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NUCLEAR M E D I C I N E  TECHNOLOGY PROGRESS REPORT 
FOR OUARTER ENDING JUNE 30. 1978 

SUMMARY 

Progress ' is  r epo r ted  f o r  t h e  a p p l i c a t i o n s  o f  "c, 195m~t, 7 5 ~ e  and 

1  23mTe . A d d i t i o n a l  human c l  i n i c a l  t r i a l  s  w i t h  C - ~ ~ - t r ~ ~ t o ~ h a n  and 

C-1 -aminocyclobutane carboxy l  i c  a c i d  have been completed. The mod i f i ed  

~ i c h e r e r - S t r e c k e r  amino a c i d  syn thes is  has been used t o  prepare "c-DL- 

phenyl g l  yc  i ne and C-DL-phenyl a1 a n i  ne . These two new C-1 abel  ed amino 

a c i d s  w i l l  be s t u d i e d  as p o t e n t i a l  tumor l o c a l i z i n g  agents.  P r e l i m i n a r y  

s tud ies  concern ing t h e  comparat ive organ and s u b c e l l u l a r  d i s t r i b u t i o n  o f  

1 95m~ t -~  abel ed cis-  and trans- d i c h l  orodiamminepl ati 'num( I I )  have been 

completed. The r e s u l t s  o f  i n  vivo s tud ies  have shown t h e  c i s  isomer t o  

b i n d  t o  nuc lea r  DNA t o  a  s i g n i f i c a n t l y  g r e a t e r  e x t e n t  than t h e  trans 

isomer. A  s e r i e s  o f  2 3 m ~ e - l a b e l  ed long-cha in  f a t t y  a c i d  analogs have 

been prepared as " i s o s t e r e s "  o f  unsa tu ra ted  f a t t y  ac ids . '  Several  o f  these  

compounds show pronounced h e a r t  uptake i n  r a t s  and may rep resen t  a new 

c l a s s  o f  p o t e n t i a l  myocard ia l  imaging agents.  

Two p roduc t i on  runs o f  " c - l abe led  amino ac ids  were made i n  suppor t  

o f  t he  c o l  1  a b o r a t i  ve program w i t h  Oak Ridge Assoc ia ted U n i v e r s i t i e s  (ORAU) . 
P a t i e n t s  were admin is te red  l l ~ - ~ ~ - t r y p t o p h a n  f o r  panc rea t i c  uptake s t u d i e s  

and C-1 -aminocyclobutanecarboxyl  i c  a c i d  f o r  general  tumor 1  ocal  i z a t i o n .  



Scans were performed by p o s i t r o n  emission tomography. 

The mod i f i ed  ~ u c h e r e r - ~ t r e c k e r  amino a c i d  synthesi  s method used i n  

a1 1 o f  our  e a r l  i e r  l lC- labeled compound preparat ions was app l i ed  t o  the  

syn thes is  o f  C-carboxyl - labe led  DL-phenyl g l y c i n e  and DL-phenylalanine. 

Carbon-11 a c t i v i t y  l e v e l s  o f  150 m C i  and 375 m C i  , respec t i ve l y ,  were 

achieved i n  the  f i n a l  products. The compounds were used i n  . p r e c l i n i c a l  

animal s tud ies  t o  determine t i s s u e  d i s t r i b u t i o n s  i n  rodents i n  support 

o f  a Univers l ' ty  o f  Kentucky c o l l a b o r a t i v e  e f f o r t -  w i t h  ORAU. 
t 

A se r ies  o f  ma1 f u n c t i o n s  i n  the  Oak Ridge Nat ional  Laboratory (ORNL) 

86- inch c y c l o t r o n  over  t h e  pas t  few months appear t o  have been corrected,  

and we a n t i c i p a t e  o b t a i n i n g  a d d i t i o n a l  proton-beam t ime i n  o rder  t o  

accel e r a t e  the ' C-col  1 abo ra t i ve  program. 

PLATINUM-1 95m 

J .  D. HoescheZe and T. A. B u t l e r  

As p a r t  o f  t he  con t i nu ing  coopera t ive  prograrn.to s tudy an t i tumor  

compounds, one,shipment o f  195m~t-l abeled Na2PtCls and one shipment o f  

9 5 m ~ t - ~  abel ed ~ i s - [ p t ( N H ~ ) ~ C l  2 ]  (cis-DDP) were made t o  the  U n i v e r s i t y  

o f  Southern C a l i f o r n i a .  Three shipments o f  95m~t-l abel ed cis-DDP were 

made t o  t h e  U n i v e r s i t y  o f  Arizona, and th ree  shipments o f  195m~t-l abel ed 

Na2PtC16 were made t o  t h e  U n i v e r s i t y  o f  Kentucky. 

Cnrnparat,ive Tissue and Subcell u l a r  g i s t r i b  'on Studies 
and Po lynuc leo t ide  i3inding Experiments w i t h  Y"mPt-Label ed 

c i s -  and t rans-Dichl  orodiamminepl atinurn( I I ) 

An impor tan t  b u t  s t i l l  unexplained aspect o f  the b i o l o g i c a l  prop- 

e r t i e s  o f  p la t inum compounds i s  why cis-DDP e x h i b i t s  an t i tumor  a c t i v i t y  



w h i l e  trans-DDP i s  i n a c t i v e .  I n  c o l l a b o r a t i o n  w i t h  N. P. Johnson and 
. . .  

R .  0. Rahn (B io l ogy  D i v i s i o n ,  ORNL) and D. H. Brown (ORAU), we have 

i n i t i a t e d  a  sys temat ic  s tudy o f  t h e  d i f f e r e n t i a l  i n  v i t r o  and i n  v i v o  

b i n d i n g l d i s t r i b u t i o n  p r o p e r t i e s  o f  these isomers t o  assess whether d i f -  

f e r e n t  uptake, d i s t r i b u t i o n ,  o r  DNA b i n d i n g  m igh t  be respons ib l e  f o r  t he  

d i f f e r e n c e  i n  an t i t umor  a c t i v i t i e s .  - A  knowledge o f  why these compounds 

d i f f e r  i n  t h e i r  an t i t umor  a c t i v i t y  i s  v i t a l  t o  t h e  understanding o f  t he  

mechanism o f  a c t i o n  o f  an t i t umor  p l a t i num drugs. The bas i c  o b j e c t i v e s  

o f  t h i s  research  a r e  t o  d e f i n e  t he  i n  v i t r o  b i n d i n g  p r o p e r t i e s  w i t h  

DNA, t o  determine t h e  organ and s u b c e l l u l a r  d i s t r i b u t i o n  i n  normal and 

a  model tumor system, and t o  determine t h e  number o f  p l a t i num atoms 

bound per  DNA base n u c l e o t i d e  (Rb va lues ) .  

Gross organ d i s t r i b u t i o n  

The i n  v i v o  s tud ies  used t h e  American Cross I r i s h  (ACI) r a t  bea r i ng  

t h e  Reuber H-35 hepatoma. Th i s  p a r t i c u l a r  system was chosen because 

s u b c e l l u l a r  f r a c t i o n a t i o n  techniques appeared t o . b e  w e l l - d e f i n e d .  The 

d i s t r i b u t i o n  o f 1 9 5 m ~ t  r a d i o a c t i v i t y  i n  se lec ted  organs and t h e  hepatoma 

2-21 h r  a f t e r  i n j e c t i o n  n f  95m~t- l  abel ed c i s -  and trpns-DDP i n d i c a t e s  

t h a t  organ l e v e l s  (percen t  doselgram o f  wet t i s s u e )  are,  i n  genera l ,  

h i ghe r  f o r  t r ans -  than cis-DDP. The o r d e r  o f  i nc reas ing  l e v e l s  f o r  

cis-DDP i n j e c t e d  animals i s  b l ood  < sp leen < l i v e r  < tumor which i s  

e x a c t l y  t he  reve rse  of  t h a t  found f o r  t h e  trans isomer. The l e v e l  i n  

t he  k idney  i s  s u b s t a n t i a l l y  h i ghe r  f o r  t r ans -  than cis-DDP. The 24 h r  

d i s t r i b u t i o n  data, summarized i n  Table 1, show t h a t  t he  r a t i o  o f  trans- 

DDPlcis-DDP i n  t he  b lood  i s  approx imate ly  4, a  f a c t o r  which d i r e c t l y  



Tab le  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  t i s s u e s  o f  A C I  r a t s  
24 h r  a f t e r  i n t r avenous  a d m i n i s t r a t i o n  o f  Pt-195m-labeled c i s -  and 
trans - D  D  P  

Organ 

Percent  dose p e r  g ram. t i s sue  

C i s  pansa 

Blood T  
N 

L i v e r  T  
N  

Spleen T  
N 

Kielney T  
N 

Tumor . T  

T  = tumor (H-35 hepatoma). 

N = normal ( c o n t r o l  ) . 
a N da ta  = f rom F i s c h e r  344. 

p a r a l l e l s  t he  r e l a t i v e  chemical  r e a c t i v i t y  o f  these isomers. The pe rcen t  

dose/yram o f  t i s s u e  f o r  trans-DDP i n  t h e  l i v e r s  o f  tumored (LT)  and 

normal ( L ~ )  r a t s  and i n  t h e  tumor (T )  a r e  e s s e n t i a l l y  t h e  same. However, 

the  d i s t r i b u t i o n  o f  cis-DDP i n  t h e  tumor (hepatoma) i s  approx imate ly  

two f o l d  h i ghe r  than  t h a t  f o r  t he  LT and L,,,. 

S u b c e l l u l a r  d i s t r i b u t i o n  s t u d i e s  

Pt-195111-labeled c i s -  and trans-DDP were admin is te red  i n t r a v e n o u s l y  

i n  p h y s i o l o g i c a l  s a l i n e  a t  doses o f  7.5 and 3.0 mg/kg, r e s p e c t i v e l y .  

Rats were s a c r i f i c e d  ove r  a  2-24 h r  p o s t - i n j e c t i o n  i n t e r v a l  and se lec ted  

organs were exc ised.  P o r t i o n s  o f  t h e  l i v e r s  f rom LT and LN animals  were 

used immediate ly  i n  t h e  s tandard s u b c e l l u l a r  f r a c t i o n a t i o n  s tud ies .  

D i f f e r e n t i a l  and r a t e  zonal c e n t r i f u g a t i o n  techniques were employed i n  



t h e  i s o l a t i o n  of s u b c e l l u l a r  components. The p ro toco l  used i n  i s o l a t i n g  

t he  var ious  s u b c e l l u l a r  components i s  dep i c ted  i n  F i g .  1. Nuclear  DNA 

was i s01  a ted  f rom " p u r i f i e d "  n u c l e i  by means o f  s tandard techniques and 

t he  amount o f  P t  bound t o  DNA then determined r a d i o m e t r i c a l l y .  The 

most s i g n i f i c a n t  d i f f e r e n c e  i n  t he  r e l a t i v e  s u b c e l l u l a r  d i s t r i b u t i o n  o f  

c i s -  and trans-DDP i s  found f o r  t h e  " p u r i f i e d "  n u c l e i .  A t  24 h r  (Table 2 ) ,  

t he  l e v e l  f o r  cis-DDP i s  approx imate ly  t h r e e  t imes h ighe r  i n  t he  tumor 

I CFGN DIFFERENTIAL CFGN RATE ZONAL CFGN 

P U R I F I E D  
NUCLEI  

IV,  MICROSOMES 

IV, POLYSOMES (L )  

IV, RIBOSOMES, POLYSOMES ( s )  

F ig .  1 .  F r a c t i o n a t i o n  scheme f o r  t h e  p u r i f i c a t i o n  o f  s u b c e l l u l a r  
components f rom tumor a n d  normal 1  i v e r  c e l l  s  f rom r a t s  f o l l o w i n g  admin- 
i s t r a t i o n  o f  Pt-195rr1-1 abel ed cis-DDP. 



Tab le  2. The s u b c e l l u l a r  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  24 h r  a f t e r  
i n t r avenous  a d m i n i s t r a t i o n  o f  Pt-195m-labeled c i s -  and trans-DDP 

Re1 a t i v e  Percent  

Tumor L i v e r  (normal )  

Trans C i s  Trans C i s  

Nuc lear  Pel  1  e t  

S2 91 8  1  9  3  85 

2  9  19 7 15 

N u c l e i  pZa 1  3 0.8 1.2 

Cytoplasm 

P a r t i c u l a t e ,  P3 53 2 0 3  9  19 

So lub le ,  S3 4  7 8 0 6 1 81 

~ - 

a Percent  o f  a c t i v i t y  i n  t i s s u e  homogenate. 

nuclei Compared t o  e i t h e r  t h e  l e v e l  o f  cis-DDP i n  t h e  LN n u c l e i  o r  trans- 

DDP i n  t h e  T and LN n u c l e i  . 
These da ta  p a r a l l e l  t he  gross organ d i s t r i b u t i o n  da ta  a t  24 h r .  As 

i n d i c a t e d  i n  Table 3, t h e  most pronounced d i f f e r e n c e s  i n  l e v e l s  f o r  

cis-DDP occur  i n  t h e  mi tochondr ia1  and s o l u b l e  f r a c t i o n s .  These va lues 

a r e  9 vs 15 (m i t ochond r i a )  and 31 vs 23 ( s o l u b l e s )  f o r  t h e  tumor and 

normal l i v e r ,  r e s p e c t i v e l y .  Un fo r tuna te ly ,  t h e  d e t a i l e d  cy top lasmic  

d i s t r i b u t i o n  da ta  f o r  t~nv.s-DDP a r e  n o t  a v a i l a b l e  a t  t h i s  L.i~r~e. Dis -  

t r i b u t i o n  da ta  show t h a t  trans-DDP i s  approx imate ly  e q u a l l y  d i s t r i b u t e d  

between t h e  p a r t i c u l a t e  and so lub l  e  components, whereas cio-DDP i s  



Table 3. S u b c e l l u l a r  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  24 h r  a f t e r  
in t ravenous  a d m i n i s t r a t i o n  o f  Pt-195m-labeled cis-DDP 

Percent i n  whole c e l l  a t  24 h r  

Organ ' Tumor Normal L i v e r  

Cytoplasm 

Nuclear  pe l  1  e t  

Nuc le i  ( p u r i f i e d ) a  

Mi tochondr ia  , 

Lysosomes 

Microsomes 

Pol ysomes 

Sol ub l  es 

a Percent  recovery  i s  unknown. 

d i s t r i b u t e d  i n  t h e  so' luble components approx imate ly  4  t imes g r e a t e r  

than i n  t h e  p a r t i c u l a t e s .  

I n  v i vo  b i n d i n g  o f  Pt-195m-1 abel ed c i s -  and trans-DDP t o  r lucl ear- DNA 

The amount o f  p l a t i num bound t o  t h e  i s o l a t e d  DNA was conven ien t l y  

determined by t he  use o f  95m~t-l abel  ed compl exes. These da ta  p re -  . 

sumably r ep resen t  an index o f  t he  degree o f  b i n d i n g  o f  cis- and t r ans -  

DDP t o  t h e  DNA. The r%esu l ts  o f  thesc s tud ies  have shnwn t h a t  bo th  t h e  

ra te  arid e q u i l  i b r i u m  amounts o f  c i s -  and trans-DDP bound t o  DNA ( s i n g l e -  

and' doubl e-s t randed)  a re  approx imate ly  t h e  same f o r  t h e  pH range 4-7. 



These values are, however, a f f e c t e d  by the na ture  o f  the  b u f f e r  employed. 

The i n  v i t r o  s tud ies  o f  t h e  compet i t i ve  b ind ing  o f  cis-DDP w i t h  DNA and 

p o l y  ( r A )  i n d i c a t e  i r r e v e r s i b l e  b ind ing  ( i .  e., the amount o f  P t  bound 

t o  a  g i ven  polymer i s  unchanged on a d d i t i o n  o f  the  second polymer).  

F i n a l l y ,  the  Pt-DNA bond i s  n o n - l a b i l e  ( i n e r t )  under the  a1 ka l  i n e  

c o n d i t i o n s  t h a t  compl e t e l y  hydrolyze RNA. 

The Ra t io  of Plat inum Atoms Bound per  DNA Base N ~ ~ c l e o t i d e  In ITivo 

The most s t r i k i n g  f e a t u r e  o f  t he  i n  v i v o  d i s t r i b u t i o n / b i n d i n g  o f  

these oic and t r a n s  i s ~ m e r s  i s  i n  regard t o  t h e i r  b ind ing  t o  nuc lear  

DNA. Determinat ions o f  t he  r a t i o  o f  P t  atoms bound/DNA base nuc leo t i de  

(Rb) a f t e r  2-24 h r  p o s t - i n j e c t i o n  i n d i c a t e  t h a t  s a t u r a t i o n  b ind ing  i s  

achieved w i t h i n  2 h r  f o r  b o t h  isomers and t h a t  t h e  average Rb va lue f o r  

cis-DDP f o r  1  i v e r  and tumor DNA i s  5.3 & 2.0 x  1  o - ~  whereas t h a t  f o r  

trans-DDP i s  4 ? 3  x  This  means t h a t  approximately 2 t o  28 times 

more cCs-DDP than trans-DDP i s  bound per  DNA base nuc leo t ide .  We con- 

c lude  f rom these p r e l i m i n a r y  data t h a t  cis-DDP binds more e f f e c t i v e l y  

t o  DNA i n  v i v o  than does trans-DDP. These data f u r t h e r  suggest t h a t  

t he  r e l a t i v e  drug e f fec t i veness  o f  ci.s- and tranc-DDP might  be r e l a t e d  

t o  the  amount o f  P t  bound t o  DNA. Consequently, we propose the  f o l l o w i n g  

qua1 i t a t i v e  mu1 t i - t e r m  expression which d i r e c t l y  r e l a t e s  the  r e l a t i v e  

drug e f fec t i veness  t o  the  major parameters which cou ld  i n f l u e n c e  the  

amount o f  DDP bound t o  DNA'. 

E f fec t iveness  (DNA) a T.C.B.E.G-R 

Each term i n  t h i s  expression r e f e r s  t o  important  parameters such 

as t r a n s p o r t  p r o p e r t i e s  ( T ) ,  the Pt/DNA concent ra t ion  r a t i o  i n  t he  nucleus 



(C), i n t r i n s i c  , b i nd ing  p roper t ies .  ( f r o m  i n  v i t r o  s t u d i e s )  ( B ) ,  b i .o log ica1  

e f f e c t l p e r  l e s i o n  (E),  gene t i c  express ion o f  t he  l e s i o n  ( G ) ,  and r e p a i r  

processes ( R ) .  Each term i s  a  r a t i o  o f  t h e  va lues which cis-DDP (numer- 

a t o r )  and trans-DDP (denominator)  would have f o r  a  g i ven  parameter.  I n  

f o r m u l a t i n g  t h i s  express ion  i t  was assumed t h a t  DNA i s  t h e  t a r g e t  s i t e  

and t h a t  drug e f f e c t i v e n e s s  inc reases  w i t h  t h e  amount o f  DDP bound t o  

DNA. Numerical e v a l u a t i o n  . (approx imat ion)  o f  these va r i ous  f a c t o r s  

w i l l  come f rom i n  v i t r o  and i n  v i v o  s tud ies  which a r e  p r e s e n t l y  i n  

progress and f rom an a n a l y s i s  o f  s t ud ies  r e p o r t e d  i n  t he  l ' i t e r a t u r e .  

Fu tu re  work wi.11 focus  on t h e  f u r t h e r  re f inement  o f  n u c l e i  p u r i f i c a t i o n  

procedures, p a r t i c u l a r l y  f o r  t h e  tumor n u c l e i . .  The e f f e c t  o f  t h e  

v a r i a t i o n  o f  dose on t h e  s u b c e l l u l a r  d i s t r i b u t i o n  and Pt/DNA r a t i o s  f o r  

tumor and l i v e r  t i s s u e s  o f  95m~t-l  abel ed c i s -  and trans-DDP wi 11 a1 so 

be f u r t h e r  i n v e s t i g a t e d  

SELENIUM-75 

D. V. Woo, K. R. Ambrose, T. A. Bu t le r ,  and F. F. Knapp, Jr. 

Cont inu ing  s t u d i e s  w i t h  7 5 ~ e - ~ - a m i n o e t h y l  s e l e n o s u l f a t e  have p ro -  

v ided  a d d i t i o n a l  i n f o r m a t i o n  concern ing i t s  t i s s u e  d i s t r i b u t i o n  dFlcv 

a d m i n i s t r a t i o n  t o  r a t s .  P r e l i m i n a r y  s tud ies  'were d i r e c t e d  a t  an a t tempt  

t o  i s01  a t e  t he  i n t a c t  non-metabol i z e d  7 5 ~ e - l a b e l  ed compound a f t e r  ad- 

m i n i s t . r a t i o n  t o  female r a t s .  Two hours a f t e r  i n j e c t i o n  t h e  animals 

were s a c r i f i c e d ;  and t he  hea r t ,  lungs,  and l i v e r  were removed, 

homogenized, and t h e  p r o t e i n  p r e c i p i t a t e d .  A f t e r  c e n t r i f u g a t i o n  t h e  

t i s s u e  homogenates were e x t r a c t e d  w i t h  chloroform-methanol;  and t h e  

remain ing aqueous p o r t i o n  was l y o p h i l i z e d ,  resuspended i n  water,  and 



passed through a  c a t i o n  exchange column. The e lua tes  were then sub jec ted  

t o  t h i n  l a y e r  chromatographic  a n a l y s i s .  The major  p roduc t  de tec ted  by 

these  s t u d i e s  was endogenous t a u r i n e .  There was no chromatographic 

ev idence o f  any f r e e  75~e-8-aminoe thy l  s e l e n o s u l f a t e  i n  any o f  t h e  

organ e x t r a c t s  examined. Approx imate ly  98% o f  t h e  t o t a l  a c t i v i t y  i n  

each o rgan  was found t o  be i n  t h e  i n i t i a l  p r o t e i n  p r e c i p i t a t e .  These 

r e s u l t s  suggest t h a t  t h i s  compound i s  p o s s i b l y  bound o r  assoc ia ted  w i t h  

p r o t e i n  macromolecules o r  i s  p resen t  i n  another  form t h a t  i s  n o t  d i r e c t l y  

i s o l a t e d  by  these  techniques.  F u r t h e r  i n v e s t i g a t i o n s  w i l l  be conducted 

t o  deterrni  ne if t h e  75~e-8-aminoe thy l  se l  enosul f a t e  i s  ac tua l  l y  i n c o r -  

po ra ted  i n t o  p r o t e i n .  A  p rev ious  r e p o r t  (ORNLITM-6410) d e s c r i b i n g  s t u d i e s  

o f  t h e  t i s s u e  d i s t r i b u t i o n  o f  75~e-8-aminoe thy l  s e l e n o s u l f a t e  i n d i c a t e d  

f a v o r a b l e  concen t ra t i ons  i n  t he  h e a r t  and lung .  However, these s tud ies  

were conducted u s i n g  75~e-8-aminoe thy l  s e l  enosul f a t e  hav ing  a  s p e c i f i c  

a c t i v i t y  o f  20-40 mCi1mmole. To determine what e f f e c t  s p e c i f i c  a c t i v i t i e s  

may have on t h e  t i s s u e  uptake and d i s t r i b u t i o n  k i n e t i c s ,  h i gh  s p e c i f i c  
- 

a c t i v i t y  (200 mCi/mmol e )  75~e-8-aminoe thy l  s e l e n o s u l f a t e  was synthes' ized 

and adm in i s te red  t o  female F i sche r  s t r a i n  r a t s .  The t i s s u e  d i s t r i b u t i o n  

o f  7 5 ~ e  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  than  t h a t  observed i n  e a r l i e r  

s t u d i e s  us ing  t h e  l owe r  s p e c i f i c  a c t i v i t y  subs t ra te .  However, i n  these 

more r e c e n t  exper iments  t h e  pancreas was found t o  c o n t a i n  t he  h i g h e s t  

7 5  
c o n c e n t r a t i o n  (mean 8% dose lg )  n f  SP 30 min  a f t e r  i n j c c t . i o n .  The 

second h i g h e s t  organ o f  uptake a t  30 min  was t he  l i v e r  (near  2.5% dose lg ) .  

The pancreas11 i v e r  r a t i o  f o r  7 5 ~ e - ~ - a m i n o e t h y l  se lenosul  f a t e  was 3.2. 

The p a n c r e a s l l i v e r  r a t i o  f o r  r a t s  r e p o r t e d  i n  t h e  l i t e r a t u r e  u s i n g  

75~e -se lenome th ion ine  ( c u r r e n t l y  used t o  image t h e  pancreas) i s  2.4. 



Th i s  unusua l l y  h i g h  concen t ra t i on  o f  7 5 ~ e  suggests t h a t  7 5 ~ e - ~ - a m i n o e t h y 1  

se l  ehosul f a t e  coul  d  prove t o  be a  use fu l  a1 t e r n a t i v e  t o  7 5 ~ e - s e l  enometh- 

i o n i n e  f o r  panc rea t i c  imaging. The ease O f  p repa ra t i on  o f  7 5 ~ e - ~ - a m i n o e t h y l '  

se l  enosul f a t e  compared t o  t h a t  f o r  7 5 ~ e - s e l  enomethionine cou ld  a1 so 

prove t o  be .an  a t t r a c t i v e  advantage. 

. F u r t h e r  s tud ies  d u r i n g  t h e ' n e x t  q u a r t e r  w i l l  determine t he  p e r i o d  

f o r ,  maximal uptake o f  7 5 ~ e - ~ - a m i n o e t h y l  se l  enosul f a t e  and w i  11 a1 so 

compare re1  a t i v e  t i s s u e  d i s t r i b u t i o n  o f  t h i s  agent w i t h  7 5 ~ e - s e l e n o -  

75 methionine: Also, t h e  s y n t h e s i s . o f  even g r e a t e r  s p e c i f i c  a c t i v i t y  Se- 

6-aminoethyl se l  enosul f a t e  (%I  Ci/mmol e )  w i l l  be at tempted i n  o r d e r  t o  

inc rease  s p e c i f i c  uptake i n  t a r g e t  organs 

. . 
F. F. Knupp, Jr., and K. R. Ambrose 

Stud ies  have cont inued concern ing t h e  development o f  2 3 m ~ e - l  abel ed 

t i s s u e  imaging agents.  S ince t h e  6 -ox ida t i on  o f  long-cha in  f a t t y  ac i ds  

supp l i es  most o f  t h e  energy needs f o r  t he  normal myocardium, t h e  prep- 

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

a t t r a c t i v e  area o f  research.  If l a b e l e d  f a t t y  ac i ds  can be concent ra ted  

i n  h e a r t  t i s sue ,  then  t h e  use o f  such agents as v e h i c l e s  f o r  t h e  con: 

c e n t r a t i o n  of r a d i o a c t i v i t y  i n  t he  h e a r t  i s  an a t t r a c t i v e  approach f o r  

r l lyocardial  imaging. A wide v a r i e t y  o f  f a t t y  ac ids  l a b e l e d  w i t h  131 I ,  

l Z 3 1 ,  1 8 ~ ,  l l C ,  and 9 9 m ~ c  have been prepared and t e s t e d  f o r  h e a r t  imaging. 

Nonetheless, , i t .  s t i l l  has n o t  y e t  been p r e c i s e l y  e s t a b l  i shed  what 

s t r u c t u r a l  p e r t u r b a t i o n s  can be i n t r oduced  i n t o  t he  f a t t y  a c i d  mol ecu l  e  

and s t i l l  impa r t  h e a r t  uptake. I t  i s  w e l l  e s t a b l i s h e d  t h a t  t h e  b i o l o g i c a l  
. . 

\ 0 
p r o p e r t i e s  o f  many compounds a re  ma in ta ined  when t h e  C=C mo ie t y  i s  ./ t. 



r ep laced  w i t h  S, Se, o r  Te. The s u b s t i t u t e d  molecules a r e  " i s o s t e r i c "  

w i t h  t h e  o l e f i n i c  coun te rpa r t s  s i n c e  t h e  gross b i o l o g i c a l  p r o p e r t i e s  

a r e  s t i l l  r e t a i n e d .  Our s t r a t e g y  was t o  prepare a 2 3 m ~ e - l  abel ed 

" i s o s t e r e "  of a  n a t u r a l  f a t t y  a c i d  t h a t  i s  known t o  be a c t i v e l y  concen- 

t r a t e d  and metabo l i zed  b y  myocard ia l  t i s s u e .  S ince o l e i c  a c i d  

(9-octadecenoic  a c i d )  i s  t h e  major  serum f a t t y  a c i d  concen t ra ted  by t h e  

h e a r t ,  we have prepared t h e  2 3 m ~ e - l  abel ed i sostere,  9 - t e l l  urahepta-  

decanoic  a c i d .  I f  t h e  t e l l u r o  analog i s  indeed t r anspo r ted  i n  ~ C I I O  

and concent ra ted  i n  h e a r t  t i s s u e  i n  a  manner s i m i l a r  t o  t h a t  observed 

f o r  o l e i c  ac id ,  then  t h e  e x c e l l e n t  imaging p r o p e r t i e s  o f  ' 2 3 m ~ e  (1 59 

keV photon; 84% abundance) may i n d i c a t e  t h a t  these l a b e l e d  f a t t y  ac i ds  

r e p r e s e n t  a  new s e r i e s  o f  p o t e n t i a l  myocard ia l  imaging agents.  

The f o l l o w i n g  procedure has been developed f o r  t h e  p r e p a r a t i o n  o f  

2 3 m ~ e - l a b e l e d  f a t t y  ac i ds :  RX(1) + Na2Te2( I I )  - R-Te-Te-R(I1 I )  +- 

R-Te-Na( I V )  + X-R'-COOMe(V) - R-Te-R'-COOMe(V1) - R-Te-R'-COOH(VI1). 

The d l a l  k y l  d i t e l l  u r i d e s  (111) were prepared by  a s tandard procedure 

i n v o l v i n g  r e a c t i o n  o f  t e l l u r i u m  powder w i t h  a  s t o i c h i o m e t r i c  amount o f  

sodium meta l  i n  l i q u i d  ammonia a t  -50 t o  - 6 0 ' ~  f o l l o w e d  by  a l k y l a t i o n  

w i t h  t h e  a p p r o p r i a t e  a1 k y l  h a l i d e  ( I ) .  The d i t e l l u r i d e s  were reduced 

w i t h  sodium bo rohyd r i de  t o  y i e l d  t h e  sodium a1 k y l  t e l l u r o l s  which were 

then  coupled w i t h  t h e  U - (ha lo  a1 k y l )  ca rboxy l  i c  a c i d  methyl  e s t e r s  (V)  

t o  g i v e  t h e  t e l l  u ro  f a t t y  a c i d  methy l  e s t e r s  ( V I )  i n  r espec tab le  y i e l d s .  

The e s t e r s  were used r a t h e r  than  t h e  f r e e  ac ids  s i n c e  t h e  man ipu la t i ons  

were g r e a t l y  simp1 i f i e d  and t h e  p roduc ts  cou ld  be e x t r a c t e d  i n t o  t h e  

o r g a n i c  phase and most s ide-p roduc ts  c o u l d  be removed by  wate r  washes. 

I n  a d d i t i o n ,  t h e  methyl  e s t e r s  o f  t h e  (a1 k y l  t e l l  u r o )  f a t t y  ac i ds  were 

subsequent ly  found t o  be q u i t e  s t a b l e  and cou ld  be s to red  f o r  severa l  



weeks as pure o i l s  w i t h  o n l y  minimal decomposit ion. The U-bromo f a t t y  

ac i ds  used f o r  these s tud ies  were ob ta ined  commerc ia l ly  and were smoothly 

conver ted t o  t h e  corresponding methyl  e s t e r s  ( V )  by r e a c t i o n  w i t h  

diazornethane. A s e r i e s  o f  U - ( a l k y l  t e l l u r o )  f a t t y  ac i ds  were prepared 

i n  o rde r  t o  i n v e s t i g a t e  a  v a r i e t y  o f  s t r u c t u r a l ' f e a t u r e s  t h a t  cou ld  

p o t e n t i a l l y  e f f e c t  t h e  myocard ia l  uptake o f  these compounds. Our 

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

t h e  ac ids  l i s t e d  i n ' T a b l e  4. The e f f e c t s  o f  t o t a l  cha in  l e n g t h  and 

t he  p o s i t i o n  o f  t h e  t e l l u r i u m  heteroatom i n  t h e  a l k y l  cha in  have been 

i n v e s t i g a t e d .  The chromatographic, u l t r a v i o l e t ,  i n f r a r e d ,  mass-spectral ,  

1  and H and 13c nuc lea r  magnet ic resonance p r o p e r t i e s  o f  t h e  methyl  

e s t e r s  and f r e e  ac ids  have been s tud ied,  and these da ta  a r e  c o n s i s t e n t  

w i t h  t he  proposed s t r u c t u r e s  o f  these compounds. 

The 2 3 m ~ e - l  abel  ed t e l l  u ro  f a t t y  a c i d  methyl  e s t e r s  were prepared 

i n  the  same manner and p u r i f i e d  by s i l i c i c  a c i d  column chromatography , . 

Table 4. (Alkyl telluro) fatty acids prepared by basic hydrolysis of the corresponding methyl esters. 
The esters were synthesized by coupling sodium alkyl tellurols w ~ t h  aLn-bromo alkyl carboxyllc acld 
methyl esters 

- 

Telluro fatty acid Olefinic isostere 

.- -. - - -. . - -- - -- - - - . - -. 

6-Tell uratridecanoic acid 6-Tetradecenuic acid 

CH3-(CH2)6-Te-(CH2)4-COOH C H ~ - ( C H ~ ) ~ - C H = C H - ( C H ~ ) ~ - C O O H  

17-Telluraheneicosonic acid 

CH,-(CH,),-Te-(CH,),-CH=CH-(CH~)~-COOH 

9-Telluraheptadecanoic acid 

CH3-(CH2)7-Te-(CH,)7-COOH 

9:Herad~cenoir (palmit.nl~is) acid 

C H ~ - ( C H ~ ) ~ - C H = C H - ( C H ~ ) ~ - C O O H  

9-Octadecenoic (oleic) acid 

CH3-(CH2)7-CH=CH-(CH2)7-COOH 



and hydro lyzed  by  base t o  t h e  f r e e  ac ids .  The l a b e l e d  a c i d s  were then 

adm in i s te red  t o  female r a t s  v i a  t h e  t a i l  v e i n  a f t e r  d i s s o l v i n g  i n  a  pH 

7.2-7.8 s o l u t i o n  of 0.7% p h y s i o l o g i c a l  s a l i n e  c o n t a i n i n g  10% e thano l .  

Groups o f  t h r e e  o r  f o u r  animals were used f o r  each t ime  p o i n t .  The 

organs were removed and weighed and t he  r a d i o a c t i v e  con ten ts  then 

determined.  The da ta  were c a l c u l a t e d  as t h e  pe rcen t  dose/gram o f  t i s s u e  

and a r e  i l l u s t r a t e d  i n  F igs .  2, 3, 4, and 5. By a  comparison o f  t h e  

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

h e a r t  uptake o f  long-cha in  f a t t y  ac ids,  one would expect  some s p e c i f i -  

c i t y  f o r  h e a r t  c o n c e n t r a t i o n  o f  t h e  compounds under s tudy .  For  ins tance ,  

one would expect  * t h e  s h o r t e r - c h a i n  ac ids  n o t  t o  e x h i b i t  h i g h  h e a r t  uptake 
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F i g .  2. T issue  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  f o l . l ow ing  t h e  a d m i n i s t r a t i o n  
o f  Te-123m-1 abel ed 6 - t e l l  u r a t r i d e c a n o i c  ac id .  



and exper iments w i t h  6 - t e l  l u r a t r i d e c a n o i c  a c i d  (F ig .2 )  i n d i c a t e  t h a t  

t h i s  compound does n o t  show h e a r t  s p e c i f i c i t y .  Th i s  t e l l u r o  f a t t y  a c i d  

i s  an i s o s t e r e  o f  t h e  o l e f i n i c  compound w i t h  t h e  double bond i n  t h e  

unusual 6 ( 7 )  p o s i t i o n ,  and t h i s  s t r u c t u r a l  f e a t u r e  may a l s o  e x p l a i n  the  

low h e a r t  uptake o f  t h e  t e l l u r o  f a t t y  a c i d .  I n  c o n t r a s t ,  t he  3mTe - 

l a b e l e d  i s o s t e r e  o f  o l e i c  a c i d  (9 - te l lu rahep tadecano ic  a c i d )  shows very  

h i gh  myocard ia l  uptake ( F i g .  3 ) .  S i m i l a r l y ,  t he  2 3 m ~ e - l  abel  ed i sos te re  

o f  pa lmi  to1 e i c  a c i d  ( 9 - t e l l  urapentadecanoic a c i d )  a1 so shows pronounced 

h e a r t  uptake (F ig .  4 ) .  One may a l s o  expect  v e r y  long-cha in  f a t t y  ac i ds  

t o  show even g r e a t e r  h e a r t  uptake as a  r e s u l t  o f  t h e i r  s lower  ca tabo l i sm 

and thus l onge r  res idence  t ime  w i t h i n  t h e  h e a r t  t i s s u e .  We have a l s o  
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F i g .  3. T issue 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  f o l l o w i n g  t h e  a d m i n i s t r a t i o n  
o f  Te-123111-label ed 9 - t e l l  uraheptadecanoic ac id .  
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F i g .  4. T issue  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  f o l l o w i n g  t h e  a d m i n i s t r a t i o n  
o f  Te-123m-label ed 9 - t e l l  urapentadecanoic a c i d .  

found t h i s  t o  be t h e  case and 1 7 - t e l  l u rahene icoson ic  a c i d  (an i s o s t e r e  

o f  a  A 
9, 16 - 

-C22 
f a t t y  a c i d )  shows v e r y  h i g h  h e a r t  uptake ( F i g .  5 ) .  

These r e s u l t s  c l o s e l y  p a r a l l e l ,  a t  l e a s t  f o r  s h o r t  t ime  per iods ,  s i m i l a r  

da ta  r e p o r t e d  f o r  o l e i c  ac i d ,  t he  ma jo r  f a t t y  a c i d  concen t ra ted  and 

ca tabo l  i z e d  by myocard ia l  t i s s u e  ( F i g .  6 ) .  These r e s u l  t s  a re  encouraging 

and c l e a r l y  i n d i c a t e  t h a t  t h e  myocard ia l  s p e c i f i c i t y  f o r  1  ong-chain 

o l e f i n i c  f a t t y  ac i ds  i s  n o t  dest royed by t h e  i s o s t e r i c  replacement o f  

s e l e c t e d  double bonds w i t h  t e l l  ur ium. Furthermore, t h e  2 3 m ~ e - l  abel  ed 

f a t t y  a c i d s  may rep resen t  a  new c l a s s  o f  p o t e n t i a l  myocard ia l  imaging 

agents.  Dur ing t h e  n e x t  q u a r t e r  these s t u d i e s  w i l l  be extended by  t h e  

p r e p a r a t i o n  o f  o t h e r  t e l l u r o  f a t t y  ac i ds  t o  i n v e s t i g a t e  f u r t h e r  t he  

e f f e c t s  o f  the  p o s i t i o n  o f  t h e  t e l l u r i u m  heteroatom and t h e  t o t a l  a l k y l -  

c h a i n  l e n g t h  on t h e  myocard ia l  s p e c i f i c i t y  o f  such compounds. 
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Fig. 5. ' Tissue distribution of radioactivity following the administration 
of Te-123m-1 abel ed 9-tell uraheneicosonic acid. 
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Time After Injection (Minutes) 

Fig. 6. The tissue distribution of C-14-labeled oleic acid administered 
to rats. The figure contains data plotted from selected values reported 
by W. H. Beirwal tes and co-workers, Journal of Nuclear Medicine, 16(9): 
842, 1975. 



MISCELLANEOUS 

V i s i t o r s  f o r  t h i s  p e r i o d  i nc l uded  D r .  A. Perumal f rom the. Physics 

Department a t  Johnson C .  Smith U n i v e r s i t y ,  who t ou red  t h e  Nuclear  

Med ic ine  Technology f a c i l i t i e s  w i t h  two undergraduate b i ophys i cs  s tuden ts  

on A p r i l  28. On A p r i l  4, Dr.  H. G u i l f o r d ,  t h e  t e c h n i c a l  l i a s o n  w i t h  

Amersham Corpora t ion ,  v i s i t e d  t o  d iscuss  t h e  p roduc t i on  o f  1 2 3 m ~ e  and 

t h e  p o t e n t i a l  development o f  2 3 m ~ e - l  abeled rad iopharmaceut ica l  s .  These 

d i scuss ions  were con t i nued  i n  cons ide rab l y  more d e t a i l  when Dr. J .  A. 

Peacegood, f rom t h e  Radiochemical Centre a t  Amersham, England, v i s i t e d  

o u r  f a c i l i t i e s ,  on May 3. On May 19, M r .  R. A. Gr igsby j o i n e d  t h e  

Nuc lear  Medic ine Techno1 ogy Group as a  summer research  s tuden t .  

M r .  Gr igsby  i s  a  graduate s tuden t  i n  o rgan i c  chemis t ry  i n  t h e  Chemistry 

Department a t  Texas A  & M U n i v e r s i t y ,  work ing  under t h e  d i r e c t i o n  o f  

Dr. K. J. I r g o l i c .  A t  ORNL he i s  p a r t i c i p a t i n g  .in t h e  syn thes i s  o f  

o r g a n o t i n  and o r g a n o t e l l u r i u m  compounds o f  p o t e n t i a l  i n t e r e s t .  On 

A p r i l  28, P. R . . B e l l ,  d i s t i n g u i s h e d  s c i e n t i s t  and l e c t u r e r ,  r e t i r e d  

f r om ORNL. On May 18, F. F. Knapp, Jr., and J. K. Poggenburg met w i t h  

r e p r e s e n t a t i v e s  o f  t h e  new Medical  Products  D i v i s i o n  o f  Union Carb ide 

Co rpo ra t i on  and gave an overv iew o f  t h e  n u c l e a r  medic ine research and 

development e f f o r t s  o f  t h e  Nuclear  Medic ine Technology Group a t  ORNL. 

S i x  shipments o f  4 3 ~  were made t h i s  q u a r t e r .  Four shipments were 

made t o  t h e  Na t i ona l  I n s t i t u t e  f o r  Environmental  Heal t h .  One shipment 

was made 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  f o r  t h e i r  coronary d isease 

s t u d i e s .  One shipment was made t o  t h e  Veterans A d m i n i s t r a t i o n  Center,  

Wood, Wisconsin, f o r  t h e i r  s tudy  o f  4 3 ~  uptake i n  t h e  hea r t s  o f  s t r essed  

roden ts .  



I n  suppor t  o f  t h e  coopera t i ve  program w i t h  t h e  ORNL B io l ogy  D i v i s i o n  

t o  s tudy  t h e  t r a n s l o c a t i o n  o f  asbestos f i b e r s  i n  roden ts  f o l l o w i n g  dep- 

o s i t i o n  i n  t r ansp lan ted  tracheas, 105 mg o f  neu t ron  a c t i v a t e d  c h r y s o t i l e  

"A" asbestos f i b e r s  were supp l ied .  

Two shipments o f  6 5 ~ r  were supp l i ed  t o  Oak Ridge Assoc ia ted Uni-  

v e r s i t i e s  t o  determine t h e  p o t e n t i a l  o f  t h i s  n u c l i d e  f o r  tumor l o c a l  i- 

z a t i o n  s tud ies  us ing  a  p r o p o r t i o n a l  coun te r  camera. The undes i rab le  

1 6 6 ~ y  contaminant  p resen t  i n  t h e  1 6 5 ~ r  p r e p a r a t i o n  r e p o r t e d  l a s t  q u a r t e r  

(ORNL/TM-6410) was e l  im ina ted  i n  t he  p resen t  s tud ies  by s e l e c t i n g  Dy- f ree  

6 4 ~ r  neutron t a r g e t  m a t e r i a l  . The rad iopharmaceut i  c a l  qua1 i ty  t e s t i n g  

and p r e c l i n i c a l  animal d i s t r i b u t i o n  s t u d i e s  have been completed i n  prep-  

a r a t i o n  f o r  an I n v e s t i g a t i o n a l  New Drug A p p l i c a t i o n  t o  p e r m i t  eventua l  

human s tud ies  w i t h  165~r .  
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