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SUMMARY 

O f  spec ia l  i n t e r e s t  i n  t h i s  r e p o r t  i s  t h e  demonstrat ion o f  pronounced 

adrenal  uptake i n  r a t s  of 117mSn-1abeled 2 3 - ( t r i m e t h y l  stanna)-24-nor-5a- 

c h o l a n - 3 ~ - 0 1 .  Th i s  unusual s t e r o i d  i s  an analog o f  c h o l e s t e r o l  i n  which 

t h e  s i de  cha in  t e rm ina l  i sop ropy l  group has been rep laced  w i t h  t h e  t r i -  

m e t h y l t i n  mo ie ty .  The adrena1:blood and ad rena1 : l i ve r  r a t i o s  were 33: l  

and 9:1, r e s p e c t i v e l y ,  o n l y  one day a f t e r  in t ravenous  a d m i n i s t r a t i o n  o f  t h e  

rad io1  abel ed s t e r o i d .  A  v a r i e t y  o f  117mSn-l abel  ed s t e r o i d s  w i t h  s t r u c t u r a l  

m o d i f i c a t i o n s  o f  t h e  nuc leus and s i d e  cha in  were a l s o  prepared t o  determine 

t h e  e f f e c t s  o f  s t r u c t u r a l  m o d i f i c a t i o n s  on t h e  adrenal uptake o f  these 

unusual s t e r o i d s .  The r e s u l t s  o f  t i s s u e  d i s t r i b u t i o n  s t u d i e s  i n  r a t s  

i n d i c a t e  t h a t  t he  impor tan t  s t r u c t u r a l  f e a t u r e s  r e q u i r e d  . f o r  s i g n i f i c a n t  

adrenal  uptake i n c l u d e  an a l l  trans r i n g  j unc tu re ,  an e q u a t o r i a l  C-3 

hydroxy l  group, and a  s i d e  cha in  o f  moderate l e n g t h .  

The d i f f u s i o n  chamber assay system (ORNL/TM-6639, 6771, and 6958) has 

been assessed as a  means o f  i n v e s t i g a t i n g  t h e  t o x i c i t y  and b i o l o g i c a l  f a t e  

o f  t r a c e  elements f rom energy techno log ies .  D i f f u s i o n  chambers c o n t a i n i n g  

a  hurrlan embryonic 1 ung c e l l  1  i n e  were implanted i n  t h e  p e r i t o n e a l  c a v i t i e s  

o f  r a t s .  I n  a  p r e l i m i n a r y  exper iment,  t h e  c e l l  p o p u l a t i o n  i n  chambers 

f r om r a t s  exposed t o  As203 (15 mg/kg) was i n h i b i t e d  48% one day a f t e r  t r e a t -  

ment compared t o  c e l l s  f rom chambers o f  c o n t r o l  an imals  admin is te red  o n l y  

sa l  i n e .  

I n  t h i s  progress r e p o r t ,  t h e  r e s u l t s  o f  c o n t i n u i n g  s t u d i e s  w i t h  'IbSe, 

l l C ,  and 19SmPt-1 abel  ed agents a r e  a1 so descr ibed.  Several  7 5 ~ e - l  abel ed 

long-cha in  f a t t y  a c i d s  were prepared t o  determine t h e  e f f e c t s . o f  t o t a l  

cha in  l e n g t h  and t h e  p o s i t i o n  o f  t h e  selenium heteroatom on h e a r t  uptake 

o f  t h i s  p o t e n t i a l  new c l a s s  o f  myocard ia l  imaging agents .  Selenium-75- 

l a b e l e d  9-selenapentacosanic a c i d  ( i s o s t e r i c  c h a i n  l e n g t h  = 25 carbon atoms) 

showed the  h i ghes t  h e a r t  uptake o f  t h e  compounds i n v e s t i g a t e d .  Approx i -  

ma te l y  1.4% o f  t h e  i n j e c t e d  dose was de tec ted  i n  t h e  h e a r t s  o f  r a t s  30 min 

a f t e r  i n j e c t i o n  and t h e  hear t :b lood  r a t i o s  were 7 : l .  P r e l i m i n a r y  r . a d i a t i o n  

dose es t imates  have been performed i n  c o n j u n c t i o n  w i t h  t h e  Oak Ridge Asso- 

c i a t e d  U n i v e r s i t i e s  (ORAU) f o r  severa l  75Se and 2"iiTe-l abel  ed f a t t y  a c i d s .  



Ex t rapo l  a t i o n  of  r a t  t i s s u e  d i s t r i b u t i o n  and e x c r e t i o n  da ta  f o r  7 5 ~ e -  

1 abel  ed 9-selenaheptadecanoic a c i d  and 23mTe-l abel ed 9 - t e l l  urahepta-  

decanoic  a c i d  i n d i c a t e  t h a t  t h e  human l i v e r  would r e c e i v e  t h e  h i ghes t  

absorbed r a d i a t i o n  dose (1.4-1.7 rads/mCi ) .  

T i ssue  d i s t r i b u t i o n  s t u d i e s  i n  r a t s  have now been completed w i t h  t h e  

f o l  l o w i n g  s e r i e s  o f  195rnPt-l abel ed chloroammine complexes: [ P t  (NH3)4]C1 2, 

[ P t  (NH3) 3C1 ]C1, [ P t  (NH3) 2C1 21 ( c i s  and t r a n s ) ,  K[Pt (NH3)C1 3] ,  and [K2PtC1 I+]. 

The r e s u l t s  o f  t hese  s t u d i e s  have demonstrated t h a t  t h e  t i s s u e  d i s t r i b u t i o n  

and e x c r e t i o n  c h a r a c t e r i s t i c s  o f  t h e  c h l  oroammine complexes c l o s e l y  para1 l e l  

t h e i r  phys icocherr~ ica l  p r o p e r t i e s .  F u r t h e r  p a t i e n t  s t u d i e s  i n  a Medical  

Coopera t i ve  Program w i t h  ORAU have assessed t h e  e f f i c a c y  o f  emiss ion 

computer i zed  tomographic organ imaging w i t h  I 'C-val ine ,  and llC-amino- 

c y c l  obutanecarboxy l  i c  a c i d  (ACBC) . I n  a d d i t i o n ,  19mPt -1  abel ed c i s -  

d i c h l  o rod iamminep la t i num( I I )  was suppl i e d  t o  a number o f  i n v e s t i g a t o r s  

t h rough  t h e  Medical  Coopera t i ve  Programs. Sel enium-75 and 23mTe-l abel ed 

f a t t y  a c i d s  were s u p p l i e d  f o r  t h e  f i r s t  t ime  th rough a Medical  Cooperat ive 

Program w i t h  t he  Massachusetts General Hosp i t a l  and t h e  Harvard Medical 

School t o  de te rmine  t h e  r e l a t i v e  uptake of  these  new agents i n  b o t h  normal 

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

TIN ,117r\i 

F. F. Knapp, Jr., T. A. Bu t le r ,  and K. R. Arnbrose 

I n  an e a r l i e r  r e p o r t  (ORNL/TM-6916). t h e  p r e p a r a t i o n  o f  a s c r i e s  o f  

s t r u c t u r a l l y  m o d i f i e d  s t e r o i d s .  c o n t a i n i n g  t h e  t r i m e t h y l  t i n  mo ie t y  i n  l t ~ e  

s i d e  c h a i n  was descr ibed .  The syn thes is  of t h e  l17mSn-labeled s t e r o i d s  

has now been completed, and t h e  r e s u l t s  o f  t i s s u e  d i s t r i b u t i o n  s t u d i e s  i n  

r a t s  have i n d i c a t e d  t h a t  impo r tan t  s t r u c t u r a l  f e a t u r e s -  a r e  r e q u i r e d  f o r  t h e  

adrena l  up take  oF these  S te ro ids .  The s t r u c t u r a l  m o d i f i c a t i o n s  t h a t  were 

i n v e s t i g a t e d  i n c l u d e  a l t e r a t i o n s  o f  b o t h  t h e  s t e r o i d  nuc leus and s i d e  cha in .  

The 117rnSn-l abel  ed s t e r o i d s  were prepared by  r e a c t i o n  o f  t h e  Me31 17mSn-Li 

r eagen t  w i t h  s t e r o i d  s u b s t r a t e s  c o n t a i n i n g  a p r ima ry  bromine i n  t h e  s i d e  

c h a i n .  The p r e p a r a t i o n  o f  ~ e ~ l l ~ ~ ~ n - i i  has been descr ibed  i n  d e t a i l  e a r l i e r  

(ORNL/TM-6639) and i s summarized as f o l  1 ows : 



The s y n t h e t i c  procedure has been designed such t h a t  a l l  o f  t h e  r e a c t i o n s  

a r e  performed i n  a  s i n g l e  r e a c t i o n  vessel ,  which e l  im ina tes  l osses  f rom 

so l ven t  e x t r a c t i o n ,  p u r i f i c a t i o n  o f  in te rmed ia tes ,  and a l s o  reduces t h e  

r a d i a t i o n  exposure. The s t e r o i d  subs t ra tes  and chemical y i e l d s  o f  t h e  

17m~n- l abe led  s t e r o i d  products  a r e  summarized i n  Table 1  . The ~ e ~ l  1 7 m ~ n - ~ i  

r e a d i l y  r eac ted  w i t h  t h e  brominated s t e r o i d  subs t ra tes  i n  t e t r a h y d r o f u r a n  

a t  room temperature.  Fo l l ow ing  h y d r o l y s i s  o f  t h e  r e a c t i o n  m ix tu res ,  t h e  

crude p roduc ts  were ob ta ined  by  so l ven t  e x t r a c t i o n  and p u r i f i e d  b y  s i l i c i c  

a c i d  c o l  umn chromatography. 

The 117mSn-steroids were admin is te red  t o  r a t s  i n  an ethanol- tween 

80-sa l  i n e  emu1 s i o n  by  i n j e c t i o n  v i a  a  l a t e r a l  t a i l  ve i n .  Tin-117m- 

1  abel  ed 23- ( t r i m e t h y l  stanna)-24-nor-5a-c hol  an-36-01 ( I  ) showed t h e  most 

pronounced adrenal  uptake o f  t h e  s t e r o i d s  i n v e s t i g a t e d  and t h e  t i s s u e  

d i s t r i b u t i o n  r e s u l t s  a r e  shown i n  F i g .  1. The adrenal  uptake was h i g h  one 

day a f t e r  a d m i n i s t r a t i o n  and decreased over  t h e  seven day pe r i od .  A f t e r  

one day, 2.5% o f  t h e  admin is te red  r a d i o a c t i v i t y . w a s  de tec ted  i n  t h e  adrenal 

glands; and a f t e r  seven days, t h e  c o n c e n t r a t i o n  o f  r a d i o a c t i v i t y  had been 

reduced t o  1.9% o f  t h e  i n j e c t e d  dose. These da ta  p a r a l l e l  t.he r e s u l t s  

observed w i t h  23mTe-23-(i sopropyl  t e l l  uro) -24-nor-chol  an-36-01 (ORNL/TM- 

5809) i n  which t h e  adrenal accumulat ion o f  r a d i o a c t i v i t y  i n  female r a t s  

decreased s t e a d i l y  f rom 4.5% o f  t h e  i n j e c t e d  dose a f t e r  one day t o  2.4% 

a f t e r  seven days. A  convenient  index o f  t h e  adrenal  s e l e c t i v i t y  o f  t h e  

7 m ~ n - l  abel ed s t e r o i d s  i s  a  compari son o f  e i t h e r  t h e  adrenal : b l  ood o r  

adrenal  :l i v e r  r a t i o s .  The adrenal :b lood r a t i o s  were c a l c u l a t e d  f rom t h e  

percen t  dose pe r  gram o f  t i s s u e  va lues  and a r e  compared f o r  t h e  va r i ous  

s t e r o i d s  i n  F ig .  2. These da ta  d r a m a t i c a l l y  i l l u s t r a t e  t h e  e f f e c t s  o f  

s t e r o i d  s t r u c t u r e  on t h e  adrenal uptake o f  t h e  t r i m e t h y l t i n - s u b s t i t u t e d  

s t e r o i d s  and i n d i c a t e  t h a t  we1 1  -de f ined  s t r u c t u r a l  f e a t u r e s  a r e  r e q u i r e d  

f o r  maximal adrenal  uptake. From one a n a l y s i s  o f  these  da ta  i t  i s  apparent  

t h a t  an a l l  trans r i n g  j unc tu re ,  a  s i d e  cha in  o f  moderate l eng th ,  and an 

e q u a t o r i a l  hydroxy l  group a r e  r e q u i r e d  f o r  adrenal  s p e c i f i c i t y .  S i m i l  a r  

s t r u c t u r e - d i s t r i b u t i o n  r e l a t i o n s h i p s  have been r e p o r t e d  e a r l i e r  f o r  a  



Tab le  1. 117mSn--abel ed s t e r o i d s  prepared by t h e  r e a c t i o n  o f  

Me3117"Sn-Li w i t h  brominated s t e r o i d  subst races 

Subs t ra te  Product 
Unique s t r u c t u r a l  

feacures 

36-Acetoxy-23 -bromo- 
24-nor-5a-c ho l  ane 

3a-Acetoxy-23-bromo- 
24.-nor-56-chol ane 

23-(Tr imethy l  stanna)-24- Saturated nuc leus trans r i n g  
nor  -5-2-c hol  an-36-01 ( I )  s t r u c t u r e  

24-(Tr imethy l  s tanna)-  Nucl ear  doubl e bond 
chal -5-en-36-08 (11)  

36-Pethoxy-24-(trimethyl Hydrophobic C-3 s u b s t i t u e n t  
stanne)-chol -5.-ene (I I I )  

23-{Tr imethy l  stanna)-24- Cis A/B r i n g  j u ~ c t u r e  
nor-56-chol  ar -?a-01 ( I V )  

176- [ (Tr imethy l  stanna)methyl ] -  Shor t  s i d e  cha i i i  
androc t -5 -en-3~-01  (V) 

a Chemical y i e l d  va lues a r e  based upon t h e  brominated s t e r o i d  s t a r t i n g  m a t e r i a l s  s i nce  t h e  ~ e ~ l l ~ ~ S n - L i  
reagent  was use3 i n  conside-abl  e excess. 
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Fig .  1 .  The d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  i n  female r a t  t i s s u e s  

f o l l  owing in t ravenous  admini  s t r a t i o n  of  l17mSn-1 abel ed 2 3 - ( t r i m e t h y l  

stanna)-24-nor-5a-chol  an-30-01 (I ) . 
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F ig .  2.. Comparison o f  t h e  adrenal  :b lood ra t i . os  a t  one, t h ree ,  and 

seven days f o l l o w i n g  t h e  in t ravenous  a d m i n i s t r a t i o n  o f  117mSn-labeled 

s t e r o i d s  (I)-(VI) t o  female r a t s .  



s e r i e s  o f  123'71Te-l abel  ed s t e r o i d s  (ORNL/TM-6044). An a d d i t i o n a l  i n t e r -  

e s t i n g  o b s e r v a t i o n  i s  t h e  pronounced uptake o f  r a d i o a c t i v i t y  i n  t h e  spleen 

f o l  1  owing admin i  s t r a t  i o n  o f  117mSn-l abel ed 36-methoxy-24- ( t r i m e t h y l  stanna) - 
chol-5-ene (111) as i l l u s t r a t e d  i n  F ig .  3. T h i s  unexpected r e s u l t  p robab ly  

r e p r e s e n t s  seques t ra t i on  b y  t h e  spleen o f  a  damaged b lood  c e l l u l a r  

component t h a t  t i g h t 1  y b i n d s  t h e  117mSn-l abel ed s t e r o i d .  

The r a d i o a c t i v e  con ten t s  o f  t h e  u r i n e  and feces  o f  r a t s  were moni- 

t o r e d  ove r  a  seven day p e r i o d  f o l  1  owing admini  s t r a t i o n  o f  l 1  abel ed 

2 3 - ( t r i l l e t h y l  stanna)-24-nor-5a-chol  an-36-01 ( I ) .  The r e s u l  ts of these 

s t u d i e s  (Flg. 4 )  .demonstrate t h a t  t h e  m a j o r i t y  o f  t h e  r a d i o a c t i v i t y  was 

e x c r e t e d  i n  t h e  feces .  Approx imate ly  50% o f  t h e  i n j e c t e d  r a d i o a c t i v i t y  

was exc re ted  w i t h i n  f i v e  days. A l though the  i d e n t i t y  o f  t h e  r a d i o a c t i v e  

c o n t e n t s  i n  t h e  feces  has n o t  yet been determined, these  da ta  suggest t h a t  

t h e  t r i m e t h y l t i n  m o i e t y  remains a t tached  t o  t h e  s t e r o i d  molecule s i nce  

i t  i s  we1 1  e s t a b l  i shed  t h a t  n e u t r a l  s t e r o i d s  a r e  excre ted  b y  t h e  f e c a l  

r o u t e .  

The pronounced adrenal  uptake i n  r a t s  i n d i c a t e s  t h a t  l17mSn-1 abel  ed 

2 3 - ( t r i m e t h y l  stanna)-24-nor-5a-chol  an-36-01 ( I )  i s  an a t t r a c t i v e  new 

agent  f o r  p o t e n t i a l  adrenal  imaging i n  humans. Fu tu re  s t u d i e s  w i t h  t h i s  

agen t  w i l l  i n c l u d e  a t t emp ts  t o  image t h e  adrenal g lands o f  r a t s ,  r a b b i t s ,  

and dogs and a more d e t a i l e d  s tudy  o f  t h e  e x c r e t i o n  o f  r a d i o a c t i v i t y  over  

a  t h r e e  t o  f o u r  week pe r i od .  S tud ies  w i l l  a l s o  be d i r e c t e d  a t  i d e n t i f y i n g  

t h e  r a d i o a c t i v e  spec ies i n  t h e  feces  f r om r a t s  admin is te red  t h i s  agent .  

The p o t e n t i a l  metabol ism o f  t h i s  agent by  adrenal  g lands w i l l  be assessed 

b y  chroma tog rap hi.^ a n a l y s i s  of adrena l  e x t r a c t s  f o l l o w i n g  in uCoo J n j e c t i o n .  

The r a d i a t i o n  dose es t ima tes  t o  human organs w i l l  a1 30 be i a l c u l a t e c l  By 

e x t r a p o l a t i o n  o f  t h e  b i o l o g i c a l  da ta  ob ta ined  i n  r a t s  t o  assess the  

p a t e l ~ l  id1 use f l i l ness  of  "'"Sn-1 abeled 23 - ( t r ime thy l  stanna)-24 -fin.- 

chol  a n - 3 ~ - 0 1  (1) f o r  p o t e n t i a l  adrenal  imaging i n  humans. 
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F ig .  4. Rad ioac t i ve  con ten t s  o f  feces  and u r i n e  over  a  seven day 

p e r i o d  f o l  1  owing in t ravenous  admini  s t r a t i o n  of 117mSn-l abel  ed 23- ( t r i m e t h y l  

stanna)-24-nor-5a-chol  an -3~ -01  (I) t o  female r a t s .  



F .  F .  khapp, Jr., K.  R. Pmbrose, and T .  A .  Butler 

The s i g n i f i c a n t  h e a r t  uptake o f  7 5 ~ e - l  abel  ed 9-sel  enaheptadecanoic 

a c i d  was desc r i bed  i n  an e a r l  i e r  r e p o r t  (ORNL/TM-691 6 ) .  A1 though t h e  h e a r t  

up take  was n o t  as pronounced as  t h a t  descr ibed  f o r  t h e  1 2 3 m ~ e - l a b e l e d  analog, 

9 - t e l l  uraheptadecanoi c a c i d  (ORNLITM-6638, 6639, 6671 , and 691 6), t h e  

c o n c e n t r a t i o n  o f  r a d i o a c t i v i t y  i n  h e a r t  t i s s u e  was h i g h  enough t o  i n d i c a t e  

t h a t  t h e  7 5 ~ e - l a b e l e d  f a t t y  a c i d  cou ld  p o t e n t i a l l y  be used f o r  h e a r t  

imaging.  I n  a d d i t l o n ,  t h e  p o t e n t i a l  use o f  73Se-l abel ed Y-selenahepta- 

decanoic  a c i d  f o r  p o s i t r o n  emiss ion tomographic s t u d i e s  has been descr ibed  

(OWNL/'rM-6958). The h e a r t  up take  o f  a v a r i e t y  o f  s t r u c t u r a l  1 y m o d i f i e d  

75Se- labeled f a t t y  a c i d s  has now been i n v e s t i g a t e d  t o  determine t h e  

s t r u c t u r a l  f e a t u r e s  a f f e c t i n g  t h e  d i s t r i b u t i o n  o f  these new agents i n  r a t s .  

The 7 5 ~ e - l  abeled" f a t t y  a c i d s  were prepared by  t h e  general  method 

desc r i bed  e a r l  i e r  (ORNL/TM-6638 and 691 6 )  which i n v o l  ves t h e  coup1 i n g  o f  

a1 ky1 se leno l  s - w i t h  w-bromo f a t t y  a c i d  methyl  e s t e r s :  R - ~ ~ s ~ - H ( N ~ )  + 
Br-R1-COOMe - R - ~ ~ s ~ - R ~ - C O O M ~  - R - ~ ~ s ~ - R ~ - c O O H .  The e f f e c t s  o f  

b o t h  t o t a l  c h a i n  1 eng th  and t h e  p o s i t i o n  o f  t h e  7 5 ~ e  heteroatom were 

s tud ied .  Sel enium-75-1 abel  ed methyl  -9-sel  ena t r idecanoate  was prepared by  

t h e  r e a c t i o n  o f  7sSe-buty l  se l  enof w i t h  methyl  -8-bromooctanoate. T h i s  

f a t t y  a c i d  has a s h o r t e r  i s o s t e r i c  c h a i n  l e n g t h  (14 carbon atoms) than  

9 -se l  enaheptadecanoic a c i d  (18 carbon atoms). Selenium-75-1 abel ed methyl  - 
13-selenaheptadecanoate, an isomer o f  9-selenaheptadecanoic ac id ,  was 

s i m i l a r l y  prepared by  r e a c t i o n  o f  75Se-butyl  se l  en01 w i t h  methyl  -1 2- 

bromododecanoate. A 1 onger c h a i n  se l  eno f a t t y  ac i d ,  7 5 ~ e - m e t h y l  -9- 

selenapentacosanate ( i s o s t e r i c  cha in  l e n g t h  = 26 carbon atoms), was 

s.ynthesized b y  r e a c t i o n  of 75~e -hexadecy l  se l  en01 w i t h  met.hyl-8- 

bromooctanoate. 

The 7 5 ~ e - l a b e l e d  f a t t y  a c i d s  were prepared by  bas i c  h y d r o l y s i s  o f  t h e  

methy l  e s t e r s .  A f t e r  complex ing w i t h  a 6% bov ine  serum a1 bumin s o l u t i o n ,  

t h e  a c i d s  were adm in i s te red  t o  r a t s  by  i n j e c t i o n  v i a  a l a t e r a l  t a i l  v e i n .  

The pe rcen t  dose p e r  gram o f  t i s s u e  va lues  were determined a t  5, 30, and 

60 min  a f t e r  i n j e c t i o n .  These t ime  pe r i ods  were chosen s i nce  e a r l i e r  



s tud ies  w i t h  75Se-l abel  ed 9-se l  enaheptadecanoic a c i d  had demonstrated t h a t  

op t ima l  h e a r t  uptake was observed w i t h i n  t h e  f i r s t  hour  a f t e r  i n j e c t i o n  and 

t h e  concen t ra t i on  o f  r a d i o a c t i v i t y  i n  t h e  h e a r t  began t o  decrease a f t e r ,  one 

hour .  The percen t  i n j e c t e d  dose l e v e l s  i n  t h e  h e a r t  a t  5 and 60 min a f t e r  

i n j e c t i o n  a r e  compared f o r  t h e  f o u r  75Se- labeled f a t t y  a c i d s  w i t h  s i m i l a r  

r e s u l t s  ob ta ined  w i t h  123mTe-1 abel  ed 9 - t e l l  uraheptadecanoic a c i d  i n  Tab1 e  2. 

The r e s u l t s  o f  t h e  t i s s u e  d i s t r i b u t i o n  s tud ies  w i t h  7 5 ~ e - l a b e l e d  f a t t y  

a c i d s  demonstrate t h a t  h e a r t  uptake i s  e f f e c t e d  b y  t o t a l  cha in  l e n g t h ,  

a l though n o t  as markedly  as r e p o r t e d  e a r l i e r  f o r  a s e r i e s  o f  123mTe- 

1  abel  ed f a t t y  ac i ds .  The 1  ongest cha in  75Se-l abel  ed f a t t y  a c i d  i n v e s t i g a t e d ,  

9-selenapentacosanic ac id ,  showed h e a r t  uptake t h a t  was comparable t o  t h a t  

r e p o r t e d  e a r l  i e r  f o r  23mTe-l abel ed 9 - t e l l  uraheptadecanoic ac id .  F i v e  

minutes a f t e r  i n j e c t i o n ,  approx imate ly  1.9% o f  t h e  admin is te red  r a d i o -  

a c t i v i t y  was de tec ted  i n  t h e  h e a r t  and t h e  hear t :b lood  r a t i o  was g r e a t e r  

than 7:1. 

Several exper iments  were conducted t o  determine t h e  b i o l o g i c a l  f a t e  

o f  7 5 ~ e - 9 - s e l  enaheptadecanoic a c i d  i n  r a t s .  Examinat ion o f  t h e  feces  and 

u r i n e  o f  r a t s  over  a  seven day p e r i o d  i n d i c a t e d  a  v e r y  r a p i d  u r i n a r y  

e x c r e t i o n  o f  r a d i o a c t i v i t y  f o l l o w i n g  a d m i n i s t r a t i o n  o f  t h i s  agent ( F i g .  5 ) .  

Approx imate ly  50% o f  t h e  admin is te red  a c t i v i t y  was excre ted  i n  t h e  u r i n e  

w i t h i n  one day. The r a p i d  e x c r e t i o n  o f  r a d i o a c t i v i t y  would suggest t h a t  

t h e  absorbed r a d i a t i o n  dose would n o t  be  excess ive.  Us ing e x c r e t i o n  and 

t i s s u e  d i s t r i b u t i o n  da ta  f rom r a t s ,  t h e  r a d i a t i o n  doses t o  humans f rom 

7 5 ~ e - 9 - s e l  enaheptadecanoic a c i d  and 23mTe-9-te1 1  uraheptadecanoi c  a c i d  

have been c a l c u l a t e d  i n  con junc t i on  w i t h  c o l l a b o r a t o r s  a t  t h e  Oak Ridge 

Assoc ia ted U n i v e r s i t i e s .  The l i v e r  r ece i ves  t h e  h i g h e s t  c a l c u l a t e d  r a d i -  

a t  i o n  dose f o r  b o t h  agents:  75Se-9-sel enaheptadecanoic ac id ,  1.7 rads/mCi ; 

2 3 m ~ e - 9 - t e l  1  ~ r a h e ~ t a d e c a n o i c  ac id ,  1 .4  rads/mCi . These va l  ues a r e  

comparable t o  r a d i a t i o n  dose es t imates  f o r  t h a l  1  ium-201 , an agent  r o u t i n e l y  

used f o r  t h e  c l i n i c a l  d i agnos i s  .o f  h e a r t  d isease.  

I n  o r d e r  t o  g a i n  i n s i g h t  i n t o  t h e  mechanism o f  uptake and t h e  f a t e  o f  

75Se-label  ed f a t t y  a c i d s  i n  h e a r t  t i s s u e ,  i t  i s  impo r tan t  t o  i d e n t i f y  t h e  

chemical spec ies o f  t h e  r a d i o a c t i v i t y  i n  h e a r t  t i s s u e  f o l l o w i n g  admin is-  

t r a t i o n  o f  t h e  r a d i o l a b e l e d  agent .  I n  a  p r e l i m i n a r y  exper iment,  r a t  h e a r t s  

were homogenized i n  a  chloroform-methanol m i x t u r e  30 min  f o l l o w i n g  i n t r avenous  



Table 2. Percent  i n j e c t e d  dose v a l ~ e s  f o r  t h e  h e a r t  and hear t :b lood  r 3 t i o s  determined a f t e r  
a d m i n i s t r a t i o n  of  7 5 ~ e - l a b e l e d  f a t t y  a c i c s  t o  female r a t s .  These da ta  a r e  compared w i t h  

s i m i l  a r  va l  ues d ~ t e r r n i n c d  e a r l  i e r  f o r  23mTe-l abel2d 
9 - t e l l  u r a h e ~ t a d e c a ~ o i c  ac i d  (ORNLITM-6916) 

Time Hear t  uptake Ca lcu la ted  h e 3 r t : t i s s u e  r a t i o s a  -- 

Radio1 abel ed f a t t y  ac, id (min)  ( % I  Blood L i v e r  Lung Kidney 

9-Sel ena heptadecanoi c a c i d  5 0.87 5.38 0.1 5 1.49 0.81 
H3C-(CH2)7-Se- (CH2)7-300H 60 0.68 4.21 0.23 1 .32 0.69 

9-Sel e n a t r i  decanoic a c i d  5 0.63 
H ~ C -  ( C H ~ ) ~ - S ~ - ( C H ~ ) ~ - C O O H  60 0.27 

13-Sel enaheptadecanoic c c i d  5 
H3C-(CH2) 3-Se- ( C H ~ )  i l-CC~OH 6 0 

9-Sel enapentacosanic a c i d  5 1.9 7.27 0.38 4 -77 5.79 
H3C- (CH2) ,-Se- (CH2) 7,-CCOH 6 0 1.2 10.29 0 -30 4.96 3.66 

9-Tel luraheptadecanoi:  a c i d  5 2 .I 10.34 0.53 4.18 2.09 
H3C-(CH2)7-Te- (CH2)7-zOC~ 60 1 . 3  8.87 .164 6.11 2.74 

a The h e a r t : t i s s u e  r a t i o s  a r e  c a l c u l a t e d  f rom t h e  percen t  i n j e c t e d  dose per gram o f  t i s s u e  concen- 
t r a t i o n  va lues.  



admini  s t r a t i o n  o f  75Se-9-sel enaheptadecanoic a c i d .  The organ i c - s o l  ub l  e  

m a t e r i a l  was analyzed by t h i n - l a y e r  rad iochromatographic  a n a l y s i s .  The 

r e s u l t s  o f  these  s tud ies  ( F i g .  6 )  demonstrated t h a t  r a d i o a c t i v i t y  

co-chromatographed w i t h  bo th  t h e  d i g l y c e r i d e  and t r i g l y c e r i d e  s tandards.  

Since i t  i s  es tab l  ished t h a t  long-cha in  a1 kanoic  a c i d s  a r e  s to red  i n  t h e  

myocardium e s t e r i f  i e d  t o  g l y c e r o l  , these  da ta  suggest t h a t  7 5 ~ e - 9 - s e l  ena- 

heptadecanoic i s  metabol ized i n  a  s i m i l a r  manner. Fu tu re  s t u d i e s  w i l l  

i n v e s t i g a t e  i f  t h e  7 5 S e - f a t t y  a c i d  i s  f u r t h e r  metabol i z e d  by  6 -ox ida t ion ,  

t h e  normal r o u t e  o f  f a t t y  a c i d  metabolism. 

BIOHAZARDS FROM ENERGY TECHNOLOGIES - 
AN ASSAY SYSTEM TO EVALUATE THE 

BIOLOGICAL EFFECTS OF ARSENIC 

K. R. Ambrose 

Arsenic  i s  recognized as a  p o t e n t i a l l y  hazardous t r a c e  element p o l l u -  

t a n t  o f  t h e  emerging coa l  convers ion  techno log ies .  Dur ing  coa l  combustion, 

a r sen i c  i s  conver ted t o  v o l a t i l e  products ;  coa l  l i q u e f a c t i o n  and g a s i f i -  

c a t i o n  processes present  a d d i t i o n a l  avenues f o r  p o t e n t i a l  environmental  

con tamina t ion  by  a r sen i c  compounds. As an example, a r sen i c  l e v e l s  can 

be concentrated as h i g h  as t w o f o l d  i n  t h e  f i l t e r  cake and t h r e e f o l d  i n  

t h e  char  r es i due  o f  t h e  feed coa l  i n  a  t y p i c a l  coa l  l i q u e f a c t i o n  process. 

I n  a  coa l  g a s i f i c a t i o n  p l a n t  p rocess ing  20,000 tons  o f  coa l  i n  a  day, t h e  

amount o f  a r sen i c  produced d a i l y  c o u l d  t h e o r e t i c a l l y  be 800 1b p resen t  i n  

gas, 1.5 l b  i n  ash, 0.7 l b  ' i n  t a r  and 0.5 l b  i n  t h e  condensate. As a  

r e s u l t  o f  t h e  p o t e n t i a l  r e l ease  o f  l a r g e  amounts o f  a r s e n i c  t o  t h e  e n v i -  

ronment, i t  i s  impor tan t  t o  i n v e s t i g a t e  t h e  b i o l o g i c a l  e f f e c t s  o f  a r s e n i c .  

The d i f f u s i o n  chamber assay system descr ibed  i n  p rev ious  r e p o r t s  

(ORNL/TM-6639, 6771, and 6958) i s  a  method t h a t  can be used t o  i n v e s t i g a t e  

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

i n  v i v o  environment.  Under these c o n d i t i o n s ,  b o t h  t h e  metabol ism o f  t h e  

p o l l u t a n t  and t h e  e x c r e t i o n  o f  t h e  n a t i v e  o r  metabo l i zed  p o l l u t a n t  a r e  

poss ib l e .  The p o t e n t i a l  t o x i c i t y ,  mu tagen i c i t y ,  and c a r c i n o g e n i c i t y  o f  

a r sen i c  compounds can be s t u d i e d  b y  ana l yz i ng  t a r g e t  c e l l s  f rom d i f f u s i o n  

chamhers implanted w i t h i n  t h e  p e r i t o n e a l  c a v i t i e s  or r a t s  t h a t  have been 
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Fig. 5. Radioactive contents of feces and urine over a seven day 

period following intravenous administration of 75~e-labeled 9-selena- 

heptadecanoic acid to female rats. 
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HEART 
E X T R A C T  

Solvent: Pet ro leum Ether -Ether -Acet ic  Ac id ,  70:30:1 

Fig. 6. Thin-1 ayer radiochromatographic analysi s of the chloroform- 

soluble extract o f  female rat hearts obtained 30 min after intravenous 

admini stration of 75Se-l abel ed 9-sel enaheptadecanoic acid. 



exposed t o  var ious  arsen ic  compounds. T o x i c i t y  i s  assessed by  comparing 

popul a t i o n s  o f  t h e  arsenic-exposed t a r g e t  c e l l  s  t o  c o n t r o l  , sal i ne - t rea ted  

popu la t ions .  A f t e r  exposure t o  a rsen ic  i n  vivo t h e  t a r g e t  c e l l s  can be 

tes ted  f o r  p r o l i f e r a t i o n  i n  s o f t  agar i n  v i t r o  as an index o f  t h e  p o t e n t i a l  

c a r c i n o g e n i c i t y  o f  a rsen ic .  An i n  vivo m o d i f i c a t i o n  o f  t h e  s i s t e r  chro- 

ma t i d  exchange assay can be use t o  assess t h e  p o t e n t i a l  mu tagen ic i t y  of 

t h e  t e s t  compounds. 

A human embryonic l u n g  c e l l  1  i n e  (Flow 2000) has been chosen a s  a 

model t a r g e t  c e l l  f o r  t he  arsen ic  s tud ies .  P re l im ina ry  s tud ies  d u r i n g  

t h i s  qua r te r  have invo lved d e f i n i n g  t h e  opt imal  growth and assay c o n d i t i o n s  

f o r  Flow 2000 c e l l  s  grown w i t h i n  d i f f u s i o n  chambers implanted i n  t he  

pe r i t onea l  c a v i t i e s  o f  r a t s .  I n  c o n t r a s t  t o  the.KB tumor c e l l s  used i n  

prev ious studies,  t h e  Flow 2000 c e l l s  r e q u i r e  a  h ighe r  seeding l e v e l  i n  

t he  chambers (5.0 x l o 4  vs 2.5 x  l o 4 )  and have a  slower doub l ing  t ime  

(24 h r  vs 12 h r ) .  The Flow 2000 c e l l s  a1 so r e q u i r e  t h e  use o f  ca lc ium- 

and magnesium-free media t o  prevent  c e l l  clumping, which can r e s u l t  i n  

an inaccura te  es t ima t i on  o f  t h e  c e l l  popu la t ion .  

Fo l low ing  t h e  base l i ne  s tud ies ,  an experiment was performed t o  

determine whether an aqueous s o l u t i o n  o f  a rsen ic  t r i o x i d e  (As203) fed  t o  

chamber-containing r a t s  would a f f e c t  t he  growth o f  Flow 2000 c e l l s  w i t h i n  

t h e  chambers. When t h e  t a r g e t  c e l l  popu la t ion  from a rsen i c - t rea ted  r a t s  

was compared t o  t h e  c e l l  popu la t i on  from t h e  s a l i n e - t r e a t e d  c o n t r o l  

animals, an i n h i b i t i o n  o f  c e l l  d i v i s i o n  was observed one day a f t e r  t r e a t -  

ment w i t h  As203. Growth i n h i b i t i o n  was g rea tes t  (48%) i n  those animal s  

r e c e i v i n g  15 mg of As2O3 per  k i logram o f  body weight and 1  owest (18%) i n  

animals r e c e i v i n g  t h e  5  mg/kg dose l e v e l .  Between t h e  f i r s t  and second 

day post- feeding, t a r g e t  c e l l s  i n  chambers o f  a l l  t rea tment  groups 

(a rsen ic  and c o n t r o l  ) underwent one doub l ing  i n  accord w i t h  t h e  p r e v i o u s l y  

determined doub l ing  t ime. These p r e l i m i n a r y  da ta  i n d i c a t e  t h a t  t h e  arsen ic  

feed ing  r e s u l t s  i n  a  temporary growth i n h i b i t i o n  o f  human l ung  c e l l s  w i t h i n  

t h e  f i r s t  24-hr per iod .  

Studies du r i ng  t h e  nex t  q u a r t e r  w i l l  employ 76As-labeled As2O3 t o  

determine t h e  appearance and disappearance o f  a rsen i c  i n  t h e  chamber f l u i d  

and t h e  uptake of  a r sen i c  b y  t h e  t a r g e t  c e l l s  i n  t h e  chambers. The e f f e c t  



o f  l o w - l e v e l  c h r o n i c  exposure t o  on t a r g e t  c e l l  growth w i l l  a1 so be 

i n v e s t i g a t e d .  I n  a d d i t i o n  t o  these s tud ies ,  hamsters w i l l  be eva lua ted  

as chamber r e c i p i e n t s  f o r  t h e  a r sen i c  s t u d i e s  s i nce  t h e  un ique b i n d i n g  o f  

a r s e n i c  t o  r a t  hemoglobin would i n d i c a t e  t h a t  exper imenta l  da ta  f rom r a t s  

shou ld  n o t  be e x t r a p o l a t e d  t o  man and o t h e r  mammals. 

PLATINUM-1 95m 

J. D. HoescheZe and T. A. Bu tZar  

An e a r l  Ser r e p o r t  (OKNL/TM-6371) desc r i bed  t h e  p r e l  i m i n a r y  t i s s u e  

d i s t r i b u t i o n  da ta  i n  r a t s  f o r  a  s e r i e s  o f  lg5mPt- l  abel  ed-chl  oroammine- 

p l  a t i n u m ( I 1 )  compl exes. T issue  d i s t r i b u t i o n  s t u d i e s  w i t h  t h i s  impo r tan t  

s e r i e s  o f  model complexes have been completed, and a  summary o f  t h e  

f i n d i n g s  i s  desc r i bed  below. 

Syntheses 

The 195mPt-1 abel  ed c h l  oroarnrni nepl  a t  i num( I I ) compl exes were prepared 

b y  t h e  genera l  r e a c t i o n  scheme ( F i g .  7 )  p r e v i o u s l y  r e p o r t e d  (ORNL/TM-6371 ) . 
I n  t h e  p resen t  s tud ies ,  t h e  p repa ra t i on  of K[PtACl 3 ]  and rPtA3C1]C1 have 

been improved (A=NH3). The amount o f  c a t a l y s t  cmployed in the s y n t l ~ i s i s  

o f  K [ P ~ A C I  3 ]  i s  now s p e c i f i e d  a t  5% (w/w). I n  a d d i t i o n ,  two a l t e r n a t e  

s y n t h e t i c  r o u t e s  have been eva lua ted  f o r  t h e  p r e p a r a t i o n  o f  t h e  t r iammine 

analog, [PtA3C1]C1 . The f i r s t  r o u t e  i s  p r e f e r r e d  and employs trans- 

d i c h l  orodiammi'nepl a t inum ( t rms-DDP) as t h e  s t a r t i n g  m a t e r i a l  w h i l  rl 

[PtA3C1]C1 i s  prepared i n  t h e  second r o u t e  f rom cis-DDP. T h i s  scheme 

emphasizes t h e  c e n t r a l  and impo r tan t  r o l e  t h a t  cis-DDP has served i n  t h e  

development o f  m i c rosca l  e  syntheses o f  t h e  c h l  oroamminepl a t i num( I1 )  

anal  ogs. 

T issue  D i s t r i b u t i o n  S tud ies  

Several  obse rva t i ons  have been made b y  a  comparison o f  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  o f  r a d i o a c t i v i t y  i n  14 t i s s u e s  24 h r  a f t e r  

admin i  s t r a t  i o n  o f  t h e  lgrnpt-1 abeled c h l  orammine compl exes t o  femal e '  r a t s .  

P l a t i n u m  was found i n  a l l  o f  t h e  t i s s u e s  examined f o r  t h e  va r i ous  compounds 
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N3 ,*PtC14 4 K2*PtC1 4 

16 M HCl, Pt0(5%) t 15 M NH40H 

K[*PtAC13] * ~7:s-[*PtA2C1 2] [*PtA4]C1 2 

Ref lux, 2.5 h r  Heat 
KNCO 
Reflux, 1 rnin 
HC1 , A  6 M HC1 

Ref1 ux, 2 h r  

NH40Ac (1 .4%) 

[*PtA3C1 ]C1 r trans-[*PtA2C1 21 

R l f l u x ,  12 rnin 

F ig.  7 .  The s.ynthesis o f  13%Pt-1 abel ed chloroamminepl at inurn(I1) 

cornpl exes. (A=NH3 ,*= 5mPt). 



and t h e  h ighes t  l e v e l s  were found i n  k idney (0.2-4%). I n  general, t he  

1  owest 1  eve1 s  were de tec ted  i n  the b r a i n  (0.01 -0.05%). A1 though compound 

r e t e n t i o n  pa t te rns  a re  unique, uptake i s  n o t  s u f f i c i e n t l y  h igh  ( w i t h  the  

except ion  o f  the k idney)  nor  s e l e c t i v e  enough i n  any g iven t i s s u e  t o  

war ran t  cons ide ra t i on  o f  any o f  these compounds as p o t e n t i a l  imaging agents. 

The average r e l a t i v e  o rde r  of decreasing t i s s u e  l e v e l s  (percent  dose per  

gram of  t i s s u e )  f o r  t he  195m~t - l abe1  ed complexes i n  female r a t s  i s  as 

f o l l o w s :  k idney > l i v e r  > lungs  > g e n i t a l s  > spleen > b lood > b ladder > 

adrenal s  > co lon > hea r t  > pancreas > small i n t e s t i n e  > s k i n  > stomach . 
bra in ,  w h i l e  t h a t  f o r  cis-DDP alone i s :  k idney > g ~ n i t a l c  > l i v ~ r  > 

adrenal s  > spleen > b lood > 1  ungs > pancreas > hea r t  > b r a i n .  The r a t  

ovary  e x h i b i t e d  t h e  second h ighest  uptake o f  r a d i o a c t i v i t y  f o l l o w i n g  

admini s t r a t i o n  of 1 9 Y n ~ t - c i s - ~ ~ ~ ,  and ma1 ignancies o f  these same t i ssues  

i n  hul~ians respond we l l  t o  cis-DDP chemotherapy. Th i s  assoc ia t ion ,  however, 

does n o t  imp ly  t h a t  h igh  t i s s u e  uptake necessa r i l y  p r e d i c t s  chemotherapeutic 

e f f e c t i v e n e s s  f o r  tumors o f  t h e  same t i s s u e  o r i g i n .  Tumors o f  t he  l i v e r  

and p a r t i c u l a r l y  t h e  k idney  a r e  o f  r e l a t i v e l y  low incidence, and these 

t i s s u e s  a re  g e n e r a l l y  s i t e s  o f  r e l a t i v e l y  h igh  uptake. Th is  assoc ia t i on  

cou ld  be more than j u s t  a  mere coincidence. Another important  empi r ica l  

observa t ion  i s  t h a t  compound l e v e l s  i n  t i s s ~ ~ e s  genera l l y  increase i n  the  

order  : 

[PtA4]C1 < [PtA3C1 IC1 < [PtA2C1 2J < [ P t A C l  3]  < [PtA2C1 21  < [K2PtC1 I+] 

I I I 111, c i s  I V V , t r a n s  V I 

It i s  s i g n i f i c a n t  t h a t  t h e  general o rder  o f  compound r e t e n t i o n  p a r a l l e l s  

t rends  b o t h  i n  t he  negat ive  charge on t h e  complex and t h e  number of 

rep laceab le  c h l o r i d e  1  igands which i s  equ iva len t  t o  the  number o f  b ind ing  

s i t e s  on t h e  c e n t r a l  atom, P t ( I 1 ) .  It i s  a1 so apparent t h a t  t h e  complexes 

which a r e  r e t a i n e d  t o  t h e g r e a t e s t  ex ten t  ( IV ,  V, V I )  conta in  more r e a c t i v e  

c h l o r i d e s  b y  v i r t u r e  o f  t h e  t r a n s - a c t i v a t i n g  e f f e c t  o f  mu tua l l y  opposed 

c h l o r i d e  l i gands .  Also, t h e  o rde r  o f  compound r e t e n t i o n  i n  t he  t i s s u e s  

more c l o s e l y  f o l l o w s  t h e  t r e n d  i n  r a t e  constants, kl, r a t h e r  than e q u i l i b r i u m  

constants,  K  f o r  t h e  f i r s t  s tep  o f  t h e  aquat ion process. The aquat lon 
eq ' 

process i s  l i k e l y  t o  be an important  f i r s t  step i n  t h e  i n  v i v o  reac t i ons  o f  

p l a t i n u m ( I 1 )  complexes i n  general and can be represented i n  the  f o l l o w i n g  

way us ing  cis-DDP as an example: 



where kl and k 2  a r e  f i r s t  o r d e r  r a t e  cons tan ts  ( s e c - l )  f o r  t h e  fo rward  s tep  

(aqua t i on )  and reverse  s tep  (ana t i on ) ,  r e s p e c t i v e l y ,  and t h e  e q u i l  i b r i u m  

cons tan t  i s  numerical  l y  equal t o  t h e  r a t i o  o f  kl and k 2  ( i  .e., K  = 
e  q  

kl: k 2 ) .  The p a r a l l e l  i n  t h e  general  o r d e r  o f  compound r e t e n t i o n  i n  t h e  

t i s s u e s  w i t h  t r ends  i n  kl and K  va lues  i s  i l l u s t r a t e d  i n  F ig .  8,  us i ng  
e  

r e t e n t i o n  i n  t h e  k idney  as a  t y p i c a l  example o f  t i s s u e  r e t e n t i o n .  The 

va lues  o f  kl, K '  , and t h e  average l e v e l s  found i n  t h e  k idney  have been 
e  q  

normal ized r e l a t i v e  t o  those f o r  c i s - D D P .  Comparison o f  these  da ta  shows 

c l o s e r  agreement between t r ends  i n  organ r e t e n t i o n  and r a t e  cons tan t s  

r a t h e r  than  e q u i l i b r i u m  cons tan ts .  I f  compound r e t e n t i o n  i.n t h e  k idney  

p a r a l l e l e d  K va lues  more c l o s e l y  than  kl values, a  s u b s t a n t i a l l y  l owe r  
e  q  

l e v e l  o f  r e t e n t i o n  i n  t h e  k idneys  would have been a n t i c i p a t e d  f o r  t rans- 

D D P .  These r e s u l t s  suggest t h a t  k i n e t i c  f a c t o r s ,  as m igh t  have ... been 
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6 
Organ Retention More Closely Parallels Trends in k,(aq) Rather Than K,,,(oq) 

- 

- 
I I I 1 

F ig .  8 .  Comparison o f  t h e  r e l a t i v e  o r d e r  o f  k idney  r e t e n t i o n  of  

1g5mPt-l abel ed chloroamminepl a t inum(1  I )  compl exes w i t h  t h e  r a t e  cons tan ts  

(kl) and e q u i l i b r i u m  cons tan ts  (K ) f o r  t h e  aquat ion  process. 
e  q  



p r e d i c t e d  a p r i o r i ,  p l a y  a  dominant r o l e  i n  t he  b ind ing / re ten t i on  and 

p o t e n t i a l  a c t i v i t y / t o x i c i t y  of  these complexes in v i vo .  The average order  

o f  compound r e t e n t i o n  i n  normal t i ssues  does n o t  p a r a l l e l  t rends  i n  t he  

an t i t umor  p o t e n t i a l  of these compounds. For example, complexes V and V I  

e x h i b i t  t h e  h ighes t  t i s s u e  l e v e l s  b u t  show v i r t u a l l y  no an t i tumor  a c t i v i t y ,  

and complex I V  e x h i b i t s  o n l y  marginal an t i tumor  a c t i v i t y  b u t  i s  re ta ined  

t o  a  g r e a t e r  ex ten t  than cis-DDP, t h e  most po ten t  an t i tumor  a c t i v e  P t ( I 1 ) '  

complex. C e r t a i n l y  uptake i s  a  necessary, b u t  n o t  a  s u f f i c i e n t  c r i t e r i o n  

o f  an t i t umor  a c t i v i t y ;  and o the r  c r i t e r i a ,  such as the  na ture  and type o f  

b i n d i n g  a t  t h e  t a r g e t  s i t e ,  a r e  f a r  more important  than uptake i n  e l i c i t i n g  

an t i t umor  a c t i v i t y .  

Trends i n  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s ,  Kdy between n -oc tano l / sa l i ne  

and t h e  b i o l o g i c a l  h a l f - l i f e  data, determined from cumulat ive u r i n e  

and fecal e x c r e t i o n  of  195m~t a c t i v i t y  a r e  cons i s ten t  w i t h  the  order  of 

compound r e t e n t i o n .  The d i s t r i b u t i o n  c o e f f i c i e n t  f o r  K2PtC14 ( V I )  has n o t  

been determined. The Kd values are  h ighes t  f o r  trans-DDP, a  neu t ra l  and 

non-polar  analog. Adequate da ta  are  n o t  a v a i l a b l e  a t  t he  present  t ime t o  

eva lua te  t h e  TI/ 2 f o r  trans-DDP. 

The r e l a t i o n s h i p  between t i s s u e  d i s t r i b u t i o n  and k i n e t i c  1  a b i l  i t y  o f  

c h l  oroamminepl a t  inum(I1)  compl exes g ives  credence t o  t h e  "Concept o f  t h e  

Window o f  L a b i l  l t y .  " A1 though general 1  y appl i e d  t o  i sos t ruc tu ra l  complexes 

o f  t h e  same n e t  charge, t h i s  p r i n c i p l e  i s  o f  general appl i c a b i l  i t y  and can 

be appl i e d  t o  the  s e r i e s  o f  c h l  oroammineplatinum(I1) complexes t h a t  have 

been i nves t i ga ted .  According t o  t h i s  concept, complexes which a re  chemica l ly  

t oo  Inert wll l  be t o o  un reac t i ve  and w i l l  e i t h e r  n o t  reach the  t a r g e t  s i t e  

o r  w i l l  n o t  r e a c t  w i t h  the  t a r g e t  s i t e  a t  a  s u f f i c i e n t  r a t e  o r  t o  a  

s u f f i c i e n t  ex ten t  t o  e l  i c i t  t h e  c r i t i c a l  b i o l o q i c a l  response. Such iner t .  

compounds a r e  a n t i c i p a t e d  t o  e x h i b i t  a  sho r t  have r e l a t i v e l y  low 

r e t e n t i o n  i n  t he  body as we l l  as be r e l a t i v e l y  non- tox ic .  On the  o t h e r  

extreme, complexes which a re  chemica l ly  t oo  r e a c t i v e  w i l l  be i n d i s c r i m i n a t e  ' 

i n  t h e i r  b i n d i n g  and w i l l  be scavenged b y  a  hos t  o f  b i o l o q i c a l l y  important  

molecules. These complexes a re  expected t o  be 1  ess a c t i v e  b i o l o g i c a l l y ,  

e x h i b i t  a  r e l a t i v e l y  l ong  have a  h igh  t i s s u e  r e t e n t i o n ,  and be 

r e l a t i v e l y  t o x i c .  Between t h e  extremes of t oo  i n e r t  and t o o  r e a c t i v e  l i e s  

a  r e g i o n  o f  opt imal  l a b i l i t y  w i t h i n  which one would expect t o  f i n d  



complexes o f  op t ima l  b i o l o g i c a l  a c t i v i t y .  The da ta  f o r  trans-DDP 

compared t o  [P t  (NH3)4]C1 2 ill u s t r a t e  t h a t  t h i s  concept can be v a l  i d l y  

a p p l i e d  t o  t h e  chloroammineplatinum(II) complexes s i nce  these  two 

complexes l i e  near  t h e  extremes o f  r e a c t i v i t y  a n d . t o x i c i t y  and a r e  

v i r t u a l l y  devo id  o f  an t i t umor  a c t i v i t y .  

RADIONUCLIDES FOR MEDICAL COOPERATIVE PROGRAMS 

F. F. Knapp, JIJ., J .  D. HoescheZe, and2'. A. B u t l e r  

F i v e  l l C  p roduc t i on  runs  were made f o r  t h e  Medical Cooperat ive Program 

w i t h  Oak Ridge Assoc ia ted U n i v e r s i t i e s  (ORAU) . to  s tudy  t h e  a p p l i c a t i o n  o f  

llC-1 abel ed amino a c i d s  f o r  tumor 1 ocal  i z a t i o n  and pancreas imaging i n  

human p a t i e n t s .  E i g h t  batches o f  llC-DL-tryptophan and t h r e e  batches o f  

l lC-DL-valine were prepared and t e s t e d  i n  p a t i e n t s  a t  t h e  ORAU Medical 

D i v i s i o n  f o r  tomographic v i s u a l i z a t i o n  s t u d i e s  o f .  va r i ous  types  o f  

panc rea t i c  d i s o r d e r s .  F i v e  batches o f  llC-1 abel ed 1 -aminocycl obutane 

c a r b o x y l i c  a c i d  (llC-ACBC) were prepared and s tud ied  s i m i l a r l y  f o r  

v i s u a l i z a t i o n  o f  a v a r i e t y  o f  s o l i d  tumors. A t o t a l  o f  14 p a t i e n t s  were 

examined w i t h  t h e  llC-1 abel ed amino ac ids .  Two p repa ra t i ons  o f  lC- labe led  

phenethylamine were u t i l i z e d  i n  p r e c l i n i c a l  s t u d i e s  t o  determi'ne i t s  

p o t e n t i a l  appl icat-ion f o r  b r a i n  f u n c t i o n  s tud ies .  T'he 1 a t t e r  s tudy  

i n c l u d e s  t h e  U n i v e r s i t y  o f  Kentucky as w e l l  as ORAU i n  t h e  coope ra t i ve  

program. 

C o l l a b o r a t o r s  i n  t h e  Medical  Cooperat ive Program i n v e s t i g a t i n g  

p l a t i num an t i t umor  agents were supp l i ed  w i t h  lg5mPt - labe led  compounds. 

Two shipments o f  Na2PtC16 were supp l i ed  t o  t h e  U n i v e r s i t y  of  Kentucky 

Medical School (Dr .  P. DeSimone) . One shipment o f  c i s - d i c h l  orodiammine- 

p l a t i n u m ( I 1 )  (cis-DDP) was a1 so suppl i e d  t o  t h i s  i n s t i t u t i o n  f o r  f u r t h e r  

s t u d i e s  o f  n e p h r o t o x i c i t y  and p r o t e i n  b i n d i n g  o f  p l a t i n u m  compounds. One 

shipment o f  cis-DDP was supp l i ed  t o  t h e  Radiopharmacy Department a t  t h e  

U n i v e r s i t y  o f  southern Cal i f o r n i a  (Dr. W. Wol f )  f o r  rad iopharmacok ine t i c  

s t ud ies .  One shipment o f  cis-DDP was suppl i e d  t o  t h e  Medical  School a t  



the University of California a t  Los Angeles (Dr. E. Pet r i l l  i )  for  pre- 
c l in i ca l  nephrotoxicity s tudies  in dogs in anticipation tha t  the agent 
will be u t i l  ized in future cl inical investigations. 

Sel enium-75 and Tell urium-123m 

A new Medical Cooperative Program was established with the Nuclear 
Medicine Division of Massachusetts General Hospital (Dr. H .  Will iam 

Strauss)  to  amp1 i f y  and extend the precl inical studies of a unique class  

of radiolabel ed selenium and tel  lurium f a t t y  acids as potential myocardial - 
imaging agents. The program was in i t ia ted  by supplying 7%e-methyl -9- 
sel enaheptadecanoate and 123mTe-methyl -9-tell uraheptadecanoate. The heart 

uptake of these agents will be determined in normal r a t s  and in r a t s  that  

have myocardial infarct ions induced by ligation of a coronary ar tery to  

determine i f  the f a t t y  acids show specific uptake in normal heart t i s sue  

compared to  the diseased t i ssue .  The success of these preliminary studies 

will indicate i f  future imaging studies of infarcted dog hearts will be 

attempted. 



OTHER NUCLEAR MEDICINE TECHNOLOGY GROUP ACTIVITIES 

Potassium-43 was suppl i e d  t o  severa l  i n s t i t u t i o n s  on a c o s t  recovery  

bas i s .  F i v e  shipments o f  4 3 K  were made t o  t h e  Nat iona l  I n s t i t u t e  f o r  

Environmental Hea l th  Stud ies.  Three shipments were made t o  t h e  Nat iona l  

I n s t i t u t e s  o f  Heal th ,  Bethesda, ~ a r y l a n d ,  and a1 so t h r e e  shipments t o  t h e  

U n i v e r s i t y  o f  M i s s i s s i p p i  Medical  Center.  One shipment was supp l i ed  t o  

t he  U n i v e r s i t y  o f  Connec t i cu t  Medical  School . 
F. F. Knapp, J r .  p a r t i c i p a t e d  i n  t h e  T h i r d  I n t e r n a t i o n a l  Symposium on 

t h e  Chemistry o f  Organo Selenium and T e l l u r i u m  Compounds a t  Metz, France, 

on J u l y  9-1 2, and at tended t h e  Twenty -s ix th  Annual Meet ing o f  t h e  Soc ie t y  

o f  Nuclear  Medicine a t  A t l an ta ,  Georgia, June 26-29, 1979. J .  D. Hoeschele 

p a r t i c i p a t e d  i n  t h e  Symposium on I no rgan i c  Chemistry i n  B i o l o g y  and 

Medic ine he ld  as p a r t  of t h e  Annual Meet ing of  t h e  American Chemical . 

S o c i e t y  a t  Washington, D. C., on September 9-14. 
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