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PREFACE 

P a c i f i c  Northwest Labo ra to r y ' s  1976 Annual Report t o  t h e  ERDA Ass i s t an t  Adm in i s t r a t o r  f o r  

Environment and Safe ty  i s  organized by major program ca tego r i es  i n t o  f i v e  Volumes, o r  Par ts .  

Pa r t s  1-4 a r e  o r i en ted  t o  p a r t i c u l a r  segments o f  t h e  program supported by t h e  D i v i s i o n  o f  

Biomedical and Environmental Research. P a r t  5 i nc ludes  r e p o r t s  on p r o j e c t s  supported by t h e  

D i v i s i o n  o f  Safety ,  Standards and Compliance; D i v i s i o n  o f  Technology Overview; D i v i s i o n  o f  

Environmental Cont ro l  Technology; and t he  O f f i c e  o f  Environmental Pol i c y  Analys is .  Each 

P a r t  cons i s t s  o f  p r o j e c t  r e p o r t s  authored by s c i e n t i s t s  f rom severa l  PNL research depar t -  

ments, r e f l e c t i n g  t h e  i n t e r d i s c i p l  i n a r y  na tu re  o f  t he  research e f f o r t .  'The Par ts  o f  t h e  

1976 Annual Report a re :  

P a r t  1 Biomedical Sciences 
Program Manager - W. R. Wi ley R. C. Thompson, Report Coordinator  

D. L. Fel ton,  E d i t o r  

P a r t  2 Eco log i ca l  Sciences 
Program Manager - B. E. Vaughan B. E. Vaughan, Report Coordinator  

J. L. He lb l i ng ,  E d i t o r  

P a r t  3 Atmospheric Sciences 
Program Manager - C. L. Simpson J. M. Hales, Report Coordinator  

E. L. Owzarski, E d i t o r  

P a r t  4 Physica l  and Technologica l  Programs 
Program Manager - J. M. N i e l  sen J. M. Nie lsen,  Report Coordinator  

G. M. Garnant, E d i t o r  

P a r t  5 Cont ro l  Technology, Overview, 
Safety ,  and P o l i c y  Ana lys is  

Program Managers - N. E. Ca r t e r  
D. B. Cearlock 
J. C. Fox 
D. L. Hessel 
H. V. Larson W. J. Ba i r ,  Report Coordinator  

L. C. Counts/R. W. Baalman, E d i t o r s  



A c t i v i t i e s  o f  t h e  Environmental and Safety Research Program a t  PNL a r e  broader  i n  scope 

t han  t h e  a r t i c l e s  i n  t h i s  r e p o r t  i n d i c a t e .  PNL s t a f f  members p a r t i c i p a t e  throughout  t h e  yea r  

i n  many p r o j e c t s  n o t  funded through s p e c i f i c  189s. 'These e f f o r t s  i n c l u d e  o v e r a l l  program 

planning,  response t o  reques ts  f o r  i n f o rma t i on  from t h e  ERDA Ass i s t an t  Adm in i s t r a t o r  f o r  

Environment and Sa fe t y  and o t h e r  o f f i c i a l s ,  p a r t i c i p a t i o n  on na t i ona l  and i n t e r n a t i o n a l  

s t anda rd - se t t i ng  committees, and p u b l i c  educat ion.  Dur ing 1976, s t a f f  o f  PNL's Environmental 
and Sa fe t y  Research Program: 

prepared two volumes ( F i s s i o n  and Fusion)  o f  ERDA's Balanced Program Plan f o r  Biomedical 

and Environmental Research; 

c o n t r i b u t e d  t o  a number o f  envi ronmenta l  assessments and impact  statements, i n c l u d i n g  t h e  

Gener ic  Environmental Statement f o r  Mixed Oxide Fuels and t h e  C l  i n c h  R i ve r  Breeder Reactor 

Statement, and p a r t i c i p a t e d  i n  hear ings on nuc lear  issues;  

s a t  on Na t i ona l  Academy o f  Sciences/Nat ional  Research Counci l  Committees, t h e  Na t i ona l  

Counci l  on Rad ia t i on  P r o t e c t i o n  and Measurements, and t h e  I n t e r n a t i o n a l  Commission on 

Rad io l og i ca l  P ro tec t i on ;  

compi led and prepared t h e  f i n a l  r e p o r t s  f o r  two o f  these committee e f f o r t s ;  and 

prov ided,  i n  response t o  reques ts  f rom t h e  A s s i s t a n t  Adm in i s t r a t o r  f o r  Environment and 

Safety,  i n t e r p r e t a t i o n s  o f  research  r e s u l t s  t o  c l a r i f y  i n f o r m a t i o n  g i ven  t o  t h e  p u b l i c  

on a number o f  issues.  These i nc l uded  t h e  Hanford M o r t a l i t y  Study f i n d i n g s ,  f a u l t y  

pub l i shed  i n t e r p r e t a t i o n s  o f  da ta  on m o r t a l i t y  i n  p lu ton ium workers, and severa l  o t h e r  

i ssues  concerned w i t h  nuc l ea r  power. 

W. J. Ba i r ,  Manager 
S. Marks, Assoc ia te  Manager 
Environmental and Sa fe t y  Prsearch Program 

Previous Reports i n  t h i s  Ser ies :  

Annual Report f o r  

1951 HW-25021, HW-25709 
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1953 HW-30437, HW-30464 
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FOREWORD 

T h i s  volume descr ibes  progress on b iomedica l  and h e a l t h  e f f e c t s  research conducted a t  

PNL i n  1976. The con ten ts  o f  t h e  volume a r e  a r e f l e c t i o n  o f  ou r  c o n t i n u i n g  emphasis on t h e  

e v a l u a t i o n  o f  r i s k  t o  man f rom e x i s t i n g  and/or deve lop ing  energy - re la ted  techno log ies .  The 

emphasis o f  t h e  PNL program i s  c o n s i s t e n t  w i t h  t h e  ERDA goal  o f  i n c r e a s i n g  and d i v e r s i f y i n g  

n a t i o n a l  energy resources w i t h o u t  i n c r e a s i n g  r i s k s  t o  human h e a l t h .  

Most o f  t h e  s t u d i e s  descr ibed  i n  t h i s  r e p o r t  r e l a t e  t o  p r o c e s s - s p e c i f i c  a c t i v i t i e s  f o r  

fou r  ma jo r  energy techno log ies :  n u c l e a r  f u e l  cyc le ;  f o s s i l  f u e l  c y c l e  ( o i l ,  gas, and coa l  

process ing,  min ing,  and u t i l i z a t i o n ) ;  sha le  o i l  process ing;  and e l e c t r i c a l  systems (h igh-  

v o l t a g e  DC f i e l d s ) .  I n  a d d i t i o n ,  research  r e p o r t s  a r e  i n c l u d e d  on t h e  a p p l i c a t i o n  o f  n u c l e a r  

energy t o  b iomedica l  problems. 

T e c h n i c a l l y ,  t h e  e n e r g y - r e l a t e d  p r o j e c t s  presented here a l l  c e n t e r  around a common 

research  fo rmat  i n v o l v i n g  m u l t i t i e r e d  t o x i c o l o g i c  e v a l u a t i o n  o f  p o t e n t i a l l y  hazardous 

by-products, f u g i t i v e  gases and e f f l u e n t s  f rom p r o c e s s - s p e c i f i c  energy a c t i v i t i e s .  The 

s h a l e  o i  1  p r o j e c t s ,  f o r  example, a r e  i l l u s t r a t i v e  o f  t h e  m u l t i t i e r e d  t o x i c o l o g i c  concept.  

By-products and f u g i t i v e  e f f l u e n t s  a r e  examined by  an inexpens ive  m i c r o b i a l  mutagenesis 

assay. The r e s u l t s  o f  these  i n v e s t i g a t i o n s  a r e  used t o  s e t  p r i o r i t i e s  f o r  m a t e r i a l s  t o  be 

used i n  t h e  more expensive animal c a r c i n o g e n i c i t y  and t e r a t o g e n i c i t y  t e s t  systems. The 

i n i t i a l  a c u t e  animal s t u d i e s ,  i n  t u r n ,  a r e  used t o  i d e n t i f y  t h e  need f o r  examining non- 

ca rc inogen ic  e f f e c t s ,  such as damage t o  r e s p i r a t o r y ,  n e u r o l o g i c ,  and immunologic systems. 

The v a l i d i t y  o f  a p p l y i n g  r e s u l t s  f rom animal exper imenta t ion  t o  man i s  f i r m l y  based 

on e m p i r i c a l  observa t ions .  However, as i n d i c a t e d  i n  r e p o r t s  on animal l i f e - s p a n  s t u d i e s  

assoc ia ted  w i t h  n u c l e a r  f u e l  cyc les ,  some progress i s  b e i n g  made i n  o b t a i n i n g  d a t a  which 

w i l l  p r o v i d e  a more q u a n t i t a t i v e  b a s i s  f o r  t h e  e x t r a p o l a t i o n  o f  animal data t o  man. 

Ma jo r  m i les tones  have been achieved i n  a p r o j e c t  designed t o  develop a wearable b lood  

i r r a d i a t o r .  It i s  a n t i c i p a t e d  t h a t  t h e  d e v i c e  w i l l  be a v a i l a b l e  f o r  c l i n i c a l  t r i a l s  w i t h i n  

t h e  n e x t  two t o  t h r e e  years.  



The b iomedical  and h e a l t h  e f f e c t s  program a t  PNL i s  an i n t e r d i s c i p l i n a r y  e f f o r t  r e q u i r -  

i n g  s c i e n t i f i c  c o n t r i b u t i o n s  f rom p r a c t i c a l l y  a l l  research departments a t  PNL. The personnel 

i n  t h e  B io l ogy  Department, t h e  p r i n c i p a l  c o n t r i b u t o r s  t o  t h e  volume, a re  l i s t e d  on pages 299 

th rough 308. Requests f o r  r e p r i n t s  from t h e  l i s t  of p u b l i c a t i o n s  and presentatiins f o r  1976 

on pages 289 t o  293 w i l l  be honored, except  as noted. 
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AEROSOL AND ANALYTICAL TECHNOLOGY 

Person i n  Charge: W .  C.  Cannon 

Th i s  p r o j e c t  i s  concerned w i t h  t echno log i ca l  development o f  aerosol  exposure systems and 

radiochemical  ana l ys i s ,  as w e l l  as t h e  maintenance o f  f a c i l i t i e s  f o r  acute i n h a l a t i o n  expo- 

sure  o f  exper imenta l  animals t o  nuc lear  m a t e r i a l s .  

Cu r ren t  research  and development i n  aerosol  technology seeks t o  improve t h e  a b i l i t y  t o  

d e l i v e r  p rescr ibed  i n h a l a t i o n  doses t o  exper imenta l  animals f o r  t o x i c o l o g i c  s tud ies .  To 

t h i s  end, i nha led  aerosol  depos i t i on  s t ud i es  a r e  being c a r r i e d  o u t  and ins t ruments  f o r  

aeroso l  measurement and aerosol  genera t ion  c o n t r o l  a r e  being developed. 

Cur ren t  research i n  radiochemical  a n a l y t i c a l  techniques seeks improved e f f i c i e n c y  i n  t h e  

areas o f  b i o l o g i c  sample b u l k  r e d u c t i o n  and i n  l ow - l eve l  r ad i onuc l  i d e  e x t r a c t i o n .  Develop- 

ment o f  techniques f o r  a n a l y s i s  o f  b i o l o g i c  samples f o r  some non-nuclear t o x i c a n t s  has a l s o  

been c a r r i e d  ou t .  

Denotes 189 T i t l e  



DEPOSITION OF INHALED AEROSOLS IN BEAGLE DOGS 

I n ves t i ga to r s :  

W. C.  Cannon, D. K. Cra ig,  J. P. He r r i ng  and G. J. Powers 

Technical  Assis tance:  

E. F. B lan ton  and M. F. England 

A d d i t i o n a l  measurements have been made o f  depos i t i on  and r e t e n t i o n  o f  i nha led  rad ioac-  

t i v e l y  l abe led  i r o n  ox i de  aeroso ls  generated by a sp inn ing  t o p  aerosol  generator .  

Th i s  i s  a con t i nua t i on  o f  t h e  s tudy  
descr ibed i n  t h e  1975 Annual Report.  The 
same f i v e  beagle dogs were exposed t o  f i v e  
aeroso ls  o f  i r o n  ox i de  l abe led  w i t h  lq8Au. 
The aerosol  p a r t i c l e  s i zes  ranged from 1.6 
t o  4.5 pm aerodynamic equ i va l en t  diameter 
(AED). These aeroso ls  d i f f e r e d  f rom those 
p rev i ous l y  used i n  t h a t  t hey  were generated 
by a sp i nn i ng  t op  generator  i n s tead  o f  a 
Lovelace nebu l i ze r ,  and thus  had a much 
narrower s i z e  d i s t r i b u t i o n .  Also,  t h e  
c o l l o i d a l  i r o n  suspension was sp iked  w i t h  
lg8Au- labe led  c o l l o i d a l  g o l d  r a t h e r  than 
t h e  lg8AuC13 used p rev i ous l y .  

The t o t a l  i n i t i a l  depos i t i on  (TID) of 
aerosol  was measured as t h e  sum o f  t h e  
a c t i v i t y  exc re ted  d u r i n g  t h e  f i r s t  seven 
days postexposure p l u s  t h e  seventh-day 
whole-body count .  Semi l o g  p l o t s  (see 
F i gu re  1 . l )  o f  r e t a i n e d  a c t i v i t y  , expressed 
as a percentage o f  TID f o r  a 14-day per iod ,  
d i s p l a y  t he  c h a r a c t e r i s t i c  r a p i d  upper 
r e s p i r a t o r y  c learance and slow a l v e o l a r  
c learance curves.  E x t r a p o l a t i o n  o f  t h e  
l a t t e r  t o  t ime  zero g i ves  t h e  percen t  o f  
T I D  i n i t i a l l y  deposi ted i n  t h e  a l v e o l a r  r e -  
g i on .  I n  F i gu re  1.2, da ta  p o i n t s  represen t  
percen t  i n i t i a l  a l v e o l a r  depos i t i on  versus 
a c t i v i t y  median aerodynamic d iameter  (AMAD) 
o f  t h e  aerosols .  AMADs were ca l cu ta ted  
f rom cascade impactor  da ta  us ing  t h e  
NEWCAS computer program. Th i s  program i s  
n o t  p a r t i c u l a r l y  w e l l  s u i t e d  t o  ana l ys i s  o f  
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FIGURE 1.1. Typ i ca l  Aerosol  Depos i t ion  
Clearance Curves 



SYMBOL 

A 

0 

v 
0 

0 

DM;  NO. 

980 

1010 

1012 

1014 

1029 

- 

2 3 4 5 6 7 8 9 1 0  

AMAO urn 

FIGURE 1.2. V a r i a t i o n  o f  A l v e o l a r  D e p o s i t i o n  
w i t h  Aerosol  P a r t i c l e  S i z e  

t h e  narrow s i z e  d i s t r i b u t i o n s  generated by  
t h e  s p i n n i n g  t o p  genera to r ,  and an improved 
d a t a  r e d u c t i o n  method w i l l  be sought  f o r  
these  aerosols .  

I n  F i g u r e  1.2 t h e  p e r c e n t  o f  t o t a l  i n i -  
t i a l  d e p o s i t i o n s  i n  t h e  a l v e o l i  a r e  p l o t t e d  
a g a i n s t  t h e  AMAD o f  t h e  aeroso l .  The 
shaded area i n c l u d e s  35 o f  40 da ta  p o i n t s  
and may r e p r e s e n t  reasonable l i m i t s  f o r  
expected a l v e o l a r  d e p o s i t i o n s .  

F u t u r e  work i n  t h i s  s tudy  w i l l  seek ways 
t o  generate submicron aeroso ls  by such 
schemes as t h e  use o f  t h e  smal l  s a t e l l i t e  
p a r t i c l e s  generated by  t h e  s p i n n i n g  t o p  
genera to r  b u t  u s u a l l y  d iscarded  w i t h  t h e  
exhaust  a i r .  Improvements o f  t h e  s p i n n i n g  
t o p  genera to r  system may i n c l u d e  a b e t t e r  
l i q u i d  feed system, p l u s  a p a r t i c l e  d r i e r  
and charge n e u t r a l i z e r .  



CONTROLLED OUTPUT AEROSOL GENERATORS 

Investigators: 

W. C. Cannon and J. R. Decker 

Technical Assistance 

J. M. Sloot, M. F. England, E. G. Kuffel and F. M. Cuta 

Techniques were investigated for controlling the aerosol generation rates of liquid 

nebulizers. 

Changes in aerosol concentration due to 
variations in aerosol generator output 
rates cause problems in achieving desired 
aerosol inhalation dosage. Possible 
methods of instituting automatic feedback 
control of nebulizer-type generators are 
being investigated. Among the possible 
generator output control methods being 
considered are air pressure control for 
nebulizers having liquid reservoirs and use 
of controlled liquid feed devices, 
such as syringe pumps, for specially 
designed nebulizers. 

A continuous indicator of output rate is 
necessary for automatic feedback control of 
generator output. Measurement of intensity 
of light reflected from the liquid aerosol 
before drying shows promise as the needed 
indicator of generator output. 

are connected to a single reflectance probe 
via a bifurcated fiber optics light pipe, 
is undergoing evaluation as an instrument 
for measurement of generator output. Fig- 
ure 1.3 is a plot of photometer reading 
versus generator output in microliters of 
liquid per minute for a Lovelace (Sandia 
Research and Development Corp., Albuquerque, 
NM), and a Retec N-301PPB nebulizer 
(Retec Development Laboratory, Portland, OR). 

The upper scale refers to the Lovelace 
nebulizer and the lower to the Retec. The 
difference in sensitivity of the photometer 
to the generator output rates is only par- 
tially explained by the greater airflow rate 
of the Retec, which reduces the droplet 
aerosol density. Differences in droplet 
size distribution may also reflect 
sensitivity. 

A Model RP-800 reflectance photometer, The reflectance photometer will be 
(PBL Electrooptics, Inc., West Newbury, MA), further tested by instituting manual air 
in which a light source and a photometer pressure control to maintain a constant 
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FIGURE 1.3. Measurement o f  L i g h t  Re f l ec ted  
by a L i q u i d  D r o p l e t  Aerosol  

photometer read ing  w h i l e  mon i t o r i ng  aerosol  
concen t ra t i on  and p a r t i c l e  s ize .  I f  e f f e c -  
t i v e ,  t h i s  arrangement may be used as an 
i n t e r i m  genera t ion  co.ntro1 system f o r  animal 
exposures. 

F igures  1.4 and 1.5 a re  diagrams o f  pro-  
posed automat ic  c o n t r o l  systems f o r  a s tan-  
dard  r e s e r v o i r  t ype  n e b u l i z e r  and a spec ia l  
pump-fed nebu l i ze r ,  r espec t i ve l y .  A p ro to -  
t ype  u n i t  o f  t h e  pump-fed n e b u l i z e r  has 
been b u i l t  and i s  undergoing t e s t i n g .  
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FIGURE 1.4. Automatic Aerosol Concent ra t ion  
Cont ro l  l e r  f o r  Standard Reservo i r  Nebul i z e r  
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TOXICOLOGY OF PLUTONIUM-SODIUM 

Person i n  Charge: D. D. Mahlum 

One h y p o t h e t i c a l  1  i q u i d  meta l  f a s t  breeder  r e a c t o r  (LMFBR) a c c i d e n t  p o s t u l a t e s  t h e  forma- 

t i o n  o f  sodium vapor, th rough  which p lu ton ium and uranium o x i d e  p a r t i c l e s  would pass enrou te  

t o  re lease ,  r e s u l t i n g  i n  a  mixed plutonium-uranium-sodium aeroso l .  S tud ies  i n  England w i t h  

aeroso ls  generated by an exp lod ing  w i r e  technique,  i n  which t h e  p lu ton ium and sodium a r e  i n  

i n t i m a t e  con tac t ,  suggest t h a t  t h e  r e s u l t i n g  aerosol  i s  more s o l u b l e  and more e a s i l y  t r a n s -  

l o c a t e d  f rom t h e  l u n g  than  a r e  aeroso ls  of p lu ton ium alone.  It i s  n o t  known, however, whether 

mixed aeroso ls  formed by  o t h e r  means, which may more c l o s e l y  s i m u l a t e  a  c o r e  d i s r u p t i v e  a c c i -  

dent ,  would have s i m i l a r  p r o p e r t i e s .  

T h i s  p r o j e c t  seeks t o  ( 1 )  dev ise  niethodology f o r  t h e  con t inuous  genera t ion  o f  condensat ion 

a e r o s o l s  f rom v a p o r i z a t i o n  o f  LMFBR-type f u e l s ,  ( 2 )  dev ise  methods f o r  producing mixed a e r o s o l s  

o f  f u e l  and sodium under severa l  c o n d i t i o n s ,  i n c l u d i n g  passage o f  t h e  f u e l  ae roso ls  th rough  

sodium vapor; ( 3 )  determine t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  aeroso ls  prepared i n  ( 1 )  and 

( 2 ) ;  ( 4 )  determine t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  such aeroso ls ;  and ( 5 )  eva lua te  t h e  

b i o l o g i c a l  e f f e c t s  o f  mixed fue l -sod ium aeroso ls  prepared under d i f f e r i n g  c o n d i t i o n s .  

E f f o r t s  d u r i n g  FY 1976 have focused on t h e  development of methodology f o r  aerosol  genera- 

t i o n .  A f t e r  a  number of p o s s i b i l i t i e s  f o r  p roduc ing  condensat ion aeroso ls  were evaluated,  i t  

was decided t h a t  a  l a s e r  method o f f e r e d  t h e  most promise f o r  con t inuous  genera t ion  o f  t h e  

r e q u i s i t e  p lu tonium-uranium aeroso l .  One o f  t h e  f o l l o w i n g  r e p o r t s  descr ibes  exper iments 

performed t o  show t h e  f e a s i b i l i t y  o f  u s i n g  l a s e r  v a p o r i z a t i o n  o f  U02-Pu02 f a s t  r e a c t o r  f u e l s  

t o  generate condensat ion aeroso ls .  The o t h e r  r e p o r t  desc r ibes  t h e  method devised f o r  genera- 

t i o n  o f  sodium aeroso ls .  

I n  FY 1977 r a t s  w i l l  be exposed t o  aeroso ls  of v a r i o u s  c o n c e n t r a t i o n s  o f  Na o n l y  and v a r i -  

ous r a t i o s  o f  Na t o  Pu, u s i n g  nose-only  exposures. Rats w i l l  be s a c r i f i c e d  a t  i n t e r v a l s  

ex tend ing  t o  1  y r  postexposure t o  f o l l o w  t h e  t r a n s l o c a t i o n  of m a t e r i a l  f rom t h e  lungs  t o  o t h e r  

t i s s u e s .  These da ta  w i l l  be eva lua ted  t o  determine t h e  need f o r  long- te rm t o x i c o l o g i c  s t u d i e s .  



SODIUM AEROSOL GENERATION 

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

M. D. A l l en ,  W. T. Kaune, and D. K. Cra ig  

Technical  Assis tance:  

J. K. B r i a n t  

A method has been developed f o r  genera t ing  sodium condensation aeroso ls  f o r  roden t  i nha la -  

t i o n  s tud ies .  Sodium i s  vapor ized i n t o  an argon sweep gas us i ng  a r e s i s t a n c e  furnace. The 

sodium metal condensate i s  mixed w i t h  a i r  i n  an ag ing  chamber and i s  then  passed i n t o  a rodent  

exposure chamber. 

L i q u i d  sodium i s  used as t h e  hea t  t r a n s -  
f e r  medium i n  L i q u i d  Metal Fas t  Breeder 
Reactors (LMFBRs). I n  a hypo the t i ca l  LMFBR 
acc iden t  i n  which t h e  r e a c t o r  core  vapor izes 
w h i l e  under 1 i q u i d  sodium, t h e  Pu02-U02 
condensation aerosol  formed may be expected 
t o  mix v i o l e n t l y  w i t h  sodium aeroso l .  Th i s  
p r o j e c t  w i l l  e v e n t u a l l y  i n v e s t i g a t e  t he  
phys i ca l ,  chemical and b i o l o g i c a l  behavior  
o f  mixed Pu02-U02-Na aerosols ;  however, i t  
was f i r s t  necessary t o  develop a method f o r  
genera t ing  a r e s p i r a b l e  sodium aerosol  a t  a 
cons tan t  r a t e .  

The apparatus used t o  generate sodium 
aerosol  i s  shown schemat ica l l y  i n  F igure  2.1. 
The argon sweep gas i s  in t roduced a t  a r a t e  
o f  0.5 ~ / m i n ,  passing through a qua r t z  tube 
packed w i t h  anhydrous CaS04 t o  remove water  
vapor, and through copper t u r n i n g s  heated t o  
700°C t o  remove oxygen. The argon gas then  
sweeps sodium vapor f rom a s t a i n l e s s  s t e e l  
boat ,  which has a l i p  t o  p reven t  sodium f rom 
creeping over  t h e  edge. The sodium vapor 
i s  f i r s t  mixed w i t h  d r y  a i r  t o  p reven t  H2 
fo rmat ion .  The ox ide  aerosol  i s  then d i -  
l u t e d  w i t h  a i r  c o n t r o l  l e d  a t  5022% r e l a t i v e  
humid i t y ;  t h e  p a r t i c l e  s i z e  and f i n a l  chem- 
i c a l  form depend on r e l a t i v e  humid i t y .  

The l o g a r i t h m  o f  t h e  sodium aerosol  con- 
c e n t r a t i o n  i n  t he  exposure chamber versus 
t h e  r e c i p r o c a l  o f  t h e  furnace temperature i s  
p l o t t e d  i n  F i gu re  2.2. The bes t  f i t  through 
t h e  data p o i n t s  i s  a s t r a i g h t  l i n e :  

The concen t ra t i on  measurements were ob ta ined  
by c o l l e c t i n g  t h e  sodium aerosol  i n  t h e  
exhaust f rom t h e  exposure chamber on 47-mm 
d i a  membrane f i l t e r  paper w i t h  a mean pore 
s i z e  o f  0.45 pm. Sodium aeroso l  was co l -  
l e c t e d  on each f i l t e r  f o r  5 min a t  a f l o w  
r a t e  o f  10 R/min. The inc rease  i n  mass on 
t h e  f i l t e r  was measured g r a v i m e t r i c a l l y .  

The aerosol  concen t ra t i on  should inc rease  
w i t h  temperature i n  t he  same way as t h e  
vapor pressure.  The e f f e c t  o f  temperature 
(T)  on t h e  vapor pressure o f  sodium (p )  
i s  g iven  by t h e  equat ion:  

loglo P (mm o f  Hg) =-  # + 7.551 (2 )  

I n  ou r  experiments t h e r e  was l e s s  than 13% 
d i f f e r e n c e  between t he  s lopes o f  t h e  curves 
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FIGURE 2.1. Sodium Aerosol  Generator  and Rat  Exposure Chamber 

FIGURE 2.2. Sodium Aerosol  Concen t ra t ion  i n  t h e  Exposure 
Chamber Versus t h e  Rec ip roca l  o f  t h e  Furnace Temperature 





LASER-GENERATED PuO,-U02 CONDENSAT ION AEROSOLS 

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

M. D. A l l en ,  W. T. Kaune, and D. K. Cra ig  

Technical  Assis tance:  

J. K. B r i a n t  and J. P. He r r i ng  

A  340-watt C02 l a s e r  i s  being used t o  generate Pu02-U02 condensation aerosol  f rom t h e  su r -  

face  o f  a  L i q u i d  Metal Fas t  Breeder Reactor (LMFBR) fue l  p e l l e t .  A  wide range o f  concentra-  

t i o n s  i s  achieved by va r y i ng  t h e  l a s e r  power, pu lse  w id th ,  and/or pu lse  pe r i od .  The r e s u l t i n g  

aerosol  i s  composed o f  branched c h a i n - l i k e  aggregates, w i t h  t h e  p r imary  p a r t i c l e  s i z e  rang ing  

between 0.005 and 0.15 um. X-ray d i f f r a c t i o n  analyses show t h a t  these aeroso ls  condense i n t o  

a  face-centered cub ic  c r y s t a l  s t r u c t u r e .  The a c t i v i t y  mean aerodynamic d iameter  (AMAD), f o r  

most power l e v e l s ,  i s  approx imate ly  0.85 p:: w i t h  a  geometr ic s tandard d e v i a t i o n  o f  1.5. 

The aerosol  which may be produced by a  
major  r e a c t o r  acc i den t  w i l l  be composed o f  
small  p r ima ry  p a r t i c l e s  condensed f rom t h e  
vapor s t a t e  and subsequent ly  coagulated i n t o  
1  ong, branched, chain-1 i ke aggregates. To 
vapor ize  mixed-oxide f a s t  r e a c t o r  f u e l s ,  
which a re  t y p i c a l l y  22% Pu02 and 78% UO,, 
temperatures over  3000°C a re  requ i red .  
A f t e r  cons i de r i ng  a  number o f  methods f o r  
vapo r i z i ng  r e f r a c t o r y  ma te r i a l s ,  a  pulsed 
340-watt C02 l a s e r  was se lec ted .  A  one- 
m i l l i s e c o n d  pu lse  w i l l  generate a  sur face  
temperature o f  1  O,OOO°C i n  a  very  1  ocal  i zed 
area on t h e  sur face  o f  an LMFBR f u e l  p e l l e t .  
Each pu l se  w i l l  produce a  smal l  vapor plume, 
which r a p i d l y  condenses and coagulates i n t o  
cha in  aggregates (F i gu re  2.4) .  A  Pu02-U02 
aerosol  can be generated a t  a  cons tan t  r a t e  
by r epea ted l y  p u l s i n g  t h e  l a s e r  on to  t h e  
su r f ace  o f  a  r o t a t i n g  f u e l  p e l l e t .  

Dur ing  each 30-min exper iment ,  s i x  con- 
c e n t r a t i o n  measurements were taken f rom t h e  
t o p  row of sampling p o r t s  i n  t h e  exposure 
chamber (descr ibed  e l  sewhere i n  t h i s  Annual 

Report )  and s i x  from t h e  bottom row. Typ- 
i c a l  values are g iven  i n  Table 2.1. Data 
f rom t h e  t op  and bot tom p o r t s  show no s i g -  
n i f i c a n t  v a r i a t i o n  i n  concen t ra t i on  w i t h  
h e i g h t  i n  t h e  exposure chamber; and a l s o  
show t h a t  t h e  aerosol  concen t ra t i on  i s  
reasonably cons tan t  w i t h  t ime.  

Table 2.2 l i s t s  aerosol  concen t ra t i on  and 
a c t i v i t y  median aerodynamic d iameters (AMAD) 
as a  f u n c t i o n  o f  l a s e r  power, pu lse  w id th ,  
and pu lse  per iod .  These t h r e e  v a r i a b l e s  
g i v e  a  wide range o f  adjustments which can 
be made t o  a t t a i n  a  c e r t a i n  concen t ra t i on .  
The l a s e r  power can be v a r i e d  between 50 and 
340 wa t t s ,  t h e  pu lse  w i d t h  can be v a r i e d  
between 1  msec and 10 sec ( o r  longer ,  manu- 
a l l y ) ,  and t h e  pu lse  pe r i od  can be va r i ed  
between 10 msec and 40 sec ( o r  longer ,  manu- 
a l  l y ) .  I n  general  , t h e  aeroso l  genera t ion  
r a t e  increases w i t h  i nc reas i ng  power and 
pu lse  w id th ,  and i s  i n v e r s e l y  p r o p o r t i o n a l  
t o  t h e  pu lse  per iod .  The AMAD tends t o  i n -  
crease w i t h  decreasing aeroso l  concen t ra t i on .  





INHALED PLUTONIUM OXIDE IN DOGS 

Person i n  Charge: J. F. Park 

T h i s  p r o j e c t  i s  concerned w i t h  long- te rm exper iments t o  determine t h e  d o s e - e f f e c t  r e l a t i o n -  

sh ips  o f  i n h a l e d  p l u t o n i u m  o x i d e  i n  beagle dogs. 

The ma jo r  l i f e - s p a n  s tudy  i n v o l v i n g  about 350 beagles i s  c u r r e n t l y  i n  p rogress .  These 

animals  r e c e i v e d  a  s i n g l e  5- t o  30-minute exposure t o  a  Pu02 aeroso l  as shown below: 

A l v e o l a r  
D e p o s i t i o n  ( u C i )  

3  
1.25 

0.25 

0.05 

0.01 

0.002 

Cont ro l  s  

Number o f  Animals 
2 J y P ~ 0 2  -- "tJPu02 

The 2 3 9 P ~  dogs were exposed i n  FY 1971 and FY 1972; t h e  2 3 8 P ~ 0 2  dogs, i n  FY 1973 and FY 

1974. The t h r e e  h i g h e s t  d e p o s i t i o n  l e v e l s  o v e r l a p  those employed i n  p r e v i o u s l y  completed 

s tud ies ,  and should p r e d i c t a b l y  l e a d  t o  a  h i g h  inc idence  o f  l u n g  and/or  bone tumors. The 

l o w e s t  l e v e l  corresponds 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  human l u n g  burden, i . e . ,  i t  

w i l l  r e s u l t  i n  an es t imated  average dose o f  15 rem/yr  t o  t h e  lung.  I n  a d d i t i o n  t o  t h e  dogs 

ma in ta ined  f o r  l i f e - s p a n  observa t ions ,  50 dogs were exposed f o r  p e r i o d i c  s a c r i f i c e  t o  o b t a i n  

i n f o r m a t i o n  on d e p o s i t i o n ,  r e t e n t i o n ,  t r a n s l o c a t i o n ,  and e x c r e t i o n  o f  i n h a l e d  p lutonium, and 

on t h e  pathogenesis o f  d o s e - r e l a t e d  e f f e c t s .  

Data f rom these exper iments w i l l  be used f o r  e s t i m a t i n g  t h e  h e a l t h  e f f e c t s  of these  a lpha-  

e m i t t i n g  r a d i o n u c l i d e s ,  which a r e  prominent  components o f  n u c l e a r  f u e l  c y c l e  e f f l u e n t s .  



DOSE-EFFECT STUDIES W I T H  INHALED P L U T O N I U M  
OXIDE  IN BEAGLES 
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Beagle dogs g iven  a s i n g l e  exposure t o  239Pu02 o r  2 3 8 P ~ 0 2  aeroso ls  a r e  be ing  observed f o r  

1 i f e - span  dose-e f fec t  r e l a t i o n s h i p s .  The 239Pu body burden o f  t h e  n i n e  dogs t h a t  d i ed  o f  

pulmonary f i b ros i s - i nduced  r e s p i r a t o r y  i n s u f f i c i e n c y  du r i ng  t he  f i r s t  3 yr  a f t e r  exposure was 

1 t o  12 uCi. One o f  these dogs had a pulmonary tumor. F i ve  a d d i t i o n a l  dogs w i t h  body burdens 

o f  0.7 t o  1.8 uCi d i e d  due t o  pulmonary neop las ia  3 t o  5 yr a f t e r  exposure. None o f  t h e  dogs 

exposed t o  2 3 8 P ~  have d i e d  du r i ng  t h e  f i r s t  3 postexposure yr. Lymphocytopenia was t he  

e a r l i e s t  observed e f f e c t  a f t e r  i n h a l a t i o n  o f  2 3 9 P ~ 0 2  o r  2 3 8 P ~ 0 2 ,  occu r r i ng  0.5 t o  2 y r  a f t e r  

depos i t i on  o f  2 80 nCi p lu ton ium i n  t h e  lungs.  

To determine the  l i f e - s p a n  dose-e f fec t  
r e l a t i o n s h i p s  o f  i nha led  p lutonium, 18-month- 
o l d  beagle dogs were exposed t o  aerosol  s of 
239Pu02 (mean AMAD 2.3 um, mean GSD 1.9), 
prepared by c a l c i n i n g  t he  o x a l a t e  a t  750°C 
f o r  2 h r ;  o r  t o  238Pu02 (mean AMAD 1.8 um, 
mean GSD 1.9), prepared by c a l c i n i n g  t h e  
oxa la te  a t  700°C and s u b j e c t i n g  t h e  p roduc t  
t o  H2160 steam i n  argon exchange a t  800°C f o r  
96 h r .  Th is  m a t e r i a l ,  r e f e r r e d  t o  as pure 
p lu ton ium oxide,  i s  used as f u e l  i n  space- 
nuc lear  power systems. 

One hundred t h i r t y  dogs exposed t o  
2 3 9 P ~ 0 2  i n  1970 and 1971 were se l ec ted  f o r  
long- term s tud ies ;  22  w i l l  be s a c r i f i c e d  t o  
o b t a i n  p lu ton ium d i s t r i b u t i o n  and pa tho logy  
data, and 108 were assigned t o  l i f e - s p a n  
dose -e f f ec t  s t ud i es  (Tab1 e 3. I ) .  

One hundred t h i r t e e n  dogs exposed t o  2 3 8 P ~ 0 2  
i n  1973 and 1974 were se lec ted  f o r  l i f e -  
span dose-ef fect  s t ud i es  (Table 3.2). 
Twenty-four a d d i t i o n a l  dogs were exposed 
f o r  p e r i o d i c  s a c r i f i c e .  The appendix 
( f o l l o w i n g  t he  e n t i r e  r e p o r t )  shows t he  
s t a t u s  o f  t he  dogs on these experiments. 

D u r i ~ g  t h e  f i r s t  5 y r  f o l l o w i n g  exposure 
t o  239 tu02 ,  seven dogs i n  t he  h i ghes t - l eve l  
dose group and seven dogs i n  Dose Level 
Grouo 5 were euthanized when dea th  was 
imminent. Th i r t een  dogs were s a c r i f i c e d  
f o r  comparison o f  p lu ton ium t i s s u e  d i s t r i b u -  
t i o n .  Table 3.3 shows t h e  causes o f  death 
and t h e  d i s t r i b u t i o n  o f  2 3 9 P ~  i n  t h e  t i s s u e s  
o f  these animals. One 80-month-old c o n t r o l  
dog was euthanized because of an o r a l  tumor. 



TABLE 3.1. Dose-Effect Studies w i t h  Inhaled 
2SyPu02 i n  Beagles. 

TABLE 3.2. Dose-Effect Studies w i t h  Inhaled 
2wPu02 i n  Beagles. 

DOSE LEVEL NUMBER OF DOGS I N I T I A L  ALVEOLAR  DEPOSITION^^) 

GROUP MALE FEMALE nCicb'  n c i l g   LUNG(^) 

0 10 10  0 

c a ' ~ ~ ~ ~ ~ ~ ~ ~  FROM EXTERNAL THORAX COUNTS AT 14 AND 
3ODAYS POSTEXPOSURE AND ESTIMATED LUNG WEIGHTS 
caoii x BODY WEIGHTI 

c a l ~ ~ ~ ~ ~ ~ ~ ~ ~  FROM EXTERNAL THORAX COUNTS AT 14 AND 
3 0  DAYS POSTEXPOSURE AND ESTIMATED LUNG WEIGHTS 
caoii x BOOY WEIGHTI 

TABLE 3.3. Tissue D i s t r i b u t i o n  of Plutonium 
i n  Beagles Af te r  I n h a l a t i o n  of 239Pu02. 

PERCENT OF F I M L  BODY BURDEN 

F I M L  BODY 
BURDEN, 

u C i  

THORACIC ABDOMINAL 
LYMPH LYMPH 

LUNGS NODES"~ N O D E S ~ ~ ~  LIVER SKELETON CAUSE OF DfATH 
DOG 

NUMBER 

a24 a08 
am am 
am am 
a l l  aos 
a08 a61 
am aos 
aol nm 
am aos 
a01 aos 
am1 am 
a06 aM 

SACRIFICE 

SACRIFICE 

SACRIFICE 

SACRIFICE 

SACRIFICE 

SACRIFICE 

SACRIFICE 

SACRIFICE 

SACRIFICE 

SACRIFICE 

RESPIRATORY 
INSUFFICIENCY 

RESPl RATORY 
INSUFFICIENCY 

RESPIRATORY 
INSUFFICIENCY 

SACRIFICE 

RESPIRATORY 
INSUFFICIENCY 

RESPIRATORY 
INSUFFICIENCY 

SACRIFICE 

RESPIRATORY 
INSUFFICIENCY 

RESPIRATORY 
INSUFFICIENCY 

RESPl RATORY 
INSUFFICIENCY 

RESPIRATORY 
INSUFFICIENCY 
AN0 LUNG TUMOR 

SACRIFICE 

LUNG TUMOR 

LUNG TUMOR 

LUNG TUMOR 

LUNG TUMOR 

LUNG TUMOR 



As s u r v i v a l  t ime increased,  t he  f r a c t i o n  
o f  p lu ton ium i n  t h e  lung  decreased. Dur ing  
t he  f i r s t  postexposure year ,  p lu ton ium was 
t r ans l oca ted  p r i m a r i l y  t o  t he  t h o r a c i c  lymph 
nodes, w i t h  1 i t t l e  p lu ton ium t r ans l oca ted  t o  
o t h e r  t i ssues .  La te r ,  p lu ton ium was a l s o  
found i n  abdominal lymph nodes, p r i n c i p a l l y  
t he  hepa t i c  lymph nodes. The f r a c t i o n  o f  
p lu ton ium i n  l i v e r  increased, account ing f o r  
15 t o  29% o f  f i n a l  body burden 4 t o  5 y r  
a f t e r  exposure. The organ d i s t r i b u t i o n  o f  
p lu ton ium i n  t h e  p e r i o d i c a l l y  s a c r i f i c e d  
dogs was gene ra l l y  s i m i l a r  t o  t h a t  of t h e  
h igh-dose- level  dogs euthanized when death 
was imminent. The two except ions were t he  
l a r g e r  f r a c t i o n  of p lu ton ium i n  t h e  ske le ton  
o f  dog 849 F, and a sma l le r  f r a c t i o n  i n  t he  
l i v e r  o f  t he  l ow - l eve l  dogs s a c r i f i c e d  du r i ng  
the  second and f o u r t h  postexposure years.  
Dog 798, s a c r i f i c e d  3-112 y r  postexposure had 
a l a r g e r  f r a c t i o n  o f  p lu ton ium i n  t h e  tho-  
r a c i c  lymph nodes than t h e  dogs t h a t  d i e d  
du r i ng  t h e  3- t o  5 -y r  postexposure per iod .  

The dogs euthanized because o f  r e s p i r a t o r y  
i n s u f f i c i e n c y  d u r i n g  t h e  3-yr  postexposure 
p e r i o d  had increased r e s p i r a t i o n  r a tes ,  
hypercapnia and hypoxemia assoc ia ted  w i t h  
l e s i o n s  i n  t h e  lungs.  I n t e r m i t t e n t  anorex ia  
and body we igh t  l o s s  accompanied t he  r e s p i r a -  
t o r y  i n s u f f i c i e n c y .  H i  s t opa tho log i c  exami- 
n a t i o n  o f  t he  lungs showed r a d i a t i o n  pneu- 
m o n i t i s  cha rac te r i zed  by i n t e r s t i t i a l  and 
subp leura l  f i b r o s i s ,  increased numbers o f  
a l v e o l a r  macrophages, a l v e o l a r  e p i t h e l i a l  
hyperp las ia ,  and f o c i  o f  squamous metaplas ia.  
Autoradiographs showed a c t i v i t y  p r i m a r i l y  
composed o f  l a r g e  s t a r s ,  more numerous i n  
areas o f  i n t e r s t i t i a l  and subp leura l  f i b r o -  
s i s .  Dog 804 M a l s o  had a pulmonary tumor 
c l a s s i f i e d  as a b ronch io l a r - a l veo la r  
carcinoma. 

The f i v e  dogs euthanized 3 t o  5 y r  a f t e r  
exposure showed rad i og raph i c  ev idence o f  
pulmonary neop las ia  be fo re  r e s p i r a t o r y  
i n s u f f i c i e n c y  was observed. However, r e s p i r -  
a t o r y  i n s u f f i c i e n c y  was observed p r i o r  t o  
euthanasia, p robab ly  due, p r i m a r i l y ,  t o  
neop las ia  i n  t h e  lung.  I n  t h r e e  o f  t h e  dogs 
t h e  lung  tumors were c l a s s i f i e d  as 
b ronch io l a r - a l veo la r  carcinoma; i n  one dog as 
adenosquamous carcinoma; and i n  t h e  o t h e r  dog 
as epidermoid carcinoma. The epidermoid 
carcinoma metastas ized t o  t h e  skeleton;  t h e  
b ronch io l a r - a l veo l  a r  carcinomas metastas ized 
t o  t h e  t h o r a c i c  lymph nodes i n  one dog, h e a r t  
and t h o r a c i c  lymph nodes i n  one dog, and t o  
t h e  t h o r a c i c  lymph nodes, mediastinum, k i d -  
ney, s ke l e ton  and a x i l l a r y  lymph node i n  t h e  
o t h e r  dog. Two o f  t he  dogs had l e s i o n s  o f  
secondary hype r t r oph i c  os teoar th ropa thy .  
Sc le ros ing  l ymphaden i t i s  was assoc ia ted  w i t h  
t h e  h i g h  concen t ra t i on  o f  p lu ton ium i n  t h e  
t h o r a c i c  and hepa t i c  lymph nodes. There was 
a l s o  a genera l i zed  lymphoid a t rophy  which may 
be r e l a t e d  t o  t h e  d e b i l i t a t i o n  i n  t he  dogs 

w i t h  r e s p i r a t o r y  i n s u f f i c i e n c y ,  o r  t o  lympho- 
cytopenia.  The l i v e r  o f  t he  dogs euthanized 
du r i ng  t h e  4- t o  5 -y r  postexposure p e r i o d  
showed moderate d i f f u s e  c e n t r i l o b u l a r  conges- 
t i o n .  The l i v e r  c e l l s  i n  these areas con- 
t a i ned  f i n e  g ranu la r  y e l l o w  pigment resembl ing 
1 i p o f u s c i  n  and were f r e q u e n t l y  vacuol ated.  
Focal aggregat ion o f  vacuolated l i p o f u s c i n -  
con ta i n i ng  c e l l s  i n  t he  s inuso ids  was 
assoc ia ted  w i t h  alpha s t a r s  on au to rad io -  
graphs. 

The lungs and t racheobronch ia l  lymph 
nodes o f  t h e  dogs s a c r i f i e d  1 mo postexposure 
were normal w i t h  t h e  excep t ion  o f  dog 913M 
(4.8 pCi f i n a l  body burden), which had 
s l i g h t  lymphoid a t rophy  o f  t racheobronch ia l  
lymph nodes, cha rac te r i zed  by increased 
amounts o f  phagocyt ized pigment i n  t he  
medul la, reduced numbers o f  mature lympho- 
cy tes  and an apparent  unmasking o f  t h e  
r e t i c u l a r  c e l l s  i n  t he  o u t e r  area o f  t h e  
cor tex .  The lungs o f  dog 913 M had f o c a l  
areas o f  i n t e r s t i t i a l  pneumoni t i s  c o n s i s t i n g  
o f  a l v e o l a r  i n t e r s t i t i a l  f i b r o s i s ,  increased 
numbers of a l v e o l a r  macrophages, a l v e o l a r  
ep i  the1 i a l  hyperp l  a s i a  and a few mononucl ea r  
i n f l amna to r y  c e l l s .  I n  t h e  dogs s a c r i f i c e d  
5 mo postexposure (0.9 t o  1.7 pCi f i n a l  body 
burden), t he  t racheobronch ia l  lymph nodes 
were e s s e n t i a l l y  normal, w i t h  increased 
numbers o f  hemosiderin- laden macrophages i n  
t he  medu l la ry  sinuses. They had a few f o c i  
o f  i n t e r s t i t i a l  pneumoni t i s ,  cha rac te r i zed  
p r i m a r i l y  by increased numbers o f  a1 veol  a r  
macrophages. No p l u t on i um- re l a t ed  l e s i o n s  
were observed i n  dog 849 F (0.7 nCi f i n a l  
body burden) a t  13 mo postexposure. 
Dog 798 F (5.6 nCi f i n a l  body burden), a t  
43 mo postexposure, had s l i g h t  lymphoid 
at rophy i n  t h e  t racheobronchia l  lymph nodes, 
s i m i l a r  t o  dog 913 M. The t racheobronch ia l  
lymph nodes o f  dog 815 M (74 nCi f i n a l  body 
burden), a t  25 mo postexposure, had moderate 
lymphoid a t rophy  o f  t he  t racheobronch ia l  
lymph nodes, charac te r i zed  by decreased 
lymphoid f o l l i c l e s  i n  t h e  co r t ex ,  increased 
amounts o f  phagocyt ized pigment i n  t h e  me- 
d u l l a ,  p o o r l y  de f i ned  medu l la ry  cords and 
increased f i b r o u s  connect ive t i s sue .  The 
lungs o f  dog 798 F and 815 M were e s s e n t i a l l y  
normal, w i t h  t he  excep t ion  o f  an occasional  
f o c a l  area o f  p l e u r a l  o r  subp leura l  f i b r o s i s ,  
assoc ia ted  w i t h  alpha s t a r s  on t h e  auto-  
radiographs.  

Lymphocytopenia developed a f t e r  i n h a l a t i o n  
o f  2 3 9 ? ~ 0 2  i n  t h e  dose l e v e l  groups w i t h  mean 
i n i t i a l  a l v e o l a r  depos i t ions  o f  79 nCi and 
g rea te r .  The reduc t i on  i n  lymphocytes was 
dose-re lated,  bo th  i n  t ime  o f  appearance and 
magnitude. A t  mean a l v e o l a r  depos i t i ons  of 
3.5 and 22 nCi, lymphocyte values were w i t h i n  
ranges observed i n  c o n t r o l  dogs. These dose- 
e f f e c t  r e l a t i o n s h i p s  have remained essen- 
t i a l l y  unchanged through 5 y r  postexposure 



( F i g u r e  3.1). A r e d u c t i o n  i n  t o t a l  leuko-  
c y t e s  ( F i g u r e  3.1) was e v i d e n t  i n  t h e  h i g h e r  
dose groups t h a t  were a l s o  lymphocytopenic. 
T h i s  decrease, w i t h  t h e  e x c e p t i o n  o f  t h e  
h i g h e s t - l e v e l  groups, was due t o  t h e  reduc- 
t i o n  i n  lymphocytes, s i n c e  no r e d u c t i o n  was 
e v i d e n t  i n  n e u t r o p h i l s ,  ( F i g u r e  3.1), eos in-  
o p h i l s ,  o r  monocytes. No e f f e c t s  have been 
observed on r e d  c e l l  parameters f o l l o w i n g  
2 3 9 P ~ 0 2  i n h a l a t i o n .  

None o f  t h e  dogs i n  t h e  2 3 8 P ~ 0 2  l i f e - s p a n  
d o s e - e f f e c t  s tudy  d i e d  d u r i n g  t h e  3 yr pos t -  
exposure. Dose-re1 a t e d  lymphocytopenia was 
observed i n  groups w i t h  mean a l v e o l a r  deposi -  
t i o n  o f  77 t o  5200 nCi,  s i m i l a r l y  t o  t h e  dogs 
exposed t o  2 3 9 P ~ 0 2 .  The lymphocyte depres- 
s  i o n  was, however, more pronounced b o t h  as t o  
t i m e  and magnitude f o l l o w i n g  2 3 8 P ~  exposure. 
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FIGURE 3.1. Mean Lymphocyte, Leukocyte, and 
N e u t r o p h i l  Values f rom Dogs A f t e r  I n h a l a t i o n  
o f  2 3 9 P ~ 0 2 .  Mean va lues  f rom age- re la ted  
c o n t r o l  dogs a r e  shown w i t h  t h e  95% c o n f i -  
dence i n t e r v a l  . 

T h i s  e f f e c t  was p a r t i c u l a r l y  e v i d e n t  i n  t h e  
3-, 4-, and 5-dose l e v e l  groups. As was found 
w i t h  2 3 9 P ~ ,  lymphocyte va lues i n  t h e  two 
l o w e s t  exposure groups, i .e., 2.3 and 18  nCi,  
were n o t  d i f f e r e n t  f rom c o n t r o l  va lues.  A 
dose- re la ted  r e d u c t i o n  i n  t o t a l  l eukocy tes  
was ev iden t ,  p r i m a r l y  due t o  t h e  lymphocyto- 
pen ia  ( F i g u r e  3.2). However, i n  groups 5 and 
6 a t i m e - r e l a t e d  neu t ropen ia  was obvious,  
w i t h  an apparent  t r e n d  t o  reduced n e u t r o p h i l  
va lues  i n  Group 4 ( F i g u r e  3.2). No d i f f e r -  
ence i n  monocyte va lues was seen i n  r e l a t i o n  
t o  dose l e v e l s .  A s i g n i f i c a n t  and p rogres -  
s i v e  r e d u c t i o n  i n  eos inophi  1  s  was e v i d e n t  
o n l y  i n  Group 6 dogs f o l l o w i n g  2 3 8 P ~  i n h a l a -  
t i o n .  No c h r o n i c  e f f e c t s  have been observed 
i n  t h e  r e d  c e l l  parameters. 
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FIGURE 3.2. Mean Lymphocyte, Leukocyte, 
and N e u t r o p h i l  Values f rom Dogs A f t e r  I n h a l a -  
t i o n  o f  2 3 8 P ~ 0 2 .  Mean va lues  f r o m  age- 
r e l a t e d  c o n t r o l  dogs a r e  shown w i t h  t h e  95% 
con f idence  i n t e r v a l .  



Table 3.4 shows t h e  d i s t r i b u t i o n  o f  238Pu 
i n  dogs s a c r i f i c e d  p e r i o d i c a l l y  d u r i n g  t he  
f i r s t  postexposure year .  The f r a c t i o n  o f  
t h e  f i n a l  body burden i n  t he  lungs  o f  t h e  
238Pu-exposed dogs 1 yr postexposure was 
about 50% compared t o  80% i n  t he  239Pu- 
exposed dogs. About 17% o f  t h e  p lu ton ium 
was found i n  t he  t h o r a c i c  lymph nodes 1 y r  
a f t e r  exposure f o r  bo th  239Pu and 2 3 8 P ~ .  
About 10% o f  t h e  f i n a l  body burden was found 
i n  t h e  l i v e r  and 18% i n  t he  ske le ton  o f  t h e  
238Pu-exposed dogs 1 yr postexposure, com- 
pared t o  l e s s  than 1% i n  these organs i n  t h e  
239Pu-exposed dogs. 

A f t e r  i n h a l a t i o n  o f  239Pu02 o r  2 3 8 P ~ 0 2 ,  
lymphocytopet'i ia was t h e  e a r l  i e s t  observed 
e f f ec t ,  occu r r i ng  a f t e r  depos i t i on  o f  
>80 nCi p lu ton ium i n  t he  lungs.  On a con- - 
c e n t r a t i o n  bas is ,  t he  80-nCi dose l e v e l  i s  
about 40 t imes t he  16-nCi maximum permis- 
s i b1  e human l ung  depos i t i on ,  based on 
0.3 remlweek t o  t h e  lung.  

TABLE 3.4. T issue  D i s t r i b u t i o n  o f  P lu ton ium 
i n  Beagles A f t e r  I n h a l a t i o a  o f  238Pu02 

PERCENT OF F INAL  BODY BURDEli  

OOC 
NUMBER - 
1032 M 

921 F 

030 F 

931 F 

929 F 

932 F 

923 F 

925 hl 

926 hl 

9 M  M 

I318  M 

1319 M 

1214 M 

T IME AFTER 
EXPOSURE. 

MONTHS 
-- - 

$25  

1 

FINAL BODY 
BURDEN. 

v C i  

0.15 

o w  

0.052 

a 3 5  

0.022 

C 38  

O m 2 3  

0.0354 

0 078 

0 PO 

0.030 

0 . M 5  

0.012 

THORACIC ABDOMINAL 
LYMPH LYMPH 

LUNGS NODES'al NODES'b' LIVER I K E L E T O N  
-- -- - 

97 0.03 0.2 1.7 0.16 

93 0.12 0 . M  0.38 2.1 

99 0.52 0 . m  a 7 5  0.35 

96  1.6 am, 0.05 0.03 

g0 7.5 0.m2 0.26 0.58 

95  2.5 o m  a 1 8  0.35 

85 9.6 0.03 am 0.M 

9 1  3.7 O M  0.04 a 9 6  

86 10 0.22 0.65 1.1 

91  6 7  1.1 a 6 5  0.93 

d5 27 a 0 7  11 I 5  

69  I 2  0.02 I 3  26 

60  10 0.36 7.2 14 
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LOW LEVEL PLUTONIUM NITRATE INHALATION 
STUDIES I N  BEAGLES 

Person i n  Charge: G. E. Dagle 

The o b j e c t i v e  of  t h i s  s tudy,  f i r s t  funded i n  FY 1976, i s  t o  determine the  dose -e f f ec t  

r e l a t i o n s h i p s  of i nha led  p lu ton ium n i t r a t e  i n  1  i fe -span  s t ud i es  i n  beagle dogs. The c r i t i c a l  

t i s s u e  a f t e r  i n h a l a t i o n  o f  " so l ub l e "  p lu ton ium (such as p lu ton ium n i t r a t e )  i s  gene ra l l y  con- 

s idered  t o  be t he  ske le ton  o r  l i v e r ,  on t he  assumption t h a t  such p lu ton ium w i l l  be r a p i d l y  

t r ans l oca ted  f rom the  l ung  t o  ske le ton  and 1  i v e r .  I n  severa l  roden t  s tud ies ,  however, i nha la -  

t i o n  of  " so l ub l e "  p lu ton ium has r e s u l t e d  i n  l ung  tumors as w e l l  as s k e l e t a l  tumors. 

Over h a l f  o f  t h e  dogs on t he  l i f e - s p a n  study w i t h  2 3 9 P ~ ( N 0 3 ) 4  were exposed du r i ng  FY 1976 

and t he  remainder w i l l  be exposed du r i ng  FY 1977 and e a r l y  FY 1978. Dogs w i l l  be p laced i n  

the  238P~(N03 )4  l i f e - span  s t ud i es  du r i ng  FY 1978 and FY 1979. A d d i t i o n a l  dogs w i l l  be exposed 

and p e r i o d i c a l l y  s a c r i f i c e d  t o  p rov i de  i n f o rma t i on  on depos i t i on  and t r a n s l o c a t i o n  o f  p lu ton ium 

n i t r a t e  and t o  s tudy  t h e  pathogenesis o f  dose- re la ted  e f f e c t s .  



INHALED PLUTONIUM NITRATE IN DOGS 

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

G. E. Dagle, W. C. Cannon, H. A. Ragan, C.  R. Watson 

D. L. Stevens, F. T. Cross, P. J. Dionne, and 

T. P. Ha r r i ng ton  

Technical  Assis tance:  

R. B. Samples and S. L. Owzarski 

Beagle dogs g i ven  a s i n g l e  i n h a l a t i o n  exposure t o  2 3 9 ~ u ( N 0 3 ) 4  a re  be ing  observed f o r  l i f e -  

span dose-e f fec t  r e l a t i o n s h i p s .  Over ha1 f o f  t he  dogs planned f o r  239Pu(N03)4 exposure have 

been exposed and t h e  remain ing dogs w i l l  be exposed as t hey  reach a d u l t  age. 

The p r imary  o b j e c t i v e  o f  t h i s  p r o j e c t  i s  
t o  determine dose-e f fec t  r e l a t i o n s h i p s  o f  
i nha led  p lu ton ium n i t r a t e  i n  l i f e - s p a n  stud-  
i e s  w i t h  beagle dogs. Inc luded a r e  low 
dose l e v e l s  which a r e  n o t  expected t o  e l i c i t  
e f f e c t s  b u t  which a r e  needed, n o t  o n l y  t o  
determine t h e  l e v e l  a t  o r  below which no 
e f f e c t  i s  observed, b u t  a l s o  t o  eva lua te  t h e  
r e t e n t i o n  and t r a n s l o c a t i o n  o f  t h e  m a t e r i a l s  
a t  l e v e l s  t o  which humans may be exposed. 

Six ty-one dogs were exposed t o  aeroso ls  
o f  239Pu(N03)4 d u r i n g  1976 f o r  planned l i f e -  
span observa t ion  (Table 4.1). I n  a d d i t i o n ,  
18 dogs were exposed and s a c r i f i c e d  f o r  
metabol ism s tud i es ,  13 dogs were exposed t o  
n i t r i c  a c i d  aeroso ls  as v e h i c l e  c o n t r o l s ,  
14 dogs were se l ec ted  as un t r ea ted  c o n t r o l s  
f o r  l i f e - s p a n  observa t ion ,  and 4 dogs were 
se lec ted  as c o n t r o l s  f o r  p e r i o d i c  s a c r i f i c e .  
The dogs were exposed i n  aerosol  chambers 
us i ng  techniques descr ibed  i n  p rev ious  
Annual Reports f o r  i nha led  p l u t on i um ox i de  
s t ud i es  i n  beagles. 

t h e  va r i ous  exposure l e v e l s  were e f f e c t e d  
by va r y i ng  t h e  2 3 9 P ~ ( N 0 3 ) 4  s o l u t i o n  concen- 
t r a t i o n .  

TABLE 4.1. Inha led  Plutonium N i t r a t e  
i n  Dogs: Exposures i n  1976 f o r  L i f e -  
span Observat ions 

NUMBER 
OF 

DOGS - 
5 

INIT IAL  ALVEOLAR DEPOSITION (nC i l  ----- 
TARGET EST1 MATE FROM THORAX 
DOSAGE COUNT, 2 wk POST EXPOSURE 

3000 5M5  5 1841 

10 1250 2293 i 506 

13 250 312 i 68 

10 2 .. 

13 VEHICLE -- 

14 CONTROL . . 

AEROSOL PARAMETERS 

AMAD GSD CONCENTRATION 
(pm) -- l n C i l e l  

0.95 2.12 5% + 118 

1.01 2.00 322 f 66 

0.88 1.83 9 9 f 2 0  

0.80 1.90 2 1 t 7  

0.75 1.88 3.2 +_ 0.5 

0.70 2.37 0.83 t 0 . 3  
-. .- -- 

-- - -  

AMAD = ACTIVITY MEDIAN AERODYNAMIC DIAMEIER ( m i  

GSD = GEOMETRIC STANDARD DEVIATION OF DISTRIBUTION 

So l u t i ons  o f  239Pu(N03)4 i n  0.27 N HN03 
were nebu l i zed  t o  oroduce t h e  aeroso ls .  The 
m i s t  was in t roduced i n t o  t h e  1 0 - ~ / m i n ~ a i r  
f l o w  through an 18-L aerosol  chamber. Aerosol concen t ra t i ons  were determined by 
Changes i n  aerosol  concen t ra t i on  t o  achieve measuring samples o f  aerosol  c o l l e c t e d  on a 



membrane f i l t e r  p r i o r  t o  exposing each 
animal,  and were counted by  a s p e c i a l  a lpha  
c o u n t i n g  system. R e s p i r a t i o n  measurements 
p rov ided  an i n d i c a t i o n  o f  t h e  volume i n h a l e d  
as t h e  exposure proceeded. When t h e  p roduc t  
o f  i n h a l e d  volume and aeroso l  c o n c e n t r a t i o n  
reached a v a l u e  predetermined by t h e  par -  
t i c l e  s i z e  i n  a pre-exposure aeroso l  t e s t ,  
t h e  exposure was terminated.  Dur ing  expo- 
sure, f i l t e r  paper samples and cascade 
impac to r  samples were taken f o r  postexposure 
a n a l y s i s  t o  determine c o n c e n t r a t i o n  and 
p a r t i c l e  s i z e  o f  t h e  i n h a l e d  aeroso l .  The 
h i g h e r  exposure l e v e l s  had l a r g e r  median 
d iamete r  aeroso ls  s i n c e  t h e  h i g h e r  exposure 
1 eve l  s  r e q u i r e d  g r e a t e r  aeroso l  and s o l u t i o n  
concen t ra t ions .  

The aeroso l  s o l u t i o n s  were eva lua ted  f o r  
p o l y m e r i z a t i o n  and d i s p r o p o r t i o n a t i o n  o f  t h e  
239Pu(N03)4. U l t r a f i l t r a t i o n  s t u d i e s  demon- 
s t r a t e d  t h a t  t h e  s o l u t i o n s  were 97 t o  100% 
u l t r a f i l t e r a b l e  up t o  24 h r  postexposure, 
sugges t ing  t h a t  p o l y m e r i z a t i o n  d i d  n o t  occur  
t o  any s i g n i f i c a n t  degree. D i s p r o p o r t i o n -  
a t i o n  s t u d i e s  showed t h a t  t h e  d i s p r o p o r t i o n  
r a t e  became f a s t e r  as  t o t a l  239Pu concentra-  
t i o n  was inc reased  i n  t h e  0.27 N HN03 s o l u -  
t i o n s  used. D i s p r o p o r t i o n a t i o n  was o f  no 
concern w i t h  t h e  exposure t imes  used f o r  
s o l u t i o n s  c o n t a i n i n g  <20 pCi/ml i n  0.27 N 
HN03; t h i s  was t h e  h i g h e s t  c o n c e n t r a t i o n  
used f o r  t h e  4 lower  dose l e v e l s .  Dispro-  
p o r t i o n a t i o n  c o u l d  be o f  some s i g n i f i c a n c e  
i n  t h e  s o l u t i o n  c o n c e n t r a t i o n  used a t  t h e  
two h i g h e s t  dose 1 eve l  s  ( t a r g e t  d e p o s i t i o n s  
of 1250 nCi and 3000 n C i ) .  Only 7% Pu(V1) 
was p r e s e n t  a f t e r  2 h r  i n  t h e  s o l u t i o n  o f  
h i g h e s t  c o n c e n t r a t i o n  (150 pC i /m l )  ; t h i s  
would p robab ly  n o t  have any measurable 
b i o l o g i c a l  e f f e c t  i n  t h e  long- te rm s t u d i e s .  

A f t e r  exposure t o  aeroso ls ,  f e c a l  and 
u r i n e  samples were c o l l e c t e d  f o r  radiochem- 
i c a l  a n a l y s i s  f o r  1  mo, and whole-body 
coun ts  were made a t  2  and 4 wk postexposure. 
B lood samples were taken  f o r  hemato log ic  
and c l i n i c a l  chemical e v a l u a t i o n  a t  1  mo 
postexposure and a t  4-mo i n t e r v a l s  t h e r e -  
a f t e r .  Body burdens o f  p l u t o n i u m  w i l l  be 
es t imated  a t  y e a r l y  i n t e r v a l s  by u r i n e  and 
f e c a l  r a d i o a n a l y s i s  and e x t e r n a l  body count-  
i n g .  The occurrence o f  tumors w i l l  be 
mon i to red  by p e r i o d i c  p h y s i c a l  examinat ions 
and annual t h o r a c i c  rad iographs .  

A dynamic model d e s c r i b i n g  t h e  t r a n s l o c a -  
t i o n  o f  p l u t o n i u m  n i t r a t e  i n  t h e  beagle i s  
b e i n g  developed. The model w i l l  use p ro -  
cedures developed by Dionne and S t u a r t  w i t h  
t h e  BNW h y b r i d  computer t o  s tudy  t h e  t r a n s -  
l o c a t i o n  o f  239Pu02. T h e i r  model has been 
m o d i f i e d  t o  opera te  i n  an i n t e r a c t i v e  mode 

on BNW's d i g i t a l  computer system MINERVA, 
which c o n s i s t s  o f  a  PDP 11/35 and a Vector  
General g raph ics  d i s p l a y  CRT. The model 
p r e d i c t i o n  f o r  each o f  t h e  compartments i s  
compared w i t h  t h e  corresponding d a t a  and t h e  
model parameters a r e  ad jus ted  u n t i l  a  " b e s t  
fit" i s  ob ta ined  f o r  a l l  compartments. The 
model f i t t i n g  process i s  by n e c e s s i t y  an 
i t e r a t i v e  procedure s i n c e  adjustments t o  
one o f  t h e  compartments w i l l  a f f e c t  o thers .  
As new da ta  becomes a v a i l a b l e ,  t h e  model 
must be re -eva lua ted  t o  determine i f  t h e  
compartments and pathways i n  t h e  model as 
w e l l  as t h e  parameters s t i l l  g i v e  t h e  " b e s t  
f i t".  An a d d i t i o n a l  computer model i s  be ing  
developed t o  e s t i m a t e  i n i t i a l  a l v e o l a r  
burden and organ dose f rom cumula t i ve  exc re -  
t i o n  data.  

Hematologic e f f e c t s  o f  2 3 9 P u ( ~ 0 3 ) 4  i n h a l a -  
t i o n  through 4 mo postexposure a r e  shown i n  
Table 4.2. A t  t h i s  t i m e  s t a t i s t i c a l  eva lu -  
a t i o n s  a r e  based on S tuden t ' s  It '  t e s t ,  
comparing each group o n l y  w i t h  t h e  c o n t r o l  
an imals ,  r a t h e r  than  m u l t i p l e  range s t a t i s -  
t i c a l  compari sons between groups. 

By 1 mo postexposure a s i g n i f i c a n t  lympho- 
pen ia  was p resen t  i n  Groups 5 and 6. Mean 
n e u t r o p h i l  va lues  i n  these  groups were reduced, 
b u t  t h e  d i f f e r e n c e s  a t  t h a t  t i m e  were n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f rom c o n t r o l  va lues.  

By 4 mo postexposure, s i g n i f i c a n t  reduc-  
t i o n s  i n  l e u k o c y t e  va lues  were e v i d e n t  i n  
Groups 4, 5, and 6. I n  Group 4 t h e  leuko-  
pen ia  was due t o  a decrease i n  n e u t r o p h i l s  
w i t h  no e f f e c t  no ted  on o t h e r  leukocy tes ,  
i n c l u d i n g  lymphocytes. H i g h l y  s i g n i f i c a n t  
and a p p a r e n t l y  dose- re la ted  r e d u c t i o n s  i n  
t o t a l  leukocytes,  n e u t r o p h i l s ,  and lympho- 
c y t e s  were obv ious i n  Groups 5 and 6. 

A l though t h i s  s tudy  i s  i n  a v e r y  e a r l y  
stage, t h e  hemato logic  e f f e c t s  o f  239Pu(N03)4 
a r e  a l r e a d y  s t r i k i n  l y  d i f f e r e n t  f rom those  
observed f o l l o w i n g  q 3 9 P ~ 0 2  i n h a l a t i o n  ( t h i s  
and p rev ious  Annual Repor ts ) .  Wi th  239Pu02, 
even a t  t h e  h i g h e s t  a l v e o l a r  d e p o s i t i o n s  o f  
s 5000 nCi , no e f f e c t  was e v i d e n t  a t  1  mo 
postexposure and subsequent ly  o n l y  a dose- 
r e l a t e d  lymphopenia developed. 'The s i g n i f  i- 
c a n t  r e d u c t i o n  i n  c i r c u l a t i n g  lymphocytes a t  
1  mo f o l l o w i n g  239Pu(N03)4 i n h a l a t i o n  i s  
p robab ly  due t o  t h e  more r a p i d  and wide- 
spread t r a n s l o c a t i o n  o f  t h i s  fo rm o f  p l u -  
tonium, w i t h  involvement  o f  more lymphoid 
t i s s u e  and cons tan t  i r r a d i a t i o n  o f  c i r c u -  
l a t i n g  lymphocytes t r a v e r s i n g  h e p a t i c  and 
s p l e n i c  vessels .  Neutropenia p r e s e n t  by  
4 mo a f t e r  exposure may be t h e  r e s u l t  of 
p lu ton ium d e p o s i t i o n  i n  bone, e s p e c i a l l y  a t  
t h e  osteomyelo id i n t e r f a c e s .  



TABLE 4.2. Hematologic Effects of Plutonium 
Nitrate Inhalation in Beagles (Mean + 1 )  

TREATMENT 
GROUP 

(MEAN nCi)  

CONTROL 
VEHICLE ONLY 
1 
2 18) 
3 1591 
4 13121 
5 (22931 
6 15445) 

CONTROL 
VEHICLE ONLY 

CONTROL 9 
VEHICLE ONLY 3 
1 10 
2 (81 10 
3 (59) 10 
4 (3121 10 
5 122931 10 
6 15445) 5 

POST 
EXPOSURE LEUKOCYTES 

(mo I 1 x 1 ~ 3 1  mm31 



INHALED 'TRANSURANICS IN RODENTS 

Person i n  Charge: C. L. Sanders 

T h i s  p r o j e c t  i s  concerned w i t h  t h e  f a t e  and carc inogen ic  e f f e c t s  o f  i nha led  t r ansu ran i c  

compounds i n  rodents,  s p e c i f i c a l l y  t he  r o l e  o f  dose and d o s e - d i s t r i b u t i o n  i n  space and t ime 

upon t h e  pathogenesis o f  l ung  tumors. Completed l i f e - s p a n  s t ud i es  i nc l ude  groups o f  r a t s  

exposed a t  severa l  dose 1  eve1 s  t o  h i g h - f  i r e d  2 3 8 P ~ 0 2 ,  2 3 9 P ~ 0 2 ,  and 244Cm02, 2 3 8 P ~ 0 2  suspended 

i n  water  p r i o r  t o  aerosol  i z a t i o n ,  a i r - o x i d i z e d  239Pu02, 2 3 8 P ~ ( N 0 3 ) 4 ,  2 3 9 P ~ ( N 0 3 ) 4  and 

253Es(N03)3. Another 1  i fe -span  s tudy  i n v o l v i n g  t he  cocarc inogenesis  o f  b e r y l  1  ium ox ide  and 

39Pu02 has a1 so been completed. 

Emphasis i n  t h e  p r o j e c t  i s  p laced upon analyses o f  da ta  f rom completed l i f e - s p a n  s tud ies ,  

on t h e  microdosimetry o f  a lpha-emi t te rs  i n  t he  l ung  us ing  morphometr ic and q u a n t i t a t i v e  

au to rad iograph ic  techniques, on s t ud i es  i n t o  t h e  c e l l u l a r  o r i g i n  o f  carcinomas us i ng  e l e c t r o n  

microscopy and c e l l u l a r  k i n e t i c s  s t ud i es  w i t h  t r i t i a t e d  thymidine,  and on t r a n s p l a n t a t i o n  

s t ud i es  o f  l ung  tumors i n  r a t  and hamster t o  determine t h e  t ime sequence and degree o f  ma l i g -  

nancy o f  tumors. We hope t o  accu ra te l y  determine t he  r a d i a t i o n  dose d e l i v e r e d  t o  t a r g e t  

e p i t h e l i a l  c e l l s  i n  t he  l ung  f rom t r ansu ran i cs  which g i v e  a  wide v a r i e t y  o f  dose -d i s t r i bu t i ons ,  

and t o  descr ibe  how these c e l l s  evo lve  i n t o  carcinomas. I n  add i t i on ,  two l i f e - s p a n  s tud ies ,  

one w i t h  i nha led  241Am02 and t h e  o t h e r  l o o k i n g  i n t o  t h e  r o l e  o f  dose p r o t r a c t i o n  w i t h  i n h a l e d  

239Pu02, a r e  be ing  c a r r i e d  out .  Such s t ud i es  a re  c r i t i c a l  f o r  desc r i b i ng  t he  h e a l t h  hazards 

t o  man f rom i nha led  t r ansu ran i c  compounds. 



ROLE O F  PROTRACTED EXPOSURE ON THE T O X I C O L O G Y  
O F  INHALED 239Pu0, 

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

C. L. Sanders 

Technical  Assis tance:  

J. Baker and G. J. Powers 

Studies were i n i t i a t e d  t o  examine i n  r a t s  t he  e f fec ts  of a p r o t r a c t e d  exposure t o  i nha led  

2 3 9 P ~ 0 2 .  

Female Wis ta r  SPF r a t s  were exposed 
f o r  30 m in  t o  an aeroso l  o f  239Pu02 ca l c i ned  
a t  700°C. The r a t s  were about  70 days o f  
age when f i r s t  exposed. Four groups o f  
70 r a t s  each were t r e a t e d  as f o l l o w s :  
( 1 )  unexposed con t ro l s ;  ( 2 )  one exposure t o  
2 3 9 P ~ 0 2  a t  70 days o f  age; ( 3 )  n i ne  expo- 
sures t o  239Pu02 a t  70, 77, 84, 91, 98, 
105, 112, 119, and 126 days o f  age; and 
( 4 )  t h ree  exposures t o  2 3 9 P ~ 0 2  a t  70, 98, 
and 126 days o f  age. Groups o f  f i v e  r a t s  
f rom each plutonium-exposed group were 
p laced i n  i n d i v i d u a l  metabol ism cages and 
excre ta  were c o l l e c t e d  f o r  239Pu ana l ys i s .  
These r a t s  were k i l l e d  a t  64 t o  89 days 
a f t e r  t h e  f i r s t  exposure and t h e i r  t i s s u e s  
analyzed f o r  239Pu con ten ts .  The remain ing 
65 r a t s  f rom each o f  t he  plutonium-exposed 
groups and the  70 unexposed c o n t r o l s  w i l l  
be he l d  f o r  1 i f e - span  observa t ion .  

Upper r e s p i r a t o r y  t r a c t  d e p o s i t i o n  was 
measured as t h e  amount o f  2 3 9 ~ u  p resen t  i n  
exc re ta  f rom 0-3 days a f t e r  each exposure. 
A small  amount o f  t h i s  Pu w i l l  be f rom 
p a r t i c l e s  depos i ted  and c l ea red  f rom t h e  
a l v e o l i .  A l veo la r  depos i t i on  was measured 
as t h e  amount o f  239Pu presen t  i n  excre ta  
a t  4-7 days a f t e r  each weekly exposure, 
4-28 days a f t e r  each month ly  exposure o r  
4-71 days a f t e r  a s i n g l e  exposure t o  Pu02 
p l u s  t h e  amount o f  Pu p resen t  i n  t h e  body 
a t  death. E a r l y  a l v e o l a r  c learance  d u r i n g  
t h e  f i r s t  3 days a f t e r  each i n h a l a t i o n  was 

n o t  measured. Thus t h e  es t imate  o f  a l v e o l a r  
c learance may be s i g n i f i c a n t l y  underest imated 
i n  t he  group r e c e i v i n g  weekly exposures. 

P a r t i c l e  s i z e  c h a r a c t e r i s t i c s  o f  t h e  
Pu02 aeroso ls  d i d  n o t  va ry  e i t h e r  w i t h i n  o r  
among t h e  var ious  exposures. The a c t i v i t y  
median aerodynamic diameter o f  t h e  Pu02 
aeroso ls  averaged 1.51 pm w i t h  an average 
geometr ic standard d e v i a t i o n  o f  1.76 and a 
c a l c u l a t e d  count  median d iameter  o f  0.17 pm. 
To ta l  a l v e o l a r  depos i t i on  o f  239Pu was 
es t imated  as 240 nCi g iven  i n  one exposure, 
30 nCi g iven  as 3 month ly  exposures and 
97 nCi g iven  as 9 weekly exposures. The 
t e rm ina l  body burdens f o r  each group were 
68 nCi 239Pu a t  71 days a f t e r  a s i n g l e  
exposure, 10 nCi a t  89 days a f t e r  t h e  f i r s t  
o f  3 month ly  exposures and 50 nCi a t  64 days 
a f t e r  t h e  f i r s t  o f  9 weekly exposures. The 
d i s t r i b u t i o n  o f  239Pu among t h e  t i s sues  o f  
t he  body was n o t  changed by m u l t i p l e  expo- 
sures t o  Pu02. About 95% o f  t h e  te rmina l  
body burdens were found i n  t h e  lung,  1% i n  
t h e  t h o r a c i c  lymph nodes, 0.2% i n  t h e  
skeleton,  0.5% i n  t he  i i v e r  and 2-5% i n  t h e  
remain ing t i s s u e s .  

The r a t e s  a t  which p lu ton ium was c l ea red  
f rom t h e  l ung  f o l l o w i n g  exposures a re  p l o t -  
t e d  i n  F i gu re  5.1, which shows t h e  t o t a l  
a l v e o l a r  depos i t i on  o f  239Pu based on t h e  
summation o f  te rmina l  depos i t i ons  and mea- 
surements o f  239Pu i n  excre ta  a t  t imes o f  



g rea te r  than  3 days a f t e r  each exposure. exposures. Prev ious s t ud i es  have shown t h a t  
M u l t i p l e  exposures t o  Pu d i d  appear t o  cumula t i ve  damage t o  a1 veol  a r  macrophages 
decrease t h e  r a t e  a t  which Pu was c leared  from phagocyt ized 239Pu02 p a r t i c l e s  w i l l  
f rom t h e  a l v e o l i .  The amount o f  Pu c l ea red  i n h i b i t  t he  a l v e o l a r  c learance  o f  p a r t i c l e s .  
from t h e  a l v e o l i  appeared t o  be l e s s  f o l l o w -  Thus p r o t r a c t i o n  of exposures may r e s u l t  i n  
i n g  each successive exposure, w i t h  t h i s  an o v e r a l l  g rea te r  r e t e n t i o n  t ime f o r  2 3 9 P ~  
e f f ec t  appear ing more pronounced a f t e r  i n  t h e  lung  than f o l l ow ing  a s i n g l e  exposure. 
weekly exposures than a f t e r  month ly  

I 
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TIME AFTER THE F I R S T  EXPOSURE. DAYS 

FIGURE 5.1. Ef fect  of M u l t i p l e  Exposures t o  2 3 9 P ~ 0 2  Upon t h e  
Depos i t i on  and Clearance o f  239Pu i n  t h e  A l v e o l i .  Each group 
rece i ved  an exposure a t  0 t ime. Each p o i n t  represen ts  a mean 
f rom f i v e  r a t s  pe r  group. Arrows mark exposure t imes.  



COCARCINOCENESIS OF INHALED PLUTONIUM DIOXIDE 
AND BERYLLIUM OXIDE 

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

C. L.  Sanders and G. J. Powers 

I n h a l e d  b e r y l  1  ium o x i d e  r e s u l t s  i n  impa i red  a l v e o l a r  c lea rance  o f  i n h a l e d  239Pu02 and 

induces an in f lammatory  r e a c t i o n  i n  t h e  lung .  However, o n l y  one o f  184 r a t s  exposed t o  

b e r y l l i u m  developed a  l u n g  tumor; none o f  128 unexposed r a t s  developed a  l u n g  tumor. F i f t y - s i x  

l u n g  tumors were induced i n  181 r a t s  exposed t o  p lu tonium. A  t o t a l  o f  37 l u n g  tumors were 

found i n  119 r a t s  g i v e n  combined exposures t o  b e r y l l i u m  and p lutonium. Only  i n  r a t s  q i v e n  

t h e  h i g h e s t  l e v e l s  o f  b o t h  b e r y l l i u m  and p lu ton ium was t h e r e  an i n c i d e n c e  o f  l u n g  tumors 

g r e a t e r  than  t h a t  seen w i t h  exposure t o  p lu ton ium o n l y .  

P rev ious  s t u d i e s  have demonstrated an 
impai rment  o f  a l v e o l a r  c lea rance  by i n h a l e d  
b e r y l l i u m  o x i d e  i n  t h e  lungs  o f  r a t s .  
S o l u b l e  chemical forms o f  b e r y l l i u m  com- 
pounds depos i ted  i n  t h e  lungs  o f  r o d e n t s  
a r e  p o t e n t  carc inogens,  as a r e  a l l  compounds 
o f  239Pu. I n s o l u b l e  b e r y l l i u m  o x i d e  i s ,  
however, a  compara t i ve ly  weak pulmonary 
carc inogen,  d e s p i t e  t h e  f a c t  t h a t  i t  i m p a i r s  
a l v e o l a r  c lea rance  o f  o t h e r  p a r t i c l e s  l e s s  
t o x i c  t o  a l v e o l a r  macrophages. T h i s  r e p o r t  
demonstrates t h e  i n f l u e n c e  o f  p r i o r  expo- 
s u r e  t o  ber .v l l ium o x i d e  upon t h e  a l v e o l a r  
c lea rance  and pulmonary c a r c i n o g e n i c i t y  o f  
a  subsequent exposure t o  239Pu02 p a r t i c l e s .  

Groups o f  female r a t s  were g i v e n  i n h a l a -  
t i o n  exposures t o  aeroso ls  o f  e i t h e r  h igh-  
f i r e d  (1000°C) b e r y l 1  ium o x i d e  o r  h i g h - f i r e d  
(750°C) 239Pu02, and examined f o r  d i s t r i  bu- 
t i o n  o f  meta l  i n  t i s s u e s ,  and p a t h o l o g i c  
e f f e c t s  over  t h e i r  l i f e  span. The mass 
median aerodynamic d iameter  o f  b e r y l  1  ium 
o x i d e  f o r  a l l  exposures was 1.10 pm + 0.17 pm 
and f o r  239Pu02, t h e  a c t i v i t y  median aero-  
dynamic d iameter  was 2.20 + 0.14 pm f o r  
a1 1  exposures. 239Pu02 was generated i n  
wa te r  suspension and b e r y l l i u m  o x i d e  was 
generated as a  d r y  dust ,  u s i n g  a  Wr igh t  
Dust Feed Mechanism. I n  r a t s  g iven  b o t h  

meta ls ,  exposure t o  b e r y l l i u m  occurred t h r e e  
days p r i o r  t o  exposure t o  p lu tonium. 

A  t o t a l  o f  612 r a t s  were used i n  t h e  
l i f e - s p a n  p o r t i o n  o f  t h e  s tudy :  128 unex- 
posed c o n t r o l s ,  184 r a t s  g i v e n  o n l y  b e r v l -  
l i um,  181 r a t s  g i v e n  o n l y  p lu tonium, and 
119 r a t s  g i v e n  b o t h  b e r y l l i u m  and p lutonium. 
The exposure l e v e l s  and number o f  r a t s  i n  
each group a r e  shown i n  Table 5.1. 

The a l v e o l a r  c lea rance  o f  239Pu i s  
f a s t e r  than  t h e  a l v e o l a r  c lea rance  o f  
b e r y l l i u m  ( F i g u r e  5.2) .  About 50% o f  t h e  
i n i t i a l  a l v e o l a r  d e p o s i t i o n  o f  239Pu was 
c l e a r e d  d u r i n g  t h e  f i r s t  30 days a f t e r  
exposure, compared t o  o n l y  about  35% o f  
depos i ted  ber.yl1ium. A t  1  yr a f t e r  expo- 
sure, about  6% o f  depos i ted  239Pu remained 
i n  t h e  lung,  compared t o  25% o f  depos i ted  
b e r y l l i u m .  The c learance  o f  239Pu i n  r a t s  
p r e v i o u s l y  exposed t o  b e r y l l i u m  was s i m i l a r  
t o  t h e  b e r y l l i u m  c learance  k i n e t i c s .  About 
10-15% o f  t h e  i n i t i a l  a l v e o l a r  d e p o s i t i o n  
o f  239Pu remained i n  t h e  l u n g  a t  about  600 
days a f t e r  exposure, compared t o  o n l y  2-3% 
o f  239Pu d e p o s i t i o n  in. r a t s  g i v e n  o n l y  
239Pu ( F i g u r e  5.2) .  A t  1-2 yr a f t e r  expo- 
sure,  abou t  1-2% o f  a l v e o l i - d e p o s i  t e d  239Pu 
was t r a n s l o c a t e d  t o  pulmonary lymph nodes 



TABLE 5.1. Pro toco l  f o r  I n h a l a t i o n  Exposure o f  Rats 
t o  Be0 and/or 239Pu02 and Resu l t i ng  Pulmonary Pathology 

IN IT IAL  ALVEKAR 
INCIDENCE OF PULMONARY PATHOCWY. 5 

D E P O S I T I U ~ ~ )  NUMBER NEOPLASIA METAPLASI A 

PLUTONIUM. BERYLLIUM OF SWAMOUS 
n c i  p4 RATS TOTAL ADENOCARCINOMA, A D E N M P U ~ W S  CELL OTHE~" ADENOMATWS SQUAMWS ---- 

0 0 80 0 0 0 0 0 0 0 

' a ) ~ ~ ~  i STANDARD DEVIATION I n .  3-51 

' b ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  EXCEPT WHERE SHOWN OTHERWISE 

' c ' O N ~  FIBROSARCOMA 

' d ' ~ ~  FIBROSARCOMA 

' e ' O N ~  MSOTHEU OMA AND ONE E I O M Y O S A R C I M A  

a1 5 
0 m dm bm KO 

TlK AFlLR tXPOSURE, days 

FIGURE 5.2. A1 veol  a r  Clearance o f  I nha led  Be ry l  1  ium F o l l  owing 
I n h a l a t i o n  o f  B e r y l l i u m  Oxide and o f  239Pu Fo l l ow ing  I n h a l a t i o n  
o f  239Pu02 by I t s e l f  o r  o f  239Pu02 Preceded by  an I n h a l a t i o n  
Exposure t o  H igh  Dose of Be ry l 1  ium Oxide. (Curves were drawn 
by eye f rom the  i n d i v i d u a l  da ta  p o i n t s . )  



i n  r a t s  exposed o n l y  t o  239Pu02, compared 
t o  about  10% o f  depos i ted  b e r y l l i u m  be ing  
t r a n s 1  ocated t o  pulmonary 1 ymph nodes. 
Rats g i v e n  b o t h  b e r y l l i u m  and p l u t o n i u m  
showed an inc reased  t r a n s l o c a t i o n  o f  2 3 9 P ~  
t o  lymph nodes compared t o  r a t s  g i v e n  o n l y  
p lu ton ium.  

None o f  t h e  unexposed r a t s  developed a 
l u n g  tumor. One o f  t h e  unexposed r a t s  d i d  
develop an e a r l y  s tage  o f  adenomatous meta- 
p l a s i a ,  which may be a p rema l ignan t  s tage  
p reced ing  t h e  development o f  carcinoma i n  
t h e  l u n g  (Table 5.1) .  Only one o f  t h e  r a t s  
exposed t o  b e r y l l i u m  o n l y ,  developed a l u n g  
tumor: an adenocarcinoma found i n  a r a t  
g i v e n  t h e  l a r g e s t  dose o f  b e r y l l i u m .  No 
r a t s  g i v e n  b e r y l l i u m  o n l y  developed 
metaplas ia.  

There was good c o r r e l a t i o n  between t h e  
amount o f  depos i ted  p l u t o n i u m  and t h e  induc-  
t i o n  o f  l u n g  tumors (Table 5.1).  Most o f  
t h e  l u n g  tumors were adenocarcinomas 
excep t  a t  t h e  h i g h e s t  d e p o s i t i o n  (180 nCi ) ,  
where o v e r  h a l f  t h e  l u n g  tumors were 
squamous c e l l  carcinomas and hemangiosarcomas. 
Adenomatous metap las ia  inc reased  i n  i n c i d e n c e  
w i t h  i n c r e a s i n g  d e p o s i t i o n  o f  p lu ton ium.  
Squamous c e l l  metap las ia  was found o n l y  a t  
t h e  h i g h e s t  d e p o s i t i o n  l e v e l  (Tab le  5.1 ) .  

I n  groups o f  r a t s  g i v e n  e i t h e r  7.6 nCi 
o r  76 nCi o f  239Pu and 14 pg  b e r y l l i u m  a 
15% i n c i d e n c e  o f  l u n g  tumors w i t h  7.6 nCi 
and a 38% i n c i d e n c e  w i t h  76 nCi was 
observed. A l l  b u t  two o f  t h e  tumors were 
adenocarcinomas. I n  groups g i v e n  e i t h e r  
3.8 nCi o r  59 nCi o f  239Pu and 91 pg  
b e r y l l i u m  t h e r e  was a 12% i n c i d e n c e  o f  l u n g  
tumors w i t h  3.8 nCi and a 58% inc idence  
w i t h  59 nCi .  Most tumors were adenocarc i -  
nomas excep t  f o r  s i x  i n  t h e  group g i v e n  
59 nCi, which were e q u a l l y  mixed among 
squamous c e l l  carcinomas. adenosauamous 
carcinomas, meso the l ioma~and leiomyosarcoma 
(Table 5.1) .  

The i n c i d e n c e  o f  l u n g  tumors i n  r a t s  
g i v e n  p l u t o n i u m  and 14 pg b e r y l l i u m  was 
about  what would be expected i n  r a t s  g i v e n  
o n l y  p lu tonium. The i n c i d e n c e  o f  l u n g  
tumors i n  r a t s  g i v e n  p l u t o n i u m  and 91 pg  
b e r y l l i u m  was g r e a t e r ,  p a r t i c u l a r l y  a t  t h e  
h i g h e s t  d e p o s i t i o n  o f  p lu ton ium,  than t h a t  
which would be expected f o r  p lu ton ium alone.  
T h i s  d i f f e r e n c e ,  a l though  n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t ,  may be due t o  t h e  g r e a t e r  
r a d i a t i o n  dose d e l i v e r e d  t o  t h e  lungs o f  
r a t s  g i v e n  b o t h  meta ls  as compared t o  
animals  g i v e n  o n l y  p lu tonium, s i n c e  t h e  h i g h  
dose l e v e l  o f  b e r y l l i u m  i m p a i r s  t h e  a l v e o l a r  
c lea rance  o f  p lu ton ium. 

LATE EFFECTS O F  INHALED Pu(N03), IN RATS 

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

J. E. Bal l o u ,  G. E. Dagle and K. E. McDonald 

Rats t h a t  i n h a l e d  2 3 9 P ~ ( N 0 3 ) 4  o r  2 3 8 P ~ ( N 0 3 ) 4  developed l u n g  tumors and bone tumors. Lung 

tumors were c l e a r l y  assoc ia ted  w i t h  Pu i n h a l a t i o n  (accumulated dose t o  lung ,  1  r a d  t o  

5000 rads) ;  bone tumors c o u l d  n o t  be u n e q u i v o c a l l y  r e l a t e d  t o  t h e  r a d i a t i o n  i n s u l t .  

Male Wis ta r  r a t s  exposed a t  60 days o f  p a t h o l o g i c  f i n d i n g s .  Radioanalyses have 
age t o  graded doses o f  i n h a l e d  2 3 9 P ~ ( N 0 3 ) 4  n o t  been completed f o r  samples c o n t a i n i n g  
o r  2 3 8 P ~ ( N 0 3 ) ~  have a l l  d i e d  d u r i n g  t h e  low l e v e l s  of p l u t o n i u m  d e p o s i t i o n .  
ensuing 3 - y r  postexposure p e r i o d .  The 
exper imenta l  p r o t o c o l  and i n t e r i m  p rogress  The ma l ignan t  l u n g  and bone tumors found 
r e p o r t s  were p resen ted  i n  e a r l i e r  Annual a t  dea th  i n  p l u t o n i u m - t r e a t e d  and c o n t r o l  

~ e b o r t s .   hi; r e p o r t  desc r ibes  t h e  completed 



r a t s  a r e  shown i n  Table 5.2. Tumors o f  t he  
l ung  were con f ined  t o  those animals exposed 
t o  p lu ton ium aeroso ls .  Osteosarcomas were 
observed i n  6 o f  11 groups admin is te red  
p l u t on i um as w e l l  as i n  t h e  t r e a t e d  c o n t r o l  
group which was exposed t o  t h e  aerosol  
v e h i c l e  (0.27N n i t r i c  a c i d ) .  The l a t t e r  
f i n d i n g  i s  t h e  s u b j e c t  o f  a separate 
research  program discussed elsewhere i n  t h i s  
Annual Report.  A more d e t a i l e d  t a b u l a t i o n  
o f  a l l  ma l ignan t  tumors i s  presented i n  
Table 5.3. 

It can be assumed t h a t  a lpha  r a d i a t i o n  
f rom i nha led  p lu ton ium i s  t h e  causa t i ve  
agent  i n  t h e  i n d u c t i o n  o f  t h e  l u n g  tumors, 
however a c l e a r  dose-response r e l a t i o n s h i p  
i s  n o t  ev i den t  f rom these data.  Th is  may 
be due t o  t h e  method o f  ass ign ing  animals 
t o  dose groups based on average i n i t i a l  
l u n g  burden, r a t h e r  than on t h e  bas i s  o f  
t he  r a d i a t i o n  dose accumulated by  each 
animal. I n  ou r  experience, a v a r i a t i o n  
o f  2- t o  5 - f o l d  i n  i n i t i a l  l u n g  burden i s  
t y p i c a l  o f  animals exposed t o  t h e  same 
aeroso l ,  a 3 - f o l d  d i f f e r e n c e  i n  postexposure 
s u r v i v a l  t ime  i s  a comnon observa t ion .  
Since t he  accumulated r a d i a t i o n  dose i s  a 
f u n c t i o n  o f  t h e  i n i t i a l  l u n g  burden and t he  
l e n g t h  o f  s u r v i v a l  a f t e r  p l u t on i um adminis- 
t r a t i o n ,  i t  i s  expected t h a t  t h e r e  would be 

an ove r l ap  i n  accumulated dose among animals 
i n  t he  var ious  exposure l e v e l s .  The o v e r a l l  
e f f ec t  i s  t o  produce a continuum of r a d i a t i o n  
dose l e v e l s  r a t h e r  than t h e  d i s c r e t e  
dose groups i m p l i e d  by t h e  average i n i t i a l  
l ung  burdens l i s t e d  i n  Tab le  5.2. Rad ia t i on  
dose w i l l  e ven tua l l y  be c a l c u l a t e d  f o r  each 
animal, based on p lu ton ium analyses, when 
these r e s u l t s  a r e  a v a i l a b l e .  A comparison 
o f  accumulated r a d i a t i o n  dose, tumor i n c i -  
dence and s u r v i v a l  t ime w i l l  then be 
poss i b l e .  

The bone tumors cannot be unequ ivoca l l y  
r e l a t e d  t o  p lu ton ium n i t r a t e  i n h a l a t i o n  
because o f  t h e  unexpected f i n d i n g  o f  
osteosarcomas i n  c o n t r o l  an imals t r e a t e d  
w i t h  t he  0.27N n i t r i c  a c i d  veh i c l e .  The 
da ta  c l e a r l y  i n d i c a t e ,  however, t h a t  i n h a l -  
ed p lu ton ium n i t r a t e  i n  t h e  r a t  i s  a more 
e f f e c t i v e  inducer  o f  l u n g  tumors than o f  
tumors o f  t h e  ske le ton .  I t  seems f u r t h e r  
i n d i c a t e d  t h a t  2 3 8 P ~ ( N 0 3 ) 4  may be a more 
e f f e c t i v e  bone tumor inducer  than 
239Pu(N03)4.  The reason f o r  t h i s  e f f e c t  i s  
n o t  r e a d i l y  apparent  f rom these da ta  s i n c e  
t h e  es t imated  accumulated r a d i a t i o n  dose t o  
ske l e ton  i s  q u i t e  comparable f o r  t h e  two 
isotopes.  

TABLE 5.2. Ma l ignan t  Lung and Bone Tumors i n  
Rats Exposed t o  P lu ton ium N i t r a t e  Aerosols  

AVERAGE ESTIMATED 5M-DAY 
I N I T I A L  LUNG SURVIVAL RATS WITH ACCUMULATED DOSE. TUMORSlbl 

BURDEN TIME. NUMBER rads  TREATMENT'^' InCi  * SDI Idayl) OF RATS S E O N  SKELETON LUNG 

NONTREATED 
CONTROLS NONE 685 98' 0 0 0 0 

H N O j  TREATED 
CONTROLS NONE 7% 97 0 0 5 0 

' a ' ~ ~ ~ ~ ~ ~ ~  WERE EXPOSED FOR XIMINUTES TO AEROSOLS 

' b ) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  OF SKELETON: ADENOCARCINOMAS. HLMANGIOSARCOMAS. SWAMOUS CELL CARCINOMAS 
AND MALIGNANT MESOTHELIOMAS OF THE LUNG AND MEDIASTINUM. 



TABLE 5.3. Malignant Tumors Following Inhalation o f  2 3 9 ~ ~ ( ~ 0 3 ) 4  or 2 3 8 ~ ~ ( ~ 0 3 ) ~  

I N I T I A L  LUNG BURDEN l n C i  i SOI 

2 3 9 ~ u  2 3 8 ~ u  

LESION 

OSTEOSARCOMA 

ADENOCARCINOMA-LUNG 

SQUAMOUS CELL CARCI  NOMA-LUNG 

ADENOSQUAMOUS CARC I NOMA-LUNG 

HEMANG I OSARCOMA-LUNG 

SARCOMA-LUNG 

MALIGNANT MESOTHELIOMA-LUNG 

LEUKEMIA-GRANULOCYTIC 

LEUKEMIA-LYMPHOCYTIC 

MALIGNANT  LYMPHOMA(^) 

MALIGNANT THYMOMA 

LYMPHOSARCOMA(~) 

RETICULUM CELL  SARCOMA'^) 
F IBROSARCOMA(~)  

NEUROFIBROSARCOMA(~' 

LEI OM YO SARCOMA(^) 
RHABDOMYOSARCOMA 

MYXOSARCOMA 

SQUAMOUS  CARCINOMA('^) 

MEGAKARYOCYTIC MYELOSIS 

MYELOSARCOMA-LIVER, SPLEEN 

HEPATOMA 

HEMANGIOSARCOMA-SPLEEN 

PHEOCHROMOBLASTOMA 

CARC I NOMA-ADRENAL 

CARCINOMA-THYMUS 

CARCINOMA-PITUITARY 

L I  POSARCOMA 

ADENOCARC I NOMA-THY ROI D 

ADENOCARC I NOMA-BREAST 

ADENOCARCINOMA-VISCERA 

ADENOCARC I NOMA-PANCREAS 

CARCINOMA-BASAL CELL 

MALIGNANT MESOTHELIOMA-ABDOMEN 

ASTKOCYTOMA-BRAIN 

DYSGERMI NOMA-TESTES 

#TUMORSI#RATS WITH TUMORS1 
#RATS 

NON- 
TREATED 
CONTROL 

NON- 
TREATED 
CONTROL 
-- 

(a' INCLUDES MALIGNANT LYMPHOMA P R I M A R Y  TO SPLEEN, THYMUS. LYMPH NODES AND INTESTINES. 

( b ) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  OF LYMPH NODES, THYMUS AND NO PRIMARY SITE IDENTIFIED. 

( c ) ~ ~ ~ ~ ~ ~ ~  OF LYMPH NODES AND OTHER TISSUES OF THE RETICULOENDOTHELIAL SYSTEM. 

( d ) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  OF HEART, EXTREMITIES, SPLEEN AND SUBCUTANEOUS TISSUES. 

( e ' ~ ~ ~ ~ ~ ~  IBROSARCOMA OF SKIN, ABDOMEN, EYE. MEDIASTI NUM AND SUBCUTANEOUS TISSUE. 

(') LEIOMYOSARCOMA OF INTESTINE, VASCULATURE. STOMACH AND PANCREAS. 

 LESIONS PRIMARY TO SKIN, MANDIBLE. EYE AND SUBCUTANEOUS TISSUES. 



EARLY FATE O F  I N H A L E 0  CRYSTALLINE 239Pu(N03), IN RATS 

Investigators: 

J. E. Ballou, R. A. Gies, and J. L. Ryan (a) 

Technical Assistance: 

R. L .  Music 

Preliminary results suggest that Pu(N03),, inhaled as crystal 1 ine sol id aerosol is retained 
more tenaciously in the lung and excreted less in urine than inhaled P u ( N O ~ ) ~  aerosols gener- 

ated from a nitric acid solution. 

Vacuum-dried salts of plutonium nitrate 
have been suggested as more acceptable com- 
pounds for mass transport of reprocessed 
reactor fuel materials than the previously 
employed highly acid solutions of plutonium. 
The dehydrated compound is considered to be 
less hazardous for shipping purposes and 
can be readily reconstituted to form the 
acid solutions required in fuel fabrication. 
When dried under vacuum conditions, plutoni- 
um nitrate forms a neutral, hygroscopic 
salt, with density 2.9 g/cm3 and the chemi- 
cal formula Pu(NO~)~' 5H20: The compound 
hydrolyzes to form plutonium hydroxide and 
nitric acid. 

Under physiological conditions, e.g., in 
the lung after inhalation of the aerosolized 
material, dry plutonium nitrate is expected 
to hydrolyze and polymerize as aggregates 
of plutonium hydroxide. The potential 
chemical-biological reactivity would presum- 
ably be short-lived, perhaps limited to the 
time of initial contact with vapor-saturated 
air in the respiratory tract or to the time 
of contact with pulmonary tissues. Similar 
reactions are predicted for inhaled aerosols 
of acid plutonium solutions. 

The present study was initiated to 
investigate the metabolism of inhaled 
crystalline plutonium nitrate for comparison 
with the results of ongoing studies with 
plutonium nitrate solutions. The relative 
hazard of the two forms of plutonium will 
be evaluated on the basis of pulmonary 
retention and distribution in tissues. 

Aerosols of crystal1 ine Pu(NO~)~'~H,O 
were generated, using a Lovelace nebulizer 
and a perf1 uorinated compound (trifluoro- 
butyl amine) as the suspending medium. The 
generator contents were agitated by ultra- 
sonic stirring during the exposure period. 
The suspension was 0.015% ultrafilterable 
through Visking tubing, indicating essen- 
tially no solubilization of P U ( N O ~ ) ~  by 
the fluorocarbon. Thirty-five male Wistar 
rats were administered aerosols during a 
75-min nose-only exposure, and sacrificed 
in groups of five immediately after exposure 
and after 7, 30, 60, 100, 150, and 200 days. 
Excreta were collected daily for the five 
rats sacrificed after 7 days. This study 
is still in progress so only partial results 
are available. 

The distribution of plutonium, immediate- 
ly after exposure to the aerosol, is shown 
in Table 5.4. The data are compared with 

(a)~hemical Technology, Department, BNW 



TABLE 5.4. I n i t i a l  D i s p o s i t i o n  o f  
239PU(N03),, Inha led  as a  S o l u t i o n  i n  0.27N 
HN03 and as a  C r y s t a l l i n e  S o l i d  Suspended 
i n  Fluorocarbon 

2 3 9 ~ u l ~ ~ 3  l4 

SOLUTION CRYSTALLINE SOLID 

EXPOSURE CHARACTERISTICS"' 

TIME DURATION l rn in l  M 75 
A M I D  Iprn) 0.602 L 2 i 7  
G S D ~ ~ )  2.369 2.003 

I N I T I A L  LUNG BURDEN I n C i l  2.4 + L 8  3.9 i L 3  

PERCENTAGE DISTRIBUTION OF DEPOS I l E D  PLUTONIUM 

UPPER RESPIRATORY TRACT 

TRACHEA 2.1 0.8 
NOSE 5.8 4.8 
TONGUE AND ESOPHAGUS 12.7 3.0 
HEAD 8.1 2.0 
STOMACH AND JEJUNUM 33.7 28.4 - - 

TOTAL 62.4 39.0 - - - - - 
TRANSLOCATED TO TISSUE 

LIVER 0.04 0.06 
RESIDUAL CARCASS 3.5 1.1 - 

TOTAL 3.54 - - - - 1.16 

RETAINED I N  LUNG 9.1 B.2 

RETAl NED I N  PELT 25.0 44.6 

' a ' ~ ~ ~  = ACTI VI PI MEDIAN AERODYNAMIC DIAMETER (11rni 

' b ' ~ ~ ~  - GEOMETRIC STANDARD DEVIATION 

t he  d i s t r i b u t i o n  of a  comparable amount o f  
p lu ton ium deposi ted from an aerosol  i zed 
s o l u t i o n  of p lu ton ium i n  n i t r i c  ac id .  The 
percen t  deposi ted i n  t he  l ung  appears t o  be 
g rea te r  f o r  t h e  c r y s t a l  1  i n e  ma te r i a l  , 
a l though t h e  l a r g e r  p a r t i c l e  s i z e  migh t  have 
been expected t o  f a v o r  depos i t i on  i n  t h e  
upper r e s p i r a t o r y  t r a c t .  The longer  expo- 
sure  t ime  f o r  t h e  r a t s  adminis tered t h e  
c r y s t a l l i n e  aerosol  (75 min versus 30 min) 
may a1 so i n f l u e n c e  t h e  comparabi 1  i t y  of t he  
two se t s  o f  data.  

The d a i l y  u r i n a r y  e x c r e t i o n  o f  i nha led  
Pu(N03),, ( c r y s t a l  l i n e  versus s o l u t i o n  forms) 
i s  compared i n  F i gu re  5.3. Excre t ion  o f  t h e  
i nha led  s o l u b i l i z e d  ma te r i a l  i s  most o f t e n  
h igher ,  perhaps i n d i c a t i v e  of a  g rea te r  
m o b i l i t y  of t h e  ac i d  so l u t i ons .  The more 
r a p i d  t r a n s l o c a t i o n  o f  i nha led  Pu(N03),, 
s o l u t i o n  i s  f u r t h e r  suggested i n  F i gu re  5.4, 
which shows t h e  l i m i t e d  da ta  now a v a i l a b l e  
f o r  pulmonary r e t e n t i o n  of t he  c r y s t a l l i n e  
compound. 

t r ans l oca ted  t o  t h e  pulmonary lymph nodes, 
where they  m igh t  conce ivab ly  i n f l uence  t h e  
r e t e n t i o n  and t r a n s l o c a t i o n  of i nha led  
p lutonium. 

L 4  nCi  IN lT lAL LUNG BURDEN 

n 9 p u l ~ ~ j 1 4  CRYSTAUINE SOLID 

0 3.9 nCI INITIAL LUNG BURDEN 

0.mol I I I I I I 

0 1 2  3 4 5 6 7 

DAYS AFlER INHALATIC% 

FIGURE 5.3. U r i n a r y  Exc re t i on  o f  Inha led  
Pl utonium N i t r a t e  

o.m1 1 I I 1 I 
0 M la 1m 

DAYS AFTER INHALATION 

The in f luence  o f  t h e  f luorocarbon 
aerosol  v e h i c l e  on p lu ton ium metabol ism i s  FIGURE 5.4. Re ten t ion  o f  I nha led  C rys ta l  1  i n e  

as y e t  unknown, however t h e  e f f e c t  i s  and S o l u b i l i z e d  Plutonium N i t r a t e  i n  t h e  
expected t o  be minimal. S i m i l a r  f l u o r o -  Lung. ( I n i t i a l  l ung  burdens were 3.9 nCi 

carbon compounds a r e  n o t a b l y  non tox ic  when and 2.4 nCi , r e s p e c t i v e l y ) .  

used i n  pulmonary v e n t i l a t i o n  s tud ies ,  e.g., 
i n v o l v i n g  lavage o r  immersion f o r  extended 
t ime  per iods.  These f luo rocarbons  are,  how- 
ever, we l l - r e t a i ned  i n  t h e  l ung  and a r e  



QUANTITATIVE AUTORADIOGRAPHY O F  INHALED 239Pu0, 
IN THE LUNG 

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

K. Rhoads, D. Moon and C. L. Sanders 

Pu02 p a r t i c l e s  behaved s i m i l a r l y  i n  t h e  lungs  o f  r a t  and hamster. The r e l a t i v e  concentra-  

t i o n s  o f  Pu02 up t o  1 - y r  postexposure were 1.0 f o r  l ung  parenchyma, 1.3 f o r  subp leura l  areas, 

0.5 f o r  p e r i b r o n c h i o l a r  reg ions  and 0.2 f o r  pe r i vascu la r  r eg i ons  i n  t h e  lungs.  

Two observa t ions  f rom l i f e - s p a n  s t ud i es  
o f  i nha led  239Pu02 i n  r a t s  and hamsters have 
p rov ided  t h e  impetus f o r  f u r t h e r  i n ves t i ga -  
t i o n  o f  p lu ton ium p a r t i c l e  d i s t r i b u t i o n  i n  
lung.  The f i r s t  was a q u a l i t a t i v e  observa- 
t i o n  t h a t  p a r t i c l e s  were t r ans l oca ted  w i t h i n  
t he  l ung  f o l l o w i n g  exposure and concentrated 
i n  t h e  subp leura l  reg ions .  Th i s  t r ans l oca -  
t i o n  appeared t o  be dose- and time-dependent, 
occu r r i ng  t o  a g r e a t e r  e x t e n t  i n  animals 
w i t h  l a r g e r  Pu l ung  burdens. The second 
f i n d i n g  was t h a t  t h e r e  i s  a d i f f e r e n c e  
between t h e  r a t  and hamster i n  pa tho log i c  
response t o  239Pu02, w i t h  r a t s  developing a 
h i g h  inc idence  o f  ma l ignan t  l ung  tumors 
w h i l e  hamsters developed very  few such 
tumors (Annual Report,  1975). 

A q u a n t i t a t i v e  s tudy  o f  239Pu02 p a r t i c l e  
d i s t r i b u t i o n  was performed t o  determine t he  
r o l e  o f  t ime, dose, and species on p a r t i c l e  
f a t e ,  i n  an a t tempt  t o  e x p l a i n  t h e  d i f f e r -  
ence i n  tumor response between t h e  two 
species. Prev ious s t ud i es  have shown no 
d i f f e r e n c e  between t h e  r a t  and hamster i n  
l ung  c learance  o r  t r a n s l o c a t i o n  t o  e x t r a -  
pulmonary t i s sues  (Annual Reports 1974, 
1975). 

Twenty- four  W is ta r  SPF female r a t s  and 
20 female Sy r i an  golden hamsters were expos- 
ed t o  an aerosol  o f  239Pu02 p a r t i c l e s  a t  
70 days o f  age. Exposures were nose-only 
f o r  45 and 30 min, f o r  r a t s  and hamsters 
r e s p e c t i v e l y .  The p a r t i c l e  s i z e  d i s t r i b u t i o n  

was considered log-normal f o r  b o t h  exposures. 
The a c t i v i t y  median aerodynamic d iameter /  
geometr ic  s tandard d e v i a t i o n  (AMADIGSD) f o r  
t h e  p a r t i c l e s  i n  these  exposures were 
3.8 ~ 1 2 . 5  f o r  r a t s  and 3.4 ~ 1 2 . 4  f o r  hamsters 
Animals were necropsied a t  i n t e r v a l s  up t o  
1 yr a f t e r  exposure. Fo l l ow ing  t r achea l  
cannu la t ion ,  t h e  lungs  were f i x e d  w i t h  
g lu ta ra ldehyde a t  20 cm H20 pressure.  
Photomicrograph montages were prepared f rom 
autoradiographs (2-wk exposure) o f  c ross  
sec t i ons  o f  t he  t op  h a l f  o f  t he  l e f t  l u n g  
lobe. 

For purposes o f  ana lys is ,  t h e  l ung  t i s s u e  
was d i v i d e d  i n t o  6 components, which a r e  
i l l u s t r a t e d  i n  F i gu re  5.5. P e r i b r o n c h i a l -  
b ronch io l a r  (PB) and p e r i v a s c u l a r  (PV) were 
de f i ned  as  t he  e n t i r e  w a l l  o f  t h e  a i rway  o r  
b lood  vessel,  i n c l u d i n g  l i n i n g  c e l l s ,  con- 
n e c t i v e  t i s s u e  and spaces. B ronch ia l -  
b ronch io l a r  (€3) and vascu la r  (V) i n c l uded  
on1 y t he  1 umen o f  t h e  a i rway  o r  vessel  . 
Subpleura l  (SP) was de f i ned  as t he  area 
w i t h i n  1 cm o f  t h e  p l e u r a l  su r face  on photo- 
montages, which corresponds t o  a d i s t ance  o f  
0.33 cm f rom t h e  p l e u r a l  su r f ace  o f  t h e  
f i x e d  lungs.  Parenchymal (P) i n c l uded  a1 1 
a l v e o l a r  l u n g  except  t h a t  designated as 
subp leura l  . 

Morphometric e s t i m a t i o n  o f  t h e  volume 
f r a c t i o n  occupied by each component was 
performed by po in t - coun t i ng  volumetry.  The 
a lpha p a r t i c l e  s t a r s  were t hen  counted and 





r e l a t i v e  p a r t i c l e  concen t ra t ions  i n  paren- 
chymal and b r o n c h i o l a r  t i s s u e .  T h i s  may 
i m p l y  t h a t  b r o n c h i o l a r  e p i t h e l i a l  c e l l s  
a r e  more s e n s i t i v e  t o  n e o p l a s t i c  t ransforma- 
t i o n  t h a n  a l v e o l a r  e p i t h e l i a l  c e l l s .  Wi th  
r e s p e c t  t o  t h e  species d i f f e r e n c e  i n  tumor 

response, i t  does n o t  appear f rom t h i s  
da ta  t h a t  d i f f e r e n c e s  i n  Pu02 p a r t i c l e  
d i s t r i b u t i o n  can account f o r  t h e  d i f f e r e n c e  
i n  t u m r  f o r m a t i o n  observed between r a t s  
and hamsters i n  l i f e - s p a n  s t u d i e s .  

TABLE 5.5. D i s t r i b u t i o n  o f  I n h a l e d  239Pu02 P a r t i c l e s  i n  Lung 

R A T S  H A M S T E R S  

RELATIE PARTICLLDENSIT IES '~ '  RELATIVE PARTICLE D E N S I T I E S ~ ~ '  
LUNG 

TISSUE c,",% H I G H  DOSES LOW DOSES H I G H  DOSES V O L U M  
COMPONENTS x t SD ~ W d a y r  , 1 2 0 d a p  t W d a p  ,120dayr i W d a y s  > 1 2 0 d a p  t 9 0 d a p  > I n d a y s  FRACTION - - - - - - - -- 

TOTAL 
SUBPLLURAL 2 8 1 5  1 .26i0 .26 1 .29tO.W 1.08i0 .27 1.7610.35 1 . 0 5 i 0 2 6  1 .73i0 .57 0.94t 0.21 1 . 3 5 t O . n  ? d + I  

PARENCHYMAL 5 1 t  6  1 . l Z i  0.19 1.OZt 0.21 1 .18t  0.12 1 . 8 3 i  0.14 L 0 6 i  a 2 9  0 .76i  0.25 I . % ?  QZs 0 .98t  0.18 55 t I  

VASCULAR 4 + 1  0  0  0  0  0  0  0  0  3 5 1  

PERIVASCULAR 4 i  1  0 .05i  0.06 0 .46i  OM 0 0 7 t  0.09 0 5 5 t  1.05 CLG55 0.11 0  CLMi0.97 0  3 2 1  

NUMBER ff 
ANIMALS 24 4  6  6  8  6  5  4  5 20 
I N G R W P  



INHALED PLUTONIUM IN SWINE 

Person i n  Charge: M. T. Karagianes 

P re l im ina ry  experiments, us i ng  d i s c r e t i o n a r y  funds, have been performed f o r  t h i s  proposed 

p r o j e c t .  Est imates o f  t h e  poss i b l e  e f f e c t s  o f  i nha led  p lu ton ium i n  man a r e  based l a r g e l y  on 

da ta  from s tud i es  w i t h  rodents  and dogs. Data f rom a  l a r g e r  species would be usefu l  i n  

e x t r a p o l a t i o n  o f  t h i s  animal da ta  t o  man. The m i n i a t u r e  swine has served as a  u s e f u l  expe r i -  

mental model f o r  man i n  many b iomedical  i n v e s t i g a t i o n s  because o f  phys i o l og i c  and anatomic 

s i m i l a r i t i e s .  

I t  i s  proposed t o  expose swine t o  239Pu02 aerosols ,  by i n h a l a t i o n ,  t o  determine s h o r t -  and 

long- te rm e f f ec t s .  Shor t - term s tud i es  (up t o  1  y r )  would i n v e s t i g a t e  p lu ton ium depos i t i on ,  

d i s t r i b u t i o n  and exc re t i on ,  p r o v i d i n g  i n f o rma t i on  necessary t o  t h e  design and i n t e r p r e t a t i o n  

o f  long- te rm s tud ies .  Long-term experiments would be p r i m a r i l y  concerned w i t h  e v a l u a t i n g  

carc inogen ic  e f f e c t s ,  b u t  would a l s o  p rov i de  m a t e r i a l  f o r  t h e  s tudy  o f  o t h e r  p o s s i b l e  e f f e c t s  

and t h e  mechanisms respons ib l e  f o r  these e f f e c t s .  The r e s u l t s  ob ta ined  f rom a l l  s t ud i es  would 

be compared w i t h  o t h e r  animal and human da ta  and would be used t o  assess t h e  swine as a  model 

f o r  p r e d i c t i n g  e f f e c t s  i n  humans. 



239Pu02 AEROSOL EXPOSURE OF MINIATURE SWINE 

Investigators: 

M. T. Karagianes, J. L. Beamer, D. K. Craig, 
W. T. Kaune, J. R. Decker, and W. C. Cannon 

Technical Assistance: 

A. J. Clary, J. P. Herring, E. L. Blanton, 

M. C. Miller, and E.  G. Kuffel 

Techniques were developed for intranasal exposure of miniature swine to radioactive 

aerosols. Distribution, retention and excretion data are reported for four swine exposed to 

inhaled 239Pu02. 

Initial work on this project was directed 
at modifying existing aerosol equipment 
and establishing proper techniques for the 
inhalation exposure of miniature swine. 
Swine aerosol chamber design, face masks 
for intranasal exposure and the methods 
used to expose the animals to 239Pu02 
were described in the 1975 Annual Report. 

Four young adult (- 2 years) female 
Hanford Miniature swine, weighing approxi- 
mately 70 kg, were killed at 10, 13, 30, 
and 90 days following intranasal exposure 
to 239P~02. TWO of these swine were 
exposed to 239Pu02 aerosols having an AMAD 
of 3.0 vm and a GSD of 2.1. Two others 
were exposed to similar aerosols having an 
AMAD of 2.0 um and a GSD of 1.8. Plutonium 
analyses were performed by liquid scintilla- 
tion counting. A1 1 postexposure excreta 
were analyzed for Pu and representative 
lung and lymph node samples were examined 
by microscopic and autoradiographic 
techniques. 

The distribution data in Table 6.1 are 
particularly notable for the large amount 
of 239Pu retained in the gastrointestinal 
tract. Whether this is related to fecal 
retention or to unusual retention properties 

of the epithelium is unknown. Since dose 
to the gastrointestinal tract is a signifi- 
cant factor in the estimated human exposure 
to many inhaled radionuclides, the obser- 
vations in swine may be of considerable 
significance if human retention is similar 
to that observed in these swine. 

Table 6.1 also shows urinary excretion 
levels that would suggest considerable 
absorption to the systemic circulation; 
however, separation of urine and feces was 
difficult and most of the activity measured 
in the urine was probably leached from the 
feces. 

The whole-body clearance curves shown in 
Figure 6.1 were constructed by subtracting 
the cumulative fecal and urinary excretion 
data from the total initial depbsition. 
Curves shown in Figure 6.1 are for pigs 
that survived 30 and 90 days postexposure. 
The data points were fitted by a computer 
model that assumed two exponential comoo- 
nents. The retention equations that best 
fit the data are also shown in Figure 6.1. 

While the data seem to be reasonably 
we1 1 represented by the double exponential 



TABLE 6.1. D i s t r i b u t i o n  o f  Inha led  239Pu02 Aerosols  i n  Swine 

P I G  NUMBER 

AMAD OF EXPOSURE AEROSOL. pm 

DAYS POST EXPOSURE 

INITIAL BODY BURDEN. n ~ i ' ~ )  

BODY TOTAL 

LUNG 

PULMONARY LYMPH NODES 

ALL REMAINING  TISSUE'^) 
EXCRETA TOTAL 

FECES 

URINE 

FINAL BODY BURDEN. nCi 

53.93 5362 5355 

3.0 2.0 2.0 

13 30 90 

6621 2521 2871 

% OF IN IT IAL BODY BURDEN 

53.0 180 3.0 

462 16.8 2.2 

2.0 0.2 0.3 

4.8 1.0 0.5 

47.0 82.0 97.0 

46.0 80.0 92.5 

1.0 2.0 4.5 

3490 457 87 

% OF FINAL BODY BURDEN 

LUNG, TOTAL W.65 87.09 92.65 72.59 

PULMONARY LYMPH NODES 0.02 0.05 0.31 8 80 

THORACIC TISSUE 0.60 3. 70 0.72 1.92 

SYSTEMIC  DISPOSITION(^) 4.71 9.15 6.30 16.68 

(GASTROINTESTINAL TRACT (4. 62) (9. 15) (6.26) (1. 78) 
AND CONTENTS) 

'a' SUM OF ESTIMATED TOTAL BODY BURDEN AT NECROPSY AND TOTAL P u  EXCRETED 
(b) INCLUDES REMAINING THORACIC ORGANS. TRACHEA AND TRACHEAL BlFURCATlON 

INCLUDES ABDOMINAL ORGANS, MUSCLES, SKIN AND BONE 

- Pig l5355 t ---- 

model, c e r t a i n  q u a n t i t a t i v e  l i m i t a t i o n s  
must be st ressed.  Eva lua t i on  o f  t he  
sho r t - t e rm  component i s  compl icated by t h e  
f ac t  t h a t  fecal  e l i m i n a t i o n  d i d  n o t  occur  
u n t i l  t h e  t h i r d  day postexposure, which 
may have obscured an even shor te r - te rm 
i n i t i a l  component, p a r t i c u l a r l y  i n  t h e  
data f rom t h e  90-day p i g .  It i s  a l s o  
apparent t h a t  a much l onge r  h a l f - l i f e  
m igh t  have been ob ta ined  f o r  most o f  t h e  
l o n g e r - l i v e d  component i f  da ta  had been 
ob ta ined  over a l onge r  t ime  per iod .  It can 
be s ta ted ,  however, t h a t  about 90% o f  
i n i t i a l l y  i nha led  Pu i s  l o s t  w i t h  h a l f - l i v e s  
on t h e  o rde r  o f  a  few days o r  l e ss ,  and 
t h a t  s 10% i s  r e t a i n e d  w i t h  h a l f - l i v e s  on 
t h e  o rde r  o f  50 days o r  longer - -poss ib ly  
much longer .  

Complete b lood  counts o f  samples taken  
f rom t h e  swine be fo re  and a f t e r  exposure, 
as w e l l  as f rom caged con t ro l s ,  showed a l l  
hematologic parameters t o  be w i t h i n  normal 
l i m i t s .  

I U  
0 20 40 60 80 100 

Microscop ic  and au to rad iograph ic  exami- 
POSTEXPOSURE SURVIVAL TIW days n a t i o n  o f  l ung  t i s s u e  specimens showed no 

pa tho los i c  l e s i o n s  o t h e r  than  a m i l d  
pulmonary congest ion and edema. General l y  

FIGURE 6.1. Whole-Body Clearance Curves f o r  t h e  r e t a i n e d  pu p a r t i c l e s  were found i n  
M i n i a t u r e  Swine Exposed I n t r anasa l  l y  t o  t h e  a l v e o l a r  w a l l s  w i t h  a few presen t  i n  
239Pu2 Aerosols  t he  subpleura and around t he  t e rm ina l  

bronchi01 es of t he  1 ungs. 



INHALATION HAZARDS TO URANIUM MINERS 

Person i n  Charge: B. 0. S t u a r t  

The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  i d e n t i f y  t he  s p e c i f i c  uranium mine a i r  contaminants, 

and t he  l e v e l s  o f  these contaminants, t h a t  i n i t i a t e  o r  promote t he  development o f  r e s p i r a t o r y  

t r a c t  pathology.  The 6X h i ghe r  than normal inc idence  o f  l ung  cancer and the  5.3X h i g h e r  than  

normal m o r t a l i t y  f rom pulmonary f i b r o s i s  and emphysema among uranium miners o f  t he  Colorado 

p la teau ,  i n  a p e r i o d  o f  i n c reas i ng  demand f o r  uranium ore,  i s  a ma t t e r  o f  bo th  n a t i o n a l  and 

i n t e r n a t i o n a l  concern. Epidemiologic  s t u d i e s  among uranium miners have been based on very 

u n c e r t a i n  exposure h i s t o r i e s .  S tud ies  w i t h  exper imenta l  animals o f f e r  t he  o n l y  hope o f  

un rave l i ng  t h e  complex e t i o l o g y  o f  observed e f f e c t s .  The d r a s t i c a l l y  increased mine v e n t i l a -  

t i o n  r a t e s  demanded by new r e g u l a t i o n s  w i l l  markedly change radon daughter attachment r a t i o s  

and radon:radon daughter  r a t i o s  and w i l l  c r e a t e  new pa t t e rns  o f  r a d i a t i o n  dose, p o s s i b l y  

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

Under t h i s  p r o j e c t ,  l a r g e  and smal l  l a b o r a t o r y  animals have rece i ved  d a i l y ,  l i f e - s p a n  

exposures, by r e a l i s t i c  i n h a l a t i o n  techniques, a t  l e v e l s  and r a t i o s  o f  mine a i r  contaminants 

t h a t  have been c o r r e l a t e d  w i t h  ac tua l  human exposure cond i t i ons .  Massive f i b r o s i s ,  bu l l ous  

emphysema and r e s p i r a t o r y  t r a c t  neop las ia  have been produced i n  beagle dogs a f t e r  4 t o  

5-112 y r  o f  d a i l y  exposures t o  radon daughters w i t h  uranium o r e  dust ,  w i t h  and w i t h o u t  con- 

c u r r e n t  c i g a r e t t e  smoking. 

Cur ren t  research e f f o r t s  i n c l u d e  s t ud i es  o f  pulmonary pathogenesis w i t h  c h r o n i c a l l y  i nha led  

radon daughters, uranium o r e  dust ,  and c i g a r e t t e  smoke i n  beagle dogs, toge ther  w i t h  i n t e r -  

species comparisons i n  s imu l taneous ly  exposed hamsters and r a t s .  Data f rom these comparat ive 

s t ud i es  should a i d  i n  t h e  e x t r a p o l a t i o n  o f  t h e  dose-e f fec t  r e l a t i o n s h i p s  t o  man. A lso  i n  

progress a r e  s t ud i es  o f  t he  b i o l o g i c a l  consequences o f  va r y i ng  t he  r a t i o s  o f  at tached versus 

unat tached radon daughter r ad i onuc l  i des .  These s t ud i es  wi  11 p rov i de  data t o  eva lua te  t h e  

r e l a t i v e  hazards o f  dus ty  versus min imal-dust  cond i t i ons  i n  uranium mine opera t ions .  Studies 

t o  assess t h e  r e l a t i v e  hazards o f  Rn, RaA, and RaC' w i l l  p rov i de  data essen t i a l  t o  t he  evalu-  

a t i o n  o f  i n h a l a t i o n  hazards i n  f u t u r e ,  w e l l  - ven t i l a t ed ,  uranium mines as compared t o  condi -  

t i o n s  p r e v a l e n t  i n  t h e  e a r l y  1950s. 



CARCINOGENESIS OF INHALED RADON DAUGHTERS WlTH 
LlRANlUM ORE DUST IN  BEAGLE DOGS 

Investigators:  

R. E .  F i l ipy,  G .  E. Dagle, R. F. Palmer, and B. 0. Stuar t  

Technical Assistance: 

W .  Skinner, C. R.  Petty,  and K. C.  Upton 

Daily exposures of adul t  beagle dogs t o  inhaled radon daughters and t o  uranium ore dust  

f o r  4-1/2 to  6 y r  have produced respira tory  t r a c t  carcinomas, a t  s imi la r  cumulative working 
level months (WLM) of exposures t o  those which induced carcinomas in  uranium miners. Bio- 

logical  data from the  beagle-dog experiments can therefore  be used f o r  prediction of carcin- 
ogenic r i s k  under changing exposure conditions in fu tu re  uranium miners. 

The continuing experiments described in 
t h i s  repor t  were designed t o  study the 
cause and e f f e c t  re la t ionships  in  the  devel- 
opment of pulmonary neoplasia from da i ly  
inhalation exposures of dogs t o  the  uranium 
mine a i r  contaminants of radon daughters 
w i t h  uranium ore dust  and c i g a r e t t e  smoke, 
both combined and separately,  under care- 
f u l l y  controlled conditions,  over the  l i f e -  
span of the  animals. Sixty-nine beagle 
dogs raised in our laboratory were t ra ined 
and placed on exposure regimens outl ined 
in Table 7.1. 

Alveolar ep i the l i a l  changes were promi- 
nent in the  lungs of dogs from Groups 1 
and 2 t h a t  had exposures longer than 
30 months. The l e a s t  severe form of these 
changes consisted of small foci  of cuboidal 
metapl a s i a  (adenomatosi s )  adjacent t o  the  
bronchioles and a lveolar  ducts. In dogs 
with 1 onger exposure hi s t o r i e s  (40 months 
o r  more), large  areas of adenomatosis were 
present,  occasionally involving the major 
portion of a section through a lung lobe. 
Frequently, the  les ion had progressed t o  
squamous metaplasia of the  a lveolar  epithe- 
lium in which atypical  c e l l s  were present. 
These c e l l s  were characterized by mar- 

TABLE 7.1. Experimental Design f o r  Beagle ginated nuclear chromatin, i r r egu la r ly  
Dog Studies shaped nucle i ,  and decreased nuclear-to- 

cvtoplasmic r a t i o .  - .  
NUMBER 

OF 
 GROUP'^) ANIMALS -- EXPOSURE In two of the  dogs exposed f o r  48 and 

1 20 600 WL RADON DAUGHTERS WITH U R A N I U M  
54 mo, there  were epidermoid carcinomas 

ORE DUST (15 mglm3) associated with emphysemic bullae.  The 
tumors were s o l i t a r v  masses in ~ e r i ~ h e r a l  

20 CIGARETTE SMOKE PLUS 600 WL RADON 
DAUGHTERS WITH  URANIUM ORE DUST 

3 20 C l GARETTE SMOKE 

4 9 CONTROLS 

' a ' ~ ~ ~ ~ ~ ~  1 AND 4 UND~RWENT PERIODS OF SHAM SMOKING IDENTICAL 
TO CIGARETTE SMOKE EXPOSURE OF GROUPS 2 AND 3. 

areas  of s ing le  lobes and consikted' of 
i r r eau la r lv  s h a ~ e d  lobules of nonkeratin- 
izing s t r a t i f i e d  squamous epithelium with 
a scant  amount of connective t i s s u e  stroma. 
Thev were loca l lv  invasive in to  adiacent 
al&ol i . ~ n o t h &  epidermoid carcinoma, in  
a dog exposed t o  radon daughters plus 







This research has demonstrated primary 
r e s p i r a t o r y  t r a c t  neopl asia,  i nc lud ing  
bronchi  01 oa l  veol a r  carcinoma, squamous 
carcinoma, epidermoid carcinoma, and 
pulmonary f ibrosarcoma i n  9 o f  40 dogs 
t h a t  received 11,000 t o  13,000 CWLM, which 
i s  s i m i l a r  t o  t he  higher exposure l e v e l s  . (6,000 t o  8,435 CWLM) i n  cases o f  lung 
cancer i n  uranium miners. We are fo r tuna te  
t o  have chosen l e v e l s  t h a t  produced resp i ra -  
t o r y  t r a c t  cancer i n  4-112 y r  (compared t o  
17 y r  f o r  man), demonstrating the  s u i t -  
a b i l i t y  of t he  beagle dog as a large-animal 
model f o r  l ung  cancer i n  uranium miners. 

The 600 WL used i n  t he  research i s  comparable 
t o  human exposure l eve l s ;  many o f  t he  
former uranium miners t h a t  are inc luded i n  
t he  epidemiological  analyses upon which 
cur rent  l i m i t s  are based received documented 
per iods o f  ~?xposure t o  concentrat ions i n  
excess o f  100 WL, w i t h  several cases as 
h igh  as 230 WL. E a r l i e r  undocumented 
mine exposures undoubtedly reached consider-  
ab l y  h igher l eve l s .  Therefore, these 
experimental f i n d i n g s ,  o f  pr imary neopl as ia  
using a large-animal model c o r r e l a t e  
w i t h i n  f ac to rs  o f  3- t o  6 - f o l d  w i t h  actual  
human exposure experience. 

NON-NEOPLASTIC PULMONARY DISEASE FROM INHALED R A D O N  
DAUGHTERS WITH U R A N I U M  ORE DUST I N  BEAGLE DOGS 

I nves t i ga to rs  : 

R. E. F i l i p y ,  R. F. Palmer, and B. 0. S tua r t  

Technical Assistance: 

W. Skinner, C. R. Pet ty,  and K. C. Upton 

D a i l y  exposures o f  a d u l t  beagle dogs t o  inha led radon daughters p lus  uranium o re  dust, 

w i t h  and w i thou t  concurrent  c i g a r e t t e  smoking, f o r  2 t o  5-112 y r  have produced massive p u l -  

monary f i b r o s i s  and severe emphysema. The cumulative exposure doses are  s i m i l a r  t o  those 

associated w i t h  a 5 - fo ld  o r  g reater  increase i n  death r a t e  o f  uranium miners due t o  chron ic  

r e s p i r a t o r y  i n s u f f i c i e n c y ,  i nc lud ing  pneumoconiosis, pulmonary f i b r o s i s ,  and emphysema. 

I n  a d d i t i o n  t o  the  markedly increased 
r i s k  o f  l ung  cancer ( 6 - f o l d  greater  than 
normal inc idence f o r  age-correlated con t ro l s )  
i n  uranium miners, recent  epidemiological  
analyses (May 1976) have shown a 5 .3- fo ld  
increase i n  uranium miner deaths due t o  
chronic r e s p i r a t o r y  i nsu f f i c i ency ,  i nc lud ing  
pneumoconiosis, pulmonary f i b r o s i s ,  and 
emphysema. The h igh  r i s k  o f  r e s p i r a t o r y  
disease appears t o  be r e l a t e d  t o  concurrent 
i n h a l a t i o n  exposure t o  radon daughters and 
s i l  ica-bear ing uranium ore  dust  present i n  
these mines, underscoring the  c r i t i c a l  
need f o r  c a r e f u l l y  c o n t r o l l e d  cause and 
e f f e c t  s tud ies  us ing  appropr ia te  la rge-  and 
small -animal models t o  re1  i a b l y  assess the  

r i s k  o f  f a t a l  non-neoplastic pulmonary 
disease i n  present and f u t u r e  uranium 
miners. Our research program has produced 
massive pulmonary f i b r o s i s  and bul  lous  
emphysema, as we l l  as r e s p i r a t o r y  t r a c t  
neoplasia, i n  beagle dogs a f t e r  2 t o  
5-112 y r  o f  d a i l y  exposures t o  radon 
daughters w i t h  uranium ore, w i t h  and 
w i thou t  concurrent c i g a r e t t e  smoking, 
f o l l ow ing  the  pro toco l  given i n  Table 7.3. 
The pathogenesis o f  these l es ions  i s  
described below. 

Pulmonary macrophages conta in ing  a 
brown pigment, considered t o  be ore  dust ,  
were the  e a r l i e s t  h i s t o l o g i c  mani fes ta t ions  









COMPARATIVE TOXICITY I N  RATS VS. HAMSTERS O F  INHALED RADON 
DAUGHTERS WITH A N D  WITHOUT U R A N I U M  ORE DUST 

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

J. C.  Gaven, R. F. Palmer, K. E. McDonald, J. E. Lund and B. 0. S t u a r t  

Technical  Assis tance:  

H. D. S tee le  

Simultaneous exposures o f  r a t s  and hamsters t o  i nha led  radon daughters, w i t h  and w i t h o u t  

uranium o re  dust ,  were performed d a i l y  f o r  f i v e  months. Pulmonary pathology developing i n  6 

t o  13 mo a f t e r  cessa t i on  o f  d a i l y  exposures inc luded i n t e r s t i t i a l  f i b r o s i s ,  emphysema, 

e p i  the1 i a l  hyperp las ia ,  squamous metapl as ia ,  and ma1 i g n a n t  neoplas ia.  Rats showed a g r e a t e r  

v a r i e t y  and more severe response t o  these uranium mine i n h a l a t i o n  exposures than d i d  hamsters. 

I n h a l a t i o n  o f  radon daughters w i t h  uranium o r e  dus t  d isp layed  t h e  s i t e  o f  g r e a t e s t  damage, 

i n c l u d i n g  squamous carcinoma, f rom t h e  nasopharynx t o  t h e  lungs.  S i x t y  percen t  o f  t h e  r a t s  

exposed t o  radon daughters w i t h  o r e  dus t  developed p r imary  pulmonary carcinomas, p r o v i d i n g  an 

app rop r i a t e  sho r t - t e rm  exper imenta l  animal model f o r  i n v e s t i g a t i o n  o f  r e s p i r a t o r y  t r a c t  

carc inogenesis  i n  uranium miners.  

Groups o f  32 r a t s  and 34 hamsters were 
exposed s imu l taneous ly  i n  sphe r i ca l  chambers 
f o r  pe r i ods  o f  84 h r  pe r  week t o  aeroso ls  
c o n s i s t i n g  o f  radon daughters o r  radon 
daughters a t tached t o  uranium o re  dust .  
Radon daughter  concent ra t ions  were approx i -  
ma te l y  1200 Working Levels  (WL) w i t h  and 
w i t h o u t  15 mg/m3 o f  c a r n o t i t e  uranium o r e  
dust .  P a r a l l e l  groups o f  c o n t r o l  animals 
were housed i n  i d e n t i c a l  cages and chambers, 
and were exposed t o  room a i r  on l y .  Expo- 
sures were con t inued  f o r  5 mo, a f t e r  which 
a l l  groups were h e l d  f o r  l i f e - s p a n  observa- 
t i o n .  M o r t a l i t y  and body we igh t  were record-  
ed p e r i o d i c a l l y  th roughout  t h e  experiment. 
F i gu res  7.8 and 7.9 show t h e  e f f e c t s  o f  t h e  
exposures on animal body we igh ts  f o r  r a t s  
and hamsters, r e s p e c t i v e l y .  Body we igh t  
means f o r  r a t s  exposed t o  radon daughters 
a l one  compared t o  mean weights of r a t s  
exposed t o  radon daughters w i t h  uranium o r e  
d u s t  were n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  b u t  

bo th  were d i f f e r e n t  f rom c o n t r o l s .  Mean 
body we igh t  va lues f o r  c o n t r o l  versus expe r i -  
mental groups o f  hamsters d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  throughout  t h e  course o f  t h e  
experiment. 

F igures  7.10 and 7.11 show t h e  m o r t a l i t y  
pa t t e rns  f o r  r a t s  and hamsters, respec- 
t i v e l y .  P a r a l l e l i n g  t he  l a c k  o f  e f f e c t  o f  
exposures upon body we igh ts  i n  hamsters, 
t h e r e  i s  l i t t l e  e f f e c t  o f  e i t h e r  exposure 
p ro toco l  upon m o r t a l i t y  p a t t e r n s  i n  ham- 
s t e r s .  However, i n  r a t s  t h e r e  were s i g n i f i -  
cant1 y reduced s u r v i v a l  t imes i n  expe r i  - 
mental groups compared t o  c o n t r o l s .  E l  even 
r a t s  i n  t h e  c o n t r o l  group remain a l i v e  a t  
t he  p resen t  t ime.  

H i s t opa tho log i c  s t ud i es  o f  animals 
s a c r i f i c e d  when moribund have revea led  
d i f f e r e n c e s  i n  pa tho log i c  changes when 
comparing hamsters w i t h  r a t s  exposed e i t h e r  
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t o  radon daughters a lone  o r  t o  radon 
daughters w i t h  uranium o r e  dus t .  

Hamsters exposed t o  radon daughters 
a lone  showed a v a r i e t y  o f  l e s i o n s  i n  t h e  
nasal  pharynx. They a l l  showed some degree 
o f  squamous metapl a s i a  o f  t h e  e p i  t h e l  ium, 
r a n g i n g  f rom s l i g h t  th rough  moderate t o  
severe p r o g r e s s i o n  w i t h  k e r a t i n  fo rmat ion .  
Several an imals  showed s i g n i f i c a n t  hyperp la -  
s i a  o f  t h e  nasal  e p i t h e l i u m .  Eleven 
months a f t e r  t h e  c e s s a t i o n  o f  d a i l y  expo- 
sures, one animal o f  t h e  34 developed 
squamous carcinoma o f  t h e  nasal  e p i  t h e l  ium 
( F i g u r e  7.12). Genera l l y ,  t h e  t r a c h e a l  and 
1 aryngeal  t i s s u e s  o f  these  animals  appeared 
normal,  w i t h  o n l y  one case o f  s l i g h t  e p i t h e l -  
i a l  hyperp las ia .  The lungs  showed s l i g h t  

t o  v e r y  s l i g h t  b r o n c h i o l i z a t i o n  o f  a l v e o l a r  
e p i  t h e l  ium, and approx imate ly  50% o f  t h e  
animals  showed a s l i g h t  degree o f  r a d i a t i o n  
pneumoni t is .  

Sprague-Dawley SPF r a t s  exposed i n  t h e  
same chambers f o r  t h e  same p e r i o d  o f  t i m e  
t o  radon daughters a lone  a l s o  showed a 
v a r i e t y  of l e s i o n s  i n  t h e  nasal  passages. 
A l l  an imals  showed some degree o f  squamous 
metap las ia  i n  t h e  nasal  e p i  t h e l  ium, gener- 
a l l y  t o  a g r e a t e r  degree of s e v e r i t y  than  
seen i n  i d e n t i c a l l y  exposed hamsters. T h i s  
metap las ia  appeared i n  degrees v a r y i n g  f r o m  
s l i g h t  t o  severe i n  a l l  o f  t h e  r a t s  so 
exposed. Many of t h e  moderate o r  more 
severe cases a1 so showed k e r a t i n i  z a t i o n .  
O f  t h e  32 r a t s  exposed t o  radon daughters 









EFFECTS OF CHRONIC CIGARETTE SMOKING O N  PLATELET 
FUNCTIONS AND COAGUI.ATION IN  BEAGLE DOGS 

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

H. A. Ragan 

Technical  Assis tance:  

M. J. Pipes, S. L. Engl ish,  E. T. Edmerson, 

and M. C. Perk ins  

Coagulat ion and p l a t e l e t  f u n c t i o n  assays were performed i n  beagle dogs t h a t  had smoked t en  

c i g a r e t t e s  d a i l y  f o r  6 y r .  There was no evidence o f  enhanced coagu la t i on  o r  de tec tab l e  end- 

p roduc ts  o f  c l o t t i n g  i n  smoking dogs compared w i t h  age- re la ted  c o n t r o l s .  P l a t e l e t  r e a c t i v i t y  

was n o t  increased, e i t h e r  as an acu te  o r  ch ron i c  e f f e c t  o f  smoking, b u t  r a t h e r  a t r e n d  t o  

reduced p l a t e l e t  a c t i v i t y  was ev iden t .  

Prev ious Annual Reports have d e t a i l e d  
t he  use o f  beagles t o  i n v e s t i g a t e  t h e  
dose-e f fec t  and s y n e r g i s t i c  r e l a t i o n s h i p s  
which r e s u l t  i n  an increased inc idence  o f  
l ung  tumors i n  uranium miners.  A p o r t i o n  
o f  t he  study i nc l uded  a group o f  dogs t h a t  
had smoked t e n  c i g a r e t t e s  d a i l y  f o r  6 y r .  

S tud ies  i n  man have at tempted t o  c o r r e l a t e  
changes i n  p l a t e l e t  f unc t i on ,  coagu la t ion ,  
and serum l i p i d s  w i t h  t h e  inc reased r i s k  o f  
ischemic h e a r t  d isease i n  smokers. Resu l ts  
have, however, been i n c o n s i s t e n t  o r  con- 
f l i c t i n g .  The p resen t  s tudy  was undertaken 
t o  determine i f  dogs ma in ta ined  under 
s t r i c t  housing and d i e t a r y  c o n t r o l  m igh t  
man i f es t  more cons i s t en t  e f f e c t s  o f  smoking 
than those repo r t ed  i n  humans. 

For  coagu la t ion  s tud ies ,  a b lood  sample 
was c o l l  ec ted  i n  t h e  morning a f t e r  approx i  - 
mate ly  12 h r  w i t h o u t  smoking, and a f t e r  
f a s t i n g  a t  l e a s t  8 h r .  Each dog then 
smoked one c i g a r e t t e ,  and 15 min l a t e r  a 
second b lood  sample was obta ined.  Blood 
samples a t  t imes corresponding t o  those f o r  
t h e  smokers were ob ta ined  f rom age- re la ted  
c o n t r o l  dogs. 

Plasma n i c o t i n e  l e v e l s  15 min a f t e r  
smoking one c i g a r e t t e  were 7.1 + 3.8 pg/100 
ml o f  plasma. 

Resu l ts  of adenosine d iphosphate (ADP)- 
induced p l a t e l e t  aggregat ion a r e  shown i n  
Table 7.4. Using 2.0 pM ADP, t h e r e  was a 
t r e n d  t o  increased s lope  and g rea te r  aggre- 
g a t i o n  a f t e r  one c i g a r e t t e ,  b u t  s i m i l a r  
changes occur red  i n  t he  c o n t r o l  dogs. Wi th 
5.0 UM ADP, t he  s lope  and maximum aggregat ion 
were more pronounced i n  t h e  smoking group 
be fo re  smoking than i n  t h e  c o n t r o l s .  
Fol low ing  one c i g a r e t t e  t h e  s lope  tended t o  
be f l a t t e r ,  b u t  maximum response was g rea te r  
than i n  t h e  presmoking va lues .  I n  t he  
c o n t r o l  dogs, t he  response s lope  was s i m i l a r  
t o  t h e  f i r s t  sample, b u t  a g rea te r  o v e r a l l  
aggrega t ion  response was observed i n  t h e  
second sample. Changes i n  bo th  groups w i t h  
10.0 pM ADP were s i m i l a r  t o  those ob ta ined  
us i ng  5.0 pM ADP. 

Resu l ts  o f  p l a t e l e t  adhesion assays 
i n d i c a t e  an e f f e c t  s i m i l a r  t o  p l a t e l e t  
aggregat ion s t u d i e s  (Table 7.5). The most 
pronounced d i f f e r e n c e s  were seen i n  Tube 1, 
i n  which t he re  was g rea te r  mean adhesion i n  



TABLE 7.4. ADP-Induced P l a t e l e t  Aggregation 
i n  Beagle Dogs (Mean + SD) 

PRP PLATELETS 
x ld1rnrn3 SLOPE A OD 

ADP PRE- POST- PRE- POST- PRE- POST- 
( P M I  N S M O K I N G  SMOKING SMOKING S M O K I N G  SMOKING S M O K I N G  - 

2.0 

SMOKERS 10 548 i 80 545 i 80 9.4 * 4.4 11.5 i 5.9 3.7 i 2.9 4.9 i 6.0 

CONTROLS 10 426 * 71 4M i 68 9.7 i 6.3 12.4 i 3.9 3.9 i 4.6 4.9 * 4.9 

5.0 

SMOKERS 10 5 4 8 i 8 0  545*80  2 0 . 3 i 7 . 1  1 7 . 3 i 8 . 3  2 7 . 9 i 2 2 . 3  3 7 . 9 i 2 9 . 0  

CONTROLS 10 426 i 71 4M * 68 16.7 i 4.1  17.8 * 4.3 17.6 i 7.3 24.6 * 16.8 

10.0 

SMOKERS 10 5 4 8 i 8 0  5 4 5 i 8 0  3 0 . 1 i 1 9 . 8  2 0 . 7 i 7 . 4  50.5*26.0 5 6 . 7 i 3 3 . 0  

CONTROLS 10 426 i 71 4M * 68 20.9 i 3.8 23.8 * 4.2 50.3 i21.8  53.9 i 18.4 

TABLE 7.5. P l a t e l e t  Retent ion  on Glass Beads 
i n  Beagle Dogs (%)  (Mean + 1 SD) 

TUBE 1 TUBE 2 TUBE 3 

PRE- POST- PRE- POST- PRE- POST- 
N SMOKING SMOKING SMOKING SMOKING SMOKING SMOKING 

SMOKERS 10 81 i 11 67 i 23 91 i 11 84 i 24 97 i 6 92 i 19 

CONTROLS 10 69 i 15 57 i 33 95 i 4 85 i 19 98 i 2 92 i 12 

presmoking samples from the  smoking group 
than from con t ro l  dogs. A f t e r  smoking one 
c i ga re t t e ,  t he re  was a 17% decrease i n  
p l a t e l e t  adhesiveness, b u t  a comparable 
decrease occurred i n  t he  con t ro l  dogs. 
Emotional s t r ess  i s  known t o  i n f l uence  
p l a t e l e t  f u n c t i o n  t es t s ,  and some o f  t he  
e f f e c t s  observed on p la te1  e t  aggregat ion 
and adhesion t e s t s  i n  these dogs may be 
a t t r i b u t e d  t o  t h i s  f a c t o r .  

R u s s e l l ' s  Viper Venom (Stypven) t imes 
w i t h  p l a t e l e t - r i c h  plasma were s i g n i f i c a n t l y  
longer (P < 0.01 ) a f t e r  one c i g a r e t t e  than 
i n  t h e  f i r s t  sample (Table 7.6). However, 
no e f f e c t  was seen on Stypven t imes when 
p la te1  et-poor plasma was tes ted .  Th is  
e f f e c t ,  again, i s  i n d i c a t i v e  o f  reduced 
p l a t e l e t  responsiveness a f t e r  c i g a r e t t e  
smoking. 

No s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rences  
between smokers and con t ro l  dogs, o r  between 
t h e  f i r s t  and second samples o f  smokers, 
were ev ident  on plasma prothrombin time, 
p l a t e l e t  count, euglobul i n  l y s i s  time, 
ethanol gel  a t i o n  t es t s ,  f i b r i n o g e n  concen- 
t r a t i o n ,  o r  l e v e l s  o f  f i b r i n o g e n  degradation 
products (Table 7.7). The f a i l u r e  t o  f i n d  
e f f e c t s  on these parameters i s  presumptive 

evidence t h a t  a hypercoagulable s t a t e  has 
n o t  been induced by smoking, and t h a t  
i n t ravascu la r  c l o t t i n g  was no t  i n i t i a t e d .  

Serum f r e e  f a t t y  a c i d  (FFA) l e v e l s  
before t he  s t a r t  o f  d a i l y  smoking were 
s i g n i f i c a n t l y  h igher (P < 0.01) i n  t he  
smoking group than i n  con t ro l  dogs (Ta- 
b l e  7.8). However, no add i t i ona l  e f f e c t  
was noted on FFA concent ra t ion  a f t e r  a 
s i n g l e  c i ga re t t e .  

Serum glucose l e v e l s  (Table 7.8) were 
no t  d i f f e r e n t  between the  two groups a t  
the  s t a r t  o f  t he  day. However, t he re  was 
a s i g n i f i c a n t  (P < 0.05) increase a f t e r  
one c i g a r e t t e  was smoked. A s i m i l a r  
increase was present  i n  a second sample 
f rom the  con t ro l  dogs, a1 though i t  was n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  f i r s t  
sample. The change i n  glucose l e v e l s  may 
be t he  r e s u l t  o f  s t ress .  

From the  r e s u l t s  o f  these s tud ies ,  i t  
appears t h a t  i n  dogs t he re  were no d r a s t i c  
changes a t t r i b u t a b l e  t o  c i g a r e t t e  smoking 
t h a t  cou ld  be detected by i n  v i t r o  coagula- 
t i o n  o r  p l a t e l e t  f u n c t i o n  assays. The 
minimal changes observed may be l o g i c a l l y  
expla ined as being due t o  s t ress .  



TABLE 7.6. Russe l  1 ' s  V i p e r  Venom Times i n  
Beag le  Dogs (Seconds) (Mean + 1 SD) 

PLATELET-RICH PLASMA PLATELET-POOR PLASMA 

N PRESMOKI NG POSTSMOKING PRESMOKING POSTSMOKI NG 

SMOKERS 10 10.0 * 0.5 11.9 * 0.8 11.1 * 1.3 10.5 * 1.0 

CONTROLS 10 8.9k1.1 10.9k1.2 11.2 * 1.5 11.4 * 1.1 

PLATELET COUNT 
( X  1031mrn3) 

PROTHROMB l N 
T IME (sec) 

EUGLOBUL INLY S IS 
TIME ( m i d  

FIBRINOGEN 
(mgldl) 

ETHANOL GELAT ION 
( P P ~ )  

TABLE 7.7. Serum F r e e  F a t t y  A c i d  and Glucose 
L e v e l s  i n  Beag le  Dogs (Mean + 1 SD) 

N - N 

SMOKERS(~) 10 CONTROLS 10 

PRESMOK ING POSTSMOK ING PRESMOK ING POSTSMOK ING 

TABLE 7.8. Some C o a g u l a t i o n  Measurements i n  Beag le  Dogs 

FREE FATTY AC l D GLUCOSE 
(mg /dl) (mg /dl) 

N PRESMOKI NG POSTSMOKI NG PRESMOKI NG POSTSMOKING 

SMOKERS 10 19.3 * 5.8 17.6 * 7.5 113.6 * 11.1 125.8 * 14.9 

CONTROLS 10 12.1 * 3.3 9.9 * 3.4 110.5 * 11.0 120.2 * 11.4 



INHALATION HAZARDS T O  COAL MINERS 

Person i n  Charge: B. 0. S t u a r t  

T h i s  p r o j e c t  p rov ides  data on t he  b i o l o g i c  behavior  and e f f e c t s  o f  p resen t  and p ro j ec ted  

coa l  mine a i r  contaminants, w i t h  p a r t i c u l a r  emphasis on t h e  e t i o l o g y  o f  t h e  ch ron i c  r e s p i r a -  

t o r y  disease, "coa l  workers '  pneumoconiosis" (CUP). The use o f  d i ese l  engines f o r  coal  han- 

d l i n g  i n  mines i n  o rde r  t o  avo id  t h e  d i s a s t e r s  o f  f i r e ,  exp los ion  and asphyx i a t i on  caused by  

a r c i n g  from t h e  p r e s e n t l y  used e l e c t r i c  engines i s  under i n t e n s i v e  study.  Our p rev ious  

experiments have shown t h a t  ch ron i c  exposure o f  roden ts  t o  exhaust fumes f rom an i n e f f i c i e n t ,  

unscrubbed d i ese l  engine can produce i n t e r s t i t i a l  f i b r o s i s ,  v e s i c u l a r  emphysema and b ronch i -  

o l a r  ep i t he l i um .  We a re  t h e r e f o r e  s t udy i ng  t h e  e f f e c t s  o f  such d i ese l  exhaust i n  combinat ion 

w i t h  o t h e r  coa l  mine a i r  contaminants. 

The pathogenesis  o f  CWP i s  be ing  i n v e s t i g a t e d  i n  r a t s  exposed 6 h r lday ,  5 days/wk, f o r  

t h e i r  l i f e t i m e s ,  t o  aeroso ls  prepared f rom se lec ted  coa ls .  P a r a l l e l  groups a re  be ing  s i m i -  

l a r l y  exposed t o  aeroso ls  o f  coa l  dus t  p l u s  d i e s e l  engine exhaust. De ta i l ed  o rgan i c  and 

physicochemical analyses f o r  s p e c i f i c  gas-aerosol c o n s t i t u e n t s  (composi t ion,  p a r t i c l e  s i z e  

d i s t r i b u t i o n ,  aerosol  behav io r )  a r e  c a r r i e d  o u t  t o  c o r r e l a t e  w i t h  t h e  developing pathology,  as 

observed i n  animals s a c r i f i c e d  a t  i n t e r v a l s  du r i ng  t h e  course o f  t h e  exposure. I n  t he  f u t u r e  

we hope t o  i n i t i a t e  p a r a l l e l  s t ud i es  us i ng  a r ep resen ta t i ve  we l l - tuned  engine t o  assess 

comparat ive r i s k s  o f  r e s p i r a t o r y  disease under op t ima l  cond i t i ons  o f  f u t u r e  coal  mine 

opera t ion .  



DAILY LIFE-SPAN EXPOSURE O F  RODENTS T O  C O A L  DUST 
A N D  DIESEL ENGINE EXHAUST 

I n ves t i ga to r s :  

R. F. Palmer, 6. 0. S t u a r t  and J. C. Gaven 

Technical  Assis tance:  

K. Mapstead 

Four groups o f  r a t s  a r e  be i ng  exposed t o  high-CWP bi tuminous coa l  dus t  and lo r  d i ese l  

engine exhaust t o  s tudy  t h e  pathogenesis o f  pneumoconiosis and pulmonary f i b r o s i s  and t o  co r -  

r e l a t e  l ung  f u n c t i o n  changes w i t h  pulmonary pathology.  The p o s s i b i l i t y  o f  a d d i t i o n a l  

i n h a l a t i o n  hazards assoc ia ted  w i t h  t h e  proposed use o f  d i ese l  engines i n  coa l  mines i s  be ing  

determined by d a i l y  exposure t o  exhaust f rom a d i e s e l  engine ope ra t i ng  under app rop r i a t e  

load-cyc l  i ng cond i t i ons .  

Th i s  research w i l l  determine t he  b i o l og -  
i c a l  behavior  and e f f e c t s  o f  i nha led  coa l  
mine a i r  contaminants, w i t h  p a r t i c u l a r  
emphasis on t h e  pathology and changes i n  
pulmonary f u n c t i o n  t h a t  may be r e l a t e d  t o  
t h e  ch ron i c  r e s p i r a t o r y  d isease known i n  man 
as "coa l  workers '  pneumoconiosis" (CWP) . 
Th i s  s tudy  w i l l  a l s o  i n v e s t i g a t e  t he  poss i -  
b i l i t y  o f  increased r i s k  o f  ch ron i c  r e s p i r a -  
t o r y  d iseases t h a t  may r e s u l t  f rom t he  
proposed use o f  d i e s e l  engines i n  coa l  
mines. 

Bituminous coa l  mine dust ,  assoc ia ted  
w i t h  h i gh  l e v e l s  o f  CWP, i s  be ing  t es ted  v i a  
ch ron i c  i n h a l a t i o n  exposures f o r  i t s  a b i l i t y  
t o  induce pneumoconiosis, massive f i b r o s i s  
and emphysema i n  t h e  r a t .  Resu l ts  o f  these 
s t ud i es  w i l l  a i d  i n  de te rmin ing  t h e  cause 
and p rogress ion  o f  these d iseases i n  coa l  
mine workers, and wi  11 determine whether 
s p e c i f i c  phys i o l og i c  changes can be cor re -  
l a t e d  w i t h  def ined pulmonary pathology under 
c a r e f u l l y  c o n t r o l  l e d  exposure cond i t i ons .  
Pulmonary f u n c t i o n  t e s t s  i n  coa l  miners have 
shown reduced v i t a l  capac i ty ,  decreased 
dynamic compliance, and inc reased a i rway  

res is tance .  We have developed techniques 
f o r  measuring r e s p i r a t i o n  pa t t e rns ,  lung  
volume, dynamic and s t a t i c  compliance and 
a i rway r es i s t ance  i n  l a r g e  and smal l  
l abo ra to r y  animals; these techniques wi 11 
be used t o  compare f u n c t i o n a l  changes w i t h  
developing pa tho log i c  changes. 

Two groups o f  48 male r a t s  a r e  be ing  
exposed, 6 h r lday ,  5 dayslwk, t o  aeroso ls  
o f  high-CWP bi tuminous coa l .  Another group 
o f  48 r a t s  i s  s i m i l a r l y  exposed t o  con- 
t r o l l e d  l e v e l s  o f  exhaust f rom an i n e f f i -  
c i e n t l y  operated d i ese l  engine ( s imu la t i ng  
poor engine maintenance s i t u a t i o n s )  , i n  
o rde r  t o  determine t h e  r i s k  assoc ia ted  w i t h  
worst-case c o n d i t i o n s  o f  proposed coal  
haulage opera t ions  us ing  diesel-powered 
equipment i n  mines. Another group o f  
48 r a t s  i s  exposed t o  bo th  d i e s e l  engine 
exhaust and coa l  dust ,  w h i l e  a f i f t h  group 
i s  exposed t o  room a i r  on l y  (Tab le  8.1). 

The source o f  d i e s e l  engine exhaust i s  
a 3 - cy l i nde r ,  43-bhp engine d r i v i n g  a 15-kW 
generator  connected t o  a s e r i e s  o f  r e s i s -  
tance c o i l s .  To s imu la te  t y p i c a l  ope ra t i ng  



TABLE 8.1. Regimen f o r  Rats Exposed t o  Coal 
Dus t  and D iese l  Engine Exhaust 

GROUP ANIMALS 
NO. NO. -- EXPOSURES (6hr lday. 5 days Iwk) 

1 48 DIESEL EXHAUST, M i  5 pprn CO 

2 48 DIESELEXHAUST t 6  mgl rn3 COAL DUST 

3 48 6 rngl rn3 COAL DUST 

4 48 18 rngl rn3 COAL DUST 

5 48 CONTROC 

i s  a d j u s t e d  t o  p r o v i d e  t h e  f o l l o w i n g  speed- 
l o a d  c y c l e :  The engine i d l e s  a t  1300 rpm 
f o r  20 sec; a c c e l e r a t e s  t o  1800 rpm w i t h  no 
l o a d  and ho lds  f o r  20 sec; d e c e l e r a t e s  t o  
1500 rpm as a l o a d  o f  approx imate ly  6 kW i s  
app l ied ,  and ho lds  t h e r e  f o r  80 sec; a c c e l -  
e r a t e s  t o  1800 rpm as t h e  l o a d  i s  removed; 
and then  dece le ra tes  back t o  1300 rpm t o  
s t a r t  t h e  c y c l e  again.  D u r i n g  approx imate ly  
h a l f  o f  each 4-min c y c l e  t h e  eng ine  i s  
a c c e l e r a t i n g  o r  d e c e l e r a t i n g .  

p a t t e r n s  o f  such engines i n  mines, a  r e v e r s -  
i b l e  motor  i s  a t tached  t o  t h e  g e n e r a t o r ' s  
v o l  t a g e - c o n t r o l 1  i n g  r h e o s t a t  and a s o l e n o i d  
t o  t h e  e n g i n e ' s  governor, i n  o r d e r  t o  v a r y  
b o t h  t h e  l o a d  t h e  engine i s  o p e r a t i n g  
a g a i n s t  and i t s  speed. The c o n t r o l  system 

As shown s c h e m a t i c a l l y  i n  F i g u r e  8.1, a  
p o r t i o n  o f  t h e  engine exhaust  i s  d i l u t e d  
w i t h  compressed a i r ,  passed th rough  a 
s t a i n l e s s - s t e e l  surge t a n k  and an o r i f  i c e  
meter,  and i s  then  d i v i d e d  i n t o  streams 
l e a d i n g  t o  t h e  two exposure chambers. J u s t  
p r i o r  t o  e n t e r i n g  t h e  chambers, a  c o n t r o l l e d  
amount o f  compressed a i r  i s  added t o  each 
exhaust  s t ream th rough  moto r i zed  needle 
va lves.  The l e v e l  o f  " c o n t r o l  a i r "  f o r  each 

- RAW EXHAUST 
DILUTED EXHAUST 
CONTROLLED EXHAUST 

15 15 

DIESEL ENGINE 13 BYPASS LINES (2 )  
25 kw GENERATOR 14 FANS (RHEOSTATED) (2)  
BANK OF RESISTANCE COILS 15 FILTERS (4 )  
MUFFLER 16 CHAMBER FLOW METERS (2 )  
PRIMARY EXHAUST OVERFLOW 17 VACULIM REGULATORS (2)  
ORIFICE 18  3-WAY SOLENOID VALVE 
VALVED FLOW METER FOR PRIMARY DILUTION AIR 19 FLOW METER FOR CO PHOTOMETER 
SURGE TANK 20 VACUUM GAUGES AND SWITCHES (2 )  
ORIFICE METER 21 WRIGHT DUST MILL 
SECONDARY EXHAUST OVERFLOW 22 SS WIRE MESH ANIMAL CAGES (6/CHAMBER) 
MOTORIZED VALVES FOR CONTROL AIR (2 )  23 SHELF FOR EXCRETION COLLECTION (2 )  
PllRGE LINES (2)  

FIGURE 8.1. D i e s e l  Exhaust Exposure System 
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exhaust stream i s  adjusted i n  response t o  the chambers v i a  a Wright Dust Feed Mechan- 
t he  CO l e v e l  i n  t he  chambers, as measured by ism, and has been shown t o  be 70-85% r e s p i r -  
an i n f r a r e d  photometer t h a t  samples each ab le  under the  exposure cond i t ions  t h a t  are 
chamber dur ing a1 te rnate  2-mi n periods. maintained i n  the  chambers. 

The high-CWP bituminous coal dust  used i n  Exposures were s ta r ted  i n  November o f  
these studies was obtained from an operat ing 1976, and no s i g n i f i c a n t  b i o l o g i c a l  r e s u l t s  
mine i n  Appalachia. I t  i s  int roduced i n t o  . have appeared t o  date. 



TOXICOLOGY OF TRITIUM AND KRYPTON 

Person i n  Charge: J. E. B a l l o u  

The scope o f  t h i s  p r o j e c t ,  f i r s t  funded i n  FY 1976, has been r e v i s e d  t o  i n c l u d e  o n l y  

s t ud i es  w i t h  krypton-85 gas, i n  response t o  recommendations by an ERDA Program Review 

Committee. 

Krypton-85 i s  a major, l o n g - l i v e d  (T = 10.7 y r ) ,  r a d i o a c t i v e  gaseous e f f l u e n t  re leased  
112 

d u r i n g  t h e  d i s s o l u t i o n  o f  f u e l  elements i n  f u e l  reprocess ing  p l an t s .  The c u r r e n t  p r a c t i c e  o f  

u n c o n t r o l l e d  envi ronmenta l  r e l ease  o f  megacurie amounts o f  krypton-85 i s  p red i ca ted  on our  

understanding o f  t h e  chemical and b i o l o g i c a l  i ne r t ness  o f  t h e  nob le  gases and t he  magnitude 

o f  t h e  d i l u t i o n  volume represented by t h e  e a r t h ' s  atmosphere. The p red i c t ed  c o n t r i b u t i o n  o f  

t h e  U.S. nuc l ea r  i n d u s t r y  t o  t h e  envi ronmenta l  l e v e l  o f  krypton-85, a1 though numer i ca l l y  

la rge ,  i s  o n l y  a  smal l  f r a c t i o n a l  a d d i t i o n  t o  t h e  n a t u r a l  background r a d i a t i o n  l e v e l .  

A l though i t  seems c l e a r  t h a t  envi ronmenta l  krypton-85 w i l l  n o t  c o n s t i t u t e  a  r a d i a t i o n  hazard 

o f  s i g n i f i c a n c e ,  t h i s  conc lus ion  i s  l a r g e l y  based on phys ica l  r a t h e r  than b i o l o g i c a l  da ta .  

S tud ies  w i t h  krypton-85 are, t he re fo re ,  d i r e c t e d  towards e s t a b l i s h i n g  t he  r e l a t i v e  t o x i c i t y  

o f  t h e  r ad i onuc l i de ,  i n  animal experiments, i n  support  o f  ERDA's d e s i r e  t o  ma in ta i n  c r e d i b i l -  

i t y  w i t h  a  p u b l i c  t h a t  has emphasized i t s  concern f o r  a  c l ean  environment. 

Two areas o f  research  a re  i nc l uded  i n  t h i s  p r o j e c t :  (1 )  s t ud i es  i n v o l v i n g  t h e  t r a n s f e r  

k i n e t i c s  and e f f e c t  o f  krypton-85 i n  pregnant  animals, and (2 )  s t ud i es  i n v o l v i n g  ch ron i c  

l i f e - s p a n  exposure o f  roden ts .  These i n v e s t i g a t i o n s  a re  designed t o  p rov ide  i n f o r m a t i o n  

needed t o  es t imate  p o t e n t i a l  e f f e c t s  on t h e  f e t u s  ( p o s s i b l y  t he  most s e n s i t i v e  p a r t  o f  t h e  

human popu la t i on )  and p rov i de  dose -e f f ec t  da ta  t h a t  can be compared w i t h  s i m i l a r  r e s u l t s  f rom 

s tud i es  w i t h  o the r  r ad i onuc l  ides ,  i n  o rder  t o  e s t a b l i s h  t h e  r e l a t i v e  t o x i c i t y  o f  krypton-85. 



ACCUMULATION A N D  DISTRIBUTION O F  a5Kr I N  RATS 
EXPOSED T O  85Kr ATMOSPHERES 

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

D. H. W i l l a r d  and J. E. B a l l o u  

Technica l  Ass is tance:  

H. S. DeFord 

R e t e n t i o n  k i n e t i c s  and t i s s u e  p a r t i  t i o n  c o e f f i c i e n t s  f o r  8 5 ~ r  were determined i n  r a t s  

exposed t o  known concen t ra t ions  o f  8 5 ~ r  gas. The t i s s u e  p a r t i t i o n  c o e f f i c i e n t s  were used 

t o  c a l c u l a t e  t h e  r e l a t i v e  t i s s u e  r a d i a t i o n  dose, assuming exposure c o n d i t i o n s  e q u i v a l e n t  t o  

t h e  maximum p e r m i s s i b l e  c o n c e n t r a t i o n  i n  a i r  (MPC)a. The es t imated  r a d i a t i o n  dose was 

h i g h e s t  i n  adrena ls  and body f a t ,  about  t w i c e  t h e  dose es t imated  f o r  t h e  n e x t  h i g h e s t  

t i s s u e ,  o v a r i e s .  S a t u r a t i o n  and d e s a t u r a t i o n  curves show t h a t  t h e  con ten ts  o f  t h e  l a r g e  

i n t e s t i n e s  have a  pro longed d e s a t u r a t i o n  t i m e  compared t o  o t h e r  samples analyzed. 

Assessment o f  t h e  hazard o f  r a d i o a c t i v e  
gases has been based on r a d i a t i o n  dose 
c a l u l a t i o n s ,  wh ich  were d e r i v e d  m o s t l y  from 
p h y s i c a l ,  r a t h e r  than  b i o l o g i c a l  da ta .  
The p r e s e n t  s tudy  i s  designed t o  o b t a i n  
b i o l o g i c a l  d a t a  needed t o  e v a l u a t e  t h e  
hazard o f  05Kr i n  W i s t a r  r a t s .  

Male and female r a t s ,  we igh ing  400-500 g  
and 300-350 g, r e s p e c t i v e l y ,  were exposed 
t o  05Kr atmospheres f o r  4  h r .  Animals were 
s a c r i f i c e d  d u r i n g  and a f t e r  exposure t o  
determine t h e  k i n e t i c s  o f  s a t u r a t i o n  and 
d e s a t u r a t i o n  w i t h  05Kr. P a r t i t i o n  c o e f f i -  
c i e n t s ,  d e f i n e d  as t h e  r a t i o  o f  05Kr a c t i v -  
i t y  p e r  u n i t  mass o f  t i s s u e  t o  t h e  05Kr a c t i v -  
i t y  p e r  u n i t  volume o f  a i r  (pCi/g:pCi/mL), 
were determined f o r  15 t i s s u e s  and t h e  i n t e s -  
t i n a l  con ten ts .  The va lues  were used i n  
e s t i m a t i n g  r a d i a t i o n  dose a t  MPC exposure 
c o n d i t i o n s .  

The exposure chamber was an 18" x  19" x  
20" p l a s t i c  box des igned t o  accommodate 12 
t o  24 r a t s  housed i n  7" x  9 "  x  5" s t a i n l e s s  

s t e e l  cages. The cages were c o n s t r u c t e d  
w i t h  expanded meta l  ends and bottoms t o  
p e r m i t  maximum c o n t a c t  w i t h  t h e  gas atmo- 
sphere. Krypton-85 gas mixed w i t h  room a i r  
was pumped th rough  t h e  box and vented, a long  
w i t h  d i l u t i n g  a i r ,  i n t o  t h e  b u i l d i n g  exhaust  
stream b e f o r e  r e l e a s e  t o  t h e  environment. 
The chamber c o n c e n t r a t i o n  ranged f rom 6 t o  
47 pCi 8 5 ~ r / ~  w i t h  9 o f  t h e  13 exposures 
c o n t r o l l e d  a t  17 u C i / ~ .  

T y p i c a l  s a t u r a t i o n - d e s a t u r a t i o n  curves 
f o r  severa l  r a t  t i s s u e s  a r e  shown i n  F i g -  
u r e  9.1. The m a j o r i t y  o f  t i s s u e s  e q u i l i -  
b r a t e d  q u i c k l y  ( w i t h i n  2-3 h r )  w i t h  t h e  e5Kr 
atmosphere. Body f a t  and 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 except ions,  r e q u i r i n g  n e a r l y  4  h r  
b e f o r e  e q u i l  i b r i u m  was a t t a i n e d .  The desatu- 
r a t i o n  curves (05Kr  c o n c e n t r a t i o n  a f t e r  expo- 
s u r e  ceased) a r e  somewhat s u r p r i s i n g ,  s i n c e  
t i s s u e s  such as t h e  G I  t r a c t ,  which e q u i l i -  
b r a t e d  s low ly ,  desa tu ra ted  q u i t e  r a p i d l y .  
The adrenals ,  on t h e  o t h e r  hand, became sa tu -  
r a t e d  f a i r l y  q u i c k l y  w i t h  " ~ r  b u t  r e t a i n e d  
t h e  r a d i o n u c l  i d e  f o r  r e l a t i v e l y  1  ong p e r i o d s  
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FIGURE 9.1. T issue  Satu ra t ion-Desatu ra t ion  
Curves f o r  85Kr Exposure 

o f  t ime.  The r e t e n t i o n  o f  85Kr i n  adrenals 
appears t o  be r e l a t e d  t o  t h e i r  h i g h  f a t  
con ten t  as has been suggested by o thers .  
Re ten t i on  o f  85Kr  i n  t h e  g a s t r o i n t e s t i n a l  
t r a c t  was found t o  vary  w i d e l y  f o r  no 
apparent  reason. Examination o f  i n d i v i d u a l  
gu t  segments and t h e i r  con ten ts  (F i gu re  9.2) 
showed t h a t  t h e  con ten ts  o f  t h e  l a r g e  
i n t e s t i n e  con ta ined  un ique l y  l a r g e  amounts 
of 85Kr, and r e t a i n e d  85Kr  a t  l e a s t  as 
w e l l  as d i d  f a t .  The amount o f  85Kr i n  
l a r g e - i n t e s t i n e  con ten ts  appeared t o  be 
r e l a t e d  t o  t h e  amount o f  food  present ,  and 
was p a r t i c u l a r l y  e l eva ted  when gas bubbles 
were p resen t  i n  t h e  i n t e s t i n e .  S t a r v a t i o n  
f o r  48 h r  be fo re  exposure d i d  n o t  a f f e c t  
t h e  85Kr concen t ra t i on  i n  g u t  t i s sues .  
S t e r i l i z a t i o n  o f  t h e  i n t e s t i n e  w i t h  a n t i -  
b i o t i c  drugs d i d  n o t  a f f e c t  t h e  amount o f  
85Kr assoc ia ted  w i t h  t i s s u e s  o r  con ten ts  o f  
t h e  l a r g e  i n t e s t i n e .  I t  was concluded t h a t  
t h i s  a f f i n i t y  f o r  85Kr was n o t  r e l a t e d  t o  
t h e  a c t i o n  o f  t h e  i n t e s t i n a l  f l o r a  nor  
assoc ia ted  w i t h  t h e  i n t e s t i n a l  mucosal 
l a y e r  t h a t  was a t  l e a s t  p a r t i a l l y  removed 
on s t r i p p i n g  t h e  g u t  t o  o b t a i n  t h e  contents.  
The 85Kr l e v e l  i n  t h e  g u t  cou ld  be markedly 
inc reased by  i n j e c t i n g  a i r  i n t o  t h e  g u t  
1 umen; a i r  b lebs  i n j e c t e d  subcutaneously 
were observed t o  concent ra te  t h e  gas i n  a 
s i m i l a r  manner. Corn o i l ,  g l y c e r i n e  and 
0.9% s a l i n e  i n j e c t e d  i n t o  t h e  g u t  lumen 
concent ra ted  85Kr t o  a l e s s e r  e x t e n t  than 
d i d  a bo lus  o f  a i r .  The a f f i n i t y  o f  85Kr 
f o r  a i r  spaces i n  t h e  g u t  i s  appa ren t l y  

r e l a t e d  t o  t h e  r e l a t i v e l y  low s o l  ub i  1  i t y  o f  
t h e  gas i n  t i s sues  as compared t o  an 
e s s e n t i a l l y  i n f i n i t e  s o l u b i l i t y  i n  a i r .  

The e q u i l i b r a t i o n  curves shown i n  
F i gu re  9.3 were ob ta ined  by s a c r i f i c i n g  
r a t s  du r i ng  t h e  course o f  exposure. T issue  
and gas samples were analyzed by s c i n t i l l a -  
t i o n  coun t ing  techniques.  The e q u i l i b r i u m  
concen t ra t i on  was taken as t h e  peak concen- 
t r a t i o n  a t t a i n e d  d u r i n g  t h e  4-hr  exposure 
t o  85Kr. Rad ia t ion  dose was c a l c u l a t e d  f o r  
(MPC)a cond i t i ons  ( 3  x  pCi 85Kr/ml ) ,  
assuming t h e  p a r t i t i o n  c o e f f i c i e n t s  de te r -  
mined expe r imen ta l l y  were v a l i d  f o r  t h e  
much lower MPC concent ra t ions .  Thus t h e  
t i s s u e  concen t ra t i on  expressed as pCi /g a t  
MPC c o n d i t i o n s  was j u s t  t h e  p a r t i t i o n  
c o e f f i c i e n t  m u l t i p l i e d  by 3 x  The 
r a d i a t i o n  dose c a l c u l a t i o n  was f u r t h e r  
simp1 i f  i e d  by assuming t h e  s i g n i f i c a n t  
t i s s u e  dose was due t o  be ta  r a d i a t i o n  w i t h  - 
E = 0.224 MeV. The t i s s u e  p a r t i t i o n  c o e f f i -  
c i e n t s  and es t imated  accumulated r a d i a t i o n  
dose a f t e r  1 -y r  exposure t o  MPC c o n d i t i o n s  
a re  l i s t e d  i n  Tab le  9.1. The r e s u l t s  a r e  
i n  agreement w i t h  o t h e r  pub l i shed  da ta  f o r  
o t h e r  species. The va lues  a r e  averages 
f o r  bo th  male and female r a t s  s i n c e  no 
sex d i f f e r e n c e s  were noted. T issues w i t h  
h i g h  f a t  con ten t  rece ived  t h e  h i g h e s t  
r a d i a t i o n  dose as would be p r e d i c t e d  f rom 
o t h e r  s tud ies .  The va lue  f o r  ova r i es  i s  
among t he  h ighes t ;  however, o n l y  a i i m i t e d  
number o f  animals were analyzed; we a re  



FIGURE 9.2. Sa tu ra t ion-Desatu ra t ion  Curves 
f o r  "Kr i n  I n t e s t i n a l  T issues and Contents 

i n v e s t i g a t i n g  t h i s  f u r t h e r .  The tendency 
f o r  85Kr t o  accumulate i n  t h e  con ten ts  of 
the  l a r g e  i n t e s t i n e  r e s u l t s  i n  a  n e a r l y  
two-t imes l a r g e r  r a d i a t i o n  dose t o  t h e  con- 
t e n t s  than t o '  t h e  i n t e s t i n a l  t i s s u e  per  se. 
Approximate ly  one - f ou r t h  t h e  r a d i a t i o n  dose 
t o  g u t  con ten ts  w i l l  reach t h e  l i n i n g  c e l l s  
o f  t h e  i n t e s t i n a l  lumen, thus  c o n t r i b u t i n g  
s i g n i f i c a n t l y  t o  t h e  est imated dose t o  
i n t e s t i n e .  

P a r t i t i o n  c o e f f i c i e n t s  f o r  major  organs 
i n  j u v e n i l e  r a t s  (1  t o  21 days o f  age) were 
n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom the  a d u l t .  

It i s  noteworthy t h a t  t h e  p red i c t ed  
r a d i a t i o n  doses (assuming exposure t o  MPC 
concen t ra t i on )  a r e  n e g l i g i b l y  smal l  when one 
cons iders  o n l y  t h e  t i s s u e  con ten t  o f  85Kr. 
The dose t o  l ung  i s  mis leading,  i n  t h i s  case, 
s i n c e  o n l y  7% o f  t h e  est imated t o t a l  dose 
i s  de r i ved  f rom 85Kr "bound" i n  t i s sue ,  
w h i l e  t h e  remainder i s  d e l i v e r e d  by 85Kr  i n  

t h e  l u n g  a i r .  A  s i m i l a r  s i t u a t i o n  holds 
f o r  p e l t :  i f  one assumes i n f i n i t e  be ta  
geometry, t he  i n t e r n a l  dose i s  a  n e g l i g i b l e  
f r a c t i o n  o f  t h e  dose est imated f o r  s k i n  
sur faces .  The b i o l o g i c a l  s i g n i f i c a n c e  o f  
t h e  es t imated  s k i n  dose i s  s u b j e c t  t o  
ques t ion  because o f  t h e  l i m i t e d  range o f  
t he  be ta  r a d i a t i o n ,  t h e  s h i e l d i n g  i n f l u e n c e  
o f  h a i r  and o f  cages, and t h e  l a c k  o f  con- 
f o rm i  ty t o  t h e  requi rements o f  i n f i n i t e  
be ta  geometry. 

The da ta  i n  Table 9.1 a r e  use fu l  i n  sug- 
ges t i ng  dose l e v e l s  f o r  long- term chron ic  
exposure s t ud i es  w i t h  85Kr. Assuming these 
dose es t imates  a re  p r e d i c t i v e  o f  b i o l o g i c a l  
e f f ec t i veness ,  a  reasonable tumor igenic  
dose t o  l u n g  would r e q u i r e  exposure concen- 
t r a t i o n s  on t h e  o rde r  o f  l o 4  t o  l o 5  t imes 
t he  MPC. A  s k i n  sur face  dose o f  16.5 t o  
165 rads per  day would be p red i c t ed  f o r  
these exposure l e v e l s .  



FIGURE 9.3. S a t u r a t i o n - D e s a t u r a t i o n  Curves 
f o r  Rats Exposed t o  85Kr Atmospheres 



TABLE 9.1 . P a r t i  t i o n  C o e f f i c i e n t s  a n d  D o s e  E s t i m a t e s  
f o r  R a t s  E x p o s e d  t o  B 5 K r  A t m o s p h e r e s  

NUMBER 
OF .RATS 

ADRENALS 
FAT 
OVAR l ES 
PELT 
LUNGS 
TEST l S 
MUSCLE 
K I  DNEYS 
S PLEEN 
LIVER 
BONE 
HEART 
BRAIN 

LARGE INTESTINE CONTENTS 
JEJUNUM CONTENTS 
LARGE l NTEST l NE 
CECUM 
STOMACH CONTENTS 
l LEUM 
ILEUM CONTENTS 
JEJUNUM 
STOMACH 
DUODENUM 
DUODENUM CONTENTS 
CECUM CONTENTS 

PARTITION DOSEATMPCa 
COEFFICIENT (UNRESTRICTED) 

* SD (CI rad lyear l  

0.372 * 0.269 467 
0.346 * 0.046 434 
0.176 * 0.078 221 
0.154 * 0.034 193 
0.074 * 0.027 93 
0.050 * 0.007 62 
0.046 * 0.016 58 
0.042 * 0.008 58 
0.034 * 0.009 43 
0.022 * 0.004 28 
0.015 * 0.004 19 
0.012 * 0.007 15 
0.007 * 0.002 9 

0.138 * 0.032 173 
0085 * 0.068 107 
0.081 * 0.042 102 
0.058 * 0.033 73 
0.054 * 0.018 68 
0.050 * 0.023 63 
0.050 * 0.030 63 
0.047 * 0.014 59 
0.038 * 0.009 48 
0.036 * 0.031 45 
0.030 * 0.015 38 
0.028 * 0.017 35 



RETENTION OF 8SKr I N  THE RAT AND BEAGLE D O G  

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

D. H. W i l l a r d  and J. E. B a l l o u  

Technica l  Ass is tance :  

H. S. DeFord 

Rats and dogs exposed t o  85Kr atmospheres r e t a i n e d  8 5 ~ r  w i t h  s i m i l a r  r e t e n t i o n  k i n e t i c s .  

R e t e n t i o n  i n  b o t h  spec ies  c o u l d  be descr ibed  by  two exponen t ia l  f u n c t i o n s :  a  s h o r t - l i v e d  

component w i t h  h a l f - l i f e  o f  5-7 min, accoun t ing  f o r  40-45% of t h e  a c t i v i t y ;  and a  l o n g e r -  

l i v e d  component w i t h  h a l f - l i f e  o f  40-60 min, accoun t ing  f o r  55-60%. A d m i n i s t r a t i o n  o f  a  

t r a n q u i l i z i n g  drug, acety lpromazine,  d i d  n o t  a l t e r  r e l a t i v e  85Kr r e t e n t i o n  as a  f u n c t i o n  o f  

t i m e  i n  t h e  beagle dog; however, t o t a l  r e t e n t i o n  was decreased t o  about  1120th t h e  expected 

va lue,  p robab ly  because o f  depressed r e s p i r a t o r y  f u n c t i o n .  

P r e l  i m i n a r y  s t u d i e s  (Annual Report, 
1973) i n  r a t s  and dogs exposed "nose-only"  
t o  85Kr-contaminated atmospheres showed 
r e t e n t i o n  h a l f - t i m e s  i n  genera l  agreement 
w i t h  va lues  r e p o r t e d  by o t h e r s  f o r  man and 
animals .  R e t e n t i o n  va lues  f o r  dogs t r e a t e d  
w i t h  a  t r a n q u i l  i z i n g  d r u g  ( a c e t y l  promazine) 
were approx imate ly  f o u r  t imes  l o n g e r  than  
normal.  To c o n f i r m  these  f i n d i n  s, add i -  9 t i o n a l  an imals  were exposed t o  Kr  and 
t h e  r e t e n t i o n  o f  t h e  r a d i o n u c l i d e  was 
measured by  e x t e r n a l  c o u n t i n g  techniques.  

Rats were exposed i n  a  p l a s t i c  chamber, 
18" x  19" x  20", th rough  which t h e  8 5 ~ r -  
contaminated atmosphere was passed be fo re  
be ing  exhausted t o  a  l a b o r a t o r y  hood. The 
r a t s  were exposed f o r  2  t o  4  h r  t o  atmos- 
pheres c o n t a i n i n g  12 t o  47 pCi e 5 ~ r / ~ .  

A  r e c i r c u l a t i n g  system employing a  mask 
and "nose-only"  exposure was used f o r  t h e  
dogs. The r e c i r c u l a t i n g  system was a d j u s t -  
ed t o  m a i n t a i n  p h y s i o l o g i c a l  c o n d i t i o n s ,  
i . e . ,  oxygen was supplemented and r e s p i r a t o r y  
m o i s t u r e  and carbon d i o x i d e  were removed 
by chemical adsorbents.  The dogs were 

exposed t o  atmospheres c o n t a i n i n g  50 t o  
100 pC i /k  85Kr. Whole-body c o u n t i n g  was 
c a r r i e d  o u t  w i t h  fou r  6" NaI c r y s t a l s  
assembled i n  an a r r a y  t h a t  m in im ized  t h e  
e f f e c t  of animal p o s i t i o n  on t h e  r e s u l t a n t  
count .  I n  v i v o  c o u n t i n g  was c a r r i e d  o u t  
w i t h  t h e  dog p laced  i n s i d e  a  p l a s t i c  tube  
(114" t h i c k  by 8 "  d i a )  which f i t  i n s i d e  a  
9 "  p l a s t i c  tube  t h a t  was i n t e r f a c e d  w i t h  
t h e  fou r  gamma d e t e c t o r s .  The dog was 
f i r s t  exposed f o r  1  h r  t o  an atmosphere 
c o n t a i n i n g  50 uCi " K r l ~ .  E x t e r n a l  counts 
were made as soon as p o s s i b l e  and con t inued  
f o r  140 min. On t h e  f o l l o w i n g  day t h e  same 
dog was admin is te red  0.7 mg o f  acety lproma- 
z i n e  i n t r a v e n o u s l y ,  5  min before exposure 
t o  85Kr (1 -h r  exposure t o  100 uC i /k )  
and e x t e r n a l  counts were repeated.  

R e t e n t i o n  curves f o r  e5Kr  i n  t h e  r a t s  
and t h e  young a d u l t  dogs a r e  shown i n  
F i g u r e  9.4.  Whole-body r e t e n t i o n  f o r  these  
species was q u i t e  s i m i l a r  and c o u l d  be 
descr ibed  as t h e  sum o f  two e x p o n e n t i a l s  
w i t h  h a l f - 1  i v e s  o f  5  t o  7  min and 40 t o  
60 min, account ing f o r  40 t o  45% and 55 t o  
60%, r e s p e c t i v e l y ,  o f  t h e  t o t a l  85Kr  a c t i v i t y .  



A d m i n i s t r a t i o n  o f  t h e  immob i l i z i ng  drug, 
acety lpromazine,  d i d  n o t  a l t e r  e5Kr r e t en -  
t i o n  i n  t h e  beagle dog as had been specu- 
l a t e d  i n  our  e a r l i e r  s tud ies .  The l e v e l  o f  
e5Kr accumulated i n  t h e  t r a n q u i l i z e d  dog 
was, however, a  f a c t o r  o f  20 lower than  
expected based on r e s u l t s  o f  t h e  p rev ious  
day 's  exposure o f  u n t r a n q u i l i z e d  dogs. It 
should be emphasized t h a t  t h e  r e s u l t s  f o r  
t h i s  exposure (F i gu re  9.4) have been ad jus t -  
ed t o  1/10 t h e  ac tua l  values f o r  eas i e r  
comparison o f  t h e  r e t e n t i o n  curves. The 
85Kr exposure concent ra t ion  was 1/2 t h a t  
admin is te red  t o  t h e  t r anqu i  1 i z e d  animal. 
Severe r e s p i r a t o r y  d i s t r e s s ,  which f o l l owed  
drug t reatment ,  and exper imenta l  d i f f i c u l -  
t i e s  w i t h  t h e  comatose animal p robab ly  
account f o r  t he  lower d e p o s i t i o n  values. 
Th is  s tudy  w i l l  be extended t o  i n c l u d e  
animals o f  more comparable age t o  t h e  
11 yea r -o l d  dog employed i n  e a r l i e r  s tudies.  
Since body f a t  i s  a major  r e s e r v o i r  o f  85Kr 
r e t e n t i o n ,  i t  i s  conceivable t h a t  t h e  
tendency f o r  o l d e r  animals t o  be l e s s  
a c t i v e  and accumulate more f a t  may account 
f o r  t h e  compara t i ve ly  l ong  (270-min ha l f -  
l i f e )  r e t e n t i o n  o f  e5Kr observed i n  t h e  
o l d e r  dog. 
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DISPOSITION OF 85Kr IN GRAVID RATS 

Investigators: 

F .  D. Andrew, M.  R.  Sikov, and D. H .  Willard 

Technical Assistance: 

J .  0. Hess, L .  F .  Haug, and H .  S. DeFord 

Pregnant r a t s  were exposed to 85Kr for 4-6 hr and sacrificed immediately thereafter.  The 

85Kr concentration in the fetoplacental unit  (FPU)  was approximately the same a t  a1 1 gesta- 

tion stages for  in tac t  FPU, isolated fetuses or fetal  segments, as  well as placentas and 

associated membranes. Maternal t issue concentrations varied over a wide range and only l iver  

and intest ine concentrations were re1 atively similar in both 20-day-gestation (dg) fetuses 

and adults.  

There i s  concern about the effects  on 
neonates of prolonged exposure to 85Kr TABLE 9.2. 85Kr Concentration in FPU 
during pregnancy. Experiments with inhaled [dpm/g x-lo3, mean + SO ( N ) ] .  
05Kr in qravid ra t s  are  in Drosress to  . " 
establish dosimetry fo r  design of effect 
studies. 

In the i n i t i a l  experiment 12 pregnant 
Wistar ra t s  a t  e i ther  10, 15, or 20 dg were 
exposed to 37 pCi/k E5Kr in a i r  for  4-6 hr. 
They were killed by cervical dislocation 
and the trachea was clamped within 3 min 
a f t e r  removal from the exposure chamber. A 
blood sample was collected from each animal 
immediately a f t e r  sacr if ice,  and the gravid 
uterus was removed. Samples of uterus, 
intact  FPU and isolated FPU components as 
well as  several maternal t issues were 
removed and transferred immediate1 y t o  
prefilled and tared sc in t i l l a t ion  vials for  
beta counting and sample weight determination. 

A t  10 and 15 dg (four and f ive l i t t e r s ,  
respectively) in tac t  FPUs and the i r  associ- 
ated uter i  were analyzed separately (four 
each per l i t t e r )  (Table 9.2). Two intact  
FPUs per l i t t e r ,  not separated from the 
surrounding uterus, were also measured a t  

DAY OF GESTATION WHEN ANALYZED 

ORGAN 10 B 20 

INTACT FPU 2.6 i 0.9 112) 2.3 * 0.3 I1U 

PLACENTA. ETC .. 1.8 * 0.3 l l b l  2.5 * 0.6 110 

ISOLATED FETUS- 

WHOLE 2.1 * 0.2 l l 5 l  

HEAD --  2.7 * 0.6 151 

THORAX .. 2.5 i 0.6 161 

ABDOMEN .. .. 2.7 * 0.4 13) 

LIMBS 1.9 * 0.6 16) 

10 dg. A t  15 dg, four additional FPUs per 
l i t t e r  were separated into two components 
for individual analysis: isolated fetuses 
and placentas plus adherent membranes. Two 
20-dg fetuses from each of three l i t t e r s  
were separated into four portions (head, 
thorax, abdomen and limbs) for  analysis. 
The 85Kr levels in representative organs 
from four additional fetuses per l i t t e r  
were also measured. 



The e5Kr concent ra t ions  i n  the  l i v e r  and 
i n t e s t i n e  o f  20-dg fe tuses  were s i m i l a r  t o  
those i n  a d u l t s  (Table 9.3). Values f o r  
f e t a l  brown f a t  and thymus were much lower  
t han  f o r  t h e  same a d u l t  t i s sues .  Blood 
values were much h i ghe r  i n  f e t uses  than 
a d u l t s ;  t h e  a d u l t  va lues a r e  unexpectedly  
low, however. Concentrat ions i n  a d u l t  
s k e l e t a l  muscle taken f rom t h e  suprascapu- 
l a r  r e g i o n  were much g r e a t e r  than  from t h e  
diaphragm, w h i l e  suprascapular  f e t a l  muscle 
v a l  ues were in te rmed ia te ,  1 y i n g  between 
these extremes. Samples o f  suprascapular  
muscle i n  bo th  fe tuses  and adu l t s ,  however, 
may have been contaminated w i t h  brown f a t .  
A d u l t  f a t  l e v e l s  f rom va r i ous  r eg i ons  had 
t h e  h i ghes t  e 5 K r  l e v e l s  w h i l e  t h e  lowes t  
l e v e l s  were seen i n  muscle, as has been 
repo r t ed  f o r  a d u l t  r a t s  and guinea p igs .  
As seen i n  sheep s t ud i es  presented e l se -  
where i n  t h i s  Annual Report, t he re  were 
some marked v a r i a t i o n s  i n  da ta  f o r  most 
sample types, presumably due t o  l e a k i n g  
s c i n t i l l a t i o n  v i a l s  o r  premature l o s s  
o f  e5Kr f rom t h e  t i s sues .  E f f o r t s  a r e  
be ing  made t o  a l l e v i a t e  t h i s  t echn i ca l  
problem. 

These r e s u l t s  (Table 9.2 and 9.3) sug- 
ges t  t h a t  85Kr r e a d i l y  crosses t h e  r a t  l ung  
and e q u i l i b r a t e s  w i t h  maternal  b lood  and 
t i s s u e s  as w e l l  as w i t h  t he  FPU. The mean 
va lue  f o r  r a t  FPU o f  2400 dpm/g, r e s u l t i n g  

TABLE 9.3. 85Kr Concent ra t ion  i n  F e t a l  and 
A d u l t  Tissues [dpm/g x - l o 3  mean + SD (N)] 

TISSUE FETAL IDG 201 ADULT 

MESENlERlC FAT 260 i 3.0 181 

SUBCUTANEOUS FAT 25.2 * 5.2 151 

BROWN  FAT^^) 3.3 i 1.2 ID 19.3 i 5.4 in 
SKELETAL  MUSCLE^^) L 4  * 0.6 1111 5.0 i 3.1 13) 

SKELETAL MUSCLE .- 0 .6 *0 .1161(~~  

THYMUS 1.1 i 0.8 I l U  2.5 i L 2  110 

LIVER 2.6 * 0.5 17) 2.0 i 0.4 161 

INTESTINE 2.1 i 0.3 1nlb1 L 9  * L6 iM 
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f rom exposure o f  t h e  dam to '  37 vCi/k, 
corresponds t o  l e v e l s  of about 0.0011 pCi/g. 
Fu tu re  s t ud i es  w i l l  i n v e s t i g a t e  t h e  l i m i t s  
o f  8 5 ~ r  d i s p o s i t i o n  o f  a d u l t  r a t s  and t h e i r  
more r a d i o s e n s i t i v e  FPU a t  d i f f e r e n t  gesta-  
t i o n a l  stages. The p resen t  r e s u l t s  and 
those from f u t u r e  s t ud i es  should p rov ide  
r e l e v a n t  r a d i a t i o n  dose es t imates  f o r  
eva lua t i ng  t h e  e f fec ts  o f  85Kr exposures 
du r i ng  pregnancy. 



PRELIMINARY STUDIES I N  SHEEP EXPOSED T O  
85Kr ATMOSPHERES 

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

F. D. Andrew, D. H. W i l l a r d ,  J. E. B a l l o u ,  and M. R. S ikov 

Techn ica l  Ass is tance:  

J. 0. Hess, R. F. Myers, and H. S. DeFord 

Accumulat ion o f  85Kr  i n  a r t e r i a l  b lood  o f  sheep occurs w i t h i n  10 min o f  i n h a l a t i o n  

exposure i n i t i a t i o n ,  and d isappears by 30 min a f t e r  exposure t e r m i n a t i o n .  As r e p o r t e d  f o r  

o t h e r  species,  85Kr c o n c e n t r a t i o n s  i n  f a t  were approx imate ly  10 t imes  those  i n  o t h e r  t i s s u e s .  

P r e l i m i n a r y  s t u d i e s  i n  nonpregnant 
a d u l t  ewes were performed t o  r e f i n e  tech-  
n iques and procedures f o r  m o n i t o r i n g  t h e  
t i s s u e  d i s t r i b u t i o n  and r e t e n t i o n  k i n e t i c s  
o f  85Kr.  F o l l o w i n g  a  1-  t o  2-day p o s t s u r g i -  
c a l  r e c u p e r a t i o n  p e r i o d ,  ewes were exposed 
t o  85Kr v i a  a  tracheostomy tube. B lood 
samples were c o l l e c t e d  f o r  r a d i o a n a l y s i s  
v i a  a r t e r i a l  and/or venous c a t h e t e r s  a t  
i n t e r v a l s  d u r i n g  t h e  a p p r o p r i a t e  bu i ldup ,  
e q u i l i b r a t i o n  and c learance  per iods .  I n  a  
subsequent exposure, an imals  were s a c r i -  
f i c e d  under e q u i l i b r i u m  c o n a i t i o n s  t o  
p r o v i d e  t i s s u e  samples, which i n c l u d e d  
ma jo r  v i s c e r a  and r e p r e s e n t a t i v e  f a t  
depos i t s .  Krypton-85 c o n c e n t r a t i o n s  i n  
b lood  and o t h e r  t i s s u e  samples were mea- 
sured by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  as 
soon as p o s s i b l e  a f t e r  removal f r o m  t h e  
animals .  

F u t u r e  s t u d i e s  w i l l  use pregnant  an imals  
a t  approx imate ly  70, 95, o r  120 days of 
g e s t a t i o n  t o  e v a l u a t e  t h e  k i n e t i c s  o f  85Kr 
exposure i n  t h e  f e t o p l a c e n t a l  u n i t  (FPU). 
A t  a p p r o p r i a t e  g e s t a t i o n  s tages c a l i b r a t e d  
c a t h e t e r s  wi 11 be imp1 anted i n  maternal  and 
f e t a l  b lood  vesse ls .  F o l l o w i n g  a  b r i e f  
r e c o v e r y  per iod ,  pregnant  ewes w i l l  be 
exposed t o  85Kr  (25-50 uCi /L)  v i a  a  f a c e  
mask o r  tracheostomy f o r  2-4 h r  and b lood  
samples w i l l  be ob ta ined  as be fo re .  Mea- 
surements w i l l  be made o f  t h e  k i n e t i c s  of 

c r o s s - p l a c e n t a l  t r a n s f e r  o f  i n h a l e d  85Kr 
f r o m  i n i t i a l  exposure u n t i l  e q u i l i b r a t i o n ,  
and o f  85Kr removal f r o m  b lood  a f t e r  cessa- 
t i o n  o f  exposure. Maternal  and f e t a l  
t i s s u e s  w i l l  aga in  be taken  f o r  r a d i o a n a l y s i s  
f o l l o w i n g  subsequent exposures. 

F i g u r e  9.5 p resen ts  d a t a  f r o m  f i v e  4- o r  
5-hr  exposures o f  t h r e e  nonpregnant a d u l t  
ewes, u s i n g  3-24 uCi /L  85Kr c o n c e n t r a t i o n .  
A r t e r i a l  b lood  l e v e l s  o f  85Kr reached about  
90% o f  e q u i l i b r i u m  l e v e l s  w i t h i n  30-60 min 
a f t e r  i n i t i a t i o n  o f  exposure and a r t e r i a l -  
venous e q u i l i b r i u m  c o n d i t i o n s  were achieved 
w i t h i n  t h e  f i r s t  60-90 min  o f  i n h a l a t i o n ,  
depending upon t h e  exposure c o n d i t i o n s .  
F o l l o w i n g  t e r m i n a t i o n  o f  85Kr exposure, 
a r t e r i a l  b lood  l e v e l s  dropped t o  4-17% o f  
t h e  f i n a l  exposure v a l u e  by 30 min, and 
venous l e v e l s  were 7-10% o f  t h e i r  f i n a l  
exposure l e v e l  by 60 min. I n  these  p r e l i m -  
i n a r y  s t u d i e s ,  a r t e r i a l  and venous l e v e l s  
v a r i e d  c o n s i d e r a b l y  d u r i n g  t h e  " e q u i l i b r i u m  
p e r i o d "  demonstrat ing b o t h  i n t e r -  and 
i n t r a - a n i m a l  v a r i a t i o n s .  However, when t h e  
d a t a  were a d j u s t e d  f o r  exposure concentra-  
ti on, t h e  mean a r t e r i  a1 -venous d i f f e r e n c e s  
were 8-16 dpm/ml. The q u e s t i o n  o f  whether 
v a r i a t i o n s  i n  85Kr k i n e t i c s ,  r e s p i r a t o r y  
phys io logy  o r  sample p rocess ing  may account  
f o r  these d i f f e r e n c e s  i s  under c o n s i d e r a t i o n .  



Tissue  l e v e l s  were measured i n  s i n g l e  l e v e l s  t h e  o rder  o f  85Kr concen t ra t i on  was: 
animals a f t e r  4-hr exposures t o  B5Kr l e v e l s  f a t  > adrenals > kidneys > i n t e s t i n e  > muscle 
o f  16 o r  24 pCi/E. Concentrat ions i n  body > l i v e r  > bone. Thus, t h e  r e l a t i v e  85Kr 
f a t  samples f rom va r i ous  l o c a t i o n s  were t i s s u e  concent ra t ions  i n  sheep - a r e  s i m i l a r  
s i g n i f i c a n t l y  h igher  than  i n  any o f  t h e  t o  those repo r t ed  f o r  r a t s  and guinea p i gs .  
o t h e r  t i s s u e s  s tud ied .  A t  bo th  exposure 
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FIGURE 9.5. B5Kr Blood Levels  i n  Sheep 



TOXICOLOGY OF INHALED ACID AEROSOLS 

Person i n  Charge: J. E. B a l l o u  

Th i s  p r o j e c t  was i n i t i a t e d  i n  FY 1976. The major  emphasis i s  two - f o l d :  ( 1 )  t o  r epea t  

e a r l i e r  s t ud i es  w i t h  i nha led  0.27 N  HN03, which produced a  5% i nc i dence  o f  osteosarcomas i n  

r a t s ,  and (2 )  t o  i n v e s t i g a t e  t he  e f f e c t s  o f  m u l t i p l e  exposure t o  graded doses o f  common min- 

e r a l  a c i d  aeroso ls  (HN03, HC1 and H2S04) i n  t h e  i n d u c t i o n  o f  l a t e n t  b i o l o g i c a l  e f f e c t s .  The 

dose ranges were es tab l i shed  on t h e  bas i s  o f  shor t - te rm s tud i es  t o  determine t h e  maximum 

t o l e r a t e d  dose, which was then employed as t h e  h i ghes t  o f  t h r e e  dose l e v e l s  f o r  each a c i d  

aeroso l .  A c l e a r  dose-response r e l a t i o n s h i p  would e s t a b l i s h  a c i d  aeroso ls  as causa t i ve  

agents i n  t h e  i n d u c t i o n  o f  bone tumors. 



EXPOSURE OF RATS T O  ACID AEROSOLS 

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

J. E. Ba l lou ,  R. A. Gies, and F. G. Bur ton 

Technical  Assis tance:  

R. L. Music and D. H. Hunter  

Rats were exposed t o  aeroso ls  o f  n i t r i c  ac id ,  hyd roch lo r i c  ac id ,  and s u l f u r i c  a c i d  t o  

determine t h e  long- term b i o l o g i c a l  e f f e c t s .  No e f f e c t s  o the r  than  t h e  a c u t e l y  t o x i c  response 

t o  h i g h  l e v e l s  o f  a c i d  have been observed w i t h i n  260 days postexposure. 

Male W is ta r  r a t s ,  approx imate ly  60 days 
o f  age, were admin is te red  aeroso ls  o f  m inera l  
ac i ds  ( n i t r i c ,  hyd roch lo r i c ,  and s u l f u r i c )  
t o  determine long- term b i o l o g i c a l  e f f e c t s .  
The aeroso ls  were generated w i t h  a nebu- 
1 i z e r  accord ing t o  t h e  p ro toco l  i n  
Table 10.1. Unless o therw ise  i nd i ca ted ,  
t h e  r a t s  were exposed i n  i n d i v i d u a l  cages 
i n  groups o f  25 each, f o r  6 h r  d a i l y ,  on 
a l t e r n a t e  weekdays, f o r  a t o t a l  o f  s i x  
exposures. Cont ro l  r a t s  were se l ec ted  f rom 
each animal shipment and t h e  t r e a t e d  con- 
t r o l s  were exposed i n  groups o f  f i v e  t o  a 
d i s t i l l e d  water  aerosol .  One group o f  
62 r a t s  was exposed t o  an aerosol  generated 
f rom 0.27 N n i t r i c  a c i d  us i ng  a Lovelace 
nebu l i ze r .  Th i s  was a r e p e t i t i o n  o f  an 
e a r l i e r  s tudy  which showed a h i g h  inc idence  
o f  bone tumors i n  r a t s  exposed accord ing t o  
t h i s  p r o t o c o l .  Animal exposures a re  s t i l l  
i n  progress on t h i s  s tudy.  The r a t s  w i l l  
be h e l d  f o r  l i f e - s p a n  observa t ion  and 
h i s t opa tho log i c  examinat ion o f  l a t e -  
developing l es i ons .  The h i ghes t  exposure 
l e v e l s  i n  Table 10.1 approximate t h e  maxi- 
mum t o l e r a t e d  dose under o u r  exposure 
cond i t i ons .  The h i ghes t  l e v e l  o f  hydro- 
c h l o r i c  a c i d  was a c u t e l y  t o x i c  (4% e a r l y  
m o r t a l i t y ) ,  producing s k i n  l e s i o n s  on t h e  
nose, ears  and paws. The h i ghes t  concen- 
t r a t i o n  o f  n i t r i c  a c i d  (10 t imes TLV) 
produced t r a n s i e n t  r e s p i r a t o r y  d i s t r e s s  

a f t e r  severa l  exposures. Higher  aerosol  
concent ra t ions  were l e t h a l ,  causing s w e l l i n g  
o f  l a r yngea l  t i s s u e s  and c l osu re  o f  t h e  
t rachea.  S u l f u r i c  a c i d  aeroso ls  appeared 
t o  be we1 1 - to1  e ra ted  even a t  concent ra t ions  
t h r e e  t imes  h i ghe r  than  those o f  t he  o t h e r  
ac ids.  Th i s  was observed even though t he  
TLV f o r  s u l f u r i c  a c i d  i s  5 t o  7 t imes more 
r e s t r i c t i v e .  

The aerosol  concen t ra t i on  and p a r t i c l e  
s i z e  d i s t r i b u t i o n  were determined by analyz-  
i n g  f o r  a c i d  an ion  i n  samples drawn f rom 
t h e  chamber atmosphere. The a n a l y t i c a l  
procedure employed s p e c i f i c  i o n  e l ec t r odes  
which had a d e t e c t i o n  l i m i t  on t h e  o rde r  o f  
0.1 m o l e  o f  t h e  an ion  i n  10 ml o f  s o l u t i o n .  
Chamber concen t ra t i on  was determined f rom 
t h e  a c i d  an ion  concen t ra t i on  i n  a se r i es  o f  
t h r e e  f r i t t e d  g l ass  bubb le r  t r a p s  f i l l e d  
w i t h  d i l u t e  sodium hydroxide o r  d i s t i l l e d  
wate r  which scrubbed a known volume o f  
chamber a i r .  The aerosol  p a r t i c l e  s i z e  
d i s t r i b u t i o n  was determined w i t h  a Mercer 
impactor  us i ng  g lass  stages m i s ted  w i t h  
sodium hydrox ide  t o  he l p  p reven t  r e d i s t r i b u -  
t i o n  o f  t h e  impacted a c i d  aerosols .  Values 
f o r  p a r t i c l e  s i z e  a r e  o f  ques t ionab le  
accuracy because of t h e  smal l  amount of 
a c i d  c o l l e c t e d  on t h e  impactor  stages and 
t h e  l i m i t a t i o n s  on t h e  a n a l y t i c a l  technique 
mentioned e a r l  i e r .  



TABLE 10.1. Protocol f o r  Acid Aerosol Exposures 

CHAMBER PARTICLE S lZE 

NUMBER CONCENTRATION  DISTRIBUTION(^) 

AGENT OF RATS FRACTION T L V ( ~ )  MMAD, pm GSD - - 

NITRIC ACID 62(C) 0.034 7 * 2 - - - - 
50 0.049 10 i 2 - - - - 

50 0.018 3.5 * 1.2 0.694 3.56 

50 0.013 2.6 * 1.3 0.442 3.07 

HYDROCHLORIC ACID 50 0.@2 3 * 1  1.808 3.89 

50 0.009 1.3 * 0.6 1.361 4.06 

50 0.005 0.7k0.4 1.132 4.09 

SULFURIC ACID 50 0.156 156 * 48 - -  - - 
50 0.023 22.6 * 4 - - - - 

50 I N  PROGRESS - - - - 

TREATED CONTROL 90 

NONTREATED CONTROL 45 

l a ' ~ L v  = THRESHOLD LIMIT VALUE, s. g FOR NITRIC ACID IT IS  0.005 mgld, 
HYDROCHLORIC AClD, 0.007 mgld AND SULFURIC ACID, 0.001 mgld 

( b ) ~ ~ ~ ~  - MASS MEDIAN AERODYNAMIC DIAMETER; 
GSD = GEOMETRIC STANDARD DEVIATION 

'"THIS GROUP WAS EXPOSED 0 0  mi", NOSE ONLY) TO 0 . i ~ ~  HNO3 
GENERATED WITH A LOVELACE NEBULIZER 

This study has revealed a need f o r  more have no t  been on experiment long enough t o  
sens i t i ve  ana ly t i ca l  methods t o  detec t  low e x h i b i t  the delayed e f f e c t s  o f  inha led 
l eve l s  o f  ac id  aerosols s imula t ing  environ- n i t r i c  ac id  (osteosarcomas) seen i n  an 
mental contamination. Work i s  i n  progress e a r l i e r  study. The on ly  ove r t  e f f e c t s  o f  
t o  improve aerosol sampl i ng techniques f o r  ac id  exposure seen t o  date have been ac id  
p a r t i c l e  s i ze  determinat ion by modi fy ing burns on areas o f  exposed s k i n  and two 
impactor c o l l e c t i n g  stages. The animals deaths due t o  hydroch lor ic  ac id  i n h a l a t i o n  



TOXICITY OF THORIUM CYCLE NUCLIDES 

Person in Charge: J. E. Ballou 

This project was first funded in FY 1976. The program was subsequently curtailed following 
recommendations of an ERDA Program Review Committee. Ongoing research is concentrated in two 
areas: (1) development of analytical techniques for 232U decay product analyses, and (2) deter- 

mination of the retention kinetics and long-term biological effects of inhaled 232U and 233U 

uranyl nitrate aerosols in rats. Studies with simulated thorium breeder fuel materials (mixed 

oxides of 232Th, 233U and 232U) will be limited to short-term studies to characterize these 

materials prior to possible biological effects studies. 

A principal objective of this research has been evaluation of the biological hazard of the 

high-specific-activity uranium isotopes. The studies have employed Wistar rats, an animal 

model used extensively in our laboratory in similar studies with a variety of radionuclides, 

including the transuranic elements. Comparative dose-response studies require accurate radio- 

analyses as a basis for radiation dose calculations. The determination of the 232U decay 

series is a particularly challenging analytical problem since the series includes a dynamic 
system of several parent-daughter radionuclides, some with extremely short half-lives, several 
of which contribute significantly to the internal radiation dose. A knowledge of the steady 

state concentrations (not necessarily equilibrium concentrations) of decay products maintained 
in the living animal is required, since these concentrations may change after death as the 
decay series tends to establish parent-daughter equilibrium. Preliminary analytical results 
using Ge(Li) diode detectors have been encouraging since tissues can be analyzed directly 
without processing, and excellent resolution of low-energy ( <  100 keV) X-rays and gamma 

photons is obtained. The number of samples that can be analyzed is limited, however, and 
only representative animals will be subjected to detailed analysis to establish and recon- 

struct the temporal relationship of the parent-daughter steady state concentrations. The 

radiation dose accumulated to the time of death will be estimated for each animal, based on an 
individual analysis of 232U and 228Th, and the reconstructed temporal relationship of the 

remaining members of the 232U decay series during the animals' life spans. The dose-response 

relationship for inhaled 2 3 2 ~  will be compared with that of 2 3 3 ~ ,  and with similar results for 

238P~, 239P~, and 253Es, as a measure of the re1 ative toxicity of high-specific-activity 

uranium. 



EARLY DISPOSITION O F  INHALED LIRANYL NITRATE 
(23W and 233U) IN RATS 

Inves t iga tors :  

J. E. Ba l lou  and R. A. Gies 

Technical Assistance: 

R. L. Music 

Uranyl n i t r a t e  (233U) was re ta ined  mainly i n  lung, skeleton, p e l t  and kidney 60 days a f t e r  

i n h a l a t i o n  exposure. The concentrat ion i n  lung exceeded t h a t  i n  o ther  t i ssues.  Pre l im inary  

r e s u l t s  w i t h  232U i n d i c a t e  r e t e n t i o n  i n  lung s i m i l a r  t o  t h a t  o f  233U, a t  t o t a l  deposited mass 

l eve l s  o f  0.1 pg o r  less.  

Male Wistar  r a t s ,  60 days o f  a  e, were 9 and r e t e n t i o n  k i n e t i c s .  Da i l y  excreta 
exposed t o  aerosols o f  232U and 3U were co l l ec ted  from the group s a c r i f i c e d  
n i t r a t e  as shown i n  Table 11 .l. Animals a f t e r  7  days. Rats were a lso  he ld  f o r  
were s a c r i f i c e d  i n  groups o f  f i v e  immedi- 1  i fe-span study o f  late-developing b io log-  
a t e l y  a f t e r  exposure ( t o  determine i n i t i a l  i c a l  e f f ec t s .  The long-term animals a r e  
lung burden) and a f t e r  7, 30, 60, 100, discussed i n  a  separate repo r t .  
150, and 200 days t o  determine d i s t r i b u t i o n  

TABLE 11.1. Experimental Protocol  and Aerosol Parameters 

NUMBER OF RATS GENERATOR SOLUTION 

LATE PARTICLE % 
I N I T I A L  LUNG BURDEN PERIODIC EFFECTS S I Z E  GEOMETRIC CONC. ULTRA 
(nCi * SDI SACRIFICE STUDY (pm)  SO ( p c i  I m i )  FILTERABLE ------ 

2 3 3 ~ 0 2 ( ~ 0 d 2  I " ~ )  

0.63 i 0.2 66.2 35 65 0.48 1.71 0.80 94 

10 i 2 1050 35 65 0.99 1.95 7.65 95 

la)  ULTRAFILTERABILITY DETERMINED 3 DAYS AFTER SAMPLE PREPARED: 
OTHER SAMPLES WERE ULTRAFILTERED W I T H I N 4  HOURS OF PREPARATION. 



The i n i t i a l  depos i t i on  and d i s t r i b u t i o n  
o f  uranium f o l l o w i n g  a  30-min, nose-only 
aeroso l  exposure i s  shown i n  Table 11.2. 
Resu l ts  a r e  shown o n l y  f o r  233U; 232U 
analyses a r e  n o t  y e t  completed. I n i t i a l  
d e p o s i t i o n  i n  t h e  upper r e s p i r a t o r y  t r a c t  
was s i g n i f i c a n t l y  i n f l uenced  by p a r t i c l e  
s i ze ,  i .e . ,  t h e  l a r g e r  p a r t i c l e s  were 
p r e f e r e n t i a l l y  depos i ted  i n  t h e  upper 
a i rways  and subsequently swallowed and 
t r anspo r t ed  t o  t h e  stomach and jejunum. 
The percentage o f  t h e  t o t a l  amount depos- 
i t e d  i n  o t he r  t i ssues ,  i n c l u d i n g  t h e  lung, 
was cor respond ing ly  l e ss .  The amount o f  
233U t r ans l oca ted  t o  t i s sues  ( l i v e r  and 
carcass)  d u r i n g  t h e  30-min exposure was 
s i m i l a r  t o  t h a t  observed i n  r a t s  exposed 
t o  n i t r a t e  s o l u t i o n s  o f  t h e  t r ansu ran i c  
elements, i n c l u d i n g  241Am, 253Es, 2 3 9 P ~ ,  
and 238Pu. The low va lue  f o r  t rans loca-  
t i o n  o f  233U a f t e r  0.63 nCi i n i t i a l  l ung  
burden i s  thought  t o  be an a r t i f a c t  
r e l a t e d  t o  t h e  s e n s i t i v i t y  o f  t he  
a n a l y t i c a l  method r a t h e r  than  a  t r u e  
d i f f e rence  i n  metabolism. 

Exc re t i on  o f  i nha led  233U02(N03)2 
i s  compared i n  F i gu re  11.1 w i t h  s i m i l a r  
r e s u l t s  f o r  i nha led  239Pu(N03),. Fecal 
e x c r e t i o n  i s  n o t  n o t i c e a b l y  d i f f e r e n t  f o r  
t h e  two rad ionuc l  ides .  Th i s  i s  t o  be 
expected s i nce  t h e  major  e a r l y  c learance 
o f  i nha led  m a t e r i a l s  i n vo l ves  phys i ca l  
processes, e. g., mucoci l  i a r y  c learance and 
i nges t i on ,  l ead ing  t o  c learance  by way o f  
t h e  g a s t r o i n t e s t i n a l  t r a c t .  The l a r g e  
amounts o f  a c t i v i t y  exc re ted  du r i ng  t he  

e a r l y  c learance phase would tend t o  
obscure smal l  d i f f e r e n c e s  i n  i n t e s t i n a l  
exc re t ion ,  e.g., d i f f e r e n c e s  i n  b i l i a r y  
s e c r e t i o n  t h a t  would be more r e a d i l y  
observed a t  l a t e r  t imes a f t e r  exposure. 

U r i na r y  e x c r e t i o n  o f  i nha led  233U i s  
c l e a r l y  enhanced compared t o  239Pu. It 
does n o t  f o l  low, however, t h a t  t h e  1  ung 
c learance o f  233U i s  g r e a t l y  i n f l uenced  by 
t h i s  exc re to r y  process, as w i l l  be d i s -  
cussed l a t e r .  The e x c r e t i o n  o f  232U, when 
da ta  a re  ava i l ab l e ,  w i l l  be o f  p a r t i c u l a r  
i n t e r e s t  s i nce  t h e  s p e c i f i c  a c t i v i t y  i s  
orders-of-magnitude g rea te r  than  e i t h e r  
233U o r  239Pu. 

The d i s t r i b u t i o n  and r e t e n t i o n  o f  233U 
i n  severa l  t i s sues  f o l l o w i n g  i n i t i a l  
depos i t i on  of from 2.86 t o  510 nCi showed 
major  s i t e s  o f  depos i t i on  i n  lung,  ske le -  
ton, p e l t ,  and kidney. A f t e r  60 days, 
r e t e n t i o n  i n  t h e  l ung  and ske le ton  pre-  
dominated, suggest ing t h a t  t he  concen- 
t r a t i o n  i n  lung,  and thus t h e  accumulated 
r a d i a t i o n  dose t o  lung,  would exceed t h a t  
i n  o t he r  t i s sues .  The depos i t i on  i n  
k idney,  t r a d i t i o n a l l y  t h e  organ o f  concern 
i n  uranium t o x i c i t y ,  does n o t  appear t o  be 
t he  c r i t i c a l  f a c t o r  i n  t h e  t o x i c i t y  o f  
h i g h - s p e c i f i c - a c t i v i t y  uranium. 

The r e l a t i v e  r e t e n t i o n  o f  i nha led  
uranium n i t r a t e  i n  major  t i s s u e s  i s  shown 
g r a p h i c a l l y  i n  F i gu re  11.2. Uranium-233 
r e t e n t i o n  i s  represented by r e s u l t s  f rom 
t h e  "medium" dose group (10 nCi ILB) .  

TABLE 11.2. I n i t i a l  D i s p o s i t i o n  o f  UO2(No3)2 i n  t h e  Rat. 
(Values a re  average o f  f i v e  r a t s ,  expressed as % t o t a l  depos i t i on ) .  

MEAN TOTAL I N I T I A L  DEPOSITION l n C i )  2.W - 

UPPER RESPIRATORY TRACT 

TRACHLA 1.2 
NOSE 2.6 
TONGUE AND ESOPHAGUS L8 
HEAD 6 8  
STOMACH AND JEJUNUM 9.1 

-- 
TOTAL 2L5 - - - - 
TRANSLOCATED TO TISSUES 

LIVER 0.11 
RESIDUAL CARCASS NONE DETECTED -- 

TOTAL 
-- 
-- 

0.11 -- - 
RETAINED I N  LUNG 22.2 14.1 7.0 

RETAINED I N  PELT -- 56.3 33.1 27.5 



Resul ts  f o r  232U r e t e n t i o n  i n  t h e  l ung  do 
m 
\ n o t  appear t o  d i f f e r  g r e a t l y  f rom those 

f o r  233U. It i s  o f  f u r t h e r  i n t e r e s t  t h a t  
pulmonary r e t e n t i o n  o f  2 3 8 P ~  and 2 3 9 P ~  
a l s o  agrees w e l l  w i t h  uranium r e t e n t i o n  a t  
t h i s  e a r l y  t ime a f t e r  i n h a l a t i o n  exposure. 
The r e s u l t s  f o r  l ung  r e t e n t i o n  a re  shown 
i n  more d e t a i l  i n  Table 11.3. Uranium-232 
c learance seems t o  agree reasonably we1 1 
w i t h  t h e  r e s u l t s  f o r  t h e  lowest  (0.63 nC i )  
l ung  burden o f  23%. .Th is  may i n d i c a t e  an 
i n f l u e n c e  o f  uranium MSS on pulmonary 
c learance when >0.1 ug i s  deposi ted i n  t h e  
lung.  

Th is  study, which i s  s t i l l  i n  progress, 
w i l l  e l u c i d a t e  t h e  e a r l y  c learance and 
d i s p o s i t i o n  o f  232U and 233U n i t r a t e .  Th is  
in fo rmat ion ,  combined w i t h  radiochemical  
analyses o f  long- term animals, wi  11 p e r m i t  
t h e  es t ima t i on  o f  r a d i a t i o n  dose accumu- 
l a t e d  i n  animals he l d  f o r  l i f e - s p a n  study. 

TABLE 11.3. Pulmonary Depos i t ion  and Reten- 
t i o n  o f  Inha led  Uranyl  N i t r a t e  

IN IT IAL  LUNG 

4 5 6 7 
BURDEN - IN IT IAL  LUNG BURDEN 

0 I 2 3 InCil  7DAYS %DAYS M D A Y S  ICQDAYS 

D A Y S  AF lER  I N H A L A T I O N  2 3 3 ~ ~ , ~ ~ ~ d ,  0.63 57 57 29 U 
= , c  

10 40  27 15 8 5  

FIGURE 11.1. D a i l y  Exc re t i on  o f  Uranium 55 17 I 5  u 6 0  

and Plutonium Inha led  as N i t r a t e  S a l t s  i n  
0.27 N N i t r i c  Ac i d  2 P ~ ~ 2 ~ ~ ~ 3 ~ 2  0.74 45 37 

5.65 46  33 31 

FIGURE 11.2. Re ten t ion  o f  Inha led  2 3 3 U - n i t r a t e  
(10 nCi ILB) i n  Major  T issues 



LONG-TERM EFFECTS O F  INHALED URANYL NITRATE IN RATS 

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

J. E. Ba l lou ,  R. A. Gies, and J. L. Ryan (a)  

Techn ica l  Ass is tance:  

R. L. Music 

Rats were exposed t o  aeroso ls  o f  233U and 232U n i t r a t e  i n  a s tudy  o f  t h e  long- te rm b i o -  

l o g i c a l  e f f e c t s .  P r e l  i m i n a r y  r a d i a t i o n  dose es t imates  show l u n g  > s k e l e t o n  > k idney  i n  each 

dose group. 

Male Wis ta r  r a t s  were exposed t o  aero- 
s o l s  of 232U02(N03)2 and 233U02!N03)2 
generated f rom 0.27 N n i t r i c  a c i d  s o l u t i o n ,  
u s i n g  a Lovelace n e b u l i z e r .  Animals were 
s a c r i f i c e d  t o  de te rmine  t h e  e a r l y  d i s p o s i -  
t i o n  o f  t h e  r a d i o n u c l i d e s  ( r e p o r t e d  e l s e -  
where i n  t h i s  Annual Repor t )  and t h e  
rema in ing  r a t s  w i l l  be h e l d  f o r  l i f e -  
o b s e r v a t i o n  o f  b i o l o g i c  e f f e c t s .  The 
animals  a r e  observed d a i l y  f o r  s i g n s  o f  
m o r b i d i t y  and a r e  weighed a t  month ly  
i n t e r v a l s .  Dead animals  o r  an imals  
s a c r i f i c e d  when moribund a r e  rad iographed 
and sub jec ted  t o  d e t a i l e d  necropsy and 
examina t ion  f o r  p a t h o l o g i c  l e s i o n s .  
Sec t ions  o f  e i g h t  t i s s u e s  and a l l  susp i -  
c i o u s  l e s i o n s  a r e  r o u t i n e l y  sampled f o r  
h i s t o p a t h o l o g y .  T h i s  i s  an ongoing s tudy  
t h a t  has been i n  progress f o r  200 days and 
i s  expected t o  c o n t i n u e  f o r  approx imate ly  
3 y r .  

The n i t r a t e  s o l u t i o n s  o f  232U and 
233U were prepared f o r  aeroso l  i z a t i o n  by 
a c i d  s o l u b i l i z a t i o n  and p u r i f i c a t i o n  on an 
i o n  exchange column. Spec ia l  p recau t ions  
were taken  t o  p repare  b o t h  i s o t o p e s  i n  t h e  
same chemical and p h y s i c a l  form. The 
meta l  ox ides  ( 3  mg 232U and 1 g 233U)  
were d i s s o l v e d  i n  a 95% concen t ra ted  HC1-5% 

( a )  Chemical Technology Department 

concen t ra ted  HN03 m i x t u r e  and t h e  s o l u t i o n  
was passed through-a Dowex 1x3 (50-100 mesh) 
r e s i n  column i n  C1 form, which absorbed t h e  
uranium. The column was washed w i t h  12 M HC1 
u n t i l  t h e  gamma a c t i v i t y  reached a ve ry  low 
l e v e l .  The uranium was e l u t e d  as a b r i g h t  
y e l l o w  band w i t h  H20. The beta-gamma r e a d i n g  
f o r  t h e  232U e l u a t e  was 1.5 mr /h r  a t  t h e  
sur face,  compared t o  a p r e p u r i f i c a t i o n  read-  
i n g  o f  4500 mr /h r  a t  a  d i s t a n c e  o f  1  i n .  The 
e l u t e d  uranium c h l o r i d e  was evaporated t o  
dryness and resuspended i n  concen t ra ted  
HN03 t h r e e  t imes b e f o r e  f i n a l  ad justment  
t o  volume i n  2 M HN03. The f i n a l  p r o d u c t  
i s  considered t o  be U02(N03)2. 

The exposure groups and es t imated  
r a d i a t i o n  dose t o  major  t i s s u e s  (based on  
p r e l i m i n a r y  d i s t r i b u t i o n  d a t a )  a r e  1 i s t e d  
i n  Table 11.4. The dose es t imates  f o r  
232U a r e  minimum values s i n c e  t h e y  do n o t  
i n c l u d e  t h e  c o n t r i b u t i o n  f r o m  t h e  daugh te r  
p roduc ts  which w i l l  be born and decay i n  
t h e  animal d u r i n g  t h e  l i f e - s p a n  s tudy .  
A f t e r  500 days, f o r  example, t h e  immediate 
p r o d u c t  o f  232U decay (228Th; T i  2  = 1.91 y r ;  6 E, = 5.4 MeV) w i l l  b u i l d  up t o  4 % o f  t h e  
e q u i l i b r i u m  l e v e l .  The exac t  amount and 
r e t e n t i o n  k i n e t i c s  o f  228Th i n  t h e  animal 
w i l l  de end n o t  o n l y  on t h e  amount o f  
p a r e n t  P32U p r e s e n t  b u t  a l s o  on t h e  s i t e  o f  
232U when 228Th i s  produced. Thorium-228 



TABLE 11.4. Estimated Accumulated Radiat ion 
Dose t o  Rats Exposed t o  232U and 233U 
N i t r a t e  Aerosols 

I N I T I A L  LUNG ESTIMATED 5OJ-DAY 

BURDEN NO. ACCUMULATED DOSE I r a 3 4  

i n c i l i a '  RATS LUNG SKELETON KIDNEY -- - - - 

CONTROLS 

O.27N HN03 65 

NON-TREATED 45 

' a ' ~ ~ ~ E ~ l ~ E ~  AS THE AVERAGE OF 5 RAT LUNGS FROM ANIMALS SACRI f  l C t D  
IMMEDIATELY AFTER M E  30-MIN NOSE-ONLY INHALATION EXPOSURE 

~ . . . ~  . ~ - ~ - 

produced i n  bone w i l l  be re ta ined w i t h  
d i f f e ren t  k i n e t i c s  and exe r t  a d i f f e r e n t  
b i o l o g i c  e f fec t  than 228Th produced i n  the 
lung. A s i m i l a r  s i t u a t i o n  e x i s t s  f o r  the 
f i v e  alpha-emit t ing daughters produced by 
228Th decay, except t h a t  t h e i r  shor t  
physical  h a l f - l i v e s  w i l l  assure e q u i l -  
i b r a t i o n  dur ing the 1 ong-term study. 
Again the amounts o f  i nd i v idua l  decay 
products re ta ined w i  11 be determined 
l a r g e l y  by metabolic factors.  A de ta i l ed  
analysis o f  the  i nd i v idua l  radionucl  ides 
i n  representat ive animals w i l l  be obtained 
p e r i o d i c a l l y  dur ing the course o f  the  
study. The pa t te rn  o f  d i s t r i b u t i o n  and 
re ten t i on  of the daughter products w i l l  be 
used t o  r e f i n e  the estimated dose 
ca lcu la t ions.  

NONDESTRUCTIVE ANALYSIS FOR 232U AND DECAY 
PROGENY IN ANIMAL TISSUES 

Invest iga tors :  

J. E. Ba l lou  and N. A. Wogman (a) 

Technical Assistance: 

R. A.  Gies 

D i r e c t  determination o f  232U and i t s  decay products i n  animal t issues appears t o  be fea- 

s i b l e  using an i n t r i n s i c  Ge(Li) diode detec tor  ( f o r  energies o f  5-100 keV) and a NaI(T1) 

anticoincidence-shielded Ge(Li) diode f o r  higher-energy gamma photons. The detec t ion  sensi- 

t i v i t y  f o r  232U and 228Th i s  0.03 and 0.01 nCi, respect ive ly ,  using a 300-min counting time. 

A rapid,  nondestructive, ana ly t i ca l  d i sequ i l i b r i um among the sho r t - l i ved  
technique i s  requ i red t o  determine the daughter products and the expense and t ime 
mixed radionucl ides i n  thor ium f u e l  requ i red f o r  an exhaustive wet chemical 
mater ia ls  because o f  the  probabi 1 i t y  of analysis.  B r i e f l y ,  the mix ture  includes 

the decay ser ies  232U*, 228Th*, 224Ra*, 
220Rn*, 216po*, 212pb, 212Bj*, 212p0*, 

(a) Radiological  Sciences 
208T l ,  and s tab le  208Pb. The major 



i n t e r n a l .  r a d i a t i o n  dose i s  assoc ia ted  w i t h  
t h e  a l pha -em i t t i ng  r ad i onuc l  i des  ( i n d i c a t e d  
by a s t e r i s k s ) ,  which should be determined 
q u a n t i t a t i v e l y  f o r  accura te  dosimetry.  
'This paper r e p o r t s  p r e l  im inary  r e s u l t s  
w i t h  two d e t e c t o r  systems us i ng  germanium 
diodes:  (1 )  an i n t r i n s i c  germanium 
de tec to r ,  employed t o  d e t e c t  and d i f f e r e n -  
t i a t e  low-energy X-rays and gamma photons, 
and (2 )  a  NaI (1'1 ) an t i co inc idence-sh ie lded  
germanium d iode  used t o  d e t e c t  gamna 
photon energ ies > 100 keV. A t y p i c a l  
spectrum f o r  animal t i s s u e  analyzed by t h e  
i n t r i n s i c  Ge(L i )  d e t e c t o r  i s  shown i n  
F i gu re  11.3. T issue samples were prepared 
by p l a c i n g  i n  t h e  d e t e c t o r  weighed amounts 
o f  raw t i s s u e  i n  screw-cap p l a s t i c  coun t ing  
v i a l s .  The d e t e c t o r  system i s  a  400 nun2 x  
10  mm i n t r i n s i c  germanium diode, having 
low background and h i g h  e f f i c i e n c y  (10-30%) 
i n  t h e  5-100 keV energy range. Energy 
peaks below 20 keV i n  F i gu re  11.3 a re  a  
complex m i x t u r e  o f  K and L  X-rays f rom 
severa l  r ad i onuc l  ides .  Uranium-232 can be 
i d e n t i f i e d  and q u a n t i t a t e d  ( us i ng  a  232U 
standard of t h e  same geometry) by t h e  
photon peaks a t  57.7 and 128.9 keV. Other  
energy peaks a r e  i d e n t i f i e d  w i t h  var ious  
daughter  products as i nd i ca ted .  Higher- 
energy emissions ( i n  excess o f  100 keV) 
were de tec ted  w i t h  t h e  NaI(T1) 
an t i co inc idence-sh ie lded  germanium diode. 

Th is  system permi t t e d  quan t i  t a t i o n  o f  
224Ra, 220Rn, and 208T1 and v e r i f i c a t i o n  
of o t h e r  analyses based on t h e . 1 0 ~ - e n e r g y  
emissions (212Pb, 212Bi ,  228Th).  Energy 
peaks f o r  t h e  two Po i so topes  (212Po and 
216Po) have n o t  y e t  been resolved;  however, 
t h e i r  s h o r t  h a l f - 1  i v e s  ( f r a c t i o n s  o f  
seconds) make i t  poss i b l e  t o  q u a n t i t a t e  
them on t h e  assumption t h a t  they  a re  i n  
e q u i l i b r i u m  w i t h  t h e i r  immediate parents,  
212Bi  and 220Rn, r e s p e c t i v e l y .  

Table 11.5 shows r e s u l t s  f o r  232U 
analyses i n  l ung  t i s s u e  f o l l o w i n g  i nha la -  
t i o n  of 2 3 2 U 0 2 ( ~ 0 3 ) 2  aeroso ls .  The animals 
were exposed t o  f r e s h l y  separated 232U, 
which then aged i n  t h e  animal, i . e . ,  t h e  
decay p roduc ts  o f  t he  232U s e r i e s  began t o  
accumulate. Lungs c o n t a i n i n g  f r e s h l y  
separated 232U cou ld  be analyzed as accu- 
r a t e l y  w i t h  a  1  i q u i d  s c i n t i l l a t i o n  system, 
which determined t o t a l  a lpha count, as 
w i t h  the  i n t r i n s i c  Ge(L i )  diode, which 
determined 232U s p e c i f i c a l l y .  Wi th age 
and ingrowth  o f  daughter  a c t i v i t y ,  however, 
t h e  two analyses were s i g n i f i c a n t l y  
d i f f e r e n t ,  i l l u s t r a t i n g  t h e  need f o r  
s p e c i f i c i t y  i n  t h e  a n a l y t i c a l  method. The 
apparent 1  i m i t  o f  0.2 nCi f o r  232U d e t e c t i o n  
w i t h  t h e  Ge(L i )  d iode  shown i n  Table 11.5 
i s  a  r e l a t i v e  number t h a t  can be improved 
by i nc reas i ng  t h e  coun t ing  t ime.  

im m m m 9m i~oo i m  isoo i m  i9w 

CHANNEL NO. (0.1 keV /channel) 

FIGURE 11.3. Energy Spectrum o f  232U and 
Decay Products ( I n t r i n s i c  Ge(Li ) ~ e t e c t o r )  



TABLE 11.5. Ana lys is  o f  232U i n  Lung Using 
S c i n t i l l a t i o n  Count ing and an I n t r i n s i c  
Ge(L i )  Diode Detec to r .  (Values a r e  nCi  232U) 

TOTAL ALPHA 2 3 2 ~  PHOTON 
RAT LUNG LIQUID SCINTILLATION Ge(Li) DIODE 

232 LI FREE OF 

The most p romis ing  advantage o f  t h e  
Ge(L i )  d iode  d e t e c t o r  i s  i t s  a b i l i t y  t o  
d e t e c t  and r e s o l v e  t h e  low-energy emiss ions 
f r o m  t h e  232U decay s e r i e s  i n  a  f r e s h  
t i s s u e  m a t r i x .  A  p r e l i m i n a r y  e v a l u a t i o n  
o f  t h i s  techn ique  i s  i l l u s t r a t e d  i n  
Tab le  11.6. The va lues  a r e  f o r  t i s s u e s  
f r o m  a  s i n g l e  r a t  exposed t o  p u r i f i e d  232U 
n i t r a t e  and s a c r i f i c e d  a f t e r  100 days. 
The t i s s u e  samples were sub jec ted  t o  a  
s e r i e s  o f  s h o r t  counts s t a r t i n g  w i t h i n  3  
min of s a c r i f i c e  i n  an a t t e m p t  t o  d e t e c t  
n o n e q u i l i b r i u m  amounts o f  t h e  s h o r t - l i v e d  
daughters,  212Bi (T /2 = 60 min)  and 

= 3  m i n j .  These r a d i o n u c l i d e s  :E:ll n;:l66esent i n  s u f f i c i e n t  amounts t o  
be d e t e c t e d  w i t h  s h o r t  c o u n t i n g  t imes; 
however, t h e  probabi  1  i ty  o f  t h e i r  d e t e c t i o n  
w i l l  improve as t h e  exper iment  progresses 
and t h e  decay p roduc ts  grow back i n t o  
e q u i l i b r i u m  i n  t h e  u r i f i e d  232U. Values e f o r  232U, 228Th, 2 2  Ra and 212Pb were 
o b t a i n e d  d i r e c t l y  f r o m  e i t h e r  100-min o r  
1000-min counts o f  t h e  f r e s h  t i s s u e .  

TABLE 11.6. D i s p o s i t i o n  o f  232U and Dec y 
Products  i n  Rat  T issues a t  Time o f  Deathfa) 

TISSUE 2 3 2 ~  *81h 2 2 4 ~ a  '12pb ----- 
LUNG 9 .3k0 .9  2.6 k 0 . 1  1 .1 *0 .M . 0 . 4 4 * 0 . M  

FEMUR O.M * a07 0.12 * a 0 3  0 . 5  * o . ~  0.77 * 0.09 

LIVER 10 .2  1 0.1 0.0% * 0.002 0 . M  * 0.01 

KIDNEY 0.72k0.1 0.1,*0.03 O . @ * O . W  0.09*0.@ 

' a ' ~ ~ ~ ~  ARE FOR A SINGLE OBSERVATION EXPRESSED IN n c i  + SD 

A t  t h e  t i m e  t h e  animal shown i n  Tab le  11.6 
was s a c r i f i c e d ,  t h e  amount of 2 2 8 ~ h  i n g r o w t h  
i n t o  t h e  p u r i f i e d  232U shou ld  have been 
o n l y  13% o f  t h e  e q u i l i b r i u m  l e v e l .  The 
a n a l y s i s  f o r  l u n g  shows a  v a l u e  30% o f  
e q u i l i b r i u m  f o r  2 2 8 ~ h .  T h i s  "unsupported" 
excess o f  t h e  daughter  may i n d i c a t e  
! r e f e r e n t i a l  t r a n s l o c a t i o n  o f  t h e  p a r e n t  
, 32U f rom lung,  as has been shown b y  
o thers ,  o r ,  perhaps, t h e  o r i g i n a l  232U 
was n o t  as comp le te ly  f r e e  o f  i t s  decay 
p roduc ts  as had been i n d i c a t e d  by  a lpha  
spectrometry  and gamma a n a l y s i s .  The 
va lues f o r  femur a r e  s u r p r i s i n g  i n  t h a t  
224Ra, which has an a f f i n i t y  f o r  bone, i s  
l e s s  abundant than  i t s  daughter  p roduc t ,  
'12Pb. F u r t h e r  a n a l y s i s  o f  these  r e s u l t s  
i s  p robab ly  n o t  warranted,  s i n c e  they  a r e  
v e r y  p r e l i m i n a r y  and may be a d j u s t e d  as 
t h e  procedure becomes more s tandard ized  
and t h e  c o u n t i n g  d a t a  and spec t ra  a r e  
sub jec ted  t o  more s o p h i s t i c a t e d  computer 
a n a l y s i s .  A t  t h e  p r e s e n t  t ime,  analyses 
f o r  232U a r e  though t  t o  be v a l i d  i n  t h e  
range o f  0.03-0.05 nCi u s i n g  a  c o u n t i n g  
t i m e  o f  300 min. A  d e t e c t i o n  l i m i t  f o r  
228Th o f  0.01 nCi shou ld  be a t t a i n a b l e  by 
a n a l y z i n g  t h e  samples a f t e r  t h e  228Th 
decay p roduc ts  have e q u i l i b r a t e d ,  e  .g., 
a f t e r  30 days i n  a  sea led  c o u n t i n g  v i a l .  



FETAL A N D  JUVENILE RADIOTOXICITY 
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Many o f  t h e  b i o l o g i c a l  parameters used t o  c a l c u l a t e  pe rm iss i b l e  l e v e l s  o f  exposure t o  

r a d i o a c t i v e  m a t e r i a l s  f o r  a d u l t s  a re  i napp rop r i a t e  f o r  t h e  r a p i d l y  growing i n f a n t  o r  c h i l d ,  

o r  f o r  t h e  pregnant  female. These d i f f e rences ,  when considered i n  con junc t i on  w i t h  t h e  

g r e a t e r  i n t r i n s i c  r a d i o s e n s i t i v i  ty o f  t he  inunature organism, emphasize t he  need f o r  more 

d e t a i l e d  i n f o rma t i on  on t h e  metabol ism and t o x i c i t y  of r ad i onuc l i des  i n  t h e  p rena ta l  and 

j u v e n i l e  mammal. The aim o f  t h i s  p r o j e c t  i s  t o  o b t a i n  such q u a n t i t a t i v e  data. 

Pas t  e f f o r t s  have inc luded s t ud i es  on t h e  metabol ism o f  1311, 1 3 7 C ~ ,  14%e, and 2 3 9 P ~  

r e l a t i v e  t o  age and t o  a  v a r i e t y  o f  n u t r i t i o n a l  and b iochemical  f a c t o r s .  Prena ta l  and neo- 

n a t a l  r a t s  were shown t o  be more s e n s i t i v e  than  wean1 i ngs  o r  a d u l t s  t o  1311 impairment o f  

t h y r o i d  f u n c t i o n  and t o  carc inogen ic  e f f e c t s .  The metabol ism and subacute t o x i c i t y  o f  i n t r a -  

venously  i n j e c t e d  2 3 9 ~ u  i n  newborn, weanl ing and a d u l t  r a t s  showed pa t t e rns  unique t o  each 

age. S tud ies  o f  long- te rm e f f e c t s  a t  lower  dose l e v e l s  a re  near ing  complet ion and a  major  

e f f o r t  i s  c u r r e n t l y  d i r e c t e d  toward complet ing h i s t o p a t h o l o g i c  eva lua t i on  and data ana l ys i s .  

S tud ies  on pos tna ta l  phys io logy  and long- te rm e f f e c t s  i n  r a t s  exposed t o  239Pu a t  represen ta -  

t i v e  stages o f  g e s t a t i o n  have r e c e n t l y  been i n i t i a t e d .  

The c ross-p lacen ta l  t r a n s f e r  o f  239Pu, i t s  d i s t r i b u t i o n  i n  t h e  f e t op l acen ta l  u n i t ,  and i t s  

e f f e c t s  on p rena ta l  development have been s t ud i ed  i n  d e t a i l .  To p rov i de  a  bas is  f o r  ex t r apo la -  

t i o n  t o  man, we a re  c u r r e n t l y  e x p l o r i n g  t h e  f ac to r s  c o n t r o l l i n g  t r ansp lacen ta l  passage and 

f e t o p l a c e n t a l  d i s t r i b u t i o n  i n  severa l  species, i n c l u d i n g  subhuman pr imates.  Because p rena ta l  

exposure t o  p lu ton ium r e s u l t s  i n  a  r e l a t i v e l y  h i gh  r a d i a t i o n  dose t o  t h e  y o l k  sac, where 

p r i m i t i v e  c e l l s  o f  t h e  gonads and t h e  hematologic system o r i g i n a t e ,  we a re  i n v e s t i g a t i n g  t h e  

sequelae o f  p rena ta l  exposure on developmental i n t e g r i t y .  Organ c u l t u r e  techniques a re  being 

used t o  s tudy  embryotox ic  e f f e c t s ,  i n c l u d i n g  t h e  e f f e c t s  o f  s i n g l e  p a r t i c l e s  o f  p lu ton ium 

oxide. 

Th i s  year ,  s t ud i es  were begun on t h e  i n h a l a t i o n  o f  2 3 9 P ~ 0 2  p a r t i c l e s  by newborn r a t s .  

D i f f e rences  i n  depos i t i on ,  r e l a t i v e  t o  age and p a r t i c l e  s ize ,  were found and t h e  r e s u l t s  a re  

be ing  used t o  d e f i n e  experiments t o  inc rease  t h e  depth o f  t h e  i n v e s t i g a t i o n  and extend i t  t o  

eva lua t i ons  o f  e f f e c t  r e l a t i v e  t o  age. 

Increased emphasis i s  being d i r e c t e d  toward e l u c i d a t i n g  t h e  b iochemical  and p h y s i o l o g i c a l  

processes i n  t h e  immature mammal t h a t  may be r espons ib l e  f o r  t h e  d i f f e r e n c e s  i n  metabol ism and 

e f f e c t s  o f  r ad i onuc l  ides,  as compared t o  t h e i r  metabol ism and e f f e c t s  i n  adu l t s .  A c o n t i n u i n g  

e f f o r t  w i l l  be made t o  i n t e r p r e t  t h e  f i n d i n g s  o f  t h i s  p r o j e c t  i n  terms o f  app rop r i a t e  popula- 

t i o n  exposure standards. 
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I n j e c t i o n  o f  pregnant r a t s  w i t h  monomeric 2 3 9 P ~  a f t e r  9 days o f  g e s t a t i o n  decreased t h e i r  

l eukocy te  and r e t i z u l o c y t e  counts a t  5  and 10 days postexposure. Most o f  t h e  f e t a l  hematologic 

enumerative values were una f fec ted  by i n j e c t i o n  o f  monomeric 239Pu. There was, however, a  

major  change i n  t h e  matura t ion  o f  t h e  c e l l s  c f  t h e  e r y t h r o i d  se r i es ,  as i n d i c a t e d  by a d i f f e r -  

ence i n  t h e  d i s t r i b u t i o n  between c e l l  types. The weight  o f  t h e  y o l k  sac and f e t a l  l i v e r ,  and 

t h e  c e l l u l a r i t y  o f  t h e  f e t a l  sp leen were decreased. 

I n j e c t i o n  o f  2 3 9 P ~  a t  9 days o f  ges ta t i on . .  
i n  t h e  Char les-River  CD r a t  produces dose- 
dependent embryo le tha l i t y .  Autoradiography 
has demonstrated most o f  t h e  r a d i o a c t i v i t y  
i n  t h e  f e t o p l a c e n t a l  u n i t  (FPU) t o  be i n  t h e  
v i l  l u s  v i s c e r a l  sp lanchnopleure (yo1 k sac) .  
S ince t h e  hematopoiet ic  stem c e l l s  o r i g i n a t e  
i n  t h e  y o l k  sac a t  about  t h i s  t ime  o f  gesta- 
t i o n ,  experiments were performed t o  de te r -  
mine whether p lu ton ium i n j e c t i o n  would 
produce de tec tab le  a1 t e r a t i o n s  o f  t h e  hema- 
t o p o i e t i c  system. 

A f t e r  9 days o f  g e s t a t i o n  (dg) t h e  expet- i-  
mental r a t s  (Hi1 l t o p  W is t z r )  r ece i ved  s 
s i n g l e  in t ravenous  i n j e c t i o n  of 36 ~ C i / k g  
o f  a 239Pu -c i t r a t e  s o l u t i o n .  Cont ro l  r a t s  
rece ived  a c i t r a t e  s o l u t i o n  w i t h o u t  p lutonium. 
A t  14 o r  19 dg ( 5  o r  10 days p o s t i n j e c t i o n )  
maternal  b lood  was ob ta ined  v i a  ca rd i ac  
puncture, t h e  abdomen and thorax  were opened, 
and t h e  r a t  was k i l l e d  by exsanguinat ion.  

. I n d i v i d u a l  FPUs were removed w i t h  t h e  
u m b i l i c a l  vessels  a t tached t o  t h e  p lacenta,  

' p laced i n  c o l d  L-15 t i s s u e  c u l t u r e  medium, 
and d i v i d e d  i n t o  groups f o r  assay. I n  some 
cases, t h e  f e t a l  j u g u l a r  v e i n  was c u t  and 

5-20 ~l blood was c o l l e c t e d  w i t h  d isposab le  
m i c rop i  pe t t es  f o r  c e l l  counts, hemoglobin 
determinat ions,  and p repa ra t i on  o f  smears. 
The y o l k  sac, l i v e r ,  spleen, o r  thymus was 
removed f rom o t h e r  fe tuses,  t h e  c e l l s  were 
d i ssoc i a ted ,  and t o t a l  c e l l s  determined by 
coun t ing  an a l i q u o t  i n  a hemocytometer. 
Sta ined i m p r i n t s  o f  these t i s sues  and t h e  
b lood  smears were examined by l i g h t  m ic ro -  
scopy t o  determine t h e  r e l a t i v e  d i s t r i b u t i o n  
o f  c e l l  types. 

T e n t a t i v e  s t a t i s t i c a l  analyses have been 
performed on t he  r e s u l t i n g  data. The sur -  
v i v a l  da ta  were compared by a X2 t e s t  on an 
i n d i v i d u a l  f e t a l  bas i s  and by a Wilcoxon 
Signed Rank Tes t  (WSRT) on a l i t t e r  bas is .  
The da ta  on body and organ weights were 
t es ted  by e i t h e r  a ' t '  t e s t  o r  WSRT depending 
on t h e  sample s i z e  ( ' t '  f o r  sample s i z e  >20, 
WSRT f o r  samples s i z e  <20). The c e l l  count  
data were compared e x c l u s i v e l y  by  t h e  WSRT. 
The s i g n i f i c a n t  l e v e l  f o r  a l l  t e s t s  was 0.05. 

There were s l i g h t  b u t  s t a t i s t i c a l l y  
s i g n i f i c a n t  increases i n  p rena ta l  m o r t a l i t y  
i n  t h e  exposed groups a t  bo th  t ime  per iods  



r e l a t i v e  t o  t he  corresponding c o n t r o l  groups, 
and t o  t h e  combined c o n t r o l  value. Th i s  was 
accompanied by a  s i g n i f i c a n t  r educ t i on  i n  
maternal  we igh t  ga i n  i n  t h e  p lutonium- 
i n j e c t e d  groups compared t o  t h e  c o n t r o l s  a t  
bo th  t imes o f  s a c r i f i c e .  Embryonic weight ,  
however, was una f f ec ted  by t rea tment  
(Tab le  12.1). 

P lutonium exposure d i d  n o t  a f f e c t  t he  
maternal  t o t a l  e r y t h r o c y t e  count  a t  14 dg 

t i o n  a t  14 dg which was no longer  demon- 
s t r a b l e  a t  19 dg. Hematocr i t  and hemo- 
g l o b i n  l e v e l s  and r e t i c u l o c y t e  counts, 
which were measured on l y  a t  19 dg, were 
una f fec ted  by t rea tment .  

The nuc lea ted  e r y t h rocy tes  i n  t h e  smears 
o f  f e t a l  b lood were ca tegor ized  i n t o  t h r e e  
broad c e l l  types: basoph i l i c ,  po lychromat ic ,  
and o r thochromatoph i l i c  normoblasts, i n  
o rder  o f  i n c reas i ng  matura t ion .  A t  bo th  
t imes o f  observat ion,  239Pu exposure was 

TABLE 12.1. E f f e c t  o f  239Pu I n j e c t i o n  a t  9  Days o f  Ges ta t ion  
on Weight, Prenata l  M o r t a l i t y ,  and Hematology 

NUMBFR OF LITTERS 

MATLRNAL W I  G A I b  
I% OF INJECTION W I  I 

FRACTION RTUSES DEAD 

R T A L  W t  lmgl  

MATZRNAL HEMATOLOGY 

ERYTHROCYTES I I $ I ~ ~ ~ I  

RETICULOCYTES ($1 

LTUKOCYTES 11dirnrn31 

FETAL HEMATOLOGY 

TOTAL8LOOD CELLS 1ldl lrnrn1l 

NUCLEATED CELLS 1 1 I P l r n r n ~ 1  

NON-NUCLEATED ERYTHROCYTES 1 1 8  lmm3)  

BASOPHIL IC  NORMOBLAST 1%) 

POLYCHROMATIC NORMOBLAST (%I 

ORTHOCHROMATOPHILIC NORMOBLAST I+) 

la' STANDARD DEVIATION 

DAY Of GESTATION 

14 19 -- 

CONTROL EXPERIMENTAL CONTROL EXPERIMENTAL 
-- 

7 13 4 8 

a l though t h e r e  was a  s i g n i f i c a n t  depression 
by 19 days; t h e  hema toc r i t  and hemoglobin 
l e v e l s  were n o t  s i g n i f i c a n t l y  a f f ec ted .  
The percen t  r e t i c u l o c y t e s  and t o t a l  
leukocy te  counts were s i g n i f i c a n t l y  
decreased i n  t h e  t r e a t e d  a d u l t  an imals 
a t  bo th  t imes o f  s a c r i f i c e .  The on l y  
e f f e c t  on t h e  d i f f e r e n t i a l  counts was a  
s l i g h t  decrease i n  t h e  f requency o f  
band forms o f  n e u t r o p h i l s  i n  t h e  
t r e a t e d  animals. 

The concen t ra t i on  o f  t o t a l  b lood  c e l l s  
i n  t h e  f e t u s  was s l i g h t l y  decreased i n  t h e  
exposed animals a t  14 dg, a l though no 
d i f f e r e n c e  was noted a t  19 dg (Table 12.1). 
The s l i g h t l y  inc reased concen t ra t i on  of 
nuc lea ted  c e l l s  ( leukocy tes  and nuc lea ted  
[immature] e r y t h rocy tes )  i n  the  i n j e c t e d  
animals a t  14 dg was n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t ;  t he  decrease a t  19 days was o f  
equivocal  s i g n i f i c a n c e .  C a l c u l a t i o n  o f  
non-nucleated (mature) e r y t h r o c y t e  concen- 
t r a t i o n s  as t h e  d i f f e r e n c e  between these 
two values y i e l d e d  a  s i g n i f i c a n t  reduc- 

assoc ia ted  w i t h  a  decrease i n  t h e  percentage 
o f  b a s o p h i l i c  and o r t hoch roma toph i l i c  normo- 
b l a s t s  w i t h  a  p r o p o r t i o n a l  inc rease  i n  t h e  
percentage o f  c e l l s  c l a s s i f i e d  as po lychro-  
ma t i c  normoblasts. These s h i f t s  i n  c e l l  
t ype  d i s t r i b u t i o n ,  toge ther  w i t h  t h e  reduced 
concen t ra t i on  o f  non-nucleated e r y t h r o c y t e s  
a t  14 dg, suggests a  d e f i c i t  i n  t h e  matura- 
t i o n  o f  t h e  c e l l s  o f  the  e r y t h r o i d  se r i es .  

W i t h i n  t h e  g ranu locy t i c  se r i es ,  t h e r e  was 
a  s h i f t  towards fewer band forms i n  t h e  
t r e a t e d  animals a t  19 dg w i t h  a  r e l a t i v e  
inc rease  i n  metamyelocytes, a l though t h e  
frequency o f  segmented forms was l a r g e l y  
unchanged. The percen t  o f  lymphoid c e l l s ,  
bo th  lymphocytes and monocytes, was 
una f fec ted .  

The we igh t  o f  t h e  y o l k  sac (Table 12.2) 
was s i g n i f i c a n t l y  reduced by  Pu exposure. 
The t o t a l  c e l l s  i n  t h e  suspensions prepared 
f rom t h e  y o l k  sacs were a l s o  reduced, a l -  
though t h e  d i f f e r e n c e s  were n o t  s i g n i f i c a n t .  
No apparent d i f f e r e n c e s  were observed i n  t h e  



TABLE 12.2. E f fec t  of 2 3 9 P ~  I n j e c t i o n  a t  9 Days o f  G e s t a t i o n  
on t h e  Weight and C e l l u l a r i t y  o f  Se lec ted  F e t a l  T issues 

D A Y  OT GESTATICN 

Id  19 

ORGAN CONTROL E X F f R l h Y N T A L  CONTROL E X P E R I K N T A L  
-- 

YOLK SAC lmql 21.4 t PAia' 1 x 7  t 5.9 9 8 2 +  26.3 6 0 3  t 11.4 

TOTAL CELLS !r 10.5) 17.1 t 8.6 16.1 + 10.4 197 t 98 115 i 83 

L IVER lmql 6 .12 1.7 5.2 + 2.8 1 f f l + 2 8  I & + %  

TOTAL CLLLS Ix IO-~ I  17.1 t 16.7 12 .7t  6.7 874 i 426 1103 + m6 

S P E L N .  TOTAL CELLS !X 10.~1 l a 3 + 4 . 5  3 5 f 1 . 4  

THYMU>.  TOTAL CELLS Ix 10.~1 - -  33.5 + 16.6 25.7 t 19.8 

p r o p o r t i o n  o f  c e l l  t ypes  ( p r i m a r i l y  nuc le -  
a t e d  e r y t h r o c y t e s  and e p i  the1 i a l  c e l l  s )  i n  
i m p r i n t s  o f  t h e  y o l k  sac. The we igh t  o f  t h e  
f e t a l  l i v e r  was s i g n i f i c a n t l y  decreased i n  
t h e  t r e a t e d  animals  a t  14 dg, a l though  t h e r e  
was no d i f f e r e n c e  a t  19 days. N e i t h e r  t h e  
t o t a l  c e l l s  p e r  l i v e r  n o r  t h e  p a r t i t i o n  o f  
these  c e l l  s  among t h e  v a r i o u s  morphologic  
c a t e g o r i e s  was a f f e c t e d  by  t reatment .  The 

t o t a l  c e l  l u l a r i t y  o f  t h e  sp leen  (determined 
o n l y  a t  19 dg)  was s i g n i f i c a n t l y  decreased 
by  p lu ton ium exposure. No d i f f e r e n c e s  i n  
t h e  f requency o f  t h e  v a r i o u s  c e l l  types i n  
t h e  i m p r i n t  were noted. The t o t a l  c e l l s  i n  
t h e  suspensions prepared f rom t h e  thymus 
were s l i g h t l y  decreased by p lu ton ium expo- 
.sure, a l though  t h i s  d i f f e r e n c e  was n o t  
s i g n i f i c a n t .  



STRAIN DIFFERENCES IN THE EMBRYOTOXICITY O F  239Pu 

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

M. R. Sikov, D. D. Mahlum, and F. D. Andrew 

Technical  Assis tance:  

J. 0. Hess, and M. J. Kujawa 

Comparison o f  t h e  embryo le tha l i t y  o f  monomeric 239Pu i n j e c t e d  a t  9 days o f  g e s t a t i o n  demon- 

s t r a t e d  t h a t  t h e  s e n s i t i v i t y  o f  Charles R i ve r  CD s t r a i n  was g rea te r  than  t h a t  o f  H i l l t o p  Wis ta r  

r a t s .  Subsequent comparisons showed t h a t  r a t s  de r i ved  f rom t h e  H i l l t o p  F i sche r  s t r a i n  were 

more s e n s i t i v e  t han  t h e  Wis ta r  and, a1 though n o t  d i r e c t l y  compared, more s e n s i t i v e  than  t h e  

CD. 

Prev ious s t ud i es  i n  t h i s  l a b o r a t o r y  demon- TABLE 12.3. prenatal Mo r t a l i t y  ( D e a d / ~ o t a l  ) 
s t r a t e d  a  dose-dependent e m b r ~ o l e t h a l i t ~  Pro- a t  14 and 20 D~~~ of ~ ~ s t a t i ~ n  ~ ~ 1 1  owing  ~ n j e c -  duced by i n j e c t i o n  o f  monomeric 239Pu i n  
Char1 es R iver  CD r a t s .  Subsequent s t ud i es  t i o n  o f  Monomeric 239Pu a t  9 Days o f  Ges ta t i on  

us i ng  r a t s  o f  W is ta r  d e r i v a t i o n  ( H i l l t o p  i n  Char les R i v e r  CD and H i l l t o p  Wis ta r  Rats. 

Farms) f a i l e d  t o  p rov i de  q u a n t i t a t i v e  r e p l i -  
c a t i o n  of these r e s u l t s .  A  d i r e c t  compari- CHARLES RIYLR CD HILLTOP dl JTAR 
son of  embryo1 e t h a l  i ty was performed t o  
e s t a b l i s h  whether r a t  s t r a i n ,  o r  some o the r  ( p C i  I kg BODY WT.) - 14 DG - 20DG 14 DG 20 DG - -  
unrecognized f ac to r ,  was r espons ib l e  f o r  t h e  

0 -- 2145 - -  
d i ff erences . 2 142 

Pregnant r a t s ,  f rom t imed matings, were 
purchased f rom t h e  two vendors. A f t e r  
9 days o f  g e s t a t i o n  (dg) ,  t h e  r a t s  were 
i n j e c t e d  i n t r avenous l y  w i t h  10 o r  40 pCi /kg 
o f  a  monomeric 239Pu o r  w i t h  an i d e n t i c a l  
c i  t r a t e  s o l u t i o n  n o t  c o n t a i n i n g  239Pu. Some 
r a t s  f rom t h e  40 pCi /kg group were k i l l e d  a t  
14 dg and t h e  remain ing r a t s  f rom a l l  groups 
were k i l l e d  a t  20 dg. To ta l  fe tuses and 
dead f e t uses  were counted f o r  c a l c u l a t i o n  of 
m o r t a l i t y  (Tab le  12.3). 

The lower dose, 10 pCi/kg, d i d  n o t  i n -  
crease m o r t a l i t y  above c o n t r o l  l e v e l s  i n  
e i t h e r  s t r a i n ,  i n  keeping w i t h  pas t  r e s u l t s .  
The h i ghe r  dose, 40 pCi/kg, k i l l e d  about 

2/3 o f  t h e  fetuses o f  t h e  CD s t r a i n  a t  bo th  
t imes o f  observat ion,  a l s o  r e p l i c a t i n g  
e a r l i e r  f i n d i n g s .  There was a  s i g n i f i c a n t  
d iscrepancy between t h e  m o r t a l i t i e s  seen a t  
14 and 20 dg w i t h  t h e  r a t s  o f  Wis ta r  de r i va -  
t i o n .  It should be noted t h a t  t h e  39% mor- 
t a l i t y  a t  20 dg f o l l o w i n g  t h i s  dose i s  sub- 
s t a n t i a l l y  h i ghe r  than  observed i n  e a r l i e r  
experiments o r  i n  subsequent experiments 
(see below). Never theless,  t h e  p rena ta l  



m o r t a l i t y  va lues f o r  t he  Wis ta r  r a t s  were 
bo th  s i g n i f i c a n t l y  l e s s  than  f o r  t he  CD, 
l ead ing  t o  t he  conc lus ion  t h a t  t he re  a r e  
marked d i f f e rences  i n  t h e  embryo1 e t h a l  i t y  
response o f  t h e  two s t r a i n s  t o  2S9Pu a t  
9 dg. 

These r e s u l t s  l e d  t o  i n q u i r i e s  i n t o  t h e  
responses o f  o t h e r  s t r a i n s .  Rats o f  t he  
F i sche r  s t r a i n  ( H i l l t o p  Farms) were i n j e c t e d  
s i m i l a r l y  w i t h  0, 18, o r  36 uCi /kg  o f  a  
monomeric 239Pu s o l u t i o n .  

The 100% m o r t a l i t y  observed i n  t h e  
F i sche r  f e t uses  a t  20 dg, a f t e r  36 uCi/kg, 
was s i g n i f i c a n t l y  g rea te r  than  t h e  m o r t a l i t y  
observed i n  t h e  Wis ta r  s t r a i n .  A d d i t i o n a l  
F i s che r  s t r a i n  animals were i n j e c t e d  w i t h  
t h i s  and w i t h  lower  doses t o  v e r i f y  and 
extend t h i s  f i n d i n g  (Table 12.4). There 
was an inc rease  i n  m o r t a l i t y  w i t h  increased 
dose, t he  r e s u l t s  demonstrat ing a  much 
g rea te r  s e n s i t i v i t y  t o  e m b r y o l e t h a l i t y  i n  
t h e  F i sche r  r e l a t i v e  t o  t h e  Wis ta r  r a t s ,  
and suggest ing a  g rea te r  s e n s i t i v i t y  than 
t h a t  observed i n  t he  e a r l i e r  experiments 

w i t h  Charles R i ve r  CD r a t s .  These d i f f e r -  
ences may p rov i de  t h e  bas is  f o r  a  model 
system t o  eva lua te  t h e  mechanisms i nvo l ved  
i n  embryo le tha l i t y  f o l l o w i n g  239Pu i n j e c t i o n .  

TABLE 12.4. Prenata l  M o r t a l i t y  (Dead/ 
T o t a l )  a t  14 and 20 Days o f  Ges ta t ion  
Fo l low ing  I n j e c t i o n  o f  Monomeric 2 3 9 P ~  
a t  9 Days o f  Ges ta t ion  i n  H i l l t o p  Wis ta r  
and H i l l t o p  F i sche r  Rats. 

" ~ ~ ~ ~ T ~ D 9 p u  HILLTOP F l  SCHEK HILLTOP WI STAR 

( ~ c i  I kg BODY WT. I 14 DG 20 DG 14 DG 20 DG -- -- 

MOBILIZATION OF PLUTONIUM BURDENS DURING PREGNANCY 
. 

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

P. L. Hacket t ,  D. D. Mahlum, and M. R. Sikov 

Technical  Assis tance:  

J. 0. Hess, M. J. Kujawa, and M. J. Conger 

The m o b i l i z a t i o n  and d i s t r i b u t i o n  o f  p r e v i o u s l y  depos i ted  239Pu was compared i n  pregnant  

r a t s  (15 and 20 days o f  g e s t a t i o n )  and nonpregnant c o n t r o l s .  Pregnancy had l i t t l e  e f f e c t  on 

239Pu t i s s u e  burdens and o n l y  minimal a c t i v i t y  appeared i n  t h e  f e t o p l a c e n t a l  u n i t .  Marked 

d i f f e rences  were observed i n  t r a c e r  45Ca d e p o s i t i o n  p a t t e r n s  between t h e  exper imenta l  groups. 

Pregnancy, and e s p e c i a l l y  l a c t a t i o n ,  l e v e l s  and i t s  a v a i l a b i l i t y  t o  t h e  f e t op l a -  
mob i l i zes  maternal  ca lc ium s to res .  It cen ta l  u n i t .  
seemed poss i b l e  t h a t  p lu ton ium migh t  a l s o  
be mob i l i zed  du r i ng  ges ta t i on .  Experiments ~n  a  p r e l i m i n a r y  experiment, 15 female 
were performed t o  determine t he  e f f e c t s  o f  r a t s  were i n j e c t e d  w i t h  5  L IC~ o f  monomeric 
pregnancy on predeposi ted t i s s u e  239Pu 2 3 9 P ~  and p laced i n  metabol ism cages fo r  



excre ta  c o l l e c t i o n .  E i gh t  days l a t e r ,  they  
were p laced  w i t h  males i n  s tandard cages 
f o r  36 h r ,  d u r i n g  which t ime e i g h t  females 
became pregnant. A1 1 females were then 
re tu rned  t o  t he  metabol ism cages. A t  
20 days o f  g e s t a t i o n  (dg) ,  t h e  pregnant 
r a t s ,  toge ther  w i t h  t h e  nonpregnant r a t s ,  
which served as con t ro l s ,  were k i  11 ed and 
t i s s u e s  taken f o r  r ad i oana l ys i s .  

There were no marked d i f f e r e n c e s  between 
t h e  2 3 9 P ~  l e v e l s  o f  t h e  pregnant  and non- 
pregnant  animals (Table 12.5), a1 though t h e  
r e s u l t s  suggested t h a t  pregnancy may have 
caused some t r a n s l o c a t i o n  f rom ske le ton  t o  
l i v e r .  To examine t h i s  i n  more d e t a i l ,  
30 female r a t s  were i n j e c t e d  w i t h  5 uCi o f  
monomeric 2 3 9 P ~  and he ld  f o r  4 wk. A t  t h i s  
t ime  20 animals were mated (vag ina l  smear 
p o s i t i v e  f o r  sperm = 0 dg) and 10 animals 
were designated as nonpregnant c o n t r o l s .  
A t  14 and 19 dg, 10 pregnant  and f i v e  
non regnant  r a t s  were i n j e c t e d  w i t h  5 pCi 
o f  !5Ca and s a c r i f i c e d  24 h r  l a t e r  (15 o r  
20 dg). Excreta were c o l l e c t e d  du r i ng  t h e  
l a s t  20 exper imenta l  days. Maternal  and 
f e t a l  t i s s u e  r a d i o a c t i v i t y  l e v e l s  were 
determined by means o f  1 i q u i d  s c i n t i l l a t i o n  
count ing.  

TABLE 12.5. E f f e c t  o f  Pregnancy on t h e  
Metabol i sm o f  Prev ious1 y Deposited 
rlonomeric Plutonium 

EXCRETA 
OR T ISSUE 

LIVER 

K l DNEY 

FEMUR 

CARCASS 

FECES 

U R I N E  

% OF INJECTED DOSE 

CONTROL PREGNANT -- 

2.46 3.52 

0.17 0.17 

3.18 2. fd 

75.4 74.9 

23.2 19.7 

2.43 2.61 

Pregnancy was assoc ia ted  w i t h  a s i g n i f i -  
can t  decrease i n  plasma and s k e l e t a l  45Ca 
values a t  20, b u t  n o t  a t  15 dg. The l e v e l s  
o f  239Pu i n  plasma and i n  t h e  s k e l e t a l  
elements examined were n o t  s i g n i f i c a n t l y  
a f f e c t e d  by pregnancy a t  e i t h e r  t ime  
(Table 12.6). Ne i t he r  t h e  45Ca nor  2 3 9 P ~  
concent ra t ions  measured i n  s o f t  t i s sues ,  
such as t h e  spleen, ova r i es  and mammary 

TABLE 12.6. Percentage o f  Adminis tered Dose 
per  Gram Tissue ( i  + SEM). 

15 DG 20DG 

TISSUE CONTROL PREGNANT CONTROl -- PREGNANT 

% PLASMA 

LIVER 

UTERUS 

DECIDUA 

SKULL 

CALVARI UM 

VERTEBRAE 

RIBS 

UPPER INCISOR 

LOWER INCISOR 

MANDIBLE 

FEMUR 

239p.u. PLASMA 
~- ~ 

LIVER 

UTERUS 

DECIDUA 

SKULL 

VERTEBRAE 

Rl BS 

UPPER INCISOR 

LOWER INCISOR 

MANDIBLE 

FEMUR 

 VALUES I N  THE SAME ROW WITH DIFFERENT EITERS ARE SIGNIFICANTLY DIFFERENT IP ,  0.051 



glands, showed apprec iab le  d i f f e rences  
between c o n t r o l  and pregnant animals. The 
hepa t i c  va lues f o r  2 3 9 P ~  were h i ghe r  i n  
pregnant  than i n  nonpregnant animals, 
a l though t h e  d i f f e r e n c e  was s i g n i f i c a n t  
o n l y  a t  15 dg. The e f f e c t s  o f  pregnancy on 
45Ca and 2 3 9 P ~  concen t ra t i on  i n  t h e  u te rus  
and decidua a r e  p robab ly  due t o  marked 
growth and f l u i d  accumulat ion. 

The f e t u s  showed a marked a v i d i t y  f o r  
45Ca a t  20 b u t  n o t  15 dg, r e f l e c t i n g  o s s i f i -  
ca t i on ,  a1 though n e i t h e r  t h e  t o t a l  a c t i v i t y  
n o r  concen t ra t i on  i n  t h e  membranes o r  p l a -  
centa d i f f e r e d  by more than  a f a c t o r  o f  two 
between t h e  two stages (Table 12.7). The 
t o t a l  2 3 9 P ~  a c t i v i t y  i n  t h e  f e t u s  increased 
somewhat between 15 and 20 dg a l though t h e  
concent ra t ion  decreased. The t o t a l  a c t i v i t y  
(and concent ra t ion)  i n  t h e  p l acen ta  a l s o  
increased between 15 and 20 dg and were 
s u b s t a n t i a l l y  g r e a t e r  than those i n  t h e  
f e t u s  a t  bo th  t imes. A s i m i l a r  r e l a t i o n s h i p  
pe r t a i ned  i n  t h e  f e t a l  membranes, a l though 
t he  abso lu te  va lues were much h igher .  
These pa t t e rns  were i d e n t i c a l  t o  those 
p r e v i o u s l y  seen f o l  l ow ing  i n j e c t i o n  o f  
239Pu a t  these t imes o f  ges ta t i on ,  a l though 
t h e  a c t i v i t i e s  i n  t h e  p resen t  s tudy  were 
markedly less ,  r e f l e c t i n g  t he  low l e v e l s  of 
2 3 9 P ~  mob i l i zed .  Th i s  would suggest t h a t  

TABLE 12.7. P a r t i t i o n  o f  45Ca and 2 3 9 P ~  
W i t h i n  t he  Fe top lacen ta l  U n i t s  (mean % 
o f  dose pe r  s t r u c u t r e  [x103]  c SEM). 

4 5 ~ a  
- -- -- 

239 P u - - -- - . - 

TISSUE 
--- 

15 D L  20 OG I 5  D L  20 DG -- 

PLACENTA 11.8 + 0.71 14 7 + 0.59 0 75 + 0.W 2.84 + 0.19 

MEMBRANES 3 4 1  + 0 15 &40+ O.a0 1.59 + 0.14 1 2 6 +  0.81 

FETUS 14.7 + 0.59 3880 + 211 0.14 + 0.02 0.88 + 0.16 

p redepos i ted  2 3 9 P ~  poses a min imal  hazard 
t o  t h e  conceptus. 

We may ca l cu l a te ,  assuming an average 
l i t t e r  s i z e  o f  10, t h a t  o n l y  0.2% o f  t h e  
o r i g i n a l  2 3 9 P ~  dose i s  incorpora ted  i n t o  
t h e  products o f  concept ion a t  20 dg; t h i s  
corresponds t o  o n l y  about 0.001% i n  each 
fe tus .  Al though pregnancy may produce 
minimal mobi 1 i z a t i o n  and t r a n s l o c a t i o n  o f  
2 3 9 P ~ ,  t h e  magnitude o f  any changes i n  
maternal  s k e l e t a l  burden a t  these stages o f  
g e s t a t i o n  i s  t o o  low t o  be de tec tab le .  



LATE EFFECTS O F  239Pu ADMINISTERED AT REPRESENTATIVE 
STAGES O F  GESTATION 

I nves t i ga to rs :  

F. D. Andrew and M. R. Sikov 

Technical Assistance: 

L. F. Haug and J. 0. Hess 

The pro toco l  f o r  a systematic comprehensive study o f  the  i n f l uence  o f  prenatal  exposure on 

the  tumorigenic and o the r  adverse e f f e c t s  o f  239Pu i s  described. The study has been i n i t i a t e d ,  

a l l  animals have been weaned, and postnatal  f unc t i on  i s  being evaluated, a1 though r e s u l t s  a re  

n o t  y e t  ava i lab le .  

Previous studies i n  t h i s  labora tory  have 
provided extensive data i n d i c a t i n g  t h a t  
there  a re  age-related d i f fe rences i n  t he  
long-term responses t o  p lutonium (239Pu) 
i n j e c t i o n . .  Since these e a r l i e r  s tud ies  d i d  
n o t  i nc lude  l i f e - span  evaluat ions f o l l o w i n g  
exposure dur ing  e a r l y  gestat ion,  such 
s tud ies  have been i n i t i a t e d .  These inc lude 
estimates o f  r a d i a t i o n  dosimetry obtained 
f rom concurrent  d i s t r i b u t i o n  studies,  and 
eva luat ion  o f  e f f e c t s  on pe r i na ta l  growth, 
f unc t i ona l  c a p a b i l i t i e s ,  tumor inc idence 
and su rv i va l  times. 

Pregnant Wistar  r a t s  were i n j e c t e d  
in t ravenous ly  on days 9, 15, o r  19 o f  
ges ta t i on  (dg) w i t h  2 3 9 P ~  c i t r a t e  prepara- 
t i o n s  t o  g i ve  dose l e v e l s  o f  0, 0.3, 3, o r  
30 pCi/kg, according t o  t he  ma t r i x  shown i n  
Table 12.8. These dosages ranged from a 
th resho ld  l e v e l  f o r  e f f e c t  t o  approximately 
t he  maximum t o l e r a t e d  l e v e l  f o r  normal 
l i t t e r  s ize.  Based on s t a t i s t i c a l  consid- 
e ra t ions ,  previous experience i n  t h i s  
1 aboratory and p r a c t i c a l  husbandry con- 
s t r a i n t s ,  a group s i ze  o f  56 animals 
(approximately 1 : 1, ma1e:femal e )  was se- 
l e c t e d  f o r  each o f  t he  12 o f f s p r i n g  groups. 
A d u l t  groups were der ived e m p i r i c a l l y  from 
t h e  requirement o f  a t  l e a s t  seven l i t t e r s  
per group. Add i t iona l  rep1 i ca tes  received 

TABLE 12.8. Experimental Ma t r i x  and 
Group Size 

DOSE IpCi I k q I  
0 a3 3 30 -. 

ACE AT INJECTIDN NUMBER RATS ICROUP 

D C 9  a 28 27 29 21 

ADULT 

239Pu according t o  t he  ma t r i x  regimen and 
were s a c r i f i c e d  a t  i n t e r v a l s  f o r  rad ioana ly -  
s i s  and autoradiography t o  e s t a b l i s h  t h e  
dosimetry f o r  t a r g e t  t i ssues o f  t h e  adu l t ,  
o f f s p r i n g  and fe top lacenta l  u n i t  (FPU) . 

Several parameters were measured f o r  
assessment o f  e f f e c t s  on reproduct ion  and 
pe r i na ta l  su rv i va l .  Dams were weighed a t  
i n t e r v a l s  throughout ges ta t i on  t o  t e s t  f o r  
maternal t o x i c i t y .  A t  b i r t h  and on post-  
na ta l  days 4 and 7, l i t t e r  s i z e  was deter -  
mined and reduced, i f  necessary, t o  12, 10, 



and 8, r e s p e c t i v e l y .  Rate o f  pos tna ta l  
growth was f o l l owed  t o  determine t h e  degree 
o f  embryo tox ic i  ty. Su rv i v i ng  o f f  sp r i ng  were 
ma in ta ined  w i t h  t h e i r  mothers and were 
weighed p e r i o d i c a l l y  f rom day 4 u n t i l  day 21, 
when they  were weaned and marked t o  i n d i c a t e  
dosage group, day o f  exposure and i n t r a s i b -  
1 i n g  i d e n t i f i c a t i o n .  

I n j e c t e d  dams a r e  housed 8-10Idosage 
grouplcage, w h i l e  t h e i r  o f f s p r i n g  a r e  housed 
3-5 1 i ttermates/sex/cage. A1 1 animal s  a r e  
weighed and examined a t  l e a s t  once pe r  
month, and h a l f  o f  each group w i l l  r e c e i v e  a 
hematologica l  eva l ua t i on  every 6 months; 
o t h e r  f u n c t i o n a l  m o d a l i t i e s  w i l l  be eva lu -  
a t e d  p e r i o d i c a l l y .  The r e s u l t s  o f  these 
examinations may suggest o t h e r  f u n c t i o n a l  

a l t e r a t i o n s  t o  be q u a n t i f i e d  a t  o r  p r i o r  t o  
s a c r i f i c e ,  such as immunological competence 
o r  b lood and t i s s u e  enzyme l e v e l s .  

Tumor appearance and general  growth and 
s u r v i v a l  w i  11 be moni t o r e d  throughout  t h e  
na tu ra l  1  i f e  span w i t h o u t  i n t e r v e n t i o n ,  
except  f o r  s u r g i c a l  removal o f  mamnary 
tumors as soon as they  a re  de tec ted  i n  any 
group. Moribund animals w i l l  be s a c r i f i c e d  
p r i o r  t o  death. Organ weights w i l l  be 
obta ined a t  necropsy whenever poss ib le .  
Organs showing gross path01 ogy wi 11 be 
s t ud i ed  mic roscop ica l  ly .  A r ep resen ta t i ve  
sample o f  r a t s  o f  each sex f rom each group 
w i l l  r e c e i v e  a more ex tens ive  postmortem 
ana lys is ,  i n c l u d i n g  whole-body rad iography  
and r a d i o a n a l y s i s  of index  t i s sues .  



POSTNATAL DEVELOPMENT O F  THE RAT 'THYROID GLAND 

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

J. L. Danie l ,  Jr . ,  M. Goldman, D. D. Mahlum and M. R. Sikov 

The pos tna ta l  development o f  t he  r a t  t h y r o i d  g land  i s  being s t ud i ed  h i s t o l o g i c a l l y  and by 

autoradiography a f t e r  t r i t i a t e d  thymidine i n j e c t i o n .  The second week o f  l i f e  appears t o  be 

t h e  p e r i o d  o f  g r e a t e s t  c e l l  p r o l i f e r a t i o n  and growth o f  f o l l i c l e s .  I t appears t h a t  new 

f o l l i c l e s  a r e  formed by subd i v i s i on  o f  e x i s t i n g  f o l l i c l e s ,  as w e l l  as by o r g a n i z a t i o n  o f  

i n t e r f o l l i c u l a r  c e l l s  i n t o  new f o l l i c l e s .  

Prev ious s t ud i es  have demonstrated t h a t  
t h e r e  a r e  qua1 i t a t i v e  and q u a n t i t a t i v e  
d i f f e r e n c e s  between t h e  responses of juve-  
n i l e  t h y r o i d  g lands and those o f  t h e  a d u l t  
t o  incorpora ted  l 3 l I .  S ince i t  has been 
pos tu l a t ed  t h a t  d i f f e rences  i n  growth and 
c e l l  pro1 i f e r a t i o n  c o n t r i b u t e  t o  t h e  
observed e l eva ted  s e n s i t i v i t y  i n  j u ven i l es ,  
t h e  response of these f ac to r s  t o  i r r a d i a -  
t i o n  a r e  be i ng  evaluated.  S tud ies  t o  
d e f i n e  base l i ne  development i n  unexposed 
r a t s  have been completed. 

Groups o f  r a t s ,  each compr is ing  two 
l i t t e r s ,  were i n j e c t e d  i n t r a p e r i t o n e a l l y  
( i . p . )  a t  < 1, 7, 14, and 21 days o f  age 
w i t h  1  uCi /g body we igh t  t r i t i a t e d  thymi-  
d ine .  S e r i a l  s a c r i f i c e  o f  one r a t  f rom 
each l i t t e r  occurred a t  112, 1, 2, 3, 5, 
7-114, 9-1/2, 12, 24, and 48 h r  p o s t i n j e c -  
t i o n .  Rats o f  another  s e r i e s  (0, 6, 13, 
21 days of age and a d u l t )  rece ived  f i v e  
i n j e c t i o n s  o f  0.4 uC i /kg  a t  5-hr i n t e r v a l s .  
They were k i l l e d  a t  1  h r  f o l l o w i n g  t h e  l a s t  
i n j e c t i o n .  The t h y r o i d  g lands a t tached t o  
t h e  t rachea were removed, f i x e d ,  and auto-  
radiographs prepared. They were evaluated 
h i s t o l o g i c a l l y  and enumera t i ve ly  i n  two 
p lanes:  one a long  t h e  l onges t  chord o f  t h e  
g land  and t h e  o t h e r  a long  t h e  l onges t  chord 

a t  r i g h t  angles t o  t h e  f i r s t .  F o l l i c l e  
s i z e  and c e l l s  pe r  f o l l i c l e  were recorded, 
t oge the r  w i t h  t h e  number o f  l abe led  and 
un labe led  c e l l s ,  and t h e i r  l o c a t i o n s .  

Due t o  t he  in f requency  of l abe led  mi toses,  
and t o  v a r i a t i o n s  i n  g r a i n  counts w i t h  t ime  
p o s t i n j e c t i o n ,  v a l i d  c a l c u l a t i o n s  o f  c e l l -  
c y c l e  k i n e t i c s  were n o t  poss i b l e .  Other  mea- 
sures, however, a re  p r o v i d i n g  some i n t e r e s t -  
i n g  i n s i g h t s  i n t o  t h e  pos tna ta l  development 
o f  t h e  t h y r o i d  gland. The deve lop ing  g land 
con ta ins  groups o f  c e l l s  between t h e  f o l l i -  
c les ;  these i n t e r f o l l  i c u l a r  c e l l s  ( IFC) a r e  
d i s t i n c t  f rom t h e  so - ca l l ed  i n t e r f o l l i c u l a r  
c e l l s  pos tu l a t ed  t o  be assoc ia ted  w i t h  
t hy roca l  c i  t o n i n  s e c r e t i o n  i n  adu l t s .  I t  i s  
thought  t h a t  these IFCs o rgan ize  i n t o  f o l l i -  
c les ,  which seems t o  be conf i rmed by  t h e i r  
h i s t o l o g i c  appearance i n  t h i s  s tudy.  The 
percentage o f  t h e  IFC and f o l l i c l e  c e l l  (FC) 
popu la t ions  1  abel ed a r e  t h e  same, suggest ing 
t h a t  t hey  a r e  o f  t h e  same o v e r a l l  popu la t ion .  
The t o t a l  thymid ine  i nco rpo ra ted  pe r  IFC, as 
i n d i c a t e d  by g ra i ns  per  c e l l ,  i s  g r e a t e r  
than pe r  FC, i n d i c a t i n g  nuc l ea r  d i f fe rences .  
Also, t he re  i s  h i s t o l o g i c  ev idence t h a t  
f o l l i c l e s  invag ina te ,  fo rm connec t i ve  t i s s u e  
br idges,  and bud i n t o  two o r  more f o l l i c l e s ;  
t h i s  was most no tab le  i n  t h e  two youngest 



groups. Th i s  observa t ion  i n d i c a t e s  t h a t  t h e  
o r g a n i z a t i o n  o f  IFCs i n t o  f o l l i c l e s  i s  n o t  
t h e  s o l e  process f o r  inc rease  i n  f o l l i c l e  
number. 

There i s  a  good c o r r e l a t i o n  between t h e  
mean area and mean number o f  c e l l s  per  f o l -  
l i c l e ;  bo th  measures show a  p ropo r t i ona l  
i n c rease  w i t h  age, i n d i c a t i n g  t h a t  c e l l  
p r o l i f e r a t i o n  i s  t h e  p r imary  mechanism f o r  
s i z e  inc rease  (F i gu re  12.1). Growth i s  n o t  
progressive,  however, s i z e  remain ing 

unchanged f o r  t he  f i r s t  few days o f  age and 
growth r a t e  d im in i sh i ng  a f t e r  about 2  wk o f  
age. P r o l i f e r a t i o n ,  i n d i c a t e d  by  t h e  per -  
cen t  o f  f o l l i c l e s  o r  FC labe led ,  f o l l o w s  t h e  
same general  p a t t e r n  (F i gu re  12.2). Again, 
p r o l i f e r a t i o n  i s  low soon a f t e r  b i r t h ,  r i s e s  
t o  a  peak i n  t h e  second week o f  1  i f e ,  and 
f a l l s  t h e r e a f t e r .  A1 though s u r p r i s i n g ,  i t  
thus appears t h a t  c e l l  p r o l i f e r a t i o n  and 
t h y r o i d  growth i s  r e l a t i v e l y  low i n  t he  
neonata l  per iod ,  reaches a  peak about  a  week 
a f t e r  b i r t h ,  and decreases t h e r e a f t e r .  
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FIGURE 12.1. Growth o f  Thyro id  F o l l i c l e s  i n  t h e  Postpartum 
Rat, Expressed as Mean Areas and C e l l s  per  F o l l i c l e  
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FIGURE 12.2. Percent  o f  Thy ro i d  F o l l i c l e s  and F o l l i c l e  C e l l s  
Showing Auto rad iograph ic  Label A f t e r  I n j e c t i o n  o f  T r i t i a t e d  
Thymidine. 



DEPOSITION A N D  RETENTION O F  INHALED 2 3 9 P ~ 0 2  AEROSOLS 
I N  NEWBORN A N D  ADULT RATS 

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

M. R. Sikov,  W. C. Cannon, R. L. Buschbom and D. D. Mahlum 

Technical  Assis tance:  

E. F. B lanton,  M. J. Conger, J. 0. Hess and M. J. Kujawa 

A d u l t  and newborn r a t s  were exposed t o  2 3 9 P ~ 0 2  aeroso ls  o f  f o u r  d i f f e r e n t  s i z e  d i s t r i b u -  

t i o n s .  Rats o f  bo th  ages were k i l l e d  a t  i n t e r v a l s  between 1 h r  and 60 days postexposure. 

There were marked age- and p a r t i c l e - r e l a t e d  s i z e  d i f f e r e n c e s  i n  depos i t i on ,  a l t hough  r e t e n t i o n  

was s i m i l a r  throughout .  The d i f f e r e n c e s  i n  d e p o s i t i o n  a r e  a t t r i b u t a b l e  t o  r e l a t i v e l y  g rea te r  

d e p o s i t i o n  o f  l a r g e r  p a r t i c l e s  i n  t h e  upper r e s p i r a t o r y  t r a c t s  o f  newborns. 

The b i o l o g i c a l  d i s p o s i t i o n  and e f f e c t s  o f  
n j ec ted  p lu ton ium vary  w i t h  age, and a re  

.e lated t o  t h e  morphologic  and b iochemical  
development o f  t h e  organism. S tud ies  were 
performed t o  determine whether t h e  deposi -  
t i o n  and t r a n s l o c a t i o n  o f  i nha led  p lu ton ium 
a l s o  change w i t h  t h e  age o f  t h e  animals. 

A i r  con ta i n i ng  an aerosol  o f  239Pu d i o x i d e  
was drawn th rough an Andersen cascade impac- 
t o r .  The p a r t i c l e s  were c o l l e c t e d  and 
resuspended f rom f o u r  s tages t o  g i v e  d i f f e r -  
e n t  s i z e  d i s t r i b u t i o n s  cha rac te r i zed  by t h e i r  
a c t i v i t y  median aerodynamic d iameter  (AMAD). 
Aerosols  were generated by n e b u l i z i n g  each 
suspension and were used t o  expose 35 a d u l t  
and 35 1-day-old r a t s  i n  ou r  s tandard expo- 
sure  f a c i  1  i ty w i t h  app rop r i a t e  m o d i f i c a t i o n s  
f o r  t h e  newborns. F i l t e r  paper and cascade 
impactor  samples were taken d u r i n g  exposure 
t o  determine concent ra t ions  and p a r t i c l e  
s i z e  d i s t r i b u t i o n s ,  r e s p e c t i v e l y  (Table 12.9). 
F i ve  o r  s i x  r a t s  from each age and p a r t i c l e  
s i z e  group were k i l l e d  a t  1 h r  and 1, 4, 12, 
29, and 60 days a f t e r  exposure and severa l  
t i s s u e s  taken  f o r  r ad i oana l ys i s .  A tangen- 
t i a l  cross s e c t i o n  of t h e  l e f t  l ung  a t  
t h e  entrance of t he  bronchus was prepared 
f o r  autoradiography.  To compensate f o r  

concen t ra t i on  d i f f e r e n c e s  between exposures 
and a t  d i f f e r e n t  l e v e l s  w i t h i n  t h e  chamber, 
a l l  r a d i o a n a l y t i c  va lues were norma l i zed  t o  
a u n i t  exposure concen t ra t i on  o f  20 nCi11. 

TABLE 12.9. E f f e c t  o f  AMAD on Percentage 
A l v e o l a r  Depos i t i on  i n  Newborn and A d u l t  
Rats Exposed t o  2 3 9 P ~ 0 2  Aerosol .  

% ALVEOLAR DEPOSITION 

AMAD (pm) NEWBORN ADULT 

The r e t e n t i o n  curves f o r  t h e  a d u l t s  were 
g e n e r a l l y  s i m i l a r  t o  those  observed i n  o t h e r  
experiments ( E i  u r e  12.3) and conform t o  t h e  
model: y  = ae84, where y = nC i l l ung ,  t = 
days postexposure, a i s  t h e  0 t ime  i n t e r -  
cep t  on t h e  Y-axis  and 8 i s  t he  s lope.  
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FIGURE 12.3. Depos i t i on  and Re ten t i on  o f  
-pu02 A f t e r  Exposure o f  Newborn and 
A d u l t  Rats t o  Aerosols  o f  D i f f e r e n t  AMADs. 
Mean values (normal i zed t o  aeroso l  concen- 
t r a t i o n  o f  20 nC i lR)  and bes t  f i t  l i n e s  
t o  a  y  = a e e t  model a r e  shown. 

ca tego r i es  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
a t  t h e  0.05 1  eve1 , no r  a r e  t h e  B es t imates  
between a d u l t s  and newborns. . The re  were 
d i f f e r e n c e s  i n  i n i t i a l  depos i t i on  ( a )  which 
r e s u l t e d  i n  d isp lacement  o f  t h e  r eg ress i on  
l i n e s  on t h e  Y-axis. The l i n e s  f o r  t h e  
a d u l t  groups w i t h  AMAOs o f  1.1 and 1.4 pm 
a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  n o r  a re  
those f o r  t h e  newborn groups w i t h  AMADs o f  
2.4 and 3.0 pm. A l l  o t h e r  l i n e s  a r e  s i g n i f i -  
c a n t l y  d i f f e r e n t  f rom each o the r  a t  t h e  0.05 
l e v e l  o f  s i g n i f i c a n c e .  

Most o f  t h i s  100 - f o l d  d i f f e r e n c e  i n  
burden i s  a t t r i b u t a b l e  t o  d i f f e r e n c e  i n  t h e  
s i z e  o f  t h e  l u n g  a t  t h e  two ages. When t h e  
da ta  a t  e a r l y  postexposure t imes a r e  ca lcu-  
l a t e d  as concen t ra t i on  (pCi /g)  t o  r e f l e c t  
t h e  sma l le r  s i z e  o f  t h e  neonata l  l ung  t h e r e  
s t i l l  remains a  5- t o  1 0 - f o l d  d i f f e r e n c e ,  
which i s  g rea te r  a t  l a r g e r  AF1ADs. These 
d i f f e r e n c e s  a r e  p a r t i a l l y  exp la ined  by 
d i f f e r e n t i a l  d e p o s i t i o n  i n  t h e  upper p o r t i o n s  
o f  t he  r e s p i r a t o r y  t r a c t .  For example, t he  
i n i t i a l  concent ra t ions  i n  t h e  nasal  bones 
(presumably mucosal depos i t i on )  were approx i -  
mate ly  1  and 6% o f  t h e  l ung  concen t ra t i on  
w i t h  smal l  and l a r g e  p a r t i c l e s ,  r e s p e c t i v e l y ,  
i n  t h e  adu l t s .  I n  t h e  newborns t h e  cor res -  
ponding concent ra t ions  were 40 and 1200%. 
Examination o f  l ung  autoradiographs demon- 
s t r a t e s  o n l y  sma l l e r  p a r t i c l e s  i n  t h e  deep 
l u n g  o f  newborns, even w i t h  t h e  l a r g e r  AMAD 
values, w h i l e  t he  a d u l t  lungs con ta i n  a  
w ider  range o f  p a r t i c l e  s i zes .  

The percentage a l v e o l a r  d e p o s i t i o n  was 
c a l c u l a t e d  f rom t h e  aerosol  concen t ra t i on  by 
assuming a  minu te  volume o f  150 ml i n  t h e  
300-9 a d u l t s  and a  p ropo r t i ona l  4  ml i n  t h e  
8-9 newborns. (Table 12.9). There was 
about 10% a l v e o l a r  depos i t i on  i n  t h e  a d u l t s  
f o r  t h e  d i s t r i b u t i o n s  w i t h  an AMAD o f  
1.1 o r  1.4 pm, which dropped t o  5  a t  2.4 pm 
and t o  3.2 a t  3  pm. The 9% va lue  f o r  t h e  
sma l l es t  p a r t i c l e s  i n  t h e  newborns approx i -  
mates t h a t  f o r  t he  adu l t s ,  suggest ing t h a t  
t h e  assumed minute volumes a r e  reasonable. 
Percentage depos i t i on  decreased somewhat a t  
1.4 pm and even more sha rp l y  a t  2.4 pm and 
3  pm, r e f l e c t i n g  t h e  d i f f e r e n c e s  i n  upper 
r e s p i r a t o r y  depos i t i on .  

The newborns a l s o  f o l l o w  t h i s  model, b u t  
w i t h  a  marked d isp lacement  o f  t h e  sca le  on 
t h e  Y-axis. Est imates o f  8 ,  t h e  slope, 
among AMAD groups w i t h i n  a d u l t  and newborn 



MODIFYING RADIONUCLIDE EFFECTS 

Person i n  Charge: 5. 5. Mahlum 

Studies of r a d i o n u c l i d e  metabol ism and e f f e c t s  have u s u a l l y  employed a  s i n g l e  r ad i onuc l i de ,  

admin is te red  under c a r e f u l l y  c o n t r o l l e d  cond i t i ons .  Animals a re  supp l ied  adequate amounts o f  

a l l  e s s e n t i a l  n u t r i e n t s  and a r e  mainta ined i n  an environment o f  c o n t r o l l e d  temperature and 

humid i t y ;  o f t e n  a  pathogen-f ree s i t u a t i o n  i s  created.  These a r e  common and reasonable expe r i -  

mental p recau t ions  taken  t o  reduce e f f e c t s  f rom uncon t ro l l ed  va r i ab l es .  People who may be 

exposed t o  r ad i onuc l i des  do no t ,  however, l i v e  under such i d e a l  cond i t i ons .  They a r e  sub- 

j e c t e d  t o  many agents (ub iqu i tous ,  l o c a l ,  o r  se l f - imposed) and t o  a  v a r i e t y  o f  envi ronmenta l  

and h e a l t h  s i t u a t i o n s  which may i n f l u e n c e  t he  b i o l o g i c a l  d i s p o s i t i o n  and e f f e c t  o f  these 

rad i onuc l i des .  Examples i n c l u d e  suppressed o r  accentuated immunologic s t a t us ,  d i e t a r y  d e f i -  

c i e n c i e s  and excesses, use o f  drugs ( those  med i ca l l y  p resc r i bed  as w e l l  as those abused), 

normal v a r i a t i o n s  i n  hormonal s t a t e ,  i nadve r t en t  exposure t o  harmful agents i n  t h e  environment 

such as p e s t i c i d e s  and known carcinogens, and va r i ous  common phys iopa tho log ic  d i so rde rs .  The 

consequences o f  r ad i onuc l  i d e  exposure may e i t h e r  be exacerbated o r  amel i o ra ted ,  depending on 

t h e  c o n d i t i o n s  ex tan t ,  and i t  i s  p a r t i c u l a r l y  impor tan t  t h a t  we i n v e s t i g a t e  those t h a t  may 

inc rease  r a d i o t o x i c i  ty. 

Th i s  p r o j e c t  was t h e r e f o r e  designed t o  p rov i de  a  q u a n t i t a t i v e  assessment o f  t h e  i n f l u e n c e  

o f  va r i ous  agents and h e a l t h  s i t u a t i o n s  on t h e  b i o l o g i c a l  d i s p o s i t i o n  and r e s u l t i n g  e f f e c t s  o f  

impor tan t  r ad i onuc l i des .  The f o l l o w i n g  f a c t o r s  a r e  p r e s e n t l y  be ing  i nves t i ga ted :  

The i n f l u e n c e  o f  i r o n  reserves  on p lu ton ium metabol ism. I r o n  d e f i c i e n c y  i s  one o f  t h e  

most common n u t r i t i o n a l  d iseases o f  young c h i l d r e n  and women and exposure of t h i s  popu- 

l a t i o n  t o  p lu ton ium o r  o t h e r  r ad i onuc l i des  may r e s u l t  i n  e f f e c t s  n o t  found i n  i r o n -  

r e p l e t e  i n d i v i d u a l s .  

The response of t h e  mammary g land  and u te rus  t o  p lutonium. Data ob ta ined  thus f a r  show 

t h a t  pregnancy and l a c t a t i o n  inc rease  t h e  depos i t i on  and r e t e n t i o n  o f  p lu ton ium i n  t h e  

mammary g land and u te rus .  The e f f e c t  o f  pregnancy and l a c t a t i o n  on t he  response o f  

these t i s s u e s  t o  p lu ton ium w i l l  be evaluated,  us i ng  tumor igenesis  and rep roduc t i ve  

capac i t y  as i n d i c a t o r s .  

The e f f e c t s  o f  a l coho l  on t h e  metabol ism o f  p lu ton ium and o t h e r  r ad i onuc l  ides .  Alcohol  

i n g e s t i o n  r e s u l t s  i n  a  g r e a t  number o f  p h y s i o l o g i c  pe r t u rba t i ons ,  i n c l u d i n g  morphologic  

and f u n c t i o n a l  d is tu rbances  i n  t h e  l i v e r ,  as w e l l  as d is tu rbances  i n  i r o n  metabol ism. 

The use o f  a l coho l  by l a r g e  numbers o f  people and t he  r o l e  o f  1  i v e r  i n  t h e  metabol ism o f  

Pu and o t h e r  r ad i onuc l i des  suggest t h e  p o s s i b l e  importance o f  t h i s  f a c t o r  i n  rad ionu-  

c l i d e  t o x i c i t y .  



ABSORPTION OF PLUTONIUM IN THE IRON-DEFICIENT RAT 

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

H. A. Ragan 

Technical  Assis tance:  

M. J. Pipes, E. T. Edmerson, S. L. Eng l i sh ,  

M. C. Perk ins ,  and K. H. Debban 

I r o n  d e f i c i e n c y  d i d  n o t  enhance abso rp t i on  o f  p lu ton ium f o l l o w i n g  i n t r a g a s t r i c  gavage o f  

r a t s .  Absorp t ion  o f  p lu ton ium c i t r a t e  i n  bo th  c o n t r o l  and i r o n - d e f i c i e n t  r a t s  was about 

0.03% o f  t he  admin is te red  dose. 

Prev ious Annual Reports  (1973-1974) have 
descr ibed  t h e  enhanced abso rp t i on  and 
r e t e n t i o n  o f  p lu ton ium i n  i r o n - d e f i c i e n t  
mice, and t he  a l t e r e d  t i s s u e  d i s t r i b u t i o n  
o f  p lu ton ium i n  these animals f o l l o w i n g  
e i t h e r  i n t r a g a s t r i c  gavage o r  i n t r a p e r i -  
tonea l  i n j e c t i o n .  I n  a subsequent s tudy  
(Annual Report,  1975), i r o n - d e f i c i e n t  r a t s  
g iven  2 3 9 ~ u  c i t r a t e  by i n t r a p e r i t o n e a l  
i n j e c t i o n  were found t o  have p lu ton ium body 
burdens and t i s s u e  d i s t r i b u t i o n s  s i m i l a r  t o  
l i t t e r - m a t e  c o n t r o l  r a t s .  I n  a con t i nu -  
a t i o n  o f  these s tud ies ,  two groups o f  
weanl ing r a t s  were f e d  an i r o n - d e f i c i e n t  
d i e t  u n t i l  they  were about 70 o r  100 days 
of age. A t  t h a t  t ime  r a t s  were admin is te red  
f r e s h l y  prepared 239Pu c i t r a t e  (pH 3.5) by 
i n t r a g a s t r i c  gavage. One group (70 days o f  
age) was k i l l e d  48 h r  l a t e r ;  t h e  second 
group (100 days of age), 96 h r  l a t e r .  
L i t t e r m a t e s  ma in ta ined  on a c o n t r o l  d i e t  
were gavaged w i t h  p lu ton ium and k i l l e d  a t  
t h e  same t ime  as t h e  corresponding i r o n -  
d e f i c i e n t  group. 

CTables 13.1 and 13.2). T h i s  was t r u e  
regard less  o f  whether t h e  i r o n - d e f i c i e n t  
r a t s  had been on t h e  d i e t  l o n g  enough t o  
become anemic (100 days o f  age) o r  were 
nonanemic (70  days o f  age). Body- i ron 
s to res ,  as eva lua ted  by h is tochemica l  
s t a i n i n g  f o r  i r o n ,  were decreased i n  bo th  
groups compared t o  t h e  c o n t r o l  s. 

TABLE 13.1. Body Burdens o f  Plutonium 
Fo l low ing  Gavage o f  I r o n - D e f i c i e n t  and 
Cont ro l  Rats 

VOLUME 
BODY OF PACKED PERCENT OF 
WEIGHT RED CELLS ADMINISTERED 

GRWP n l g )  Iml1100ml)  DOSE 

IRON DEFlC IENT 10 246 * 13 43.7 * 2.0 0.0% * 0.011 

CONTROL 10 289 i 19 46.2 i 0.6 O.M6 i 0.020 

There 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  ' a ' ~ ~ ~ ~  WERE 70 DAYS OF ACE AT GAVAGE. AND WERE 

t h e  p lu ton ium body burdens o f  i r o n - d e f i c i e n t  KlLlED 48 hr LATER 
(MEAN i STD. ERROR Cf MEAN) 

r a t s  compared t o  t h e  c o n t r o l  groups 



TABLE 13.2. Body Burdens o f  Plutonium 
F o l l  owing Gavage o f  I r o n - D e f i c i e n t  and 
Cont ro l  Rats 

VOLUME 
BODY OF PACKED PERCENT OF 

WEIGHT RED CELLS ADMINISTERED 
CROUP n cm~~lmmi,-oos~- 

IRON DEFICIENT 10 2-91 * 13 32.5 i L9 0.030 * 0 . W  

CONTROL 10 260 i 11 44.1 i 0.4 0.026 i O.W 

' a ' ~ ~ ~ ~  WERE im DAYS a AGE AT GAVACE. AND WERE 
KILLED 96 hr LATER 
( M A N  + STD. ERROR Of M A N )  

From t h e  r e s u l t s  o f  these and t h e  pre-  
v ious  studies,  i t  appears t h a t  r a t s  and 
mice a re  d i s t i n c t l y  d i f f e r e n t  i n  regard  t o  
t h e  e f f e c t  o f  i r o n  d e f i c i e n c y  on t h e i r  
p lu ton ium absorp t ion  and r e t e n t i o n .  . These 
species d i f f e r e n c e s  a r e  n o t  e a s i l y  exp la i n -  
ed, bu t  a p t l y  i l l u s t r a t e  t h e  need f o r  data 
f rom severa l  animal species i n  t h e  est ima- 
t i o n  o f  human hazards. 

EFFECT O F  PREGNANCY A N D  LACTATION ON PLUTONIUM METABOLISM 

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

D. D. Mahlum, J. 0. Hess and M. R. Sikov 

Technical  Assis tance:  

M. J. Kujawa 

Nu l l ipa rous ,  pregnant  (19 days o f  ges ta t i on ) ,  and l a c t a t i n g  ( 1  day postpartum) r a t s  were 

i n t r avenous l y  i n j e c t e d  w i t h  monomeric p lu ton ium and t h e  t i s s u e  d i s t r i b u t i o n  determined a t  1  t o  

90 days a f t e r  i n j e c t i o n .  The concent ra t ions  o f  239Pu i n  t h e  mammary g land  and u te rus  were 

increased by pregnancy and l a c t a t i o n  w h i l e  t h e  s k e l e t a l  va lues were decreased. 

A  p r e l i m i n a r y  s tudy  (Annual Report, 1974) 
suggested t h a t  t h e  d e p o s i t i o n  o f  i n j e c t e d  
p lu ton ium i n  t h e  mamnary g land  and u te rus  
was a l t e r e d  by pregnancy and l a c t a t i o n .  I n  
t h e  p resen t  study, we determined bo th  t h e  
depos i t i on  and r e t e n t i o n  o f  239Pu i n  preg- 
nan t  and l a c t a t i n g  r a t s .  We a l s o  determined 
whether t h e  r e t e n t i o n  and t i s s u e  d i s t r i b u t i o n  
o f  239Pu were a1 t e r e d  by subsequent pregnancy 
and l a c t a t i o n .  

N u l l  iparous,  pregnant  (19 days of gesta- 
t i o n ) ,  and l a c t a t i n g  ( 1  day postpartum) 
r a t s  (40 lg roup)  were i n t r avenous l y  i n j e c t e d  

w i t h  5  uCi o f  239Pu c i t r a t e .  F i v e  r a t s  o f  
each group were k i  11 ed a t  1  , 7, 21 , and 
45 days a f t e r  i n j e c t i o n .  The remain ing 
animals were caged w i t h  un t r ea ted  males and 
bred u n t i l  approx imate ly  h a l f  o f  each group 
showed sperm i n  t h e  d a i l y  vag ina l  smears. 
F i v e  o f  t he  pregnant r a t s  from each group, 
a long w i t h  nonpregnant group mates, were 
k i l l e d  a t  20 days o f  g e s t a t i o n  o r  a t  14 days 
postpartum. A t  s a c r i f i c e  va r i ous  t i s sues ,  
i n c l u d i n g  t h e  mamnary g land and u te rus ,  were 
removed, weighed and analyzed f o r  239Pu 
con ten t .  



Pregnancy and l a c t a t i o n  resu l t ed  i n  an 
enhanced depos i t ion  o f  239Pu i n  t he  mammary 
gland (Figure 13. I ) ,  w i t h  concentrat ions 
highest  i n  the  l a c t a t i n g  group. Subsequent 
pregnancy and l a c t a t i o n  d i d  no t  have a major 
e f f e c t  on the  clearance o f  Pu from t h e  
mammary g l  and. 

Concentrations i n  the  u terus  a t  1 day 
p o s t i n j e c t i o n  were s i m i l a r  f o r  t he  th ree 
groups, bu t  a marked e f f e c t  o f  pregnancy and 
l a c t a t i o n  was seen subsequently (Figure 13.2) 

Although concentrat ions were s i m i l a r  a t  
1 day pos t i n jec t i on ,  t he  t o t a l  239Pu con- 
t e n t  o f  t he  uterus was s u b s t a n t i a l l y  h igher  
i n  t he  pregnant and l a c t a t i n g  animals 

because t h e i r  organ weights were l a rge r .  
Further examination revealed t h a t  t he  
n ida t i on  s i t e s  (areas o f  p lacenta l  a t tach-  
ment) i n  t he  pregnant and l a c t a t i n g  groups 
had concentrat ions several times t h a t  o f  
the  remaining u t e r i n e  t i ssue.  Both the  
n ida t i on  s i t e s  and the  u t e r i n e  segments 
between them re ta ined substant ia l  239Pu 
over the  course o f  t he  study. 

Femoral concentrat ions o f  2 3 9 ~ u  were a1 so 
a f fec ted  by pregnancy and l a c t a t i o n ,  w i t h  
the  concentrat ion i n  t he  nu l l i pa rous  r a t s  
being about 70% higher than i n  the  o the r  
groups. Subsequent pregnancy had very 
l i t t l e  e f f e c t  on the  femoral concentrat ions.  

* D G  DAYS OF GESTATION 
* *PP POSTPARTUM 

'**NP NONPREGNANT 

NULL1 PAROUS PREGNANT LACTATING 

FIGURE 13.1. Concentration o f  2 3 9 P ~  i n  the  Mammary Gland a f t e r  
I n j e c t i o n  i n t o  Nul l iparous,  Pregnant o r  Lac ta t ing  Rats. Numbers 
i n  bars i n d i c a t e  s a c r i f i c e  times. 

I DG DAYS OF GESTATION 
1.25 ** P P  POSTPARTUM 

* * * N P  NONPREGNANT 

NULL1 PAROUS PREGNANT LACTATING 

FIGURE 13.2. Concentration o f  239Pu i n  t he  Uterus a f t e r  I n j e c t i o n  
i n t o  Nul l iparous,  Pregnant o r  Lac ta t ing  Rats. Numbers i n  bars 
i n d i c a t e  s a c r i f i c e  times. 



GUT-RELATED RADIONUCLIDE STUDIES 

Person i n  Charge: M. F. S u l l i v a n  

This p r o j e c t  i s  concerned w i t h  the  f a t e  o f  ingested rad ionuc l ides  o r  o f  rad ionuc l ides  

t rans located t o  the  i n t e s t i n e  a f t e r  clearance from the lung. It i s  a l so  concerned w i t h  the  

e f f e c t s  o f  rad ia t i on ,  e i t h e r  f rom an i n t e r n a l l y  deposited rad ionuc l ide  o r  from an ex terna l  

source, on the  gas t ro in tes t i na l  t r a c t  and i t s  funct ions.  

Present emphasis i n  t h i s  p r o j e c t  i s  placed on measurement o f  the g a s t r o i n t e s t i n a l  absorp- 

t i o n  o f  the  a c t i n i d e  elements. I t has long been known t h a t  absorpt ion of p lutonium i s  r e l a -  

t i v e l y  h igher i n  the very young r a t .  We are now studying t h i s  phenomenon i n  guinea p igs  and 

swine neonates w i t h  106Ru-106Rh, and f i n d  even more markedly increased r e t e n t i o n  i n  the  

i n t e s t i n a l  mucosa o f  newborn swine. Guinea p igs  show r e t e n t i o n  i n  the  g a s t r i c  and i n t e s t i n a l  

mucosa bu t  the  r e t e n t i o n  i s  o f  shor ter  du ra t i on  than i n  r a t s  and swine. Absorption s tud ies  

i nvo l ve  both i nso lub le  oxide forms and more so lub le  n i t r a t e  and o rgan i ca l l y  complex forms. 

O f  p a r t i c u l a r  i n t e r e s t  a re  cu r ren t  experiments i nvo l v ing  metabol i c a l  l y  incorporated ac t i n i des  

from p l a n t  and animal sources. Informat ion from these studies w i l l  be o f  c r i t i c a l  importance 

i n  eva luat ing  the food-chain hazard f rom environmental ly dispersed ac t i n i des  over long per iods 

o f  t ime. 

Also included i n  t h i s  p r o j e c t  a re  s tud ies  o f  the e f f e c t s  o f  neutrons from spontaneously 

f i s s i o n i n g  cal i fornium-252 on normal t i ssues i n  both r a t s  and min ia ture  swine. The e f f e c t s  

on the  gas t ro in tes t i na l  and u r i n a r y  t r a c t s  are  o f  p a r t i c u l a r  concern i n  r a d i a t i o n  therapy, 

where c l i n i c a l  treatment f o r  cancer o f  the  c e r v i x  u t e r i  may r e s u l t  i n  exposure o f  these 

normal t issues.  



GASTROINTESTINAL ABSORPTION O F  TRANSURANIC 

ELEMENTS BY RATS 

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

M. F. S u l l i v a n  

Technical  Assis tance:  

A. L. Crosby and T. M. Graham 

Absorp t ion  o f  " o r g a n i c a l l y  bound" 233U and 241Am from g a s t r o i n t e s t i n a l  t r a c t s  o f  a d u l t  

r a t s  was t w i c e  t h a t  o f  t h e  i no rgan i c  n i t r a t e  form. There was no d i f f e r e n c e  between t r a n s p o r t  

o f  232U and 233U by a d u l t  r a t s ,  b u t  232U absorp t ion  by newborn r a t s  was f o u r  t imes t h a t  o f  

233U. Absorp t ion  o f  2 3 8 P ~  n i t r a t e  through t h e  g u t  o f  t h e  newborn i s  r e l a t i v e l y  i n s e n s i t i v e  

t o  dose b u t  i n c o r p o r a t i o n  i n  t he  g u t  mucosa sa tu ra tes  a t  h i g h  dose l e v e l s .  Absorp t ion  o f  

2 3 8 P ~  i s  g rea te r  a t  4  h r  o f  age than a t  24 h r .  

Data on t h e  absorp t ion  o f  237Np, 2 3 8 P ~ ,  
2 3 9 P ~ ,  and 241Pu by a d u l t  r a t s  were r epo r t ed  
i n  t h e  1975 Annual Report, a long  w i t h  i n f o r -  
mat ion  about t r a n s p o r t  o f  m e t a b o l i c a l l y  
i n co rpo ra ted  237Np n i t r a t e  and 238Pu n i t r a t e  
o r  ox ide.  The b i n d i n g  o f  237Np i n  animal 
t i s s u e  appeared t o  decrease absorpt ion,  b u t  
238Pu t r a n s p o r t  was increased s l  i g h t l y  i n  
m e t a b o l i c a l l y  incorpora ted  forms. Informa- 
t i o n  was a l s o  presented on t h e  e f f e c t  o f  age 
on t h e  c a p a b i l i t y  o f  t h e  i n t e s t i n e  o f  t h e  
newborn r a t  t o  absorb e i t h e r  2 3 7 N ~  o r  2 3 8 P ~  
and a l s o  on t h e  h i g h  q u a n t i t i e s  t h a t  a r e  
i nco rpo ra ted  i n t o  t he  mucosa o f  t h e  lower 
sma l l  i n t e s t i n e .  

I n  t h i s  r e p o r t  we p resen t  a d d i t i o n a l  da ta  
on t h e  e f f e c t  o f  metabo l i c  b i n d i n g  on t h e  
abso rp t i on  c h a r a c t e r i s t i c s  o f  233U, 241Am, 
and 238Pu. Data a r e  a l s o  presented compar- 
i n g  absorp t ion  o f  232U and 233U, and on t h e  
i n f l u e n c e  o f  p lu ton ium dose on abso rp t i on  

NaOH, and d i l u t i n g  t h e  s o l u t i o n  t o  a concen- 
t r a t i o n  o f  20 uCi pe r  ml. Fu r t he r  d i l u t i o n s  
o f  t h e  s t ock  s o l u t i o n s  were made where lower 
doses were des i r ed  f o r  a d u l t  animals. 
Newborn animals r ece i ved  0.1 ml o f  t he  s tock  
s o l u t i o n  th rough a po lye thy lene  tube. Adu l t  
r a t s  o r  guinea p i g s  rece ived  t h e i r  dose i n  a 
1.0 ml volume through a rubber  stomach tube. 
The uranium iso topes  were i n  t h e  hexavalent  
s ta te ;  232U was separated f rom daughter 
p roduc ts  n o t  more than 2 wk p r i o r  t o  
adm in i s t r a t i on .  

Newborn r a t s  were gavaged o r  i n j e c t e d  
i n t r a p e r i t o n e a l l y  w i t h  t h e  r ad i onuc l i de ,  
k i l l e d  5 h r  l a t e r ,  and f e d  i n  t o t o  t o  a d u l t  
r a t s  as a source o f  b i o l o g i c a l l y  i n co rpo ra t -  
ed r ad i onuc l i de .  Uneaten fragments were 
co l l ec ted ,  counted, and sub t rac ted  f rom the  
t o t a l  dose fed,  which was es t imated  by 
coun t ing  t h e  r a d i o a c t i v i t y  i n  severa l  animals 
t h a t  were dosed b u t  n o t  f e d  t o  o t h e r  animals. 

th rough and i nco rpo ra t i on  i n  t h e  i n t e s t i n e  
o f  newborn r a t s .  Excreta were c o l l e c t e d  d a i l y  f rom each 

a d u l t  r a t  f o r  4 davs: exc re ta  f o r  t h e  f o l l o w -  
"Soluble"  forms o f  t he  r ad i onuc l i des  were i n g  3 days were A t  t h e  complet ion 

prepared by  a d j u s t i n g  t h e  pH o f  n i t r i c  a c i d  o f  t h e  c o l l e c t i o n  pe r i ods  t h e  animals were 
s o l u t i o n s  t o  a va lue  between 1.5 and 2 w i t h  k i l l e d .  Only t h e  femurs o f  most o f  t h e  r a t s  



were ashed and counted. The r a d i o a c t i v i t y  
o f  t h e  t o t a l  s k e l e t o n  o f  9-day-old r a t s  was 
determined t o  be 0.165 t imes t h a t  i n  1 g o f  
femur. 

D i s t r i b u t i o n  and e x c r e t i o n  d a t a  f o r  a d u l t  
r a t s  gavaged o r  f e d  b i o l o g i c a l  l y  i n c o r p o r a t e d  
r a d i o n u c l i d e s  a r e  shown i n  Tab le  14.1. The 
1 i v e r  and s k e l e t o n  con ta ined  t h e  ma jo r  
f r a c t i o n  o f  absorbed r a d i o a c t i v i t y  t h a t  was 
n o t  exc re ted  i n  t h e  u r i n e .  R e t e n t i o n  and 
u r i n a r y  e x c r e t i o n  o f  232U d i d  n o t  d i f f e r  

a  2-pCi dose o f  238Pu n i t r a t e  was t r a n s p o r t e d  
across t h e  mucosa. The r e s u l t s  shown i n  
Table 14.2 i n d i c a t e  t h a t  233U n i t r a t e  i s  
absorbed t o  about  t h e  same e x t e n t  as 2 3 8 P ~  
n i t r a t e  and v e r y  l i t t l e  i s  r e t a i n e d  i n  t h e  
mucosa a f t e r  gavage o f  2-day-old r a t s .  
A l though a b s o r p t i o n  by a d u l t  r a t s  o f  232U 
and 233U i s  s i m i l a r ,  up t o  t h r e e  t imes  more 
232U i s  absorbed by  t h e  newborn, 2.0% vs 
6.7% (P = ~ 0 . 0 1 ) .  I n  a d d i t i o n ,  f i v e  t imes 
more 232U i s  r e t a i n e d  i n  t h e  g u t  w a l l  
(P = 0.01). 

TABLE 14.1. D i s t r i b u t i o n  o f  Radionucl i d e s  i n  A d u l t  Rats 7 Days 
A f t e r  Gavage o r  Feeding B i o l o g i c a l  l y  Incorpora ted  Nucl i d e s  

C O H l E M  AS PERCENl ff DOSE ADMINISTERED 
NO. ff SKELETON. L I M R  

RADIONUCLIDE RATS SKUCION~~~  LIVER SKELETCN * L l M R  URINE 
-- - - -- - AND URINE 

"U -N ITRATE 6 ~ O E  t a m l b l  a m 7  0.016 0 . 0  0 .06  

Z 3 3 ~  -N ITRATE 4 0.014 tam 0 . m  t a O.OE 0.07 t aw a 

Z 3 3 ~  -NITRATE IBIOLOGICALLY 4 0.014 t am 0 . m  t 0 . ~ 1  0.016 0 . E  + (1(P a l l 6  
INCORPORATED I N  GAVAGEO 
NEONATES1 

"U -NITRATE I B I ~ O G I C A L L Y  awl t aw nrm 0 . m  0.1s + 0 . w  0. 175 
INCORPORATED BY NLWATES 
INJECTED TP I  

z 4 1 ~ m  -NITRATE IBIOLOGICALLY 6 0 . w  tam 0.0, t am! 0.03 0.0 t am 0.08 
INCORPORATED I N  GAVACED 
NEONATES) 

la) SKELCICN ESTIMATED TO BE n r l M E s  FEMUR RADIOACTIVITY 

Ib) STATISTICAL VARIATIW I S  SEM m c E m  RANGE I S  SHOWHFOR CROUPS ~i ZANIMALS 

IC' D N A  F R W  I p l 5  A W U M  REPORT 

s i g n i f i c a n t l y  f rom t h a t  o f  233U when admin- 
i s t e r e d  as t h e  hexava len t  n i  t r a t e  s o l u t i o n .  
Feeding o f  233U i n c o r p o r a t e d  i n  newborn r a t s  
r e s u l t e d  i n  a 2- t o  5 - f o l d  inc rease  i n  t h e  
q u a n t i t y  r e t a i n e d  i n  t h e  l i v e r  (P = 0.05) 
and a 2 - f o l d  inc rease  i n  t h e  amount e x c r e t e d  
i n  t h e  u r i n e  (P = 0.09). There was l i t t l e  
d i f f e r e n c e  between a b s o r p t i o n  o f  233U by 
a d u l t  r a t s  f e d  neonates i n j e c t e d  i n t r a p e r i -  
t o n e a l l y  w i t h  t h e  n u c l i d e  and those f e d  
neonates gavaged w i t h  233U (P = 0.13 f o r  t h e  
t o t a l  amount absorbed). 

The q u a n t i t y  o f  241Am n i t r a t e  absorbed 
a f t e r  gavage (Annual Report,  1975) was 
s i m i l a r  t o  t h a t  o f  hexava len t  uranium. The 
e f f e c t  o f  b i o l o g i c a l  i n c o r p o r a t i o n  on absorp- 
t i o n  was a l s o  s i m i l a r  f o r  Am and U. Deposi- 
t i o n  o f  Am i n  b o t h  t h e  s k e l e t o n  and l i v e r  
was inc reased  by b i o l o g i c a l  i n c o r p o r a t i o n  
(P = 0.01) and so  was u r i n a r y  e x c r e t i o n  
(P = 0.04). 

Our e a r l i e r  s t u d i e s  (Annual Report,  1975) 
on a b s o r p t i o n  o f  t r a n s u r a n i c  elements by 
newborn r a t s  showed t h a t  r e t e n t i o n  i n  t h e  
mucosa decreased r a p i d l y  between 2 and 
8 days postgavage, and t h a t  abou t  2  t o  3% o f  

Measurements o f  a b s o r p t i o n  o f  a  low dose 
(0.05 pC i )  o f  237Pu showed t h a t  t h e  per -  
centage o f  admin is te red  dose t r a n s p o r t e d  
across t h e  g u t  and r e t a i n e d  was s i m i l a r  t o  
t h e  amount o f  2 3 9 u  n i t r a t e  absorbed f rom a 
pCi dose 40 t imes h i g h e r  ( 2  uCi , Annual 
Report,  1975) and a mass dose n e a r l y  30,000 
t imes h igher .  However, a  much h i g h e r  per -  
centage o f  237Pu, than  o f  238Pu, was r e t a i n e d  
i n  t h e  g u t  w a l l .  To f u r t h e r  i n v e s t i g a t e  t h e  
dose-dependency o f  these  e f f e c t s  and t o  
de te rmine  whether t h e  mechanisms r e s p o n s i b l e  
f o r  g u t  r e t e n t i o n  were s a t u r a t e d  a t  h i g h e r  
doses, severa l  d i f f e r e n t  dose l e v e l s  o f  
238Pu n i t r a t e  were admin is te red  t o  groups i n  
two separa te  l i t t e r s  o f  newborn r a t s .  
Groups o f  two o r  t h r e e  r a t s  f r o m  each l i t t e r  
were admin is te red  f o u r  d i f f e r e n t  doses a t  
two d i f f e r e n t  ages. The r e s u l t s  shown i n  
Tab le  14.3 i n d i c a t e  l i t t l e  e f f e c t  of dose on 
percentage a b s o r p t i o n  from t h e  gu t .  The 
percentage a b s o r p t i o n  of 238Pu was about  t h e  
same as t h a t  f o r  2 3 7 P ~  (Table 14.2) a t  an 
even lower  mass l e v e l .  Percentage r e t e n t i o n  
i n  t h e  i n t e s t i n e  w a l l  and c o n t e n t s  was 
markedly  decreased a t  t h e  h i g h e s t  dose l e v e l  
(P = <0.01), i n d i c a t i n g  a s a t u r a t i o n  o f  t h e  
mechanisms r e s p o n s i b l e  f o r  t h i s  r e t e n t i o n .  



The 4-hr-old animals absorbed more 2 3 8 p ~  
from the gut  than d i d  the 24-hr-old r a t s  
(P = 0.025). 

TABLE 14.2. D i s t r i b u t i o n  of Radionuclides i n  
Newborn Rats 7 Days A f t e r  Gavage. 

CONTENT AS PERCENT Of GAVAGED DOSE * SEM 
DOSE NO. Of l NTEST l NE TOTAL 

RADIONUCLIDE (uCi) RATS  SKELETON(^) LIVER WALL CONTENT AbSORBED -------- - 
2 3 2 ~  - NITRATE 2  5  6.2 i 0.6 0.054 i 0  4.5 i 0.7 2.5 i 0.4 6.7 i 0 .4 (~ '  

2 3 3 ~  - NITRATE 2  10 2 . 1 i 0 . 2  O.MiO 0 . 7 i 0 . 1  0 .5 i0 .1  2 .0*0 .2 (~ )  

- - 

(a) SKELFTON ESTIMATED AS 0.165 x BODY wt(g) x CONCENTRATION I N  FEMUR R l g )  

Ib' ENTl RE SKELETON COUNTED ON 3 RATS 

DETERMINED BY WHOLE-BODY COUNTING AFTER REMOVAL Of THE INTESTINE 

'd) BETERMINED BY COUNTING CARCASS AFTER REMOVAL Of THE INTESTINE 

TABLE 14.3. D i s t r i b u t i o n  o f  Plutonium-238 
i n  Newborn Rats Ki 11 ed 7 Days Af ter  Gavage 

ACE AT 
ADMINISTERED DOSE NO. ff GAVAGE 

( u C i I  RATS l h l  - -  

C O M E M  A S  PERCEM ff CAVACED D O S E I ~ I  
I M E S T  l N E  TOTAL 

SKELCION(~) LIVER WALL CONTEMS ABSORUED~C' ----- 

la' STATIST ICAL  V A R I A T I O N  I S  SEM. EXCEPT RANGE I S  SHOWNFOR CROUPS ff 2 A N l M A L S  

Ibl SKELETON ESTIMATED A S  0.165 r BODY M l g l  r C C N C E M R A T I O N  I N F E M U R  I% ig l  

('I TOTAL ASSORUED I S  S U M  ff CARCASS. LIVER. LUNG. AND FEMUR ANALYSES. AND ODES 
NOT INCLUCE CUT OR CUT CONTENTS 



GASTROINTESTINAL ABSORPTION O F  RADIONUCLIDES BY THE 
NEONATAL RAT, GUINEA PIG A N D  SWINE 

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

M. F. S u l l i v a n  

Technical  Assis tance:  

A. L. Crosby, T. M. Graham, and P. S. Ruemmler 

Ruthenium-106 admin is te red  t o  newborn r a t s  and swine was incorpora ted  i n t o  t h e  e p i  the1 ium 

o f  t h e  lower smal l  i n t e s t i n e  and r e t a i n e d  t h e r e  f o r  a  few weeks a f t e r  gavage; t h e  stomach and 

smal l  bowel o f  guinea p i g s  a l s o  incorpora ted  106Ru b u t  d i d  n o t  r e t a i n  it. 

I n c o r p o r a t i o n  o f  h i g h  concent ra t ions  o f  
l06Ru-1°6Rh, and o f  severa l  t r ansu ran i c  
elements, i n t o  t h e  mucosa of t h e  smal l  
bowel o f  t h e  newborn r a t  was repor ted  i n  
t h e  1975 Annual Report.  I n  t h i s  r e p o r t  we 
p resen t  a d d i t i o n a l  r e s u l t s  ob ta ined  w i t h  
newborn u inea p i g s  and swine gavaged w i t h  ! 1°6Ru-lo Rh f o r  t h e  purpose o f  comparing 
t h e  f unc t i ons  and ma tu ra t i on  r a t e s  o f  t h e  
GI  t r a c t s  o f  these t h r e e  d i f f e r e n t  species 

Ac id  s o l u t i o n s  o f  ' 0 6 ~ u - l O ~ R h  c h l o r i d e  
were ad jus ted  t o  pH 2 w i t h  NaOH and t o  a  
concen t ra t i on  o f  15 pCi/ml f o r  s t ud i es  o f  
whole body r e t e n t i o n .  Higher  concent ra t ions  
o f  1.0 mCi/ml were prepared f o r  t rea tment  
o f  animals t o  be k i l l e d  and sect ioned f o r  
p repa ra t i on  o f  autoradiographs.  Rats 
3 days o l d ,  guinea p i gs  1  day o l d  and swine 
1  day o l d  were gavaged w i t h  106R~-106Rh, 
5  pCi  each. Re ten t i on  o f  r a d i o a c t i v i t y  was 
measured by  whole-body coun t ing  a t  i n t e r v a l s  
f o l l o w i n g  adm in i s t r a t i on .  Some o f  t h e  
animals were k i l l e d  t o  determine t h e  r ad i o -  
n u c l i d e  con ten t  o f  t h e i r  i n t e s t i n e s .  

A  comparison o f  t h e  whole-body r e t e n t i o n  
o f  gavaged Io6Ru-106Rh i s  shown i n  
F i g u r e  14.1. Movement o f  t h e  r ad i onuc l i de  
f rom t h e  i n t e s t i n e s  i s  much s lower  i n  
newborn r a t s  and swine than  i n  guinea p i gs .  
A t  3 days 64% s t i l l  remains i n  t h e  r a t  and 

7 i %  i n  t h e  swine, whereas o n l y  6% remains 
i n  t h e  guinea p i g .  Ana lys is  o f  t h e  g u t  
showed t h a t  a lmost  a l l  o f  t h e  r a d i o a c t i v i t y  
measured by t h e  whole-body coun te r  was due 
t o  g u t  r e t e n t i o n .  Th is  d i f f e r e n c e  i n  
r e t e n t i o n  suggests d i f f e r e n c e s  i n  abso rp t i on  
by t he  mucosa. The q u a n t i t y  r e t a i n e d  was 
n o t  apprec iab ly  d i f f e r e n t  i n  r a t s  o r  guinea 
p i gs  i f  gavage occurred any t ime  between a 
few hours and 3 days a f t e r  b i r t h .  L a t e r  
t imes were n o t  s t ud i ed  i n  guinea p i g s  b u t  
r a t s  r e t a i n e d  a  s u b s t a n t i a l  amount o f  
l o 6 ~ u - l o 6 R h  i f  i n j e c t e d  any t i m e  du r i ng  t h e  
f i r s t  2 wk a f t e r  b i r t h .  

Autoradiograms made f rom sec t i ons  taken  
f rom t h e  lower  i l eum o f  r a t s  and swine, 
where most o f  t h e  r a d i o a c t i v i t y  was concen- 
t r a t e d ,  a r e  shown i n  F i gu re  14.2; 
lo6Ru- lo6Rh i s  concentrated i n  t h e  mucosa. 
F i gu re  14.3 shows t h e  very  d i f f e r e n t  p a t t e r n  
o f  lo6Ru- lo6Rh l o c a l i z a t i o n  i n  t h e  guinea 
p i g  GI  t r a c t .  Guinea p i gs  gavaged a t  1  day 
and k i l l e d  a  day l a t e r  showed much o f  t h e  
r a d i o a c t i v i t y  concentrated i n  t h e  g l andu la r  
stomach; a t  2  days i n c o r p o r a t i o n  i n  t h e  
i l eum was more prominent, b u t  a t  3 days, 
most o f  t h e  dose had l e f t  t h e  mucosa o f  t h e  
i n t e s t i n e  and some was v i s i b l e  i n  t h e  
c e n t r a l  r eg i on  o f  t h e  v i l l i .  
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FIGURE 14.1. Measurements o f  Whole-Body Retention o f  
Gavaged lobRu-lo6Rh i n  Newborn Rats, Guinea Pigs o r  
Swine a t  Various In te rva ls  A f te r  Admini s t ra t i on .  

The i n t e s t i n e  o f  the newborn r a t  i s  
known t o  absorb la rge  mol.ecules such as 
immunoglobul f ns throughout the suck1 ing  
per iod ( 3  wk) but  the i n t e s t i n e  o f  newborn 
swine, guinea pigs and humans absorbs such 
macromolecules f o r  on ly  about a day. The 
resu l t s  o f  t h i s  study show t h a t  the in te rna l -  
i z a t i o n  o f  106Ru-106Rh i n  the mucosa of the 
swine i n t e s t i n e  i s  s i m i l a r  t o  t h a t  observed 
i n  the  r a t  and re ten t ion  i s  also s im i la r .  

On the other hand, lo6Ru-lo6Rh i s  handled 
much d i f f e r e n t l y  by the gu t  of the newborn 

guinea pig.  The radionucl ide i s  b r i e f l y  
incorporated by the g a s t r i c  and small bowel 
mucosa, but  i s  cleared i n t o  the feces w i t h i n  
a few days. These r e s u l t s  suggest t h a t  the 
process o f  incorporat ion w i t h i n  the mucosa 
i s  not  d i r e c t l y  r e l a t e d  t o  the process 
responsible f o r  the absorption across the 
gut  wal l  o f  l a rge  molecules o r  radionu- 
c l ides.  Further studies are i n  progress t o  
determine whether prolonged re ten t ion  a t  
the s i t e  where absorption probably occurs 
contr ibutes t o  enhanced absorption of 
radionuclides by the newborn r a t  o r  swine. 







BIOHAZARDS OF REACTOR ACCIDENTS 

Person i n  Charge: M. F. Su l l i van  

This p r o j e c t  was i n i t i a t e d  i n  FY 1974 t o  provide acute t o x i c i t y  data on ingested, non- 

absorbed radionucl ides such as might r e s u l t  from a reactor  accident. The f i r s t  phase, recen t l y  

completed, furnished data used i n  r e v i s i o n  o f  Appendix V I  o f  the Rasmussen Report (WASH-1400). 

Acute t o x i c i t y  in format ion was der ived f o r  both a weak beta-emitter, 147Pm, and a strong 

beta-emit ter ,  lo6Ru-lo6Rh, i n  ra t s .  Data were a l so  obtained w i t h  lo6Ru-lo6Rh i n  the dog. 

I n  FY 1976 a second phase o f  t h i s  program was begun, w i t h  cooperation from members o f  the 

Ecology Department, t o  determine the gas t ro in tes t i na l  absorpt ion o f  an inso lub le ,  s l i g h t l y  

absorbed alpha-emit t ing nuc l ide  t h a t  might be released t o  the environment i n  an accident, 

incorporated i n  the food chain, and subsequently ingested. I n i t i a l  experiments employing 

238Pu incorporated i n  a l f a l f a  are described i n  t h i s  repor t .  



PREVENTION O F  DEATH F R O M  INGESTED RUTHENIUM-106 BY COLECTOMY 

Invest iga tors :  

M. F. Su l l i van,  J. L. Beamer and M. T. Karagianes 

Technical Assistance: 

T. Graham and A. J. Clary 

Two dogs were given 3.0 mCi/kg body weight o f  lo6Ru-lo6Rh and two were given 4.0 mCi/kg. 

A t  5 days a f t e r  treatment, one dog from each dose leve l  was colectomized. The dog given the 

l a r g e r  dose bu t  no t  s u r g i c a l l y  t reated was k i l l e d  i n  extremis due t o  acute lower bowel i n j u r y  

a t  18 days. The o ther  dog, g iven 3.0 mCi/kg bu t  no t  s u r g i c a l l y  t reated,  was k i l l e d  i n  a 

moribund cond i t ion  a t  145 days a f t e r  dosing. The rectum had perforated.  The colectomized 

dogs recovered from i n t e s t i n a l  i n j u r y  and showed no r a d i a t i o n  damage a t  the terminat ion o f  

the study. 

T o x i c i t y  data reported i n  the 1975 Annual 
Report ind ica ted tha t  the LDS0 o f  106R~-106Rh 
f o r  dogs was approximately 3.5 mCi/kg, and 
t h a t  death from ingested lo6Ru-lo6Rh was due 
p r i m a r i l y  t o  lower bowel i n j u r y .  Death from 
doses lower than 3.2 mCi/kg was usua l l y  
delayed f o r  several weeks and the p r i n c i p a l  
cause o f  death was f a i l u r e  o f  the denuded 
lower bowel t o  recover from damage. I n  t h i s  
repo r t  we w i l l  describe su rg i ca l  treatment 
t h a t  prevented both the acute death and the 
delayed death, f o l  lowing lo6Ru- lo6Rh 
ingest ion.  

The 106Ru-lo6Rh was fed as the ch lor ide ,  
mixed w i t h  100 g ground meat. Two dogs, 
#I452 and #5374, were administered doses o f  
3.0 mCi/kg and two others, #I442 and #5375, 
given 4.0 mCi/kg. Passage t ime through the  
gut  was measured. 

F ive  days a f t e r  ruthenium feeding, dogs 
#5374 and #5375 were anesthetized and the 
lower bowel, extending from the lower i leum 
t o  w i t h i n  5 cm o f  the anus, was excised and 
f i x e d  i n  10% formal in.  An end-to-end 

anastomosis o f  the i leum and rectum was 
performed. The colectomized dogs and the 
cont ro l  dogs, not  s u r g i c a l l y  t reated,  were 
given the same postsurgical  drug treatment. 
Anorexia and diarrhea were comnon t o  a l l  
dogs both before and a f t e r  the  t ime o f  
surgery. These symptoms ameliorated w i t h i n  
about 10 days i n  the colectomized dogs bu t  
continued i n  the cont ro l  animals. Histo-  
l o g i c  sect ions o f  the colon removed from the 
colectomized dogs are shown i n  Figures 15.1 
and 15.2. The dog given 3 mCi/kg and colec- 
tomized, #5374, showed less severe damage t o  
the colon than was seen i n  the dog given 
4 mCi/kg, and the symptoms o f  i n j u r y  t o  the 
gas t ro in tes t i na l  t r a c t  subsided more rap id l y .  
The dog given 4 mCi/kg but  no t  colectomized, 
#1442, was k i l l e d  i n  extremis a t  18 days; 
the  colectomized dog given t h a t  dose recover- 
ed and was s a c r i f i c e d  a t  81 days f o r  patho- 
l o g i c  evaluat ion.  

The dog given 3.0 mCi/kg but  no t  c3lec- 
tomized, #1452, regained i t s  appe t i t e  b u t  
d iarrhea continued f o r  several months. The 
appearance o f  the feces suggested stenosis 









GASTROINTESTINAL ABSORPTION O F  ALFALFA-BOUND 
PLUTONIUM-238 BY RATS A N D  GUINEA PIGS 

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

M. F. S u l l i v a n  and T. R. Garland (a) 

Technical  Assis tance:  

T. M. Graham and A. 1. Crosby 

Rats and guinea p i g s  were f e d  238Pu e i t h e r  b i o l o g i c a l l y  incorpora ted  i n t o  a l f a l f a  (by 

growth o f  t h e  p l a n t  on s o i l  con ta i n i ng  Pu) o r  added as a s o l u t i o n  t o  a l f a l f a ,  o r  were gavaged 

w i t h  a Pu s o l u t i o n .  Depending upon t h e  p l a n t  m a t e r i a l  fed ,  t h e r e  appeared t o  be a t w o f o l d  

i nc rease  i n  238Pu-gut abso rp t i on  by  t h e  r a t  and a two- t o  f o u r f o l d  inc rease  i n  t h e  guinea p i g  

as compared w i t h  abso rp t i on  f rom t h e  Pu s o l u t i o n .  The data, though l i m i t e d  and va r i ab l e ,  

suggest t h a t  Pu bound t o  p l a n t  t i s s u e  may have h igher  gu t  a b s o r p t i v i t y  than i no rgan i c  Pu i n  

b o t h  herb ivorous  and nonherbivorous rodents.  

Whether p lu ton ium t rans1  ocated f rom 
contaminated s o i l  i n t o  p l a n t  t i s s u e  may be 
bound i n  a form t h a t  e x h i b i t s  enhanced 
abso rp t i on  f rom t h e  g a s t r o i n t e s t i n a l  t r a c t ,  
was i n v e s t i g a t e d  i n  these p r e l i m i n a r y  
s t ud i es  employing r a t s  and guinea p igs .  

A l f a l f a  used i n  t he  f i r s t  experiments 
was grown t o  m a t u r i t y  on 238Pu-amended 
s o i l s ;  leaves were d r i ed ,  ground, and 
p e l l e t e d .  Plutonium fed  i n  t h i s  fo rm w i l l  
be r e f e r r e d  t o  as " incorpora ted" .  A l f a l f a  
grown on s o i l  c o n t s i n i n g  no Pu was mixed 
w i t h  a p lu ton ium n i t r a t e  s o l u t i o n  t o  produce 
238Pu l e v e l s  equ i va l en t  t o  those found upon 
b i o l o g i c  i n c o r p o r a t i o n  (60,000 dpmlg p l a n t  
t i s s u e ) .  P lutonium fed  i n  t h i s  fo rm w i l l  
be r e f e r r e d  t o  as "mixed". The p l u t on i um 
n i t r a t e  s o l u t i o n  (pH 2.0) was a l s o  g i ven  
d i r e c t l y  by gavage and i s  r e f e r r e d  t o  as 
" so l u t i on " .  A l l  animals were p laced on an 
a l f a l f a  r a t i o n  one week p r i o r  t o  Pu 
adm in i s t r a t i on .  

Rats were k i l l e d  5 days a f t e r  p lu ton ium 
adm in i s t r a t i on ;  p e l t  and v i s c e r a  were 

(a)  Ecosystems Department 

c a r e f u l l y  removed and d iscarded.  Resu l ts  
o f  radiochemical  analyses* on l i v e r  and 
carcass a r e  shown i n  Table 15.1. Incorpo-  
r a t e d  Pu was absorbed t o  a t w o f o l d  g r e a t e r  
ex ten t  t han  mixed Pu, t h e  d i f f e r e n c e  be ing  
s t a t i s t i c a l l y  s i g n i f i c a n t  a t  P = 0.11. 
Incorpora ted  Pu showed a 10 - f o l d  g rea te r  
g u t  abso rp t i on  than i no rgan i c  Pu ( s i g n i f i -  
can t  a t  t h e  P = 0.08 l e v e l )  admin is te red  by 
gavage a t  pH 2.0. 

Guinea p i g s  were employed i n  a s i m i l a r  
experiment, except  t h a t  a l f a l f a  leaves-  and 
stems were fed ,  as w e l l  as leaves alone. 
Skeletons were sepa ra te l y  analyzed f o r  some 
animals. Resu l ts  a r e  shown i n  Tab le  15.2. 
When leaves  and stems were fed, i n co rpo ra ted  
Pu showed a f o u r f o l d  h i ghe r  g u t  abso rp t i on  
than mixed Pu (GP-1 vs GP-2), t he  d i f f e r e n c e  
being s t a t i s t i c a l l y  s i g n i f i c a n t  a t  P = 0.13. 
However, when leaves-on ly  were fed ,  mixed 
Pu showed a h igher  abso rp t i on  than incorpo-  
r a t e d  Pu ( n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ) .  
Absorp t ion  of t h e  Pu s o l u t i o n  was n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f rom t h a t  of e i t h e r  
i n co rpo ra ted  o r  mi xed p l  u t o n i  um. 

"Analyses by LFE Corp., Richmond, CA 



TABLE 15.1. Absorp t ion  o f  Inges ted  238Pu by Rats 
DOSE 

FORM ADMINISTERED 
GROUP ANIMAL ADMINISTERED Id is l rn~n l  -- 

R-l I INCORPORATED I32.@Jl 
2 ILEAVESI IN, Dl 
3 1%. Dl 

AVG 

R-2 1 M I X E D  1Y.WD 
2 ILEAVLSI 1 n . m  
3 1Y.m) 

AVG 

R-3 1 SOLUTION 161.m) 
2 161. 

AVG 

R-4 NONE 0 

+ PERCENT COUNTING LRROR 

ABSORBED 
LIVER CARCASS - TOTAL 

I d i r l r n ~ n )  1%) (d i r lm in l  I r l  ld is lmin l  I r l  ----- - 

To o b t a i n  f u r t h e r  d a t a  upon d i f f e r e n c e s  
i n  g u t  a b s o r p t i o n  o f  Pu b i o l o g i c a l l y  incorpo-  
r a t e d  i n t o  leaves  o r  stems a t  h i g h e r  t i s s u e  
concen t ra t ions  o f  Pu, a  c h r o n i c  f e e d i n g  
exper iment  was performed. Guinea p i g s  were 
fed,  d a i l y  f o r  t e n  days, e i t h e r  p e l l e t s  
made f rom leaves and stems, o r  leaves 
a lone,  c o n t a i n i n g  i n c o r p o r a t e d  o r  mixed Pu; 
o t h e r  an imals  r e c e i v e d  i n o r g a n i c  Pu by 
gavage. Animals were k i l l e d  2 days a f t e r  
t h e  l a s t  dos ing.  The r e s u l t s  o f  t i s s u e  
analyses a r e  shown i n  Tab le  15.3. When 
leaves  and stems were fed ,  t h e r e  was, again,  
a  f o u r f o l d  inc rease  i n  g u t  a b s o r p t i o n  o f  
i n c o r p o r a t e d  as compared t o  mixed p lu ton ium 
(GP-6 vs  GP-7), s i g n i f i c a n t  a t  P = 0.12. 
When leaves-on ly  were fed ,  i n c o r p o r a t e d  Pu 
was absorbed t o  about  t w i c e  t h e  e x t e n t  o f  
mixed Pu (GP-8 vs  GP-9); s i g n i f i c a n t  a t  
P = 0.04. A b s o r p t i o n  o f  Pu f rom t h e  gavaged 
s o l u t i o n  was h i g h e r  than  t h a t  o f  any Pu f e d  
w i t h  a l f a l f a  excep t  f o r  t h a t  i n c o r p o r a t e d  i n  

leaves and stems, b u t  t h e  d i f f e r e n c e s  were 
n o t  s i g n i f i c a n t .  

The h i g h  l e v e l s  o f  Pu found i n  2 o f  5  
gavaged animals  c o u l d  have been due t o  
i n s p i r a t i o n  o f  s o l u t i o n  d u r i n g  t h e  10  days 
o f  gavage. Radiochemical analyses o f  lung,  
however, showed excess ive  Pu i n  o n l y  one 
animal ,  which was o m i t t e d  f rom t h e  analyses.  
The v a r i a b i l i t y  i n  t h e  d a t a  c o u l d  n o t  be 
exp la ined  by d i f f e r e n c e s  i n  s k e l e t o n  versus 
t o t a l  carcass l e v e l s  o f  Pu; a  2 : l  r a t i o  o f  
s k e l e t o n  o r  carcass t o  l i v e r  Pu was d e t e r -  
mined f o r  most o f  t h e  animals. 

The r e s u l t s  o f  these p r e l i m i n a r y  e x p e r i  - 
ments suggest t h a t  b i o l o g i c a l  i n c o r p o r a t i o n  
o f  Pu i n  p l a n t  t i s s u e  inc reases  i t s  g a s t r o -  
i n t e s t i n a l  absorp t ion .  The v a r i a b i  1  i ty o f  
t h e  data,  e s p e c i a l l y  f o r  gu inea p i g s ,  p re -  
c ludes  a q u a n t i t a t i v e  e v a l u a t i o n  o f  t h i s  
inc rease  and i n d i c a t e s  a need f o r  f u r t h e r  
s tudy.  



TABLE 15.2. Absorp t ion  o f  Ingested 2 3 8 P ~  by Guinea Pigs 

FORM 
GROUP ANIMAL ADMINISTERED --- 

DOSE ABSORBED 
SKELETON CARCASS AOMINISTERED LIVER TOTAL 

ldislmini 16slminl la1 ldislminl I ld i r lm in l  6 1  Idislminl 6 1  - - -- -- - - - 
G P - l  I INCORPORATED 

2 ILEAVES AND 
STEMSI 

AVG 

GP-2 1 MIXED 
2 ILEAVES AND 

STEMSI 

AVG 

GP-3 1 INCORPORATED 
2 ILEAVESI 
3 

AVG 

G P d  1 MIXED 
2 ILEAVESI 
3 

AVG 

GP-5 1 SOLUTION 
2 

AVG 

AVG 

TABLE 15.3. Absorp t ion  o f  Ch ron i ca l l y  Inges ted  238Pu by Guinea Pigs 

10-DAY DOSE ABSORBED 
ADMINISTERED L l M R  

-- 

FORM SKELETON - CARCASS TOTAL 
CROUP ANIMAL ADMINISTERED ldislmini ldislmini I ldislminl (dirlminl I+) ldirlminl 
A- 

GP-6 1 INCORPORATED 587, m 80 0.014 76 0.013 156 0.027 
2 (LEAVES AN0 499, all 282 0.E7 402 0.Dsl 6% 0.1% 
3 STEMS) 575. L n l  262 0.M6 636 0.111 898 0.157 

AVG 208 0.039 3% 0.062 579 0.107 

GP-7 1 MIXTD 666. all M 0.013 155 0.023 239 0.036 
2 ILEAVES AND 663. 52 0.028 111 0.017 163 0.025 
3 STEMS1 661, CUl 35 0 . m  56 0 . m  91 0.014 

AVG 57 0.00) I33 0.020 I M  0.025 

GP-8 1 INCORPORATED 5 9 5 . W  103 0.017 1% 0.026 259 O.M3 
2 (LEAVES) 597, m 52 0.00) 162 0.027 214 0.036 
3 580, MO 55 0.010 162 0.028 217 0.038 

AVG 70 0.012 159 0.027 230 0.039 

GP-9 1 MIXED 558. WI 35 0.006 143 0.@6 178 0.032 
2 ILEAVESI 551, LXIl 42 0.W8 50 0 . m  W 0.017 
3 5 6 ,  LXIl 26 0.m5 60 0.012 86 0.017 

AVG 34 O m 6  102 0.019 119 0.022 

GP-IO I S ~ U T I O N  m. m 77 0.012 153 0.025 230 0.037 
2 IGAVAGED TO 6 2 5 . m  91 0.015 M 8  0.072 539 0.087 
3 ANIMALSFEO 625.031 Y 0 . m  85 0.014 119 0.019 

LEAVES1 

AVG 67 0.011 266 0.086 2% O.M8 

GP-II I S ~ U T I O N  6.3. m M o . m  PI 0.020 175 a m 8  
2 IGAVAGEDTO U 5 , m  )(P O.M8 216 0.035 518 9083 

ANIMALS FED 
LtAVES AND STEMS1 

AVG 176 0.028 6 0.055 

GP-C 1 NONE 0 0.7 0 0 0.7 



TOX~COLOGY OF CHRONICALLY FED 90Sr I N  MINIATURE SWINE 

Person in Charge: H. A.  Ragan 

This long-term project, f i r s t  funded in 1958, was terminated in FY 76 and a l l  remaining 

swine on the program have been killed. The project objective was to establish the dose- 

effect  relationships following daily feeding of 90Sr through the l i f e  spans of three genera- 

tions of miniature swine. Present efforts  are directed toward preparing for  publication the 

data collected over the past 18 years. 



C O M M O N  TUMORS A N D  LESIONS I N  CONTROL MINIATURE SWINE FED 9% DAILY 

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

H. A. Ragan and J. E. Lund 

Technical  Assis tance:  

S. Owzarski, D. Hun te r  and V. D. T y l e r  

Cont ro l  m i n i a t u r e  swine, averaging 9 y r  o f  age had an approx imate ly  45% inc idence  o f  

benign tumors and 11% inc idence  o f  ma l ignan t  tumors. Swine o f  comparable age, f ed  1 o r  5 uCi 

90Sr f o r  t h e i r  l i f e t i m e ,  had a s i m i l a r  inc idence  of benign tumors, b u t  about  a two - f o l d  

inc rease  i n  ma1 i g n a n t  neoplasms. The occurrence o f  non-neop las t i c  l e s i o n s  was s i m i  l a r  i n  t h e  

t h r e e  groups. 

Annual Reports s i nce  1958 have descr ibed  
t h e  exper imenta l  design and e f f e c t s  o f  
feedinq 90Sr d a i l y  t o  m i n i a t u r e  swine f o r  
t h e i r  1 i f e t i m e .  H i s t opa tho log i c  evalua-  
t i o n s  have been completed, computer-coded, 
and p r e l i m i n a r y  da ta  accumulated f o r  t h e  
c o n t r o l  swine and t h e  parent ,  F1 and F2 
generat ions.  The pa ren t  genera t ion  dams 
were s t a r t e d  on d a i l y  feed ing  o f  90Sr a t  
9 mo o f  age; t h e  F1 genera t ion  was cont inued 
on t h e  same feed ing  regimen and t h e  females 
b red  a t  9 mo of age t o  produce t h e  F2 
generat ion,  which was f e d  90Sr on t h e  same 
schedule as t h e  F1 generat ion.  Pe r i od i c  
s a c r i f i c e s  were performed i n  bo th  genera- 
t i o n s  t o  determine gost- body burdens, 
t i s s u e  d i s t r i b u t i o n s ,  and e a r l y  b i o l o g i c  
e f f e c t s .  T h i s  r e p o r t  i s  r e s t r i c t e d  t o  
swine i n  t h e  1- and 5-uCi/day groups sur -  
v i v i n g  a t  l e a s t  1 yr, most o f  which sur -  
v i ved  more than  5 yr. 

Previous analyses o f  cumula t i ve  m o r t a l i t y  
da ta  showed no d i f f e r e n c e s  i n  1 i f e  spans o f  
c o n t r o l  swine and those f rom paren t  o r  o f f -  
s p r i n g  genera t ions  f ed  1 o r  5 uCi 90Sr 
d a i l y .  The o n l y  b i o l o g i c  e f f e c t  observed 
was a s i g n i f i c a n t  dose- re la ted  neu t ropen ia  
i n  t h e  F1 and F2 genera t ions  o f  bo th  dose 

groups. Since r a d i a t i o n  doses rece ived  i n  
u t e r o  and a f t e r  b i r t h  were t h e  same f o r  bo th  
groups, da ta  f rom F1 and F2 generat ions 
were combined. Table 16.1 shows t h e  per -  
cen t  o f  benign and ma l ignan t  tumors i n  t h e  
var ious  groups. The lowes t  inc idence  o f  
bo th  tumor types  was seen i n  t h e  pa ren t  
generat ions o f  1- and 5-uCi swine, b u t  
many o f  these  swine were k i l l e d  r a t h e r  than 
l e f t  t o  complete t h e i r  n a t u r a l  l i f e  span. 
There was no s i g n i f i c a n t  d i f f e r e n c e  i n  
benign tumor i nc i dence  i n  e i t h e r  t h e  1- o r  
5-uCi o f f s p r i n g  genera t ions  when compared 
t o  t h e  c o n t r o l s .  There was, however, a 
s i g n i f i c a n t  i n c rease  (P <0.01) i n  t h e  
inc idence  o f  ma l ignan t  neoplasms i n  bo th  
t h e  1- and 5-uCi o f f s p r i n g ,  compared t o  
c o n t r o l  s . 

Inc idence  f i g u r e s  f o r  t h e  most f r e q u e n t l y  
observed tumors a r e  shown i n  Table 16.2. The 
most common benign neoplasm was u t e r i n e  
leiomyoma; i n  some cases these became ex t remely  
l a r g e  and n e c r o t i c ,  and were t h e  immediate 
cause o f  death, u s u a l l y  because acute and 
ch ron i c  p e r i t o n i t i s  developed. I n  o t h e r  
cases these tumors were smal l  and t h e i r  
presence was unsuspected u n t i  1 necropsy. 
The o t h e r  common benign tumor was hepa t i c  



adenoma, i n  which a s i g n i f i c a n t  inc rease  
( P  <0.05) was observed i n  t h e  1- and 5-pCi 
o f f s p r i n g  as compared t o  con t r o l s .  The 
u te rus  was t h e  t i s s u e  most f r e q u e n t l y  
i n vo l ved  w i t h  ma l ignan t  neoplasms i n  a l l  
groups. Lymphosarcoma, t h e  o t h e r  comnon 
ma1 i gnan t  tumor, was increased i n  t h e  1-pCi 
o f f s p r i n g ,  b u t  these  were found a t  h i s t o -  
1 og i c  examinat ions i n  i s o l a t e d  organs and 
were n o t  t h e  immediate cause o f  death. 

Table 16.3 l i s t s  t h e  most common non- 
neop las t i c  l e s i o n s  observed. Only i n  r a r e  
ins tances  were any o f  these l e s i o n s  t h e  im- 
mediate cause o f  death, b u t  they  c o n t r i b u t e d  
t o  t h e  general age-re1 a ted  d e t e r i o r a t i o n  
observed i n  a l l  groups of e l d e r l y  swine. 

TABLE 16.1. Age a t  Death and Tumor Inc idence  i n  Cont ro l  
M i n i a t u r e  Swine and Those Fed 1.0 o r  5.0 uCi 90Sr  D a i l y  

AGE BENIGN MALIGNANT 
G R W P  GENERATION n l Y r a  TUMORS (81 TUMORS (81 - - 

CONTROL 94 8 8  + 3.2 44.7 10.6 

1 p C i  1 day PARENT 24 7.0+- 2.5 25.0 8.3 
F11F2 62 9.8+3.9 56.5 27.4 

5 uCi  i day PARENT 10 6.2 + 3.4 20.0 0 

F1iF2 33 8 . 8 i 4 . 5  42.4 21.2 

la' MEAN + 1 SO 

TABLE 16.2. Percent Tumor Inc idence  i n  Cont ro l  M i n i a t u r e  
Swine and Those Fed 1.0 o r  5.0 pCi 90Sr  D a i l y  

GROUP 

1 p C i  1 p C i  5 p C i  5 p C i  
CONTROL PARENT F ~ I F Z ( ~ )  PARENT F l I F 2  

(94lIa1 (24lIa1 (621 (101 '~)  1331 ----- 

LIVER 
OTHER 

LEIOMYOMA - UTERUS 38.3 20.8 25.8 20.0 30.3 

C A R C I N M A  - UTERUS 4.3 4.2 8 1 0 6.1 

CARCINWIA - OVARY 1.1 0 1. b 0 0 

SARCOMA - UTERUS 1.1 0 0 0 6 1 

MYELOPROLIFERATIVE DISORDER 4.3 0 0 0 3.0 

LYklPHOS ARCOMA 0 4.2 9.7 0 3.0 

''I NUMBER OF ANIMALS I N  PARENTHESES 

TABLE 16.3. Percent  Inc idence  o f  t h e  Most Common Lesions 
Observed i n  Cont ro l  M i n i a t u r e  Swine and Those Fed 1.0 o r  
5.0 uCi 90Sr D a i l y  

1 p C i  l p C i  5 p C i  5 p C i  
CONTROL PARENT F I F 2  PARENT F l i F 2  

LESION 1941(~ l  ,241 t6262) (101 (331 ----- 
ATHEROSCLEROSIS 

AORTA 23.4 4.2 40.3 0 18.2 
CORONARY ARTERY 25.5 4.2 22.6 0 9.1 

HEPATITIS 17.0 8.3 17.7 0 12.1 

HYPERPLASIA - LIVER 16.0 0 25.8 0 15.2 

NEPHRITIS 54.3 4.2 61.3 10.0 66.7 

CYSTIC ENDOMETRIAL 
HY PERPLAS l A 31.9 29.2 37.1 30.0 42.4 



MALNUTRITION A N D  METAL TOXICITY 

Person i n  Charge: H. A .  Ragan 

T h i s  i s  a  new p r o j e c t ,  o r i g i n a l l y  funded f o r  FY 1976. I n i t i a l  emphasis w i l l  be p laced  on 

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

amounts o f  s e l e c t e d  heavy meta l  p o l l u t a n t s  g i v e n  by i n t r a g a s t r i c  gavage. Meta ls  whose absorp- 

t i o n  i s  enhanced by i r o n  d e f i c i e n c y  w i l l  be f u r t h e r  s t u d i e d  t o  de te rmine  t h e i r  e f f e c t s  on 

hematopoies is  and immune competence when f e d  f o r  pro longed p e r i o d s  t o  c o n t r o l  and i r o n -  

d e f i c i e n t  r a t s .  F u t u r e  s t u d i e s  w i l l  e v a l u a t e  t h e  t o x i c i t y  o f  heavy meta ls  i n  c o n j u n c t i o n  

w i t h  o t h e r  n u t r i t i o n a l  d e f i c i t  s t a t e s  comnon i n  humans, e.g., p r o t e i n ,  p r o t e i n l c a l o r i e ,  and 

c a l c i u m  d e p r i v a t i o n .  

I r o n  d e f i c i e n c y  was s e l e c t e d  f o r  i n i t i a l  examinat ion s i n c e  i t  i s  p robab ly  t h e  most common 

s i n g l e  n u t r i t i o n a l  d i sease  i n  young c h i l d r e n  and women o f  c h i l d - b e a r i n g  age. Desp i te  t h e  

p a u c i t y  o f  d a t a  on a b s o r p t i o n  o f  p o l l u t a n t  meta ls  i n  i r o n - d e f i c i e n t  sub jec ts ,  i t  i s  known t h a t  

some elements compete f o r  i r o n - b i n d i n g  p r o t e i n s  i n  plasma and i n  c e l l s ,  and some i n t e r f e r e  

w i t h  i r o n  metabol ism d i r e c t l y .  I r o n  d e f i c i e n c y  may enhance t h e  absorp t ion ,  t r a n s l o c a t i o n  o r  

t r a n s p l a c e n t a l  passage o f  heavy meta ls ,  i n c r e a s i n g  t h e  r i s k  o f  t o x i c  e f f e c t s  i n  t h e  young, 

t e r a t o g e n i c  e f f e c t s  i n  t h e  f e t u s ,  o r  i n t e r f e r e n c e  w i t h  i r o n  metabol ism i n  s u b j e c t s  a1 ready 

compromised i n  regard  t o  t h e i r  i r o n  s t a t u s .  The e f f e c t s  o f  combined i r o n  d e f i c i e n c y  and 

exposure t o  heavy meta l  p o l l u t a n t s  on immune competence a r e  o f  p a r t i c u l a r  concern w i t h  regard  

t o  carc inogenesis .  



d 

ABSORP'I'ION OF POLLUTANT METALS IN IRON-DEFICIENT RATS 

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

H. A. Ragan 

Techn ica l  Ass is tance :  

M. J. Pipes, E. T. Edmerson, S. L. E n g l i s h  and M. C. Perk ins  

The g a s t r o i n t e s t i n a l  a b s o r p t i o n  o f  s e l e c t e d  heavy meta ls  was eva lua ted  i n  r a t s  w i t h  

d e p l e t e d  t i s s u e - i r o n  s t o r e s  and enhanced i r o n  absorp t ion ,  b u t  p r i o r  t o  t h e  development o f  

severe anemia. The t o t a l  body burden o f  lead,  cadmium, mercury and z i n c  was s i g n i f i c a n t l y  

g r e a t e r  i n  i r o n - d e f  i c i e n t  r a t s  than  i n  1  i t t e r - m a t e  c o n t r o l s ,  whereas no d i f f e r e n c e  i n  a r s e n i c  

a b s o r p t i o n  was e v i d e n t  between t h e  two groups. Con t ro l  r a t s  absorbed more vanadium t h a n  

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

P rev ious  annual r e p o r t s  have d e t a i l e d  
t h e  enhanced a b s o r p t i o n  and r e t e n t i o n  o f  
p lu ton ium, and a l t e r a t i o n s  i n  i t s  t i s s u e  
d i s t r i b u t i o n ,  i n  i r o n - d e f i c i e n t  mice. 
These s t u d i e s  have been extended, i n  r a t s ,  
t o  e v a l u a t e  t h e  i n f l u e n c e  o f  body- i ron  
s t o r e s  on t h e  a b s o r p t i o n  o f  p e r t i n e n t  non- 
n u c l e a r  p o l l u t a n t  meta ls .  

Female W i s t a r  r a t s ,  weaned a t  21 days 
o f  age, were f e d  e i t h e r  an i r o n - d e f i c i e n t  
o r  i r o n - r e p l e t e  d i e t  u n t i l  t h e y  were 
70-90 days o f  age. Ten c o n t r o l  and t e n  
i r o n - d e f i c i e n t  r a t s  were then  used t o  
determine t h e  a b s o r p t i o n  o f  each meta l  
f o l l o w i n g  i n t r a g a s t r i c  gavage. Each 
gavage s o l u t i o n  was prepared i n  c i t r a t e  
b u f f e r  w i t h  a  f i n a l  pH o f  approx imate ly  
3.5. A f t e r  an 18-hr f a s t  t h e  a p p r o p r i a t e  
s o l u t i o n  was g i v e n  by gavage and t h e  r a t s  
k i l l e d  48 h r  l a t e r  t o  determine a b s o r p t i o n  
and t i s s u e  d i s t r i b u t i o n  o f  t h e  t r a c e r  dose 
o f  meta l .  I n  a d d i t i o n ,  j u s t  p r i o r  t o  
necropsy a  b lood  sample was o b t a i n e d  f r o m  
each r a t  t o  eva lua te  t h e  hemato logic  
s t a t u s ;  and s e c t i o n s  o f  l i v e r ,  spleen, and 
bone marrow were taken  f o r  h i s t o l o g i c  
d e t e r m i n a t i o n  o f  t i s s u e - i r o n  s t o r e s .  The 

GI t r a c t  was l i g a t e d  and c a r e f u l l y  exc ised  
f rom each carcass p r i o r  t o  o b t a i n i n g  o t h e r  
t i s s u e s .  

Rats on t h e  i r o n - d e f i c i e n t  d i e t  were 
o n l y  m a r g i n a l l y  anemic when compared w i t h  
t h e  c o n t r o l  group, i .e., t h e  mean combined 
va lues f o r  volume o f  packed r e d  c e l l  s  
(VPRC) o f  t h e  i r o n - d e f i c i e n t  groups were 
39.9 m1 / I 0 0  ml vs 46.6 m1/100 ml i n  an 
equal number of c o n t r o l  r a t s .  A l though 
t h e r e  was cons iderab le  v a r i a t i o n  i n  serum 
i r o n  ( S I )  va lues,  t h e  mean f o r  a l l  i r o n -  
d e f i c i e n t  r a t s  was 197 + 87 ug /d l  vs 
333 f 35 ~ g / d l  i n  t h e  c o n t r o l  groups. 
His tochemical  s t a i n i n g  o f  t i s s u e  revea led  
c o n s i d e r a b l e  p a r t i c u l a t e  i r o n  i n  t h e  spleen, 
l i v e r ,  and bone marrow o f  c o n t r o l  r a t s  and 
a  p a u c i t y  o f  nonheme i r o n  i n  these  t i s s u e s  
f rom i r o n - d e f i c i e n t  r a t s .  As an a d d i t i o n a l  
measure o f  i r o n  s t a t u s ,  n i n e  i r o n - d e f i c i e n t  
and n i n e  c o n t r o l  r a t s  were g i v e n  59Fe by 
gavage. C o n t r o l  r a t s  absorbed 11.1 +, 7.2% 
o f  t h e  admin is te red  dose, whereas 35.1 f 
7.1% was absorbed by r a t s  on t h e  i r o n -  
d e f i c i e n t  d i e t .  T h i s  d i f f e r e n c e  was h i g h l y  
s i g n i f i c a n t  (P < 0.001 ). 



The t o t a l  body burden o f  210Pb was ap- 
p rox ima te l y  28% of t h e  admin is te red  dose i n  
t h e  i r o n - d e f i c i e n t  r a t s ,  compared t o  approx i -  
ma te l y  5% i n  t h e  c o n t r o l  group (Table 17.1 ). 
There was cons iderab le  v a r i a t i o n  i n  body 
burden between r a t s ,  b u t  e x c e l l e n t  i n d i v i d -  
u a l  c o r r e l a t i o n s ,  i .e., those w i t h  very 
h i gh  o r  low concent ra t ions  o f  lead  i n  t h e  
carcass had corresponding l e v e l s  i n  o t he r  
t i s s u e s  assayed. Bone, bone marrow, and 

muscle of i r o n - d e f i c i e n t  r a t s  accumulated 
g rea te r  r e l a t i v e  concent ra t ions  o f  lead  than  
d i d  o the r  t i s sues .  

There was about an 8 - f o l d  inc rease  i n  t h e  
abso rp t i on  o f  lo9Cd i n  i r o n - d e f  i c i e n t  r a t s  
versus t h e  c o n t r o l  group, i .e . ,  approxi.- 
mate ly  8% of t h e  admin is te red  dose compared 
t o  1% i n  t h e  c o n t r o l s .  U n l i k e  lead,  t h e r e  
was no tendency f o r  one t i s s u e  t o  accumulate 
a  g r e a t e r  concent ra t ion  o f  cadmium than  
o the r s  (Table 17.2). 

TABLE 17.1. T issue  D i s t r i b u t i o n  o f  210Pb i n  I r o n - D e f i c i e n t  
and Cont ro l  Rats 48 h r  a f t e r  I n t r a g a s t r i c  Gavage 

%DOSElORGAN % DOSElgram I x  ldl 
VPRC S I 

(m11100 ml )  (pg1100 ml )  CARCASS LIVER SPLEEN KIDNEY FEMUR SERUM BLOOD MARROW MUSCLE - - - - - - - - - 
IRON-DEFICIENT DIET I n =  10) 

CONTROL D I E T  In = 10) 

( a ) ~ ~  = NOT SIGNIFICANT 

TABLE 17.2. T issue  D i s t r i b u t i o n  of lo9Cd i n  I r o n - D e f i c i e n t  
and Cont ro l  Rats 48 h r  a f t e r  I n t r a g a s t r i c  Gavage 

% DOSE /ORGAN % DOSE1 gram (x ldl 
VPRC S I 

( m l l l 0 0  m l )  (pgl l00 ml )  CARCASS LIVER SPLEEN KIDNEY FEMUR SERUM BLOOD MARROW MUSCLE 
p-p-p--- - 

IRON-DEFICIENT DIET I n  = 101 

CONTROL D I E T  In=  101 

( a ) ~ ~  = NOT SIGNIFICANT 



The tissue distribution of vanadium is 
shown in Table 17.3. Interestingly, the 
control group had a mean body burden of 
vanadium 3.5 times greater than the iron- 
deficient group. The variation in absorp- 
tion was considerable in the control group 
because of two animals; one absorbed 
greater than 6% and the other 4%. How- 
ever, if these two are deleted, the absorp- 
tion in the control rats is still 2-fold 
greater than in the iron-deficient group. 

There were no significant differences in 
total body burdens of arsenic or in its tis- 
sue distribution in iron-deficient and con- 
trol rats (Table 17.4). 

The body burden of mercury was only 
slightly greater in the iron-deficient 
groups compared with the control groups 
(Table 17.5). 

A highly significant difference in the 
whole-body burden of zinc was evident in the 
iron-deficient rats (Table 17.6). 

TABLE 17.3. Tissue Distribution of 48V in Iron-Deficient 
and Control Rats 48 hr after Intragastric Gavage 

% DOSE /ORGAN 3 
% DOSElgram Ix 1 0  ) 

VPRC S I 
lm11100rn l )  ( p g 1 1 0 0 m l )  CARCASS LIVER SPLEEN KIDNEY FEMUR SERUM BLOOD MARROW MUSCLE - - - - - - - - - 

IRON-DEFICIENTDIET ( n  = 10) 

CONTROL DIET ( n =  10) 

( a ) ~ ~  - NOT SIGNIFICANT 

TABLE 17.4. Tissue Distribution of 74As in Iron-Deficient 
and Control Rats 48 hr after Intragastric Gavage 

% DOSE /ORGAN % DOSElgram (x lo3) 
VPRC S I  

(m11100 ml) (pg1100 rnl) CARCASS LIVER SPLEEN KIDNEY FEMUR SERUM BLOOD MARROW MUSCLE - - - -- - - 
IRON DEFICIENT DIET ( n  = 10) 

CONTROL DIET ( n  = 101 

( a ) ~ ~  =NOT SIGNIFICANT 



TABLE 17.5. Tissue Distribution of 203Hg in Iron-Deficient 
and Control Rats 48 hr after Intragastric Gavage 

% DOSE /ORGAN B DOSE /gram 1 x lo3) 

VPRC SI 
1m11100ml) ( p g l l 0 0 m l )  CARCASS LIVER SPLEEN KIDNEY FEMUR SERUM BLOOD MARROW MUSCLE -------- - 

IRON-DEFICIENT DlET 1n - 10) 

34.8 209 0.83 0.24 0.009 0.U3 0.0018 5.7 8.7 0.67 L11 

8.4 138 0.20 0.13 0.005 0.038 0.0005 2.5 3.7 0.17 0.41 

CONTROL DlET 1n = 10) 

40.9 365 0.66 0.15 0 . m  0.091 0.0011 3.2 4.6 0.32 0.72 

L 3  59 0.16 0.07 0 . W  0.037 0.0004 1.4 1.3 0.11 0.26 

( a ) ~ ~  =NOT SIGNIFICANT 

TABLE 17.6. Tissue Distribution of 65Zn in Iron-Deficient 
and Control Rats 48 hr after Intragastric Gavage 

% DOSE /ORGAN % DOSE /gram 1 x lo3) 

VPRC 51 
(m11100 m l )  (pg 1100 m l )  CARCASS LIVER SPLEEN KIDNEY FEMUR SERUM BLOOD MARROW MUSCLE 

IRON-DEFICIENT DIET In.10) 

CONTROL DlET ( n = 101 



LATE EFFECTS OF OIL SHALE POLLUTION 

Person in Charge: J .  E. Lund 

This project ,  f i r s t  funded in FY 1976 was designed t o  invest igate  the  possible health 

hazard of dusts  tha t  may be produced in  the  processing of o i l  shale and the  potential  car-  

cinogenicity of shale  o i l  and shale  o i l  f r ac t ions .  

Dust generation from crushing and re la ted operations and from the  transportation of ore 

to  crushing f a c i l i t i e s  i s  subs tan t i a l .  New equipment and methods can reduce t h i s  re lease  of 

airborne pa r t i c l e s  t o  the atmosphere i f  a need f o r  control measures i s  established. The 

extent  to  which such control measures a r e  required may become a f ac to r  i n  the  design of pro- 

cesses and f a c i l i t i e s .  

In view of the  association of ce r t a in  indust r ia l  dusts with pulmonary disease ,  i t  i s  

important t o  invest igate  possible pulmonary e f f e c t s  from process or  fug i t ive  dusts  ea r ly  i n  

the  development of the  technology. 

Intratracheal i n s t i l l a t i o n  experiments were designed t o  define the  toxic potent ia l  of o i l  

shale mater ia ls .  Two rodent species ( r a t  and hamster) were given in t ra t racheal  doses of o i l  

shale ,  spent shale ,  quartz ( f i b r o s i s  con t ro l ) ,  methyl cholanthrene and iron oxide i carcinogen 

posi t ive  con t ro l ) ,  and vehicle.  The long-term study, consist ing of repeated doses of the  

mater ia l ,  was begun in FY 1976. 

Studies t o  be i n i t i a t e d  in  FY 1977 include a carcinogenesis assay of shale o i l  f r ac t ions  

determined to  be mutagenic in  the  bacter ia l  system (Ames assay) and aerosol exposure of r a t s  

and hamsters t o  o i l  shale  pa r t i cu la tes .  



LATE EFFECTS OF OIL SHALE POLLUTION 

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

J. E. Lund, K. E. McDonald, and L. G. Smith 

Technical  Assis tance:  

F. S. Gerber and L. S. Gorham 

Studies on l a t e  e f f e c t s  o f  o i l  sha le  p o l l u t a n t s  were i n i t i a t e d  d u r i n g  FY 76. Tables 18.1 

and 18.2 l i s t  t h e  p ro toco l s  f o r  i n v e s t i g a t i o n  o f  ca rc inogen ic  and f i b r o g e n i c  p o t e n t i a l  o f  

o i l  sha le  p a r t i c u l a t e s .  Animals i n  t h e  long- term study (carc inogenes is )  have one remain ing 

i n t r a t r a c h e a l  i n s t i l l a t i o n  o f  p a r t i c u l a t e s  t o  be g iven  and w i l l  be observed f o r  an a d d i t i o n a l  

14 mo. 

TABLE 18.1. Experimental Design f o r  Study t o  Evalua e t h e  Carc inogenic 
P o t e n t i a l  o f  O i  1 Shale and Spent Shale P a r t i c u l a t e s .  la) 

NUMBER OF MALE AND FEMALE ANIMALS EXAMINED 
AT EACH SACRIFICE PERIOD 

0 MO 12 M O  - - 24 M O  18 M O  

TREATMENT GROUP .AL b . X  I & L  

OIL SHALE 
120 mglDOSD 

O I L  SHALE 
(5 m g  1 DOSE) 

SPENT SHALE 
(20 mglDOSD 

SPENT SHALE 
(5 mg 1 DOSE) 

VEHlC LE CONTROL 
(SALINE 0.4 m l )  

SHELF CONTROL 

( a ) ~ ~ ~ ~ ~ ~ ~ ~  GIVEN INTRATRACHEALLY TO RATS AND HAMSTERS AT 5 BIMONTHLY 
INTERVALS. 



TABLE 18.2. Experimental Design f o r  Study t o  Evalua e  t he  F i b rogen i c  
P o t e n t i a l  o f  O i l  Shale and Spent Shale P a r t i c u l a t e s . f a )  

NUMBER OF MALE AND FEMALE ANIMALS EXAMINED 
AT EACH SACRIFICE PERIOD 

0 MO 2 MO 4 M O  6 M O  ' M O  ppp 
TREATMENT GROUP - M L A L I E -  

O I L  SHALE 
140 mgiD0SEl  5 8 8 8 8 8 8 8  8 

SPENT SHALE 
140 mgIDOSE) 

PO5 l TI VE CONTROL 
QUARTZ, 40 mgIDOSEI  5 8 8 8 8 8 8 8  8 

VEHICLE CONTROL 
(SALINE 0.4 m i l  

SHELF CONTROL 5 8 8 8 8 8 8 8  8 

The animals he l d  f o r  6 mo i n  t h e  f i b r o s i s  
s tudy  were r e c e n t l y  k i l l e d ,  and l ung  t i s s u e s  
f rom a l l  s a c r i f i c e  per iods  a re  being ana- 
l y zed  f o r  co l l agen  con ten t .  Resu l ts  a re  n o t  
a v a i l a b l e  a t  t h i s  time; however i t  would 
appear, from examinat ion o f  h i s t o l o g i c  sec- 
t i o n s ,  t h a t  o i l  sha le  and spent sha le  do no t  
induce pulmonary f i b r o s i s  t o  t he  same degree 
as does quar tz .  S i x  mcnths a f t e r  i n t r a -  
t rachea l  i n s t i l l a t i o n ,  many o f  t he  sha le  
p a r t i c u l a t e s  a re  p resen t  i n  macrophages i n  
t he  a l v e o l a r  spaces (F i gu re  18.1). Large 

granulomas and areas o f  f i b r o s i s  a re  n o t  
p resen t  i n  animals r e c e i v i n g  these p a r t i c u -  
l a t e s  b u t  are common i n  those r e c e i v i n g  
qua r t z  (F igure  18.2). 

Preparat ions a re  under way t o  determine, 
by i n  v i v o  s t ud i es  i n  rodents,  whether t he  
sha le  o i l  f r a c t i o n s  which show mutagenic 
a c t i v i t y  i n  b a c t e r i a l  assay (descr ibed  
elsewhere i n  t h i s  r e p o r t )  a re  carc inogen ic  
i n  whole animals. 

FIGURE 18.1. Accumulat ion o f  Spent Shale P a r t i c l e s  i n  
P e r i b r o n c h i o l a r  A l veo la r  Spaces 6 Mo Fo l low ing  I n t r a t r a c h e a l  
I n s t i l l a t i o n  



FIGURE 18.2. Multiple Granulomas in the Lung of a Hamster 6 mo 
Following Intratracheal Insti 1 lation of Quartz Particles 



MUTAGENICITY OF OIL SHALE 

Person i n  Charge: R. A. Pe l r oy  

U t i l i z a t i o n  o f  o i l  shale as a  f u e l  source w i l l  re lease  t o  t h e  atmosphere many o rgan ic  and 

i no rgan i c  ma te r i a l s .  Many o f  these ma te r i a l s ,  e s p e c i a l l y  t h e  polyaromat ic  compounds and 

aromat ic  amines, a r e  p o t e n t i a l l y  ca rc inogen ic .  This  p r o j e c t  w i l l  t e s t  o i l  sha le  chemicals f o r  

p o t e n t i a l  ca r c i nogen i c i t y ,  us i ng  m i c r o b i a l  and mammalian t i s s u e - c u l t u r e  bioassays. 

We have t e s t e d  sub f rac t i ons  de r i ved  f rom crude shale o i l  f o r  mu tagen i c i t y  i n  t h e  Salmonel la 

typhimur ium t e s t o r  s t r a i n s  o f  Ames e t  a1 . Two f r a c t i o n s ,  one enr iched  i n  bas i c  compound (e.g. , 
aromat ic  amino ac ids ) ,  and one enr iched  i n  po lynuc lear  a romat ic  compounds, were found t o  be 

h i g h l y  mutagenic f o r  2. typhimur ium mutants, r e v e r t i n g  bo th  f r ame-sh i f t  and p o i n t  muta t ions .  

These f r a c t i o n s  a r e  thus i d e n t i f i e d  as p o t e n t i a l l y  ca rc inogen ic  and w i l l  be t es ted  t o  determine 

whether they  cause tumor f o rma t i on  i n  mice employing techniques o f  t i s s u e - c u l t u r e  c e l l  t r ans -  

format ion,  f o l l owed  by t r a n s p l a n t a t i o n  o f  t ransformed c e l l s  i n t o  r e c i p i e n t  animals. 



MICROBIAL TESTING OF SHALE OIL FOR POTENTIALLY CARCINOGENIC MATERIALS 

Investigators: 

R. A. Pelroy, V. G. Bushaw, and M. Petersen 

Raw shale oil and the acidic, basic, polynuclear aromatic (PNA), and tar fractions from 

shale oil were tested for their mutagenicity against several of the Salmonella typhimurium 

testor strains of Ames et al., using a modification of their assay system. We identified two 

highly mutagenic fractions (the basic and PNA fractions) and one weakly mutagenic fraction, 

(the raw shale oil). Other fractions caused little or no increase in the frequency of muta- 

tion. We have been unable to demonstrate a requirement for metabolic activation of shale oil. 

On the other hand, addition of activating enzyme preparations from rat 1 iver (S-9 enzymes) to 
the assay system consistently led to lower frequencies of mutation. Of all strains tested, 

S. typhimurium TA-100 is the most sensitive to mutation by the basic and PNA fractions. 

The genetically marked S, typhimurium 
strains of Ames were used in three assay 
systems, each of which measured the fre- 
quency of mutation induced by a shale-oil 
fraction as compared to background mutation, 
i.e., in control or nonexposed cells. 
Increased mutational frequencies were con- 
sidered as evidence that a given shale-oil 
fraction was potentially carcinogenic, 
requiring additional tests in animal or 
tissue-culture systems. 

Initial experiments, employing the stan- 
dard Ames assay system (Method 1 ) ,  i .e., 
direct agar plating of shale-oil fraction 
plus testor strain onto selective medium, 
were unsatisfactory due to heavy kill ing of 
cells. Killing was not increased by acti- 
vating (S-9) enzymes, suggesting that meta- 
bolic activation of chemical components 
present in the shale oil or its fractions 
was not responsible for loss of viability. 
At this time, we do not know the role that 
metabolic activation plays in shale-oil- 
induced mutagenesis of the Salmonella testor 
strains. 

We attempted to overcome the killing 
problem by exposing the testor strains to 
shale-oil fractions in liquid media, with 
or without S-9 enzymes. At the end of the 
exposure time, cells were collected onto a 
0.45-~1 filter by filtration and washed. The 
cells were then resuspended in sterile 
nutrient broth and allowed to grow to sta- 
tionary phase before plating an a1 iquot of 
the cells onto selective medium for visu- 
alizing mutated cells (Method 2). The 
results from these "timed" assays were an 
improvement over Method 1; however, muta- 
tional frequencies were still very low 
relative to control cultures. 

As a final attempt to utilize the 2. 
t himurium testor strains, we modified * ethod 2 by omitting the filtration step and 
simply plating a small sample of exposed 
cells directly onto selective medium 
(Method 3). We also made viability counts 
of testor cells before and after exposure 
to shale-oil fractions. This method was 
employed in accumulating the data described 
in the balance of this report. 



The m u t a t i o n  f requenc ies  and v i a b i l i t y  
d a t a  ob ta ined  a f t e r  exposure o f  5. 
typhimur ium TA-100 t o  sha le  o i l  a r e  shown i n  
Table 19.1. T h i s  s t r a i n  responds t o  mutagens 
t h a t  cause bo th  p o i n t  and frame s h i f t  muta- 
t i o n s ,  a1 though i t  i s  g e n e r a l l y  more se lec -  
t i v e  f o r  t h e  p o i n t  mutagens. Inc luded  i n  
t h e  t a b l e  a r e  da ta  f rom c o n t r o l  exper iments 
u s i n g  t h e  mutagen-carcinogens 2-aminoanthra- 
c i n e  (2AA) and 2 - n i t r o s o f  luo rene  (2NF). As 
can be seen, exposure of c e l l s  t o  raw sha le  
o i l  o r  t h e  t a r  f r a c t i o n  o f  sha le  o i l  r e s u l t -  
ed i n ,  a t  most, a  s l i q h t  i nc rease  i n  muta- 

f requenc ies  o f  TA-98. The crude S-9 m ic ro -  
soma1 enzymes lowered t h e  m u t a t i o n a l  r e -  
sponse, i n  t h i s  case n e a r l y  t o  background 
l e v e l s .  I n  c o n t r a s t  t o  TA-100, s t r a i n  TA-98 
gave a  weaker m u t a t i o n a l  response t o  a l l  
s h a l e - o i l  f r a c t i o n s  tes ted ;  on t h e  o t h e r  
hand, t h i s  s t r a i n  was a lmost  as respons ive  
t o  2AA as s t r a i n  TA-100. I t  shou ld  be 
no ted  t h a t  2AA causes m u t a t i o n  o n l y  when 
" m e t a b o l i c a l l y  a c t i v a t e d "  by S-9 enzymes. 
Thus, t h e  S-9 f r a c t i o n  used i n  t h i s  e x p e r i -  
ment was e f f e c t i v e  i n  such a c t i v a t i o n .  

t i o n  o f  TA-100. On t h e  o t h e r  hand, t h e  - 
b a s i c  and PNA f r a c t i o n s  were h i g h l y  muta- 
genic  t o  t h e  t e s t o r  s t r a i n ,  i n c r e a s i n g  t h e  
f requency over  unexposed c o n t r o l s  60- t o  800- 
f o l d .  The r a t  l i v e r  S-9 enzymes c o n s i s t e n t l y  
lowered t h e  m u t a t i o n  f requenc ies  f o r  t h e  
b a s i c  and PNA f r a c t i o n s ,  a l t h o u g h  enzymes 
p resen t  i n  t h e  S-9 f r a c t i o n  were capable o f  
c o n v e r t i n g  i n a c t i v e  promutagens (carc inogens)  
t o  a c t i v e  mutagens, as shown by t h e  da ta  
f o r  2-aminoanthracine. The l a t t e r  compound 
r e q u i r e s  metabo l i c  a c t i v a t i o n .  

TABLE 19.2. M u t a t i o n a l  Frequencies 
o f  3. typhimur ium TA-98 A f t e r  
Exposure t o  Shale-Oi l  F r a c t i o n s  
FRACTION 

TESTED ~ - 9 l a '  K E V E K T A N T S I ~ O ~  VIABLE CELLS 

 BASIC^^^ + 19 

B A 5 I C  100 

PNA + 27  

P N A  267 

K A v i  + 1 8  

TAR + 
TAGLE 19.1. M u t a t i o n a l  Frequencies 

TAR 
of  5. typhimur ium TA-100 A f t e r  Expo- 
su re  t o  Shale-Oi l  F r a c t i o n s  Z A A ~ ~ )  + 

FhACTI(XU 2 A A  

TESTED ) -9(a)  KEVERTANTSI~O~  VIABLE CELLS 
- - Z U F ' ~ ~  

 BASIC'^' + 600'C), ~ 5 0 ' ~ )  N O  A D D I T I m  + 

B A S I C  12000. 70000 N O  A D D I T I m  

PNA 

PNA 

RAvY 

RAvY 

TAR 

TAK  

Z A A ~ ~ I  

2AA 

Z N F ( ~ ~  

N O  ADDIT ION + 
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Comparable d a t a  on t h e  m u t a t i o n a l  e f f e c t s  
o f  exposing S. typhimur ium TA-98 t o  these  
s h a l e - o i l  f r a c t i o n s  a r e  shown i n  Table 19.2. 
T h i s  t e s t o r  s t r a i n  i s  h i g h l y  s p e c i f i c  f o r  
d e t e c t i n g  f r a m e - s h i f t  mutagens. As can be 
seen, t h e  b a s i c  and PNA f r a c t i o n s  caused 
s i g n i f i c a n t  inc reases  i n  t h e  m u t a t i o n a l  
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I0 
REPL l CATE EXPERIMENTS 

Ex tens ive  t e s t i n g  o f  known carc inogens by 
t h e  Ames assay has shown a  c o r r e l a t i o n  
between c a r c i n o g e n i c i t y  and b a c t e r i a l  muta- 
t i o n  (ma in ly  f r a m e - s h i f t )  o f  g r e a t e r  than  
90 percen t .  Thus, agents which induce frame- 
s h i f t  muta t ions  espec ia l  l y  w a r r a n t  t e s t i n g  
f o r  ca rc inogen ic  a c t i v i t y .  The observed 
inc reases  i n  m u t a t i o n a l  f r e q u e n c i e s  i n  c e l l s  
exposed t o  t h e  PNA and bas ic  f r a c t i o n s  a r e  
n o t  s u r p r i s i n g .  The PNA f r a c t i o n  i s  r i c h  i n  
p o l y c y l i c  aromat ic  compounds, which, as a  
c l a s s ,  c o n t a i n  many known carc inogens,  and 
which a r e  g e n e r a l l y  mutagenic f o r  t h e  
s p e c i a l  t e s t o r  s t r a i n s  o f  3. typhimur ium. 
The same can be s a i d  f o r  t h e  b a s i c  f r a c t i o n ,  
which c o n t a i n s  a romat i c  amines. However, i t  
i s  s u r p r i s i n g  t h a t  we have been unable t o  
demonstrate metabo l i c  a c t i v a t i o n  f o r  these  
f r a c t i o n s .  Genera l ly ,  po lya romat i c  hydro- 
carbons r e q u i r e  metabo l i c  a c t i v a t i o n  f o r  
m u t a t i o n  o f  t h e  t e s t o r  s t r a i n s .  It may be 







t h a t  t h e  mutagenic components o f  t h e  PNA and 
bas i c  f r a c t i o n s  do no t  r e q u i r e  a c t i v a t i o n ,  
and t h a t  we d e t e c t  o n l y  these m a t e r i a l s  w i t h  
ou r  assay system. It i s  a l s o  poss i b l e  t h a t  
a c t i v a t i n g  enzymes present  i n  S-9 a r e  i n a c t i -  
va ted  by t h e  sha le -o i l  f r a c t i o n s ,  which 
seems 1  i ke ly ,  s i nce  muta t iona l  f requenc ies  
f o r  2AA a re  lowered i n  t h e  presence of PNA. 

On t h e  bas is  o f  t h e  work descr ibed  here, 
bo th  t he  bas ic  and PNA f r a c t i o n s  should be 
t e s t e d  f o r  t h e i r  capac i t y  t o  induce carc ino-  
genesis  i n  animal systems. We a l s o  f e e l  
t h a t  a l t e r n a t e  m i c rob ia l  t e s t  systems should 

be developed. S p e c i f i c a l l y ,  we p l an  t o  
develop m i c r o b i a l  t r ans fo rma t i on  systems 
t h a t  u t i l i z e  DNA i ns tead  o f  l i v i n g  c e l l s .  
Such systems should h e l p  t o  e l i m i n a t e  t h e  
severe k i l l  i n g  problems which have been o n l y  
p a r t i a l l y  so lved by Method 3. Moreover, i t  
wi 11 be d e s i r a b l e  t o  have a1 t e r n a t i v e  mic ro -  
b i a l  systems w i t h  t h e  s i m p l i c i t y  and f l e x i -  
b i l i t y  o f  t h e  Ames assay, b u t  which can be 
used f o r  t e s t i n g  t o x i c  o rgan ic  m a t e r i a l s  
which may be produced f rom t h e  r e f i n i n g  and 
upgrading o f  raw sha le  o i l .  

H, PRODUCTION FROM GLUCOSE BY THE PHOTOSYNTHETIC BACTERIUM, 
RHODOPSEUDOMONAS SPHEROIDES 

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

R. A .  Pel roy  

Hydrogen p roduc t i on  f rom t h e  pho tosyn the t i c  decomposit ion (pho tod iss im i  l a t i o n )  o f  g lucose 

by R. spheroides has been increased more t han  4 - f o l d  by s e l e c t i o n  o f  a  g l u c o s e - u t i l  i z i n g  

mutant; i .e . ,  one capable o f  us i ng  t h e  sugar as i t s  s o l e  source o f  carbon and energy. Physio- 

l o g i c a l  measurements o f  t h e  e f f e c t  o f  va r ious  gases and var ious  s o l u b l e  n i t r o g e n  sources 

i m p l i c a t e  c e l l u l a r  n i t rogenase  as t h e  enzyme which synthesizes hydrogen gas. 

The nonsu l f u r  pho tosyn the t i c  bacterium, 
Rhodopseudomonas spheroides, i s  capable o f  
c a t a l y z i n g  t h e  syn thes is  o f  H2 by coup l i ng  
t h e  p h o t o d i s s i m i l a t i o n  o f  a  carbon source t o  
t h e  anaerobic "pho to -ox ida t ion"  o f  water .  
Th i s  process, unique t o  c e r t a i n  photosyn- 
t h e t i c  bac te r i a ,  i s  c l o s e l y  l i n k e d  t o  
c e l l u l a r  n i t r o g e n  metabolism, and i s  p r i -  
m a r i l y  dependent on two fac to rs :  F i r s t ,  i t  
i s  abso lu te l y  necessary t h a t  c e l l s  a re  
1  i m i t e d  ( s t a r ved )  f o r  reduced n i t rogen .  
Second, i t  i s  necessary t h a t  mo lecu la r  N2 be 
e i t h e r  absent, o r  1 im i ted ,  i n  i t s  exposure 
t o  a  c u l t u r e  producing Hz. A  t h i r d  f a c t o r ,  
which determines t h e  y i e l d  o f  Hz, i s  t h e  
c a p a c i t y  o f  t h e  c e l l  t o  comple te ly  degrade 
o r  ca tabo l i ze  a  g iven  carbon source t o  C02. 
The more ex tens ive  t h i s  catabol ism, t h e  more 
e l  ec t rons  (meaning t h e i r  b i o l o g i c a l  equiva- 
1  ents, t h e  reduced e l e c t r o n  c a r r i e r s )  a r e  

p o t e n t i a l l y  a v a i l a b l e  f o r  H2 syn thes is .  
Thus, Hz b i osyn thes i s  by R. spheroides can 
be considered i n  terms o f  two separate 
phys i o l og i c  f unc t i ons :  a )  ca tabo l i sm o f  a  
subs t r a te  t o  C02 p l u s  a  reduced e l e c t r o n  
c a r r i e r ,  and b )  t h e  enzymatic convers ion o f  
t h e  e l e c t r o n  c a r r i e r  t o  Hz. It fo l l ows ,  
therefore,  t h a t  i f  t h e  p h o t o d i s s i m i l a t i o n  o f  
carbon subs t ra tes  by b a c t e r i a  i s  t o  become a  
use fu l  means o f  H2 product ion,  bo th  o f  
these f unc t i ons  must be c o n t r o l l e d  from t h e  
p o i n t  o f  v iew o f  maximizing r a t e s  and t o t a l  
y i e l d s  o f  Hz. Moreover, bo th  f unc t i ons  can, 
t o  some ex ten t ,  be changed by muta t ion  t o  
g i v e  s t r a i n s  p a r t i c u l a r l y  s u i t e d  t o  Hz 
b i osyn thes i s .  As one example o f  t h i s  
approach we have se l ec ted  g l u c o s e - u t i l i z i n g  
mutants which a r e  capable o f  a  more e f f i -  
c i e n t  p h o t o d i s s i m i l a t i o n  of g lucose t o  H2 
p l u s  C02, because g lucose i s  a  major  



component o f  most o f  t h e  m a t e r i a l s  which 
m igh t  u l t i m a t e l y  serve  as a source o f  
subs t r a tes  f o r  Hz b i osyn thes i s  (e.g., c e l l u -  
l o s i c  wastes, sugar beets, e t c . ) .  

Tables 19.3 and 19.4 show t h e  main fea-  
t u r e s  o f  Hz syn thes is  f rom t h e  pho tod iss im i -  
l a t i o n  o f  glucose by two s t r a i n s  o f  R. 
spheroides. A mutant  s t r a i n ,  GLN, was 
se l ec ted  f o r  t h e  capac i t y  t o  use g lucose as 
i t s  s o l e  source o f  carbon. S t r a i n  W, t h e  
pa ren ta l  type, i s  incapab le  o f  growth a t  t h e  
expense o f  glucose. 

As can be seen i n  Table 19.3, column 4, 
t h e  mutant  GLN produced more Hz than t h e  
w i l d  type, W. T h i s  was t r u e  whether s t r a i n s  
were grown under argon (A r )  o r  under molec- 
u l a r  N2, w i t h  a t o t a l  Hz y i e l d  4-5 t imes 
g r e a t e r  f o r  GLN than  f o r  W. The g r e a t e s t  
amount o f  Hz was produced by t h e  c u l t u r e  
incubated under Ar, where 36% o f  t he  maximum 
poss i b l e  y i e l d  was obta ined.  On t h e  o the r  
hand, growth o f  R. spheroides under a N2 
atmosphere s u b s t a n t i a l l y  decreased t h e  
y i e l d s  o f  Hz, w i t h  g r e a t e r  decreases occur- 
r i n g  w i t h  increased sur face  area (from 2 cm2 

t o  17 cm2). Ammonium-ion a l s o  i n h i b i t e d  Hz 
syn thes is  by GLN; however, as w i l l  be shown 
below, t h i s  i n h i b i t i o n  was b a s i c a l l y  d i f f e r -  
e n t  f rom the  i n h i b i t i o n  caused by .N2. 

The data presented i n  Table 19.4 show 
t h a t  both GLN and W formed about t h e  same 
amount o f  Hz du r i ng  t h e  p h o t o d i s s i m i l a t i o n  
o f  malate. The y i e l d s  ob ta ined  f rom t h i s  
d i c a r b o x y l i c  ac i d  were much b e t t e r  than t h e  
corresponding values f o r  glucose, w i t h  about 
a 71% convers ion o f  malate by GLN, and 
approximate ly  78% convers ion o f  ma la te  by W. 
I n  a l l  o t he r  respects,  t h e  behav io r  o f  GLN 
and W were q u a l i t a t i v e l y  t h e  same: Hz 
syn thes is  was i f i h i b i t e d  by N2 and by 
ammonium ions,  and t h e  degree o f  Hz i n h i b i -  
t i o n  was increased by i nc reas i ng  t h e  sur face-  
t o - vo l  ume r a t i o s  o f  t h e  c u l t u r e s .  

The d i s t r i b u t i o n  o f  carbon ( f rom glucose)  
i n t o  c e l l  s, C02 and supernatant  (C02-free, 
c e l l - f r e e ,  spent  medium) i s  shown by t h e  
da ta  i n  Table 19.5. The samples a r e  f rom 
t h e  same experiment as t h e  da ta  i n  Table 19.3. 
The amount o f  g lucose carbon taken up by 
c e l l s  (column 3) ranged f rom 16-32%, w h i l e  

~ - -  - - - ~ - ~  

TABLE 19.3. H, Yie lds  From Glucose: S t r a i n s  GLN and W 

GLN-N2 19.6 31.5 31.8 85 0 

CLN-Ar PLUS 
NH4CI 5.7 20.8 54.0 B0.5 6 

W-N2 5.4 18.5 69.9 93.8 0 

l a l ~ ~ ~  VALUES FOR CARBON ARE THE AMRAGE OF THREE REPLICATE SAMPLES. AND ARE 
EXPRESSED I N  TERMS OF THE CONCENTRATION OF THE SUBSTRATE, ie  I N  pMOLE 
E W  IVALENTS Of GLUCOSE 

TABLE 19.4. Hz 

SAMPLE SURFACE AREA. 
crn2 

GLN-Ar la' 17 

GLN-N:~' z 
W-Ar"' 17 

w-N:~' 2 

Y ie l ds  From Malate:  

NITROGEN SOURCE H?' 
-- 

0.05% YEAST EXTRACT 451.6 

0.05% YEAST EXTRACT 120.1 

0.05% YEAST EXTRACT 467 

0.05% YEAST EXTRACT 178.8 

0.0590 YEAST EXTRACT 10.4 

5 mM NH4C I 55.2 

S t r a i n s  GLN and W 

la1 
VALUES FOR C02 AND Hz ARE THE AVERAGE OF THREE REPLICATE SAMPLES 

l b ' ~ ~ ~ ~ ~ ~  GLN, Ar  ATMOSPHERE 
ICI 

MUTANT GLN. N2 ATMOSPHERE 

l d l ~ l ~ ~ - ~ ~ ~ ~  W. Ar ATMOSPHERE 

' e ' ~ ~ ~ ~ - ~ ~ ~ ~  - - W, N2 ATMOSPHERE 



TABLE 19.5. Carbon Recovery A f t e r  Photod iss imi la t ion  
o f ( a  

SAMPLE SURFACE AREA. NITROGEN SOURCE H:' 
02 -- ---- 

17 0.05% YEAST EXTRACT 435.6 

2 0 . M  YEAST EXTRACT 167.1 

17 0.05% YEAST EXTRACT 98.7 

2 0.05% YEAST EXTRACT 32.9 

17 0.05% YEAST EXTRACT 0 

17 5 mM NH4CI 0 

FOR co2 AND HZ ARE THE AVERAGE OF THREE REPLICATE SAMPLES 

' b l ~ ~ ~ ~ ~ ~  GLN, A r  ATMOSPHERE 

l C 1 ~ ~ ~ ~ ~ ~  GLN, N2 ATMOSPHERE 

IdlWl LD-TYPE W, Ar  ATMOSPHERE 

l e ' ~ ~ ~ ~ - ~ ~ ~ ~  W. N~ ATMOSPHERE 

RATIO 
p~ 

2.21 

1.30 

1.02 

1.02 

the  amount present i n  t he  supernatant As can be seen (Figure 19.1A), a and B 
(column 4) ranged from 30 t o  70% o f  the  glucose were found i n  t he  supernates o f  GLN 
ava i l ab le  carbon. Both N2 and ammonium-ions incubated under Ar c o n s t i t u t i n g  about 56% 
increased the  amount o f  nonglucose carbon i n  o f  t he  carbon i n  t h i s  f r a c t i o n .  No small- 
t h e  supernates. Only the  GLN samples incu- molecular-weight carbon compound was found 
bated under Ar contained a s i g n i f i c a n t  i n  the  C02-free supernatant f r a c t i o n  o f  the 
amount o f  f r e e  glucose a t  t he  end o f  the  GLN samples incubated under N2 (data not  
experiment (column 6) .  shown); whereas approximately 27% o f  t he  

t o t a l  glucose carbon (about h a l f  o f  t he  super- 
Figure 19.1 shows the  probable i d e n t i t i e s  natant  carbon) of W was present, mostly as 

o f  t he  small-molecular-weight carbon com- gluconate, and a lesser  amount as an unknown 
pounds remaining i n  t he  supernatant frac- compound w i t h  a r e t e n t i o n  t ime suggesting a 
t i o n s  shown i n  Table 19.4. Prov is iona l  5-carbon sugar o r  sugar-acid (Figure 19.18). 
i d e n t i f i c a t i o n  of these compounds was made 
by gas l i q u i d  chromatography (GLC) o f  t he  The l a s t  observations are  noteworthy 
corresponding s i  l ya ted  de r i va t i ves .  s ince they p inpo in t  one o f  the  slowest steps 

"k 
X 

L 

TIME, min. 

TIME, min. 

A B 

FIGURE 19.1. Metabol i tes i n  Supernates o f  Spent Media Af te r  Hydrogen Production by S t r a i n  
GLN o f  5. spheroides. A. Samples from rep1 i c a t e  cu l t u res  o f  W, incubated under an argon 
atmosphere. B. Samples from r e p l i c a t e  cu l t u res  of W, incubated under argon. Prov is iona l  
i d e n t i f i c a t i o n  o f  the  metabol i tes was made by gas l i q u i d  chromatography o f  the  corresponding 
s i l y a t e d  de r i va t i ves  using a flame i o n i z a t i o n  detec tor  (FID). 

W + 0.0540 YEAST EXTRACT IArI  
6.79 

"b 
x 

C1 - 
a 

I 

GLN - 0.05% YEAST EXTRACT IAr l  

5.86 

4.29 

4 
b GLUCOSE 

I 

o GLUCOSE 



i n  t h e  metabol ism o f  o lucose by t h e  w i l d -  
t y p e  s t r a i n  W. The 6-carbon sugar-ac id,  
g luconate,  i s  t h e  p r o d u c t  o f  t h e  f i r s t  s t e p  
i n  t h e  sequence o f  r e a c t i o n s  which c o n s t i -  
t u t e  t h e  pathway f o r  g lucose ca tabo l i sm by 
R. sphero ides.  S ince approx imate ly  20% o f  - 
t h e  t o t a l  g lucose carbon was l e f t  as g luco-  
nate,  t h e  s t e p  r e s p o n s i b l e  f o r  c o n v e r t i n g  
g lucona te  t o  t h e  n e x t  m e t a b o l i t e  o f  t h e  
pathway was compara t i ve ly  slow. Conversely, 
t h e  mutant  GLN d i d  n o t  accumulate g l u -  
conate t o  any a p p r e c i a b l e  e x t e n t .  These two 
observa t ions  suggest t h a t  g lucose metabol ism 
i n  t h e  w i l d  t y p e  i s  b locked a t  t h e  second 
s t e p  o f  t h e  pathway, r e s u l t i n g  i n  an i n a -  
b i l i t y  t o  metabo l i ze  g luconate,  thus  l e a d i n g  
t o  t h e  accumulat ion o f  t h i s  m e t a b o l i t e  i n  
spent  media. T h i s  i n t e r p r e t a t i o n  i s  i n  
agreement w i t h  t h e  r e s u l t s  o f  Doudorof f  and 
Syzmona ( J .  E. M i c r o b i o l  . 22 : 167, 1960). 
The o r i g i n  o f  C5 i s  n o t  known, b u t  i t  may 
be formed th rough  t h e  a c t i o n  o f  one o f  t h e  
a l t e r n a t e  pathways o f  g lucose metabol ism 
(e. g., hexose monophate shun t ) .  F ive-carbon 
sugars, i t  should be noted, a r e  n o t  formed 
v i a  t h e  main pathway o f  g lucose ca tabo l i sm 
used by  R. sphero ides.  

There a r e  severa l  conc lus ions  t h a t  can be 
drawn f rom these  data.  F i r s t  and most 
impor tan t ,  g e n e t i c  s e l e c t i o n  f o r  g lucose 
u t i l i z a t i o n  y i e l d e d  a s t r a i n  o f  R. 
sphero ides w i t h  inc reased  c a p a c i t y  o f  Hz 
p roduc t ion .  Second, t h e  f i n a l  y i e l d  o f  Hz 
was s t r o n g l y  i n f l u e n c e d  by  two major  f a c t o r s :  
t h e  c o n c e n t r a t i o n  o f  ammonium ions ,  and t h e  
presence o f  m o l e c u l a r  N2. T h i r d ,  a  l a r g e  
amount o f  g lucose carbon was i n c o r p o r a t e d  i n  
t h e  c e l l  m a t e r i a l  o r  exc re ted  i n t o  t h e  
medium. T h i s  represen ts  "wasted" energy 
f rom t h e  p o i n t  o f  view o f  H2 s y n t h e s i s  and 
must be min imized.  .It i s  l i k e l y  t h a t  much 
o f  t h i s  m a t e r i a l  i s  p resen t  i n  t h e  fo rm o f  
po lymer ic  carbohydrates (Ormerod e t  a1 .; 
Arch. Biochem. 94:449, 1961). The f a c t  t h a t  
we were unable t o  account  f o r  a l l  o f  t h e  
carbon i n  terms o f  low-molecular-weight  
s o l u b l e  compounds ( i  .e., i n  t h e  supernatant  
f r a c t i o n s )  a l s o  tends t o  suppor t  t h i s  idea.  

N i t r o g e n  i n h i b i t i o n  o f  Hz s y n t h e s i s  by R. 
sphero ides suggests involvement  o f  t h e  
enzyme n i t r o g e n a s e  (N2ase) i n  t h e  process. 
I f  t h i s  i s  so, then  i t  i s  p robab le  t h a t  N2 
i n h i b i t s  by  s e r v i n g  as an a l t e r n a t e  acceptor  
f o r  e l e c t r o n s  generated d u r i n g  t h e  c a t a b o l -  
ism o f  g lucose t o  C02. The r e d u c t i o n  i n  t h e  
r a t i o s  o f  H3/C02 (Tables 19.3 and 19.5) 
observed f o r  c u l t u r e s  incuba ted  under N2 i s  
evidence f o r  t h i s  i n t e r p r e t a t i o n .  T h i s  
conc lus ion  can be suppor ted by t h e  f o l l o w i n g  
argument: For each mole of C02 produced 
from glucose, 4 mo la r  e q u i v a l e n t s  o f  reduced 
e l e c t r o n  c a r r i e r s  a r e  a v a i l a b l e  e i t h e r  f o r  
H2 s y n t h e s i s  o r  f o r  r e d u c t i o n  o f  N2 t o  
amnonium ion .  Thus, t o  t h e  e x t e n t  t h a t  N2 

( o r  any o t h e r  accep to r )  competes w i t h  hydro- 
gen i o n s  f o r  these  e l e c t r o n s ,  t h e  r a t i o  of 
H2/C02 w i l l  be reduced. The f a c t  t h a t  N2 
reduced t h e  H2/C02 r a t i o  s t r o n g l y  suggests 
such a c o m p e t i t i o n  f o r  e l e c t r o n s .  It should 
be no ted  t h a t  N2ase i s  one o f  t h e  few en- 
zymes capable o f  i n t e r a c t i n g  s p e c i f i c a l l y  
w i t h  mo lecu la r  N2, and t h e  only enzyme t h a t  
i s  known t o  reduce N2 t o  ammonium i o n .  

A second l i n e  o f  exper imenta l  ev idence 
a l s o  suppor ts  t h e  idea  t h a t  N2ase i s  a c t i v e  
i n  Hz syn thes is .  The r a t i o n a l e  f o r  t h i s  s e t  
of exper iments i s  based on t h e  o b s e r v a t i o n  
t h a t  ace ty lene  can i n h i b i t  n i t r o g e n  f i x a t i o n  
by s e r v i n g  as a s u b s t r a t e  f o r  N2ase, t h u s  
e f f e c t i v e l y  competing w i t h  N2. B r i e f l y ,  
when ace ty lene  and N2 a r e  b o t h  present ,  
ace ty lene  competes w i t h  t h e  natus-a1 sub- 
s t r a t e  i n  accep t ing  e l e c t r o n s  f rom t h e  
enzyme. T h i s  leads  t o  t h e  f o r m a t i o n  o f  
e thy lene ,  which can be a c c u r a t e l y  measured 
by gas chromatography. Thus ace ty lene  
r e d u c t i o n  c o n s t i t u t e s  a s e n s i t i v e  i n  s i t u  
measurement o f  N2ase a c t i v i t y .  The d a t a  
shown i n  F i g u r e  19.2 a r e  f rom an exper iment  
designed t o  compare t h e  e f f e c t s  o f  Ar, N2 
and ace ty lene  on Hz s y n t h e s i s  by t h e  mutant  
GLN. The upper cu rve  o f  F i g u r e  19.2 shows 
H2 p r o d u c t i o n  i n  a c u l t u r e  w i t h  an argon 
atmosphere. As can be seen, argon, which i s  
an i n e r t  gas w i t h  r e s p e c t  t o  n i t rogenase ,  
a l l o w s  t h e  maximum e v o l u t i o n  o f  H2 gas 
under t h e  exper imenta l  c o n d i t i o n s  o f  F i g -  
u r e  19.2. I n  separate exper iments ( d a t a  n o t  
shown), i t  was found t h a t  Hz p r o d u c t i o n  i n  
an argon atmosphere was n o t  a f f e c t e d  by 
changing t h e  sur face  area o f  t h e  c u l t u r e .  
The m i d d l e  curves were ob ta ined  u s i n g  gas 
phases o f  argon + 5% ( v / v )  ace ty lene ,  o r  
p u r i f i e d  N2. The s u r f a c e  areas f o r  t h e  

sm 1 I I HYDROGEN PRODUCllON VS GAS PHASE 1 
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FIGURE 19.2. Hydrogen Syn thes is  by  Mutant  
GLN as a Func t ion  o f  Gas Phase. Hydrogen 
was measured by  gas chromatography u s i n g  a 
thermal  c o n d u c t i v i t y  d e t e c t o r .  



argon-acety lene and N2 m ix tu res  were 17 and 
2 cm2, r e s p e c t i v e l y .  As shown, bo th  gas 
phases i n h i b i t e d  H2 p roduc t i on  t o  a l e v e l  
about 50% o f  t h a t  ob ta ined  f o r  a pure argon 
atmosphere. 

To some ex ten t ,  t h e  i n h i b i t i o n s  caused by 
N2 + ace ty lene  appeared t o  be cumulat ive,  as 
shown by t h e  curve fo r  N2 gas p l us  5% acety-  
lene  ( su r f ace  area 2 cm2, about  75% o f  t h a t  
f o r  t h e  argon c u l t u r e ) .  However, as seen 

e a r l i e r  i n  Tables 19.3 and 19.4, t h e  s t rong-  
e s t  i n h i b i t i o n  o f  Hz syn thes is  occur red  i n  
t h e  c u l t u r e  incubated under N2, -bu t  w i t h  t h e  
sur face  area inc reased t o  17 cm2. Thus, 
Hz p roduc t ion  by R. spheroides was i n h i b i t e d  
by bo th  ace ty lene  and N2. These data,  a long 
w i t h  t h e  data i n  Tables 19.3 and 19.4 on t h e  
e f f e c t  o f  N2 on H2/C02 r a t i o s ,  a r e  s t r ong  
evidence t h a t  t h e  n i t rogenase  o f  R. 
spheroides i s  t h e  t e rm ina l  enzymatic s t ep  o f  
H2 p roduc t ion .  



OIL  SHALE HYDROCARBON METABOLISM 

Person i n  Charge: A. J. Gando l f i  

The purpose o f  t h i s  p r o j e c t  was t o  i n v e s t i g a t e  t h e  metabol ism and d i s p o s i t i o n  o f  p o s s i b l y  

carc inogen ic  o r  mutagenic o rgan ic  m a t e r i a l s  assoc ia ted  w i t h  t h e  processing o f  sha le  o i l .  An 

example i s  t he  presence o f  p o l y c y c l i c  aromat ic  hydrocarbons i n  t h e  crude o i l  and spent  shale. 

One t ask  o f  t h i s  s tudy was t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  i nha led  o i l  sha le  and spent  shale 

dus ts  on t h e  pulmonary enzyme systems respons ib l e  f o r  t h e  metabol ism o f  p o l y c y c l i c  o rgan ic  

ma te r i a l s .  A  second task  was t o  s tudy  t he  d i s p o s i t i o n  o f  r ep resen ta t i ve  hydrocarbons f rom 

i n t r a t r a c h e a l l y  admin is te red  spent shale.  These i n i t i a l  s t ud i es  were t o  g i v e  an overv iew o f  

t h e  poss i b l e  f a t e  and e f f e c t s  o f  par t i cu la te -bound p o l y c y l i c  o rgan ic  m a t e r i a l .  

Th i s  p r o j e c t  was f i r s t  funded i n  FY 1976. I n i t i a l  experiments were condircted b u t  funding 

was subsequently terminated.  



EFFECT O F  INTRATRACHEALLY ADMINISTERED OIL SHALE A N D  SPENT SHALE 
ON PLILMONARY BIOTRANSFORMATION ENZYME ACTIVITY 

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

A. J. Gando l f i  and C. A. Sh ie lds  

Technical  Assis tance:  

A. W .  Endres 

Rats were dosed i n t r a t r a c h e a l l y  w i t h  suspensions o f  o i l  shale,  spent  shale, o r  methyl- 

cho lan th rene / i ron  ox ide.  The a c t i v i t i e s  o f  some impor tan t  b i o t r ans fo rma t i on  enzymes i n  t he  

lungs and l i v e r  were measured t o  determine any enzyme i nduc t i ons .  None were found. 

The processes used t o  e x t r a c t  t he  sha le  
o i l  produce p o l y c y c l i c  o rgan ic  m a t e r i a l s  
(POM), some o f  which a re  p o t e n t i a l l y  c a r -  
c inogen ic  o r  mutagenic (see Pel roy,  e t  a l .  
t h i s  Annual Report ) .  Many POM a re  known t o  
induce t h e  enzymes t h a t  b i o t r ans fo rm  them 
t o  t o x i c  in te rmed ia tes ,  be l i eved  t o  be t he  
u l t i m a t e  carcinogens o r  mutagens. I n  t h i s  
p r o j e c t ,  our  p r imary  o b j e c t i v e  i s  t o  eva lu -  
a t e  o i l  shale and spent shale f o r  t h e i r  
capac i t y  t o  cause changes i n  t h e  l e v e l s  and 
a c t i v i t i e s  o f  eilzymes i n  t h e  l ung  respon- 
s i b l e  f o r  POM metabol ism and, perhaps, 
f o rma t i on  o f  ca rc inogen ic  in te rmed ia tes .  

Many POM a re  b io t rans fo rmed by t h e  a r y l  
hydrocarbon hydroxylase enzyme system t o  
y i e l d  a  phenol o r  an arene ox i de  in terme- 
d i a t e .  The arene ox ide  i s  a  r e a c t i v e  
i n t e rmed ia te  which has been shown t o  cova- 
l e n t l y  b i nd  t o  n u c l e i c  ac ids  and p ro te i ns ,  
and i t  i s  t h i s  i n t e r a c t i o n  which suggests 
arene ox ide  as t h e  u l t i m a t e  carc inogen 
de r i ved  f rom some POM. The arene ox ide  may 
be isomer ized t o  a  pheno l i c  product ,  hydro- 
l y zed  by epoxide hydrase, o r  conjugated 
w i t h  g l u t a t h i o n e  by g l u t a t h i o n e  S-ary l  
epoxide t r ans fe rase .  Recent ev idence has 
demonstrated t h a t  me tabo l i t e s  may be r ecyc l ed  
t o  fo rm a d d i t i o n a l  t o x i c  arene ox ides .  
Thus, removal o f  t h e  me tabo l i t e s  by imme- 
d i a t e  r e a c t i o n  w i t h  g l ucu ron i c  a c i d  v i a  
UDP-glucuronyl t r ans fe rase  a l s o  appears t o  

be an impor tan t  d e t o x i f i c a t i o n  r e a c t i o n  
(See F i gu re  20 .1 ) .  A l t e r a t i o n s  i n  any of 
t he  above processes may a l t e r  t h e  e x i s t i n g  
l e v e l  o f  arene ox ide  and thus  i t s  e f f i c a c y  
as a  carcinogen/mutagen. 

Rats were anes the t i zed  w i t h  e the r  and 
i n t r a t r a c h e a l l y  i n j e c t e d ,  weekly, w i t h  
20 mg o f  one o f  t h e  f o l l 2 w i n g :  o i l  shale, 
spent shale,  o r  s tandard POM (methylcholan-  
threne,  3 mg) a t tached t o  f e r r i c  ox i de  
p a r t i c l e s .  P e r i o d i c a l l y ,  groups o f  r a t s  
were removed f rom t h e  regimen and s a c r i f i c e d  
2  weeks f o l l o w i n g  t h e i r  l a s t  i n j e c t i o n  ( t o  
min imize t he  e f f e c t s  o f  t h e  e t h e r ) .  The 
l i v e r s  and lungs were removed and assayed 
f o r  t h e i r  con ten t  o f  t h e  f o l l o w i n g  b i o t r ans -  
fo rmat ion  enzymes: a r y l  hydrocarbon hydrox- 
y lase ,  epoxide hydrase, UDP-glucuronyl 
t rans fe rase ,  and g l u t a th i one -S -a r y l  epoxide 
t rans fe rase .  The enzyme l e v e l s  were 
compared t o  a  c o n t r o l  group ( f e r r i c  ox ide  
a lone)  and t o  t h e  animals dosed w i t h  t h e  
standard POM/ferr ic ox ide  m i x tu re .  

We expected t h e  POM(s) t o  e l u t e  f rom t h e  
p a r t i c u l a t e s  over  a  pe r i od  o f  t ime (see 
Gando l f i  and Sh ie lds ,  t h i s  Annual Report )  
thus  p o s s i b l y  r e s u l t i n g  i n  i nduc t i ons  
o f  b i o t r ans fo rma t i on  enzymes w i t h  t h e  
increased l e v e l  p e r s i s t i n g  over  severa l  
days. Th is  was n o t  observed. F i gu re  20.2 
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FIGURE 20.1. B i o t r ans fo rma t i on  Pathways f o r  
Po lycyc l  i c  Organic M a t e r i a l  (POM) . 

shows t h e  r e l a t i v e  a r y l  hydrocarbon hydrox- 
y l a s e  l e v e l  i n  t h e  l i v e r s  and lungs  of 
animals exposed t o  POM-bearing p a r t i c u l a t e s ,  1.50 
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by i n t r a t r a c h e a l  i n j e c t i o n  i n  t h i s  expe r i -  

FIGURE 20.2. E f f e c t  o f  I n t r a t r a c h e a l  l y  ment, may n o t  be capable o f  i nduc i ng  a  
Adminis tered O i l  Shale and Spent Shale general  inc rease  i n  t h e  l e v e l  o f  POM 
on A r y l  Hydrocarbon Hydroxylase A c t i v i t y  b i o t r ans fo rma t i on  enzymes i n  t h e  lung .  

compared t o  c o n t r o l  animals. The enzyme 
1.m----- l e v e l s  were e r r a t i c ,  w i t h  no l a r g e  o r  

sus ta ined  i nduc t i ons  even w i t h  t h e  methyl - 
c h o l a n t h r e n e l f e r r i c  ox ide  t rea tments .  

- Very s i m i l a r  r e s u l t s  were noted w i t h  t h e  
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t h r e e  o the r  enzyme l e v e l s  t es ted :  epoxide 
hydrase, UDP-glucuronyl t rans fe rase ,  
g lu ta th ione-S-ary l  epoxide t rans fe rase .  

To conf i rm t h a t  pulmonary b io t rans fo rma-  
t i o n  cou ld  be induced, r a t s  r ece i ved  a  
s i n g l e  i n t r a t r a c h e a l  i n j e c t i o n  o f  s tandard 
POM suspended i n  a  g e l a t i n  s o l u t i o n .  Two 
weeks l a t e r  pulmonary a r y l  hydrocarbon 
hydroxylase a c t i v i t y  i n  these animals was 
found t o  be induced a t  over  t w i c e  t h e  
l e v e l  observed i n  c o n t r o l  an imals.  

I 2 9 4 5 6 These p r e l i m i n a r y  r e s u l t s  suggest t h a t  



ABSORPTION O F  BENZO- -PYRENE F R O M  INTRATRACHEALLY 
ADMINISTERED SPENT SHALE 

Investigators: 

A. J .  Gandolfi and C .  A. Shields 

Tri t ia ted benzo-a-pyrene was adsorbed onto spent shale par t ic les  a t  r e a l i s t i c  processing 

levels.  The ra te  of elution of t h i s  3H-benzo-a-pyrene from the spent shale was determined 

in vivo and in vi t ro.  

During the processing of oil shale,  
aromatic hydrocarbons, such as benzo-a- 
pyrene, are produced and can adhere to  the 
resulting spent shale dust. 

We are investigating the elution of a 
polycycl i c  aromatic hydrocarbon (benzo- 
a-pyrene) from spent shale labeled with th i s  
hydrocarbon a t  a level normally produced 
during the processing of oi l  shale to  spent 
shale. Spent shale was enriched with 6 ppm 
3H-benzo-a-pyrene by coating the spent 
shale with a benzene solution of the t r i -  
t ia ted benzo-a-pyrene and then evaporating 
the residual benzene. 

To t e s t  how we1 1 the benzo-a-pyrene was 
attached to the spent shale,  the labeled 
spent shale par t ic les  were placed in saline 
or growth media and the ra te  of elution of 
the radioactivity from the part ic les  
determined. Figure 20.3 shows that  even 
with changes in the media, a maximum of 7% 
of the attached radioactivity elutes in 
12 days. Thus the benzo-a-pyrene i s  appar- 
ently t ight ly attached t o  the spent shale 
particles.  

Male Wistar ra t s  were injected intratra-  
cheally with 10 mg of the 3H-benzo-a- 
p'yrene-enriched spent shale ( l o7  dpm) and 
se r ia l ly  sacrificed. The lungs were 
removed in toto and the trachea, bronchi, 
and lung lobes individually isolated. The 
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FIGURE 20.3. Elution of Radioactivity 
from "-Benzo-a-Pyrene Enriched Spent 
Shale 



r a d i o a c t i v i t y  was determined i n  these I nves t i ga t i ons  a re  i n  progress t o  de te r -  
t i s sues  and i s  shown i n  Table 20.1. There mine i f  t h e  3H-benzo-a-pyrene i s  s t i  11 
was a  r a p i d  decrease i n  t h e  r a d i o a c t i v i t y  a t tached t o  t he  spent  sha le  o r  i s  e l u t e d  
i n  t h e  t rachea and bronchi  w h i l e  t h a t  and l o c a l i z e d  i n  t h e  l ung  t i s s u e .  
assoc ia ted  w i t h  t h e  lungs decreased more 
s low ly .  

NO. DAYS 
AFTER DOSE 

TABLE 20.1. D i s t r i b u t i o n  of 3H Fo l l ow ing  
SH-Benzo-a-~yrene Spent Shale I n j e c t i o n  

TOTAL DPNI + 5 .  o . ' ~ '  

TRACHEA 
x 103 

BRONCHI 
103 

LUNG HOIVIOGENATE 
x 106 

"'ANINIALS RECEIVED 10 mg SPENT SHALE I~H-BENZO-~-PYRENE 
(APPROXIMATELY lo7  dpm). 

I b )  FOUR A N I M A L S  WERE SACRIFICED FOR EACH T I M E  PERIOD 

(C)< > WIDE V A R I A T I O N  I N  FOIIR ANIMALS 



ALVEOLAR CLEARANCE O F  METAL OXIDES 

Person i n  Charge: C.  L. Sanders 

Metal ox ides produced d u r i n g  t h e  combustion o f  f o s s i l  f u e l s  c o n s t i t u t e  a  p o t e n t i a l  h e a l t h  

hazard t o  human popu la t ions .  The a l v e o l a r  macrophage and t h e  Type I a l v e o l a r  e p i t h e l i u m  a r e  

i nvo l ved  i n  t h e  i n i t i a l  c e l l u l a r  response t o  metal ox ides i n  t h e  l ung  v i a  t h e  phagocyt ic  

process. S o l u b i l i z a t i o n  o f  t h e  meta l  ox ides i n  these c e l l s  leads  t o  e a r l y  c e l l u l a r  damage 

which, i n  t h e  case o f  cadmium monoxide, leads t o  acute death a t  i n i t i a l  a l v e o l a r  depos i t ions  

o f  about 100 ~g  Cd. I n v e s t i g a t i o n s  w i l l  con t inue  i n t o  t h e  e a r l y  pa tho log i c  sequelae i n  t h e  

l ung  from Cd. S tud ies  w i t h  r a d i o a c t i v e  Cd and Pb w i l l  be c a r r i e d  ou t  t o  determine t h e  s i t e s  

o f  b i nd i ng  o f  these meta ls  i n  t h e  lung. L i f e - span  i n v e s t i g a t i o n s  i n  r a t s  w i l l  determine t h e  

pa tho log i c  ( ca r c i nogen i c )  p r o p e r t i e s  o f  i nha led  l ead  and cadmium monoxides. 



EARLY FATE A N D  ACUTE MORTAI-ITY F R O M  
INHALED C A D M I U M  M O N O X I D E  

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

C .  L. Sanders, R .  R .  Adee, and G. J. Powers 

Severe pulmonary e f f e c t s  r e s u l t e d  f rom i n h a l a t i o n  o f  cadmium monoxide by  r a t s ,  p o s s i b l y  

due t o  t h e  r a p i d  s o l u b i l i z a t i o n  o f  cadmium monoxide and b i n d i n g  o f  cadmium t o  membrane 

su l  f h y d r y l  groups. 

Female Wis ta r  SPF r a t s  approx imate ly  
70 days o l d  were exposed t o  aeroso ls  o f  
cadmium monoxide (CdO). Exposure was f o r  
30 t o  60 min, nose-only, us ing  t h e  same 
techn ique  as i n  l e a d  monoxide exposures 
(see elsewhere i n  t h i s  Annual Repor t ) .  The 
mass median aerodynamic d iameter  o f  t h e  CdO 
aeroso l  was 3.72 + 0.18 urn, w i t h  a geometr ic  
s tandard  d e v i a t i o n  o f  1.98 + 0.10; count  
median d iameter  was 0.35 t 0.09 um. The 
amount o f  Cd p resen t  i n  t i s s u e  samples was 
determined f o l l o w i n g  wet ashing by atomic 
a b s o r p t i o n .  

Four groups o f  r a t s  were exposed t o  CdO 
aeroso ls :  ( 1  ) 101 r a t s  were exposed t o  CdO 
i n  t h r e e  separate subqroups, t h e  l u n g  
burdens a t  1 day a f t e r  exposure be ing  
38.1 + 7.7 ug Cd; ( 2 )  70 r a t s  were exposed 
t o  CdO i n  one group w i t h  a lung burden a t  
1 day a f t e r  exposure o f  19.5 i 9.3 ug Cd; 
( 3 )  16 r a t s  were g iven  an i n t r a p e r i t o n e a l  
i n j e c t i o n  o f  0.5 mg Zn(N03), j u s t  p r i o r  t o  
CdO exposure; ( 4 )  15 r a t s  were g i v e n  an 
i n t r a p e r i t o n e a l  i n j e c t i o n  o f  80 mg WR-2721 
(S-2-[3-aminopropyl aminolethy1 phosphor- 
o t h i o i c  a c i d  hydra te )  j u s t  p r i o r  t o  CdO 
exposure, and 18 r a t s  were g i v e n  an i n t r a -  
p e r i t o n e a l  i n j e c t i o n  o f  80 mg WR-2721 j u s t  
a f t e r  CdO exposure. The amount o f  Cd found 
i n  t h e  lungs  a t  1 day a f t e r  exposure f o r  
r a t s  i n  groups 3 and 4 was 35.0 t 8.0 ug. 

An a d d i t i o n a l  group o f  10 r a t s  was g i v e n  
about 250 mg o f  CdO suspended i n  1 ml o f  
wa te r  by stomach tube and t h e  r a t s  were 
k i l l e d  7 days l a t e r .  T issue  samples f rom 
these and a l l  o t h e r  an imals  were taken  f o r  
Cd a n a l y s i s  and f o r  h i s t o p a t h o l o g i c  and 
e l e c t r o n  mic roscop ic  examinat ions.  

No p a r t i c u l a t e  o r  o t h e r  e lec t ron-dense  
m a t e r i a l  was seen i n  macrophages o r  e p i t h e -  
1 i a l  c e l l s  o f  t h e  a l v e o l i  f o l l o w i n g  CdO 
exposure. The l i v e r  con ta ined  more Cd than  
t h e  1 ung a t  1 day a f t e r  exposure (Tab le  21 . I ) .  
Less than  10% o f  t h e  i n i t i a l  a l v e o l a r  
d e p o s i t i o n  o f  Cd was found i n  t h e  l u n g  a t  
3 days a f t e r  exposure (Tab le  21.1 ) .  
I n j e c t i o n  o f  e i t h e r  Zn o r  WR-2721 had no 
e f f e c t  upon Cd c learance  o r  t r a n s l o c a t i o n .  

Only  0.017% o f  Cd g i v e n  t o  r a t s  by 
stomach tube was found i n  t h e  l i v e r  a t  
7 days a f t e r  gavage, i n d i c a t i n g  t h a t  l e s s  
than  1% o f  t h e  CdO was s o l u b i l i z e d  i n  t h e  
g u t  and t r a n s p o r t e d  i n t o  t h e  body. 

Rats w i t h  20 vg o r  38 ug Cd i n  t h e i r  
l ungs  a t  1 day a f t e r  exposure t o  CdO aero-  
s o l s  e x h i b i t e d  severe pulmonary r e a c t i o n s ,  
which were f a t a l  t o  most . r a t s  by 3 days 
postexposure ( F i g u r e  21 . I ) .  The pulmonary 
response t o  Cd c o n s i s t e d  o f  acu te  pulmonary 
edema, r e s u l t i n g  i n  s w e l l i n g  and l y s i s  o f  



TABLE 21.1. D i s t r i b u t i o n  o f  Cd i n  Lung and L i v e r  a t  Var ious 
Time I n t e r v a l s  Fo l low ing  I n h a l a t i o n  o f  CdO. 

SURVIVAL T I k E  POST- 
TREATMENT EXPOSURE. DAYS 

-- -- 

CdO ONLY 1 
2 
3 
8 

26 

CdO ONLY 

CdO + 80 mq uYH-2721 PKIOK TO CdO 4 
7 

CdO + 80 mg uVR-2721 AFTEk CdO 1 
2 
3 

AMOUNT OF Cd, p g  
-- 

LUNG LIVEk  

38 t 7.7 54 t 19 
1 7 i 3 4  1 5 t 4 . 3  
11 t_ 5.1 8.7 + 6.4 
8.7* 3.1 - -  

-- 4.5 i 0.4 

20 i 9.3 21 * 7.8 
13 i 3.2 - -  
9.9 i 1.5 - -  
8.5 ? 2.0 --  
3 . 0 t  0.8 5 . 6 i  1.3 

37 26 
17 + 9.6 1 8 1  10  
13 i 3.3 11 t 1.8 

13 11 
10 16 

34 1 7.9 39 t 9.0 
2 1 f 8 . 3  9 . 5 + 5 . 4  
20 f 5.5 13 i 4.9 

NUMBER 
OF ANIMALS 

a l v e o l a r  c e l l s  and engorgement o f  c a p i l l a r -  
i e s  w i t h  r e d  b lood  c e l l s .  P r e t r e a t i n g  r a t s  
w i t h  z i n c  caused o n l y  a  s l i g h t  decrease i n  
m o r t a l i t y  from i nha led  CdO (F i gu re  21.2). 
P r e t r e a t i n g  r a t s  w i t h  WR-2721 had a  marked 
e f f e c t  on improving s u r v i v a l  f o l l o w i n g  CdO 
exposure; postexposure t rea tment  w i t h  
WR-2721 had no e f f e c t  on s u r v i v a l  o f  r a t s  
exposed t o  CdO (F i gu re  21.2). 

Cadmium i s  known t o  have a  s t r ong  
a f f i n i t y  f o r  s u l f h y d r y l  groups on t h e  c e l l  
membrane. That t h e  Cd may be i n f l u e n c i n g  

membrane f u n c t i o n  and i n t e g r i t y  by b i n d i n g  
t o  s u l f h y d r y l  groups i s  supported by t h e  
p r o t e c t i o n  o f  WR-2721 aga ins t  l e t h a l  pulmon- 
a r y  e f f e c t s .  Z inc  i s  c l o s e l y  assoc ia ted  
chemica l l y  w i t h  cadmium and b i o l o g i c a l l y ,  
bo th  metal ca t i ons  a r e  bound t o  meta l -  
l o t h i o n i n e ;  however, z i nc  d i d  n o t  p r o t e c t  
aga ins t  t h e  l e t h a l  e f f e c t s  o f  Cd. The 
l e t h a l  acute a c t i o n  o f  CdO i n  l ung  may be 
due t o  t he  r a p i d  s o l u b i l i z a t i o n  o f  CdO and 
t h e  b i nd i ng  o f  Cd t o  membrane s u l f h y d r y l  
groups, r e s u l t i n g  i n  profound changes i n  
membrane f unc t i on .  
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1 NONE. HIGH Cd CROUP 
50 

2 NONE, LOW Cd CROUP 

3 INJECTED Z n ( N q l 2  PRIOR TO CdO 

40 I 4 INJECTED NR-2721 PRIOR TO CdO 

0 20 40  60 80 lm 
TIME AFlER EXPObURE TO Cd, DAYS 

FIGURE 21 .l. Amount of Cd Present  i n  t h e  
Lung as a  Func t ion  o f  Time A f t e r  I n h a l a t i o n  
and Treatment w i t h  Zn(N03), and WR-2721. 
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FIGURE 21.2. The Le tha l  E f f e c t  o f  Inha led  
CdO on Rats as Inf luenced,  by Treatment Wi th  
Zn(N03), and WR-2721. 



EFFECTS OF CADMIUM ON RED BLOOD CELL MEMBRANES 

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

P. T. Johns, C. L. Sanders, and G. J. Powers 

I n  v i t r o  p r e t r e a t i n g  o f  r a t  r e d  b lood  c e l l s  w i t h  WR-2721 p r o t e c t e d  them f rom t h e  inc reased  

osmot ic  f r a g i l i t y  and l o s s  o f  potass ium u s u a l l y  caused by i n c u b a t i o n  w i t h  cadmium. 

A p rev ious  r e p o r t  desc r ibed  t h e  acu te  
pulmonary e f f e c t s  i n  r a t s  r e s u l t i n g  f rom 
t h e  i n h a l a t i o n  o f  CdO and t h e  p r o t e c t i o n  
a g a i n s t  these e f f e c t s  by p re t rea tment  w i t h  
t h e  s u l f h y d r y l  compound WR-2721 p r i o r  t o  
i n h a l a t i o n  o f  CdO. The e f f e c t  o f  Cd on r e d  
b lood  c e l l  (RBC) membranes was a l s o  examined. 

Red b lood  c e l l s  were o b t a i n e d  by h e a r t  
punc tu re  f rom female SPF, u n t r e a t e d  W i s t a r  
r a t s .  The RBCs were washed and d i l u t e d  i n  
0.9% NaCl t o  a  c o n c e n t r a t i o n  o f  about  200 x  
l o 6  ml and incuba ted  w i t h  v a r i o u s  chemicals  
i n  a  shaking wate r  b a t h  a t  37°C. Osmotic 
f r a g i l i t y  and l o s s  o f  potass ium i n t o  t h e  
medium were measured a f t e r  i n c u b a t i o n .  The 
amount o f  Cd bound t o  RBC was a l s o  determined. 

The Cd c a t i o n  e x h i b i t e d  a  damaging 
e f f e c t  on RBC as demonstrated by an 
inc reased  osmot ic  f r a g i l i t y  ( F i g u r e  21 . l )  
and by an inc reased  l o s s  o f  potass ium 
( F i g u r e  21.2) .  Cd was t i g h t l y  bound t o  
RBCs and was n o t  removed by f o u r  washings. 

WR-2721 prevented t h e  e f f e c t s  o f  Cd, t h e  
drug be ing  more e f f e c t i v e  i n  p r e v e n t i n g  
potassium leakage than  i n  p r e v e n t i n g  osmot ic  
l y s i s  ( F i g u r e s  21.3 and 21.4).  Z inc  t o t a l l y  
prevented t h e  e f f e c t s  o f  Cd on osmot ic  
f r a g i l i t y  a t  a  l e v e l  o f  5 mM Zn ( F i g u r e  21.3). 
However, z i n c  d i d  n o t  p reven t  t h e  Cd-induced 
potass ium leakage n o r  d i d  Zn by i t s e l f  
cause an inc reased  potass ium leakage f rom 
RBCs. Mercur i c  i o n s  were a t  l e a s t  an o r d e r  
o f  magnitude more e f f e c t i v e  t h a n  Cd i n  
i n d u c i n g  a  potass ium leakage f rom RBCs 
( F i g u r e  21.4). 

I n  some ways t h e  i n  v i v o  s t u d i e s  w i t h  
i n h a l e d  CdO and i n j e c t e d  WR-2721 p a r a l l e l e d  
i n  v i t r o  observa t ions  w i t h  RBCs, i n  t h a t  
WR-2721 p r o t e c t e d  a g a i n s t  b o t h  t h e  l e t h a l  
e f f e c t s  o f  i n h a l e d  CdO i n  r a t s  and a g a i n s t  
t h e  e f f e c t s  o f  Cd on osmot ic  f r a g i l i t y  and 
potass ium leakage on RBCs. Bo th  i n  v i v o  
and i n  v i t r o  s t u d i e s  i n d i c a t e  a  t o x i c  
a c t i o n  o f  Cd upon membrane s u l f h y d r y l  
groups. 
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FIGURE 21.,3. Inf luence o f  Increasing Concentrations o f  CdSO,, 
Increasing Concentrations o f  ZII(NO~)~ i n  the  Presence o f  3 mM 
CdSO,, and o f  Increasing Concentrations o f  WR-2721 i n  the 
Presence of 1.5 mM CdS0, Upon the Osmotic F r a g i l i t y  o f  Rat Red 
Blood Cel ls.  Each sample was incubated f o r  100 min p r i o r  t o  
measurement o f  f r a g i l i t y .  Each po in t  represents one sample. 



FIGURE 21.4. I n f l uence  o f  I nc reas i ng  Concent ra t ions  of CdS04, 
I nc reas i ng  Concentrat ions o f  WR-2721 i n  t he  Presence o f  1.5 mM 
CdSO,,, and o f  I nc reas i ng  Concentrat ions o f  HgC12 Upon t h e  
Leakage o f  Potassium i n t o  t h e  E x t r a c e l l u l a r  Medium. Samples 
con ta i n i ng  Cd were incubated f o r  100 min. Samples con ta i n i ng  
Hg were incubated f o r  30 min. Each p o i n t  represen ts  one 
sample. 



EARLY FATE OF INHALED LEAD MONOXIDE 

I nves t i ga to rs  : 

C. L. Sanders and R. R. Adee 

Inhaled lead monoxide i s  so lub le  i n  t he  lungs of r a t s ,  t he  p a r t i c l e s  being phagocytized by 

macrophages and Type I a l v e o l a r  ep i t he l i um p r i o r  t o  t h e i r  d i sso lu t i on .  It i s  a lso  c y t o t o x i c .  

Lead exposure from combustion o f  f o s s i l  
f u e l s  and leaded gaso l ine  continues t o  occur 
i n  the  Uni ted States.  Lead oxides and 
suboxides appear t o  be t he  pr imary chemical 
form produced by combustion o f  f u e l ,  w i t h  
lead monoxide being more t o x i c  than m e t a l l i c  
lead o r  o the r  l ess  so lub le  lead compounds. 
We are  i n v e s t i g a t i n g  t he  e a r l y  f a t e  and l a t e  
pa tho log ic  e f f e c t s  o f  inha led  lead compounds 
i n  t he  lung.  

Female Wistar  SPF r a t s  approximately 
70 days o l d  were exposed t o  an aerosol o f  
lead monoxide (PbO) generated by a Wright 
Dust Feed Mechanism and an e l u t r i a t o r .  
The PbO dus t  was administered i n  an exoo- 
sure chamber t o  r a t s  placed i n  spec ia l i y  
c u t  "Coke" b o t t l e s ,  r e s u l t i n g  i n  a 
nose-only exposure o f  t he  animals. Rats 
were exposed f o r  1 h r .  The mass median 
aerodynamic diameter o f  t he  PbO was 
2.62 2 0.20 um, w i t h  a geometric stan-  
dard d e v i a t i o n  o f  2.07 c 0.14 and a 
count median diameter  o f  0.17 + 0.04 um. 

Groups o f  f i v e  animals were k i l l e d  by 
halothane overexposure a t  1, 3, 7, 14, 21, 
28, 35, 42, 49, 56, 63, 70, 77, and 91 days 
a f t e r  exposure. The lungs were f i x e d  a t  
20 cm H,O w i t h  2% glutaraldehyde f o l l o w i n g  
t rachea l  cannulat ion.  Lead was determined 
i n  ashed and ac id -d isso lved samples by 
atomic absorp t ion  spectroscopy. 

t he  blood du r i ng  t he  f i r s t  day a f t e r  expo- 
sure; about 90% o f  the  i n i t i a l  a l v e o l a r  
depos i t i on  was c leared from the  lung by 7 t o  
14 days a f t e r  exposure. About 5% o f  t he  
a1 veo lar  depos i t ion  was re ta ined  i n  the  1 ung 
f rom 21 t o  91 days a f t e r  exposure w i t h  a 
comparat ively long b i o l o g i c a l  h a l f - l i f e  
(Table 21.2). While t he  skeleton i s  known 
t o  concentrate so lub le  lead, we are  unable 
as y e t  t o  determine s k e l e t a l  Pb content  due 
t o  i n te r f e rence  f rom the  h igh  s a l t  con ten t  
o f  the  ashed and s o l u b i l  i zed  bone samples. 
Column chromatographic separat ion o f  t he  Pb 
i s  needed p r i o r  t o  measuring w i t h  atomic 
absorp t ion  spectroscopy. 
- 
TABLE 21.2. Fate of Inhaled Lead Monoxide 
i n  Rats 

% I N I T I A L  ALVEOLAR DEPOSITION ( F +  S.D.1 

T I M  AFTER PULMONARY 
EXPOSURE, days LUNG LYMPH NODES LIVER KIDNEY -- 

1 Y * 21 5.0+ 1.1 13 * 8 3  R O *  2.5 

3 18 + 4.3 4.7k1.5 8.7k3.1 5.0+1.6 

7 12 * 3.0 4.0+ 1.0 5.7* 1.6 3.2+ LO 

14 7.3+ 2.5 6.0 * 1.0 7.0* 1.6 3.3 + 0.9 

The i n i t i a l  a l v e o l a r  depos i t i on  was 300 + 70 5.3 + 0.7 
118 ug Pb. Approximately 50% o f  the  Pb 77 4.7i 2.3 

deposi ted i n  t he  a l v e o l i  was c leared i n t o  91 5.0+ 2.1 













TOXICITY OF CO, NOx, SOx, AND FLY ASH 

Person i n  Charge: A. J. G a n d o l f i  

T h i s  p r o j e c t  sough t  t o  d e f i n e ,  i n  an an ima l  model,  t h e  b i o l o g i c a l  e f f e c t s  o f  exposu re  t c  

p o l l u t a n t  a tmospheres  w h i c h  m i g h t  d e v e l o p  a round  l a r g e - s c a l e  f o s s i l - f u e l - b u r n i n g  power p l a n t s .  

Mos t  p r e v i o u s  s t u d i e s  r e l a t e d  t o  t h e  h e a l t h  e f f e c t s  o f  a i r  p o l l u t a n t s  have focused  o n  one 

p o l l u t a n t  m a t e r i a l  a d m i n i s t e r e d  a t  l e v e l s  h i g h e r  t h a n  a c t u a l  e n v i r o n m e n t a l  c o n c e n t r a t i o n s ;  

t h i s  s t u d y  was t o  have been conce rned  w i t h  h e a l t h  e f f e c t s  o f  c o m b i n a t i o n s  o f  p o l l u t a n t s  

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

T h i s  p r o j e c t  r e c e i v e d  EPA "Pass Through"  f u n d i n g  i n  FY 1976, b u t  was t e r m i n a t e d  b y  ERDA as 

o f  September 30, 1976. 



DESIGN AND PERFORMANCE OF AEROSOL EXPOSURE SYSTEM 

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

A. J. Gando l f i ,  W. H. Hodgson, and J. H. Chandon 

Technical  Assis tance:  

R. Road i fe r  

An exposure system designed t o  d e l i v e r  p rec i se  l e v e l s  o f  NOx, SOx, and CD i n  combinat ion 

w i t h  a  f l y  ash aeroso l  i s  descr ibed.  

Most o f  t h e  e f f o r t  i n  t h i s . p r o j e c t  was 
d i r e c t e d  towards t h e  design, cons t r uc t i on ,  
and t e s t i n g  o f  an atmospheric p o l l u t a n t  
animal exposure system. Due t o  t h e  impor- 
tance o f  humid i t y  and temperature i n  de te r -  
m in ing  t h e  t o x i c i t y  o f  atmospheric p o l l u -  
t an t s ,  a  system was i n s t a l l e d  t h a t  cou ld  
supply temperature- and humid i t y - regu la ted  
a i r  t o  t h e  exposure chambers. The exposure 
system (F i gu re  22.1) cons is ted  o f  f o u r  
hexagonal chambers, each capable o f  housing 
48 r a t s  on a  s i n g l e  l e v e l ,  connected t o  a  
f i l t e r e d  c o n t r o l l e d  source o f  humid, 
temperature-regulated a i r .  Gas l i n e s  
d e l i v e r e d  p rec i se  amounts o f  SO2, NO2, and 
CO v i a  a  s e r i e s  o f  meter ing  va lves  t o  t h e  
i n d i v i d u a l  chambers. F l y  ash aeroso ls  were 
generated w i t h  a  Wr igh t  Dust Feed Mechanism 
and mixed w i t h  t h e  incoming humid a i r  j u s t  
p r i o r  t o  e n t e r i n g  t h e  chamber. The chamber 
gas concent ra t ions  were moni tored w i t h  a  
b a t t e r y  o f  c a l i b r a t e d  gas ana lyzers  (NOx, 
SOx, CO, and ozone). The aeroso ls  were 
charac te r i zed  f rom f i l t e r  paper and cascade 
impactor  samples. 

A t  a  chamber a i r  f l o w  r a t e  o f  10 cfm, 
cons i s t en t  and rep roduc ib l e  concent ra t ions  
o f  CO, SO2 and NO2 cou ld  be produced d a i l y .  
The r e l a t i v e  hum id i t y  cou ld  be e a s i l y  
ad jus ted  f rom 50-90% w i t h  t h e  a i d  o f  a  
Bemco Temperature-Humidity C o n t r o l l e r .  The 
f l y  ash samples used f o r  these t e s t s  were 
from t h e  C o l s t r i p ,  Montana and Cen t ra l i a ,  
Washington coal  - f i r e d  power p l an t s .  I n  
o rde r  t o  generate an aerosol  o f  s u i t a b l e  
p a r t i c l e - s i z e  d i s t r i b u t i o n ,  t h e  f l y  ash was 
e x t e n s i v e l y  b a l l  m i l l e d  and s ieved  t o  l e s s  
than 38 microns d i a  (-325-mesh s i eve )  
be fo re  packing i n  t h e  Wright  Dust M i l l  
c y l i n d e r .  An aeroso l  concent ra t ion  o f  over  
50 mg/m3 cou ld  be generated f rom t h i s  
m a t e r i a l  w i t h  equal and cons i s t en t  d i s t r i -  
b u t i o n  throughout  t h e  exposure chambers. 

Fu tu re  p lans f o r  t h e  exposure system 
i nc l ude  t o t a l  automation and c o n t r o l  o f  t h e  
gas concent ra t ions  and aerosol  l e v e l s  by a  
micro-processor  and a  system o f  so leno ids  
and motor i zed  valves.  
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FIGURE 22.1. Atmospheric P o l l u t a n t  Animal Exposure System 



LUNG TOXICITY O F  SULFUR POLLUTANTS 

Person i n  Charge: S. M. Loscu to f f  

S u l f u r  ox ides re leased  du r i ng  t he  combustion o f  f o s s i l  f u e l s  f o r  energy p roduc t i on  c o n s t i -  

t u t e  a  h e a l t h  hazard t o  exposed i n d i v i d u a l s .  Ce r t a i n  i n d i v i d u a l s  a re  p a r t i c u l a r l y  s e n s i t i v e  

t o  harmful e f f e c t s  o f  s u l f u r  ox ides,  i n c l u d i n g  i n d i v i d u a l s  w i t h  p r e - e x i s t i n g  pulmonary and 

card iovascu la r  diseases. Th i s  s e n s i t i v e  popu la t i on  shows an increased m o r b i d i t y  and m o r t a l i t y  

d u r i n g  episodes o f  h i gh  ambient s u l f u r  ox i de  p o l l u t i o n .  Since sources o f  s u l f u r  p o l l u t i o n  

appear t o  be i nc reas i ng  w i t h  t h e  use o f  c a t a l y t i c  conver te rs  i n  automobiles and t h e  growing 

r e l i a n c e  on coa l  burn ing  f o r  energy, s u l f u r  p o l l u t a n t s  w i l l  con t inue  t o  pose a  h e a l t h  hazard. 

The goal o f  t h i s  p r o j e c t  i s  t o  eva lua te  poss i b l e  means o f  p r o t e c t i n g  s e n s i t i v e  humans 

du r i ng  episodes o f  h i gh  s u l f u r  p o l l u t i o n ,  by us i ng  animal models which s imu la te  human d isease 

s t a tes .  Using s p e c i f i c  pharmacologic blockade, we a r e  i n v e s t i g a t i n g  t he  p o s s i b i l i t y  o f  

i n h i b i t i n g  t h e  increased pulmonary r es i s t ance  and decreased pulmonary compliance which occur  

du r i ng  i n h a l a t i o n  o f  s u l f u r i c  a c i d  aerosols .  S u l f u r i c  a c i d  i n h a l a t i o n  e f f e c t s  a re  compared 

i n  animals w i t h  pulmonary changes b locked and i n  unblocked animals t o  determine i f  pharma- 

c o l o g i c  blockade p r o t e c t s  animals f rom damaging e f f e c t s  o f  s u l f u r i c  a c i d  exposure. Pro-  

t e c t i o n  w i l l  be eva lua ted  f rom m o r b i d i t y  and m o r t a l i t y  da ta  and pa tho log i c  and p h y s i o l o g i c  

cha rac te r i za t i ons  o f  pulmonary les ions .  I f  pharmacologic blockade p r o t e c t s  exper imenta l  

animals f rom s u l f u r i c  a c i d  exposure, a  means o f  p r o t e c t i n g  s e n s i t i v e  humans du r i ng  h i gh  

s u l f u r  p o l l u t i o n  episodes may be suggested. 



EFFECT OF PHARMACOLOGIC BLOCKADE O N  PULMONARY 
FUNCTION IN AWAKE GUINEA PIGS 

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

S. M. Loscutoff  

Technical Ass i s tance  

B. W .  Killand and P. L .  Savignac 

In p re l iminary  experiments ,  pulmonary f u n c t i o n  and c a r d i a c  f u n c t i o n s  were monitored i n  

c o n t r o l  guinea p i g s  and i n  animals  i n j e c t e d  with s p e c i f i c  i n h i b i t o r s  of h i s tamine ,  pros- 

t a g l a n d i n s ,  a c e t y l  chol i n e  and catecholamines ( 6 - r e c e p t o r s ) .  Tidal  volume, minute volume and 

r e s p i r a t i o n  r a t e  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  between c o n t r o l  and blocked an imals .  

Pulmonary r e s i s t a n c e  was s i g n i f i c a n t l y  h igher  i n  animals  t r e a t e d  wi th  a n t i h i s t a m i n e s  and 

a n t i p r o s t a g l a n d i n s .  Pulmonary compliance was s i g n i f i c a n t l y  lower i n  animals  t r e a t e d  wi th  

a n t i h i s t a m i n e s  and h e a r t  r a t e  was s i g n i f i c a n t l y  lower i n  animals  t r e a t e d  wi th  6-blockers .  

Resu l t s  o f  t h e s e  s t u d i e s  w i l l  be used i n  e s t a b l i s h i n g  c o n d i t i o n s  f o r  s u l f u r i c  a c i d  ae roso l  

exposures .  To avoid confusion between s u l f u r i c  a c i d  and d r u g - r e l a t e d  e f f e c t s ,  c o n c e n t r a t i o n s  

of  s u l f u r i c  a c i d  w i l l  be used which produce changes in  pulmonary r e s i s t a n c e  and compliance 

s i g n i f i c a n t l y  g r e a t e r  than changes caused by a d m i n i s t r a t i o n  of d rugs .  

Before e v a l u a t i n g  t h e  e f f e c t s  of  
pharmacologic blockade on pulmonary 
responses t o  s u l f u r i c  a c i d  exposure,  
c o n t r o l  experiments  e v a l u a t i n g  t h e  e f f e c t s  
o f  pharmacologic blockade a lone  were 
performed. R e s u l t s  o f  t h e s e  pre l iminary  
s t u d i e s  w i l l  be used i n  e s t a b l i s h i n g  
c o n d i t i o n s  f o r  s u l f u r i c  a c i d  ae roso l  
exposures .  

Male, H a r t l e y - s t r a i n  guinea p igs  were 
t e s t e d  f o r  90 min i n  t h e  appara tus  shown 
schemat ica l ly  i n  Figure 23.1. Before 
i n s e r t i o n  i n  t h e  plethysmograph, animals  
were a n e s t h e t i z e d  wi th  e t h e r  f o r  placement 
of t h e  p leura l  c a t h e t e r  and e l e c t r o c a r d i o -  
graph (ECG) l e a d s .  The plethysmograph i s  
designed so  t h a t  t h e  neck opening can be 
s e a l e d ,  a1 lowing r e s p i r a t o r y  f low and 

volume t o  be recorded from a pneumotachom- 
e t e r  ( r e s i s t a n c e  f low meter)  a f f i x e d  t o  
t h e  back of  t h e  plethysmograph. Pulmonary 
r e s i s t a n c e  and compliance were c a l c u l a t e d  
from simultaneous record ings  o f  p leura l  
p r e s s u r e ,  flow and volume. 

Drugs used f o r  pharmacologic blockade,  
t h e i r  dosage, time p r e a d m i n i s t r a t i o n ,  and 
a f f e c t e d  endogenous vasoac t ive  compounds 
a r e  l i s t e d  i n  Table 23.1. All drugs were 
given by i n t r a p e r i t o n e a l  i n j e c t i o n ,  excep t  
indomethacin, which was given o r a l l y .  Ten 
animals  were t e s t e d  with each drug and 
t h e r e  were t e n  u n t r e a t e d  c o n t r o l s .  

Measurements were made, p e r i o d i c a l l y  
throughout  t h e  90-min t e s t  per iod ,  of  
r e s p i r a t o r y  p a t t e r n ,  pulmonary mechanics, 
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FIGLIRE 23.1. Apparatus f o r  T e s t i n g  Awake 
Guinea P igs  

and h e a r t  r a t e .  Resu l t s  o f  r e s p i r a t o r y  
p a t t e r n  measurements ( r e s p i r a t i o n  r a t e ,  
t i d a l  volume and minu te  volume) a t  50 min 

a r e  summarized i n  Table 23 .2 .  T i d a l  
volume i n  6-blocked animals  was t h e  o n l y  
parameter a f f e c t e d  by pharmacologic 
blockade. Pulmonary mechanics ( r e s i s t a n c e  
and compliance) and h e a r t  r a t e  da ta  a r e  
shown i n  F igures  23.2-23.4 .  Mean c o n t r o l  
values, + 95% con f idence  i n t e r v a l s  f o r  
c o n t r o l s ,  and mean values f o r  d r u g - t r e a t e d  
animals a r e  presented f o r  t h e  90-min t e s t  
pe r iod .  Responses of t h e  animals  were 
r e l a t i v e l y  cons tan t  throughout  t h e  90-min 
t e s t  pe r iod .  Resis tance i n  h is tamine-  
b locked and p ros tag land in -b locked  groups 
was s i g n i f i c a n t l y  h i g h e r  than  i n  c o n t r o l s ,  
~ h i l e  compliance i n  t h e  h is tamine-b locked  
group was s i g n i f i c a n t l y  lower  than  i n  
c o n t r o l s .  Hear t  r a t e  was s i g n i f i c a n t l y  
reduced i n  t h e  6-blocked group. 

1 These data, p a r t i c u l a r l y  t h e  r e s u l t s  o f  
r e s i s t a n c e  and compliance measurements, 
w i l l  be i m p o r t a n t  i n  e s t a b l i s h i n g  c o n d i t i o n s  
f o r  s u l f u r i c  a c i d  aeroso l  exposures. 
Exposures w i l l  be c a r r i e d  o u t  a t  a  concen- 
t r a t i o n  o f  s u l f u r i c  a c i d  which changes 
r e s i s t a n c e  and compliance more than  any o f  
t h e  drugs.  The i n f l u e n c e  o f  pharmacologic 
blockade on t h e  pulmonary response t o  
s u l f u r i c  a c i d  aeroso l  exposure can then  be 
evaluated.  

TABLE 23.1 .  Drug Pro toco l  f o r  Phannacologic B l o c k a l e  

TIME 
PRE-I NJECTION 

DRUG DOSE (min) 

ATROPINE 5 mglkg 45 

PROPRANOLOL 10 mglkg 60 

CHLORPHENl RAMINE 10 mglkg 15 

l NDOMETHAC l N 50 m9 120 

AFFECTED 
ENDOGENOUS 
COMPOUND 

ACETYLCHOLINE 

CATECHOLAMI NES 
(P-RECEPTORS) 

HISTAMINE 

PROSTAGLANDINS 

TABLE 2 3 . 2 .  R e s p i r a t i o n  Rate, T i d a l  Volume and Minute Volume i n  C o n t r o l  
and Drug-Treated Guinea P igs  a t  50 Min o f  t h e  90-Min T e s t  P e r i o d  

RESPIRATION 
RATE TIDAL VOLUME MINUTE VOLUME 

TREATMENT GROUP (BPM) (ml) (mllmin) 

CONTROL 86.5 * 23.5 2.73 * LO2 233 * 88 
ACETYLCHOLI NE-BLOCK 77.0 * 16.5 2.90 * 0.56 225 * 63 

HI STAMINE-BLOCK 88.5 * 23.5 2.01 * 0.29 176 * 31 

PROSTAGLANDI N-BLOCK 68.3 * 16.5 3.20 * 0.89 210 * 30 

*SIGNIF1 CANT DIFFERENCE FROM CONTROL P < 0.05, BASED 
ON LINPAI RED 'T' TEST 
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CHEMICAL RADIATION PROTECTION 

Person i n  Charge: J. C.  Hampton 

Th i s  p r o j e c t  was te rmina ted  i n  FY 1976. It was aimed a t  developing ways o f  p r o t e c t i n g  

i n d i v i d u a l s  f rom t h e  Jamaging e f f e c t s  o f  r a d i a t i o n  and was based upon t he  use o f  compound 

35S-WR-2721 [S-2 (3-aminopropylamino) e t h y l  phosphoro th io ic  ac i d  hydra te ]  i n j e c t e d  p r i o r  t o  

exposure. Dur ing t he  course o f  t he  work, i t  was determined t h a t  a dose o f  400 mg/kg body 

we igh t  a f f o rded  p r o t e c t i o n  t o  mice exposed t o  1500 R X-rays such t h a t  they  showed no evidence 

o f  g a s t r o i n t e s t i n a l  syndrome nor  o f  marrow f a i l u r e ,  and surv ived  u n t i l  t hey  were k i l l e d  

9 months postexposure. S tud ies  on p r o l i f e r a t i v e  c e l l s  i n  t h e  gu t  suggested t h a t  t he  p ro -  

t e c t i v e  e f f e c t  was more l i k e l y  on p o s t m i t o t i c  c e l l s  r a t h e r  than  on t he  d i v i d i n g  popu la t ion ,  

based upon t he  appearance o f  mature c e l l s  a t  t h e  t ime  when unpro tec ted  animals u s u a l l y  d i ed  o f  

t h e  g u t  syndrome. The uptake o f  35S-WR-2721 i n  l i v e r ,  g u t  and k idney showed t h a t  nea r l y  a l l  

o f  t h e  l a b e l  was bound t o  t h e  r ibosome-r ich microsome f r a c t i o n ,  suggest ing t h a t ,  somehow, t h e  

pathways f o r  p r o t e i n  syn thes is  were p ro tec ted .  



REMOVAL O F  DEPOSITED RADIONUCLIDES 

Person in Charge: V .  H. Smith 

The objective of t h i s  project  i s  t o  decrease the potential  damage from inhaled, skin- o r  

wound-absorbed, o r  ingested radionuclides. While primarily addressed t o  the needs f o r  worker 

protection in the nuclear indust r ies  and laborator ies ,  i t  a l s o  looks t o  the possible t r e a t -  

ment needs ar is ing from exposure of larger  segments of the population. The approach i s  to  

develop methods t h a t  will  prevent absorption, hasten excretion,  improve decontamination, or  

a l t e r  translocation of the  radionuclides--all f o r  the  purpose of minimizing radia t ion dose t o  

sens i t ive  t i ssues .  Associated s tudies  include mechanisms of radionuclide absorption, trans- 

por t ,  mobilization and t i s s u e  d i s t r ibu t ion ,  preparation of new treatment agents and method- 

ology, and the toxicology, pharmacology, pharmaceutics, and pharrnacodynamics of treatment 

agents. 

Research continues in the e f f o r t  t o  obtain information f o r  the IND on Zn-DTPA and inhaled 

Ca-DTPA. An inhalation study i s  underway in r a t s  t o  check e a r l i e r  indications of emphysema 

due t o  inhalation of Ca-DTPA. For pat ient  and physician convenience, an oral  treatment f o r  P u  

poisoning would be highly des i rable .  A compound re la ted t o  bacterial  siderochrornes was found 

t o  be moderately e f fec t ive  in decreasing P u  re tent ion when given o ra l ly  1 h r  a f t e r  administra- 

t ion of Pu t o  r a t s .  As par t  of the pharmaceutical e f f o r t  t o  d i r e c t  P u  removal agents in to  

c e l l s  t o  a t tack P u  pools not avai lable  t o  the  standard Ca-DTPA treatment, D'TPA has been 

incorporated in to  polylactide p a r t i c l e s  of respirable  s i ze .  Before tes t ing in animals, the 

behavior of new pharmaceutics will  be tes ted in v i t ro ,  employing Pu-containing lung macro- 

phages. Macrophages i n  the in v i t r o  t e s t  system engulf plutonium into  phagolysosomes j u s t  a s  

the in vivo c e l l s .  The behavior of Pu  in these c e l l s  thus provides an opportunity t o  study 

Pu  uptake and re lease  mechanisms and the e f f e c t s  of treatments and t h e i r  vectors. 



A N  I N  VITRO STUDY O F  PLUTONIUM I N  MACROPHAGES 

P r i n c i p a l  I n v e s t i g a t o r s :  

R. P. Schneider and A. V .  Robinson 

Technical  Assis tance:  

L. M.  Butcher  

An i n  v i t r o  system f o r  s tudy ing  Pu uptake by, and removal from, macrophages was developed 

t o  p rov i de  da ta  f o r  t h e  a c t i n i d e  therapy program. We have shown t h a t  239Pu02 p a r t i c l e  

uptake i n  v i t r o  resembles t he  process i n  v i v o  w i t h  respec t  t o  t h e  i n t r a c e l l u l a r  l o c a l i z a t i o n  

of phagocytized p a r t i c l e s .  A t  t he  end o f  7 days o f  c u l t u r e  o f  Pu-loaded c e l l s ,  54% o f  t h e  

c e l l s  were v i a b l e  even though 71% o f  t he  c e l l s  i n  t he  c u l t u r e  i n i t i a l l y  conta ined enough 

239Pu02 t o  d e l i v e r  more than  53 i n t r a c e l  l u l a r  a -d i s i n t eg ra t i ons .  

P a r t i c u l a t e  Pu i n  t h e  body i s  sequestered 
p r i m a r i l y  i n  t h e  macrophages o f  lungs,  
l i v e r ,  lymph nodes, and bone marrow. 
Monomeric Pu i n  t h e  e x t r a c e l l u l a r  space 
can be che la ted  by d i e t hy l ene t r i am ine  
pen ta -ace t i c  a c i d  (DTPA) and excreted i n  
t h e  u r i ne .  I n t r a c e l l u l a r  Pu, however, i s  
r e s i s t a n t  t o  such therapy s i nce  DTPA cannot 
penet ra te  c e l l s .  We a re  developing an 
i n  v i t r o  t e s t  system us ing  pulmonary macro- 
phages i n  o rder  t o  s tudy  a c t i n i d e  incorpora-  
t i o n  i n t o  these c e l l s  as we l l  as means f o r  
removing t he  r ad i onuc l i des  from c e l l s .  
S ince most acc iden ta l  exposures i n v o l v e  
i n h a l a t i o n ,  t h e  use o f  pulmonary macro- 
phages i s  a w r o ~ r i a t e .  P lutonium w i l l  be 
used i n i t i a l l y  i n  t h i s  system, due t o  i t s  
importance i n  t he  nuc lear  i n d u s t r y  and t he  
wea l th  o f  a v a i l a b l e  da ta  desc r i b i ng  i t s  
i n  v i v o  behavior ,  f o r  comparison t o  i n  v i t r o  
work. Th is  r e p o r t  d iscusses some of t h e  
da ta  necessary t o  d e f i n e  t he  t e s t  system. 

The bas i c  p l an  i s  t o  a l l o w  macrophages 
t o  i nges t  Pu (ox ide ,  hydrox ide  and polymer) 
and then  t o  c u l t u r e  t he  c e l l s  f o r  severa l  
days. We w i l l  measure appearance of s o l -  
ub l e  Pu du r i ng  var ious  t reatments,  i n c l u d i n g  

macrophage-act ivat ing agents and c h e l a t o r s  
packaged i n  p a r t i c l e s  which w i l l  be phago- 
cy t i zed .  Rabbi t  pulmonary macrophages a r e  
used because they  can be e a s i l y  harvested 
by l ung  lavage i n  s u f f i c i e n t  q u a n t i t y ,  and 
because they a r e  the  most e x t e n s i v e l y  
charac te r i zed  pulmonary macrophages w i t h  
respec t  t o  phys io logy  and methodology. I n  
c u l t u r e ,  t h e  c e l l s  must remain at tached t o  
t he  f l a s k  sur face  i n  o rde r  t o  ma in ta i n  
normal v i a b i l i t y  and f unc t i on .  We have 
found t h a t  attachment o f  t h e  c e l l s  t o  t h e  
c u l t u r e  f l a s k  sur face  i s  promoted by inc reas-  
i n g  t h e  charges on t h e  f l a s k  sur face  by 
s u l f o n a t i o n  o f  t h e  po lys ty rene .  The macro- 
phages a r e  t he  o n l y  c e l l s  i n  f l u i d  f rom 
lung lavages which a t t a c h  t o  t he  f l a s k s ,  
hence t he  c u l t u r e s  a re  pure ( a f t e r  washing 
away unat tached c e l l  s ) .  The c e l l  s  su r v i ve  
f o r  more than  8 days i n  c u l t u r e  w i t h  l o s s  
o f  5% o r  l e s s  o f  t he  c e l l s  per  day. Dur ing 
t h i s  pe r i od  t he re  i s  no change i n  morphol- 
ogy, except f o r  increased f l a t t e n i n g .  The 
c e l l s  ma in ta i n  the  a b i l i t y  t o  phagocyt ize 
po l ys t y rene  spheres. 

We have s t ud i ed  phagocytos is  o f  239Pu02 
by f r e s h l y  harvested c e l l s  i n  o rder  t o  
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FIGURE 25.3. The E f f e c t  o f  Phagocytized 
-Pu02 on Su rv i va l  o f  Rabb i t  Pulmonary 
Macrophages. The c e l l  numbers were e s t i -  
mated by coun t i ng  a t  t h r e e  s i t e s  on f o u r  
c o n t r o l  and f o u r  Pu-conta in ing f l a sks .  The 
standard d e v i a t i o n s  o f  t h e  percen t  counted 
i n  each f l a s k  r e l a t i v e  t o  those counted on 
t he  f i r s t  day a re  shown as bars. 

o f  t h e  f o u r  c o n t r o l  and f o u r  Pu-conta in ing 
f l a s k s  a t  4 and 7 days was used t o  c a l c u l a t e  
t h e  percen t  o f  c e l l s  p resen t  r e l a t i v e  t o  
t h e  f i r s t  day. The c e l l s  i n  t h e  c o n t r o l  
f l a s k s  remained a t tached throughout  t h e  
8-day c u l t u r e  per iod ,  whi 1 e t h e  c u l t u r e s  
c o n t a i n i n g  239Pu02 l o s t  about  46% o f  the  
c e l l s  i n  7 days. 

The e f f i c i e n c y  o f  coun t i ng  a t r a c k s  i n  
emu1 sion-exposed c e l l s  i s  about  13% [Sanders, 
C. L., ~ e a l t h  Phys. 22:607 (1972) l .  - 1 t  
f o l l o w s  t h a t  t h e  71% o f  c e l l s  w i t h  more 
than  f i v e  t r acks  (Table 25.1 ) were exposed 
t o  a t  l e a s t  53 i n t r a c e l  l u l a r  d i s i n t e g r a t i o n s  
i n  7 days. Since 54% o f  t he  c e l l s  were 
v i a b l e  a t  t he  end o f  t h i s  per iod ,  t h e  
accumulat ion o f  53 d i s i n t e g r a t i o n s  a1 one 
must be i n s u f f i c i e n t  t o  k i l l  them o u t r i g h t .  

The bas ic  purpose o f  t h e  exper iments 
descr ibed  above was t o  e s t a b l i s h  dose 
l e v e l s  o f  239Pu which can be used f o r  
experiments which a i d  t h e  therapy  program. 
We now have procedures developed f o r  
l oad ing  t h e  macrophages w i t h  des i r ed  
l e v e l s  o f  2 3 9 P ~ 0 2 .  T h i s  knowledge w i l l  be 
used f o r  t he  second s tage  o f  t h e  study, 
i .e., c u l t u r i n g  t h e  c e l l s  and measuring 
t h e  appearance o f  i n t r a -  and e x t r a c e l l u l a r  
monomeric Pu when t r e a t e d  w i t h  va r i ous  
c h e l a t o r s  and imnuno log i ca l l y  r e a c t i v e  
agents. 

TABLE 25.1. I n  V i t r o  Uptake o f  239Pu02 by Pulmonary Macrophages 

INCUBATION DURATION OF PERCENT OF CELL CONTAINING'~'  - - 

MEDIA I N C U B A I I O N  

--- (hr) O a T R A C K S  < 5 a T H A C K S  > 5 a T R A C K S  

HANK's BALANCED SALTS 

HANK's BALANCED SALTS 
+ 4% BSA 

HANK'S BALANCED SALTS 
I PuO2 PREINCUBATED 
I N  4% BSA FOR 1.5 hr l  

HANK's  BALANCED SALTS 
+ 20% RABBIT SERUM Ib) 

 AU DETERMINED B Y  AUTORADIOGRAPHY. CELL SMEARS WERE EXPOSED FOR 5 DAYS 
AND MORE THAN 100 CELLS ON EACH SLIDE WERE CLASS IF IED ACCORD1 NG TO THE 
NUMBE2 Oka TRACKS ORIGINATING I N  THEM. 



MASS EFFECT AND Pu REMOVAL FROM RATS WITH 
Ca- OR Zn-DTPA 

I n ves t i ga to r :  

V .  H .  Smith 

Technical  Assis tance:  

K. A. Poston 

E igh t  percent  of an in t ramuscu la r  i n j e c t i o n  o f  27.6 nCi o f  237Pu(N03)4 was r e t a i n e d  by 

r a t s  a t  t he  i n j e c t i o n  s i t e ,  a f t e r  22 days. More than 30% i s  u s u a l l y  r e t a i n e d  f o l l o w i n g  

i n j e c t i o n  o f  more massive q u a n t i t i e s  o f  2 3 9 P ~ .  Treatment w i t h  Ca- o r  Zn-DTPA showed t h e  

former t o  be more e f f e c t i v e  when t reatments were i n i t i a t e d  1  h r  a f t e r  Pu adm in i s t r a t i on .  

When t reatments were begun 7  days a f t e r  the  Pu i n j e c t i o n ,  416 nmol Ca-DTPA/kg was more e f f e c -  

t i v e  i n  removing Pu than 28.7 nmol/kg (human dose l e v e l )  o f  Zn- o r  Ca-DTPA. Due t o  i t s  h i g h  

s p e c i f i c  a c t i v i t y  and ease o f  de tec t ion ,  2 3 7 P ~  permi ts  f a c i l e  exper imenta t ion  i n  small  an imals 

a t  Pu mass l e v e l s  comparable t o  those encountered i n  most human exposures. 

To achieve concent ra t ions  o f  Pu i n  r a t s  
s i m i l a r  t o  those u s u a l l y  t r e a t e d  i n  man, 
and s t i l l  r e t a i n  ease o f  radioassay,  one 
can use t h e  sho r t  h a l f - l i f e  (45.6 days) 
237Pu. The present  s tudy  was performed t o  
ga i n  exper ience w i t h  2 3 7 P ~  and t o  l a y  a  
background f o r  more ex tens ive  experiments 
on mass e f f e c t s  and t h e i r  r e l a t i o n  t o  
e f f ec t i veness  o f  removal agents. 

Groups o f  6 a d u l t  female Wis ta r  r a t s ,  
weighing 330-385 g, were admin is te red  
27.6 nCi o f  237Pu i n  10 pH 4  HN03 i n  
t he  l e f t  g l u t eus  maximus. One hour a f t e r  
i n j e c t i o n  (prompt t rea tment ) ,  1  HDL (human 
dose l e v e l  , 28.7 nmol es DTPA/ kg) o f  Ca- o r  
Zn-DTPA was g iven  i n t r a p e r i t o n e a l l y ,  w i t h  
t he  t reatment  repeated on days 2, 4, and 7  
p o s t i n j e c t i o n .  S t a r t i n g  on day 7  a f t e r  t he  
rad ionuc l  i d e  i n j e c t i o n  (delayed t rea tment ) ,  
when t he  237Pu should be w e l l - f i x e d  i n  
t i s sues ,  groups o f  r a t s  were t r e a t e d  w i t h  
1  HDL Ca- o r  Zn-DTPA and w i t h  18 HDL o f  
Ca-DTPA. Treatments were repeated on days 
9, 11, and 14. A l l  r a t s  were s a c r i f i c e d  on 

the  22nd day. Cont ro l  r a t s  rece ived  no 
t reatment .  A l l  data were co r rec ted  f o r  
phys ica l  decay. 

Resu l ts  o f  whole-body coun t ing  a r e  shown 
i n  F igure  25.4. A f t e r  day 2  t he  b i o l o g i c a l  
h a l f - l i f e  o f  2 3 7 P ~  f o r  t h e  c o n t r o l  an imals 
i s  about 68 days as est imated f rom these 
21 days o f  data. The hump i n  t he  curve 
about day 1  may be due t o  e a r l y  changes i n  
p lu ton ium d i s t r i b u t i o n  and count ing  geometry 
d i f f e r e n c e s  f rom the  "s tandard"  r a t  f r ozen  
1  h r  a f t e r  Pu adm in i s t r a t i on .  I n  c o n t r o l  
r a t s  s a c r i f i c e d  a f t e r  24 h r ,  t he  i n j e c t i o n  
s i t e  r e t a i n e d  about 25% o f  t h e  i n i t i a l  
2 3 7 P ~  dose, t he  l i v e r  r e t a i ned  6%, t h e  
ske le ton  about 40% and t h e  p e l t ,  12%. 
Cont ro l  r a t s  k i l l e d  a t  7  days showed o n l y  
7.6% o f  t h e  Pu dose s t i l l  a t  t he  i n j e c t i o n  
s i t e ,  3.2% i n  t h e  l i v e r ,  48% i n  t he  ske le ton ,  
and 2.7% i n  t h e  p e l t ;  t h i s  d i s t r i b u t i o n  was 
s t a t i s t i c a l l y  i n d i s t i n g u i s h a b l e  f rom t h a t  
seen a t  22 days p o s t i n j e c t i o n .  



[ PROMPT 
TREATMENT 

DELAYED TREATMENT 

- - CONTROLS 

--- 1 HDL Zn-DTPA, PROMPT 

-----4 1 HDL Ca-DTPA, PROMPT 

-- 1 HDL Zn-DTPA,  DELAYED 
- 1  

1 1 HDL Ca-DTPA, DELAYED 
-.. Q 18 HDL Ca-DTPA, DELAYED 

DAYS AFTER 2 3 7 ~ ~  ADMINISTRATION 

FIGURE 25.4. Total-Body Reten t ion  o f  I n t r amuscu la r l y  
I n j e c t e d  '"PU i n  t h e  Rat. 

Under prompt t rea tment  cond i t i ons  
Ca-DTPA i s  more e f f e c t i v e  i n  removing Pu 
than  t h e  Zn s a l t .  Th i s  d i f f e r e n c e  i s  n o t  
apparent i n  t h e  delayed t rea tment  s i t u a t i o n ,  
b u t  an '18-HDL dose o f  t h e  Ca s a l t  i s  more 
e f f e c t i v e  than  t h e  1-HDL dose o f  e i t h e r  
Zn- o r  Ca-DTPA. A t  t h e  t ime  t h e  delayed 
t rea tment  regime was i n s t i t u t e d ,  t h e  
concen t ra t i on  o f  Pu was about 25 fmo l /kg  
o f  r a t  and t rea tment  w i t h  1  HDL Ca-DTPA 
prov ided  a  mole r a t i o  o f  a t  l e a s t  1.3 x  l o 9  
DTPA:237Pu. A t  t h e  h i ghe r  dose, t h i s  
r a t i o  inc reased t o  2 x 1010, a  t r i v i a l  
change, one would have thought ,  i n  l i g h t  
o f  t h e  a l r eady  huge excess o f  DTPA a v a i l a b l e  
f rom the  lower dose. These r e s u l t s  may 
i n d i c a t e  t h a t  some o f  t h e  DTPA dose i s  
t i e d  up on b i o l o g i c a l  subs t r a tes  and i s  
unava i lab le ,  a t  l e a s t  i n  s u f f i c i e n t  concen- 
t r a t i o n ,  t o  p a r t i c i p a t e  i n  removing Pu 
f rom body l igands .  O r  i t  may be t h a t  t h e  
l a r g e r  dose ma in ta i ns  an e f f e c t i v e  che lon  
concen t ra t i on  over  a  longer  per iod ,  a l l o w i n g  
g rea te r  p r o b a b i l i t y  f o r  l igand-metal  
i n t e r a c t i o n .  

A t  22 days t h e  k idneys and spleens o f  t h e  
un t rea ted  r a t s  have g r e a t e r  concent ra t ions  
o f  Pu than  t h e  l i v e r ,  which i s  n o t  u s u a l l y  
t he  case f o r  monomeric 239Pu i n  r a t s ,  and 
may be a  mass e f f e c t .  'The i n g u i n a l  lymph 
nodes i n  t he  r e g i o n  c l ose  t o  t h e  i n j e c t i o n  
s i t e  have a lmost  t w i c e  t h e  Pu concen t ra t i on  
o f  t h e  c o n t r a l a t e r a l  i n g u i n a l  nodes. 
Prompt t rea tment  had no e f f e c t  on t h e  Pu 
i n  t h e  lymph nodes, w h i l e  t h e r e  was s t a t i s -  
t i c a l  l y  s i g n i f i c a n t  removal when t rea tment  
was delayed. DTPA t rea tments  enhanced Pu 
concent ra t ion  i n  t h e  ova r i es .  Desp i te  
t h e i r  s t a t i s t i c a l  v a l i d i t y  i n  t h i s  
experiment, these  f i nd i ngs  i n  lymph nodes 
and ova r i es  have n o t  been p r e v i o u s l y  
observed i n  experiments w i t h  o t h e r  Pu 
isotopes,  and a re  c o n t r a r y  t o  expected 
r e s u l t s .  The h e a r t  r e t a i n s  about a  5  t imes 
h i ghe r  concen t ra t i on  o f  Pu than  t h e  o t h e r  
muscle t i s s u e s  sampled, p robab ly  r e f l e c t i n g  
t h e  g r e a t  b lood  f l o w  th rough t h a t  organ and 
t h e  g rea te r  o p p o r t u n i t y  f o r  Pu t o  c o n t a c t  
t he  muscles o f  t h e  hea r t .  Removal f rom t h e  
h e a r t  i s  comparable t o  t h a t  f rom o the r  
muscle t i s sues .  

T issue r e t e n t i o n  o f  Pu (Tables 25.2- 
25.4) r e f l e c t s  t he  same general  o rde r  o f  
t rea tment  e f f ec t i veness  shown i n  F i gu re  25.4. 



TABLE 25.2. Percent  o f  I n t r amuscu la r l y  I n j e c t e d  
m ~ u  i n  Rat T issues 22 Days P o s t i n j e c t i o n  and 
A f t e r  Treatments Wi th Ca- o r  Zn-DTPA 

TISSUE l H D L ' ~ '  1 HDL 18 HDL 1 HDL l HDL 
CONTROLS Ca-DTPA Zn-DTPA Ca-DTPA Ca-DTPA Zn-DTDA -- - -p - 

 CARCASS'^' 56 20 33a. b 28a Y a ,  b 3Rb 

PELT 2.3a 1.2b 3.3 1.55. C 1.8a.c 1.8a. c 

INJECTION  SITE'^' 8.4a 5.6b 7.0 a 4.73 l 3 c  I& 

''I MEANS I N  THE SAME ROW WITH THE SAME LETIER SUFFIX ARE NOT SIGNIFICANTLY DIFFERENT AT THE 0.05 
SIGNIFICANCE LEVEL ACCORDING TO DUNCAN'S NEW MULTIPLE RANGE TEST. 

12' PROMPT TREATMENTS STARTED I hr AFTER 2 3 7 ~ t 1  AD~IINISTRATION: DELAYED TREATMENTS STARTED 7 DAYS 
LATER 

i3' 1 HDL z 1 x 2 8 p n l ~ l  DTPA'kg IHUM4N DOSE LEVELL. 1E HDL - 1 8 ~ 2 8 1 l r n l l  DTPA: k q  

i41 SKINKED, DEVOID OF M4JOR ORGANS AND THE INJECTION SlTE MUSCLE. IT THUS REPRESENTS MAINLY 
SKELETAL 2 3 7 ~ ~ , .  

1 5 '  ABOUT 3 GRAMS OF MUSCLE. FASCIA, etc. SURROUFIDING THE INJECTION SITE CONSTITUTE THI)  )AMPLE 

TABLE 25.3. Concent ra t ion  o f  I n t r amuscu la r l y  
I n j e c t e d  237Pu i n  Rat Tissues 22 Days Post- 
i n j e c t i o n  and A f t e r  Treatments w i t h  Ca- and 
Zn-DTPA 

TISSUE 

LIVER 

KIDNEYS 

SPLEEN 

LUNGS 

HEART 

MUSCLE 

BRA I N  

QVARIES 

ADRENAL8 

INGUINAL LYMPH 
NODES 

INGUINAL LYMPH 
NODES NEAR 
INJECTION SlTE 

1 H D L ' ~ '  I HDL IBHDL 1 HDL l HDL 
CONTRQLS Ca-DTPA Zn-DTPA C3-DTPA Ca-DTPA Ln-DTPA 

24a, b 

45b 

27a 

5.m 
3.7b 

0.7ib 

0.90a 

9.4h 

lob, c 

l l b  

"'MEANS IN THE SAME ROW WITH THE SAME LETTER SUFFIX A R E  NOT SIGNIFICANTLY DIFFERENT ATTHE 
0.05 SIGNIFICANCE LEVEL ACCORDING TO DUNCAN'S NEW MULTIPLE RANGE TEST 

' 2 ' ~ ~ 3 ~ ~ ~  TREATMENTS STARTED 1 h r  AFTER 2 3 7 ~ u  ADMINI  STRATION: DELAYEDTREATMENT) STARTED 
7 DAYS lATER 

13'1 HDL = 1 x 28 urn31 DTPA I kg (HUMAN DOSE LEVEL): 18 HDL - 18 x 28 urnol DTPA I kg 



TABLE 25.4. Comparison o f  t h e  Concent ra t ion  o f  
I n t r amuscu la r l y  I n j e c t e d  237Pu i n  Selected Bones 
of t h e  Rat 22 Days A f t e r  In t ramuscu la r  I n j e c t i o n  
and A f t e r  Treatments w i t h  Ca- o r  Zn-DTPA 

:'INTSOIS 
1 : 3 F  2 3 7 ~ "  

R GRAhl O F  
e'?ai T ISSUE 1 

- 

dEHTERRAi I ,  ?I  

(ISSA COXARURl 4 . S l  

PR'Ih1PT TREATMENT'~I DELAYED T R E A T ~ ~ E N T ' ~ '  - - - -. -- - - - -- 

1 H D L ' ~ '  l HDL I S H D L  1 HDL 1 HDL 
TJ-DTPA Z n  DTPA Ca-DTPA Ca-DTPA Zn-DTPA 
- - - -- - - . - - - - 

15a 'A b 38a 53h 62b 

17 57a, h d9a Ya, h 64 h 

I 'la h l l ~  14a h l h  72h 

'(1 hQh 54 a 63h 52 

!'!~IANS I N T H E  SAhlE ROW LVITHTHE SAME LETTER SUFFIX ARENOT 5 IGNIF ICANTLY DIFFERENT 
41 THE 0.05 SIGNIFICANCE LEVEL ACCORDING TO DUNCAN'S NEW MLILTI PLE RANGE TEST 

I'KORiPT TREATRlENTS STARTED 1 hr AFTER 2 3 7 ~ u  A D M I N I  STRATION DELAYEC TREATMENTS 
\TARTEE I DAY\  LATFK 

''I 1 HCL 1 r 28 1p11oI GTPAlkq 1HIJMAN DOSE LEVEL1 18 HGL = 18 x 28 v r n o l  CTFAiKq 

The delayed 18-HUL Ca-D'rPA t rea tment  was 
a lmost  as e f f e c t i v e  i n  removing Pu f rom 
bone (Tab le  25.4) as t h e  1-HDL prompt 
t rea tment ,  sugges t ing  t h a t  a t  t h e  low Pu 
mass l e v e l  employed, a  cons iderab le  p o r t i o n  
o f  t h e  Pu had n o t  become t i g h t l y  bound t o  
bone and was s t i l l  a v a i l a b l e  t o  t h e  DTPA 
a f t e r  7  days. Plutonium-239, a t  t h e  mass 
l e v e l s  r equ i r ed  f o r  s tudy,  i s  more d i f f i -  
c u l t  t o  remove f rom bone i f  t rea tment  i s  
delayed f o r  a  s i m i l a r  per iod .  Using a  
s imple r ank i ng  procedure, t h e  ossa coxarum 
appeared t o  be c o n s i s t e n t l y  most suscep t i b l e  
t o  Pu removal by DTPA and t h e  c a l v a r i a  
l e a s t  suscep t i b l e ,  w i t h  t h e  o the r  t h r e e  
bones about  e q u a l l y  suscep t i b l e .  These 
d i f f e r e n c e s  may be due t o  t h e  amounts o f  
t r a b e c u l a r  bone, c e l l u l a r  a c t i v i t y  and 
b lood  supply i n  t h e  i n d i v i d u a l  bones. 

I n  p rev ious  experiments, i n t r amuscu la r l y  
i n j e c t e d  238Pu(N03)4, a t  about  7000 t imes  
t he  mass used i n  t h i s  experiment, was 
r e t a i n e d  t o  about  22-35% o f  t h e  q u a n t i t y  
i n j e c t e d ;  239Pu(N03)4, a t  a  mass l o 6  t h a t  
used i n  t h i s  experiment, was r e t a i n e d  t o  
about  50%. The r e t e n t i o n  o f  more Pu a t  t h e  
s i t e  i s ,  of course, r e f l e c t e d  i n  t h e  amounts 
t r a n s l o c a t i n g  t o  o the r  t i s sues .  Th i s  i s  
one aspect  of t h e  mass e f fec t ,  i . e . ,  t h e  
p ropens i t y  f o r  l a r g e r  amounts of Pu t o  
hydro lyze  and polymer ize be fo re  be ing  bound 
and t ranspor ted  by t i s s u e  l i gands  t o  o the r  
p a r t s  of t he  body. A1 though expensive, 
237Pu i s  an e x c e l l e n t  t o o l  f o r  e s t i m a t i n g  
behav io r  and t rea tment  e f f e c t s  i n  small  
an imals a t  Pu concent ra t ions  s i m i l a r  t o  those 
assoc ia ted  w i t h  exposure i n c i d e n t s  i n  man. 



EXPERIMENTS TOWARD MEDICAL MANAGEMENT OF RADIONUCLIDES 
IN THE GUT: EFFECT OF DEFEROXAMINE ON Z38P~(N03), 

ABSORPTION FROM RAT GUT 

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

V .  H. Smith 

Deferoxamine (DFA) (250 mg/kg), o r a l l y  adminis tered t o  r a t s ,  decreased Pu absorp t ion  from 

o r a l l y  adminis tered 2 3 8 ~ u ( ~ 0 3 ) 4  by about 1/3. The calc ium s a l t  o f  d ie thy lene t r iaminepenta -  

a c e t i c  a c i d  (Ca-DTPA) , g i ven  o r a l l y  5-10 min a f t e r  t he  Pu, increased absorp t ion  about f o u r  

t imes.  DFA g i ven  10 min before t h e  DTPA decreased t he  e f f e c t  o f  t he  l a t t e r  by a  f a c t o r  o f  two. 

Deferoxamine a d m i n i s t r a t i o n  p r i o r  t o  i n h a l a t i o n  t rea tment  o f  man w i t h  DTPA may be one way t o  

decrease poss i b l e  DTPA-enhanced g u t  absorp t ion  o f  Pu. 

Gut absorp t ion  o f  Pu may be increased 
s e v e r a l f o l d  by t h e  presence o f  a  s t r ong  
che la to r ,  e.g., DTPA. Th is  i s  o f  spec ia l  
concern when D'rPA i s  admin is te red  by aerosol  
f o r  t rea tment  o f  t he  i n h a l a t i o n  o f  a  r ad i o -  
nuc l i de .  I n  t y p i c a l  i n h a l a t i o n  exposure, 
g rea te r  than 50% o f  t he  i nha led  ma te r i a l  i s  
swallowed and t he  c h e l a t i o n  o f  t h e  r a d i o -  
n u c l i d e  p rov ides  t h e  p o s s i b i l i t y  f o r  increased 
abso rp t i on  f rom t h e  gu t .  Among t h e  poss i b l e  
remedies i s  t h e  a d m i n i s t r a t i o n  o f  a  compound 
t h a t  forms s t r onge r  complexes w i t h  t h e  
r a d i o n u c l i d e  than DTPA and i s  l e s s  w e l l  
absorbed. A  compound used t o  decrease i r o n  
absorp t ion  i n  t h e  case o f  i r o n  overdose i n  
humans, deferoxami ne (DFA) , forms s t ronger  
che la tes  w i t h  Pu and Fe than does DTPA. The 
purpose o f  t h i s  experiment was t o  see i f  DFA 
g i ven  be fo re  DTPA t rea tment  would decrease 
g u t  Pu absorp t ion .  

Female Wis ta r  r a t s ,  weighing between 300 
and 400 g, were admin is te red  103 w C i  
238Pu(N03)4 i n  0.40 ml 0.2 M HNO3 by gavage. 
F i ve  t o  10 min l a t e r  t h e  f i r s t  t rea tment  was 
g iven  by gavage, f o l l owed  by a  second t r e a t -  
ment 10 min l a t e r .  E i g h t  r a t s  c o n s t i t u t e d  a 
t rea tment  group, w i t h  t reatments g i ven  as 
shown i n  Table 25.5. 

TABLE 25.5. Treatments Adminis tered 
by Gavage 

FIRST SECOND 
GROUP TREATMENT TREATMENT 
-- 

CONTROLS SALINE(~~  SALINE 

D FA SALINE 

DTPA DTPA'C) SALINE 

DFA. THEN DTPA DFA DTPA 

DTPA, THEN DFA DTPA DFA 

(b'o.i g DEFEKOXAM~NE AS DEsFEKALQ 
( C I  BA-PHAKMACEUTICAL CO. )/RAT 
I N  0.5 m l  SOLUTION 

'C1O.O1 g Ca-DTPA I N  0.5 rnl SOLUTlONiRAT 

Rats were housed four/cage, and u r i n e  
from each cage was c o l l e c t e d  on f i l t e r  
paper f o r  2  days f o l l o w i n g  Pu adm in i s t r a t i on .  
Feces were removed from t h e  paper, t h e  
paper muf f led ,  t h e  ash d i sso l ved  i n  n i t r i c  
ac id,  and analyzed by standard s c i n t i l l a t i o n  



techniques. Rats were k i l l e d  2  days a f t e r  
t reatment .  The l i v e r  and bo th  femurs were 
analyzed f o r  Pu i n  t h e  same manner as t he  
u r i ne .  Resu l ts  a r e  shown i n  Table 25.6. 

Absorp t ion  o f  Pu was decreased by DFA, 
as evidenced by lower concent ra t ions  i n  
t i s sues  and u r ine ;  DTPA caused a  marked 
inc rease  i n  abso rp t i on  and i n  r e t e n t i o n .  
DFA admin is te red  be fo re  t h e  D'TPA decreased 
t h e  enhanced abso rp t i on  due t o  DTPA, as 
shown by t h e  approximate ly  2 . 5 - f o l d  h i ghe r  
l e v e l s  o f  Pu i n  u r i n e  and t i s s u e s  when 
DTPA i s  g iven  a lone.  

While i t  i s  d i f f i c u l t  t o  p r e d i c t  t he  
e f f e c t  i n  man because o f  p h y s i o l o g i c a l l  
anatomical d i f f e r e n c e s  f rom the  r a t ,  
and t h e  u s u a l l y  much h igher  che lon  t o  Pu 
r a t i o s  used i n  man, l a r g e  doses o f  de fe r -  
oxamine o r a l l y  be fo re  t he  i n h a l a t i o n  
a d m i n i s t r a t i o n  o f  Ca-DTPA would 1  i k e l y  
p reven t  some Pu abso rp t i on  f rom t h e  gu t .  
There may we1 1  be b e t t e r  ways of accomplish- 
i n g  t h i s ,  such as a l k a l i n i z a t i o n  o f  stomach 
con ten ts  o r  a d m i n i s t r a t i o n  o f  a  c a t h a r t i c .  
Such procedures a r e  under s tudy.  

TABLE 25.6. Percent  o f  Adminis tered 2 3 B ~ ~ ( N 0 3 ) ,  Absorbed 
f rom t h e  Rat G a s t r o i n t e s t i n a l  T r a c t  W i t h i n  2 Days Fol low- 
i n g  Adm in i s t r a t i on  and Various Treatments 

70 OF DOSE x 10-3(b) AND 
( FRACTION OF CONTROL VALUE) 1 

TREATMENT BY GAVAGE(" LIVER SKELETON(CI URINE 

NONE 

DFA 

DTPA 1.2 4.8 68 + 17 
(3.2) (1.51 (4.0) 

DFA, THEN DTPA 0.31 a,b 2.0 27 + 1.0 
(0.80) (0.641 11.6) 

DTPA, THEN DFA 0.78 3.6a 48 + 8.2 
(2.01 (1.21 (2.8) 

( b ' ~ ~ ~  PERCENT OF DOSE RESULTS  ERE CALCULATED USING 
DUNCAN'S NEf l  MULTIPLE RANGE TEST. MEAhS I N  THE 
SAME COLUMN f l I T H  DIFFERENT LETTER SUFFIXES ARE 
SIGN IF1 CANTLY DIFFERENT AT THE 5% LEVEL. URINE VALUES 
ARE THE MEAN + RANGE FOR 2 CAGES OF 4 RATSIGROUP 
COLLECTED FOR 2 DAYS. 



REMOVAL OF239Pu F R O M  THE RAT WITH A N  ORALLY 
ADMINISTERED CHELON 

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

V. H. Smith 

The o r a l  a d m i n i s t r a t i o n  o f  2,3-di hydroxybenzoic a c i d  (DHB) t o  r a t s  i n j e c t e d  i n t r avenous l y  

1  h r  p rev i ous l y  w i t h  239Pu c i t r a t e  caused an inc rease  i n  u r i n a r y  e x c r e t i o n  o f  Pu about 

8  t imes t h a t  o f  animals t r e a t e d  w i t h  0.9% NaCl ( c o n t r o l s ) .  L i v e r  r e t e n t i o n  o f  Pu was decreased 

f rom 18% a t  2  days i n  t he  c o n t r o l  animals t o  11% i n  DHB-treated r a t s .  The s k e l e t a l  r e t e n t i o n  

was s i m i l a r l y  reduced f rom 56% i n  t h e  c o n t r o l  group t o  40% i n  t h e  DHB-treated animals. 

I ron-removi  ng agents appear use fu l  i n  
e f f e c t i n g  Pu removal. Both d i e t hy l ene -  
t r i a m i  nepenta-acet i  c  a c i d  (DTPA) and deferoxa-  
mine (DFA) have been used t o  t r e a t  excess 
i r o n  s to rage  diseases and a re  a l s o  among t h e  
most e f f e c t i v e  agents f o r  removing Pu. DFA 
i s  a  hydroxamic acid-based siderochrome o f  
b a c t e r i a l  o r i g i n .  The o the r  commonly occur- 
r i n g  s t r u c t u r a l  base f o r  siderochromes o f  
m i c r o b i o l o g i c a l  o r i g i n  i s  2,3-di hydroxy- 
benzoic a c i d  (DHB), which i s  capable o f  
i n c reas i ng  Fe e x c r e t i o n  f rom Fe-overloaded 
animals and man [R. W. Grady, e t  a l . ,  
J. Pharm. 4. Therap. E : 4 7 8 - 8 5  (1970) l .  - -  
Th is  compound i s  o r a l l y  e f f e c t i v e ,  o f  low 
t o x i c i t y ,  and would be very  convenient  f o r  
therapy, i n  c o n t r a s t  t o  DTPA and FDA, which 
a r e  e f f e c t i v e  o n l y  i f  g iven  p a r e n t e r a l l y .  
The poss i b l e  o r a l  e f f ec t i veness  o f  DHB i n  
removing Pu was t e s t e d  i n  t he  r a t .  

To eva lua te  t h e  e f f ec t i veness  o f  t h e  
drug, experiments were i n i t i a t e d  i n  which 
female W is ta r - s t r a i n ,  Sprague-Dawley r a t s ,  
weighing 300-340 g, were he ld  o f f  food  f o r  
24 h r ,  then anes the t i zed  l i g h t l y  w i t h  
d i e t h y l  e t he r  and i n j e c t e d  v i a  t he  t a i l  
v e i n  w i t h  1.02 uCi 239Pu i n  200 p1 o f  0.5% 
c i t r a t e  b u f f e r  (pH 5 ) .  The r a t s  were caged 
i n  groups o f  f i ve ,  and 1  h r  a f t e r  Pu 
adm in i s t r a t i on ,  groups were t r e a t e d  by 
i n t r a p e r i t o n e a l  i n j e c t i o n  w i t h  1  ml o f  0.9% 
NaCl ( c o n t r o l s ) ,  o r  162 pmol DHB o r  

Ca-DTPA/kg, equ i va l en t  t o  25 o r  80.6 mg/kg, 
r espec t i ve l y .  The DHB and Ca-DTPA s o l u t i o n s  
used f o r  t h e  t reatments were bo th  40.5 umol/ 
ml, ad j us ted  t o  pH 7.2 w i t h  NaOH. Another 
group o f  r a t s  was t r e a t e d  by gavage w i t h  
650 umol (100 mg) DHB/kg i n  1  ml o f  1% 
NaHC03. W i n e  and feces were c o l l e c t e d  
f rom each group o f  r a t s  f o r  2  days, ashed, 
and the  Pu con ten t  assayed i n  a  l i q u i d  
s c i n t i l l a t o r  system. One femur and t h e  
l i v e r  f rom each r a t  were s i m i l a r l y  analyzed 
f o r  Pu. 

From r e s u l t s  shown i n  Table 25.7, a l l  
t rea tment  groups had l e s s  Pu r e t e n t i o n  than  
c o n t r o l s ,  w i t h  t h e  DTPA group having t he  
l e a s t .  The o r a l l y  admin is te red  DHB, a t  4X 
the  i n t r a p e r i t o n e a l  dose, gave e s s e n t i a l l y  
t he  same degree o f  removal. While l e s s  
e f f e c t i v e  than DTPA, t he  e f f ec t i veness  o f  
o r a l  DHB may be s u f f i c i e n t  t o  q u a l i f y  i t  as 
a  convenient  t rea tment  f o r  p r o t r a c t e d  use. 
S t i l l  t o  be ascer ta ined  a re  i t s  e f f e c t i v e -  
ness compared t o  DTPA under delayed t rea tment  
cond i t i ons  and whether i t  i s  tapp ing  t he  
same Pu poo ls .  Both DFA and DHB are  i r o n -  
b i nd i ng  chelons o f  n a t u r a l  o r i g i n .  The 
behavior  o f  these two agents i n  e f f e c t i n g  
Pu removal suggests t h a t  t he  s tudy  of 
compounds o f  s i m i l a r  o r i g i n  may t u r n  up 
more e f f e c t i v e  Pu-excorporat ing agents. 



TABLE 25.7. I n f l uence  o f  C ~ - D T P A ( ~ )  o r  D H B ( ~ )  Treatment 
on t h e  Amount o f  In t ravenous ly  I n j e c t e d  239Pu -C i t r a t e  i n  
Excreta o r  Reta ined i n  Rat Skeleton and L i v e r .  

PFRCENT OF ' j 9 p u  DOSE PRESENT 4 8  hr AFTER INJECTION 
- -- 

MEAN + STANDARD 
DEV I AT I  ON(^] - - - - 

TREATMENT AND ROUTE LI,.ER  SKELETON'^' U R I N E ~ ~ )  F E C L S ' ~ '  
- ~~-~ .- - - - -- 

0.9% NaCI ,  1 m l  18 r 2.6 56  i 4.8  2.9 1.4 
INTRAPERITONEAL 

0.162 m m o l  DHB I kg 
l  NTRAPERITONEAL 

0.162 m m o l  Ca-DTPA kq 
I VTXAPEK ITONEAL 

0.65 m m 3 l  DHB kg 
GAVAGE 

'"24 X L P u  DOSE I N  THE FEhlUk. 

' b ' ~ O L ~ E C T E D  FROM THE GROUP OF 5 RATS AND D I V I D E D  B Y  5. THESE ARE SINGLE 
VALUES. SO N O  S T A T I S T I C A L  L I M I T S  C A N  BE CALCULATED. 

IC' C A L C I U M  T R l S O D l U M  SALT OF DTPA 

Id'2,3 -DIHYDROXYBENZOIC A C I D ,  Na SALT. 

CHB TREATMENT RESULTS ARE DIFFERENT FROM CONTROLS AND DTPA TREATMENT 
RESULTS AT o b 0 . 9 5  BUT DO NOT DIFFER FROM EACH OTHER. 

TOXICITY OF HEAVY METALS A N D  CHELATING AGENTS 
I N  VlTRO 

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

M. E. F r a z i e r ,  T. K. Andrews, and V .  H. Smith 

The c l o n a l  growth assay us i ng  VERO (monkey k idney)  c e l l s  has been i n v e s t i g a t e d  as a method 

o f  screening chemical and b i o l o g i c a l  c h e l a t i n g  agents f o r  c y t o t o x i c i t y .  The t e c h n i c a l  aspects 

o f  t h e  procedure were es tab l i shed  and a sca le  o f  t o x i c i t y  f o r  severa l  elements and f o r  chelons 

was determined. 

A s t a b l e  c e l l  l i n e ,  VERO (monkey k idney) ,  
i s  be ing  eva lua ted  as a screening dev ice  
f o r  de te rm ina t i on  of meta l  and chelon 
t o x i c i t y  and p o t e n t i a l  che lon  e f fec t i veness .  
We w i l l  r e p o r t  here a s e r i e s  of e x p l o r a t o r y  
t e s t s  t o  determine t o x i c i t y  o f  meta ls  and 
chelons. The compounds under t e s t  a t  
va r y i ng  concen t ra t i on  a r e  added t o  a known 
number o f  c e l l s  and t h e  degree o f  c lone  

( co l ony )  format ion r e l a t i v e  t o  c o n t r o l  
c u l t u r e s  i s  observed. Any c l u s t e r  of 
e i g h t  c e l l s  p resen t  a t  t he  end of t h e  
exper iment  i s  scored as a c lone.  The t e s t  
m a t e r i a l  i s  d i l u t e d  i n  c u l t u r e  medium (RPMI 
1640 supplemented w i t h  10% f e t a l  bovine 
serum) and thus t h e  c e l l s  were exposed t o  
t h e  t e s t  m a t e r i a l  throughout  t h e  5-day 
experiment. Due t o  t h e  h i gh  d i l u t i o n  



f a c to r s  i nhe ren t  i n  t h e  t e s t  system the re  
i s  minimal c e l l u l a r  i n t e r a c t i o n  be fo re  
c l one  fo rmat ion  and, as a  r e s u l t ,  t he  
c loned c e l l s  a re  more s e n s i t i v e  t o  t o x i c  
agents and more s t r i n g e n t  i n  t h e i r  n u t r i -  
t i o n a l  requirements than high-densi t y  
c u l t u r e s  of t h e  same c e l l s .  

The c l o n a l  growth assay p rov ides  severa l  
k inds  o f  data. Measuring t h e  p l a t i n g  
e f f i c i e n c y  ( t h e  number o f  c o l  ony-producing 
c e l l  s / t o t a l  number o f  c e l l  s  p l a t e d )  a1 1  ows 
o b j e c t i v e  numerical comparisons o f  c e l l  
s u r v i v a l  f o l l ow ing  exposure t o  var ious  
chel  ons and/or che la ted  metal complexes. 
Studying growth r a te ,  and v a r i a t i o n s  i n  
t h i s  r a t e ,  among i n d i v i d u a l  co l on i es  a l l ows  
a  more complete ana l ys i s  of c e l l  popu la t i on  
than can be obta ined i n  mass c u l t u r e .  
Observed v a r i a t i o n s  i n  t h e  growth r a t e  may 
r e f l e c t  s u b t l e  t o x i c  mechanisms n o t  immedi- 
a t e l y  apparent i n  t h e  p l a t i n g  e f f i c i e n c y  
t e s t s .  F i n a l l y ,  i f  a  meta l ,  che la to r ,  o r  
metal complex causes c e l l u l a r  t rans fo rmat ion ,  
q u a n t i t a t i v e  measurements can be made t o  
p rov ide  us w i t h  a  measure of t h e  carc inogen ic  
p o t e n t i a l  o f  t h e  compound being tes ted .  

The r e s u l t s  (Table 25.8) i n d i c a t e  a  
sca l e  o f  meta l  t o x i c i t y  (Cd > Hg > Cu > 
Fe >> Ca) which mimics mammalian i n  v i v o  
t o x i c i t y .  The values obta ined w i t h  severa l  
p o t e n t i a l  che la to r s  i n d i c a t e  t h a t  an o rde r i ng  
o f  these compounds i s  a l s o  poss ib le .  Our 
p r e l i m i n a r y  f i n d i n g s  i n d i c a t e  t h a t  t h r e e  
siderochromes a re  somewhat i n t e rmed ia te  i n  
t o x i c i t y  between EDTA and PCDT (1 -py ro l  i d i n e  
c a r b o d i t h i o i c  ac i d ) .  The siderochromes 
t es ted  do n o t  appear t o  be more t o x i c  t o  
c e l l  c u l t u r e s  than some a n t i b i o t i c s  (e.g., 
amphoterin B) c u r r e n t l y  i n  use. 

Whi le  i n i t i a l  s t ud i es  w i t h  t h e  c l o n a l  
growth assay i n d i c a t e  i t  can serve as a  r a p i d  
screening method f o r  t o x i c  agents, a d d i t i o n a l  
s t ud i es  a re  necessary be fo re  t h e  l i m i t a t i o n s  
of t h e  method can be more c l e a r l y  de f ined .  
The technique appears t o  be useful where 
on l y  small  amounts o f  t h e  agent a re  a v a i l -  
ab le  ( i  .e., siderochromes) f o r  t e s t  as 
removal agents. Furthermore, a  t o x i c i t y  
es t imate  o f  t h e  chelon, compared t o  i t s  
meta l  complexes, i s  r e a d i l y  obta ined.  

TABLE 25.8. R e l a t i v e  P l a t i n g  E f f i c i ency  of VERO C e l l s  
i n  t h e  Presence o f  Meta ls  and Chelons 

TEST AGENT -- 

Na2 EDTA 

SlDEROCHRWrlE I 
E. cal -- 

SIDEROCHROM I I 
P. N lTR lF lCANS 

S IDEROCHROM I I I  
P. N lTR lF lCANS -- 

Cd 

H q  

C u 

Fe 

CONCENTRATION OF TEST AGENT ~ ~ g l m l l  
-- 

0.2 1.0 2.0 10 50 100 - -- - - - - - 

NT NT NT NT 100 100 

0 0 0 0 0 0  

NT 100 100 82 4 7  0 



MOBILIZATION OF DEPOSITED METALS . 

Person i n  Charge: V. H. Smith 

Th i s  p r o j e c t  has t h e  broad o b j e c t i v e  o f  developing t rea tments  f o r  overexposure t o  t o x i c a n t s  

encountered i n  some o f  t he  new non-nuclear energy techno log ies .  Necessar i l y  assoc ia ted  w i t h  

t h i s  e f f o r t  i s  t h e  i d e n t i f i c a t i o n  o f  t o x i c  agents, t h e i r  e f f e c t s  and t h e  mechanisms o f  t h e i r  

t o x i c i t y ,  t h e  development o f  s u i t a b l e  t e s t  models and exposure procedures, and t he  f o rmu la t i on  

o f  t h i s  i n f o rma t i on  i n t o  e f f e c t i v e  t rea tment  procedures. 

I n i t i a l  e f f o r t s  a r e  be ing  d i r e c t e d  toward t he  t o x i c  meta ls  cadmium, lead ,  ruthenium, 

vanadium, n i c k e l ,  coba l t ,  chromium, and a rsen ic ,  which a re  assoc ia ted  w i t h  c a t a l y t i c  p ro -  

cesses used i n  sha le  o i l  p roduc t i on  and s y n t h e t i c  f u e l  p repara t ion ,  and a r e  products o f  f o s s i l  

f u e l  combustion. I n  t h e  hope o f  f i n d i n g  complexing agents combining h i gh  s e l e c t i v i t y  f o r  

meta ls  w i t h  low t o x i c i t y  i n  mammals, b i o l o g i c a l l y  de r i ved  chelons a re  be ing  tes ted .  The 

siderochromes produced by some b a c t e r i a  che la te  severa l  meta ls  w i t h  a  h i gh  degree o f  s p e c i f i -  

c i t y ,  t r a n s p o r t  them across b i o l o g i c a l  membranes, and may be capable o f  removing t o x i c  meta ls  

f rom w i t h i n  c e l l s  and f rom t h e  c i r c u l a t o r y  system. They have the  advantage o f  small  mo lecu la r  

s i ze ,  which should make them poor ant igens.  A technique f o r  induc ing  organisms t o  produce 

siderochromes aga ins t  s p e c i f i c  meta ls  i s  a l s o  being i nves t i ga ted .  



SIDEROCHROME PRODUCTION, PURIFICA'I'ION 
AND METAL BINDING 

Investigators: 

A. V .  Robinson and R. A. Pelroy 

A new method, involving polyamide chromatography, for quick purification of bacterial 

siderochromes has been developed and is compared to a previous method using silica gel chro- 

matography and solvent extractions. 

Siderochromes (SCs) are natural chelat- 
ing agents, secreted by many microorganisms 
in response to iron deficiency conditions. 
These agents scavenge the medium for iron. 
Two main classes of SC compounds are 
known: catechol derivatives, which we are 
currently investigating, generally consist 
of a 2,3-dihydroxybenzoic acid moiety 
bound to an amino acid. The second class, 
which we will study in the future, are the 
hydroxamic acid derivatives. 

Siderochromes are reported to form 
stable complexes with binding constants for 
Fe+3 in excess of 1030, which is greater by 
two to four orders of magnitude than the 
corresponding values for EDTA or DTPA. The 
binding of other metals (such as Alt3, 
Crt3, La+3, Cdt2, T1 t3) to siderochromes 
has been shown, and as a result of this 
known chelation ability and the lipophilic 
nature of these compounds, they present a 
type of agent with potential for excorpora- 
tion of toxic metals. Toxicity of SCs 
tested has been low, for example, when 
desferrioxamine B (isolated from acti- 
nomycetes) was used to treat excess iron 
storage disease in humans. 

To date, our major effort has been 
directed toward the purification and prep- 
aration of a catechol-type SC produced by 
Paracoccus denitrificans. Using a standard 
iron-deficient medium we have produced 
crude siderochrome preparations from the 

following bacteria: Paracoccus deni tri- 
ficans, Bacillus megatherium, Bacillus 
subtil is, Kl ebsiel la pneumococcus and 
Escherichia e. Siderochrome production 
began in the stationary phase and the SCs 
produced (usual 1 y ye1 low to ye1 low-orange) 
were excreted into the culture media. P. 
denitrificans was grown using succinate-as 
the carbon source, while the other bacteria 
were grown on glucose. In all cases, the 
total catechol content of the media ranged 
from 10-30 mg per liter of cell-free culture 
supernatant. 

Medium containing siderochrome from P. 
denitrificans was acidified to pH 2 with 
HC1, freeze-dried, and extracted with 
ethanol. The pooled ethanol fractions were 
dried under reduced pressure at 30-40°C, 
the residue dissolved in water, and the 
solution extracted with ethyl acetate. 
The aqueous phase was kept for further 
purification of SC I1 (~l~~-bis-(2, 
3-di hydroxybenzoyl ) spermidine). The ethyl 
acetate fraction was extracted with 10% 
(w/v) NaHC03. The NaHC03 extracts were set 
aside for purification of SC I (2,3-di hy- 
droxybenzoic acid), and the ethyl acetate 
fraction was kept for purification of SC 
I11 (2-hydroxybenzoyl-N-1 -threonyl-N~ 
[N1N8-bis-(2,3-di hydroxybenzoyl ) spermidine. ) 

Further purification of SC I and SC I11 
was accomplished using a silica gel column 
(approximately 0.5 X 15 cm) equilibrated 



w i t h  benzene-ethyl ace ta te  (3:1, v / v ) .  The 
NaHCO3 f r a c t i o n  ( con ta i n i ng  SC I )  was 
r e a c i d i f i e d  t o  pH 2 w i t h  HC1 and ex t r ac ted  
w i t h  e t h y l  ace ta te .  The pooled f r a c t i o n s  
were d r i e d  under reduced pressure over  
Na2S0,. The res idue  was then d i sso l ved  i n  
benzene-ethyl ace ta te  ( 3 : l  v / v )  and an 
a l i q u o t  app l i ed  t o  t he  s i l i c a  ge l  column 
w i t h  an e l u o t r o p h i c  se r i es  o f  so lven ts  
c o n s i s t i n g  o f  benzene-ethyl ace ta te  (1  :1, 
v / v ) ,  e t h y l  acetate,  methanol, and H20. 
F rac t i ons  f rom each s e r i e s  were c o l l e c t e d  
and assayed f o r  catechol  a c t i v i t y  by t h e  
method o f  Arnow (Biochem. 8: 757-762, 
1969). The e t h y l  ace ta te  f r a c t i o n  (con- 
t a i n i n g  SC 111) was d r i e d  under reduced 
p ressure  and t h e  res idue  red i sso l ved  i n  
benzene-ethyl ace ta te  ( 3 : l  v /v ) .  SC I 1 1  
was then  p laced on a  column and e l u t ed  
e x a c t l y  as d e t a i l e d  above f o r  SC I. 

Table 26.1 i l l u s t r a t e s  t h e  r e s u l t s  o f  
t h i s  f i n a l  s tep  i n  terms o f  t h e  percent  o f  
ca techo l  recovered f rom t h e  o r i g i n a l  medium 
i n  each f r a c t i o n .  The i d e n t i t y  o f  each 
compound was es tab l i shed  by t h i n - l a y e r  
chromatography (TLC) on c e l l  u l  ose support  
i n  an aqueous s o l u t i o n  o f  5% amnonium 
formate (w/v) 0.5% fo rm i c  a c i d  (v ,v) .  I n  
t h i s  system SC I moves w i t h  Rf  o f  approx i -  
mate ly  0.6, SC I 1  moves w i t h  R f  0.4 and SC 
I 1 1  has Rf  o f  0.0. 

TABLE 26.1. Recovery f o r  Siderochrome 
P u r i f i c a t i o n  by Method I. (a )  

SIDEROCHROMf RECOVERY 1% OF I N I T I A L  M W W l  

TOTAL 
PURIFICATION STEP SC I SC I I  SC Ill CATECmK 

L FREUE-DRYING 

2. S O L V E W E ~ ~ ~ A C T I O N  - 53 1611 + I l l )  6 9  

3. S I L I C A  GELCOLUMN 9 4 l m 1  14 70 
CHROMATOGRAPHY 

1aI SILICA GEL CHROMATOGRAPHY M SOLVLNT-EXTRACT FRACTIONS ISEL mtn 
lb'Sc I I  WAS NOT CHROMATOGRAPHED ON S I L I C A  GEL 

m i g r a t i o n  o f  ca techo ls .  Using t h e  r e s u l t s  
o f  t he  TLC data,  t h e  method was scaled up 
t o  a  p repa ra t i ve  2.5 X 50-cm column. The 
column was e q u i l i b r a t e d  w i t h  d i s t i l l e d  H20 
and 800 mi o f  s iderochrome-conta in ing media 
f roa~  P. d e n i t r i f i x  was passed t h rn : : ~ l l  
t h e  column. The e l u a t e  f rom the  column 
conta ined no ca techo l .  The siderochrome 
compounds were adsorbed as a  y e l l o w  band i n  
t he  t o p  10-15 cm o f  t h e  column and were 
washed f r e e  o f  nonadsorbing ma te r i a l  by 
passing 200-300 ml o f  d i s t i l l e d  H20 through 
t h e  column. Adsorbed compounds were then  
e l u t e d  w i t h  t he  p rev i ous l y  mentioned s o l -  
vent  system. Four f r a c t i o n s  o f  30-50 ml 
each were c o l l e c t e d  as t h e  y e l l o w  compounds 
were e l u t ed .  The recovery o f  ca techo l  i n  
e l u t e d  f r a c t i o n s  1  through 4  was 61%, 
r e l a t i v e  t o  t he  t o t a l  catechol  app l i ed .  

Moreover, TLC ana l ys i s  o f  e l u t e d  f r a c -  
t i o n s  f o r  siderochrome ( i  . e. , 30- t o  50-1111 
f r a c t i o n s  1, 2, 3 and 4, Table 26.2) showed 
t h a t  f r a c t i o n  1  con ta ined  o n l y  SC I 1  and SC 
111, w i t h  SC I 1 1  as t h e  major  component; 
f r a c t i o n s  2  and 3  conta ined o n l y  SC 111; 
and f r a c t i o n  4  conta ined no i r o n - b i n d i n g  
component. It would appear t h a t  t h i s  
method r e s u l t s  i n  a  subs tan t i a l  enrichment 
o f  SC I 1 1  r e l a t i v e  t o  SC I and SC 11. Th is  
enrichment i s  d e s i r a b l e  f o r  severa l  reasons: 
from t h e  p o i n t  o f  view o f  f u n c t i o n  i t  i s  
l i k e l y  t h a t  SC I 1 1  i s  t h e  s i g n i f i c a n t  
species i n  Fe+3 t r a n s p o r t  i n  b a c t e r i a ,  and 
i t  i s  noteworthy t h a t  Fe+3 b inds l e s s  
s t r o n g l y  t o  SC I 1  than t o  SC 111, ( T a i t ,  
Biochem. 146: 191-204, 1975). The a b i l i t y  -- 
o f  a  ca techo l  t r i m e r  (such as SC 111) t o  
b i nd  Fe+3 more s t r o n g l y  than t he  d imer 
(such as SC 11) o r  monomer (SC I )  was a l s o  
noted w i t h  enterochel  i n  (a ca techo l  t r i m e r )  
and i t s  d imer ic  and monomeric h y d r o l y s i s  

The above procedure was t ime consuming 
and l e d  t o  l o s s  o f  p roduc t  du r i ng  t he  
l y o p h i l i z a t i o n  and evapora t ion  steps.  An 
a l t e r n a t i v e  method o f  concen t ra t i ng  and 
p u r i f y i n g  siderochromes us i ng  a  polyamide 
support  was t h e r e f o r e  i nves t i ga ted .  Condi- 
t i o n s  necessary f o r  adsorp t ion  and e l u t i o n  
o f  ca techo ls  were es tab l i shed  us ing  TLC 
p l a t e s  coated w i t h  polyamide. I n  p r e l i m i -  
na r y  work i t  was found t h a t  ca techo ls  i n  

TABLE 26.2. D i s t r i b u t i o n  and 
Recovery o f  Catechols f rom Poly-  
amide Column Chromatography. 

'CCYAMIDE CCCUMN APPLIED CATECHOC SIDEROCHROMES 
FRACTI Chl RECOVERED, 5 

-  PRESENT(^^ 

1 21 S C I I I .  S C I I  

4 I - UNDETECTABLE 

TOTAL 6 1  

la 'A5 DETECTABLE BY FelNCy3 SPRAY, FOLLOWING TLC 
DEVELOPHNT ON POCYAMIDE PLATES INACETCNE; 
METHANOC: 1 O l  I wlv l  AQUEOUS A M O N I U M  
FIXMATE 11: 1: 1. vlvlvl 

aqueous s o l u t i o n s  were s t r o n g l y  adsorbed t o  
polvamide support .  Development o f  p l a t e s  . - 
i n  a  so l ven t '  system o f  methanol :acetone: l0% 
(w / v )  ammonium formate:N,N d imethy l  forma- 
mide (1:1:1:1, v / v / v / v )  r e s u l t e d  i n  



produc ts  (O 'Br ien ,  Biochim. Biophys. Acta 
237: 537-549, 1971 ).  These r e s u l t s  suggest - 
t h a t  SC I 1 1  mav b i n d  o t h e r  meta ls  more 
s t r o n g l y  than  5~ I 1  o r  SC I. We have a l s o  
no ted  t h a t  b r i e f  t rea tment  o f  SC I 1 1  w i t h  
0.025 N HC1 p r i o r  t o  a n a l y s i s  by TLC r e -  
s u l  t s  i n  t h e  appearance o f  a new i r o n -  
b i n d i n g  component. The e x t r a c t i o n  proce-  
dure  exposes t h e  SCs t o  0.1 N HC1 f o r  
12-24 h r ;  thus,  where h i g h  y i e l d s  o f  una l -  
t e r e d  SC I 1 1  a r e  des i red ,  a c i d  should be 
avoided. 

Using t h e  polyamide method, we hope t o  
o b t a i n  s i g n i f i c a n t  q u a n t i t i e s  o f  p u r i f i e d  
r e p r e s e n t a t i v e  siderochromes f o r  f u t u r e  
chemical and b i o l o g i c a l  e v a l u a t i o n .  

Such work w i l l  be d i r e c t e d  toward prepa- 
r a t i o n  o f  m i l l i g r a m  t o  gram q u a n t i t i e s  o f  
m i c r o b i a l l y  produced siderochromes, which 
w i l l  t hen  be t e s t e d  as p o s s i b l e  excorpora-  
t i o n  agents i n  mammalian t i s s u e - c u l t u r e  
and, u l t i m a t e l y ,  i n  an imals .  P r e l i m i n a r y  
exper iments have been c a r r i e d  o u t  which 
suggest t h a t  t h i n - l a y e r  chromatography and 
a b s o r p t i o n  spect rophotometry  o f  siderochrome- 
meta l  che l  a tes  wi  11 be u s e f u l  assay methods 
t o  d e t e c t  meta l  b i n d i n g  by these agents. 
Only  those  siderochromes which demonstrate 
e x t e n s i v e  c h e l a t i o n  o f  heavy meta ls  ( o t h e r  
than  Fe+3) w i l l  be t e s t e d .  



DEVELOPMENT O F  BLOOD IRRADIATORS 

Person i n  charge: F. P. Hungate 

Ex t racorporea l  i r r a d i a t i o n  o f  blood, us ing  repeated b r i e f  exposures, has been shown t o  

suppress r e j e c t i o n  o f  t i s s u e  t r a n s p l a n t s  and t o  i n h i b i t  p rogress ion  o f  ch ron ic  lymphocyt ic  

leukemia. There remains a need t o  e s t a b l i s h  t h e  cond i t i ons  o f  dose a d m i n i s t r a t i o n  which 

op t im i ze  t he rapeu t i c  e f f e c t ,  t o  s tudy t he  bas ic  processes by which b lood  i r r a d i a t i o n  produces 

such e f f e c t s ,  and t o  improve t he  technique o f  b lood  i r r a d i a t i o n  through t h e  development o f  

improved and p o r t a b l e  b lood  i r r a d i a t o r s .  I r r a d i a t o r s  now i n  use a re  l a rge ,  expensive and 

consequently a v a i l a b l e  t o  r e l a t i v e l y  few p a t i e n t s .  I t  a l s o  appears probable t h a t  cont inuous 

i r r a d i a t i o n  o f  b lood  du r i ng  c r i t i c a l  per iods ,  w i t h  lower  dose ra tes ,  may c o n s t i t u t e  a more 

e f f e c t i v e  t reatment .  

Tests s ince  FY 1969 on a number o f  photon-, alpha-, and be ta -em i t t i ng  i so topes ,  f o r  t h e i r  

a b i l  i t y  t o  d e l i v e r  e f f ec t i ve  doses t o  b lood,  have r e s u l t e d  i n  t he  cho ice  o f  170Tm, encapsu- 

l a t e d  i n  v i t r e o u s  carbon, as t h e  source ma te r i a l .  The 170Tm be ta  r a d i a t i o n  passes th rough 

t he  carbon l a y e r  and e f f e c t i v e l y  i r r a d i a t e s  blood; t h e  d i r e c t  and i n d i r e c t  (bremsstrahlung)  

r a d i a t i o n  i s  r e a d i l y  sh ie lded ;  t h e  containment and b lood  i n t e r f a c e  ma te r i a l  i s  una f f ec ted  by 

r a d i a t i o n  doses i n  excess o f  101° rads and i s  r e l a t i v e l y  nonthrombogenic. An a d d i t i o n a l  

advantage i s  t h e  f a c t  t h a t  i r r a d i a t i o n  u n i t s  can be t o t a l l y  f a b r i c a t e d  w i t h  s t a b l e  169Tm, 

which i s  conver ted t o  r a d i o a c t i v e  170Tm by a f i n a l  neu t ron  a c t i v a t i o n .  To ta l  weight  of  

sh ie lded  p ro to t ype  u n i t s  i s  about 500 g. Goats wearing these u n i t s  show r a p i d  l o s s  of c i r c u -  

l a t i n g  lymphocytes w i t h  d a i l y  doses t o  b lood  o f  0 , 000  rads.  

Current  and p ro j ec ted  f u t u r e  e f f o r t s  inc lude :  (1  ) con t inued  m a t e r i a l s  and design research  

l ead ing  t o  improved p o r t a b l e  i r r a d i a t o r s ,  and t h e i r  p r e c l i n i c a l  eva l ua t i on  i n  animals; 

( 2 )  bas ic  hematologic and immunologic s t ud i es  r e l a t i n g  t o  b lood  i r r a d i a t i o n  and i t s  e f f e c t s  

on c e l l u l a r  and humoral immune response; ( 3 )  l i a i s o n  w i t h  r e g u l a t o r y  bodies t o  p rov i de  them 

w i t h  i n f o rma t i on  p e r t i n e n t  t o  u l t i m a t e  1 i c e n s i  ng; and ( 4 )  cont inued and expanded support  o f ,  

and c o l l a b o r a t i v e  research  w i t h ,  c l i n i c a l  groups i n t e r e s t e d  i n  us ing  b lood  i r r a d i a t i o n  as an 

adjuvant  i n  t h e  suppression o f  t r a n s p l a n t  r e j e c t i o n  and t h e  t rea tment  o f  c e r t a i n  1 ymphocytic 

neoplasms. 
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T h i s  year  was spent i n  pe r f ec t i ng  d e t a i l s  o f  t he  new design b lood  i r r a d i a t o r ,  i .e., 

having male f i t t i n g s  made f o r  shunt i n s e r t i o n  and i n  a c q u i r i n g  p r e l i m i n a r y  b i o l o g i c a l  data on 

i t s  e f f ec t i vness .  F a b r i c a t i o n  o f  u n i t s  was slowed by an unan t i c i pa ted  r e a c t i o n  o f  t he  r e s i n  

w i t h  t he '  s t ee l  i n j e c t i o n  mold, by occasional  thrombogenic f laws  i n  t he  b lood  i n t e r f a c e  l a y e r ,  

by thrombus fo rmat ion  a t  t h e  p o i n t s  o f  connect ion t o  the  shunt  and by n o n a v a i l a b i l i t y  o f  a 

r e a c t o r  f o r  a c t i v a t i n g  t h e  1 6 9 ~ m  t o  17"Tm. The remain ing unsolved problem i s  t h a t  o f  throm- 

bus fo rmat ion  a t  t h e  connectors. 

I o n i z i n g  r a d i a t i o n  can be e f f e c t i v e  i n  
reduc ing  t he  number o f  c i r c u l a t i n g  lympho- 
cy tes  and suppressing c e l l u l a r  immune 
responses. We are  developing a f u l l y  
po r t ab l e  b lood  i r r a d i a t o r  capable o f  being 
a t tached i n  an a r te r iovenous  (AV) shunt and 
i r r a d i a t i n g  c i r c u l a t i n g  b lood  con t inuous ly  
f o r  extended per iods.  A pa ten t  f o r  t h e  
dev ice  has been g ran ted  and we a re  now 
p e r f e c t i n g  f a b r i c a t i o n  techniques and 
a c q u i r i n g  animal data r e l e v a n t  t o  t h e  
development and use o f  t h e  i r r a d i a t o r s .  

The i r r a d i a t o r s  a re  one-piece u n i t s  c f  
v i t r e o u s  carbon (VC) w i t h  t hu l i um  ox i de  
p laced w i t h i n  t h e  carbon m a t r i x  t o  op t im i ze  
dose t o  blood, y e t  assure f u l l  containment. 
The p resen t  design was descr ibed  and i l l u s -  
t r a t e d  i n  t he  1975 Annual Report.  The 
t u b u l a r  u n i t s  used i n  animal s t ud i es  a re  
48 mm long,  7 mm i n  d i a  and have an i n t e r n a l  
3 . 1 -m  diameter ho l e  through which t h e  b lood  
f lows .  Extensions on t h e  ends o f  t h e  
i r r a d i a t o r s  pe rm i t  easy connect ion t o  
s i l a s t i c  shunt t ub i ng  us ing  standard shunt 
connectors t y ~ i c a l  o f  those used i n  b lood  
d i a l y s i s  o f  human p a t i e n t s .  

To cons t r uc t  u n i t s  w i t h  shunt connector 
ends, a s t e e l  mold was f a b r i c a t e d  and 
i n i t i a l  u n i t s  were produced by s e q u e n t i a l l y :  
1)  app l y i ng  a Tm203 p o l y f u r f u r y l  r e s i n  
s l u r r y  on a wax rod;  2 )  c a s t i n g  t he  r e s i n  
body around t h e  wax r o d  and polymer ized 
s l u r r y ;  3) f o l l o w i n g  po l ymer i za t i on  o f  t he  
body and removal o f  t h e  wax, f l o w i n g  a t h i n  
i nne r  containment and b lood  i n t e r f a c e  
l a y e r  onto t h e  i n n e r  surface. These 
steps were completed by t r imming t h e  ends 
t o  leng th ,  v i t r i f y i n g  t h e  u n i t  i n  a con- 
t r o l l e d  atmosphere a t  1000°C and neutron-  
a c t i v a t i n g  t h e  169Tm t o  170Tm. Several 
problems developed w i t h  t h i s  procedure: 
c h i e f l y  r e a c t i o n  o f  t h e  r e s i s  w i t h  t h e  
s t ee l  mold, imper fec t ions  i n  t h e  i n n e r  
containment l a ye r ,  and thrombogenesis a t  
t h e  end connectors. React ion w i t h  t h e  
s t e e l  mold was n o t  an t i c i pa ted ,  s i nce  
e a r l i e r  cas t i ngs  made on a s t e e l  p l a t e  had 
re leased  e a s i l y  w i t h  a good sur face.  
However, i n  t h e  enclosed mold severe bubb l ing  
occurred w i t h  r e s u l t i n g  d e f e c t i v e  u n i t s .  
Fo l low ing  pro longed eva lua t i on  o f  methods 
t o  coa t  t he  mold, t h i s  problem was r e c e n t l y  
overcome by forming a massive s i l a s t i c  



r u b b e r  mold .  T h i s  s i l a s t i c  mold  i s  e a s i e r  
t o  use and produces e a s i l y  c l e a n e d  f l a w - f r e e  
s u r f a c e s .  

The p r o b l e m  o f  i m p e r f e c t i o n s  i n  t h e  
i n n e r  c o n t a i n m e n t  l a y e r  appeared when some 
VCTm u n i t s  were  obse rved  t o  r e l e a s e  s m a l l  
amounts o f  170Tm a f t e r  a c t i v a t i o n .  A l s o ,  
some u n i t s  w i t h  f u l l y  c o n t a i n e d  170Tm caused 
l o c a l i z e d  thrombus f o r m a t i o n  when used i n  
a n  AV shun t .  T h i s  p r o b l e m  was overcome by 
c e n t r i f u g a l l y  c a s t i n g  t h e  i n n e r  l a y e r  
(0 .1-0 .2  mm t h i c k )  i n  a  mold  a t  10,000 rpm. 
F o l l o w i n g  p o l y m e r i z a t i o n  and removal  f r o m  
t h e  mold,  t h e  Tm20,-resin s l u r r y  i s  t h e n  
a p p l i e d  t o  t h e  o u t e r  s u r f a c e  o f  t h i s  tube,  
u s i n g  vacuum t o  remove any  t r a p p e d  bubb les .  
T h i s  s p i n  c a s t i n g  p roduces  a  s u p e r i o r  
i n n e r  s u r f a c e  w i t h  a s s u r e d  c o n t a i n m e n t  o f  
t h e  t h u l i u m .  

I n  e a r l y  t e s t s  o f  t h e  i r r a d i a t o r  u n i t s  
i n  AV s h u n t s  on g o a t s ,  r i n g  t h r o m b i  fo rmed 
a t  t h e  ends. E a r l y  t e s t i n g  had i n d i c a t e d  

t h a t  VC s u b j e c t e d  t o  m a c h i n i n g  i s  th rombo-  
gen i c ,  w h i l e  p r i s t i n e  s u r f a c e s  a r e  non- 
t h rombogen ic .  Thus, f o l l o w i n g  t r i m m i n g  
t h e  ends t o  p r e c i s e l y  f i t  t h e  c o n n e c t o r  
hardware,  a  t h i n  f i l m  o f  r e s i n  i s  now 
a p p l i e d  t o  t h e  c u t  s u r f a c e .  Thrombus 
i n d u c t i o n  i s  now no g r e a t e r  t h a n  where t h e  
c o n n e c t o r s  a r e  used w i t h o u t  i n c l u s i o n  o f  
an  i r r a d i a t o r .  

VCTm u n i t s  showing f u l l  c o n t a i n m e n t  o f  
t h e  170Tm a r e  b e i n g  t e s t e d  i n  c a r o t i d -  
j u g u l a r  AV shun ts  o n  goa ts .  When t h e  
s h u n t  s u r g e r y  i s  we1 1 -hea led ,  and  p r i o r  
t o  i n s e r t i o n  o f  t h e  i r r a d i a t o r  i n t o  t h e  
shun t ,  t h e  g o a t s  a r e  g i v e n  10-15 g r a i n s  o f  
a s p i r i n  p e r  day and s u f f i c i e n t  d i c o u m a r o l  
t o  m a i n t a i n  a  p r o t h r o m b i n  t i m e  o f  2 -3  t i m e s  
no rma l .  The re  i s  e s s e n t i a l l y  n o  p r o b l e m  
w i t h  s h u n t  o c c l u s i o n  by t h r o m b i  so l o n g  as 
t h i s  a n t i c o a g u l a t i o n  t h e r a p y  i s  m a i n t a i n e d .  
The t y p i c a l  r esponse  o f  l ymphocy tes  t o  
d a i l y  b l o o d  doses f r o m  485 t o  1090 r a d s  
p e r  day i s  shown i n  F i g u r e  27.1.  An 

NUMBER OF D A Y S  POSTSURGERY 

FIGLIRE 27.1. T y p i c a l  Goat  Lymphocyte Response t o  VCTm B l o o d  
I r r a d i a t o r  U n i t s .  An imal  number and d a i l y  dose t o  t h e  b l o o d  
a r e  i n d i c a t e d  on each c u r v e .  Heavy p o r t i o n  o f  c u r v e  i n d i c a t e s  
t i m e  d u r i n g  w h i c h  i r r a d i a t o r  was i n  p l a c e .  



approx imate ly  5 - f o l d  r educ t i on  i n  c i r c u -  
l a t i n g  lymphocytes i s  achieved w i t h i n  10 
days a t  t he  dose ra tes  tested;  t h i s  i s  
f o l l owed  by a  slow subsequent dec l i ne  w h i l e  
t h e  VCTm u n i t  remains f u n c t i o n a l .  Wi th t he  
doses used, no e f f e c t s  on r e d  c e l l  numbers 
o r  on b lood  c e l l  components o the r  than 
lymphocytes were noted. 

The p r o f i l e  o f  t he  r a d i a t i o n  dose t o  
b l ood  was c a l c u l a t e d  us ing  a  mod i f i ed  
Be tb lud  code and i s  shown i n  F igure  27.2. 
While t he re  i s  an o rder  of magnitude 
d i f f e r e n c e  between c e n t r a l  and pe r i phe ra l  
dose ra tes ,  i t  i s  doubt fu l  t h a t  t h i s  
m a t e r i a l l y  a f f e c t s  the  r e s u l t s .  Marsagl i a  
and Thomas (Rad. Res. 25:269-76 [1965]) 
have d i s c u s s e d t h ~ t a t i s t i c a l  na tu re  o f  
dose accumulat ion under s i m i l a r  cond i t i ons .  

Reciprocal  s k i n  a l l o -  and a u t o g r a f t s  
were performed on these animals approx i -  
mate ly  10 days a f t e r  r a d i a t i o n  t rea tment  
commenced. Two animals ma in ta ined  on 
an t i coagu lan t  therapy developed subg ra f t  
hemorrhage 3-5 days f o l l o w i n g  placement o f  
t h e  g r a f t s .  A  r e g r a f t  on one o f  these 
(233) gave a  f u l l  " t ake "  w i t h  vascu la r i -  
za t ion ,  and h a i r  nrowth a t  2-112 months. 
Two o t h e r  p a i r s  o f  animals f a i l e d  t o  show 
t y p i c a l  r e j e c t i o n s  i n  e i t h e r  t h e  c o n t r o l  
o r  t r e a t e d  animals, a l though t h e  a l l o -  
g r a f t s  s l ow l y  d r i e d  and were dropped 5-8 
weeks f o l l o w i n g  placement. Due t o  t he  
absence o f  t he  t y p i c a l  r e j e c t i o n  syndrome 
i n  these animals, a l l  o f  which were 
unre la ted ,  the  presence o f  an a l l o g r a f t  
" take"  i n  a  t r e a t e d  animal i s  n o t  r e a d i l y  
i n t e r p r e t e d .  We a r e  now t e s t i n g  A f r i c a n  
pygmy goa t  s k i n  f o r  r e j e c t i o n  and w i l l  use 
these animals i n  subsequent t e s t s  i f  a  
t y p i c a l  r e j e c t i o n  syndrome i s  obta ined.  

The problem o f  ma in ta i n i ng  f u n c t i o n a l  
shunts du r i ng  t he  p e r i o d  immediate ly  
f o l l o w i n g  s k i n  t r a n s p l a n t  i s  n o t  y e t  
resolved.  Thrombus fo rmat ion  begins a t  
t he  connectors between shunt t ub i ng  and 

t he  VCTm u n i t s .  We have examined t h e  
sur face  by i n j e c t i n g  nonadhering s i l i c o n e  
rubber  i n t o  these j o i n t s  and forming a  
r e p l i c a  o f  t he  sur face  seen by t h e  blood. 
These r e p l i c a s  i n d i c a t e  t h e  ex is tence  o f  a  
nonconformi ty  caused by nonconcen t r i c i t y  
o f  t he  t u b i n g  extensions which b u t t  toge ther  
w i t h i n  a  connector  t o  c l ose  the  shunt. 
When the  extensions a re  used w i t hou t  VCTm 
i n t e r v e n t i o n ,  t he  nonconformity can be 
minimized by a p p r o p r i a t e l y  matching t he  
two extensions,  and thrombus format ion i s  
n o t  a  problem. When t he  extensions a re  
r o t a t e d  t o  maximize t he  nonconformi ty  a  
thrombus forms and stoppage o f  f l o w  occurs 
w i t h i n  a  few hours. We now min imize t h e  
e f f e c t  o f  t h e  nonconformi ty  by f r e q u e n t l y  
opening t he  connectors and removing t he  
smal l  thrombi. The vendor who supp l ies  
t h e  shunt hardware i s  a l so  working w i t h  us 
t o  develop more concen t r i c  hardware f o r  
these animal shunts, which a re  s l i g h t l y  
l a r g e r  than those t y p i c a l l y  used on humans. 

BLOOD RADIUS, cm 

FIGURE 27.2. R e l a t i v e  Blood Dose P r o f i l e  
Wi th  1/8 i n .  (0.32 cm) Dia Tube 



e MECHANISMS OF RADIATION EFFECTS 

Person in Charge: M. E. Frazier 

This project is composed of two related but separate studies. Our primary objective is to 

determine the role of virus in "radiation-induced" malignancies and, in the process, to iden- 

tify those parameters (biochemical, virological, imnunologic, etc.) which might serve to 

monitor the oncogenic process. 

Previous work under this project has demonstrated a virus associated with leukemia which 

developed in miniature swine following exposure to internally deposited 90Sr. The immediate 

goal of the leukemogenesis study is to determine the nature of the porcine virus and its role 

in the oncogenic process. In other words, does radiation convert a normal cell to a malignant 

cell by the expression of pre-existing genetic information (viral or nonviral ) through the 

action of gene repressors or modulators of metabolic function in the cytoplasm or at the cell 

membrane; or, is the malignant transformation preceded by the entry and insertion of new viral 

information? 

Studies at this laboratory have also shown that plutonium in the form of inhaled particles 

produces a dose-related lymphopenia in the beagle dog, with pulmonary neoplasia or osteosarcoma 

as the principal causes of death. Plutonium-exposed beagles are currently being examined for 

evidence of impaired immune function resul ting from the pl utonium-induced lymphopenia. If 

such an impairment is present we will examine any relationship to the induction of bone and 

lung tumors. Similar studies are investigating the role of virus (initially, oncornavirus) in 

the genesis of these tumors. To facilitate these studies, tumor cells are being grown and 

investigated in cell culture. 



CULTLIRE O F  CELLS F R O M  BEAGLES WITH BRONCHIOLO- 
ALVEOLAR CARCINOMA 

Investigators: 

M. E. Frazier and T. K. Andrews 

Cell cultures were prepared from lung tumors occurring in beagles following exposure to 

inhaled plutonium. Morphologic and growth characteristics of two of these cell lines are 

described. 

The purpose of this in vitro study of Pu- 
induced bronchi01 oal veol ar carcinomas in 
beagles was to attempt to determine the 
mechanism by which Pu causes lung tumors 
and, in the process, to identify any unusual 
parameters (whether biochemical, immunolog- 
ical, virological, etc.) which might serve 
to monitor the oncogenic process. Within 
this admittedly broad objective we have con- 
centrated on the more immediate objective of 
growing lung tumor cells in culture, in 
order to provide a readily avail able source 
of material for the broader study. For 
example, an immunological study of these 
radiation-induced tumors requires the avail- 
abil ity of a large number of cell s from an 
individual animal, as well as a battery of 
cells cultured from many other tumor-bearing 
animals. 

During the past year we have attempted to 
culture tumor cells from 12 dogs. We have 
established cell lines from 10 of these ani- 
mals (Table 28.1); these were cloned and 
aliquots frozen for future use. Two cell 
lines (AF 759 and FA 772) were chosen for 
further study. 

After 30+ passages in culture, certain 
stable growth characteristics were measured. 
The plating efficiency of these cells in 
NCTC 109, supplemented with 10% fetal bovine 
serum (FBS), was 19% for AF 759 and 34% for 
FA 772. The doubling time of these cell 
lines, determined using both the Elkinds 
procedure and total protein, was found to be 

TABLE 28.1. Tumor Cell Lines 
Establ i shed During FY 1976 

N P E  OF TUMOR 
DOG NUMBER ITENTATIVE DlAGNOSl  S) 

759 LUNG 
796 LUNG 
480 LUNG. I P O S S I E M  

OSTEOSARCOMA 
METASTASIS1 

271 LYMPHOMA 
772 LUNG 
792 MEL A N M l  A 
873 LUNG 
783 LUNG 
761 LUNG 
753 LUNG 
727 LUNG 
LIL*  LUNG 

*SPONIANEOUS LUNG TUMOR 

ESTABLISHMENT 
OF CELL LINE 

+ 
+ 

+ 
+ 
+ 

+ 

about 20-22 hr in 10% FBS and about 54 hr in 
1% FBS. Morphologically these cultures 
consist of oval to polygonal cells, 14-18 Dm 
in diameter. The nuclei are usually oval, 
with distinct but delicate nuclear membranes. 
Mitotic figures are apparent, including some 
of abnormal appearance. Actively growing 
cultures display some intracytopl asmic 
vacuoles which contain PAS-positive material. 
Scanning electron micrographs reveal micro- 
villi on the surface of the cells, a finding 
consistent with the probable origin of these 
tumors from secretory type I1 alveolar cells. 
These microvilli are fairly uniform in 



diameter  b u t  va ry  i n  leng th .  Transmission 
e l e c t r o n  micrographs a l s o  show t h e  presence 
o f  these m i c r o v i l l i .  I n  add i t i on ,  i n t y a -  
c e l l  u l  a r  organel  1  es, s im i  1  a r  t o  t h e  osmo- 
p h i l i c  l a m e l l a r  bodies o f  t ype  I 1  a l v e o l a r  
c e l l s ,  can a l s o  be seen i n  some o f  these 
c e l l  s. 

Both c e l l  l i n e s  were negat i ve  f o r  spon- 
taneous expression of C-type RNA v i r u s  and 
f o r  mycoplasma contaminat ion.  Resul ts  o f  

ka ryo typ ing  i n d i c a t e  a  d e f i n i t e  hypodi p l o i dy ,  
which may be p a r t i a l l y  t h e  r e s u l t  o f  t r ans -  
l o c a t i o n .  Chromosome-banding s t ud i es  a re  
c u r r e n t l y  underway t o  t e s t  t h i s  hypothesis .  

Add i t i ona l  s t ud i es  a re  contemplated f o r  
o b t a i n i n g  i n f o rma t i on  about t h e  biochemical 
parameters and growth c h a r a c t e r i s t i c s  of 
these c u l t u r e d  c e l l s ,  i n c l u d i n g  a  search f o r  
remnants o f  l ung  c e l l  f unc t i on .  

PURIFICATION OF D N A  POLYMERASE ACTIVITY I N  TISSUES 
F R O M  LEUKEMIC MINIATURE SWINE 

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

M. E. F r a z i e r  and L. M a l l a v i a  (a) 

An RNA-instructed DNA polymerase (RIDP), a l so  c a l l e d  r eve rse  t r ansc r i p t ase ,  has been p u r i -  

f i e d  f rom t h e  lymph node of a  leukemic m i n i a t u r e  swine. The procedure r e s u l t e d  i n  a  36- fo ld 

p u r i f i c a t i o n  o f  t h e  enzyme. The i s o l a t e d  enzyme has a  sedimentat ion c o e f f i c i e n t  o f  q, 4.5, a  

va l ue  cons i s t en t  w i t h  t h e  70,000-80,000 MW of mammalian v i r a l  reverse  t r ansc r i p t ases .  

An RI  DP-1 i ke a c t i v i t y  has been found 
assoc ia ted  w i t h  a  v i r u s  f rom swine w i t h  
r ad i a t i on - i nduced  leukemia. I n  o rder  t o  
demonstrate t h a t  t h i s  was a  t r u e  v i r a l  RIDP 
i t  was necessary t o  p u r i f y  and cha rac te r i ze  
t h e  enzyme. 

P u r i f i e d  po r c i ne  v i r u s  from a  leukemic 
p i g  was p e l l e t e d ,  s o l u b i l i z e d  and added t o  
d i e t hy l am inoe thy l  (DEAE) c e l  l u l o s e  as a  
f i r s t  s t ep  i n  t h e  p u r i f i c a t i o n  o f  RIDP 
(F i gu re  28.1). The column was i n i t i a l l y  
washed i n  an e f f o r t  t o  e l u t e  undesi red 
enzymes. The DEAE was then washed w i t h  
0.4 M potassium phosphate buf fer  (KPB) t o  
o b t a i n  t h e  des i r ed  polymerase. Th is  mate- 
r i a l  was d i a l y z e d  t o  remove t h e  KPB and then 
added t o  a  phosphocel lu lose (PC) column. 
The enzyme a c t i v i t i e s  were then  e l u t ed  w i t h  
a  l i n e a r  KPB g r a d i e n t  i n  an at tempt  t o  
separa te  a polymerase from t h e  v i r a l  RIDP. 
F rac t i ons  were assayed f o r  reverse  t r a n -  
s c r i p t a s e  (RIDP) a c t i v i t y  us i ng  e i t h e r  

polydeoxyguanylate, p o l y r i b o c y t i d y l a t e  
(dGrC) o r  po l y r i boadeny la te  polydeoxythym- 
i d y l a t e  (rAdT) as template.  Ac t i va ted  
(nuclease n icked)  c a l f  thymus DNA was used 
as a  template t o  d e t e c t  DNA-dependent DNA 
polymerase a c t i v i t y .  A  peak o f  dGrC and 
rAdT a c t i v i t y  was e l u t e d  f rom t h e  PC column 
between 0.1 and 0.25 M KPB. Th i s  p a r t i a l l y  
p u r i f i e d  enzyme p repa ra t i on  p r e f e r r e d  t h e  
rAdT template, g i v i n g  approx imate ly  t h r e e  
t imes more i n c o r p o r a t i o n  o f  l a b e l  than  was 
obta ined us i ng  dGrC as a  template.  Whi le  
these two templates a re  considered t h e  most 
d i s c r i m i n a t i n g  i n  assaying f o r  RIDP, o t h e r  
polymerases can u t i l i z e  these templates.  
However, t h e  1  ack o f  a c t i v i t y  w i t h  a c t i v a t e d  
DNA i n  t h i s  r eg i on  i n d i c a t e d  t h i s  was a  
remote possi  b i  1  i t y .  

I n  a d d i t i o n  t o  t h i s  poss i b l e  source o f  
e r r o r  i n  t h e  assay, m i tochondr ia -assoc ia ted  
DNA polymerase and heavy-molecular-weight 
DNA-dependent DNA polymerase have been 

(a l~ash ing ton  S t a t e  U n i v e r s i t y  



' a ' ~ ~ ~ ~ ~ ~ ~  U S I N G  rAdT A S  A TEMPLATE: dGrC - TEMPLATED REACTIONS WERE APPROXIMATELY 
113 OF THE rAdTVALUES. A UNIT  I S  THE AMOUNT OF ENZYME A C T l V l N  WHICH INCORPORATES 
ONE pmole OF d n P  l m i n  INTO AN ACID-INSOLUBLE PRECIPITATE 

b l F l F D v l R u s  1 enzyme a c t i v i t y  was found i n  t h e  same r e g i o n  

SOLUBILIZED WlTH 
of  t h e  g r a d i e n t  as t h e  a1 bumin (4.4s) .  T h i s  

DETERGENT va lue  i s  c o n s i s t e n t  w i t h  t h e  70,000-80,000 MW 
o f  known mammalian v i r a l  reverse  t r a n s c r i p t a -  

DEAE CELLULOSE 
WASHED 3TIME5 WITH 

0 . 1 ~  KPB 

ses. Table 28.2 shows t h e  r e s u l t s  o f  p u r i -  
f i c a t i o n  procedure. The f i n a l  p r o t e i n  

I c o n c e n t r a t i o n  was approx imate ly  1% o f  t h e  
WASHING DEAE CELLULOSE s o l  u b i  1  i zed v i r u s  p r e p a r a t i o n  and t h e  p r o -  

TERMINAL TRANSFERASE 
MlTOCHONDRl AL DNA POLYMERASE 

p POLYMERASE 
I POLYMERASE 

WASHED z TIMES 
WITH 0.4M KPB 

cedure r e s u l t e d  i n  an approx imate ly  3 6 - f o l d  
p u r i f i c a t i o n  o f  t h e  enzyme. 

WASHING 

4 
The pH optimum f o r  t h i s  enzyme a c t i v i t y  

n POLYMERASE 6-05 AND zm-2a.m MW I ( w i t h  an rAdT temp la te )  i s  7.8-9, w i t h  
VIRAL RIDP - 4.6s AND 7C-0D.W MW 1 maximum s y n t h e s i s  a t  8.1-6.3. D i v a l e n t  
OTHER CONTAMINATING PROTEINS 
IlNCLUDlNG NUCLEASESI 

c a t i o n s  (M~++,  5  rrEl o r  ~ln++, ImM), s u l f -  
h y d r y l  reduc ing  agents d i  t h i o t h r e i  t o 1  (DTT) 

PHOSPHCCELLULOSE COLUMN and a l l  f o u r  deoxynuc leo t ide  t r i p h o s p h a t e s  
0 . 0 1 ~  - 0 . 5 ~  KPB GRADIENT a r e  necessary f o r  maximum syn thes is .  

COLLECTED PEAK ELUTING 
AT O.1M - 0.25M KPB 

m 

15 

- 
9 

DEAE CELLULOSE COLUMN 
O.1M - 0.5 M KPB GRADIENT - 

2 15 
e - 0 

r e p o r t e d  t o  e l u t e  a t  t h e  same KPB concentra-  u 8 

5 % 
L t i o n  on PC columns as v i r a l  r e v e r s e  t r a n -  E ", s c r i p t a s e  (RIDP). Therefore,  i n  o r d e r  t o  - 10 

assure s e p a r a t i o n  f rom con tamina t ing  enzyme, 0 

t 
f r a c t i o n s  o f  t h e  a c t i v e  peak were pooled and 
concentrated by f i 1 t r a t i o n  t o  exc lude pro-  
t e i n s  w i t h  mo lecu la r  we igh ts  l e s s  than  5 

COLLECTED PEAK ELUTING 
AT 0.2 M - 0.3 M KPB 

5 - ZB SUCROSE GRADIENT 
50.1 ROTOR 44.m rpm 

10 hr. 4 ' ~  

50,000 d a l t o n s .  T h i s  m a t e r i a l  was then  
appl  i e d  t o  a  second DEAE c e l l  u l o s e  column. 
The p r o t e i n  was e l u t e d  w i t h  a  l i n e a r  KPB o I 

g r a d i e n t  and t h e  f r a c t i o n s  assayed. A  peak 1 5 10 15 20 
o f  dGrC- and rAdT-templated polymerase FRACTION NUMBER 

a c t i v i t y  was e l u t e d  (between 0.2 and 0.3 M 
KPB) which was d i s t i n c t  f rom a  peak o f  DNA- FIGURE 28.2. Sedimentat ion P a t t e r n  o f  
templated a c t i v i t y  e l u t i n g  a t  a  h i g h e r  KPB P u r i f i e d  Porc ine  RIDP i n  Sucrose Grad ien t .  
concen t ra t ion .  The f i r s t  peak was c o l l e c t e d  The f r a c t i o n s  ob ta ined  were a 250 u1, o f  
and concentrated.  T h i s  m a t e r i a l  was f u r t h e r  which 50 u1 were used t o  determine 
p u r i f i e d  and s i z e d  i n  a  sucrose v e l o c i t y  a c t i v i t y .  The remainder o f  t h e  enzyme 
g r a d i e n t ,  a long  w i t h  v a r i o u s  marker p r o t e i n s  p r e p a r a t i o n  was used t o  determine t o t a l  
(bov ine  serum albumin, 4.4S, and a ldo lase ,  p r o t e i n  and t h e  c a t a l y t i c  p r o p e r t i e s  o f  
7.4s).  As can be seen i n  F i g u r e  28.2 t h e  t h e  p u r i f i e d  enzyme. 

TABLE 28.2. P u r i f i c a t i o n  o f  RIDP f rom V i r u s  E x t r a c t e d  
f rom t h e  Lymph Node o f  a  Leukemic M i n i a t u r e  P i g  

T g A L  PROTEIN m F l C - A m V U Y  TOTALACTIVLT_Y(~) 
F R A C T I O N  
-- _(mS).  - l u n i t r w  -- -- (un i ts )  - % Y I E L D  -~~ 

SUCROSE GRADIENT 181 0 . W  62 1 100 
lSOLUBlLlZED V I R U S )  

DEAE CELLULOSE 14 4.1 585 93 

PHOSPHOCELLULOSE-I I 3.1 9.0 281 46 

DEAE CELLULOSE 2.4 11.2 266 43 

SUCROSE GRADIENT 2.0 12.4 252 40 

- 

- 

- 

- 

- 1 0  
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FIGLIRE 28.1. P u r i f i c a t i o n  Scheme f o r  I s o l a -  
t i o n  of V i r a l  RIDP f rom Porc ine  C e l l s  



The p r o p e r t i e s  o f  t h e  enzyme (temp1 a t e  
s p e c i f i c i t y ,  m o l e c u l a r  s i z e  and optimum 
r e a c t i o n  c o n d i t i o n s )  i s o l a t e d  i n  these 
i n i t i a l  s t u d i e s  a r e  c o n s i s t e n t  w i t h  v i r a l  
reverse  t r a n s c r i p t a s e  a c t i v i t y .  The capac- 
i t y  o f  r e v e r s e  t r a n s c r i p t a s e  t o  copy a  
n a t u r a l  RNA temp la te  w i t h  f i d e l i t y  i s  i t s  
s i n g l e  most i m p o r t a n t  f u n c t i o n a l  c h a r a c t e r -  
i s t i c .  F u r t h e r ,  t h e  DNA produced must be 
complementary t o  he te ropo l  ymer i  c  reg ions  of 
t h e  n a t u r a l  RNA template, as determined by 
back h y b r i d i z a t i o n  o f  p roduc t  t o  n a t u r a l  RNA 
template.  To per fo rm t h i s  impor tan t  element 
of c h a r a c t e r i z a t i o n ,  a d d i t i o n a l  enzyme must 

be p u r i f i e d .  I n  f u t u r e  e f f o r t s ,  we i n t e n d  
t o  s tudy  t h e  c a t a l y t i c  and p h y s i c a l  proper.- 
t i e s  o f  t h i s  p o r c i n e  v i r a l  enzyme, i n  add i -  
t i o n  t o  de te rmin ing ,  immunochemical l y ,  i t s  
r e l a t i o n s h i p  t o  s i m i l a r  enzymes f rom v a r i o u s  
mammalian oncornavi ruses and r e t r a v i r u s e s .  
An assay system ( p r e f e r a b l y  a  radioimmune 
assay) f o r  t h e  p o r c i n e  v i r a l  RIDP w i l l  a l s o  
be at tempted.  Such a  system c o u l d  p r o v i d e  
i m p o r t a n t  q u a l i t a t i v e  and q u a n t i t a t i v e  
measurements o f  RIDP a c t i v i t y  i n  a  v a r i e t y  
o f  m a t e r i a l s  (e.g. , c e l l  c u l t u r e s ,  "normal" 
t i s s u e s ,  m y e l o b l a s t i c  leukemias, l ymphocy t i c  
leukemias, mye lo id  metap las ia ,  e t c .  ) . 

USE O F  MOLECULAR HYBRIDIZATION TECHNIQUES T O  INVESTIGATE 
RADIATION-INDUCED MALIGNANCIES 

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

M. E. F r a z i e r  and F. Ak iya  (a) 

Techn ica l  Ass is tance:  

J. Engstrom 

A  v i r u s  has been i s o l a t e d  f rom m i n i a t u r e  swine w i t h  " rad ia t ion - induced ' '  leukemia. I n  o r d e r  

t o  determine t h e  r o l e  o f  t h i s  agent  i n  t h e  oncogenic process h y b r i d i z a t i o n  s t u d i e s  must be 

c a r r i e d  o u t  t o  determine t h e  n a t u r e  o f  t h i s  v i r u s .  To f a c i l i t a t e  these s t u d i e s  DIVA f rom a  

v a r i e t y  o f  sources has been p u r i f i e d  and tes ted .  A  number o f  a v a i l a b l e  RNA tumor v i r u s e s  have 

been produced o r  p rocured  i n  amounts s u f f i c i e n t  t o  a l l o w  p r e p a r a t i o n  o f  DNA probes and p u r i f i -  

c a t i o n  o f  RNA. 

RNA tumor v i r u s e s  can be c l a s s i f i e d  on 
t h e  b a s i s  o f  h y b r i d i z a t i o n  p a t t e r n s .  
Class I v i r u s e s  have n u c l e o t i d e  sequences 
i d e n t i c a l  o r  n e a r l y  i d e n t i c a l  t o  those found 
i n  DNA o f  t h e  spec ies  of o r i g i n .  These 
v i r u s e s  e x h i b i t  more than  50% homology w i t h  
p r o g e n i t o r  c e l l s  and w i l l  h y b r i d i z e  t o  b o t h  
r e p e t i t i v e  and i n f r e q u e n t  sequences p r e s e n t  
i n  t h e  DNA o f  these  c e l l s .  Class I 1  v i r u s e s ,  
on t h e  o t h e r  hand, a r e  t r a n s m i t t e d  h o r i z o n -  
t a l l y ,  and have RNA sequences n o t  h i g h l y  
r e l a t e d  ( l e s s  than 30%) t o  t h e  DNA f rom t h e  
spec ies  o f  apparent  o r i g i n .  Those v i r u s e s  
h y b r i d i z e  o n l y  t o  t h e  n o n r e p e t i t i v e  ( o r  

( a )  NORCUS Fe l  low 

i n f r e q u e n t )  sequences o f  t h e  h o s t - c e l l  DNA. 
To understand t h e  r o l e  o f  v i r u s e s  i s o l a t e d  
from animals  w i t h  r a d i a t i o n - i n d u c e d  m a l i g -  
nancies i t  i s  necessary t o  understand t h e  
n a t u r e  and o r i g i n  o f  t h e  v i r a l  agent.  To do 
t h i s ,  t h e  f o l l o w i n g  types  o f  h y b r i d i z a t i o n  
s t u d i e s  must be c a r r i e d  o u t :  

1 )  v i r a l  DNA probe (3H-DNA) t o  c e l l  DNA 
2 j  v i r a l  DNA probe (3H-DNA) t o  v i r a l  RNA 
3)  v i r a l  RNA ( l Z 5 I  RNA) t o  c e l l  DNA 

The i n f o r m a t i o n  p rov ided  by these  s t u d i e s  
w i l l  a l l o w  us t o  c l a s s i f y  t h e  p o r c i n e  



i s o l a t e ,  t o  determine t h e  complex i t y  o f  t h e  
v i r a l  genome, t o  analyze t h e  degree o f  
complementar i ty  ( re la tedness)  t o  o t h e r  RNA 
tumor v i r uses  (and r e t r a v i r u s e s )  , and a1 low 
a  q u a n t i t a t i v e  assay o f  t h e  v i r a l  genome i n  
DNA f rom i n f e c t e d  and "normal" c e l l s .  

Reagents a re  being prepared f o r  such a  
study, and DNA has been i s o l a t e d  f rom a  
v a r i e t y  o f  sources i n  a  l a r g e  number o f  
animals (Table 28.3). The DNA e x t r a c t i o n  
procedure i s  shown i n  Table 28.4. Fo l low ing  
p u r i f i c a t i o n  t h e  DNA i s  t es ted  p r i o r  t o  use 
i n  h y b r i d i z a t i o n  experiments. We use on l y  

TABLE 28.3. Source o f  DNA Prepara t ions  

PORC l NE: 

CANINE: 

FELINE: 

MOUSE (SEVERAL SPECIESI: 

RABBIT: 

SHEEP: 

BOVINE: 

HORSE: 

HUMAN: 

CHICKEN: 

GOAT: 

PRIMATE: 

LEUKEMIA, NORMAL M n A P L A S T l C  

NORMAL OSTEOSARCOMA. LYMPHOMA. 
LUNG TUMOR 

NORMAL LEUKEMIA 

NORMAL LEUKEMIA, BONE TUMOR. 
MAMMARY TUMOR 

NORMAL 

NORMAL LUNG TUMOR. MAEDl LUNG 

NORMAL LYMPHOMA 

NORMAL EQUINE INFECTIOUS ANEMIA 

NORMAL LEUKEMIA. LUNG TUMOR 

NORMAL LEUKEMIA 

NORMAL 

NORMAL 

TABLE 28.4. DNA E x t r a c t i o n  Procedure 

LYSlS k L C L I l  PREPARED BY DlfFEREhTIALCEhTRlfUGATlOk. 
k L C l l  LYSED .k &I .IREA, DflERCEhT. SODIUM PERCHLORATE. AkD 
PHOSPHATE BUFFER 

EXTRACTION: CHLOROFORM ISOAMYL ALCOHOL 

ABSORPTION: DNA I S  ABSORBED TO HYDROXYAPATITE 

WASHING: 11 WASHED WlTH BM UREA I N  PHOSPHATE BUFFER (TO REMOVE RNA 
AND PROTEIN) 

21 WASHED WITH PHOSPHATE BUFFER TOREMOVE UREA 

ELUTION: DNA I S  ELUTED FROM HYDROXYAPATITE WlTH D.4M PHOSPHATE 
BUFFER 

SHEARING: DNA I S  PELLETED. RESUSPENDED, THEN SHEARED I N  R I B 1  CELL 
FRACTIONATOR: A 50.W psi YIELD - -  500NUCLEOTIDE PIECES 

DNA w i t h  an O.D. 2601280 o f  g r e a t e r  than 
1.8. The DNA t o  be used i s  s i zed  i n  a  
v e l o c i t y  g r a d i e n t  and shown t o  be between 
400-650 nuc l eo t i des  i n  leng th .  F i n a l l y ,  t h e  
DNA i s  mel ted and t h e  reannea l ing  p r o p e r t i e s  
tes ted .  

P u r i f i e d  RNA tumor v i r uses  f rom a  number 
o f  species (Table 28.5) have been ob ta ined  
f o r  these s tud ies .  The p roduc t ion  o f  3H-DNA 
probes (F raz i e r ,  Annual Report 1974) f rom a  
number o f  these v i r uses  has been completed. 
S i m i l a r l y ,  t h e  p u r i f i c a t i o n  o f  v i r a l  RNA 
(bo th  unlabeled and 1251- labeled)  f o r  h y b r i -  
d i z a t i o n  experiments i s  c u r r e n t l y  i n  process 

TABLE 28.5. V i rus  Preparat ions 

3 ~ - ~ ~ ~  
PROBE 

BABOON PLACENTA V lRUS 
IENDOGENOUS VIRUS)  

GIBBON APE LYMPHOSARCOMA V lRUS 

S I M I A N  SARCOMA VlRUS 

R D l l 4  (FELINE ENDOGENOUS) V lRUS 

FELINE LEUKEMIA VIRUS 

PURIFIED S W R C E  
RNA C f V l R U S  
- -- 

N C I ~ ~ )  

NCI  

N C I  

N C I  

B N W ( ~ )  
N C I  

RAUSCHER LEUKEMIA VlRUS 

MOLONEY LEUKEMI A VIRUS 

AVIAN MYELOBLASTOSIS VIRUS 

MASON-PHIZER MCNKEY V lRUS 

M W S E  MAMMARY TUMOR VlRUS 

EQUINE INFECTIOUS ANEMIA VlRUS 

KIRSTEN SARCOMA VIRUS 

PORCINE LEUKEMIA V lRUS 

ROUS SARCOMA V lRUS 

X X BNW 
N C I  

X X BNW 
N C I  

X X BNW 

X X BNW 

X X BNW 

BNW 

X BN W 

X BNW 

X BNW 

l a ' ~ c l  -OBTAINED FROM DR. JACK GRUEBER. NATIONAL CANCER 
INSTITUTE 

FILTER: FI LTERED THRU M I  LLIPORE FILTER 



TESTS F O R  MUTAGENCITY O F  FREE RADICALS F O R M E D  IN IRRADIATED SUGARS 
A N D  A M I N O  ACIDS 

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

D. R. Kalkwarf  and R. A. Pe l roy  

Radicals  formed i n  gamma-irradiated c r y s t a l s  o f  ga lac tose  and g l y c i n e  were found, upon d i s -  

s o l u t i o n ,  t o  cause mutagenesis o f  Salmonel la typhimurium s t r a i n s  TA-98 and TA-100. Al though 

t h e  r e p r o d u c i b i l i t y  o f  t h e  r e s u l t s  has n o t  been adequate ly  determined, they  suggest t h e  pos- 

s i b i l i t y  o f  developing a  t e s t  t o  measure t h e  mutagenic-carc inogenic p o t e n t i a l  o f  r a d i a t i o n -  

induced f r e e  r a d i c a l s  w i t h  a  m i c r o b i a l  system. 

Several o f  t h e  chemical e f f e c t s  o f  o r -  
ganic  f r e e  r a d i c a l s  re leased  f rom i r r a d i a t e d  
c r y s t a l s  d u r i n g  d i s s o l u t i o n  have been des- 
c r i b e d  i n  p rev ious  Annual Reports. I f  t h e  
r a d i c a l s  escape recombinat ion,  they  can 
i n i t i a t e  o x i d a t i o n ,  reduc t ion ,  and po ly -  
m e r i z a t i o n  r e a c t i o n s  w i t h  s u i t a b l e  sub- 
s t r a t e s  i n  t h e  media. T h e i r  demonstrated 
a b i l i t i e s  t o  l y s e  bo th  red  b lood  c e l l s  and 
v e s i c u l a r  phospho l ip id  b i l a y e r s  prepared 
from common membrane c o n s t i t u e n t s  suggested 
t h a t  they  migh t  a l s o  be ab le  t o  en te r  o r  
d i s r u p t  l i v i n g  c e l l s  so as t o  cause muta- 
genesis .  I n  a d d i t i o n ,  o rgan ic  f r e e  r a d i c a l s  
may represen t  a  t h r e a t  t o  l i v i n g  c e l l s  i n  
terms o f  t h e i r  capac i t y  t o  induce muta t ion  
and/or carc inogenes is  as a  r e s u l t  o f  damage 
t o  c e l l u l a r  deoxyr ibonuc le ic  a c i d  (DNA). 
Such a t t a c k  migh t  be d i r e c t ,  i .e., DNA + 
r a d i c a l ,  o r  i n d i r e c t ,  e.g., mediated by a  
t r a n s m i t t e r  molecule which i s  f i r s t  mod i f i ed  
by r a d i c a l  a t t a c k .  

To assess t h e  p o t e n t i a l  f o r  r a d i c a l -  
induced mutagenesis, we have begun a  s e r i e s  
o f  exper iments us i ng  b a c t e r i a  as i n d i c a t o r ,  
o r  t a r g e t ,  c e l l s .  The assay system i s  
h i g h l y  s p e c i f i c  f o r  bo th  p o i n t  and frame- 
s h i f t  mutat ions,  and depends on back- 
mu ta t i on  o f  h i s t i d i n e - r e q u i r i n g  ?. 
t himurium ( t h e  t e s t o r  s t r a i n s  o f  Ames, k t o  n o n h i s t i d i n e - r e q u i r i n g  o r  

w i l d - t ype  s t r a i n s .  Th is  i s  t h e  most common 
and r e l i a b l e  system now i n  use f o r  d e t e c t i n g  
chemical carcinogens. I n  p a r t i c u l a r ,  agents 
which cause a  s i g n i f i c a n t  inc rease  i n  frame- 
s h i f t  muta t ions  a re  h i g h l y  suspect as 
carcinogens. 

The f r e e  r a d i c a l s  t es ted  were those 
formed by exposing c r y s t a l s  o f  g l y c i ne ,  
DL-a-alanine, D-galactose and D- lac tose  t o  
60Co-gamma r a d i a t i o n  a t  room temperature. 
E l e c t r c n  s p i n  resonance (ESR) s t ud i es  on 
s i n g l e - c r y s t a l  bave shown t h a t  t h e  
CH,COO and H 3  6 -CH-COO r a d i  a l s  a r e  formed 
i n  i r r a d i a t e d  g l y c i n e  and H38-t(CH3)COO- i s  
formed i n  i r r a d i a t e d  a lan ine ,  b u t  t h e  s t r u c -  
t u res  o f  t h e  r a d i c a l s  i n  t h e  i r r a d i a t e d  
sugars have n o t  y e t  been c l e z r l y  i d e n t i f i e d .  
P r i o r  t o  i r r a d i a t i o n ,  t h e  c r y s t a l s  were 
d r i ed ,  ground i n t o  p a r t i c l e s  < I25  u i n  s i ze ,  
and weighed i n t o  polypropylene con ta i ne r s  
t h a t  were then sealed. H a l f  o f  t he  spec i -  
mens rece ived  5.0 megarads, which served 
bo th  t o  form t h e  r a d i c a l s  i n  t h e  c r y s t a l l i n e  
mat r i ces  and t o  s t e r i l i z e  t h e  con ten ts .  The 
o the r  h a l f  were n o t  i r r a d i a t e d  b u t  were 
s t e r i l i z e d  by hea t i ng  t o  110°C f o r  2 h r  t o  
serve as c o n t r o l  specimens. I n  o rde r  t o  
min imize r a d i c a l  decay, a l l  samples were 
s to red  a t  -10°C. S h o r t l y  be fo re  use, one 
sample o f  each i r r a d i a t e d  type  was opened 
and t h e  c r y s t a l s  were assayed f o r  f r e e - r a d i c a l  



con ten t  by ESR spectrometry. The r a d i c a l  
concent ra t ions  were found t o  be i n  t h e  range 
o f  1 t o  5 x 1019 rad i ca l s / g .  

Both t h e  TA-98 and TA-100 s t r a i n s  o f  5. 
typhimur ium were used as t e s t  organisms. 
Reversions o f  t h e  former i n d i c a t e  frame- 
s h i f t  mutat ions,  whereas r eve rs i ons  o f  t h e  
l a t t e r  i n d i c a t e  p o i n t  mutat ions.  I n  each 
t e s t ,  approximate ly  l o 7  c e l l s  were f i r s t  
separated f rom a log-phase c u l t u r e  o f  n u t r i -  
e n t  b r o t h  by f i l t e r i n g  a 2-1711 a l i q u o t  
through a s t e r i l e  M i l l i p o r e  HA, 0.45-p pore 
f i l t e r .  The c e l l s  were then washed w i t h  
s t e r i l e  phosphate b u f f e r  a t  pH 7.8 ( i o n i c  
s t r e n g t h  0.1 ) ,  and then resuspended i n  2 ml 
o f  t h i s  b u f f e r .  

The samples o f  i r r a d i a t e d  c r y s t a l s ,  weigh- 
i n g  e i t h e r  40 o r  200 mg, were warmed t o  room 
temperature and then d i sso l ved  r a p i d l y  i n  
t h e  b a c t e r i a l  suspensions, us ing  s t e r i l e  
technique. P re l im ina ry  t e s t s  had shown t h a t  
d i s s o l u t i o n  o f  these c r y s t a l s  decreased t h e  
pH o f  t h e  suspension by o n l y  0.1 t o  0.4 u n i t s .  
A f t e r  1 min o f  exposure, a 1-ml a l i q u o t  o f  
t h e  suspension was removed and f i l t e r e d  
through another  M i l l i p o r e  f i l t e r .  The 
c o l l e c t e d  c e l l s  were then  washed w i t h  s t e r -  
i l e  b u f f e r  and resuspended i n  10 ml o f  
h i s t i d i n e - f r e e  n u t r i e n t  b ro th .  Cont ro l  
t e s t s  were made by exposing bo th  s t r a i n s  o f  
S. typhimur ium t o  t h e  n o n i r r a d i a t e d  c r y s t a l s  - 
under t h e  same cond i t i ons .  

Resu l ts  f rom two o f  these experiments a re  
shown i n  Table 28.6. Exposure of  c e l l s  i n  
one s e t  o f  experiments t o  t h e  r a d i c a l s  i n  
i r r a d i a t e d  g l y c i n e  and ga lac tose  produced 
s i g n i f i c a n t  increases i n  t h e  frequency o f  
bo th  frame s h i f t  (TA-98) and p o i n t  muta t ions  
(TA-100). I n  a second se t ,  t h e  response was 
cons iderab ly  lower f o r  r a d i c a l s  f rom t h e  
r e l a t e d  compounds, a l an i ne  and lac tose .  

These r e s u l t s ,  however, a re  evidence t h a t  
o rgan ic  r a d i c a l s  a r e  capable o f  causing 
muta t ion  i n  5. typhimurium. 

TABLE 28.6. Response o f  Salmonel 1 a 
Typhimurium S t r a i n s  t o  Free Rad ica ls  
f rom I r r a d i a t e d  Compounds 

STRAIN 

TA-98 

TA-98 

TA-98 

TA-98 

TA-1W 

TA-1W 

TA-1W 

TA-100 

COMPOUND 

D-GALACTOSE 

GLYCINE 

DL*-ALANINE 

D-LACTOSE 

D-GALACTOSE 

GLYCINE 

DL*-ALANINE 

D-LACTOSE 

RADICALS 
ADDED TO SAMPLE 

( X  10181rnl) 

1.6 

2.0 

1.0 

0.4 

1.6 

2.0 

1.0 

0.4 

REVERS1 O N S ' ~ '  

)AMPLE CONTROL -- 

6061bl 23ic) 

2600 15 

23 11 

23 11 

l68a 33 

1232 211 

57 85 

95 in 

( a ' ~ ~ ~ ~ ~ ~ ~ ~  UF MUTANT HISTIDINE-REOUIKING STRAINS 
TO NONHlSTlDlNE REQUIRING PHENOTYPE 

' b ' ~ ~ ~ ~ ~ ~  OF REVERTANTS PER ~ O ~ M U T A N T S  EXPOSED Tu  
RADICAL-CCNTAINING IRRADIATED COMPWND 

( C ) ~ ~ ~ \ ~ ~  OF REVERTANTS PER l o 7  N~UTANTS EXPOSED TO 
RADICAL-FREE NONI RRADIATED CUMPOUND 

Our p lans a re  t o  con t inue  such t e s t s  w i t h  
o the r  o rgan i c - f r ee  r a d i c a l s ,  and t o  i n i t i a t e  
experiments f o r  t e s t i n g  t h e  capac i t y  o f  
these r a d i c a l s  t o  a c t i v a t e  nonmutagenic 
carc inogens (e.g. , po lynuc lear  a romat ic  
hydrocarbons) t o  b i o l o g i c a l l y  a c t i v e  
c a r c i  nogen-mutagens. The l a t t e r  exper iments 
w i l l  be designed t o  t e s t  t h e  e x t e n t  t o  which 
o rgan ic  f r e e  r a d i c a l s  a re  capable o f  dupl  i- 
c a t i n g  t h e  a c t i o n  o f  microsomal enzymes i n  
a c t i v a t i n g  procarcinogens t o  carc inogens.  



LYSlS O F  PHOSPHOLIPID MEMBRANES W I T H  R A D I A T I O N -  
I N D U C E D  FREE RADICALS 

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

D. R. Kalkwarf  and D. L. Frasco2 

Phospho l ip id  v e s i c l e s  were found t o  be l ysed  by exposure t o  f r e e  r a d i c a l s  de r i ved  f rom 

i r r a d i a t e d  g l y c i n e  and ga lac tose .  The decomposit ion y i e l d  increased w i t h  v e s i c l e  concentra-  

t i o n ,  and a t t a i n e d  values o f  0.0006 v e s i c l e s  destroyed per  r a d i c a l  added. I o n i c  charge a t  t he  

phospho l ip id  end groups was found t o  be more impor tan t  than degree o f  unsa tu ra t i on  i n  de te r -  

m in i ng  t h i s  y i e l d .  Radicals  der i ved  f rom i r r a d i a t e d  se r i ne  and a l an i ne  had no de tec tab le  

l y t i c  a c t i o n  a t  t h e  v e s i c l e  concent ra t ions  tes ted .  

Ves icu la r  phosphol i p i d  membranes were 
used as model s t r u c t u r e s  t o  determine which 
components i n  c e l l  membranes a re  most sus- 
c e p t i b l e  t o  a t t a c k  by r ad i a t i on - i nduced  f r e e  
r a d i c a l s .  These membranes possess a b i l a y e r  
s t r u c t u r e  s i m i l a r  t o  those o f  c e l l  membranes, 
b u t  were o f  s imple composi t ion so t h a t  t h e  
s i t e s  o f  r a d i c a l  a t t a c k  would be more c l e a r l y  
de f i ned  . 

Phospho l ip ids  w i t h  d i f f e r e n t  p o l a r  end 
groups and d i f f e r e n t  degrees o f  unsa tu ra t i on  
were made i n t o  v e s i c l e s  i n  o rder  t o  examine 
t h e  e f f e c t  o f  these f a c t o r s  on r a d i c a l -  
induced l y s i s .  These compounds and t h e i r  
analyses a re  shown i n  Table 28.7. Each o f  
these compounds was used t o  prepare vesicu-  
l a r  membranes by t h e  method o f  Huang. 
Aqueous emulsions o f  t he  phospho l ip ids  were 
prepared i n  0.10 M t r i s ,  and these were then  
son ica ted  t o  fo rm v e s i c l e s  enc los ing  a 
b u f f e r e d  s o l u t i o n  o f  f l u o r i d e  i o n  and bound- 
ed by a s i n g l e  phospho l i p i d  b i l a y e r .  When 
unsa tu ra ted  f a t t y - a c i d  res idues  were pres-  
en t ,  t h e  p repa ra t i ons  were conducted i n  a 
n i t r o g e n  atmosphere t o  p reven t  o x i d a t i o n .  
F i gu re  28.3 i l l u s t r a t e s  t h e  s t r u c t u r e  of 
these v e s i c l e s  us i ng  dimensions determined 
by Huang . 

Rad io l og i ca l  Sciences Department. 
NORCUS Fe l low 

The f r e e  r a d i c a l s  t es ted  were those 
formed i n  c r y s t a l s  o f  g l y c i ne ,  DL-a-alanine, 
L -ser ine  and D-galactose du r i ng  6 0 ~ o  gamma 
i r r a d i a t i o n  a t  room temperature. E l e c t r o n  
s p i n  resonance (ESR) s t ud i es  pn s i n g l e  
c r y s t a l s  have shown t h a t  t h e  CH2CO0 and 
H ~ A - C H - C O O -  r a d i l a l  s  a re  formed i n  i r r a d i -  
a t ed  g l yc i ne ,  H3N-C(CH3)CO0 i~ formed i n  
i r r a d i a t e d  a1 an ine  and HO-cH2-CH-COO- 
i s  formed i n  i r r a d i a t e d  ser ine .  The s t r u c -  
t u r e  o f  t h e  r a d i c a l s  i n  i r r a d i a t e d  ga lac tose  
has n o t  y e t  been c l e a r l y  i d e n t i f i e d .  A f t e r  
i r r a d i a t i o n ,  t h e  c r y s t a l s  were assayed by 
ESR spectrometry and found t o  con ta i n  rad-  
i c a l  concent ra t ions  i n  t h e  range o f  1 t o  
5 x  lo1 '  r a d i c a l s  per  gram. 

Ves ic les  were exposed t o  t h e  r a d i c a l s  by 
r a p i d l y  d i s s o l v i n g  weighed amounts o f  t h e  
i r r a d i a t e d  c r y s t a l s  i n t o  v e s i c l e  suspensions 
t h a t  had j u s t  been passed through a Sephadex 
6-75 g e l - f i l t r a t i o n  column t o  remove sodium 
f l u o r i d e  f rom t h e  e x t e r n a l  s o l u t i o n .  The 
f l u o r i d e - i o n  concen t ra t i ons  i n  these  so l u -  
t i o n s  were then mon i to red  con t i nuous l y  w i t h  
a s e l e c t i v e  f l u o r i d e - i o n  e l ec t r ode  and any 
inc rease  was taken as a measure o f  v e s i c l e  
l y s i s .  I n  c o n t r o l  experiments, t h e  v e s i c l e s  
were exposed t o  s o l u t i o n s  o f  t h e  same amount 
o f  i r r a d i a t e d  c r y s t a l s  p red i sso l ved  i n  
b u f f e r  t o  d i s s i p a t e  t h e  r a d i c a l s .  The l y t i c  



TABLE 28.7. Ana lys is  of Phosphol ip ids Used i n  
Ves i c l e  Preparat ions 

PHOSPHOLIPID POLAR END GROUPS. FATTY ACID RESIDUES 

0 
II 0 

SPHINGOMYELIN -0 -P-0 -CH-  CH2-N-ICH 9 m0170 PALMITOYL 
(FROM BOVINE BRAIN1 A" 2 91 mol% STEAROYL 

LECITHIN - 
(FROM EGG YOLK) 

I1 - 
CHZ N-(CH3I3 27 n.ol% PALMITOYL 

10 mol% STEAROYL 
23 n 01% OLEOYL 

,, 4 0  mol% LINOLEOYL 

0 
I1 

PHOSPHATI DY LETHANOLAMI NE -0-P-0-CH - CH-NH 11 m0l% PALMITOYL 
(SOURCE UNSPECIFIED1 ;a Z z 2  34 mol% STEAROYL 

55 mol% OLEOYL 
OH OH 

PHOSPHATIDYLINOSITOL -0 -P-0  eoH 4 mOl% P k l M l T O Y L  
(FROM BEEF BRAIN) /,a 50 n 01% STEAROYL 

OH 46 mol% OLEOYL 

0 COO 0 

PHOSPHATIDYLSERINE 
(FROM BEEF BRAIN)  

II / 
-0-P-O-CH- CH-0-CH-CH mO1% 

2 2 2 \ 44 ~801% STEAROYL 
NH2 54 n.0196 OLEOY L 

e f f e c t  o f  these s o l u t i o n s  was s l i g h t  and 
probably caused by nonrad ica l  r a d i o l y s i s  
products.  F i n a l l y ,  samples of t h e  v e s i c l e  
suspensions were comple te ly  l y sed  by add i -  
t i o n  o f  acetone, and t h e  measured concentra- 

FIGURE 28.3. Cross-Sect ional  View of 
Spher ica l  , F l  uoride-Loaded Ves ic les  
Bounded by a  Phosphol ip id B i l a y e r  w i t h  
t h e  Po la r  Head Groups ( 0 )  D i r ec ted  
Toward t h e  Ex te rna l  and I n t e r n a l  
Aqueous Phases. The dimensions a re  
those f o r  v e s i c l e s  bounded by egg- 
yo1 k l e c i t h i n  r epo r t ed  by Huang i n  
B iochemis t ry  8:344-352 (1  969). 

t i o n s  of f l u o r i d e  i o n  wer used t oge the r  
w i t h  Huang's va lue  of 60 1 f o r  t h e  i n t e r n a l  
r ad i us  o f  t h e  v e s i c l e  t o  c a l c u l a t e  t h e  
o r i g i n a l  numbers o f  ves i c l es  i n  t h e  suspen- 
sions. The numbers o f  ves i c l es  l y sed  by t h e  
r a d i c a l s  were c a l c u l a t e d  i n  t h e  same way 
a f t e r  c o r r e c t i o n  o f  t h e  f l u o r i d e  concentra-  
t i o n s  by t h e  c o n t r o l  values. 

Ves i c l e  l y s i s  was r e a d i l y  measured a f t e r  
a d d i t i o n  o f  i r r a d i a t e d  g l y c i n e  o r  D-gal actose, 
and t he  decomposit ion y i e l d  was eva lua ted  i n  
terms o f  v e s i c l e s  l y sed  per  r a d i c a l  added. 
The r e s u l t s  a r e  shown i n  Table 28.8. I n  t h e  
case o f  sphingomyel i n  ves i c l es  exposed t o  
g l y c i n e  r a d i c a l s ,  t h e  decomposit ion y i e l d  
s t e a d i l y  increased as t he  v e s i c l e  concen- 
t r a t i o n  increased, suppor t ing  t h e  view t h a t  
r a d i c a l - v e s i c l e  and r a d i c a l - r a d i c a l  reac-  
t i o n s  competed w i t h  each o ther .  Table 28.8 
a l s o  i n d i c a t e s  t h a t  ves i c l es  prepared from 
phospho l ip ids  w i t h  ne t - neu t ra l  p o l a r  groups, 
e:g., sphingomyelin, egg-yo1 k  l e c i t h i n ,  
d l  palmi toy lphosphat idylchol ine ,  were more 
r e a d i l y  l y sed  than those w i t h  n e g a t i v e l y  
charged p o l a r  groups, e.g., phosphat idy l -  
se r ine ,  phospha t i dy l i nos i t o l  and phosphat i -  
dy lethanolamine.  I n  t h e  case o f  g l y c i n e  
r a d i c a l s ,  t h i s  l e sse r  e f f e c t  may be due t o  
e l e c t r o s t a t i c  r e p u l s i o n  between t h e  g l y c i n e  
r ad i ca l - an i ons  and t h e  n e g a t i v e l y  charged 
v e s i c l e  sur face .  I n  any case, t h e  e f f e c t  o f  
v e s i c l e  sur face  charge appears t o  outweigh 
any d i f f e r e n c e s  i n  unsa tu ra t i on  of t h e  f a t t y  
a c i d  chains.  This  suggests t h a t  l y s i s  was 
t r i g g e r e d  by r a d i c a l  a t t a c k  a t  t he  v e s i c l e  
sur face  and proceeded i r r e s p e c t i v e  of t h e  



TABLE 28.8. Decomposition Y ie l ds  of 
Ves ic les  Due t o  Radical  A t t ack  

VESICLE 
CONCENTRATION 

1 U M  

2 U M  

9 U M  

5 v M  

1 U M  

2 U M  

2 v K  

2 u h l  

8 v M  

4 v M  

3 v M  

2 v M  

7 VM 

8 v M  

1 ~ h l  

1 U M  

MEMBRANE PHOSPHOLIPID 

SPHINGOMYELIN 

SPHINGOMYELLN 

SPHINGOMYELIN 

SPHINGOMYELIN 

SPHINGOMYELIN 

SPHINGOMYELIN 

DIPALMITOYLPHOSPHATIDYLCHOLINE 

DIPALMITOYLPHOSPHATIDYLCHOLINE 

EGG-YOLK E C l T H l N  

EGG-YOLK ECITHIN 

PHOSPHATIDYLSERINE 

PHOSPHATIDYLSERINE 

PHOSPHATIDYLINOSITOL 

PHOSPHATIDYLINOSITOL 

PHOSPHATIDYETHANOLAMlNt 

PHOSPHATIDYLETHANOLAMlNt 

RADICAL 

GLYCINE 

GLYCINE 

GLYCINE 

GLYCINE 

GALACTOSE 

GALACTOSE 

GLYCINE 

GALACTOSE 

GLYCINE 

GALACTOSE 

GLYCINE 

GALACTOSE 

GLYCINE 

GALACTOSE 

GLYCINE 

GALACTOSE 

number of double bonds b u r i e d  i n  t h e  hydro- 
carbon cen te r  o f  t h e  b i l a y e r .  

No l y s i s  was observed a f t e r  a d d i t i o n  o f  
i r r a d i a t e d  L -ser ine  o r  DL-a-a1 anine. Since 
t h e  r a d i c a l s  were added i n  numbers comparable 
t o  those used i n  t h e  g l y c i n e  and ga lac tose  
experiments, i t  was concluded t h a t  e i t h e r  
r a d i c a l - r a d i c a l  r e a c t i o n s  outcompeted 
r a d i c a l - v e s i c l e  r eac t i ons  comple te ly  a t  t h e  
v e s i c l e  concent ra t ions  t e s t e d  o r  no r e a c t i o n  
l ead ing  t o  v e s i c l e  l y s i s  was mediated by t he  
r a d i c a l s .  

Future experiments w i l l  be d i r e c t e d  
toward measuring r ad i ca l - i nduced  l y s i s  o f  
phospho l i p i d  ves i c l es  c o n t a i n i n g  membrane 
p r o t e i n s  and cho les te ro l  i n  t h e i r  bounding 
surface. Prepara t ion  o f  more concent ra ted  
v e s i c l e  suspensions w i l l  a l s o  be at tempted 
f o r  use i n  t e s t i n g  t h e  e f f e c t s  o f  r a d i c a l s  
which r e a c t  r a p i d l y  w i t h  themselves. 

DIFFERENTIATION O F  PERIPHERAL LYMPHOCYTE POPULATIONS 
IN Pu-EXPOSED BEAGLE D O G S  

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

J. E. Mo r r i s  

Technical  Assis tance:  

R. S. Moore 

The percentage o f  pe r i phe ra l  lymphocytes b i n d i n g  f l uo rescen t - l abe led  an t i can ine  an t i bod ies  

was measured i n  plutonium-oxide-exposed and unexposed beagle dogs. With t h i s  assay system, 

t h e r e  was a s i g n i f i c a n t  decrease i n  t he  percentage of lymphocytes b i nd i ng  t h e  l abe led  an t ibody  

i n  exposed animals compared t o  c o n t r o l  an imals.  

S tud ies  a t  t h i s  l a b o r a t o r y  w i t h  i nha led  humoral immunity as m i r r o r e d  i n  l e v e l s  of 
p lu ton ium ox ide  ( 2 3 9 P ~ 0 2  o r  2 3 8 P ~ 0 2 )  i n  c i r c u l a t i n g  immunogl obul  i n s  suggested t h a t  
beagle dogs have demonstrated a pronounced t h e  l e v e l s  were n o t  a1 t e r e d  by exposure t o  
lymphocytopenia preceding tumor appearance. p lutonium, even i n  animals s u f f e r i n g  pro-  
The development o f  t h i s  lymphocytopenia was nounced lymphocytopenia as a r e s u l t  o f  such 
bo th  dose- and time-dependent. Data r epo r t ed  exposures. 
i n  l a s t  y e a r ' s  Annual Report  on normal 



To f u r t h e r  d e f i n e  t h e  immunological 
imp1 i c a t i o n s  o f  t h e  observed lymphocytopenia, 
f l  uorescen t - labe l  i n g  s t ud i es  were i n i t i a t e d  
t o  d i f f e r e n t i a t e  pe r i phe ra l  lymphocyte 
popu la t ions  o f  exposed and c o n t r o l  animals 
i n t o  T c e l l s  (thymus-dependent) and B c e l l s  
( thymus- i  ndependent) , and t o  determine if 
di f fe rences  i n  percen t  popu la t i on  o f  these 
c e l l  types occurred as a f u n c t i o n  of expo- 
sure t o  Pu. 

I n  t h e  f l uo rescen t - l abe l i ng  s tud ies ,  t h e  
b i nd i ng  of goat  an t i can ine  immunoglobul i n  
an t i bod ies  was used as a measure o f  B - ce l l  
popu la t ions .  Per iphera l  lymphocyte prepara- 
t i o n s  were de r i ved  f rom animals i n  two 
239Pu02 exposure groups, approximate1 y 4 y r  
a f t e r  exposure. One group had an i n i t i a l  
deep l ung  depos i t i on  o f  s 1000 nCi and a 
pronounced lymphocytopenia ( lymphocyte count  
s 30% o f  normal) .  The second exposure group 
rece ived  an i n i t i a l  deep l ung  burden o f  
s 100 nCi and had a lymphocyte count  s 60% 
o f  normal. 

I n  12 c o n t r o l  animals, 30% + 5% o f  t h e  
i s o l a t e d  lymphocytes bound an t i can ine  im- 
munoglobul i n  a n t i  bodies (Table 28.9). I n  
t h e  1000-nCi group, t h e  lymphocytes of 
10 dogs were analyzed and 17% + 6% bound t h e  
l a b e l e d  ant ibody.  I n  t h e  100-nCi group, 
e i g h t  dogs were examined and 26% + 5% bound 
t h i s  an t ibody .  Th is  l a s t  r e s u l t  was n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t .  However, t he re  
was an apparent d i f f e r e n c e  i n  t h e  d i s t r i -  
b u t i o n  o f  b i n d i n g  o f  ant i - immunoglobul in  
a n t i  bodies t o  t h e  surface of i s o l a t e d  1 ympho- 
cy tes  ob ta ined  from exposed and c o n t r o l  
groups, w i t h  exposed animals showing a l e s s  
un i fo rm d i s t r i b u t i o n  o f  ant i - immunoglobul in  
b i n d i n g  s i t e s  on t h e i r  surfaces compared 
w i t h  c o n t r o l s .  

TABLE 28.9. E f f ec t s  of I nha led  2 3 9 P ~ 0 2  
on Per iphera l  Lymphocyte Popu la t ions  

I N I T I A L  
DEEP LUNG NUMBER '% LYMPHOCYIES B I N D I N G  P 

DEPOSITION. nCi OF ANIMALS FLUORESCENT-LABELED ANTIBODY -- - - 
CONTROLS 12 3% * %Ia1 

Since B c e l l s  a re  t h e  lymphocytes asso- 
c i a t e d  w i t h  immunoglobul in syn thes is  and a re  
measured w i t h  t h i s  assay, these da ta  suggest 
t h a t  t h e r e  may be an a l t e r a t i o n  o f  t h e  
immune system o f  exposed animals as a 
r e s u l t  o f  t h e  reduced number and a l t e r e d  
membrane c h a r a c t e r i s t i c s  o f  these c e l l s .  
Studies a re  underway t o  i n v e s t i g a t e  t h e  
response o f  239Pu02-exposed animals t o  
T - c e l l  - and B-cel 1 - r e l a t ed  ant igens,  as we1 1 
as s t ud i es  f o r  d e f i n i n g  t h e  T - c e l l  popula- 
t i o n  by spontaneous r o s e t t e  assay us ing  
human r e d  b lood  c e l l s  (see a r t i c l e  by F. A. 
Ragan i n  t h i s  Annual Report ) .  



HEMATOLOGIC EFFECTS OF 2 3 9 P ~ 0 z  IN RATS 

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

H. A. Ragan 

Technica l  Ass is tance:  

E. F. B lanton,  E. T. Edmerson, S.  L. Eng l i sh ,  

K. H. Debban, M. C. P e r k i n s  and M. J. P ipes 

Rats exposed t o  approx imate ly  200 nCi deep l u n g  d e p o s i t i o n  o f  239Pu02 developed a m i l d ,  

t r a n s i e n t  lymphopenia 4 weeks l a t e r .  A t r e n d  t o  concur ren t  n e u t r o p h i l i a  was e v i d e n t  a long  

w i t h  a s i g n i f i c a n t  i n c r e a s e  i n  l u n g  weights .  

Numerous s t u d i e s  i n  t h i s  l a b o r a t o r y  have 
shown t h a t  beagles exposed t o  239Pu02 
by i n h a l a t i o n  developed a susta ined,  dose- 
r e l a t e d ,  s e l e c t i v e  lymphopenia. 

I n  a t tempts  t o  develop t h e  r a t  as a model 
t o  s tudy  t h e  pathogenesis  of lymphopenia and 
t h e  subsequent e f f e c t s  on immune competence 
and pulmonary neop las ia ,  a  group of r a t s  
was exposed t o  approx imate ly  1 uCi 239Pu02 
(Annual Report,  1975). A s i g n i f i c a n t  lympho- 
pen ia  was p r e s e n t  4 weeks l a t e r  b u t  because 
o f  t h e  h i g h  dose l e v e l ,  marked r e s p i r a t o r y  
i n s u f f i c i e n c y  developed a long  w i t h  severe 
we igh t  l o s s  and dea th  i n  l e s s  than  90 days. 
Even though s e v e r e l y  s t ressed ,  i t  appeared 
t h a t  lymphocyte c o n c e n t r a t i o n s  were recover -  
i n g  t o  normal va lues by 60 days postexposure. 

To f u r t h e r  e v a l u a t e  t h e  hematologic '  e f -  
f e c t s  o f  239Pu02 i n  r a t s ,  a  group was exposed 
a t  70 days o f  age t o  produce a r e t a i n e d  
l u n g  dose o f  approx imate ly  200 nCi .  A group 
o f  l i t t e r  mates was sham-exposed t o  serve as 
c o n t r o l s .  B lood samples were ob ta ined  p e r i -  
o d i c a l l y  f rom t h e  t a i l  ve in ;  t h e  r a t s  were 
t h e n  k i l l e d  and t i s s u e s  s e l e c t e d  f o r  r a d i o -  
analyses.  Rats w i t h  l u n g  burdens l e s s  than  
50 nCi were n o t  cons idered  i n  t h e  s t a t i s t i -  
c a l  e v a l u a t i o n s .  Wi th  t h e  e x c e p t i o n  o f  
one r a t ,  a l l  l u n g  burdens were l e s s  than  
300 nCi .  

Only a t  4 weeks postexposure was a s i g n i f i -  
c a n t  lymphopenia e v i d e n t  i n  t h e  exposed r a t s  
(Tab le  28.10), a t  which t i m e  a s i g n i f i c a n t  
n e u t r o p h i l i a  was a l s o  e v i d e n t .  A l though 
n e u t r o p h i l  va lues remained e l e v a t e d  a t  
subsequent sample per iods ,  they  were n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f rom c o n t r o l  va lues  
(Table 28.10). The most c o n s i s t e n t  f i n d i n g  
was an inc rease  i n  l u n g  we igh ts  o f  t h e  ex- 
posed r a t s  (Table 28.10). A t  a l l  t i m e  per iods ,  
g r e a t e r  than  95% o f  t h e  body burden o f  
p l u t o n i u m  was i n  t h e  lungs.  There was no 
s i g n i f i c a n t  e f f e c t  on body we igh ts  o r  thymus 
we igh ts  excep t  i n  one r a t ,  which was i n  se- 
v e r e  r e s p i r a t o r y  d i s t r e s s ,  was emaciated, 
had a marked l e u k o c y t o s i s ,  and a thymus 
we igh t  o n l y  25% t h a t  o f  t h e  group mean. 
However, t h e  t o t a l  l u n g  burden i n  t h i s  
animal was comparable t o  t h a t  o f  o t h e r s  
k i l l e d  a t  t h e  same per iod .  

The hemato logic  r e s u l t s  o f  t h i s  s tudy,  
and o f  t h e  one r e p o r t e d  on l a s t  year ,  i n d i -  
c a t e  t h a t  t h e  r a t  i s  p robab ly  n o t  a  good 
model i n  which t o  a t tempt  c o r r e l a t i o n s  o f  
lymphopenia, immune competence, and subse- 
quen t  development o f  pulmonary neoplasms. 



TABLE 28.10. Lung Weights and Leukocyte Eva lua t ions  
i n  Rats Fo l l ow ing  I n h a l a t i o n  o f  239Pu02 (Mean +SD) 

POST 
EXPOSURE. LUNG WEIGHT. LUNG BURDEN. LEUKOCYTES. NEUTROPHILS. LYMPHOCYTES. 

GROUP wks n 9 n c i  ~ 1 0 3  PI x103 P I ~ 1 0 3  p I - -- - 
CONTROL 2 10 1.08+ 0.10 .... 7.5+1.8 0.73+0.40 6 .69 i1 .79  

EXPOSED 9 1.19 + 0.14 174 + 68 7.8+ 1.2 0.94 t 0.31 6.71 _t 1.31 

CONTROL 4 10 1.20 t 0 .m .... 8.0 c 1.2 0.65 ? 0.26 7.10 1 1.07 

EXPOSED 9 1.45 + 0.24'~ '  198 + 76 7 4 _t 1.6 0.94 + 0 . 3 2 ~ ~ '  6.03 + 1 . 3 ~ ' ~ '  

CONTROL 8 10 1.17+ 0.12 .... 9.7 t 1.2 0.97 + 0.30 8.55 + 1 .3  

EXPOSED 7 1.47 t 0 . 2 6 ~ ~ '  185 + 121 10.3 + 2.7 1.76 + 1.48 8.33 t 2.13 

CONTROL 12 10 1.25 t 0.16 ..-- 9 . 8 t 2 . 7  0.67+0.36 8.67+2.3 

EXPOSED 7 1.55 t 0.121b' 100 i 32 11.1 3 1.3 1.33 t 1.23 9.36 t 1.02 

' "12  c, 0 025 TWO-TAI L I TESl 

' ~ I P  10 .01  TWO-TAIL I TEST 

(c'? < 0.025 ONE-TAIL t TEST 

.' 0.05 ONE-TAIL 1 TEST 

A N  IMPROVED GRADIENT FOR ISOLATION O F  D O G  LYMPHOCYTES 
A N D  SUBSEQUENT QUANTITA'TION O F  T-CELL ROSETTES 

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

H. A. Ragan 

Technical  Assis tance:  

K. Debban 

Prepara t ion  o f  an improved d e n s i t y  g rad ien t  f o r  i s o l a t i o n  o f  dog lymphocytes i s  discussed. 

About 68% o f  t h e  lymphocytes f rom a  sample o f  b lood were recovered us ing  t h i s  g rad ien t ,  com- 

pared t o  approximate ly  50% recovery from the  g r a d i e n t  used p rev i ous l y .  Cytochemical s t a i n i n g  

i n d i c a t e d  t h e  g rad ien t  does n o t  s e l e c t i v e l y  remove a  subpopulat ion of lymphocytes. A  g rea te r  

percen t  o f  lymphocytes capable o f  forming E  r o s e t t e s  w i t h  human b lood  was found i n  p lutonium- 

exposed than i n  c o n t r o l  dogs. 

The Annual Report  f o r  1975 descr ibed  t h e  To improve t h i s  recovery, va r ious  m o d i f i -  
i s o l a t i o n  o f  lymphocytes f rom pe r i phe ra l  ca t i ons  were made by a l t e r i n g  t h e  d e n s i t y  
b lood  o f  dogs by use o f  a  commercial d e n s i t y  and o s m o l a l i t y  of t h e  g rad ien t .  The f i n a l  
g r a d i e n t  w i t h  phys ica l  c h a r a c t e r i s t i c s  p repa ra t i on  used was as f o l l o w s :  
op t im ized  f o r  human blood. Recovery o f  dog 
lymphocytes w i t h  t h i s  p repa ra t i on  was approx- F i c o l l  (6.1% i n  d i s t i l l e d  wate r )  86 ml 
ima te l y  50%. Hypaque 75 14 ml 

NaCl 0.05 g  



T h i s  g r a d i e n t  r e s u l t s  i n  a  d e n s i t y  o f  
1.064 and o s m o l a l i t y  of 304 m0sm. Recovery 
o f  lymphocytes w i t h  t h i s  g r a d i e n t  was ap- 
p r o x i m a t e l y  68% (Tab le  28.11). The c e l l s  
recovered i n c l u d e d  some monocytes, eos ino-  
p h i l s ,  and a  few p l a t e l e t s ,  b u t  was devo id  
o f  e r y t h r o c y t e s  o r  n e u t r o p h i l  contaminat ion.  
V i a b i l i t y  o f  t h e  i s o l a t e d  lymphocytes was 
>95% as determined by t h e  t r y p a n  b l u e  dye- 
e x c l u s i o n  method. 

I t  i s  i m p o r t a n t  t o  determine t h a t  any 
s e p a r a t i o n  procedure does n o t  s e l e c t i v e l y  
e l i m i n a t e  a  subpopu la t ion  o f  lymphocytes 
f rom t h e  t o t a l  whole-blood popu la t ion .  As 
one e v a l u a t i o n  f o r  t h i s ,  n u c l e o l i  i n  lympho- 
c y t e s  f rom whole b lood,  and those  recovered 
f rom t h e  g r a d i e n t ,  were q u a n t i t a t e d  u s i n g  a  
cytochemical  method. The r e s u l t s ,  shown i n  
Table 28.12, i n d i c a t e  t h a t  t h e  d i s t r i b u t i o n  
of lymphocytes c o n t a i n i n g  v a r i o u s  numbers o f  

TABLE 28.11. Percent  of Lymphocytes 
Recovered f rom Blood o f  Con t ro l  Dogs 
and Those w i t h  2 3 9 P ~  Lung Burdens o f  
a 1.0 vC i ,  Using a  Dens i t y  Grad ien t  
Method (Mean + SD) 

GROUP N - 9. RECOVERY 

CONTROL 20 67.5 * 13.3 

EXPOSED 16 67.1 * 16.1 

n u c l e o l i  i s  t h e  same f rom i s o l a t e d  lympho- 
c y t e s  as f rom p e r i p h e r a l  b lood.  I n  a d d i t i o n ,  
i t  i s  a l s o  t h e  same i n  c o n t r o l  dogs and those 
w i t h  mean 2 3 9 P ~  lung  burdens of approx imate ly  
1  . O  uCi. 

I n  t h e  c o n t i n u i n g  e v a l u a t i o n  o f  immune 
competence i n  dogs exposed t o  p lu ton ium by 
i n h a l a t i o n ,  t h e  number o f  non-complement- 
dependent E - r o s e t t e - f o r m i  ng 1  ymphocytes (T 
c e l l s )  was q u a n t i t a t e d  u s i n g  human e r y t h r o -  
cy tes .  The percen t  o f  such lymphocytes was 
s i g n i f i c a n t l y  g r e a t e r  (P < 0.01) i n  dogs 
w i t h  2 3 9 P ~  l u n g  burdens o f  approx imate ly  
1.0 uCi than  i n  age- re la ted  c o n t r o l s  (Ta- 
b l e  28.13). Such a  f i n d i n g  would be cons is -  
t e n t  w i t h  a  r e l a t i v e  inc rease  i n  T c e l l s  due 
t o  a  decrease i n  B  c e l l s  i n  lymphocytopenic  
dogs f o l l o w i n g  t h e  i n h a l a t i o n  of p lu ton ium. 
Another s tudy  i n  t h i s  Annual Repor t  d e t a i l s  
a d d i t i o n a l  immonologic i n v e s t i g a t i o n s  i n  
which a  r e d u c t i o n  o f  B  lymphocytes was found 
i n  these dogs. 

TABLE 28.13. Lymphocytes From Cont ro l  Dogs 
and Those Wi th Lung Burdens of c 1.0 vCi  
239Pu F o m i  ng Noncompl ement-Dependent 
Roset tes Wi th Human E r y t h r o c y t e s  (Mean + SD) 

GROUP N 9~ -- -- P 

CONTROL 20 16.0 i 6.9 

EXPOSED 16 27.9* 9.6 0  01 

TABLE 28.12. Cytochemical Comparison o f  Azure-C-Stained 
N u c l e o l i  i n  Whole Blood Lymphocytes and Gradient -Separated 
Lymphocytes o f  Con t ro l  Dogs and Those Wi th  Lung Burdens o f  
% 1.0 vCi  239Pu (Mean + SD) 

NUCLEOLI i%l  

- -- - 4 GROUP PREPARATION N - - 3  2  - - --L -= 0  

CONTROL 20 

: V n O I I  BLOOD l O + l l  3 1 + 1 9  1 2 . 1 1 3 4  7 0 9 1 5 9  1 7 9 - 5 6  

FXI'O5ED Ib 

I':HOLF BLOOD l o !  0.5 4  8 +  2 9  1 4 . 6 + 4 . 2  bb .8+  104 13.4 + 8.6 

ISOLATFD 1 . 2 - 0 9  A 9 4 2 7  1 2 8 i 5 . 3  6 8 0 4 7 . 8  1 3 . 3 - 7 . 5  



METAL-MEMBRANE INTERACTIONS 

Person i n  Charge: R. P. Schneider 

The i o n i c  forms o f  most t o x i c  meta ls  penet ra te  c e l l  membranes s l o w l y  and i t  seems l i k e l y  

t h a t  t h e i r  p r imary  e f f e c t s  a r e  exer ted  a t  t h e  membrane l e v e l .  I n f o rma t i on  on t h e  i n t e r a c t i o n  

of meta ls  w i t h  de f ined  membrane f unc t i ons  may t he re fo re  be expected t o  a i d  i n  p r e d i c t i n g  

p o t e n t i a l  e f f e c t s  o f  t r a c e  meta ls  der i ved  f rom f o s s i l - f u e l  combustion. Since changes i n  

membranes a re  on t h e  c e l l  sur faces,  these should be de tec tab le  i n  i n t a c t  c e l l s ,  and may 

t he re fo re  be use fu l  f o r  b iochemical  and immunobiological assessment o f  e a r l y  e f f e c t s .  

Funct ions o f  c e l l  membranes which may be l i n k e d  t o  poss i b l e  mechanisms o f  t r a c e  meta l  

pathogenesis, i n c l u d i n g  carc inogenesis ,  a r e  be ing  i nves t i ga ted .  I n  i t s  p resen t  stage, t he  

research  i s  a t tempt ing  t o  d e f i n e  t h e  r o l e  o f  membranes i n  r e g u l a t i n g  c e l l u l a r  s y n t h e t i c  

a c t i v i t y  and c e l l  d i v i s i o n  and t o  s tudy  membrane a l t e r a t i o n s  which accompany c e l l  t ransforma- 

t i o n  t o  t h e  neop las t i c  s t a t e .  

Membranes may be d i r e c t l y  i n vo l ved  i n  r e g u l a t i o n  o f  c e l l  growth and d i v i s i o n  by sensing 

c e l l - c e l l  con tac t  and r e l a y i n g  t h i s  i n f o rma t i on  t o  t he  nucleus. We a r e  examining t h e  r o l e  of 

t he  membrane i n  these processes us i ng  c u l t u r e d  g l  i a l  ( b r a i n )  c e l l  s, which s imu l taneous ly  s t op  

c e l l  d i v i s i o n  and syn thes ize  a  s p e c i f i c  p r o t e i n  (S-100 p r o t e i n ) .  

Cont ro l  o f  c e l l  a c t i v i t y  and d i v i s i o n  i s ,  t o  a  l a r g e  ex ten t ,  dependent on t h e  t ransmiss ion  

o f  i n f o rma t i on  con ta ined  i n  ex te rna l  impermeant s i g n a l  molecules through t he  c e l l  membrane t o  

t h e  nucleus. The i n d u c t i o n  o f  e x o c e l l u l a r  p ro tease  syn thes is  by  ex te rna l  p r o t e i n  inducers  i n  

Neurospora crassa i s  being s t ud i ed  as a  model system. 

The envelope o f  RNA tumor v i r uses  i s  der i ved ,  i n  p a r t ,  f rom t h e  h o s t - c e l l  membrane. The 

ATPase o f  av i an  mye lob las tos is  v i r u s  i s  be ing  used as a  marker f o r  s tudy ing  t he  o r i g i n  of 

v i r u s  envelope p r o t e i n s  and t h e  e x t e n t  o f  v i r a l  c o n t r o l  over  h o s t - c e l l  membrane composi t ion 

and o rgan iza t ion .  Understanding o f  t h i s  c o n t r o l  should inc rease  t he  a b i l i t y  t o  d i s t i n g u i s h  

cancer c e l l s  f rom normal ones. 



CHARACTERIZATION OF 'THE ATPASE OF AVIAN 
MYELOBLAS'TOSIS VIRUS 

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

R. P. Schneider 

Technical  Assis tance:  

L. M. Butcher 

The ATPase o f  av ian  mye lob las tos is  v i r u s  i s  used as a  marker t o  s tudy a l t e r a t i o n s  o f  t h e  

h o s t - c e l l  membrane caused by tumor v i r u s  i n f e c t i o n  and t h e  i n c o r p o r a t i o n  o f  hos t  membrane 

p r o t e i n s  i n t o  v i r u s  du r i ng  matura t ion .  The enzyme, which i s  presumably der ived  f rom t h e  hos t -  

c e l l  membrane, remains at tached t o  t he  v i r u s  envelope du r i ng  de te rgen t  t rea tment  which re leases  

25% o f  t h e  envelope p r o t e i n .  Th is  suggests t h a t  i t  i s  an i n t e g r a l  component o f  t h e  envelope 

ma t r i x .  P a r t i c l e s  which con ta i n  t he  ATPase, phospho l ip id  and a t  l e a s t  n i n e  o the r  p r o t e i n s  

have been i s o l a t e d  f rom cho la te - t r ea ted  v i r u s .  The enzyme a c t i v i t y  i s  t o t a l l y  l o s t  when t h e  

complex i s  d isassoc ia ted ;  hence p u r i f i c a t i o n  t o  a  s i n g l e  p r o t e i n  has been imposs ib le  t o  date.  

I f  t h e  ATPase i s  a  s i n g l e  po lypep t ide ,  i t  c o n s t i t u t e s  about 1% o f  t he  v i r a l  p r o t e i n .  

One o f  t h e  major  problems c o n f r o n t i n g  
cancer d iagnos is  and t rea tment  i s  t h e  
d i f f i c u l t y  i n  b i ochem ica l l y  d i s t i n g u i s h i n g  
between cancer and normal c e l l s .  Several 
changes i n  t he  membrane r e s u l t i n g  f rom 
t r ans fo rma t i on  o f  c e l l s  by tumor v i r uses  
have been observed, e.g., increased g lucose 
t r anspo r t ,  a l t e r a t i o n s  i n  t h e  sugar con ten t  
o f  g l y c o l i p i d s  and g l ycop ro te i ns ,  changes 
i n  l i p i d  composi t ion,  and t he  appearance o f  
new ant igens.  Type C tumor v i r u s  matura t ion  
inc ludes  t he  a c q u i s i t i o n  o f  a  1  i p o p r o t e i n  
envelope du r i ng  budding through t he  hos t  
c e l l  membrane and, n o t  s u r p r i s i n g l y ,  v i r u s  
g l y cop ro te i ns  have been immuno log ica l l y  
i d e n t i f i e d  i n  h o s t - c e l l  membranes. It 
seems u n l i k e l y ,  however, t h a t  a l l  of t h e  
observed changes a r e  t h e  r e s u l t  of a d d i t i o n  
o f  v i r u s  p recursor  po lypep t ides  t o  t h e  
c e l l s ,  s ince  t he  genome o f  t h e  v i r uses  i s  
l a r g e  enough t o  code f o r  o n l y  200,000- 
300,000 da l tons  of po lypep t ide .  The v i ruses ,  
then, appear t o  have t he  a b i l i t y  t o  a1 t e r  

t he  o rgan i za t i on  o r  r e g u l a t i o n  o f  syn thes is  
( o r  bo th )  o f  c e l l  membrane po lypep t ides .  
An understanding of t h i s  c o n t r o l  and t he  
budding process w i l l  p rov ide  a  more r a t i o n a l  
bas i s  f o r  the  study o f  tumor v i rus - induced 
changes i n  t he  composi t ion o f  h o s t - c e l l  
membranes. The ATP-hydrolyzing enzyme 
(ATPase) o f  av ian  mye lob las tos i  s  v i r u s  (AMV) 
i s  a  promis ing model f o r  t he  s tudy  o f  v i r u s  
c o n t r o l  o f  hos t  membrane composi t ion.  The 
v i r u s  envelope con ta ins  an ATPase which i s  
presumably de r i ved  f rom the  hos t - ce l l  
membrane, b u t  which has a  s p e c i f i c  a c t i v i t y  
about 10- fo ld  h i ghe r  than t h a t  o f  any known 
c e l l u l a r  membrane p repa ra t i on  o f  ATPase. 

I n  e a r l i e r  e f f o r t s ,  we charac te r i zed  t h e  
v i r a l  enzyme and found i t  t o  be d i s t i n c t  
f rom o the r  membrane-bound ATPases o f  animal 
c e l l s .  We determined some o f  t h e  c o n d i t i o n s  
f o r  s t a b i l i z a t i o n  and l o s s  o f  t h i s  a c t i v i t y .  
Th is  year ,  p u r i f i c a t i o n  o f  t he  ATPase f rom 
v i r u s  was ou r  major  goal .  A l though we have 



been unsuccessful i n  reach ing  t h i s  goal,  
t h e  at tempts have prov ided i n f o rma t i on  about 
t he  o rgan i za t i on  of t h e  enzyme w i t h i n  t h e  
v i r u s .  Las t  year  i t  was repor ted  t h a t  t h e  
enzyme i n  i n t a c t  v i r u s  was i n h i b i t e d  by pro- 
teases and t h a t  i t  requ i r ed  phospho l ip id  
f o r  a c t i v i t y ,  suggest ing t h a t  t h e  ATPase i s  
l o ca ted  i n  t h e  v i r u s  envelope w i t h  a t  l e a s t  
a  p o r t i o n  of i t  exposed t o  t h e  e x t e r i o r  
sur face.  We have a l so  shown t h a t  d i s r u p t i o n  
o f  t h e  v i r u s  i n  1% cho la te  f o l l owed  by 
d i a l y s i s  and separa t ion  by c e n t r i f u g a t i o n  
permi ts  i s o l a t i o n  o f  p a r t i c l e s  which con ta i n  
ATPase a c t i v i t y  and severa l  p ro te i ns .  

We have va r i ed  t h e  cond i t i ons  used f o r  
d i s r u p t i n g  t h e  v i r u s  so t h a t  we migh t  
o b t a i n  a  more s e l e c t i v e  re lease  o f  t h e  
enzyme and thus  a  more pure p repara t ion .  
When t h e  t rea tment  w i t h  1% cho la te  i s  
l i m i t e d  t o  0.5 h r ,  t h e  v i r i o n  i s  o n l y  
p a r t i a l l y  d i s rup ted .  The p r o t e i n  and 
ATPase p r o f i l e  o f  t h e  sucrose dens i t y  
c e n t r i f u g a t i o n  o f  t h i s  p repa ra t i on  shows 
t h a t  a l l  o f  t h e  a c t i v i t y  and 75% o f  t he  
p r o t e i n  bands i n  31% sucrose (F igure  29.1). 

5 - 

0 10 20 33 40 
FRACTION NUMBER 

FIGURE 29.1. P r o f i l e  o f  a  Sucrose Dens i ty  
Grad ien t  o f  P u r i f i e d  AMV Treated With 1% 
Cholate f o r  30 Min Fol lowed by D i l u t i o n  t o  
0.1% and D i a l y s i s .  The g rad ien t s  were 
cen t r i f uged  a t  250,000 X g  f o r  16 h r .  

Since i n t a c t  v i r us ,  which con ta ins  t h e  
dense cores,  bands a t  36% sucrose, t h e  
major  peak represen ts  e s s e n t i a l l y  i n t a c t  
envelope minus 25% o f  t he  p r o t e i n  which was 
s o l u b i l i z e d  and found a t  t he  t o p  o f  t he  
g rad ien t .  Under cond i t i ons  i n  which 25% o f  
t h e  more loose1 y  at tached ma te r i  a1 (presum- 
a b l y  g l y c o p r o t e i n  sp ikes)  i s  removed from 
t h e  envelope, t h e  ATPase remains f i r m l y  
a t tached t o  t h e  envelope. As suggested by 
i t s  phospho l ip id  requirement, t he  enzyme 
must be an i n t e g r a l  component o f  t he  enve- 
1  ope s t r u c t u r e .  

I nc reas i ng  t h e  exposure o f  AMV t o  1% 
cho la te  a t  0' f o r  1  h r  r e s u l t s  i n  so lu -  
b i  1  i z a t i o n  o f  80-90% o f  t h e  envelope p r o t e i n  
(F i gu re  29.2). The s o l u b i l i t y  o f  t h i s  
p r o t e i n  i s  demonstrated by t h e  f a c t  t h a t  i t  
remains i n  t he  supernatant  (above t he  su- 
crose)  a f t e r  c e n t r i f u g a t i o n  a t  250,000 x  g  
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FIGURE 23.2. P r o f i l e  o f  a  Sucrose Dens i ty  
Gradient  of AMV Treated With 1% Cholate f o r  
1  Hr  a t  0" and 37'. The samples were c e n t r i -  
fuged f o r  2  h r  a t  250,000 X g .  

f o r  2  h r .  As w i t h  t he  d i a l y zed  samples 
descr ibed i n  1  a s t  y e a r ' s  r e p o r t ,  t he  ATPase 
a c t i v i t y  was associated w i t h  p a r t i c l e s  which 
c o n s t i t u t e  10-20% of t h e  v i r u s  p r o t e i n .  
Although t he  ATPase-containing complexes 
can be prepared more q u i c k l y  i n  t h i s  way 
than w i t h  t h e  d i a l y s i s  technique, t h e  
y i e l d  of enzyme i s  g e n e r a l l y  h i ghe r  and 
t h e  enzyme a c t i v i t y  i s  more s t a b l e  w i t h  
t h e  l a t t e r  method. We have at tempted t o  
s o l u b i l i z e  t h e  enzyme i n  o rder  t o  f a c i l i t a t e  
i s o l a t i o n  o f  t h e  enzyme i n  pure form. 
When v i r u s  suspensions a re  t r e a t e d  w i t h  1% 
cho la te  f o r  1  h r  a t  37' and subsequently 
cen t r i fuged ,  a l l  o f  t h e  v i r u s  p r o t e i n  i s  
so lub le .  As i s  shown i n  F i gu re  29.2, a l l  
o f  t h e  p r o t e i n  of v i r u s  t r e a t e d  i n  t h i s  
way remained i n  t h e  supernatant ,  i .e . ,  
above t h e  sucrose g rad ien t .  A l l  o f  t h e  
v i r a l  ATPase a c t i v i t y  , however, was destroyed 
by t h i s  t rea tment .  I n  general ,  a l l  combi- 
na t i ons  o f  temperature and de te rgen t  
concent ra t ion  which comple te ly  s o l u b i l i z e  
t h e  v i r u s  p r o t e i n  a l s o  i r r e v e r s i b l y  des t roy  
t he  KrPase a c t i v i t y .  Thus, we have de f ined  
t h e  cond i t i ons  r equ i r ed  f o r  i s o l a t i n g  
v i r u s  envelopes which a re  75% i n t a c t ,  as 
w e l l  as 75% and 100% s o l u b i l i z e d .  Both 
t h e  d u r a t i o n  and t h e  temperature of exposure 
t o  de te rgen t  a re  c r i t i c a l  va r i ab l es  c o n t r o l -  
l i n g  d i sassoc ia t i on  of t h e  envelope. 

Table 29.1 summarizes t h e  data o f  
severa l  experiments which i n v e s t i g a t e d  t h e  
d i s s o c i a t i o n  o f  t h e  A'TPase f rom AMV. As 
i s  shown i n  Table 29.1, t h e  recovery  o f  
ATPase a c t i v i t y  a f t e r  d i a l y s i s  o f  cho la te -  
t r e a t e d  AMV va r i ed  over  a  range o f  19% (2b)  
t o  77% ( l b ) ,  w i t h  an average o f  about 40%. 
The s p e c i f i c  a c t i v i t y  o f  t h e  ATPase bands 
recovered from sucrose d e n s i t y  g rad ien t s  
( l c  and 2c)  of t h e  two d i a l y s a t e s  ( l b  and 
2b), however, were t h e  same. Since t he  
r a t i o  o f  A'TPase a c t i v i t y  t o  p r o t e i n  i s  
cons tan t  i n  the  bands, even though i t  
va r i ed  by a  f a c t o r  o f  f o u r  i n  t he  d i a l y s a t e  
p r i o r  t o  c e n t r i f u g a t i o n ,  t h e  bands must 
con ta i n  o n l y  one k i n d  o f  p a r t i c l e .  



TABLE 29.1. Separa t ion  o f  ATPase From AMV 
SPECIFIC 

EXPERIMENT 

ATPase ATPase ACTIVITY 
ACT1 VITY RECOVERY PROTEIN l u m o l e s  

 PREPARATION'^' i r m g l e s  m i n - 1  1%) lmai  rr,a-1 m ~ n - 1 1  

b 1 EXTRACT V l  RUS 1". CHOLATE + DPL. 291 
D I A L Y S I S  77 19.2 15.1 

c 1 CENIRIFUGATION 1 12 29 2.6 47.8 

d I EXTRACT ATPase 1ICI - I%CHOLATE 114 
FOR 2 hr. CE4TRIFI IGATION 

2 a , PURIFIED V l R U S  190 

b I EXTRACT V i R U S  1% CHOLATE + DPL. 365 
D I A L Y S I S  

19 5.M 7.2 

L 1 LENTRIFUGATION 37.8 2') 0.8 47.2 

3 a 1 P U R l F l E D V l R U S  69 . . 

b I EXTRACT V l  RUS 1% CHOLATE THEN 
CENTRIFUGATION 6 9 0.160 37.5 

4 a I P U R I F I E D V I R U S  151 6.39 27.6 

11 I EXTRACT V I R U S .  I%CHOLATE + DPL 
FOR 2 hr THEN CENTRIFUGAIION, 
EXTRACT ATPase2 hr I N  Ir CHOLAIE, 37'5 24 0.42 89.0 

CLNTRl FUGAT ION I N  1% CHOLATE 

la' WHEN DPL IDIPALMITOYL LECITHINI WAS PRESENT ITS CON CENT RATIO^ WAS 4 m q i m ~ .  ALL  
CENTRIFUGED PREPARATIONS WERE COLLECTED AS BANDS FROM SUCROSE DENSITY GRADIENTS 
ALL EXPOSURE TO CHOLATE WERE A m  

When t h e  ATPase p a r t i c l e s  recovered f rom 
d i a l y s e d  samples were incuba ted  i n  1% 
c h o l a t e  f o r  2  h r ,  then  c e n t r i f u g e d  th rough  
a  sucrose g r a d i e n t  c o n t a i n i n g  1% cho la te ,  
a l l  o f  t h e  a c t i v i t y  was recovered as a  
band (Tab le  29.1, I d )  w i t h  t h e  l o s s  o f  more 
than  o n e - h a l f  of t h e  p r o t e i n .  The enzyme i s  
a p p a r e n t l y  r e s i s t a n t  t o  t h e  c h o l a t e  because 
i t  i s  s t a b i l i z e d  by t h e  DPL d u r i n g  d i a l y s i s .  
T h i s  exper iment  demonstrates t h a t  t h e  
ATPase p a r t i c l e  i s  s t a b l e  i n  1% c h o l a t e  
and i s  n o t  t h e  r e s u l t  o f  reassembly o f  
s o l u b i l i z e d  p r o t e i n s  caused by l o s s  of t h e  
d e t e r g e n t  d u r i n g  d i a l y s i s .  

T h i s  s t a b i l i t y  i s  f u r t h e r  shown by 
exper iments i n  which v i r u s  was t r e a t e d  
w i t h  1% c h o l a t e  ( w i t h  o r  w i t h o u t  DPL) f o r  
1  t o  2  h r  ( F i g u r e  29.2 and Table 29.1, 3b) 
and c e n t r i f u g e d  on sucrose g r a d i e n t  w i t h o u t  
d i a l y s i s .  The m a t e r i a l  recovered f rom bands 
o f  these g r a d i e n t s  had a  s p e c i f i c  a c t i v i t y  
which was about  t h e  same as t h a t  o f  d i a l y s e d  
v i r u s  e x t r a c t s .  As w i t h  t h e  d i a l y z e d  prep-  
a r a t i o n s ,  t rea tment  o f  t h i s  banded m a t e r i a l  
w i t h  1% c h o l a t e  and subsequent c e n t r i f u g a t i o n  
inc reased  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  ATPase 
abou t  two- fo ld .  

e l e c t r o p h o r e s i s  i n  t h e  presence o f  sodium 
dodecyl s u l f a t e .  T h i s  technique, which 
f r a c t i o n a t e s  p r o t e i n s  on t h e  b a s i s  o f  t h e i r  
mo lecu la r  weight ,  shows t h a t  t h e  p a r t i c l e s  
o f  h i g h e s t  s p e c i f i c  a c t i v i t y  (Table 29.1, I d )  
c o n t a i n  seven ma jo r  and t h r e e  minor  p r o t e i n  
components. The p a r t i c l e s  a r e  enr i ched  i n  
s i x  o f  t h e  ma jo r  p r o t e i n s  r e l a t i v e  t o  t h e  
whole v i r u s  and l a c k  a l l  o f  t h e  ma jo r  
s t r u c t u r a l  p r o t e i n s  o f  the  v i r u s  core.  
They comprise about  6% o f  t h e  t o t a l  v i r u s  
p r o t e i n s  and each o f  t h e  s i x  ma jo r  bands i s  
about  10-15% o f  t h e  p r o t e i n  i n  t h e  p a r t i c l e .  
I t  f o l l o w s ,  then, t h a t  t h e  ATPase i s  about  
1% o f  the  v i r u s  p r o t e i n  and t h e  s p e c i f i c  
a c t i v i t y  o f  t h e  pure  enzyme i n  n a t i v e  f o r m  
must be about  2  mmoles mg min o r  about  
40 t imes h i g h e r  than  t h a t  of any known 
membrane ATPase. 

The s t a b i l i t y  o f  t h e  ATPase p a r t i c l e  
suggests t h a t  i t  i s  p resen t  i n  t h e  c e l l  
membrane and t h a t  t h e  i n t a c t  package i s  
t r a n s f e r r e d  t o  t h e  v i r u s  d u r i n g  budding. We 
i n t e n d  t o  t e s t  t h i s  hypo thes is  by p u r i f y i n g  
h o s t - c e l l  membranes, e x t r a c t i n g  these 
membranes w i t h  cho la te ,  and comparing p o l y -  
ac ry lamide  g e l s  o f  t h e  e x t r a c t e d  p a r t i c l e s  
t o  those e x t r a c t e d  f rom v i r u s .  

P r e l i m i n a r y  s tudy  o f  t h e  i s o l a t e d  enzyme 
p a r t i c l e s  was made w i t h  po lyac ry lamide  ge l  



SIMPLIFIED METHOD FOR THE PURIFICATION O F  N. CRASSA 
EXOCELLULAR ALKALINE PROTEASE 

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

J .  S. P r i c e  and H. Drucker 

Technical  Assis tance:  
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A s imp le  method f o r  p u r i f i c a t i o n  o f  N. crassa e x o c e l l u l a r  a l k a l i n e  protease has beer, 

developed, i n v o l v i n g  one ammonium s u l f a t e  f r a c t i o n a t i o r ,  and chromatography on carboxymeth- 

ylsephadex. The technique r e s u l t s  i n  a  125- fo ld p u r i f i c a t i o n  o f  enzyme w i t h  t he  same s p e c i f i c  

a c t i v i t y  as t h a t  r epo r t ed  p rev i ous l y  f o r  c r y s t a l l i z e d  enzyme. 

Prev ious s t ud i es  (Annual Report, 1973) 
r e s u l t e d  i n  a  p u r i f i c a t i o n  scheme f o r  N. 
crassa e x o c e l l u l a r  a l k a l i n e  protease r e q u i r -  
i n g  f o u r  steps, i n c l u d i n g  two chromatographic 
r e s o l u t i o n s  o f  enzyme. Th is  procedure was 
l abo r i ous ,  took  l ong  pe r i ods  o f  t ime, and 
was n o t  a p p l i c a b l e  t o  t he  p repa ra t i on  o f  
l a r g e  q u a n t i t i e s  o f  t h e  enzyme. W i t h i n  t h e  
l a s t  year  we have developed a  p u r i f i c a t i o n  
method which a l l ows  man ipu la t i on  o f  l a r g e  
q u a n t i t i e s  o f  c u l t u r e  f i l t r a t e  and p r o t e i n  
r e s u l t i n g  i n  p u r i f i c a t i o n  o f  usable amounts 
o f  t h i s  enzyme. 

Table 29.2 summarizes t h e  procedure. N. 
crassa exocel l u l a r  f i  1  t r a t e  was concent ra ted  
approx imate ly  f i v e - f o l d  by u l  t r a f i l  t r a t i o n  
through ho l low f i l t e r  c a r t r i d g e .  The 
concent ra te  was then  sub jec ted  t o  ammonium 
s u l f a t e  f r a c t i o n a t i o n  [0.6 g  so l  i d  (NHI,),SO1, 
addedlml concentrate] ,  t h e  p r e c i p i t a t e  
resuspended i n  0.01 M h is t id ine-HC1 b u f f e r ,  
pH 6.15 + 0.001 M CaC12 ( b u f f e r ) ,  exhaus- 
t i v e l y  d i a l y z e d  aga ins t  b u f f e r  [(NH,),SO, t 

f r a c t i o n ,  Table 29.21 and p laced  on a  
2.5 x  35-cm column o f  CM-52 Sephadex. The 
column was then  washed exhaus t i ve l y  w i t h  

TABLE 29.2. Prepara t ion  of N. crassa E x o c e l l u l a r  Protease 

-- 
PREPARATION O F X  crasraEXOCELLULAR PROTEASE 
- -- - - -- - 

TOTAL 
SPECIFIC TOTAL ENZYME 

PROTEIN ACTIVITY PROTEIN ACTIVITY YIELD FOLD 
UME n g i m l  Pu i r ng  mg U h l T S  % PURIF ICAT ION 
-- -- - - - - -- 

EXOCELLULAR OCO 4 87 2 .m  83. 700 1 6 7 M O  10C I 
FILTRATE 
FRACTION 

1hlilqlzSO4 77 11.5 65 I 885 57 M O  34 32.5 
FRACTION 

C41-52 30 1 0  2% 30 7 5 W  4 5 125 
CHROMATOGRAP. 



bu f f e r  u n t i l  a l l  p r o t e i n  no t  adsorbed t o  
t he  r e s i n  was e lu ted .  A  l i n e a r  g rad ien t  o f  
0-0.2 M KC1 i n  b u f f e r  was then app l i ed  t o  
t h e  column and a  peak o f  p r o t e i n  and enzyme 
a c t i v i t y  e lu ted .  The column was then 
s t r i p p e d  w i t h  0.5 M KC], r e s u l t i n g  i n  a  
smal l  p r o t e i n  peak. 

F rac t i ons  165-175 r e s u l t i n g  f rom CM-52 
chromatography were concentrated by u l t r a -  
f i l t r a t i o n .  These enzymes, o f  s p e c i f i c  
a c t i v i t y  i d e n t i c a l  t o  t h a t  o f  enzymes p re -  
pared by p rev ious  methods, were f u l l y  
i n h i b i t e d  by diisopropylf luorophosphate o r  
phenylmethylsulfonylfluoride,  b u t  no t  by 
o-phenanthrol i n e  o r  EDTA, suggest ing t h a t  
i t  i s  an a l k a l i n e  protease a c t i v i t y .  I t  
reacted,  immunologica l ly ,  w i t h  ant iserum 

d i r e c t e d  aga ins t  a l k a l i n e  protease prepared 
by t h e  p rev ious  method, w i t h  f u l l  i d e n t i t y .  
Sed imenta t ion-ve loc i t y  analyses i n  t he  
u l t r a c e n t r i f u g e  showed one sediment ing 
peak, suggest ing,  as d i d  immunoanalyses, a  
homogenous p r o t e i n  p repara t ion .  

Antibody t o  t h i s  p u r i f i e d  enzyme w i l l  be 
used t o  p u r i f y  an a c t i v i t y  t h a t  appears t o  
be an i n t r a c e l l u l a r  zymogen o f  t h i s  exo- 
c e l l u l a r  a l k a l i n e  protease. We w i l l  then 
compare t h e  p r o p e r t i e s  of t h i s  i n t r a c e l l u l a r  
enzyme t o  those determined f o r  exoce l l  u l a r  
enzyme. By so doing, we hope t o  demonstrate 
t h e  f e a s i b i l i t y  o f  ou r  proposed model f o r  
r e g u l a t i o n  of syn thes is  of exoce l l  u l a r  
protease.  

PROTEIN SUBSTRATES AND AMINO ACID 
POOLS IN NEUROSPORA CRASSA 

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

J. S. P r i c e  and H. Drucker 

Technical  Assis tance:  

L. C. N e i l  

Amino a c i d  poo ls  i n  N. crassa were measured as a  f u n c t i o n  o f  carbon s t a r v a t i o n  and growth 

on s y n t h e t i c  amino a c i d  m i x t u res  du r i ng  t he  course o f  protease i n d u c t i o n  under var ious  regimes 

o f  s t a r v a t i o n  and w i t h  f o u r  d i f f e r e n t  p r o t e i n  subs t ra tes .  The data suggest a  s t r ong  c o r r e l a -  

t i o n  between amino a c i d  pool  s i z e  and q u a l i t a t i v e  na tu re  and i n d u c t i o n  o f  e x o c e l l u l a r  protease.  

T h i s  imp l i es  some degree o f  coord ina te  r e g u l a t i o n  f o r  enzymes of amino ac i d  metabol ism and 

t he  process o f  e x o c e l l u l a r  protease b iosyn thes is .  

The b i osyn thes i s  o f  e x o c e l l u l a r  proteases 
by N. crassa i s  a  process c o n t r o l l e d  bo th  
by i n d u c t i o n  and repress ion .  I n  t h e  absence 
o f  an adequate source o f  carbon (C), 
n i t r o g e n  (N), o r  s u l f u r  (S) ,  a  p r o t e i n  
subs t r a te  serves as inducer  o f  e x o c e l l u l a r  
protease and thus,  by i t s  degradat ion,  as a  
source o f  t he  l i m i t i n g  n u t r i l i t e .  The 
presence o f  subs t r a te - l eve l  concent ra t ions  
o f  m a t e r i a l s  con ta i n i ng  r e a d i l y  metabol ized 
C, N, o r  S  w i l l  repress t h e  syn thes is  of 
e x o c e l l u l a r  protease, w i t h  e x t e n t  and t ype  
o f  repress ion  dependent upon bo th  t he  
chemical s t r u c t u r e  o f  t h e  repressor  and i t s  
concen t ra t i on  i n  t h e  m i l i e u .  

When p r o t e i n  serves as so l e  source o f  
C, N, o r  S, i t  would appear l i k e l y  t h a t  
c e r t a i n  o f  t he  amino ac ids  de r i vab le  f rom 
the  p r o t e i n  would serve as repressors.  
That i s ,  a  c e r t a i n  concent ra t ion  o f  some 
g i ven  arnino ac ids  migh t  s i gna l  t o  t he  c e l l  
t h a t  adequate supp l ies  o f  C, N, o r  S  have 
been re leased  by t h e  a c t i o n  o f  e x o c e l l u l a r  
protease on ex te rna l  p r o t e i n  subs t ra te ,  and 
thus  syn thes is  o f  these enzymes can be 
terminated.  I f  t h i s  were the  case, two 
phenomena would be expected: 

1 )  Amino ac ids  added t o  c e l l s  would 
repress protease b iosyn thes is ,  w i t h  



e x t e n t  o f  repress ion  con t i ngen t  upon 
na tu re  o f  c u l t u r e  c o n d i t i o n  (whether 
p r o t e i n  serves as s o l e  source o f  C,  N, 
o r  S) and s t r u c t u r e  and concen t ra t i on  
o f  t he  added amino ac id .  

2) C e l l  s  induced t o  make exocel l u l a r  
p ro tease  would tend t o  "pool"  repressor  
amino ac ids ,  w i t h  t he  na tu re  o f  t he  
pooled amino ac id ,  again,  con t i ngen t  
upon c u l t u r e  cond i t i ons .  

We found, some t ime ago, t h a t  added 
amino ac ids  would repress  protease b iosyn-  
t h e s i s ,  w i t h  ex ten t  and na tu re  o f  repress ion  
dependent upon c u l t u r e  cond i t i ons  and 
s t r u c t u r e  and concen t ra t i on  o f  amino ac ids  
(Tab le  29.3). I n  t h e  su l f u r - dep r i ved  
case, t h i s  i s  most obvious:  o n l y  the  
S-con ta in ing  amino ac ids  ( cys t i ne ,  cys te ine ,  
and meth ion ine)  repress  protease b iosyn-  
t h e s i s .  However, under cond i t i ons  of 
C-s ta rva t ion ,  these l a s t  amino ac ids and 
t en  o the r s  would repress e x o c e l l u l a r  
enzyme produc t ion .  I n  p o i n t  o f  f a c t ,  w i t h  
t he  excep t ion  o f  a r g i n i n e ,  a l l  the  amino 
ac ids  repress ing  under cond i t i ons  o f  
S- o r  N -dep r i va t i on  a r e  repressors  under 
cond i t i ons  o f  C-s ta rva t ion .  

The apparent  s p e c i f i c i t y  o f  repress ion  
under cond i t i ons  o f  N- o r  S-depr iva t ion  was 
n o t  r e f l e c t e d  i n  t he  na tu re  o f  amino a c i d  
poo ls  accumulat ing under cond i t i ons  where 
p r o t e i n  served as s o l e  source o f  N, S, o r  
C. Rather, t h e  amino ac ids  which accumu- 
l a t e d  i n  the  c e l l s  w i t h ,  i n  almost a l l  
cases, k i n e t i c s  o f  accumulat ion consonant 
w i t h  t he  k i n e t i c s  o f  p ro tease  i n d u c t i o n 1  
sec re t i on ,  were those t h a t  repressed pro-  
tease b iosyn thes is  under cond i t i ons  o f  

C-s ta rva t ion  (Table 29.3). I n  terms o f  
accumulat ion and k i n e t i c s  o f  accumulat ion, 
these t en  o r  so amino ac i ds  were d i s t i n c t  
f rom t he  o t h e r  amino ac i ds  measured, which 
e i t h e r  remained cons tan t  i n  l e v e l  throughout  
protease i n d u c t i o n  o r  decreased i n  l e v e l  t o  
some f i n a l  va lue  upon i nduc t i on .  

I t would thus appear t h a t  poo ls  o f  
r ep ress i ng  amino ac ids  do accumulate i n  N. 
crassa b u t ,  u n l i k e  t h e  s i t u a t i o n  when amino 
ac ids  a re  added t o  c u l t u r e s ,  t he  same amino 
ac ids  accumulate regard less  o f  c u l t u r e  
m i l i e u .  

Th i s  l a s t  observa t ion  cou ld  be caused by 
two " a r t i f a c t s " .  It i s  p o s s i b l e  t h a t  i n t r a -  
c e l l u l a r  p r o t e i n  tu rnover ,  known t o  occur  
under cond i t i ons  o f  s t a r v a t i o n  i n  almost a1 1  
b i o t a ,  r e s u l t s  i n  these pools .  I n  t h i s  
case, cond i t i ons  o f  s t a r v a t i o n ,  r e s u l t i n g  i n  
h y d r o l y s i s  o f  i n t r a c e l l u l a r  p r o t e i n  t o  
amino ac ids  and de r i ved  me tabo l i t e s ,  cause 
t he  observed accumulat ion o f  amino ac ids .  
Conversely, t h e  amino a c i d  pools  observed 
migh t  be s o l e l y  a  f u n c t i o n  o f  t he  k i n e t i c s  
o f  amino a c i d  t r a n s p o r t  and accumulat ion, 
w i t h  p r o t e i n  subs t r a te  the  d i r e c t  source 
o f  t h e  amino a c i d  poo ls .  That i s ,  d i g e s t i o n  
o f  exoce l l  u l a r  p r o t e i n  by exoce l l  u l a r  p ro -  
tease r e s u l t s  i n  a  group o f  amino ac i ds  and 
de r i ved  me tabo l i t e s  which a re  t r anspo r t ed  
i n t o  t h e  c e l l  and thus accumulate. The 
s p e c i f i c i t y  o f  t he  t r a n s p o r t  systems and 
t h e i r  r a t e s  of a c t i o n  thus c o n t r o l  the  
i n t r a c e l l  u l a r  amino a c i d  pools .  

To examine these p o s s i b i l i t i e s ,  amino 
a c i d  poo ls  were measured i n  c e l l s  s t a r ved  
f o r  a  C. and energy source (no p r o t e i n  
subs t r a te )  and i n  c e l l s  g iven  an amino a c i d  

TABLE 29.3. Amino Ac id  Repressors o f  Protease 
B iosyn thes is  and Amino Ac id  Pool Accumulat ion 

AMINO A C I D S ~ ~ !  AMINO A C I D S ' ~ '  AMINO A C L D S  
AMINO ACIDS la' ACCUMULATING TO ACCUMULATING TO ACCUMULATING TO 

EFFECTING > 3X; INDUCTION >3X:  INDUCTION , 3X: INDUCTION 
UPON N-STARVATION UPON C - S T A R V A T I O L  UPON 8-STARVATION REPRESSION 

-- 

ARGlNlNE IN1 HISTIDINE HISTIDINE HISTIDINE 
CYSTINE IC. Sl  LEUC I NE ISOLEUCINE I SOLEUCI NE 
HISTIDINE ICI LYSINE LEUCI NE LEUC l hE 
l SOLEUCINE ICI METHlONlNE LYSINE LYSINE 
LEUCINE ICI PHENYLALANI NE PHENYLALANI NE METHlONlNL 
LYSINE ICI THREONI NE PROLINE PHENYLALANINE 
METHlONlNE IS ,C I  TYROSINE THREONINE SERINE 
PHENYI ALANINF ICI VALINE SERINE THREONINE 
TRYPTOPHAN IN, C) TYROS l NE TYROSINE 
THREONINE IN, CI VALIVE VALINE 
SERINE IN,CI 
VALINE ICI 

l a ' ~ ~ ~ ~ ~ ~  IN  PARENTHESES R E F E R S  TO CONDITIONS UNDER WHICH GIVEN AMINO A C I D  R E P R E S S E S  

N: ADDED TO CULTURE WHERE PROTEIN I S  NITROGEN SOURCE 
C ADDED TOCULTURE WHERE PROTEIN I S  CARBON AND ENERGY SOURCE 
5 .  ADDED TO CULTURE WHERE PROlElN IS SULFUR SOURCE 

' b l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  R E ~ E R S  T O F O L D  INCREASE OVER C E L L S  GROWN I N  C O M P ~ E  MEDIUM, 
NO SUBSTITUTE. 



m i x t u r e  e q u i v a l e n t  i n  compos i t i on  t o  t h a t  o f  
t h e  p r o t e i n  s u b s t r a t e  bov ine  serum albumin 
(BSA). A  l i m i t e d  number o f  amino a c i d s  
accumulated under e i t h e r  regime o f  c u l t u r e  
(Tab le  29.4). Q u a l i t a t i v e l y ,  i t  i s  obv ious 
t h a t  amino a c i d  pool  accumulat ion i s  n o t  t h e  
same under these  c o n d i t i o n s  as i t  i s  under 
c o n d i t i o n s  o f  p ro tease  i n d u c t i o n  (compare 
Tables 29.3 and 29.4). F u r t h e r ,  t h e  k i n e t -  
i c s  o f  amino a c i d  accumulat ion under b o t h  
t h e s e  t e s t  c o n d i t i o n s  was n o t  a t  a l l  s i m i l a r  
t o  t h e  k i n e t i c s  o f  e x o c e l l u l a r  p ro tease  
b i o s y n t h e s i s .  

TABLE 29.4. Amino A c i d  Pools i n  C-Starved 
C e l l s  and i n  C e l l s  Grown on an Amino A c i d  
M i x t u r e  

AMINO A C I D S ' ~ '  ACCUMULATING 
A M I N O  A C I D S ' ~ '  ACCUMULATING TO:,3X: GROWN ON A M I N O  A C I D  

TO >3X; C-STARVED - MIXTURE -- 
H I S T I D I N E  H I S T I D I N E  

SERINE METH lON l  NE 

PROLINE 

S t R l N E  

i 3 ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  REFERS TO FOLD INCREASE OVER CELLS GROWN 
ON GLUCOSE A S  SOLE CARBON ENERGY SOURCE 

Amino a c i d  poo ls  i n  protease- induced 
c e l l s  o f  N. crassa t h e r e f o r e  do n o t  appear 
t o  be s o l e l y  a  f u n c t i o n  o f  i n t r a c e l l u l a r  
p r o t e i n  t u r n o v e r  n o r  o f  t r a n s p o r t  r a t e s  f o r  
an amino a c i d  m ix tu re .  

One m i g h t  cons ider ,  as a  t h i r d  p o s s i -  
b i l i t y ,  t h a t  these i n t r a c e l l u l a r  amino a c i d  
p o o l s  a r i s e  i n  r a t h e r  d i r e c t  f a s h i o n  f rom 
s p e c i f i c  p r o t e i n  subs t ra tes .  That  i s ,  they  
r e f l e c t  t h e  e x t e n t  o f  h y d r o l y s i s  o f  a  g i v e n  
p r o t e i n  by 1. crassa exocel l u l a r  proteases 
and thus  t h e  amino a c i d  composi t ion o f  t h e  

p r o t e i n .  I f  t h i s  i s  t h e  case, then  amino 
a c i d  poo ls  i n  N. crassa induced f o r  p ro tease  
b i o s y n t h e s i s  should, i n  some measure, 
r e f l e c t  t h e  amino a c i d  compos i t i on  o f  
p r o t e i n  inducer .  

To examine t h i s  p o s s i b i l i t y ,  amino a c i d  
poo ls  i n  N. crassa were measured under 
c o n d i t i o n s  where f o u r  p r o t e i n s ,  d i f f e r i n g  
w i d e l y  i n  amino a c i d  composi t ions (Tab le  
29.51, were used as inducers  o f  e x o c e l l  u l a r  
protease.  Regardless o f  t h e  amino a c i d  
compos i t i on  o f  t h e  s u b s t r a t e  p r o t e i n s ,  
e s s e n t i a l l y  t h e  same amino a c i d s  were 
accumulated; again,  i n  a lmost  a l l  cases, 
w i t h  k i n e t i c s  consonant w i t h  e x o c e l l u l a r  
p ro tease  i n d u c t i o n  (Table 29.6).  Three o f  
these p r o t e i n s  (BSA, myoglobin, g e l a t i n )  a r e  
good inducers  o f  e x o c e l l u l a r  protease and 
reasonab ly  good sources o f  carbon and energy 
f o r  growth. The f o u r t h  p r o t e i n  source 
employed (N. crassa s o l u b l e  e x t r a c t e d  p ro -  
t e i n )  i s  n o t  as good an inducer  as t h e  o t h e r  
m a t e r i a l s  ( e f f e c t s  approx imate ly  112 t h e  
p rev ious  i n d u c t i o n  r a t e  o f  exoenzyme syn- 
t h e s i s )  and does n o t  suppor t  growth as w e l l  
( l e s s  than 25% o f  growth r a t e  o f  t h e  o t h e r  
p r o t e i n  s u b s t r a t e s ) .  T h i s  may account  f o r  
t h e  d i f f e r e n c e s  i n  pool  s i z e s  and r a t e s  o f  
accumulat ion observed d u r i n g  c u l t u r e  on t h i s  
s u b s t r a t e  r e l a t i v e  t o  t h e  o thers .  

Our r e s u l t s  i n  t o t a l  suggest t h a t  t h e r e  
i s  some fo rm o f  l i n k a g e  between amino a c i d  
metabol ism i n  1. crassa and i n d u c t i o n  o f  
e x o c e l l u l a r  p ro tease  under c o n d i t i o n s  o f  
n u t r i l i  t e  d e p r i v a t i o n .  I t  would appear . . 
t h a t  t h e  pooied amino a c i d s  a r i s e ,  e i t h e r  
f rom i n t r a c e l  l u l a r  p r o t e i n /  amino a c i d  o r  
p r o t e i n  s u b s t r a t e l r e 1  eased amino a c i d  by 
way o f  a  c o n t r o l l e d  process o f  amino a c i d  
metabol ism; t h e  n a t u r e  o f  t h i s  process i s  
c o n t i n g e n t  n o t  o n l y  upon n u t r i l i t e  d e p r i -  
v a t i o n  b u t  upon s y n t h e s i s  o f  exocel 1  u l  a r  
protease.  

TABLE 29.5. Amino Ac id  Composit ion o f  P r o t e i n  Subs t ra te  
GELAT IN  B O V I N E  SERUM A L B U M I N  M Y O G L O B I N  

A M I N O  A C I D  
-- 

g 1100 g p r o t e i n  g!lM) g p r o t e i n  g i 1M) y p r o t e i n  
pp --- 

ALANINE 4.2 4.6 5.7 
A R G l N l N E  7.4 5.3 2.7 
A S P A R T I C  5.6 9.1 9.2 
CYSTEINE .. 5.5 0 
GLUTAMIC  9.5 15.2 17.3 
GLYCINE  23.0 1.0 6.3 
H I S T I D I N E  0.7 3.4 8.2 
l SOLEUCINE 1.4 2.3 5.0 
LEUCINE 2.8 9.0 12.2 
OH-LYS INE  t L Y S I N E  4.6 10.9 16.1 
M E T H l O N l N E  0.7 0.8 2.5 
PHENY LALANINE  1.8 5.6 6.2 
OH-PROLINE t PROL INE  25.5 4.0 4.0 
SERINE 3.5 3.3 4.6 
THREONINE 1.8 5.0 2.9 
TRYPTOPHAN n. d. 0.5 3. b 
N R O S I N E  0.2 4.6 2.4 
V A L I N E  2.2 5.1 5.3 
ASPARAG 1°F n. d. 
GLUTAMINE  n.  d 



TABLE 29.6. Amino Ac id  Pool Accumulat ion as a Func t ion  o f  
P r o t e i n  Substrate:  Carbon-Starved C e l l s  

PROTEIN INDUCER la' PROTEIN  INDUCER:'^' 
BOVINE SERUM A L B U M I N  MYOGLOBIN.  A M I N O  

IBSA). A h l l N O  A C I D S  ACIDS ACCUMl lLATlNG 
ACCUMULATING > 3X > 3X 

H I S T I D I N E  GLYCINE 
ISOLEUCINE H I S T I D I N E  
LEUC l NE ISOLEUCINL 
LYSINE LEUCINE 
PHENYLALANI NE LYSINE 
PROLINE PHENYLALANINE 
THREONI NE PROLINE 
SERINL SERIYE 
TYROSINE THREONI NE 
VALINE TYROSINE 

VALINE 

la1 
ACCUMULATION REFERS TO FOLD INCREASE OVER 
3 N  GLUCOSE AS SOLE C A R B I N E N E R G Y  SDURCE 

PROTEIN  INDUCER:'^' 
GELATIN. A M I N O  

ACIDS ACCUMULATING 
> 3X 

ASPARTIC 
CLYCINE 
H l S T l D l N E  
l SOLEUC INE 
LEUCINE 
LYSINE 
PHENY LALANINE 
PROLINE 
SERINE 
VALINE 

CELLS GROWN 

PROTEIN  INDUCER.'^' 
U. c r m r a  SOLUBLE 

EX~R~\CT.AMINO ACIDS 
ACCUMULATING >!L --- 

A R G l N l N E  
CLYCINE 
H I S T I D I N E  
LYSINE 
SERINE 
THREONINE 

GROWN ON N I r r 5 r a  PROTEIN HAD I ~ O L E U C I ~ ~ L  PROLINE, 
TYROSINE ACCUMULATE ,2X:  POOLS WERE NOT AT SATURATION AT 
TERhl lNATlON OF EXPERIMENT 



DENSITY-DEPENDENT GROWTH REGULATION AND S-100 
PROTEIN SYNTHESIS IN THE RAT GLlAL CELL STRAIN C6 

AND SUBLINES 

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

R. G. Rupp, L. S. Winn, W. R. Wiley, and 

J. E. M o r r i s  

The r e l a t i o n s h i p s  between density-dependent growth r e g u l a t i o n  and t h e  c e l l u l a r  accumulat ion 

of a  b r a i n - s p e c i f i c  p r o t e i n ,  S-100, was examined i n  a  c l o n a l  g l i a l  c e l l  c u l t u r e ,  C6. The 

temporal accumulat ion o f  S-100 was examined i n  dense and sparse r e s t i n g - c e l l  c u l t u r e s  o f  t h e  

pa ren ta l  l i n e  C6 and two subce l l  l i n e s .  The da ta  ob ta ined  f o r  C6 showed t h a t  S-100 i s  p resen t  

i n  exponen t i a l l y  growing c e l l s  and t h a t  t h e  concen t ra t i on  of S-100 per  c e l l  decreases u n t i l  

t h e  exponent ia l  phase o f  growth i s  concluded, a t  which t ime a  n e t  accumulat ion o f  S-100 per  

c e l l  occurs.  The accumulat ion o f  S-100 i n  sparse and dense c u l t u r e s  was t he  same q u a l i t a t i v e l y  

and q u a n t i t a t i v e l y .  Two sub l i nes  of C6 i s o l a t e d  by a  negat i ve  s e l e c t i o n  procedure grew t o  

2 .5 - fo ld  lower s a t u r a t i o n  d e n s i t i e s  than t h e  paren t  c e l l  l i n e ,  C6. The subce l l  l i n e  accumulated 

i n s i g n i f i c a n t  l e v e l s  o f  S-100 i n  a l l  phases o f  growth. We conclude f rom these s t ud i es  t h a t  

t h e  syn thes is  and/or accumulat ion o f  S-100 p r o t e i n  may n o t  be i n e x t r i c a b l y  l i n k e d  t o  dens i t y -  

dependent i n h i b i t i o n  as i n d i c a t e d  i n  p rev ious  p u b l i c a t i o n s  on t he  sub jec t .  

The c l o n a l  r a t  g l i a l  c e l l  s t r a i n ,  C6, 
has been repor ted  t o  accumulate t h e  b ra i n -  
s p e c i f i c  S-100 p r o t e i n  as c e l l s  progress 
f rom low d e n s i t y  t o  h i g h  d e n s i t y  i n  rnono- 
l a y e r  c u l t u r e s .  The i m p l i c a t i o n  o f  these 
s t ud i es  i s  t h a t  syn thes is  and/or accumula- 
t i o n  o f  S-100 i s  i n e x t r i c a b l y  l i n k e d  t o  
densi ty-dependent growth r e g u l a t i o n .  We 
i n v e s t i g a t e d  t h i s  phenomenon i n  an a t tempt  
t o  determine whether syn thes is  and accumu- 
l a t i o n  o f  S-100 p r o t e i n  by C6 c e l l s  i s  
dependent upon c e l l - c e l l  con tac t ,  a  con- 
d i t i o n  which p r e v a i l s  a t  h i gh  c e l l  
dens i t i e s ,  o r  whether syn thes is  i s  assoc i -  
a ted  w i t h  t h e  presence o r  absence o f  fssen-  
t i a l  cons t i t uen t s  i n  t h e  growth medium. 
S p e c i f i c a l l y ,  we i n v e s t i g a t e d  t h e  accumu- 
l a t i o n  o f  S-100 i n  C6 c e l l s  growing under 
cond i t i ons  o f  n u t r i t i o n a l  d e f i c i e n c y  and 
s u f f i c i e n c y .  We a l s o  examined S-100 syn- 
t h e s i s  i n  subce l l  l i n e s  o f  C6 which grow 

t o  lower s a t u r a t i o n  d e n s i t i e s  than t h e  
pa ren ta l  s t r a i n .  

We repo r t ed  p r e v i o u s l y  (1975 Annual 
Report )  t h a t  C6 c e l l s  a t t a i n  lower c e l l  
d e n s i t i e s  when grown under cond i t i ons  o f  
i n f r equen t  medium changes than c e l l s  grown 
under n u t r i t i o n a l l y  s u f f i c i e n t  cond i t i ons .  
I t has been suggested t h a t  h i gh  c e l l  den- 
s i t i e s  ( c e l l - c e l l  con tac t )  a r r e s t  c e l l s  
i n  G1 (Go) ( P f e i f f e r  e t  a l . ,  J. C e l l  Phys i o l .  
75:329) and t h a t  c e l l s  a r r es ted  i n  G1 by - 
c e l l  - c e l l  con tac t  a re  respons ib le  f o r  t he  
syn thes is  o f  S-100 p r o t e i n .  I f  t h e  syn- 
t h e s i s  o f  S-100 i s  s p e c i f i c a l l y  l i n k e d  t o  
c e l l - c e l l  con tac t ,  the  c u l t u r e s  which a re  
a r r es ted  i n  G1 a t  lower c e l l  d e n s i t i e s  due 
t o  l e s s  f r equen t  medium changes should 
syn thes ize  l e s s  S-100 than c u l t u r e s  w i t h  
d a i l y  changes. Fu r t he r ,  t o  cor robora te  t he  
hypothesis  t h a t  S-100 syn thes is  i s  i n e x t r i c a b l y  



1 inked  t o  c e l l  d e n s i t y  ( c e l l  - c e l l  con tac t ) ,  
t h e  v a r i a n t  sub l ines  which grow t o  2.5-3.5 
lower s a t u r a t i o n  d e n s i t i e s  (14-1 and 6-1) 
should show fewer c e l l - c e l l  con tac ts  and, 
consequently, decreased S-100 accumulat ion. 

We t es ted  these hypotheses by examining 
t he  temporal syn thes is  o f  5-100 by C6 c e l l s  
growing under cond i t i ons  w i t h  f r equen t  
changes i n  medium (every  24 h r )  and i n  c e l l s  
growing under cond i t i ons  i n  which t h e  
growth medium was changed a t  96-hr i n t e r v a l s .  
S i m i l a r  s t ud i es  were conducted w i t h  t h e  
c loned sub -ce l l  l i n e s  (6-1 and 14-1). 
Table 29.7 summarizes t h e  growth p r o p e r t i e s  
o f  the  C6 paren ta l  l i n e  and t he  sub l ines  
6-1 and 14-1 under these n u t r i t i o n a l  con- 
d i  t i o n s  o f  growth. 

TABLE 29.7. Growth P rope r t i e s  o f  Rat G l i a l  
C e l l  L i n e  C6 and Subl ines Under N u t r i t i o n a l l y  
Replete and D e f i c i e n t  Cond i t ions  

M E D I U M  CHANGE, 24 -hr  INTERVALS MEDIUM CHANGE. W - h r  INlTRVALS 

SATURATION SATURATION 
DLNSITY DOUBLlNGTlME D L N S l W  DOUBLlNGTlME 

C L U  LINE (cellslcm2 r 1061 -- I h r l  (ce11s lcm2 K 1061 I h r l  

C 6  2.4 18 0.93 24 

Fdu 14-1 0.93 I9 0.53 > 25 

tdu 6-1 0.79 19 0.23 36 

With s l i g h t l y  increased doub l ing  t ime, 
C6 c e l l s  a t t a i n  a  > 2 .5 - fo ld  h igher  d e n s i t y  
when t he  medium i s  changed a t  24-hr i n t e r v a l s  
compared t o  96-hr i n t e r v a l s  (Table 29.7). 
S i m i l a r  r e s u l t s  a re  shown f o r  t he  two 
sub l i nes .  I t  should be noted t h a t  i n c reas i ng  
t h e  frequency o f  medium changes t o  more 
than one per  24 h r  d i d  n o t  inc rease  the  
s a t u r a t i o n  d e n s i t i e s  f o r  e i t h e r  t he  pa ren ta l  
o r  subce l l  l i n e s .  

The double an t ibody  radioimmunoassay 
descr ibed i n  t he  nex t  r e p o r t  was used t o  
measure t h e  accumulat ion o f  S-100 i n  t h e  
t h ree  c e l l  l i n e s  growing under n u t r i t i o n a l  
c o n d i t i o n s  descr ibed  i n  Table 29.7. The 
da ta  shown i n  F i gu re  29.3 d e p i c t  t h e  
changes i n  S-100 accumulat ion i n  pa ren ta l  C6 
c e l l s .  Under n u t r i t i o n a l l y  r e p l e t e  cond i -  
t i o n s ,  t he  concen t ra t i on  o f  S-100 p r o t e i n  
per  c u l t u r e  b o t t l e  inc reased i n  p a r a l l e l  
w i t h  t he  inc rease  i n  c e l l  number du r i ng  t h e  
exponent ia l  phase o f  growth. However, t he  
concen t ra t i on  o f  S-100 per  c e l l  decreased 
u n t i l  t h e  c e l l s  reached a  phase of decreased 
growth and/or h i g h  c e l l  d e n s i t i e s .  A t  t h i s  
p o i n t  a  n e t  accumulat ion o f  S-100 p r o t e i n  
pe r  c e l l  began. 

C e l l s  growing under n u t r i t i o n a l l y  d e f i -  
c i e n t  cond i t i ons  grew t o  l e v e l s  2 .6 - fo ld  
lower than  c e l l s  grown under n u t r i t i o n a l l y  
r e p l e t e  cond i t i ons ,  w h i l e  t he  accumulat ion 
o f  5-100 per  c e l l  was comparable. It should 

be noted t h a t  i n  the  n u t r i t i o n a l l y  depr ived  
c e l l s  t he re  was a  slow b u t  cont inuous 
inc rease  i n  c e l l  number. The i m p l i c a t i o n  o f  
t h i s  da ta  i s  t h a t  c e l l s  grown under n u t r i -  
t i o n a l l y  d e f i c i e n t  c o n d i t i o n s  grew t o  lower 
s a t u r a t i o n  d e n s i t i e s ,  y e t  t h e  accumulat ion 
o f  S-100 i s  s i m i l a r  t o  c e l l s  growing t o  h i gh  
c e l l  d e n s i t i e s  ( g r e a t e r  c e l l  - c e l l  con tac t ) .  
Thus, t he  da ta  suggest t h a t  any c o n d i t i o n  of 
growth which r e s u l t s  i n  t h e  cessa t ion  o f  
c e l l  growth ( e n t r y  o f  c e l l s  i n t o  GI phase o f  
t h e  c e l l  c yc l e )  w i l l  r e s u l t  i n  t h e  i n i t i a -  
t i o n  o f  S-100 accumulat ion. 

S-IOOICELL, 24-hr 
MEDIUM CHANGE 

S-IOOICELL, 9bhr 
MEDlUhl CHANGE 

ld -- "L' o.m, 
5 10 u n a 30 
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FIGURE 29.3. Growth and Accumulat ion o f  
S-100 P r o t e i n  i n  C6 Cu l t u res  Wi th  24-Hr 
and 96-Hr Changes i n  Growth Medium. C e l l s  
were grown i n  75-cm2 b o t t l e s .  C e l l s  were 
removed from t h e  su r f ace  o f  t he  b o t t l e s  
and counted i n  a  Cou l t e r  counter .  S-100 
was determined by s o l u b i l i z a t i o n  o f  c e l l s  
i n  NP-40, a  non ion ic  de te rgen t ,  and t h e  
radioimmune assay descr ibed  i n  t h e  f o l l o w -  
i n g  r e p o r t  was used t o  determine 5-100 
p r o t e i n  per  c e l l .  

The temporal accumulat ion o f  S-100 i n  t h e  
subce l l  l i n e s  6-1 and 14-1 was examined i n  
t he  manner descr ibed f o r  t he  pa ren ta l  s t r a i n .  
F i gu re  29.4 shows t h a t  under n u t r i t i o n a l l y  
s u f f i c i e n t  cond i t i ons  t he re  i s  l i t t l e  o r  no 
syn thes is  o f  S-100 pro. ie in.  S i m i l a r  r e s u l t s  
were obta ined f o r  n u t r i t i o n a l l y  d e f i c i e n t  
cond i t i ons .  We do n o t  know how the  two sub- 
l i n e s  a re  ab l e  t o  m a i n t a i n  low s a t u r a t i o n  
d e n s i t i e s ;  however, assuming t h a t  t h e  c e l l s  
a r e  b locked i n  t he  G, phase o f  t h e  growth 
cyc le ,  t h i s  c o n d i t i o n  i s  n o t  s u f f i c i e n t  t o  
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FIGURE 29.4A and B. Growth and Accumulat ion o f  S-100 P r o t e i n  
i n  Subcel l  L ines  14-1, 6-1 With 24-Hr Changes i n  Cu l t u re  Medium. 
C e l l s  were grown and assayed as descr ibed  f o r  F i gu re  29.3. 
S-100 p r o t e i n  i s  recorded i n  n g l f l a s k .  The amounts o f  S-1001 
f l a s k  i n  these s t ud i es  a re  a t  t he  lower l i m i t s  o f  t h e  assay 
system and a re  p robab ly  n o t  s i g n i f i c a n t .  

i n i t i a t e  S-100 syn thes is  i n  the  subce l l  
1  ines .  The background l e v e l s  o f  S-100 
shown i n  F i gu re  29.4 a re  a t  the  lower 
l e v e l s  o f  de tec t i on  f o r  S-100 pe r  f l a s k  and 
a r e  t h e r e f o r e  n o t  s i g n i f i c a n t .  

There a r e  severa l  d i s t i n c t  exp lana t ions  
t o  account f o r  t he  i n a b i l i t y  o f  6-1 and 
14-1 t o  accumulate S-100. Paramount among 
t h e  op t i ons  i s  t h a t  t he  C6 pa ren ta l  c u l t u r e  
i s  a  m ixed-ce l l  c u l t u r e  and t h a t  we have 
se l ec ted  f o r  a  minor  c e l l  l i n e  which does 
n o t  syn thes ize  S-100 p r o t e i n .  It i s  a l s o  
p o s s i b l e  t h a t  S-100 i s  exc re ted  i n t o  the  
medium by t h e  subce l l  l i n e s .  Th is  poss i -  
b i l i t y  i s  be ing  examined. We are  a l s o  
examining 14  o the r  mo rpho log i ca l l y  d i s t i n -  
gu ishab le  subclones which grow t o  lower 
s a t u r a t i o n  d e n s i t i e s  than t he  pa ren ta l  C6 
l i n e  f o r  t h e i r  a b i l i t y  t o  syn thes ize  S-100 
p ro te i n .  Considerable evidence has been 

accumulated which suggests t h a t  a l l  o f  t h e  
subce l l  1  i nes  a re  o f  neura l  o r i g i n .  

We conclude f rom ou r  p r e l i m i n a r y  data 
t h a t  t he  i n i t i a t i o n  o f  S-100 syn thes is  and 
c e l l - c e l l  con tac t  may n o t  be i n e x t r i c a b l y  
l i nked ;  i .e., c u l t u r e  m i l i e u  f avo rs  t he  
i n i t i a t i o n  o f  S-100 syn thes is  as we l l  as 
h i g h  c e l l  dens i t i e s .  I n  t he  nex t  year  we 
p l a n  t o  examine c e l l  su r face  changes and 
c y c l i c  nuc l eo t i de  metabol ism i n  c e l l s  
a c t i v e l y  syn thes i z i ng  S-100. We w i l l  a l s o  
i n v e s t i g a t e  whether t he  r e g u l a t i o n  o f  
S-100 accumulat ion occurs a t  t h e  l e v e l  o f  
t r a n s l a t i o n  o r  t r a n s c r i p t i o n  as a  prereq-  
u i s i t e  t o  t h e  de te rmina t ion  o f  t he  metabo l i c  
s i g n a l s  i n vo l ved  i n  t h e  process. Such 
s t ud i es  a r e  expected t o  p rov i de  data which 
w i l l  pe rm i t  us t o  u l t i m a t e l y  i d e n t i f y  
e x t r a c e l l u l a r  f a c t o r s  c o n t r o l l i n g  c e l l  
growth and consequent ly  S-100 syn thes is .  



R A D I O I M M U N E  ASSAYS FOR S-100 PROTEIN 

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

J. E.  Mo r r i s ,  L .  S. Winn, and W. R. Wi ley 

A double-ant ibody radioimmune assay was developed f o r  q u a n t i t a t i n g  S-100 p r o t e i n  i n  

t i s s u e  and t i s s u e  c u l t u r e  p repara t ions .  The s e n s i t i v i t y  o f  t h e  assay was i n  t h e  low 

nanogram range. 

A s e n s i t i v e  assay method f o r  measuring 
S-100 p r o t e i n  i n  t i s s u e  c u l t u r e  c e l l s  and 
i n  t i s s u e s  o f  neura l  o r i g i n  was r equ i r ed  
f o r  our  i n v e s t i g a t i o n s  o f  t h e  r o l e  o f  
5-100 p r o t e i n  i n  t h e  phys io logy  and molec- 
u l a r  b i o l o g y  o f  c e l l s .  The double-ant ibody 
assay developed i nvo l ves  t h e  i ncuba t i on  o f  
1251- labe led  S-100 p r o t e i n  and t he  unknown 
w i t h  goa t  ant i-S-100, p r e c i p i t a t i o n  o f  t h e  
complex w i t h  horse a n t i - g o a t  IgG, and 
measurement o f  t h e  r a d i o a c t i v i t y  p r e c i p i -  
t a t ed .  The amount o f  S-100 i n  t h e  unknown 
sample i s  ascer ta ined  f rom t h e  decrease i n  
s p e c i f i c  a c t i v i t y  of  t h e  1251-tagged 
an t i gen  as e x h i b i t e d  i n  t h e  presence o f  
t h e  non rad ioac t i ve  unknown. 

The goa t  ant i -S-100 was prepared by 
i n j e c t i o n  o f  t h e  S-100 p r o t e i n  (10 ug) 
1 inked  t o  methy lated bovine serum a1 bumin 
and e m u l s i f i e d  w i t h  an equal q u a n t i t y  o f  
Freund's  complete ad juvan t .  Three month ly  
i n j e c t i o n s  were g i ven  be fo re  a s u i t a b l e  
an t ibody  t i t e r  was achieved. The a n t i -  
goat  IgG was prepared by immunizat ion o f  a 
horse w i t h  an i n i t i a l  i n j e c t i o n  o f  1 mg o f  
goa t  IgG e m u l s i f i e d  i n  Freund's  complete 
ad juvan t .  T h i s  was f o l l owed  by a boos te r  
o f  10 vg a t  1.5 mo. 

Rad io i od i na t i on  o f  S-100 was performed 
w i t h  t h e  1251- labe led  Bol ton-Hunter  reagent  
( i o d i n a t e d  N-hydroxysuccinimide e s t e r  o f  
p-hydroxyphenyl p rop ion i c  a c i d ) .  A s p e c i f i c  
a c t i v i t y  o f  approx imate ly  30,000 dpm per  
ng o f  S-100 p r o t e i n  was obta ined.  I n i t i a l  
a t tempts t o  i o d i n a t e  S-100 p r o t e i n  us ing  
t h e  chloramine-T procedure were unsuccessfu l  
because o f  a l t e r a t i o n  induced i n  t h e  
p r o t e i n .  

A sun-unary o f  t h e  assay p ro toco l  i s  
shown i n  F i gu re  29.5. The 10-v1 s o l u t i o n  
of S-100.1251 con ta ined  3 pg o f  t h e  an t i gen  
and was incubated w i t h  100 I.I~ o f  sample t o  
be assayed and 50 I.I~ o f  goat  ant i-S-100, 
ove rn i gh t  a t  4°C. Horse an t i - goa t  IgG was 
added and t h e  i ncuba t i on  con t inued  f o r  
4 h r  a t  4°C. The p r e c i p i t a t e  was packed 
and a 100-1.11 a l i q u o t  o f  t h e  supernatant  
counted. The amount o f  S-100 p r o t e i n  i n  
an unknown sample was ascer ta ined  f rom t h e  
decrease i n  b i nd i ng  o f  t h e  rad io tagged 
an t i gen  i n  t h e  presence o f  t h e  unknown by 
re fe rence  t o  a s tandard curve  prepared 
w i t h  known amounts o f  S-100 p r o t e i n  
(F i gu re  29.6). 
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FIGURE 29.5. Sumnary o f  t h e  Assay Pro toco l  

FIGURE 29.6. Standard I n h i b i t i o n  Curve Obta ined by t h e  
A d d i t i o n  o f  Unlabeled S-100 t o  a Constant Amount o f  S -100 . lZ5 I  



FACTORS INFLUENCING CROSS-PLACENTAL TRANSFER AND 
TERATOGENICITY OF METALLIC POLLUTANTS 

Person i n  Charge: P. L. Hacke t t  

Th i s  p r o j e c t  seeks t o  d e f i n e  t h e  s p e c i f i c  i n f l uences  of f a c t o r s  a f f e c t i n g  t h e  cross-  

p l acen ta l  t r ans fe r  o f  heavy meta ls  and t h e i r  d i s t r i b u t i o n  throughout  t he  f e t op l acen ta l  u n i t  

as a  f unc t i on  o f  t ime a f t e r  exposure. These data w i l l  d e f i n e  t he  t i s sues  a t  r i s k  and p rov i de  

a  q u a n t i t a t i v e  es t imate  o f  dose. As such, they w i l l  p rov i de  a  r a t i o n a l  bas i s  on which t o  

i n t e r p r e t  and i n t e r r e l a t e  t h e  r e s u l t s  o f  t e r a t o l o g i c  s t ud i es .  

The p rec i se  design of s t ud i es  t o  be performed w i t h  s p e c i f i c  p o l l u t a n t s  w i l l  va ry  w i t h  t he  

amount and c r e d i b i l i t y  o f  t h e  i n f o rma t i on  p resen t l y  ava i l ab l e ,  o r  t h a t  which may become 

a v a i l a b l e  du r i ng  t h e  course o f  t h e  study.  I n  general ,  however, c ross-p lacen ta l  t r a n s f e r  and 

d i s t r i b u t i o n  w i l l  be eva lua ted  a t  f o u r  d i f f e r e n t  ges ta t i ona l  ages se l ec ted  t o  represen t  

stages i n  t h e  continuum o f  embryonic and p l acen ta l  development. The in t ravenous,  o r a l ,  and 

i n h a l a t i o n  r ou tes  o f  adm in i s t r a t i on ,  which w i l l  p rov i de  d i f f e rences  i n  t h e  r a t e  a t  which t h e  

meta ls  a re  presented t o  t he  p lacenta,  as w e l l  as poss i b l e  d i f fe rences  i n  t h e i r  chemical 

b i n d i n g  i n  blood, w i l l  be compared. S ince  metabol ism may be i n f l uenced  by t h e  mass admin- 

i s t e r e d ,  a low dose l e v e l ,  as w e l l  as one i n  t he  t e ra togen i c  range, w i l l  be s tud ied .  

Th i s  p r o j e c t  w i l l  p rov i de  some o f  t h e  t o x i c i t y  data r equ i r ed  t o  assess t he  t e ra togen i c  

hazard o f  heavy metal p o l l u t a n t s .  More impor tan t ,  i t  w i l l  p rov i de  t h e  d i s t r i b u t i o n  and 

r e t e n t i o n  da ta  r e q u i r e d  t o  i n t e g r a t e  t he  r e s u l t s  o f  pas t  and f u t u r e  s t ud i es  on these m a t e r i a l s  

and t o  more r e a d i l y  ex t r apo la te  them t o  t he  p r a c t i c a l  s i t u a t i o n .  I n i t i a l  s t ud i es  a re  be ing  

performed w i t h  lead, which i s  known t o  be f e t o t o x i c  and t e ra togen i c .  Subsequent s t ud i es  

w i l l  i n v e s t i g a t e  a rsen ic ,  cadmium, and selenium, which have been shown t o  be embryocidal 

and/or te ra togen ic ,  as w e l l  as n i c k e l ,  which has y i e l d e d  equ ivoca l  r e s u l t s ,  and vanadium, 

which apparen t l y  has n o t  been evaluated.  



CROSS-PLACENTAL TRANSFER A N D  EMBRYOTOXICITY O F  
LEAD I N  RATS 

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

P. L. Hacke t t  and M. R. Sikov 

Technical  Assis tance:  

J. 0. Hess, M. J. Kujawa, M. M. Conger, R. F. Meyers, 

and L. D. Montgomery 

The k i n e t i c s  o f  l ead  d i s t r i b u t i o n  i n  the  f e t op l acen ta l  u n i t  was s t ud i ed  du r i ng  t he  30-hr 

p e r i o d  f o l l o w i n g  in t ravenous a d m i n i s t r a t i o n  o f  0, 5, and 25 mg Pb(NO,),/kg t o  pregnant  r a t s  

a t  9  and 15 days o f  ges ta t i on .  Subsequent eva lua t i on  o f  20-day fe tuses  showed t h a t  t h e  

h i ghes t  dose l e v e l  produced t e ra t i sms  o r  m o r t a l i t y ,  depending on t he  t ime  o f  adm in i s t r a t i on .  

Adm in i s t r a t i on  o f  l ead  t o  pregnant  
animals a t  s p e c i f i c  g e s t a t i o n  t imes causes 
embryonic death and reso rp t i on ,  as w e l l  as 
c h a r a c t e r i s t i c  developmental abno rma l i t i e s  
i n  t he  near- term f e tus .  To determine t h e  
genesis o f  these l e s i o n s  we have s t ud i ed  
l ead  metabol ism and i t s  e f f e c t s  i n  t h e  
fe top lacen ta l  u n i t  (FPU) immediate ly  
f o l l o w i n g  adm in i s t r a t i on ,  t o  p rov i de  
c o r r e l a t i o n s  w i t h  f e t a l  development and 
v i a b i l i t y  i n  l a t e  ges ta t ion .  

Aqueous s o l u t i o n s  o f  0, 5, o r  25 mg 
Pb(NO,),/kg, con ta i n i ng  f resh ly -separa ted  
,lOPb t r a c e r ,  were i n j e c t e d  i n t o  t he  t a i l  
v e i n  o f  female r a t s  ( H i l l t o p  W is ta r )  of 
t imed pregnancies, on 9  ( e a r l y  organogenesis) 
o r  15 ( e a r l y  h i s t ogenes i s )  days o f  gesta- 
t i o n  (dg). Lead k i n e t i c s  were determined 
i n  FPUs f rom f i v e  females a t  each o f  f i v e  
i n t e r v a l s  du r i ng  t h e  ensuing 30-hr per iod .  
Concentrat ions were a l so  measured and 
f e t a l  development and m o r t a l i t y  were 
evaluated a t  20 dg. Radiolead concentra-  
t i o n s  were measured i n  se l ec ted  f e t a l  
t i s s u e s  by  de te rmin ing  t h e  47 KeV gamma 
emiss ion o f  ,lOPb us i ng  a  s c i n t i l l a t i o n  
coun te r  a f t e r  secu la r  e q u i l i b r i u m  had been 
es tab l i shed .  Other  fe tuses  were used f o r  

s tudy o f  morphologic  change and au to rad io -  
g raph ic  d i s t r i b u t i o n .  

Hemorrhage was observed w i t h i n  t h e  
u te rus  between imp lan ta t i on  s i t e s  and 
w i t h i n  t h e  extraembryonic coelom o f  t h e  
egg c y l i n d e r  as e a r l y  as 6 h r  p o s t i n j e c t i o n  
o f  25 mg/kg a t  9  dg. By 20 dg, fe tuses  
from t h i s  t rea tment  group e x h i b i t e d  s t u n t i n g  
and c h a r a c t e r i s t i c  ex te rna l  mal format ions 
such as gas t r osch i s i s  and a  urorectocaudal  
syndrome which inc luded absent l imbs  o r  
t a i l s  and h i nd - l imb  f us i on .  Severe o s s i f i c a -  
t i o n  de fec t s  were a l s o  ev iden t .  When 
25 mg/kg was admin is te red  a t  15 dg, smal l  
hemorrhagic spots were p resen t  i n  t h e  
midmesoencephalon o f  t he  f e t a l  b r a i n  a t  t he  
e a r l i e s t  observa t ion  per iod ,  and hemorrhage 
i n  t h e  c e n t r a l  nervous system was a  con- 
s i s t e n t  f i n d i n g  by 24 h r  p o s t i n j e c t i o n .  

E a r l y  m o r t a l i t y  i n  t h e  9-dg egg c y l i n d e r s  
was n o t  s t ud i ed  because of t h e  d i f f i c u l t y  
i n  de te rmin ing  v i a b i l i t y ,  b u t  approximate ly  
50% f e t a l  m o r t a l i t y  was observed a t  t h e  
h i g h  l ead  l e v e l  b y  20 dg. About 25% o f  
t h e  fe tuses  were dead by  24 h r  p o s t i n j e c t i o n  
o f  25 mg/kg a t  15 dg and a l l  were dead by  
20 dg. 



The c o n c e n t r a t i o n s  o f  l e a d  (% dose lg )  
i n  9-dg and 15-dg FPUs ( F i g u r e  30.1 ) were 
l a r g e l y  independent o f  t h e  admin is te red  
l e a d  dose. The excep t ion ,  t h e  s i g n i f i c a n t l y  
lower  va lues a t  24 and 30 h r  f o r  t h e  
9  dg-5 mg l e v e l ,  may be due t o  d i f f e r e n c e s  
i n  s p e c i f i c  a c t i v i t y .  The f a c t  t h a t  t h e  
cu rve  f o r  t h e  25-mglkg l e v e l  d i d  n o t  a l s o  
d i s p l a y  t h i s  t r e n d  ( i . e . ,  f a l l  below t h e  
5-mglkg c u r v e )  may be ev idence f o r  e a r l y  
t o x i c  events. I n i t i a l  concen t ra t ions  were 
somewhat h i g h e r  i n  t h e  9-dg egg c y l i n d e r  
than  i n  t h e  15-day FPU and apparent  c l e a r -  
ance was more r a p i d .  T h i s  d i f f e r e n c e  i s  
n o t  due t o  growth, s i n c e  b o t h  u n i t s  
i n c r e a s e  i n  we igh t  about  1 . 5 - f o l d  d u r i n g  
t h e  30-hr i n t e r v a l .  
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9-DG EGG CYLINDER 15-DG FPU 

I 
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FIGURE 30.1. Percentage o f  Admin is te red  
Dose Per Gram i n  F e t o p l a c e n t a l  U n i t s  From 
Dams I n j e c t e d  a t  9  and 15 Days G e s t a t i o n  

These data,  re-expressed i n  terms o f  
abso lu te  amounts of lead,  ( F i g u r e  30.2) 
remain r e l a t i v e l y  c o n s t a n t  th roughou t  t h e  
sampl i n g  p e r i o d  f o r  15-dg fe tuses b u t  
decrease somewhat, i n d i c a t i n g  c learance,  
i n  t h e  9-dg egg c y l i n d e r .  Never the less,  
i n i t i a l  va lues a r e  p r o p o r t i o n a l ,  i .e . ,  t h e  
FPU v a l u e  from t h e  h i g h e r  dose l e v e l  i s  
f i v e  t imes  t h e  lower  dose and 15-dg FPU 
va lues  a r e  t e n  t imes  9-dg l e v e l s ,  as a r e  
t h e  u n i t  we igh ts .  Desp i te  t h i s  c learance,  
t h e  l e a d  c o n t e n t  o f  t h e  FPUs a t  20 days 
f o l l o w i n g  i n j e c t i o n  a t  9  dg i s  t h e  same 
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FIGURE 30.2. Micrograms of Lead i n  Fe top la -  
c e n t a l  U n i t s  o f  Dams I n j e c t e d  With Pb(N03)2 
a t  9  and 15 Days G e s t a t i o n  

as t h e  i n i t i a l  c o n t e n t  of t h e  9-dg egg 
c y l i n d e r .  T h i s  undoubtedly  r e f l e c t s  t r a n s -  
l o c a t i o n  f rom maternal  l e a d  sources w i t h  
d e p o s i t i o n  i n  t h e  r a p i d l y  growing f e t u s .  

The i n i t i a l  c o n c e n t r a t i o n s  ( %  dose lg )  
i n  t h e  p l a c e n t a  and membranes a r e  h i g h e r  
than t h a t  o f  t h e  15-dg f e t u s  and t h e  
shapes o f  t h e  r e t e n t i o n  curves a r e  d i f f e r e n t  
( F i g u r e  30.3).  Peak f e t a l  c o n c e n t r a t i o n s  
a r e  n o t  ob ta ined  u n t i l  about  6 h r  p o s t i n j e c -  
t i o n  as l e a d  i s  be ing  c l e a r e d  f rom t h e  
p lacen ta .  Comparison o f  p l a c e n t a l  va lues  
aga in  shows t h e  e f f e c t  o f  l ower  s p e c i f i c  
a c t i v i t y  a t  t h e  5  mglkg dose l e v e l ,  b u t  
t h e  h i g h  dose curve  resembles t h a t  o f  t h e  
t r a c e r  l e v e l .  I n  t h e  f e t u s  t h e  r e l a t i o n -  
s h i p  i s  s i m i l a r  b u t  t h e  p o s i t i o n s  o f  t h e  
curves a r e  reversed.  Accord ing ly ,  i f  t h e  
30-hr  p a r t i t i o n  w i t h i n  t h e  FPU a t  t r a c e r  
l e v e l s  i s  considered,  t h e  f e t u s  c o n t a i n s  
32% o f  t h e  t o t a l  FPU burden, w h i l e  t h e  
lead-exposed f e t u s e s  c o n t a i n  55% o f  t h e  
t o t a l .  T h i s  suggests t h a t  t h e  amount o f  
c a r r i e r  l e a d  i n f l u e n c e s  1  ead p a r t i  t i o n  and, 
perhaps, c r o s s - p l a c e n t a l  t r a n s f e r .  The 
change i n  d i s t r i b u t i o n  a t  25 mglkq i s  
though t  t o  r e f l e c t  t h e  t o x i c  a c t i o n  a t  
t h i s  dose. 



These r e s u l t s  demonstrate t h a t  embryo- a l s o  c o n f i r m  and h e l p  t o  e x p l a i n  e a r l i e r  
t o x i c i t y  i s  ev i den t  soon a f t e r  i n j e c t i o n  r e p o r t s  of embryolethal  i t y  and ma1 fo rmat ions  
and can be c o r r e l a t e d  w i t h  a  r a p i d  i n t a k e  observed near  term. 
o f  l e a d  i n t o  t h e  f e t op l acen ta l  u n i t .  They 
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FIGURE 30.3. Percentage o f  Adminis tered Dose i n  Fe top lacen ta l  
Components From Dams I n j e c t e d  a t  15 Days Ges ta t ion  

LEAD TOXICITY IN PREGNANT RATS 

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

P. L. Hacke t t  and M. R. S ikov 

Technical  Assis tance:  

J. 0. Hess, M. J. Kujawa, M. J. Conger, R. F. Meyers, 

and L. D. Montgomery 

Lead i n  pregnant  r a t s  was r a p i d l y  c l ea red  f rom blood w i t h  immediate uptake i n t o  major  

organ systems (ske le ton ,  kidney, and l i v e r ) .  Th i s  was accompanied by e a r l y  hemolysis and 

hematur ia  as w e l l  as gross k idney damage and hemorrhage o f  t h e  g a s t r o i n t e s t i n a l  t r a c t .  

Ske le ta l  con ten t  increased over  an 11-day per iod ,  d u r i n g  which t ime  about 90% o f  t h e  l e a d  was 

removed f rom k idneys and l i v e r .  D i s t r i b u t i o n  and r e t e n t i o n  were a f f e c t e d  by l e a d  dose l e v e l .  

Lead r e t e n t i o n  and d i s t r i b u t i o n  have been 
well-documented i n  a d u l t  r a t s  b u t  t h e r e  a r e  
few data on t h e  metabol ism o f  l ead  i n  preg- 
nan t  animals. The p resen t  s tudy  was an 
e f f o r t  t o  r e l a t e  l e a d  k i n e t i c s  i n  pregnant  
r a t s  t o  subsequent e f f e c t s  i n  t h e  dam and 
t he  conceptus. 

Pregnant r a t s  were i n j e c t e d  on g e s t a t i o n  
day 9  w i t h  aqueous s o l u t i o n s  con ta i n i ng  
cons tan t  l e v e l s  o f  t r a c e r  210Pb ( s p e c i f i c  
a c t i v i t y :  17 ug Pb/mCi) and s t a b l e  Pb(N03), 
l e v e l s  o f  0, 5  and 25 mg/kg. F i ve  animals 

f rom each dose l e v e l  were s a c r i f i e d  a t  1.5, 
6, 12, 24 and 30 h r ,  and a t  11 days post-  
i n j e c t i o n ,  and Pb concent ra t ions  were 
determined by measuring t h e  47 KeV gamma 
emiss ion o f  210Pb. 

Ten percen t  o f  t h e  r a t s  i n j e c t e d  w i t h  
t h e  h i g h e s t  dose l e v e l  (25 mg/kg) d i e d  
w i t h i n  48 h r .  There was immediate and 
severe hematur ia  a t  t h i s  dose l e v e l  w i t h  a  
decrease i n  hematocr i t  f rom 41 t o  35% 
w i t h i n  1-1/2 h r .  From 75 t o  90% o f  t h e  
i n j e c t e d  dose was c leared  f rom the  b lood  



befo re  t h e  f i r s t  sampling a t  90 min. Whole 
b lood  r e t e n t i o n  curves (F i gu re  30.4) v s r i e d  
s i g n i f i c a n t l y  w i t h  dose l e v e l  f o r  reasons 
which a re  apparent from t h e  e r y t h r o c y t e  and 
plasma curves (F i gu re  30.4). B i nd i ng  o f  
l ead  by  e r y t h rocy tes  was sha rp l y  reduced a t  
t h e  h i ghe r  l ead  doses, due t o  lead-reduced 
hemolysis, which i s  a l s o  r e f l e c t e d  i n  t he  
plasma 1  eve1 s. 
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FIGllRE 30.4. Percentage o f  Pb Dose Per 
Gram i n  Maternal Blood, Plasma and Red 
Blood C e l l s  

G a s t r o i n t e s t i n a l  hemorrhage was observed 
i n  12% of t he  r a t s  a t  5  mg and i n  80% a t  
25 mg/kg. Th i s  was most f r e q u e n t l y  a t  t h e  
i l e o c e c a l  j u n c t i o n ;  g a s t r i c  hemorrhage was 
l e s s  common. From 6  t o  15% o f  t h e  dose was 
found i n  t h e  GI t r a c t  1.5 h r  a f t e r  admin- 
i s t r a t i o n ,  and t h e  concent ra t ions  peaked a t  
s t i l l  h i ghe r  va lues a t  6  h r  (F i gu re  30.5). 
The e x c r e t i o n  r o u t e  was dose-dependent, 
r ena l  c learance  predominat ing i n  t he  animals 
r e c e i v i n g  t h e  t r a c e r  210Pb (17% o f  t he  dose 
a t  30 h r ) .  Only 6% o f  t h e  dose had been 
excre ted  i n  t h e  u r i n e  by t he  lead- loaded 
animals by  30 h r ,  b u t  h i ghe r  percentages o f  
t he  dose were observed i n  t h e  gas t r o i n t es -  
t i n a l  t r a c t  o f  these r a t s .  Gross k idney  
damage was apparent  a t  24 h r  p o s t i n j e c t i o n  
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FIGURE 30.5. Percentage o f  Adminis tered 
Pb Dose Appearing i n  t h e  G a s t r o i n t e s t i n a l  
T r a c t  and U r i ne  up t o  30 Hours P o s t i n j e c t i o n  

i n  some o f  t h e  animals r e c e i v i n g  t he  
h i gh  dose l e v e l .  

The ske le ton  showed t h e  g r e a t e s t  a v i d i t y  
f o r  lead,  the  burden i nc reas i ng  by about  
10% du r i ng  t he  sampling p e r i o d  t o  a t t a i n  a  
va lue o f  40-50% o f  t h e  admin is te red  dose on 
t he  20th day o f  g e s t a t i o n  (F i gu re  30.6). 
U r i na r y  210Pb e x c r e t i o n  was lower  i n  t h e  
r a t s  which r ece i ved  s t a b l e  l ead  than i n  
those which rece ived  o n l y  t he  t r a c e r  ( F i g -  
u re  30.5). I n  c o n t r a s t ,  these r a t s  r e t a i n e d  
a  g r e a t e r  f r a c t i o n  o f  t h e  210Pb i n  t h e  
k idney.  Rats r e c e i v i n g  25 mg/kg e x h i b i t e d  
t he  h i ghes t  hepa t i c  va lues,  p robab ly  due t o  
hepat i c  c learance  o f  lead- induced e r y t h r o -  
c y t e  hemolysates. I n  t h e  i n t e r v a l  between 
30 h r  and 11 days p o s t i n j e c t i o n  t h e  l i v e r  
and k idneys l o s t  about 90% of t h e i r  depos- 
i t e d  lead .  The m o b i l i z a t i o n  of these l ead  
s t o res  may be t h e  main source o f  l ead  
t r ans l oca ted  t o  t h e  maternal  ske le ton  and 
f e t op l acen ta l  u n i t  du r i ng  t h i s  pe r i od .  

Data ob ta ined  i n  these experiments w i l l  
be compared w i t h  va lues from var ious  ges- 
t a t i o n  t imes and from nongravid animals i n  
o rde r  t o  determine t h e  e f f e c t  o f  pregnancy 
o r  o f  ma te rna l - f e t a l  r e l a t i o n s h i p s  on 
metabol ism and b i o l o g i c a l  consequences o f  
meta l  depos i t i on .  
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GENETIC EFFECTS F R O M  ELECTRIC FIELDS A T  T H E  C H R O M O S O M A L  
LEVEL O F  DROSOPHILA 

Person in Charge: F .  P. Hungate 

This project  was i n i t i a t e d  in FY 1976 t o  examine the poss ib i l i ty  tha t  e l e c t r i c  f i e l d s  

induce changes in the  genetic mechanism of c e l l s .  Such an examination of potential  e f f e c t  i s  

d ic ta ted by the  increased general environmental awareness and the  recognition tha t  the  United 

Sta tes  i s  rapidly evolving toward increased dependence on energy delivered in the  form of 

e l e c t r i c i t y .  Thus, more frequent exposures of workers and the  public t o  higher e l e c t r i c  

f i e l d s  will occur unless there  a r e  demonstrable reasons t o  curb such f i e l d s .  While there  i s  

l i t t l e  evidence of biological damage from electromagnetic f i e l d s  (o ther  than from current  

flow), i t  i s  prudent t o  examine the poss ib i l i ty  f o r  such damage. The genetic system, funda- 

mental to  a l l  l iv ing organisms, comprises large  molecular species potent ia l ly  subject  t o  the  

forces  exerted in electromagnetic f i e l d s ,  and i s  a logical  subject  f o r  a study of possible 

e f f e c t s .  

An analys is  of electromagnetic e f f e c t s  has been made relevant to  a projected US Navy 

Communication System (Project  Sanguine), involving exposures of 1 i f e  forms to  f i e l d s  no 

greater  than a r e  common in US homes. In these s tud ies ,  involving only low f i e l d  s t rengths ,  

no genetic e f f e c t s  were ident i f ied .  In con t ras t ,  our study employs extremely high f i e l d s  

t o  determine whether e f f e c t s  can be detected a t  any f i e l d  s t rength ,  with the assumption t h a t  

demonstration of a pa r t i cu la r  e f f e c t  must precede any evaluation of the  relevance of t h a t  

e f f e c t  t o  exposures of workers in the e l e c t r i c  u t i l i t y  industry or  the general public. 

The study i s  i n i t i a l l y  directed toward evaluation of genetic changes induced by DC f i e l d s ,  

then moves to  a s imi lar  evaluation of e f f e c t s  from AC f i e l d s .  Data f o r  mutation frequencies 

in several bacterial  s t r a i n s  and in the  f r u i t  f l y ,  Drosophila, following exposure t o  DC f i e l d s  

have been obtained and are  now being examined f o r  an indication of t h e i r  s t a t i s t i c a l  

significance.  



ARE MUTATIONS INDUCED BY ELECTRIC FIELDS? 

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

F. P. Hungate, R. L. Richardson, and M. F. G i l l i s  

Technical  Assis tance:  

M. P.  F u j i h a r a  

'This r e p o r t  summarizes progress made du r i ng  t h e  f i r s t  year  i n  a s tudy  o f  t h e  mutagen- 

i c i t y  o f  e l e c t r i c  f i e l d s .  Several b a c t e r i a l  s t r a i n s  and t h e  f r u i t  f l y ,  Drosophi la ,  have been 

s t ud i ed  f o r  evidence of mu tagen i c i t y  f o l l o w i n g  exposure t o  DC f i e l d s  up t o  10 kV/cm. I n i t i a l  

da ta  suggest a mutagenic response f o l l o w i n g  exposure o f  d i v i d i n g  c e l l  systems i n  t h e  h igher -  

s t r e n g t h  f i e l d s  b u t  t he  p resen t  da ta  a r e  n o t  s u f f i c i e n t l y  c o n s i s t e n t  t o  r e l a t e  e f f e c t  t o  dose. 

Th i s  r e p o r t  descr ibes  r e s u l t s  from t e s t s  
w i t h  s t a t i c  (DC) f i e l d s .  Fu tu re  work w i t h  
a l t e r n a t i n g  (60  Hz AC) f i e l d s  w i l l  comple- 
ment t h e  p resen t  s tud ies .  

The f i e l d  was produced by app l y i ng  a 
vo l t age  t o  two f l a t ,  h o r i z o n t a l  , p a r a l l e l ,  
c i r c u l a r  copper e lec t rodes  25 cm i n  diame- 
t e r ,  t h e  edges o f  which were r o l l e d  away 
f rom the  space between t h e  p l a t e s  t o  
reduce edge f i e l d  s t r e n g t h  and t he  poss i -  
b i l  i t y  o f  corona (F i gu re  31.1). E lec t rode  
separa t ion  was ma in ta ined  w i t h  l u c i t e  
spacer r i n g s  20 cm i n  diameter, 0.3 cm 
t h i c k  and o f  v a r i a b l e  h e i g h t  (maximum 
6 cm). By connect ing severa l  such e l ec -  
t r o d e  p a i r s  i n  p a r a l l e l ,  u s i ng  spacers of 
d i f f e r i n g  he igh ts ,  severa l  f i e l d  s t r eng ths  
cou ld  be produced s imul taneously .  I n  most 
experiments, 2-cm and 6-cm spacers were 
used, g i v i n g  a t h r e e f o l d  d i f f e r e n c e  i n  
f i e l d  s t reng ths .  Each exposure "chamber" 
was supp l ied  s t e r i l e  h u m i d i f i e d  a i r  through 
smal l  p l a s t i c  tubes i n s e r t e d  i n t o  ho les  i n  
t h e  spacers. 

E a r l y  experiments used a Von H i p o t  
Tes te r ,  model C-1 , capable o f  producing 
100 kV DC. Most experiments used an 
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FIGURE 31.1 . Exposure System 

Associated Research DC Model 5270 power 
supply capable o f  45 kV DC. There was no 
v i s i b l e  o r  aud ib l e  corona, no de tec tab le  
odor o f  ozone, and t h e  power supply microam- 
meters i n d i c a t e d  t h a t  leakage cu r ren t s  were 
l e s s  than 0.1 The f i e l d  i n  t h e  exposure 
r eg i on  (unper turbed)  was c a l c u l a t e d  by 
d i v i d i n g  t h e  vo l t age  by t h e  e l e c t r o d e  
spacing. 

A l l  c o n t r o l s  were enclosed i n  i d e n t i c a l  
exposure chambers w i t h  zero vo l t age  on t h e  



e lec t rodes .  The i r  a i r  supply  was i n  par -  
a l l e l  w i t h  t h e  exper imenta l  groups. 

Three types of gene t i c  systems were used: 
The Mu l l e r - 5  t e s t  f o r  i n d u c t i o n  o f  sex- l inked  
l e t h a l s  i n  Drosophi la ,  Ames' h i s t i d i n e  
auxotroph+protot roph system i n  Salmonel la, 
and a  more general  t e s t  o f  i n d u c t i o n  o f  
r es i s t ance  t o  t e t r a c y c l i n e  i n  t h e  t44V 
s t r a i n  of Photobacterium f i s h e r i .  A l l  
exposures were performed a t  ambient tempera- 
t u r e  (22-24"C), us ing  10-cm p l a s t i c  p e t r i  
p l a t e s  w i t h  tops removed. 

Drosoph i la  males o f  t h e  Canton-S s t r a i n  
were exposed as a d u l t s  o r  i n  the  e a r l y  
pupal s tage and subsequently mated w i t h  
v i r g i n  Mu l l e r - 5  females. The F1 o f f s p r i n g  
were p a i r  mated and t h e  o f f s p r i n g  examined 
f o r  ev idence o f  sex- l inked  l e t h a l s .  

To eva lua te  t h e  p o s s i b i l i t y  o f  a  syner- 
g i s t i c  e f f e c t  o f  i o n i z i n g  r a d i a t i o n  and 
t h e  e l e c t r i c  f i e l d ,  a d u l t  f l i e s  were p laced 
i n  one o f  two exposure chambers, 1  meter 
from a  60Co gamma source. One chamber was 
connected t o  t h e  h i gh  vo l t age  w h i l e  f l i e s  
i n  t h e  o the r  served as c o n t r o l s .  Fol low- 
i n g  a c t i v a t i o n  o f  t h e  e l e c t r i c  f i e l d  
( 6  kV12 cm) t he  gamma source was ra i sed  
f o r  6  min t o  g i v e  1500 rads and t h e  e l e c t r i c  
f i e l d  was mainta ined f o r  an a d d i t i o n a l  
2  h r .  A t  t h e  same t ime an a d d i t i o n a l  p a i r  
o f  exposure chambers was p laced  ou t s i de  
t h e  gamma f i e l d ,  one e l e c t r i c a l l y  a c t i v a t e d  
and t h e  o the r  n o t  ac t i va ted .  

Salmonel la s t r a i n s  used were TA-100 
and 1535, which mutate p r i m a r i l y  by base 
p a i r  s u b s t i t u t i o n ,  and TA-98 and 1537, 
which mutate p r i m a r i l y  by f r amesh i f t .  
Standardized c u l t u r e s  i n  l o g  growth phase 
were prepared and 20-1111 a1 i q u o t s  were 
p laced i n  s t e r i l e  p l a s t i c  p e t r i  d ishes f o r  
exposed and c o n t r o l  c u l t u r e s .  Growth i n  
t he  f i e l d  and i n  c o n t r o l  c u l t u r e s  was 
a l lowed w i t h o u t  shaking f o r  16-18 h r ,  
w i t h  approximate ly  f o u r  c e l l  doubl ings.  
Fo l l ow ing  exposure, t h e  c e l l s  were washed 
and p l a t e d  on agar p l a t e s  con ta i n i ng  
minimal medium. The number o f  co l on i es  on 
t he  min imal  p l a t e s  grown a t  37' was de te r -  
mined 3  days l a t e r ,  each co lony  represen t -  
i n g  a  mutant. A l i q u o t s  o f  t h e  p r imary  
suspensions were p l a t e d  on medium con ta in -  
i n g  h i s t i d i n e  t o  eva lua te  t he  t o t a l  number 
o f  c e l l s  i n  t h e  suspension. Cont ro l  
c u l t u r e s  were t r e a t e d  s i m i l a r l y  and concur- 
r e n t l y  w i t h  t h e  exposed c u l t u r e s .  The MAV 
s t r a i n  was t es ted  i n  a  s i m i l a r  manner, 
except  t h a t  t he  i n i t i a l  shake c u l t u r e s  
were grown a t  25" i n  medium con ta i n i ng  
h i gh  s a l t ,  and mutants were de tec ted  by 
t h e i r  a b i l i t y  t o  grow on s o l i d  medium 
c o n t a i n i n g  2.5 pg t e t r a c y c l i n e l m l .  

f i e l d s :  p o l a r i z a t i o n  of t h e  f l i e s  produced 
d i s t i n c t  e r e c t i o n  o f  t h e i r  wings a t  
1.5 kV1cm; when i n  d i r e c t  con tac t  w i t h  
t h e  metal e lec t rode ,  t h e  f l i e s  accumulated 
f ree  charge and exper ienced an e l e c t r o -  
s t a t i c  f o r ce  toward t he  oppos i t e  e lec t rode .  
A t  > 2  kVIcm, t h i s  f o r c e  i s  s u f f i c i e n t  t o  
p u l l  them of f  one e l ec t r ode  and t r a n s p o r t  
them r a p i d l y  t o  the  o ther ,  where they  
accumulate a  charge o f  t h e  oppos i te  s i gn  
and t h e  process i s  repeated, t h e  f l i e s  
bouncing r a p i d l y  between t he  p l a t e s .  I f  
t h e  f l i e s  remain on a  p e t r i  d i s h  (noncon- 
duc t ing)  o r  on the  food  i n  i t ,  f r e e  charge 
i s  n o t  accumulated and t h i s  phenomenon 
does n o t  occur .  The f l i e s  a r e  s t i l l  
p o l a r i z e d  by t h e  f i e l d ,  however, and a c t  
as small  d i po l es .  Thus, they can s t i c k  t o  
each o the r  and form chains which a l i g n  
w i t h  the  f i e l d ,  an extreme s i t u a t i o n  being 
the  fo rmat ion  o f  a  cha in  which reaches 
f rom one e l ec t r ode  t o  another .  Cur ren t  
f l o w  through the  cha in  k i l l s  t h e  f l i e s  
i n s t a n t l y ,  o f  course, b u t  t h e  p o l a r i z e d  
cha in  o f  carcasses remains. 

There was no evidence f rom a  p r e l i m i n a r y  
s tudy t h a t  a  DC f i e l d  augmented t h e  f requency 
o f  sex- l inked  l e t h a l s  i n  mature sperm over  
t h a t  produced by 1500 rads o f  gamma r a d i a t i o n .  
The data ob ta ined  a r e  shown below. 

Exposure Muta t ion  Frequency % 

Cont ro l  (no gamna, no OC f i e l d )  0.6 (2  mutantsl333) 

Gamna on ly  5.3 (10 mu tan t s l l 89 )  

Gamna + 3 kV/cm 3.6 (91248) 

OC f i e l d  on l y  13 kV/cm) 0.6 (21313) 

Drosoph i la  a d u l t  males exposed f o r  
13 days t o  1  kV/cm were mated w i t h  v i r g i n  
Mu l le r -5  females and t h e  F1 o f f s p r i n g  then 
i n d i v i d u a l l y  mated, w i t h  subsequent inspec-  
t i o n  o f  t he  F2 genera t ion  o f  mutat ions.  
These f l i e s  showed a  3% mu ta t i on  f requency 
(41139) w h i l e  t h e  c o n t r o l s  gave a  1% 
frequency (1194). A  s i m i l a r  s e r i e s  a t  
3  kV/cm f a i l e d  e a r l y  i n  t h e  t e s t  due t o  
b r i d g i n g  o f  t h e  space between t he  e l ec t r odes  
w i t h  f l i e s .  

S ince exposure o f  mid and e a r l y  pupal 
stages t o  i o n i z i n g  r a d i a t i o n  leads t o  
h igher  muta t ion  f requencies,  pupae 0-48 h r  
and 48-72 h r  pos t -pupat ion  were exposed 
f o r  48 h r  t o  3  and 0.75 kV1cm w i t h  appro- 
p r i a t e  mat ings.  The r e s u l t s  a r e  shown below. 

Muta t ion  Frequency 
Pupal Age a t  S t a r t  

o f  Exposure ( h r )  3 kV/cm 0.75 kV/cm 0 kV/cm 

I r r e l e v a n t  and undes i r ab l e  s t a t i c  
e l e c t r i c a l  e f f e c t s  occurred w i t h  h i g h  



Salmonel la s t r a i n s  TA-100 (muta t ion  by 
base s u b s t i t u t i o n )  and TA-98 (muta t ion  by 
f r a m e s h i f t )  have been e x t e n s i v e l y  s tud ied ,  
w i t h  TA-100 showing a  c o n s i s t e n t l y  increased 
mu ta t i on  frequency f o l l o w i n g  exposure t o  
DC f i e l d s  i n  excess of 7 kV/cm. Subs tan t i a l  
v a r i a t i o n  i n  t h e  da ta  prevents any ex t r ap -  
o l a t i o n  t o  lower  f i e l d  s t r eng ths  a t  t h i s  
t ime.  

Data from s t r a i n  TA-98 f a i l  t o  i n d i c a t e  
any evidence o f  muta t ion  e f f e c t s  w i t h  
vo l tages  up t o  10 kV/cm, suggest ing t h a t  
misreading i n  t h e  -C-G-C-G-sequence, by 
which TA-98 p r i m a r i l y  r e v e r t s ,  does n o t  
occur .  

Muta t ion  t o  t e t r a c y c l i n e  r e s i s t a n c e  i n  
t h e  g e n e t i c a l l y  undef ined MAV s t r a i n  o f  
Photobacterium f i s h e r i  has c o n s i s t e n t l y  
occurred w i t h  DC vo l tages  up t o  7.5 kV/cm. 
The data have n o t  y e t  been s t a t i s t i c a l l y  
analyzed, so i t  i s  n o t  p o s s i b l e  t o  i n f e r  
t he  na tu re  o f  t he  r e l a t i o n s h i p  between 
e f f e c t  and f i e l d  s t r eng th .  

I t  i s  a b s o l u t e l y  e s s e n t i a l  t h a t  these 
da ta  be considered p r e l i m i n a r y  and sub jec t  
t o  f u r t h e r  eva lua t i on  based on cont inued 
exper imentat ion.  A  conduct ing body p laced 
i n  a  DC e l e c t r i c  f i e l d  w i l l ,  i n  a  very  s h o r t  
t ime, have zero f i e l d  i n  i t s  i n t e r i o r .  
Thus, i t  i s  d i f f i c u l t  t o  comprehend how 
even t h e  ext remely l a r g e  DC f i e l d s  used i n  
these experiments can i n f l u e n c e  gene t i c  

ma te r i a l  i n  a  l i v i n g  c e l l .  Other  sources o f  
e f f e c t  which we must cons ider  and i n v e s t i -  
ga te  i n c l u d e  i n s e n s i b l e  ozone, mechanical 
s t resses  due t o  e l e c t r o s t a t i c  fo rces ,  a1 t e r a -  
t i o n  of  a i r  i o n  d i s t r i b u t i o n  o r  concentra-  
t i o n ,  a i r  i o n  cu r ren t ,  con tamina t ion  o f  a i r  
by e l e c t r i c a l l y  leached c o n s t i t u e n t s  f rom 
m a t e r i a l s  i n  t h e  f i e l d ,  " l o c a l  corona" and 
ozone p roduc t i on  a t  t h e  su r f ace  o f  t he  sub- 
j e c t  due t o  f i e l d  enhancement by t h e  s u b j e c t  
and t ime-vary ing  " r i p p l e "  vo l t age  on t h e  
power supp ly  ou tpu t ,  t o  name a  few. We 
b e l i e v e  we have e l im ina ted  ambient ozone 
w i t h  t he  f low ing  a i r  system; t o t a l  a i r  i o n  
cu r ren t s  a r e  n o t  d e t e c t i b l e  ( l e s s  than 
0.1 PA), and r i p p l e  vo l t age  i s  ve r y  smal l  
( l e s s  than 2% o f  t he  a p p l i e d  DC vo l t age ) .  
R ipp l e  i s  an impor tan t  a r t i f a c t ,  s i nce  a l t e r -  
n a t i n g  e l e c t r i c  f i e l d s  produce c u r r e n t  
d e n s i t i e s  i n  conduct ing bodies which a r e  
p ropo r t i ona l  t o  t he  frequency of t he  f i e l d ,  
and the  smal l  r i p p l e  on t y p i c a l  power sup- 
p l i e s  may have very  h igh- f requency components 
(no t ,  however, observed on t he  o s c i  1  loscope 
used t o  cha rac te r i ze  t h i s  f i e l d )  . T rans ien t  
cu r ren t s  produced by t u r n i n g  t he  f i e l d  on 
and o f f  a re  e a s i l y  min imized by changing 
t h e  vo l t age  s low ly .  

S tud ies  w i t h  a l t e r n a t i n g  f i e l d s  a re  
planned. We a l s o  p l an  t o  r epea t  some of 
t h e  t e s t s  r epo r t ed  here us i ng  se r i es -  
connected b a t t e r i e s  as a  source of vo l tage ,  
thereby e l i m i n a t i n g  comple te ly  t h e  poss i -  
b i l i t y  o f  r i p p l e .  



APPENDIX 



DOSE-EFFECT STUDIES WITH INHALED PLUTONIUM I N  BEAGLES 

On t h e  f o l l ow ing  pages data a re  presented on se lec ted  parameters r e l a t i v e  t o  t h e  c u r r e n t  

i i f e - span  dose-e f fec t  s t u d i e s  w i t h  i nha led  239~u02 ,  238~u02,  and 2 3 9 ~ u  n i t r a t e  i n  beagles. 

In fo rmat ion  i s  presented on t h e  est imated i n i t i a l  a l v e o l a r  depos i t i on  based on ex te rna l  

thorax  counts a t  14 and 30 days postexposure and on est imated l ung  weights,  assuming l u n g  

weights o f  0.011 X body we igh t  a t  t h e  t ime of exposure. In fo rmat ion  i s  a l s o  p rov ided  on t h e  

c u r r e n t  i n t e r p r e t a t i o n  o f  t h e  most prominent c l i n i c a l - p a t h o l o g i c a l  features associated w i t h  

t h e  death o f  animals. The da ta  represen t  t h e  in fo rmat ion  p resen t l y  a v a i l a b l e .  Ce r t a i n  

va lues and diagnoses may be updated as new i n f o rma t i on  becomes a v a i l a b l e .  The da ta  a re  

presented as r e fe rence  f o r  s c i e n t i s t s  who d e s i r e  t o  f o l l ow  i n  d e t a i l  t h e  progress of these 

experiments. 
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S o c i e t y  Meeting, San Francisco,  CA, June 27 - 
J u l y  2, 1976. 

Cra ig,  D. K., W. C. Cannon, M. D. A l l e n ,  
and W. T. Kaune. New techniques f o r  t h e  
con t inuous  g e n e r a t i o n  o f  v a p o r i z a t i o n -  
condensat ion aeroso ls  f rom r e f r a c t o r y  
m a t e r i a l s .  N i n t h  Aerosol  Technology Meeting, 
Bat te l le-Columbus,  Columbus, OH, 
October 21 -22, 1976. 

Dagle, G. E. C l a s s i f i c a t i o n  o f  pulmonary 
neoplasms. Canine Pathology Col loquium, 
Estes Park, CO, August 16-17, 1976. 

Dagle, G. E., R. E. F i l i p y ,  R. R. Adee, and 
B. 0. S t u a r t .  Morphogenesis o f  pulmonary 
h y a l i n o s i s  i n  dogs. American Co l lege  o f  
V e t e r i n a r y  P a t h o l o g i s t s  Meeting, Miami, FL, 
December 4, 1976. 

F r a z i e r ,  M. E. Evidence f o r  RNA tumor 
v i r u s  i n  leukemic m i n i a t u r e  swine. Seminar 
and Advanced V i r o l o g y  Lec tu re ,  U n i v e r s i t y  
o f  Montana, Missoula,  MT, May 25, 1976. 

F r a z i e r ,  M. E., L. P. M a l l a v i a ,  and 
F. Akiya. DNA polymerase a c t i v i t y  i n  
t i s s u e s  f rom m i n i a t u r e  swine c h r o n i c a l l y  
exposed t o  90Sr .  24 th  Annual R a d i a t i o n  
Research S o c i e t y  Meeting, San Francisco,  
CA, June 27 - J u l y  2, 1976. 

Gruber, H. X-ray and proton- induced u l t r a -  
s t r u c t u r a l  changes i n  Chlamydomonas 
r e i n h a r d i .  2 4 t h  Annual R a d i a t i o n  Research 
S o c i e t y  Meetinq, San Francisco,  CA, 
June 27 - ~ u l ~ - 2 ,  1976. 



Wackett,  P. L .  and M. R. S ikov.  Cross- 
p l a c e n t a l  t r a n s f e r  and e m b r y o t o x i c i t y  o f  
l ead  i n  r a t s .  Annual Meet ing o f  t h e  S o c i e t y  
f o r  Exper imenta l  B i o l o g y  and Medic ine,  
P o r t l a n d ,  OR, October 30, 1976. 

Hampton, J .  C . ,  H. Drucker, L .  C .  N e i l ,  and 
J .  T. Cresto.  I n t r a c e l l u l a r  l o c a l i z a t i o n  
of 35S-WR2721 i n  mice. 24 th  Annual Radia- 
t i o n  Research S o c i e t y  Meeting, San Francisco,  
CA, June 27 - J u l y  2, 1976. 

Hungate, F. P. Chronic  b lood  i r r a d i a t i o n :  
A new approach. Seminar, Mol Labora to ry ,  
Belgium and t h e  R a d i o b i o l o g i c a l  I n s t i t u t e ,  
Ryswi j k ,  The Nether lands.  

Mahlum, D. D. and M. R. S ikov.  A l t e r a t i o n  
of 239Pu metabol ism by pregnancy and l a c t a -  
t i o n .  24 th  Annual R a d i a t i o n  Research 
S o c i e t y  Meeting, San Franc isco ,  CA, 
June 27 - J u l y  2, 1976. 

Park, J. F. Animal exposure methods f o r  
e v a l u a t i n g  c a r c i n o g e n i c i t y  o f  i n h a l e d  
p o l l u t a n t s .  Symposium on I n h a l a t i o n  T o x i -  
co logy:  Carc inogenic  T e s t i n g  Fac i  1 i t i e s  and 
T e s t  Design, A t l a n t a ,  GA, May 16-21, 1976. 

Ragan, H. A., C .  R. Watson, and J.  F. Park. 
Hematologic da ta  h a n d l i n g  and analyses i n  
l i f e - s p a n  s t u d i e s  w i t h  beagles. American 
S o c i e t y  o f  V e t e r i n a r y  C l i n i c a l  P a t h o l o g i s t s  
Meeting, C i n c i n n a t i ,  OH, J u l y  18-19, 1976. 

Ragan, H. A. E f f e c t s  o f  c h r o n i c  c i g a r e t t e  
smoking on p l a t e l e t  f u n c t i o n s  and coagula- 
t i o n  i n  beagles. American S o c i e t y  o f  
Hematology Meeting, Boston, MA, December 
4-7, 1976. 

Sanders, C .  L .  I n h a l a t i o n  ca rc inogenes is  
o f  t r a n s u r a n i c s .  Seminar, IRTI  , Albuquerque, 
NM, January 5-8, 1976. 

Sanders, C .  L. I n h a l a t i o n  carc inogenesi  s 
from t r a n s u r a n i c  ox ides .  Seminar, B i o l o g y  
Department, B a t t e l l  e-Northwest , Rich1 and, 
WA, January 20, 1976. 

Sanders, C .  L .  T ransuran ic  pulmonary 
ca rc inogenes is .  Seminar, Harvard U n i v e r s i t y ,  
Cambridge, MA, May 19, 1976. 

Sanders, C .  L .  and G. E. Dagle. I n h a l a t i o n  
t o x i c o l o g y  o f  244Cm02. H e a l t h  Physics 
S o c i e t y  Meet ing , San Franc isco ,  CA, 
June 27 - J u l y  2, 1976. 

Sanders, C .  L. ,  R. R. Adee, K. Rhoads, and 
R. M. Madison. L i f e  h i s t o r y  o f  p lu ton ium 
d i o x i d e  i n  t h e  lung :  From macrophage t o  
carcinoma. 1 6 t h  Annual Hanford B i o l o g y  
Symposium, B a t t e l  le-Nor thwest ,  Rich land,  
MA, September 27-29, 1976. 

S ikov,  M. R., W. C .  Cannon, and D. D. 
Mahlum. Comparison o f  t h e  d e p o s i t i o n  and 
r e t e n t i o n  o f  i n h a l e d  Z39PuO2 i n  newborn and 
a d u l t  r a t s .  24 th  Annual R a d i a t i o n  Research 
S o c i e t y  Meeting, San Francisco,  CA, 
June 27 - J u l y  2, 1976. 

S ikov ,  M. R. E m b r y o t o x i c i t y  o f  u l t r a s o u n d  
exposure a t  n i n e  days g e s t a t i o n  i n  t h e  r a t .  
Pos te r  P r e s e n t a t i o n  a t  2 4 t h  Annual R a d i a t i o n  
Research S o c i e t y  Meeting, San Francisco,  
CA, June 27 - J u l y  2, 1976. 

Smith, V .  H. C h e l a t i o n  the rapy  and l a t e  
e f f e c t s .  L a t e  E f f e c t s  Col loquium, San 
Francisco,  CA, June 27. 1976. 

S t u a r t ,  B. 0. S tud ies  of t h e  c h r o n i c  
i n h a l a t i o n  of d i e s e l  engine exhaust. 
Seminar, U n i v e r s i t y  o f  Rochester,  School 
of Medic ine and D e n t i s t r y ,  Rochester,  NY, 
J u l y  22, 1976. 

S t u a r t ,  B. 0. I n h a l a t i o n  hazards generated 
by n u c l e a r  and f o s s i l  f u e l  energy techno lo -  
g i e s .  Seminar, Massachusetts I n s t i t u t e  o f  
Technology, Cambridge, MA, October 25, 
1976. 

S u l l i v a n ,  M. F., J .  L. Beamer, and T. D. 
Mahony. The response of normal t i s s u e s  t o  
an i n t r a c a v i t a r y  exposure t o  c a l i f o r n i u m -  
252. I n t e r n a t i o n a l  Symposium on 
Ca l i fo rn ium-252  U t i l i z a t i o n ,  B russe ls ,  , 

Belgium, A p r i l  22-24, 1976. 

S u l l i v a n ,  M. F. The hazard o f  i nges ted  
r a d i o n u c l i d e s  t o  t h e  newborn. 24 th  Annual 
R a d i a t i o n  Research S o c i e t y  Meet ing , San 
Francisco,  CA, June 27 - J u l y  2, 1976. 

S u l l i v a n ,  M. F., J .  L. Beamer, T. D. 
blahony, F.  T. Cross, J .  E. Lund, and G. W. R. 
Endres. The long- te rm e f f e c t s  o f  an i n t r a -  
c a v i t a r y  t rea tment  w i t h  c a l i f o r n i u m - 2 5 2  on 
normal t i s s u e s .  IAEA Symposium on Radio- 
b i o l o g i c a l  Research Needed f o r  t h e  Improve- 
ment o f  Radiotherapy.  Vienna, A u s t r i a ,  
November 22-26, 1976. 

S u l l i v a n ,  M. F. Has t h e  Hanford m i n i p i g  
p rov ided  i n f o r m a t i o n  u s e f u l  t o  t h e  r a d i o -  
t h e r a p i s t  needing an i m p l a n t a b l e  neu t ron  
source? Seminar, B i o l o g y  Department, 
B a t t e l  le-Nor thwest ,  Rich land,  WA, December 
14, 1976. 

Veal, J .  T. Technique f o r  assay o f  n i c o -  
t i n e  and c o t i n i n e  i n  b lood  and u r i n e .  
Seminar, I l l i n o i s  I n s t i t u t e  o f  Techn ica l  
Research Chicago, I L ,  J u l y  20, 1976. 



Wierman, E .  L. and V.  G. Horstman. Techni- Wildung, R.  E.,  H. Drucker, T. R.  Garland, 
ques f o r  reduc ing  newborn m o r t a l i t y  r a t e s  and R .  A. Pe l roy .  Transformat ion o f  t r a c e  
i n  a beagle breeding colony.  27th Annual meta ls  by s o i  1 microorganisms. ASA, CSSA, 
Session o f  t h e  American Assoc ia t i on  f o r  and SSSA Annual Meetings, Houston, TX, 
Labora to ry  Animal Science, Houston, TX, November 28 - December 3, 1976. 
November 7-1 2, 1976. 

Wildung, R.  E. and H. Drucker. The r e l a t i o n -  
sh i p  o f  m i c rob ia l  processes t o  t he  f a t e  of 
t r ansu ran i c  elements i n  so i  1. Nevada 
App l ied  Ecology Group Symposium on t he  
Dynamics o f  Transuranics i n  T e r r e s t r i a l  and 
Aquat ic  Environments, Gat1 inburg ,  TN, 
October 5-7, 1976. 
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1976 
BIOLOGY DEPARTMENT STAFF 

W i l l i a m  R. Wiley, Ph.D. - Manager 
Marguer i te  S. Stack - Secre ta ry  

James F. Park, D.V.M. - Associate Manager 
J u d i t h  A. R i s i ng  - C le rk  
David G. Ryden - J r .  Technic ian ( 1 )  

M u r l i n  F. G i l l i s ,  M.S., D.V.M. - Manager, P r o j e c t  Development 
Frank P. Hungate, Ph.D. - Educat ion and T ra i n i ng  Coordinator  

Roy C. Thompson, Ph.D. - Sr .  S t a f f  S c i e n t i s t ,  ERDA Hea l th  and Safe ty  Research 
Coordinator  

J u d i t h  A. R i s i ng  - C le r k  
Debbie L. A t k i n  - C le rk  
P a t r i c i a  M. B res ina  - C le rk  
Joanne E. Olsen - Technical T y p i s t  

Ray F. Hultman - Senior  S p e c i a l i s t  - F a c i l i t i e s  Manager 
Russel l  D. Tucker - S p e c i a l i s t  I 1  

Gertrude G. Haggard - C le rk  
Andrew S. Bates - J r .  Technic ian (2,3) 
Kenneth K. Baugh - Technic ian ( 4 )  
N e l l  P. Couch - Recep t i on i s t  
Debra A. Evans - C le rk  ( 4 )  
L inda L. Kemp - Recep t i on i s t  ( 2 )  
E l i zabe th  J. Kinney - J r .  Technic ian (2,3) 
L inda K. Lane - C le rk  
Cather ine M. P ra ino  - Recep t i on i s t  (2,3) 
P a t r i c i a  R. Saucier  - C le rk  (1 )  
Sharon K. Shepard - C le rk  
Jean I. Tegner - C le r k  (1,4) 
Bruce E. Wi lson - J r .  Technic ian (2,3) 

LIBRARY 

E l i zabe th  H. G r o f f  (Technical  Serv ices Department) - L i b r a r i a n  (3 )  
Harry George (Technical  Serv ices Department) - L i b r a r i a n  

Zona G. Wr igh t  (Technical  Serv ices Department) - C le rk  

TECHNICAL EDITOR 

Dvara L. Fel ton,  B.A. (Communications Department) - Technical E d i t o r  

BUSINESS AND OPERATIONS 

Te r r y  D. Blankenship, B.A. (Finance Department) - F i nanc ia l  S p e c i a l i s t  ( 4 )  
Kathy S. M iko ls ,  B.S., M.B.A. (Finance Department) - F inanc ia l  S p e c i a l i s t  
Roger A. Pol l a r i  , B.A. (Finance Department) - F i nanc ia l  S p e c i a l i s t  

Ruth E. Palmer (Finance Department) - C le rk  

RADIONUCLIDE COUNTING FACILITY 

A r t hu r  C.  Case, B.A. (Rad io log ica l  Sciences Department) 



BIOMETRICS _CENTER 

Pro fess iona l  S t a f f  Technical  S t a f f  

Jess i e  L. Burns, B.A. (Systems Dept.) Kim I,. Bainard (Systems Dept.) ( 5 )  
Ray L. Buschbom, M.A. (Systems Dept.) M a r j o r i e  I. Cochran (Ecosystems Dept. ) 
Pam Doctor, Ph.D. (Systems Dept.) Ka th ie  Eschbach (Systems Dept. ) ( 2 )  
E the l  S. G i l b e r t ,  Ph.D. (Systems Dept.) James M. McIn ty re  (Systems Dept.) ( 2 )  
V. Ma i t l and  Lee, A.B. (Systems Dept.) L o r r i e  McVey (Systems Dept . )  ( 2 )  
Judy A. Mahaffey, M.S. (Systems Dept.) Sarah L. Owzarski,  B.A. (Systems Dept . )  
Don L. Stevens, Ph.D. (Systems Dept.) Jacque l ine  C. Wal l a ce  (Systems Dept.) @I 

John R. Tadlock, A.B. (Systems Dept.) 
John M. Thomas, Ph.D. (Ecosystems Dept. ) 
Paul E. Tucker, B.A. (Systems Dept.) 
Char les R. Watson, Ph.D. (Systems Dept.) 

Northwest Col lege and U n i v e r s i t y  Assoc ia t i on  f o r  Science Fel lows (NORCUS) 

Mary A. H i l l ,  B.A. 
U n i v e r s i t y  o f  Puget Sound 
Tacoma, Washington 

(1  ) Cooperat ive O f f  i c e  Educat ion Program (COE) 
(2 )  Hour ly  
( 3 )  Terminated 
( 4 )  T rans fe r red  t o  another  Department 
( 5 )  I n q u i r y  I n t o  Science Program (11s)  



EXPERIMENTAL PATHOLOGY SECTION 

John E. Lund, D.V.M., Ph.D., A.C.V.P. - Manager 
Harvey A. Ragan, D.V.M. - Assoc ia te  Manager 

Jeane t te  F. Hunt - Secre ta ry  
J u d i t h  M. Proud - C l e r k  
J u d i t h  E. Beck - C l e r k  ( 1 )  

Pro fess iona l  S t a f f  Technica l  S t a f f  

Gera ld E. Dagle, D.V.M., Ph.D., 
A.C.V.P. 

Ronald E. F i l i p y ,  Ph.0. 
Michael J. Free, Ph.0. 
Robin M. Madison, A.A., A.S.C.P., H.T. 
K e i t h  E. McDonald 
Roger A. Renne, D.V.M., A.C.V.P. 
L inda G. Smith, M.S. 
Gary M. Zwicker, D.V.M., Ph. D., 

A.C.V.P. 

Kathryn H. Debban, B.S., A.S.C.P., M.T. ( 1 )  
Kar la  M. Dragoo 
Eugenia T. Edmerson 
Sandra L. Eng l i sh ,  B.S., A.S.C.P., M.T. 
Caro le A. Fankhauser (2,3) 
V i c t o r  T. Fauber t  
Ca ther ine  M. Ferguson ( 3 )  
Rober t  F. F l o r e s  
K e l l y  L. Furner  (2,3) 
Franna S. Gerber, A.T. 
L inda S. Gorham, A.A. 
Donna M. Jeske 
S h e r r i  L. Krum 
W i l l i a m  W .  Laegre id  ( 1 )  
Barbara G. Moore 
Miche le  E. Moser ( 2 )  
Martha C. Perk ins  
Marc ia J .  Pipes, B.S., A.S.C.P., M.T. 
Roger B. Samples, B.S. 
Sandra L. S c h i v e l y  ( 2 )  
Janet  R. Smith ( 1 )  
Judy K. Sweeney, B.A. ( 1 )  
Bonnie B. Thompson 

Consul tants  

W .  W .  C a r l t o n ,  D.V.M., Ph.D., A.C.V.P. S. S. Schmidt, M.D. 
Purdue U n i v e r s i t y  P r i v a t e  P r a c t i c e  
West L a f a y e t t e ,  Ind iana  Eureka, C a l i f o r n i a  

S. N ie lsen ,  D.V.M., Ph.D., A.C.V.P. 
U n i v e r s i t y  o f  Connec t i cu t  
S t o r r s  , Connec t i cu t  

Northwest C o l l  ege and U n i v e r s i t y  A s s o c i a t i o n  f o r  Science F e l l  ows (NORCUS) 

Carol E. McNinch 
F t .  Wr igh t  Co l lege  
Spokane, Washington 

(1) Hour ly  
(2 )  I n q u i r y  I n t o  Science Program (11s)  



INHALATION TECHNOLOGY AND TOXICOLOGY SECTION 

Douglas K. Cra ig,  Ph.D. - Manager 
Bruce 0. S tua r t ,  Ph.D. - Associate Manager 

V i r g i n i a  J .  Choate - Secre ta ry  (1 ) 
L inda C. Wood - Secre ta ry  
Barbara J. Cole, B.A. - C le r k  
Mona G. Edwards - C le rk  
Dorothy I. McDonald - Secre ta ry  ( 2 )  
E l i zabe th  A. S e l l e r s  - C le rk  ( 3 , l )  

P ro fess iona l  S t a f f  Technical  S t a f f  

Michael D. A l len ,  M.S. 
F loyd D. Andrew, Ph.D. 
John E. Ba l lou ,  Ph.D. 
James L. Beamer, B.S. 
F rede r i c k  G. Burton, Ph.D. 
W i l l i a m  C .  Cannon, Ph.D. 
Dennis L. C a t t  
John R. Decker, B.S., E.E. 
A. Jay Gando l f i ,  Ph.D. 
John C. Gaven 
P a t r i c i a  L. Hacket t ,  Ph.D. 
John P. Her r ing ,  A.A. 
Dennis L. Hjeresen, B.S. 
Hisamasa Joshima, Ph.D. (4,2) 
Richard A. J a f f e ,  Ph.D. 
Manuel T. Karagianes, D. V .M.  
W i l l i a m  T. Kaune, Ph.D. 
Susan M. Loscu to f f ,  Ph.D. 
Dennis D. Mahlum, Ph.D. 
Owen R. Moss, Ph.D. 
Ray F. Palmer, M.S. 
Daniel W .  Phelps, Ph.D. 
Richard D. P h i l l i p s ,  Ph.D. 
Gerald J .  Powers 
Me l v i n  R. Sikov, Ph.D. 
He rbe r t  E.  Stevens 
Jack T. Veal,  Ph.D. ( 2 )  
A l f r ed  P. Wehner, Dr. Med. Dent. 
Donald H. W i l l a r d ,  M.S. 
Karen Zawlocki ,  B.S. ( 7 , l )  

Juan i t a  S. Ba rne t t  
Louisa J .  Beal ( 2 )  
Edwin F. B lan ton  
James K. B r i a n t ,  B.S. 
James H .  Chandon, B.S. 
A. Jacque l ine  C la ry  
Gayle L. C o l l i n s ,  B.S. 
Mary J .  Conger, A.A. 
Henry S. DeFord, B.S. 
Alan W .  Endres (5,2) 
Cra ig  R. Endres ( 6 )  
Martha F. England, B.A. ( 6 )  
Benjamin R .  G a r r i t y  
Richard A. Gies, B.A. 
Juan A. Gonzales ( 2 )  
J u l i e  L. Gur t i son  
Edward (1. Gu th r i e  ( 6 )  
Kathleen R.  Hanson, B.S. 
L inda F.  Haug, B.S. 
Joan 0. Hess 
David I. H i l t o n ,  B.S. 
Daniel W .  Hole 
Darlene H. Hunter 
Sher ia G .  I r b y  ( 2 )  
Gerald D. I r w i n  
Debora L. J e f f s  
Bruce W. K i l l a n d ,  B.S. 
Edward G. K u f f e l ,  A.A. 
Mary J .  Kujawa, B.S. ( 2 )  
James R.  L a i d l e r  ( 5 )  
Lyn L. Lang 
Stanley J .  Lepka ( 2 )  
Lau r i e  J .  Lucke ( 2 )  
Kar la  J .  Mapstead, B.S. 
Sybi 1 McCormack 
Judy S. Meyer ( 2 )  
Michael C. M i l l e r  
Edward M. M i l l  iman 
La r r y  D. Montgomery, B.A. 
Ramona L. Music, B.S. 
R. Faye Myers, B.S. 



Technical  S ta f f  ( con t inued)  

Linda C.  Orem, Vet. Tech. 
Leonard R. Peters 
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