0 0  3 0 0  4 0 0  

D A Y S  O F  A G E  

FIGURE 1. Cumulat ive M o r t a l i t y  Among Hamsters Exposed 
Da i ly  t o  Radon Daughters  and Uranium Ore Dust  

mals from a l l  groups ,  i n c l u d i n g  con- 

t r o l s .  None of  t h e  animals  examined 

t o  d a t e  showed pulmonary n e o p l a s i a .  

The f i n a l  i n t e r p r e t a t i o n  of t h e s e  

changes must awa i t  d e t a i l e d  h i s t o -  

p a t h o l o g i c a l  examinat ion  of a l l  a n i -  

mals a t  t h e  conc lus ion  of  t h e s e  

s t u d i e s .  

Exposure of two a d d i t i o n a l  groups 

of  hamsters  w i l l  soon be i n s t i t u t e d .  

These animals  ( suppor t ed  by t h e  HEW 

p r o j e c t )  w i l l  be exposed t o  d i e s e l  

exhaus t  fumes, w i t h  and wi thou t  a s so -  

c i a t e d  radon daugh te r s  and c a r n o t i t e  

o r e  d u s t .  F a c i l i t i e s  f o r  t h e s e  ex- 

posu res  a r e  i n  p l a c e  and t e s t e d .  

During t h e  p a s t  y e a r ,  m o d i f i c a t i o n s  

were made i n  a e r o s o l  g e n e r a t o r s ,  ex- 

posu re  chambers, cage c l e a n i n g  

f a c i l i t i e s ,  and au toma t i c  wa te r ing  

sys tems,  r e s u l t i n g  i n  improved main- 

t enance  under  d a i l y  o p e r a t i o n .  An 

emergency e l e c t r i c a l  g e n e r a t o r  system 

was i n s t a l l e d  t o  supp ly  animal  l i f e -  

s u p p o r t  needs and pe r sonne l  s a f e t y  

i n  c a s e  of e l e c t r i c a l  f a i l u r e .  The 
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4-chamber radon d e t e c t o r  and s o l i d -  

s t a t e  s u r f a c e  b a r r i e r  d e t e c t o r  i n s t r u -  

men ta t ion  f o r  radon d a u g h t e r s  p ro -  

v i d e s  h o u r l y  mon i to r ing  o f  exposure  

chamber a e r o s o l s .  A d d i t i o n a l  i n s t r u -  

men ta t ion  de t e rmines  t h e  f r a c t i o n  

o f  radon d a u g h t e r  r a d i o n u c l i d e s  t h a t  

a r e  f r e e  o r  a t t a c h e d  t o  condensa t ion  

n u c l e i  o r  l a r g e r  p a r t i c l e s .  

C H R O N I C  E X P O S U R E  O F  D O G S  T O  S I M U L A T E D  
U R A N I U M  M I N E  A T M O S P H E R E S  

I n v e s t i g a t o r s :  

B .  0 .  S t u a r t ,  D. H .  WiZZard, 
E .  B .  Howard, P .  L .  CZary and 
D .  K .  C r a i g  

Techn ica l  A s s i s t a n c e :  

J .  C .  G a v i n  and W .  S k i n n e r  

Twenty b e a g l e  dogs a r e  be ing  ex-  

posed d a i l y  t o  600 WL o f  radon p l u s  

daugh te r s  on o r e  d u s t  ( F i g u r e s  2 

and 3 ) .  An a d d i t i o n a l  20 dogs a r e  

s i m i l a r l y  exposed,  b u t  i n  a d d i t i o n  

smoke 10 c i g a r e t t e s  p e r  day.  Twenty 

dogs s e r v e  a s  smoking c o n t r o l s ,  and 

n i n e  dogs a r e  ma in ta ined  a s  sham- 

exposed c o n t r o l s .  One dog from each  

exposure  group w i l l  be s a c r i f i c e d  and 

r e p l a c e d  a f t e r  6 months exposure  t o  

fo l low deve lop ing  pa tho logy .  P e r i -  

examinat ions  a r e  performed on e a c h  

animal .  Blood and e x c r e t a  a n a l y s i s  

shou ld  h e l p  t o  e s t a b l i s h  t h e  f e a s i -  

b i l i t y  o f  b i o a s s a y  a s  a  means o f  e s t i -  

mat ing  exposure  t o  radon d a u g h t e r s .  

E x t e r n a l  mon i to r ing  f o r  2 1 4 ~ b  and 214~i  

gamma o v e r  s e v e r a l  r e g i o n s  of t h e  r e s -  

p i r a t o r y  t r a c t  o f  t h e s e  animals  w i l l  

b e  e v a l u a t e d  t o  p r o v i d e  d e p o s i t i o n  and 

r e t e n t i o n  d a t a  and t o  a i d  i n  de t e rmin -  

i n g  t h e  c r u c i a l  r e l a t i o n s h i p  between 

measured working l e v e l s  and absorbed 

r a d i o l o g i c a l  dose .  Two dogs from 

each exposure  group w i l l  be s u b j e c t e d  

t o  p e r i o d i c  l ung  washing t o  o b t a i n  

c e l l s  f o r  cy to logy  s t u d i e s ;  t h e s e  sam- 

p l e s  w i l l  b e  compared w i t h  t h o s e  ob-  

t a i n e d  from uranium mine r s .  

FIGURE 2. Beagle  Dogs Rece iv ing  
Simul taneous ,  Head-Onlv E x ~ o s u r e  t o  

o d i c  measurements o f  r e s p i r a t o r y  r a t e s  600 WL o f    ad on ~ a u a h t e r s  h l u s  Carno- - - - - - -  

and volumes, body w e i g h t s ,  hematology,  t i t e  O r e  Dust.  ( ~ a c h  dog box h a s  
m a g n e t i c a l l y  s e a l i n g  d o o r s  and a  

c l i n i c a l  chemis t ry ,  and r a d i o g r a p h i c  s e p a r a t e  v e n t i l a t i o n  sys t em. )  
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FIGURE 3. Beagle Dogs Receiving Mouth-Only Inhalation 
of Cigarette Smoke During Routine 5-Day/Week Exposures 

No significant differences in res- 
piratory rate, minute volume, tidal 
volume, thoracic radiographs, hema- 
tology, or clinical chemistry, have 

been observed between groups at 
2 months after beginning daily 
exposures. 

From an earlier experiment, two 
dogs were sacrificed 15 months after 
conclusion of 1/2 hr, twice daily 
exposures to pitchblend uranium ore 
dust (0.1 mg/liter). Radiochemi- 

cal analysis revealed nonequili- 

brium ratios of 234u 230Th, 21OPb 
7 

and 210~o in the lungs, tracheobron- 

chial lymph nodes, kidney, liver, 
spleen, and skeleton, with 230Th/234u 

ratios ranging from 2 to 10. 

210~o/234~ ratios in the lungs and 

tracheobronchial lymph nodes varied 

from 5 to 20. The highest concen- 

trations of 230~h were found in the 
lungs, skeleton, and tracheobronchial 

lymph nodes. 
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Investigators: 

B .  0 .  S t u a r t  and P .  J .  DionneX 

D Y N A M I C  S I M U L A T I O N  M O D E L S  FOR I N H A L E D  calculated for the short-term case. 

RADON A N D  RADON D A U G H T E R S  The long-lived RaD from this short- 

term model provides the input for a 

long-term model covering the buildup 

of RaE through RaG. With these 

models the accumulation of radon 

daughters in tissues, and their 

rates of excretion can be estimated 

for any pattern and level of exposure, 

with the ultimate purpose of de- 

Short-term and long-term simulation scribing total absorbed radiation 

models for inhaled radon and radon dose. 

daughters are being developed using These models are presently based 

the laboratory's hybrid computer corn- on reported literature data from 

plex. Modeling starts with the build- mouse experiments, and on early find- 

up of radon daughters at all times and ings from our hamster exposure 

positions in the exposure chambers, studies. As more hamster data and 

which determines the quantity of dog data become available, the models 

radionuclides inhaled. The dynamic will be improved and extended. 

organ burden of RaA through RaD is 

* C o n t r o l  and I n s t r u m e n t a t i o n  
Depar tment ,  S y s t e m s  and E l e c -  
t r o n i c s  D i v i s i o n  
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S P A C E  N U C L E A R  S Y S T E M S  S T U D I E S  

Space v e h i c l e s  c o n t a i n i n g  n u c l e a r  r e a c t o r s  o r  r a d i o n u c l i d e  power 

sou rces  p r e s e n t  s p e c i a l  haza rds  i n  case  of  e a r l y  a b o r t  o r  upon r e t u r n  

from o r b i t .  These problems a r e  p r i n c i p a l l y  concerned w i t h  t h e  b i o l o g i c a l  

e f f e c t s  of  i n t e n s e l y  r a d i o a c t i v e ,  s m a l l ,  i n s o l u b l e  p a r t i c l e s .  For t h e  

p a s t  s e v e r a l  years ,we have s t u d i e d  t h e  d e p o s i t i o n  and r e t e n t i o n  k i n e t i c s  

of  i n h a l e d  p a r t i c l e s ,  w i t h  d e t e r m i n a t i o n s  of  d o s e - e f f e c t  r e l a t i o n s h i p s  f o r  

i n d i v i d u a l  o r  c rushed p a r t i c l e s  p a s s i n g  th rough ,  o r  r e t a i n e d  i n  c o n t a c t  

w i t h ,  v a r i o u s  r e g i o n s  of  t h e  g a s t r o i n t e s t i n a l  t r a c t  and lungs .  

F A T E  O F  I N G E S T E D  2 3 8 ~ u ~ 2  I N  M I N I A T U R E  

S W I N E  

I n v e s t i g a t o r :  

V .  H. Smith 

Techn ica l  A s s i s t a n c e :  

J .  L .  Beamer and S.  A .  Hughes, J r .  

Data were r e p o r t e d  e a r l i e r  on t h e  

a b s o r p t i o n  of  p lu tonium from i n t a c t  

2 3 8 ~ u 0 2  microspheres  f e d  t o  m i n i a t u r e  

swine.  F i n e ,  submicron p a r t i c l e s  

o f t e n  accompany t h e s e  mic rosphe res ,  

be ing  produced by microsphere  f r a c t u r e .  

Such f i n e  p a r t i c l e s  might a l s o  be 

produced by "burn-up" d u r i n g  r e - e n t r y .  

I t  seemed q u i t e  p o s s i b l e  t h a t  s o l u -  

b i l i t y  c h a r a c t e r i s t i c s  o r  t r a n s p o r t  

mechanisms f o r  t h i s  f i n e l y  d i v i d e d  

m a t e r i a l  might be d i f f e r e n t  from t h o s e  

of  t h e  l a r g e r  p a r t i c l e s  p r e v i o u s l y  

s t u d i e d .  

Cleansed ,  2 3 8 ~ u ~ 2  microspheres  

from Mound Labora tory  were ground under 

e t h a n o l .  The r e s u l t i n g  p a r t i c l e s  were 

i r r e g u l a r l y  shaped,  most ly  <1 pm on 

t h e i r  l o n g e s t  dimension w i t h  a  range  

from 10 t o  0 .01  pm. These p a r t i c l e s ,  i n  

c a p s u l e s ,  were admin i s t e red  by stom- 

ach tube  t o  a d u l t ,  female p i g s  h e l d  

i n  metabolism cages .  Ur ine  and 

f e c e s  were c o l l e c t e d  d a i l y ,  e f f e c t i v e  

s e p a r a t i o n  be ing  achieved by c a t h e -  

t e r i z a t i o n  o f  t h e  b l a d d e r .  A f t e r  

14 days ,  t h e  p i g s  were s a c r i f i c e d  and 

t i s s u e s  t aken  f o r  a n a l y s i s .  

A comparison o f  t h e  crushed m i -  
c r o s p h e r e  r e s u l t s  w i t h  t h e  e a r l i e r  

d a t a  on i n t a c t  microspheres  i s  shown 

i n  Table  1. Two d i f f e r e n c e s  a r e  

s t r i k i n g l y  a p p a r e n t .  The ve ry  much 

h i g h e r  d e p o s i t i o n  i n  t h e  lungs  f o l -  

lowing f e e d i n g  o f  t h e  crushed micro-  

sphe res  i s  probably  due t o  i n h a l a t i o n  

o f  m a t e r i a l  resuspended from f e c e s .  

This  i n t e r p r e t a t i o n  i s  suppor t ed  by 

t h e  f a c t  t h a t  t h e  cages  became gen- 

e r a l l y  contaminated .  The lower depo- 

s i t i o n  of  p lu tonium i n  t h e  s k e l e t o n  
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TABLE 1. F a t e  o f  Crushed and  I n t a c t  2 3 8 ~ ~ 0 2  Mic rosphe re s  
Fed t o  M i n i a t u r e  Swine 

Crushed Mic rosphe re s  I n t a c t  Mic rosphe re s  

Q u a n t i t y  Fed,  C i  - 0 . 3 1  0 .09  0 .10  - - 0.27 0 .33  0 .18  --- 
Plu tonium i n  T i s s u e s  14 Days A f t e r  

T i s s u e  Feeding  ( f r a c t i o n  of  dose  x 1 0 - 9 )  
S k e l e t o n  4 . 6  1 2  4 . 7  2 4  2 1 3 4  

L i v e r  1 . 8  3 . 5  2 .8  0.7 1.1 5.0 

Kidneys 0 . 1  0 . 3  0.8 0 .03  0 . 2  0.07 

Sp l een  

Lungs 

O t h e r  S o f t  T i s s u e  3 . 5  6 . 3  39 0 . 7  0 .7  0 . 8  

T o t a l  Sys t emic  Burden 15  ( b )  1 1 5 ' ~ )  1 4 4 ' ~ )  26 2 4 4 2 

E x c r e t e d  i n  Ur ine  2 0  5 9 >17  ( c )  1.1 1 . 2  16 

T o t a l  Absorbed 3  5 174 > I 6 1  2 7 2 5 5 8  

( a )  High l u n g  c o n t e n t  p r o b a b l y  due t o  i n h a l a t i o n  o f  p l u t o n i u m  
r e s u s p e n d e d  from f e c e s .  

( b )  I f  a l l o w a n c e  i s  made f o r  h i g h  l u n g  l e v e l s ,  t h e s e  f i g u r e s  a r e  
i n  r e a s o n a b l e  a g r e e m e n t  w i t h  r e s u l t s  f rom i n t a c t  m i c r o s p h e r e s .  

( c )  E x c r e t i o n  t h r o u g h  day 7 ,  when u r i n a r y  t r a c t  i n f e c t i o n  
r e q u i r e d  r e m o v a l  o f  c a t h e t e r .  

f o l l o w i n g  f e e d i n g  o f  t h e  c ru shed  mi-  

c r o s p h e r e s  would seem t o  i n d i c a t e  

t h a t  a c t u a l  s o l u b i l i z a t i o n  and a b s o r p -  

t i o n  from t h e  g a s t r o i n t e s t i n a l  t r a c t  

were l e s s  t h a n  i n  t h e  c a s e  of  i n t a c t  

m ic rosphe re s .  T h i s  i s  somewhat s u r -  

p r i s i n g ,  b u t  may p o s s i b l y  be e x p l a i n e d  

by a more r a p i d  p a s s a g e  o f  t h e  ground 

m a t e r i a l  t h rough  t h e  t r a c t .  No 

p lu ton ium was d e t e c t e d  i n  t h e  t r a c t  a t  

a u t o p s y ,  i n  c o n t r a s t  t o  t h e  p r e v i o u s  

expe r imen t s  where i n t a c t  m ic rosphe re s  

were s t i l l  p r e s e n t  i n  two- - th i rd s  of 

t h e  p i g s  a t  a u t o p s y  on t h e  1 4 t h  day .  

The lower s k e l e t o n  v a l u e s  i n  t h e  

ground mic rosphe re  an ima l s  c o n t r a s t  

w i t h  somewhat h i g h e r  v a l u e s  i n  most 

s o f t  t i s s u e s  and i n  u r i n e .  I t  i s  pos -  

s i b l e  t h a t  some ve ry  f i n e l y  ground 

m a t e r i a l  was d i r e c t l y  a b s o r b e d ;  such  

m a t e r i a l  would n o t  be expec t ed  t o  

r e a c h  t h e  bone.  However, t h e r e  was 

no ev idence  from a u t o r a d i o g r a p h s  o f  

t i s s u e s ,  o r  from p lu tonium d ' 3 p o s i t i o n  

i n  lymph nodes a s s o c i a t e d  w i t h  t h e  

g u t ,  t o  s u g g e s t  t h a t  p a r t i c l e s  c o u l d  

p e n e t r a t e  and move d i r e c t l y  a c r o s s  

t h e  i n t e s t i n a l  membranes. 
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I n  any c a s e ,  a b s o r p t i o n  of  p l u t o -  

nium from i n g e s t e d  ground micro-  

sphe res  seems t o  c o n s t i t u t e  no 

unusual  haza rd ,  and i s  perhaps  l e s s  

hazardous than  i n g e s t i o n  o f  i n t a c t  

mic rosphe res .  This  o f  cou r se  d i s -  

r e g a r d s  t h e  obv ious ly  g r e a t e r  r e s -  

p i r a t o r y  hazard  of  t h e  f i n e l y  ground 

m a t e r i a l .  

I N H A L A T I O N  OF 2 3 8 ~ u 0 2  - S O L I D  S O L U T I O N  

M A T E R I A L S  BY BEAGLE DOGS 

I n v e s t i g a t o r s :  

D .  H. WiZlard  and J .  F. Park 

Techn ica l  A s s i s t a n c e :  

W .  S k i n n e r  and M .  D. S n y d e r  

S o l i d  s o l u t i o n  mix tu re s  of  2 3 8 ~ u ~ 2  

w i t h  o t h e r  r e f r a c t o r y  ox ides  have 

d i s p l a c e d  2 3 8 ~ ~ 0 2  microspheres  a s  t h e  

f u e l  form of cho ice  f o r  f u t u r e  SNAP 

d e v i c e s .  Samples o f  f i n e l y  gzound 

2 3 8 ~ u ~ 2 - ~ r 0 2  and 2 3 8 ~ u 0 2 - ~ h 0 2  were 

ob ta ined  from t h e  Los Alamos S c i e n t i -  

f i c  Labora tory ,and a e r o s o l s  were 

inha led  by Beagle dogs .  These a n i -  

mals ,  t h r e e  i n  each  group,  were 

eu than ized  a t  3  months pos t exposu re  

and t i s s u e s  ana lyzed  w i t h  r e s u l t s  

a s  shown i n  Table  2 .  Also shown 

i n  Tab le  2 a r e  plutonium d i s t r i -  

b u t i o n  and r e t e n t i o n  d a t a  from dogs 

exposed t o  s e v e r a l  o t h e r  forms of 

2 3 8 ~ u ~ 2 .  

The two s o l i d  s o l u t i o n  m a t e r i a l s  

bshaved q u i t e  d i f f e r e n t l y .  The 

s h o r t e r  r e t e n t i o n  h a l f - t i m e s  and 

h i g h e r  s k e l e t a l  d e p o s i t i o n  of  t h e  

zirconium ox ide  m a t e r i a l  may r e f l e c t  

d i f f e r e n t  phys i ca l - chemica l  c h a r a c t e r -  

i s t i c s  o f  t h e  two m a t e r i a l s ,  o r  t h e  

d i f f e r e n c e  may be due t o  t h e  widely  

d i f f e r e n t  d e p o s i t i o n  l e v e l s .  Fu r the r  

exposures  w i l l  be r e q u i r e d  t o  d i s t i n -  

g u i s h  between t h e s e  p o s s i b i l i t i e s .  

Compared t o  an imals  t h a t  i n h a l e d  o t h e r  

forms of  2 3 8 ~ u ~ 2 y  t h e  s o l i d  s o l u t i o n  

animals  showed no s t r i k i n g l y  unusual  

d i s t r i b u t i o n  o r  r e t e n t i o n  e f f e c t s .  

Lung r e t e n t i o n  and s k e l e t a l  d e p o s i -  

t i o n ,  among t h e  l i m i t e d  d a t a  a v a i l a b l e  

a r e  g e n e r a l l y  q u i t e  v a r i a b l e .  

D i f f e r e n c e s  i n  observed pa thology 

were undoubtedly  a t t r i b u t a b l e  t o  t h e  

d i f f e r i n g  d e p o s i t i o n  l e v e l s .  The 

2 3 8 ~ ~ 0 2 - ~ r ~ 2  dogs showed v e r y  l i t t l e  

damage t o  t h e  lungs  and t h o r a c i c  

lymph nodes.  Thorac ic  lymph nodes of  

t h e  2 3 8 ~ u ~ 2 - ~ h 0 2  dogs showed lymphoid 

d e p l e t i o n  and n e c r o s i s ;  t h e  lungs  

showed some c o n g e s t i o n  and hemorrhage 

w i t h  s u b p l e u r a l  f i b r o s i s  and t h i c k e n -  

i ng  of i n t e r a l v e o l a r  s e p t a .  
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TABLE 2. Distribution and Retention of Plutonium in Dogs 
After Inhalation of 238~u02 in Various Forms 

Plutonium Distribution 
(Percent of Terminal Body Burden) 

Terminal 
Time Post- Retention Half- Body Thoracic 
exposure, Time, days ~urdkn, 
months 

Lymph 
Aerosol whole-Body Lungs p C i  Lungs Nodes Skeleton Liver 

( a )  Mean o f  3  Dogs 

( b l  Mean o f  6 Dogs e x p o s e d  t o  c r u s h e d  m i c r o s p h e r e s  

(c) I n h a l e d  i n t a c t  5 0  vm m i c r o s p h e r e s ,  o n l y  f r a g m e n t s  r e t a i n e d ,  pulmonary  n e o p l a s i a  

( d l  Mean o f  12 Dogs e x p o s e d  t o  2 3 8 ~ ~ ~ 2  c a l c i n e d  a t  350 OC, 4 Dogs w i t h  Pulmonary  N e o p l a s i a  

( e l  C a l c i n e d  a t  300 O C  

L O N G - T E R M  E F F E C T S  O F  I N H A L E D  2 3 8 ~ u 0 2  

I N  B E A G L E S  

Investigators: 

D .  H. ~ i Z Z a r d  and J .  F. P a r k  

Technical Assistance: 

W. S k i n n e r  and  L .  R .  R i c h a r d s o n  

In the course of several years ex- 

perimentation with various forms of 

238~u02, a number of dogs have accumu- 

lated that are being held for obser- 

vation of long-term effects. The 

status of these animals is summarized 

in Table 3. 

One dog was euthanized due to 

respiratory insufficiency at 22 months 

postexposure and was found to contain 

an alveolar cell carcinoma. Such an 

early appearance of a tumor at such a 

low plutonium deposition (0.8 pCi at 

sacrifice) had not previously been 

observed. It is interesting that the 

plutonium deposited in this animal 

resulted from the inhalation of 50 pm 

diameter microspheres which were lost 

from the lung within a few days fol- 

lowing exposure. The plutonium 
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TABLE 3 .  Summary of  Dogs S u r v i v i n g  Exposure  t o  2 3 8 ~ ~ 0 2  by I n h a l a t i o n  

Form o f  
Oxide  

C a l c i n e d  a t  300 "C 

Crushed  m i c r o s p h e r e s  

I n t a c t  micro sphere^(^) 

I n t a c t  micro sphere^(^) 

S i n g l e  m i c r o s p h e r e s  
( i n t u b a t e d )  

Time P o s t -  
P a r t i c l e  S i z e  No. o f  e x p o s u r e ,  

C M D ,  pm Dogs months 

< O .  1 1 0  2 6 

Lung Bur-  E i o l o p i c a l  
d e n ,  p ~ i ( ~ )  E f f e c t s  

0 . 1 - 6 . 0  Lymphopenia 
Pulmonary 

f i b r o s i s  
F r a c t u r e d  

humerus ( c )  

0 . 1 - 4 . 0  Lymphopenia 
Pulmonary 

f i b r o s i s  
B r o n c h i o l a r  

m e t a p l a s i a ( d )  

0 . 1 - 0 . 8  Lymphopenia 
A l v e o l a r  c e l l  

c a r c i n o m a  ( e )  

< O .  1 I n t e r m i t t e n t  
lymphopenia  

1 0 - 2 0 0 0  None 

l a )  E s t i m a t e d  from e x t e r n a l  c o u n t i n g  and s i z e  o f  m i c r o s p h e r e s  

l b )  A e r o s o l  c o n t a i n e d  f r a g m e n t s  o f  m i c r o s p h e r e s  ( 0 . 0 3 - 1 . 0  um, CMD); 
o n l y  t h e s e  f r a g m e n t s  w e r e  r e t a i n e d  b e y o n d  a  few d a y s  p o s t e x p o s u r e .  

( c )  One dog ( 3 . 0  uCi  body b u r d e n )  e u t h a n i z e d  a t  2 3  m o n t h s  p o s t e x p o s u r e  
due  t o  a  f r a c t u r e d  humerus;  h i s t o Z o g y  i n c o m p Z e t e .  

i d )  One dog 13.1 pCi body  b u r d e n )  e u t h a n i z e d  a t  2 2  m o n t h s  p o s t e x p o s u r e  
w i t h  CNS l e s i o n s  n o t  c o n s i d e r e d  t o  b e  c a u s e d  b y  p l u t o n i u m .  

( e l  One dog 10.8 pCi body b u r d e n )  e u t h a n i z e d  a t  2 2  m o n t h s  p o s t e x p o s u r e  
w i t h  a l v e o Z a r  c e l l  c a r c i n o m a .  

remain ing  was t h a t  produced by f r a g -  

m e n t a t i o n  of  t h e  mic rosphe re s  i n  t h e  

l u n g  o r  d u r i n g  g e n e r a t i o n  o f  t h e  

a e r o s o l .  

The dogs w i t h  t h e  h i g h e s t  2 3 8 ~ u  

lung  burdens  a r e  t h o s e  t h a t  r e c e i v e d  

s i n g l e  mic rosphe re s  by i n t u b a t i o n .  

F ive  of  t h e s e  a n i m a l s ,  w i t h  d e p o s i -  

t i o n s  of  10 t o  2000 pCi ,  show no ill 

e f f e c t s  a f t e r  h a r b o r i n g  t h e s e  p a r t i -  

c l e s  f o r  3  y e a r s .  

P lu tonium a n a l y s e s  were comple ted  

on a  dog e u t h a n i z e d  due t o  a  f r a c t u r e d  

humerus 23 months a f t e r  i n h a l a t i o n  of  

2 3 8 ~ u 0 2  c a l c i n e d  a t  350 'C (CMD, < 0 . 1  

m ) .  The body burden  was 3.0 pCi w i t h  

64% i n  t h e  s k e l e t o n ,  23% i n  t h e  l i v e r ,  

4 %  i n  t h e  l u n g s ,  3% i n  t h e  t r a c h e o -  

b r o n c h i a l  and m e d i a s t i n a l  lymph nodes ,  

and 3% i n  t h e  muscle .  Another  dog,  

e u t h a n i z e d  22 months a f t e r  exposu re  

t o  2 3 8 ~ u 0 2  c r u s h e d  m i c r o s p h e r e s ,  

(CMD, < 0 . 1  um) showed a  body burden  o f  

3 . 1  pCi w i t h  73% i n  t h e  l u n g s ,  1 2 %  i n  

t h e  s k e l e t o n ,  8 %  i n  t h e  t r a c h e o b r o n -  

c h i a l  and m e d i a s t i n a l  lymph nodes ,  and 

7 %  i n  t h e  l i v e r .  The c o n t r a s t i n g  

t r a n s l o c a t i o n  r a t e s  i n  t h e s e  dogs ,  

b o t h  exposed  t o  2 3 8 ~ u ~ 2 ,  demons t r a t e  

t h e  e f f e c t  o f  chemica l  and /o r  p h y s i -  

c a l  form. Eleven  a d d i t i o n a l  dogs now 

30 months p o s t e x p o s u r e  t o  c ru shed  

2 3 8 ~ u 0 2  m i c r o s p h e r e s ,  and t e n  dogs 

now 28 months p o s t e x p o s u r e  t o  t h e  

2 3 8 ~ u 0 2  a e r o s o l  d e s c r i b e d  above ,  a r e  

a v a i l a b l e  t o  supplement  t h e s e  i n i -  

t i a l  r e s u l t s  on t h e  two dogs .  Sam- 

p l e s  o f  t h e  a e r o s o l i z e d  m a t e r i a l  

c o l l e c t e d  d u r i n g  exposu re  a r e  a l s o  

a v a i l a b l e .  
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REMOVAL OF I N T E R N A L  E M I T T E R S  

The general objective of this project is to develop methods which will 

hasten the removal, prevent the deposition, or otherwise decrease the 

damage potential from ingested or absorbed radionuclides. Necessarily 

associated with this effort is the development of information on the absorp- 

tion and tissue distribution of radionuclides to help in understanding 

and predicting their behavior and to serve as a basis for recommendations 

for the treatment of exposed persons. Studies relating to the removal of 

inhaled radionuclides from the lung are not included in this project but are 

covered in the Inhalation Studies project. 

EFFECT OF AGE ON PLUTONIUM REMOVAL 

Investigator: 

V .  H .  S m i t h  

Technical Assistance: 

A l i c e  M .  R u s s e l l  and M .  L .  S m i t h  

The distribution in the rat of 

plutonium, and its toxic effect, has 

been shown to be a function of the age 

of the animal at time of injection. To 

determine the effect of age on pluto- 

nium removal, rats were injected with 

plutonium citrate at age 1 day (0.09 

pCi 2 3 9 ~ ~ ,  intracardially), or at age 

21 days (1.8 pCi 2 3 8 ~ u ,  intravenously) ; 

and subsequently treated with a single 

intraperitoneal injection of calcium 

die thy lene t r i aminepen taace ta te  (DTPA), 

1.5 mmol/kg. 
In the weanling rats DTPA was found 

P U B L I C A T I O N :  REMOVAL OF I N T E R N A L  

SMITH, V .  H . ,  R .  L .  AMSTER, and 
J .  M .  THOMAS. "The B i o l o g i c a l  Dis-  
p o s i t i o n  o f  Promethium A f t e r  I n t r a -  
v e n o u s ,  I n t r a m u s c u l a r ,  and Subcu-  
t a n e o u s  A d m i n i s t r a t i o n  t o  Swine ,  " 
H e a l t h  P h y s i c s ,  v o l .  1 7 ,  p .  3 8 5 .  
1 9 6 9 .  ( A b s t r a c t ) .  

TABLE 1. Effect of Age on Therapeutic 
Effectiveness of DTPA (1.5 mrnol/kg, 
administered as a single intraperi- 
toneal injection) 

D e p o s i t i o n  of  P lu ton ium i n  
Organs a s  P e r c e n t  o f  Un- 

Time Between Pu t r e a t e d  C o n t r o l s  
and DTPA T r e a t m e n t s  Femur L i v e r  Kidney S p l e e n  

Adul t  R a t s  

1 h r  9 5 1 7  1 3  

Weanling R a t s  

1 h r  6 2 3 1 9 

One-Day-Old R a t s  

1 h r  6 18  4 2 11 

1 day 1 5  18  4 8  2 1 

4 days  18 4 3 6 1 3 2 

10 days  3 8  4 4  1 5 1  4 6  

to be more effective in preventing 
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deposition, when given 1 hr after 

plutonium citrate, than similar 

treatment in adult rats. (Table 1) 

Thus the treated animals deposited 16 

times less plutonium in bone and 47 

times less plutonium in liver than 

did the untreated controls which 
compares to a corresponding effect in 

adult rats of 11 and 20 times, re- 

spectively. Removal from the kidneys 

was less effective than in adults, 

which may have been caused by toxic 

effects of DTPA on the weanling kid- 

ney, although this was not investi- 

gated histologically. 

The rats injected with plutonium 

at age 1 day were treated with DTPA 

1 hr, 1, 4, or 10 days after the 

plutonium injection. All rats were 

sacrificed at age 15 days. The ef- 

fectiveness of DTPA administered 1 hr 

after plutonium was not greatly 

different from that observed in the 

weanling and adult rats, except that 

much more plutonium was retained in 

the livers of the neonatal animals 

(Table 1). With delay in treatment, 

effectiveness decreases, as is the 

case with adult animals. 
Severe toxic symptoms were ob- 

served in the neonatal animals 

treated with the calcium salt of 

DTPA at 1 hr and 1 day after 

plutonium injection. In further 

toxicity studies, as much as 140 
mmol/kg of Zn-DTPA given subcutaneously 

at the rate of 2 or 4 mmol/kg/day had 

little effect on growth of rats when 

injections were started on day 4 or 

10 after birth. The manganese salt 

of DTPA was also tested and was not 

well tolerated. Histological estimates 

of relative toxicity are not yet com- 

pleted. 

M E T A B O L I S M  O F  P R O M E T H I U M  I N  M I N I A T U R E  
S W I N E  

Investigators: 

V .  H .  Smith and R. L .  A m s t e r  

Technical Assistance: 

Alice M. RusseZl 

In support of the human studies 

with promethium, conducted in the Ra- 

diological Sciences Department, and to 

better define the biological hazard, 

the deposition of promethium in min- 

iature swine was studied after intra- 

venous, intramuscular, and subcutaneous 

introduction of the radionuclide. 

Five or six animals were injected by 

each route and sacrificed after 100 

days. About 35% of the injected 

promethium remained at the intramus- 

cular injection site in the ham 

after 100 days and was retained in a 

volume about the size of a golf ball. 

An average of 40% remained at the 

site of subcutaneous injection, on 

the neck, but was more variable in 

its spread (Table 2). In neither 

case were high lymph node contents 

noted, suggesting that promethium is 

likely translocated in an ionic form. 

This is further supported by the 

predominant translocation to bone 

rather than to liver or other reticu- 

loendothelial tissues. Material bal- 

ances indicate that very little 

promethium is excreted from intra- 

muscular and subcutaneous deposi- 

tions, even less than following in- 

travenous injection. Translocation 
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TABLE 2. R e t e n t i o n  o f  Promethium i n  T i s s u e s  of  M i n i a t u r e  
Swine 100 Days A f t e r  I n t r a v e n o u s ,  I n t r a m u s c u l a r ,  o r  Sub- 
cu taneous  I n j e c t i o n  o f  PmCl i n  a  p H  3.5 S o l u t i o n  (Means 
from f i v e  o r  s i x  a n i m a l s . )  3 

- P e r c e n t  of I n j e c t e d  Dose 
T i s s u e  In t r avenous  In t r amuscu la r  

S k e l e t o n  5 5  4 2 

L ive r  

Kidneys 

Spleen  

Lungs 

I n j e c t i o n  S i t e  3  5 

i n  T i s s u e  
Subcutaneous 

C i r c u l a t i n g  
~ l o o d ( a )  

( a )  P e r c e n t  o f  i n j e c t e d  dose /gram b l o o d .  

i s  s u f f i c i e n t l y  slow s o  t h a t  e x c i s i o n  

of  t h e  d e p o s i t i o n  s i t e  i s  a  p r a c t i c a l  

t h e r a p e u t i c  p rocedure .  Promethium 

h y d r o l y s i s  p r o d u c t s  a r e  more s u b j e c t  

t o  c h e l a t i o n  a t t a c k  t h a n  s i m i l a r  p l u -  

tonium compounds and cou ld  p o s s i b l y  

be mob i l i zed  by che lons  l o c a l l y  i n -  

j  e c t e d .  

I n  t h e  human, 40 t o  50% o f  a  dose o f  

abou t  5 x  ng/kg of  1 4 3 ~ m  ( t h r e e  

t imes  l e s s  mass t h a n  t h e  p e r m i s s i b l e  

o c c u p a t i o n a l  body burden f o r  1 4 7 ~ m )  

was immediately d e p o s i t e d  i n  t h e  

l i v e r  r e g i o n  and was n o t  t r a n s l o c a t e d  

from t h i s  organ  d u r i n g  t h e  ensu ing  

360 days .  I n  m i n i a t u r e  swine ,  however, 

a n  i n i t i a l  d e p o s i t i o n  o f  40% i n  t h e  

l i v e r  dwindled t o  about  20% i n  100 days .  
6 About 10 more mass was i nvo lved  i n  

t h e  swine expe r imen t s ,  s o  t h a t  it i s  

n o t  c l e a r  whether  t h i s  i s  a  mass 

e f f e c t  o r  a  s p e c i e s  d i f f e r e n c e .  

C a r e f u l  measurements were made o f  

promethium c o n c e n t r a t i o n s  i n  t h e  b lood  

and e x c r e t a  o f  t h e  i n t r a v e n o u s l y  

i n j e c t e d  an ima l s .  These r e s u l t s  

a r e  p o r t r a y e d  i n  F igu re s  1, 2 ,  and 3. 

A l l  of t h e s e  d a t a  demonst ra te  a  long  

h a l f - t i m e  f o r  promethium i n  t h e  swine ,  

s i m i l a r  t o  t h a t  found i n  humans. The 

d a t a  s u g g e s t  t h a t  t h e  m i n i a t u r e  swine 

shou ld  be  a  u s e f u l  model f o r  b i o l o g i -  

c a l  d i s p o s i t i o n  of  promethium i n  man. 
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0 . 0 0 1  
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HOURS DAYS 
TIME AFTER PROMETHIUM INJECTION 

FIGURE 1. Blood Content of Promethium After Intravenous Injection 
of PmC13 in Miniature Swine; Data from Six Animals, with 95% 
Confidence Interval about the Mean 

0  1 0  2 0  3  0  4  0 5 0  6 0  7 0  8 0  9 0  

DAYS AFTER PROMETHIUM ADMINISTRATION 

FIGURE 2. Daily Urinary Excretion of Promethium After Intravenous 
Injection of PmC13 in Miniature Swine; Data from Six Animals, with 
95% Confidence Interval about the Mean 
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x NOT USED IN CURVE FITTING 

- ,-0.0162t + 0.018 ,-0.000444t 

0 10 20 30 4 0 5 0 6 0 7 0 80 9 0 

DAYS A F T E R  PROMETHIUM ADMINISTRATION 

FIGURE 3. Daily Fecal Excretion of Promethium After Intravenous 
Injection of PmC13 in Miniature Swine; Data from Six Animals, with 
95% Confidence Interval about the Mean 
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D E V E L O P M E N T  A N D  E V A L U A T I O N  O F  B L O O D  I R R A D I A T O R S  

Investigators: 
F. P. Hungate, F. T. Cross, 
M. K. Gillis and B. D. BinghamX 

Irradiation of blood has been ef- 

fective in treating some forms of 

leukemia and complements the action 

of drugs in suppressing the immune 

response, thus lengthening organ or 

tissue transplant time. Such effects 

are directly related to suppression 
of lymphocyte concentration, which is 

usually achieved clinically by extra- 

corporeal irradiation. Osgood has 

successfully treated leukemic 
patients with injected 3 2 ~ .  In our 

studies with inhaled alpha-emitting 

radioactive particulates, we have ob- 

served a consistent severe lympho- 

phenia due apparently to irradiation 

of blood circulating through capil- 

laries in close apposition to depos- 

ited radionuclides. 

Parametric calculations indicated 

that beta emitters with energy suf- 

ficient to irradiate a significant 

volume of blood would produce unac- 

ceptably high bremstrahlung dosage 

in surrounding tissues. Weak photons 

in the energy range of less than 

30 keV seem to provide the most favor- 

able radiation fields (Figure 1). At 
such low energies, total shielding to 

protect surrounding tissue is easily 

attained with <1 mm of tantalum or 

other heavy metal. Iron-55 was se- 

lected as a suitable radionuclide for 

initial testing . 
Two models of irradiators were con- 

structed for in vivo testing. One 

consisted of a simple thin wall can- 

nula, cast from epoxy, with the 5 5 ~ e  

as a l-cm wide annulus around the 

middle. The 5 5 ~ e  was covered by a 

tantalum shield which in turn was cast 

in the epoxy. Short sections of 

* Mechanical Engineering Department, 
Physics and Engineering Division 



P H O T O N  E N E R G Y ,  MeV 

F I G U R E  1. Average Photon Dose Rates  
With in  a  Cannula 1 cm Long by 0 .5  cm 
Diameter ,  Con ta in ing  1 m~i / cm2  A c t i v i t y  
Dens i ty  on t h e  I n s i d e  S u r f a c e  

dacron  p r o s t h e t i c  s e r v e  t o  connect  

t h e  epoxy d e v i c e  t o  t h e  c u t  blood 

v e s s e l  ends .  The i n n e r  s u r f a c e  of  

t h e  cannu la  was GBH ( g r a p h i t e -  

benzalkonium-hepar in)  coa ted  and t h e  

whole u n i t  was r a d i a t i o n  s t e r i l i z e d  

p r i o r  t o  i m p l a n t a t i o n  (Figure  2 ) .  

A second model employed a  s h o r t  

l e n g t h  o f  8 mm dacron  p r o s t h e t i c ,  

coa t ed  i n  i t s  m i d - p o r t i o n  w i t h  medi- 

c a l  grade  s i l a s t i c ,  a  f i l m  o f  Sa ran  

Wrap, and w i t h  t h e  " ~ e ,  a g a i n  p l aced  

a s  a 1-cm annulus  around t h e  Saran .  
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EPOXY F I L L E R  

I 

I G A T I O N  GROOVE 

GBH P A I N T E D  ON 
I N S I D E  

FIGURE 2. Epoxy-Clad Blood I r r a -  
d i a t o r  (Modified a t  i m p l a n t a t i o n  
by a f f i x i n g  Dacron v e l o u r  i n  t h e  
l i g a t i o n  groove w i t h  s i l i c o n e  r u b b e r  
cement. The ends o f  t h e  c u t  a r t e r y  
a r e  s l i p p e d  o v e r  t h e  v e l o u r ,  which 
p r o v i d e s  a  s i t e  f o r  c e l l  ingrowth  
and more permanent a t t achmen t  o f  t h e  
v e s s e l  t o  t h e  i r r a d i a t o r . )  

t h e  " ~ e  and t h e  whole encased  i n  

s i l a s t i c ,  which provided  a  smooth t i s -  

sue  compat ib le  cove r .  Both models 

were c o n s t r u c t e d  i n  p a i r s ,  one w i t h  

t h e  r a d i a t i o n  sou rce  and t h e  o t h e r  

w i thou t  t o  s e r v e  a s  a  s u r g i c a l  c o n t r o l .  

These d e v i c e s  were implanted  i n  

t h e  t h o r a c i c  a o r t a s  o f  dogs and hema- 

t o l o g i c a l  changes w i l l  be c l o s e l y  

fo l lowed .  From t h e s e  p i l o t  s t u d i e s  

we w i l l  hope t o  o b t a i n  i n f o r m a t i o n  

concerning  i n t e r a c t i o n s  a t  t h e  b lood-  

d e v i c e  i n t e r f a c e ,  a s  w e l l  a s  i n d i c a -  

t i o n s  of  lymphocyte changes t o  be 

expected  under c o n d i t i o n s  o f  c h r o n i c  

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

A t an t a lum s h i e l d  was p l aced  around 
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M A L O N A L D E H Y D E  A S  A  R A D I O L Y S I S  P R O D U C T  O F  B I O L O G I C A L  M A T E R I A L S  

Investigators: 

J .  If. Y o s s  and  D .  B .  MenzeZ 

Technical Assistance: 

T h e l m a  A .  J a c k s o n  

Controversy exists over the safety 

of irradiated foods. Cytotoxic ef- 

fects have been ascribed to irradiated 

solutions of pure carbohydrates, yet 

the nature of the toxic radiolysis 

products remains obscure. We have 

shown that irradiation of a number of 

carbohydrates and of DNA and RNA pro- 

duces malonaldehyde. Malonaldehyde 

appears to arise from a deoxy sugar 

intermediate via a solvated electron 

reaction; hence, the radiolytic pro- 

duction of malonaldehyde is pH- 

dependent, higher yields occurring at 

physiological than at more acidic pH 

ranges. The identity of malonaldehyde 

was established by U.V. spectra, by 

column chromatography and by forma- 

tion of the 2-thiobarbituric acid de- 

rivative. Irradiation of DNA or RNA 

produced both malonaldehyde and a 

malonaldehyde-nucleic acid reaction 

product. This latter product was 

fluorescent and could be dissociated 
only by hot acid hydrolysis. Fluor- 

escent reaction products of nucleo- 

sides with malonaldehyde show the 

U.V. absorption spectra and fluor- 

escence excitation and emission 

spectra characteristic of the l-amino- 

3-iminopropene crosslink. 

The identification of malonaldehyde 

as a major radiolysis product of car- 

bohydrates and polynucleotides places 

the evaluation of the safety of ir- 

radiated foods on a more scientific 

footing. The production of malonal- 

dehyde and its reaction with DNA sug- 

gests that the biochemistry of 
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malonaldehyde may be important to an malonaldehyde is also a product of 

understanding of the long-term effects lipid oxidation, it may be of general 

of radiation damage as well as the importance to such problems as aging 

safety of irradiated foods. Since and carcinogenesis. 
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