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I n  t h i s  r e p o r t  t h e  development o f  a new method o f  p r o t e i n  r a d j o -  
l a b e l i n g  i n v o l v i n g  t h e  attachment o f  r a d i o i o d i n a t e d  N - s u b s t i t u t e d  
maleimides t o  the  s u l f h y d r y l  groups o f  p r o t e i n s  i s  descr ibed. The 
r a d i o i o d i n e  i s  s t a b i l i z e d  by attachment on a phenyl r i n g .  Maleirnides a r e  
known t o  form st rong,  s u l f i d e  bonds by r e a c t i o n  w i t h  o rgan ic  t h i o l s ,  and 
t h i s  method thus  represents  a new a l t e r n a t i v e  t o  min imize t h e  d e i o d i n a t i o n  
o f  r a d i o l a b e l e d  p r o t e i n s .  As a model r a d i o i o d i n a t i n g  agent, N - ( P - [ ~ ~ ~ I ] -  
iodophenyl  )maleirnide (IPM), was prepared by c o u p l i n g  p - i o d o a n i l i n c  w i t h  
m a l e i c  anhydr ide,  f o l l o w e d  by subsequent r i n g  c losure.  F o r  t h i s  
syn thes is ,  t h e  p - i  odoani 1 i ne was prepared by i o d i  n a t i o n  o f  a p-ami nophenyl- 
mercur ic  a c e t a t e  subs t ra te .  When adinini s t r e d  t o  r a t s ,  t h e  [1-125] I P M  
r e s u l t e d  i n  t h e  r e t e n t i o n  o f  h i g h  l e v e l s  o f  r a d i o a c t i v i t y  i n  t h e  b lood 
poo?. 
I t  was a l s o  demonstrated t h a t  t h i s  agent e f f e c t i v e l y  r a d i o l a b e l s  model 
p r o t e i n s  such as BSA and IgG. 

An e v a l u a t i o n  o f  t h e  r e l a t i v e  l i p i d  pool d i s t r i b u t i o n  i n  r a t  h e a r t  
e x t r a c t s  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  s t r a i  ght -chain 15-(p- 
iodopheny1)pentadecanoic a c i d  ( I P P )  and 3,3-dimethyl-branched t e r m i n a l  
(DMIPP) i o d o p h e n y l - s u b s t i t u t e d  f a t t y  a c i d  analogues t o  normotensive and 
h y p e r t e n s i v e  Dah1 r a t s  has been evaluated. A l though e a r l i e r  au torad io -  
g raph ic  s t u d i e s  have demonstrated d i f f e r e n c e s  i n  t h e  r e g i o n a l  uptake 
p a t t e r n s  o f  DMIPP,  t h e  g loba l  l i p i d  d i s t r i b u t i o n  p a t t e r n s  are s i m i l a r  i n  
t h e  two groups o f  r a t s .  

c o n j u n c t i o n  w i t h  Medical  Cooperat ive i n v e s t i g a t o r s .  S i x  shipments o f  
osinium-191 were made t o  t h e  U n i v e r s i t y  o f  L iege, Belgium, f o r  p r e p a r a t i o n  
o f  r a d i  onucl  i d e  generators f o r  c l i n i c a l  use and two generators  were 
s u p p l i e d  t o  t h e  Massachusetts General H o s p i t a l  f o r  cont inuous i n f u s i o n  
s t u d i e s  i n  animals. I n  a d d i t i o n ,  seven samples o f  r a d i o i o d i n a t e d  f a t t y  
a c i d s  were s u p p l i e d  t o  c o l l a b o r a t o r s  i n  Amsterdam, Boston and Brookhaven 
N a t i o n a l  Laboratory ,  and copper-64 was s u p p l i e d  t o  t h e  Oak Ridge 
Assoc ia ted  U n i v e r s i t i e s .  

F u r t h e r  a n a l y s i s  demonstrated about 90% b i n d i n g  t o  red  b lood c e l l s .  

D u r i n g  t h i s  p e r i o d  a v a r i e t y  o f  research products  were eva lua ted  i n  

1 



RADIOIODINATED N-SUBST ITUTED WLEIMIDES - NEM SULFHYDRYL B I N D  I NG 
PACTEXN-LABELING AGENTS 

Rad io labe led  p ro te ins ,  red  blood c e l l s ,  and o t h e r  b lood compounds 
( leukocy tes ,  p l a t e l e t s ,  e tc . )  a re  use fu?  f o r  t h e  s tudy o f  hemato log ica l  
d i s o r d e r s  and o t h e r  diseases. Rad io labe led  e r y t h r o c y t e s  a re  u s e f u l  agents 
f o r  t h e  de te rm ina t ion  of t o t a l  red  b lood c e l l  volume, red b lood c e l l  
s u r v i v a l  t ime, red b lood c e l l  d e s t r u c t i o n  s i t e s  and v i s u a l i z a t i o n  o f  t h e  
i n t r a v a s c u l a r  b lood pool  by ex te rna l  imaging technqiues. R a d i o l a b e l i n g  o f  
leukocytes,  which are  impor tan t  f o r  defense aga ins t  i n f e c t i o n ,  p rov ides  
u s e f u l  agents f o r  t h e  l o c a l i z a t i o n  of i n f e c t i o n  s i t e s .  P l a t e l e t s  p lay  an 

i mportant r o l e  i n  hemostasi s and thrombosis medi a t e d  by ADP (adenosine 
5 ' -d i  phosphate) i nduced p l  a t  e l  e t  aggregat i on f o l  1 owi ng vas cu 1 a r i n j u  ry . 
P l a t e l e t  aggregat ion thus leads t o  thromboembolism and p laque fo rma t ion  
t h a t  can r e s u l t  i n  coronary heart. disease and s t roke .  Thus, t h e  
r a d i o l a b e l i n g  o f  p l a t e l e t s  cou ld  p o t e n t i a l l y  be u s e f u l  t o  i d e n t i f y  e a r l y  
stages o f  p laque fo rma t ion  by imaging and t o  s tudy t h e  p l a t e l e t  phenomenon 
i n  general.  In a d d i t i a n ,  these p r a t e i n  l a b e l i n g  techniques may have 
p o t e n t i a l  a p p l i c a t i o n s  f o r  t h e  r a d i o l a b e l i n g  o f  an t i bod ies  used i n  tumor 
d iagnos is  and therapy.  

F o r  r a d i o l a b e l i n g  of such b lood components, t h e  p h y s i c a l  p r o p e r t i e s  

(e.g., h a l f - l i f e ,  mode o f  decay and r a d i a t i o n  energy) and a v a i l a b i l i t y  o f  
t h e  rad ionuc l i de ,  s t a b i l i t y  o f  t h e  s u b s t r a t e  under r a d i o l a b e l i n g  cond i t i ons ,  
ease o f  r a d i o l a b e l i n g  techniques and i n  v i v o  s t a b i l i t y  o f  t h e  r a d i o l a b e l  
a r e  impor tan t  f ac to rs .  A number o f  rad ionuc l i des  i n c l u d i n g  t r i t i u m ,  
carbon-14, phosphorus-32, su l fu r -35 ,  and chromium-51 have been used f o r  
t h e  r a d i o l a b e l i n g  o f  p ro te ins ,  an t i bod ies  and b lood  components. These 
rad io i so topes  do no t  have s u i t a b l e  h a l f - l i v e s  o r  r a d i a t i o n  energ ies f o r  i n  
v i v o  o r  e x t e r n a l  imaging a p p l i c a t i o n s .  Agents l abe led  w i t h  such r a d i o -  
i so topes  are  l i m i t e d  on ly  t o  i n  v i t r o  de terminat ions  u s i n g  s c i n t i l l a t i o n  
coun t ing  techniques, e tc .  Other  rad ionuc l i des  such as gal l ium-67, 
ga l  l ium-68, selenium-75, technetium-99mY indium-111, and rubidium-82, have 
a l s o  been used f o r  r a d i o l a b e l i n g .  Carbon-11 ( h a l f - l i f e  20 min) i s  use fu l  
f o r  P E P  ( p o s i t r o n  emission computerized tomography) imaging, bu t  t h e  
necess i t y  o f  an o n s i t e  c y c l o t r o n  f o r  t h e  p roduc t i on  o f  t h i s  s h o r t  
ha1 f -1 i f e  p o s i t r o n  e m i t t i n g  r a d i  onucl i de may 1 i m i  t i t s  u s e f u l  ness. 
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The r a d i o n u c l i d e s  o f  ga l l ium,  indium, rub id ium and technet ium, etc,, are 
u s e f u l  f o r  imaging, b u t  o f t e n  fo rm l e s s  s t a b l e  bonds w i t h  o rgan ic  
molecules. Thus, rad iopharmaceut ica ls  r a d i o l a b e l e d  w i t h  these r a d i o -  
n u c l i d e s  are  u s u a l l y  complexes or chelates,  
complexes i s  o f t e n  pH dependent making t h e  rad iopharmaceut ica l  prone t o  
decomposi t ion on m i l d  chemical i n t e r a c t i o n s .  T h i s  r e s u l t s  i n  t h e  i n  v i v o  
r e l e a s e  and d i f f u s i o n  o f  t h e  r a d i o l a b e l  f rom t h e  rad iopharmaceut ica l  i n t o  
t h e  e x t r a v a s c u l a r  f l u i d  compartment, accumulat ion i n  non- target  organs and 
a s s o c i a t i o n  o f  m e t a l l i c  r a d i o i s o t o p e s  w i t h  endogenous p r o t e i n s .  

The s t a b l ' l i t y  o f  these 

As an a l t e r n a t i v e ,  t h e  r a d i o i s o t o p e s  o f  i o d i n e  a r e  u s e f u l  f o r  r a d i o -  

l a b e l i n g  such agents. 
molecules i n  a v a r i e t y  o f  ways, A number o f  procedures are  a v a i l a b l e  f o r  
t h e  r a d i o l a b e l i n g  o f  a n t i b o d i e s  and b lood p r o t e i n s .  The use o f  
chloramine-T. which o x i d i z e s  I -  i n t o  I+,  i s  a w i d e l y  used procedure and 
presumably l a b e l s  t h e  phenyl r i n g  o f  t h e  t y r o s i n e  res idues o f  p r o t e i n s .  
The phenyl r i n g  as t h e  on ly  s i t e  of r a d i o i o d i n a t i o n ,  however, has no t  been 
e s t a b l i s h e d  unequ ivoca l l y .  
r e s u l t  i n  i n  v i v o  d e i o d i n a t i o n  and accumulat ion o f  r a d i o a c t i v i t y  i n  
non- ta rge t  organs and t h e  exposure o f  t h e  s u b s t r a t e  t o  t h e  r a d i o i o d i n a t i o n  
c o n d i t i o n s  i s  undesi rab le.  

Another s t r a t e g y  f o r  r a d i o l a b e l i n g  p r o t e i n s  i n v o l v e s  attachment o f  t h e  
r a d i o l a b e l e d  group t o  t h e  f r e e  s u l f h y d r y l  group o f  p r o t e i n s .  Some 
b ismale imides have been r a d i o l a b e l e d  w i t h  t r i t i u m  o r  su l fu r -35 ,  and used 
t o  i d e n t i f y  t h i o l - b e a r i n g  p r o t e i n s  on t h e  e x t e r n a l  and i n t e r n a l  sur faces 
o f  t h e  red  c e l l  membrane.' The b ismale imide agents a re  n o t  commercial ly 
a v a i l a b l e  and have n o t  been a p p l i e d  t o  p l a t e l e t s .  The syn thes is  o f  more 
u s e f u l ,  r a d i o i o d i n a t e d  maleimides f o r  l a b e l i n g  o f  b i o l o g i c a l  subs t ra tes  
f o r  d i a g n o s t i c ,  t h e r a p e u t i c  and imaging a p p l i c a t i o n s ,  however, has 
remained unexplored. The o b j e c t  o f  t h e  c u r r e n t  study was t o  p r o v i d e  a 
process f o r  t h e  r a d i o l a b e l i n g  o f  t h i o l - c o n t a i n i n g  b i o l o g i c a l  subs t ra tes  
i n c l u d i n g  p r o t e i n s  and b lood c o n s t i t u e n t s  as new agents f o r  a v a r i e t y  o f  
d i a g n o s t i c ,  t h e r a p e u t i c  and biochemical  research a p p l i c a t i o n s .  

f o r  g l u t a t h i o n e  receptor  s i t e  l a b e l i n g  i n  aqueous b u f f e r .  The t h i o l  
seek ing  r a t e  depends upon t h e  t y p e  o f  N-subs t i tuent  on t h e  maleimide 
analogue. Sul fhydryl-malemide c o u p l i n g  i s  a techn ique f o r  t h e  p r e p a r a t i o n  

I o d i n e  can be at tached c o v a l e n t l y  t o  o rgan ic  

Non-spec i f i c  l a b e l i n g  a t  o t h e r  s i t e s  cou ld  

The s u l f h y d r y l  ( t h i o l - s e e k i n g )  p r o p e r t y  o f  maleimides has been used 



o f  p r o t e i n  t o  p r o t e i n  conjugates which occurs through very s t a b l e  amide 
and t h i o e t h e r  bonds w i t h  t h e  riecessary m o d i f i c a t i o n  r e a c t i o n s  u s u a l l y  
caus ing  very l i t t l e  d i s r u p t i o n  t o  t h e  Func t ion  o f  p r o t e i n s ?  The p r o t e i n s  
t o  be r a d i o l a b e l e d  nrast have a t  l e a s t  one s u l f h y d r y l  group f o r  
con jugat ion ,  o r  i t  i s  necessary t o  i n c o r p o r a t e  such a group f o r  hir iding 
w i t h  maleimides. The methods f o r  i n c o r p o r a t i n g  a s u l f h y d r y l  group i n  the 

p r o t e i n  a re  repo r ted  i n  t h e  (Scheme 9). Maleimides have 
a l s o  been used for enzyme-label ing o f  i n s u l i n  and r a b b i t  an t ibod ies .  
A d i s u l f i d e  bond i s  present  i n  r a b b i t  IyG and was conver ted t o  t h i o l  
groups by m i l d  reduc t i on  wi%h 2-mercaptoethylamine w i t h o u t  a f f e c t i n g  o the r  
d i s u l f i d e  bonds i n  IgG molecule. IgG w i t h  t h i o l  groups t h u s  generated was 
t r e a t e d  w i t h  a d i ina le imide and conjugated w i t h  B-D-galactosidaseSs6 
Scheme 11).  

4-6 

S-Acety Imercap to -  
s u c c i n i c  anhydr ide  

P r o t e i  n-H!i2 

0 
I1 

I 
0 
I I  

P r o t e i  n-NH-C-CH-S-C-CH 
I 
CH 2-COOH 

NH2OH I 
0 
I I  

P r o t e i  n -NH-C-CH-SH 
I 

CH 2 -COOH 

2 Scheme I 
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o-Phenyl enedima 1 e i m i  de - 

2 Scheme I 1  

The syn thes i s  o f  t h e  new maleimide agent, N-(p-[1251]iodopheny1 ) -  
maleimide (IPN) (4), and i t s  e v a l u a t i o n  i n  var ious  b i o l o g i c a l  systems as a 
p o t e n t i a l  t h i o l  b i n d i n g  r a d i o l a b e l i n g  agent has now been explored. 
I od i  ne-125-1 abe led  N-(p- i  odophenyl )malei  mide has been syn thes ized u s i n g  
p-[ 12511iodoani l i n e  (2)  s u b s t r a t e  prepared f rom p-aminophenylmercuric 
a c e t a t e  (1). 
g l  a c i  a1 a c e t i c  a c i d  gave t h e  n - ( ~ - [ l ~ ~ I l i  odophenyl )-acid-ami de ( 3 )  

i n t e r m e d i a t e  which a f t e r  r i n g  a n n u l a t i o n  i n  t h e  presence o f  a c e t i c  
anhydr ide and anhydrous sodium ace ta te  gave t h e  des i  red  [ 1 2 S I ] - I P M  ( 4 )  
(Scheme 111). 
s p e c i f i c  a c t i v i t i e s  rang ing  f r o m  700 mCi/mmole t o  2500 mCi/mmole. 

Condensation of p - [12511 iodoan j l ine  w i th  ma le i c  anhydr ide i n  

The r a d i o l a b e l e d  IPM was synthes ized i n  50-70% y i e l d s  w i t h  

Scheme I11 



Rats werc i n j e c t e d  w i t h  C12s114 and t h e  uptake o f  r a d i o a c t i v i t y  i n  
d i f f e r e n t  t i s s u e s  i s  g iven i n  Table 1 and 2. The data demonstrated t h a t  
h i g h  l e v e l s  of r a d i o a c t i v i t y  were assoc ia ted  w i t h  t h e  blood, and 
f r a c t i o n a t i o n  s tud ies  i n d i c a t x d  88.9% r?.f t h e  r a d i o a c t i v i t y  t o  be 
assoc ia ted  w i t h  red b lood c e l l  s. These s tud ies  demonstrate t h e  po ten t  E a1 
u t i l i t y  of C12sI14 f o r  r a d i o l a b e l i n g  o f  red  b lood c e l l s .  

F o r  p r o t e i n  l a b e l i n g  s tud ies ,  samples o f  bov ine albumin and human 
y -g lobu l i n  were prepared i n  phosphate b u f f e r  and 0.15 M NaCl s o l u t i o n  
(PRS). 

i ncubated  f o r  30 min a t  37°C. 
e t h y l  e t h e r  t o  remove t h e  unbound a c t i v i t y  (as [1251]-IPM). 
remain ing  i n  t h e  aqueous p o r t i o n  was considered t o  be bound w i t h  t h e  
p r o t e i n s .  
was recovered i n  e t h e r  f rom the  c o n t r o l  sample, w h i l e  t h e  A-g lobu l in  and 
albumin samples showed - 402 and - 60% a c t i v i t y ,  respec t i ve l y ,  remain ing 
i n  t h e  aqueous po r t i ons .  
agent w i l l  i n c l u d e  t h e  eva lua t i on  o f  a " k i t "  procedure which w i l l  a l l ow  a 
one-step l a b e l i n g  of p r o t e i n s  and an t ibod ies ,  and as t h e  e v a l u a t i o n  o f  
i n t e r a c t i o n  w i t h  a v a r i e t y  o f  model p r o t e i n s  such as t h e  ADP-dependent 
p l a t l e t  aggregat ing  f a c t o r .  

[1251]-IPM (10 PCi)  i n  100 X DMSO was added t o  each sample and 
The samples were repeated ly  e x t r a c t e d  w i t h  

The a c t i v i t y  

I n  these p r e l i m i n a r y  s tud ies ,  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  

Fu tu re  s tud ies  w i t h  t h i s  new p r o t e i n  l a b e l i n g  

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  female F i s c h e r  344 r a t s  
a f t e r  in t ravenous a d m i n i s t r a t i o n  o f  [ 1 2 S I ] 4 . a  

.__...__l_._l .--...----I.x__ - 
M K - p e ~ ~ e ~ ! ~ - i n j e c t e d  dose/gm-lrange) 

Time 
T i s s u e  a f t e r  -.-..-..-..._I _____I 

-___ 
I n j e c t i o n  B l o o d  L i v e r  K i  d"Y.5 __._I__. Hear t  Lungs T h y r o i d  

5 m i n  8.84 1.90 2.15 1.45 2.04 13.66 
(7.98-9.51) (1.60-2.59) (1.67-2.52) (1.16-1.83) (0.90-2.77) (8.93-17.64) 

30 rnin 8.44 1.73 2.12 1.81 2.52 21.73 
(7.87-9.13) (1.47-2.11) (1.62-2.49) (1.43-2-42) (1.90-3.00) (15.5-25.64) 

60 min 7.56 1.50 2.07 1.74 2.31 20.49 
(7.22-7.75) (1.42-1.65) (1.75-2.40) (1.41-1.70) (2.19-2.47) (14.69-28.51) 

aAnimals had body we igh t  range o f  121-139 gm. Each animal r e c e i v e d  3.7 uCi o f  [ lz5114 by t a i l  v e i n  
i n j e c t  i on. 
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Tab le  2. 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 d  i n  t i s s u e s  o f  female F i s c h e r  344 r a t s  
a f t e r  i n t ravenous  a d m i n i s t r a t i o n  o f  [1251]4.a 

-_II 
Mean pe rcen t  i n j e c t e d  dose ( r a n g e L  

Tim --__- 
a f t e r  T-e 

I n j e c t i o n  B l o o d  L i v e r  Kidneys Heart I Lungs I T h y r o i d  

5 min 57.58 10.16 2.17 0.61 1.76 0.13 

30 min  54.07 7 3 5  2.18 0.79 1.85 0.20 

6 0  min 48.56 7.05 2.21 0.74 1.74 0.19 

-I. 

(55.4’3-59.64) (7.79-15.82) (1.84-2.67) (0.44-0.86) (1.46-2.28) (0.09-0.17) 

(51.53-57.21) (7.06-9.27) (1.70-2.74) (0.64-1.02) (1.32-2.36) (0.15-0.25) 

(46.22-50.76) (6.04-7.93) [1*51-2.61) (0.61-0.85) (1.62-1.85) (0.15-0.28) 
-_I_ --- 
a A n i m l s  had body weight  range o f  121-139 gin. Each an imal  recelved 3.7 gC1 o f  [1251]4 by t a l l  ve in  

i n j e c t i o n .  

DISTRIBUTION OF RADIOIODINATED FATTY ACIDS I N  MYOCARDIAL LIPIDS FROM 
NORMOTENSIVE AND HYPERTENSIVE DAHL RATS 

As a c o n t i n u a t i o n  o f  c o l l a b o r a t i o n  w i t h  i n v e s t i g a t o r s  a t  t h e  
Brookhaven N a t i o n a l  Laboratory  (Drs. P. Som and A. B. Br i l l ) ,  s a l t -  
s e n s i t i v e  hyper tens ive  Dahl s t r a i n  r a t s  were ob ta ined i n  o r d e r  t o  
determine t h e  e f f e c t s  o f  hyper tens ion on n y o c a r d i a l  uptake and l i p i d  
d i  s t  r i  b u t  i on o f  i odopheny 1 r a d i  o i  od i  nated-su b s t  i t u t e d  f a t t y  a c i  ds 
analogues, The Dah1 r a t s  a re  d e r i v e d  f rom t h e  Sprague-Dawley r a t  s t r a i n  
and have a genet ic  p r e d i s p o s i t i o n  t o  develap f a t a l  hyper tens ion  when e x t r a  
s a l t  ( i .e .  8% NaC1) i s  i n c l u d e d  i n  t h e i r  d i e t .  Au torad iograph ic  s t u d i e s  
u s i n g  t h e  hyper tens ive  Dahl r a t s 7  have shown d i f f e r e n c e s  i n  t h e  r e g i o n a l  
d i s t r i b u t i o n  of methyl-branched iodophenyl  f a t t y  a c i d  uptake, e s p e c i a l l y  
i n  t h e  endocardium, when compared t o  t h e  uptake i n  normotensive r a t  
h e a r t s  

The r a d i o i o d i n a t e d  i o d o p h e n y l - s u b s t i t u t e d  f a t t y  acids,  15-(p- iodo- 
phenyl  )-3,3-dimethylpentadecanoi c a c i d  ( [  1251]-DMIPP 1 and 15-(p- i  odo- 
phenyl  )pentadecanoic a c i d  (1311]IPP), were i n j e c t e d  i n t r a v e n o u s l y  i n t o  
h y p e r t e n s i v e  r a t s  mainta ined on t h e  h i g h  s a l t  d i e t  and normotensive Dah1 
r a t s  ma in ta ined on t h e  low s a l t  d i e t .  Both groups o f  animals were f a s t e d  
24 h p r i o r  t o  i n j e c t i o n .  Hear ts  were removed a t  var ious  per iods  between 
1-60 min a f t e r  i n j e c t i o n  and assayed f o r  t o t a l  h e a r t  uptake o f  t h e  
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r a d i o l a b e l e d  f a t t y  acids,  The hear ts  w r e  thew homogenized and l i p i d s  
e x t r a c t e d  f o r  deterr i i inat ion o f  t h e  l i p i d  pool  d i s t r i b u t i o n  o f  the 
r a d i  o a c t i  v i  t y  . 
showed s i r i i i l a r  k i n e t i c  p a t t e r n s  o f  myocardial  uptake and r e t e n t i o n  o f  t h e  
s t r a i g h t  chain IPP and dirnethyl-branched DMIPP analogues. As expected, 
t h e  I P P  showed r a p i d  washout and DMIPP showed pro longed h e a r t  r e t e n t i o n .  

'These h e a r t  uptake and r e t e n t i o n  p a t t e r n s  were s i m i l a r  t~ those observed 
e a r l i e r  i n  normotensive F i s c h e r  s t rd - in  r a t s  (ORNL/TM-9609). 

t h e  hear ts  o f  hyper tens ive  r a t s ,  t h e  d i s t r i b u t i o n  of t h e  IPP and DMIPP 
analogues i n  t h e  t r i g l y c e r i d e  and t h e  f r e e  f a t t y  a c i d  p o o l s  of t h e  
hyper tens ive  r a t  hear ts  was s i m i l a r  t o  t h a t  observed i n  normotensive 
h e a r t s  (Table 3). 

Both t h e  'rrypertensi ve and t h e  normotensi ve Dah1 r a t s  

I n  a d d i t i o n  t o  t h e  'lack o f  any observed d i f f e r e n c e  i n  g loba l  uptake i n  

It thus appears t h a t  d l though hyper tens ive  r a t  hear ts  

Tab le  3. D i s t r i b u t i o n  of r a d i o a c t i v i t y  i n t o  t h e  t r i g l y c e r i d e  (TG) and 
f r e e  f a t t y  a c i d  (FFA) l i p i d  poo ls  o f  t h e  h e a r t s  o f  normotensive and 

hyper tens i  ve Dah1 r a t s  f o l 1  o w i  ng i n j e c t i  on w i t h  15- ( p-[ 
pentadecanoi c a c i  d (IPP) and 15-( p-[ 1251 3 i  odapheny'i ) -3,3-dimethyl- 

pentadecanoi c a c i d  (DMIPP) .a 

lI]i odopheny 1 ) -  

Time a f t e r  I PP DMIPP 
TG F F A  TG FFA - i n j e c t i  on - (mi n )  --- 

Normotensi ve r a t s  

Hyper tens ive r a t s  

1 
3 
5 

10 
30 
60 

25 6 22 45 
38 7 31 44 
47 6 45 30 
49 5 57 16 
67 4 63 10 
59 4 63 8 

22 68 1 32 2 
3 39 3 28 611 
5 54 2 47 41 

10 54 2 61 2 1  
30 49 3 63 9 
60 47 3 62 8 

aTG = t r i g l y c e r i d e s ;  FFA = f r e e  f a t t y  ac ids 
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may show d i f f e r e n c e s  i n  t h e  r e g i o n a l  uptake o f  methyl-branched f a t t y  ac ids  
when compared w i t h  narmotensi ve hear ts ,  these d i f f e r e n c e s  cannot be 
d e t e c t e d  i n  t h e  g l o b a l  h e a r t  uptake and l i p i d  d i s t r i b u t i o n  pa t te rns .  
P o t e n t i a l  d i f f e r e n c e s  i n  t h e  r e g i o n a l  l i p i d  pool  d i s t r i b u t i o n  o f  
methyl-branched f a t t y  ac ids  i n  hyper tensf  ve r a t  h e a r t s  should a l  so be 
e xp 1 o red  . 

The normotensive Dahl s t r a i n  r a t s  were a l s o  used t o  i n v e s t i g a t e  t h e  
e f f e c t  o f  d i e t a r y  s t a t u s  (i.e. f a s t i n g  vs f e e d i n g )  on t h e  uptake and l i p i d  
d i s t r i b u t i o n  o f  t h e  1251- labeled dimethyl-branched f a t t y  acid,  DMIPP. 
Hear ts  and b lood samples were removed a t  5 and 30 min a f t e r  i n j e c t i o n  o f  
t h e  animals, and l i p i d  d i s t r i b u t i o n  s t u d i e s  performed on t h e  h e a r t s  
removed a t  5 min post  i n j e c t i o n .  
l e v e l  values (% dose/gm) i n  f a s t e d  and f e d  r a t s  showed no s i g n i f i c a n t  
d i f f e r e n c e  i n  b lood l e v e l s  a t  e i t h e r  t i m e  p o i n t ,  b u t  a s i g n i f i c a n t l y  
inc reased h e a r t  uptake o f  DMIPP was observed i n  t h e  f a s t e d  r a t s  a t  5 min 
p o s t - i n j e c t i o n  (Table 4). A t  30 min pos t  i n j e c t i o n  t h e  h e a r t s  o f  t h e  
f a s t e d  and t h e  f e d  r a t s  had s i m i l a r  l e v e l s  o f  1251-DMIPP. L i p i d  a n a l y s i s  
o f  t h e  h e a r t s  removed a t  5 min showed t h a t  t h e  m a j o r i t y  o f  t h e  1251 l a b e l  
f r o m  t h e  h e a r t s  o f  f a s t e d  r a t s  was i n  t h e  t r i g l y c e r i d e  pool  (58%) versus 

Comparison o f  t h e  h e a r t  uptake and b lood 

f r e e  f a t t y  a c i d  pool  (31%). 
con ta ined more o f  t h e  l a b e l  
d i f f e r e n c e  i n  t h e  r a t i o s  of 
f a s t e d  versus f e d  r a t s  a t  5 
i n c o r p o r a t i o n  o f  DMIPP i n t o  
s i n c e  t h e r e  i s  a s h i f t  w i t h  
t h e  t r i g l y c e r i d e  f r a c t i o n .  
c o m p e t i t i o n  i n  t h e  f e d  r a t s  

I n  nonfasted r a t s ,  t h e  f r e e  fa t ty  a c i d  pool  
(63%) than t h e  t r i g l y c e r i d e  pool  (29%). The 
t r i g 1 y c e r i d e : f r e e  f a t t y  a c i d  i n  h e a r t s  o f  
min p o s t - i n j e c t i o n  suggests a f a s t e r  
t h e  h e a r t s  o f  f a s t e d  r a t s  versus f e d  r a t s ,  
t i m e  t o  a predominance o f  t h e  r a d i o l a b e l  i n  
Whether t h i s  i s  t h e  r e s u l t  o f  s u b s t r a t e  
i s  n o t  known a t  present.  

T a b l e  4. E f f e c t  o f  d i e t a r y  s t a t u s  on t h e  uptake 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  t h e  h e a r t  and b lood o f  normotensive Dahl r a t s  

i n j e c t  ed i n t r a  ven ou s 1 y w i t h 15 - ( p - [ I I 1 i odop h eny 1 ) - 3,3-di met hy 1 - 
pentadecanoic a c i d  (DMIPP). 

B1 ood 
-I_-I__ 

Heart  

D i e t a r y  s t a t u s  5 min 30 min 5 min 30 min - 
Fasted 
Fed 

2.83 2.78 a. 99 0.28 
1.73 2.67 0.90 0.24 
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I o d i  ne-125-Labeled Agents 

A t o t a l  o f  seven shipments o f  iodine-125- labeled agents as research 
produc ts  were made t o  co l l abo ra to rs .  Three shipments of r a d i o i o d i n a t e d  
f a t t y  acids were made t o  t h e  Department of Cardiology, Free U n i v e r s i t y  
H o s p i t a l ,  Amsterdam, The Nether lands (Dr. F. C. V i sse r ) ;  two shipments t o  

Massachusetts General Hosp i ta l ,  Boston, MA (Dr. H. W. Strauss), and one 
each t o  Brookhaven Na t iona l  Laboratory,  Upton, NY (Qrs. A. l3. B r i l l  and 
P. Som), and Temple U n i v e r s i t y ,  Ph i l ade lph ia ,  PA (Dr. D. C. €3. M i l l s ) .  

Copper-64 

One shipment o f  copper-64 was made t o  t h e  Oak Ridge Associated 
U n i v e r s i t i e s  (Dr. J .  Crook) d u r i n g  t h i s  r e p o r t i n g  per iod .  

AGENTS DISTRIBUTED ON COST-RECOVERY BASIS  

Platinum-195m 

E i  ght  shipments o f  lg5mPt-1 abeled -- c i  s -d i  chlorodiammi neplat inum( I I )  

(cis-DDP) were made on a cos t  recovery basis. 
t o  t h e  U n i v e r s i t y  o f  Iowa, Iowa City, Iowa (Dr. C. P. Burns);  U n i v e r s i t y  
of C a l i f o r n i a ,  San Diego, CA (Dr. P. Andrew) ;  City o f  Hope Na t iona l  
Medical  Center, Duarte, CA (Dr. K. J. Scanlon); Na t iona l  I n s t i t u t e s  o f  
Hea l th ,  Bethsda, MD (Dr. C. L i t t e r s t ) ,  U n i v e r s i t y  o f  Massachusetts, 
Amherst, MA ( D r .  K. S. R. Sas t ry ) ,  U n i v e r s i t y  o f  Medicine and D e n i s t r y  o f  
New Jersey, Neward, NJ (Ur. V .  V. Rao), U n i v e r s i t y  o f  Colorado Hea l th  
Science Center, Denver, CO; and Harvard Medical School, Boston, MA (Dr. A. 
G. Jones). 

One shipment each was made - 
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OTHER NUCLEAR M E D I C I N E  GROUP ACTIVITIES 

Pub1 i ca t ions  

Brechner, R., Wol f ,  W., Dahalan, R., D'Argenio, B u t l e r ,  T. A. and Knapp, Jr., F. 

F. "Non-Invasive Es t ima t ion  o f  Bound and Mob i le  P la t inum Compounds i n  t h e  

Kidneys. I' Radi opharmaceuticals and Label l e d  Compounds 1984. Conference 
Proceedings, Tokyo, October 22-26, 1984, P. 451, I n t e r n a t i o n a l  Atomic Energy 
Agency, Vienna, 1385. 

Knapp, Jr., F .  F., Goodman, M. M., Callahan, A. P. and K i rsch ,  G. "Radio- 
i odi nated 15-(p-Iodophenyl)-3,3-Dimethylpentadecanoi c Acid: A Usefu l  New Agent 
t o  Eva lua te  Myocardial  Fa t t y  Ac id  Uptake," J. Nucl. pled., 27, 521-531 (1986). 

V i  s i  t o r s  

A group o f  nuc lear  medicine technology students f rom Vanderbi It U n i v e r s i t y  
v i s i t e d  the  Nuclear Medicine Group and tou red  i t s  f a c i l i t i e s  on A p r i l  10. 

Mr. John Kuperas, d i r e c t o r  o f  t he  radiopharmacy a t  UCLA Medical Center, 
v i s i t e d  t h e  Nuc lear  Medicine Group on A p r i l  29-30, t o  l e a r n  t h e  opera t i on  

o f  ORNL' s new carbon-based p ro to type  osmium-l9l / i  r i  d i  um-19lm generator. 
T h i s  new system w i l l  be evaluated by Dr .  Ismael Mena, M.D., a t  UCLA, for  

p e d i a t r i c  nuc lear  card io logy  app l i ca t i ons .  

S t a f f  members, Gann Ting, Ph.D., and Haw-Jan Chen, Ph.D., of t h e  I n s t i t u t e  
o f  Nuclear Energy Research Atomic Energy Counci 1, Lung-Tan, Taiwan, 
v i s i t e d  t h e  Nuclear Hed ic ine  Group and tou red  i t s  f a c i l i t i e s  on A p r i l  28. 

M i s ce 1 1 a neou s 

F .  F. Knapp, Jr. was a guest l e c t u r e r  a t  t h e  I n s t i t u t e  f o r  Reactor 
Research i n  Wurenlingen, Switzer land, on A p r i l  24 and t h e  Cardiology 
Department, Uni v e r s i t y  o f  Geneva, on Apr i  1 25, and presented l e c t u r e s  
d e s c r i b i n g  t h e  development and a p p l i c a t i o n s  of new iodine-123- labeled 
f a t t y  acids developed a t  ORNL. 
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