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SUMMARY 

A new dimethyl-branched fa t ty  a c i d  analogue has been developed w i t h  
r a d i o i o d i d e  s t a b i l i z e d  as an i o d o v i n y l  moiety a t  t h e  terminus o f  t h e  f a t t y  
a c i d  chain. The model agent, 19-iodo-3,3-dimethyi-18-nonadecenoic a c i d  
(DMIVN),  was prepared by a 15-step sequence o f  reac t ions .  I n t r o d u c t i o n  
o f  acy l  s u b s t i t u e n t s  i n t o  t h e  2-  and 5 -pos i t i ons  o f  a th iophene r i n g  
f o l l o w e d  by s u l f u r  e x t r u s i o n  of t h e  r e s u l t i n g  2 , S d i a l k y l  th iophene 
d e r i v a t i v e  prov ided a key in te rmed ia te ,  1 7 4  odo-3,3-di methyl heptadecanoic 
ac id .  The model agent (DMIVN) was prepared by r e a c t i o n  o f  t h e  i o d o a l k y l  
i n t e r m e d i a t e  w i t h  an ethylenediamine complex of l i t h i u m  ace ty l i de ,  
f o l l o w e d  by hyd ros tanny la t i on  and t rea tment  w i t h  iod ine .  The new 
r a d i o i o d i n a t e d  te rm ina l  i odovi nyl-3.3-dimethyl -branched f a t t y  a c i d  showed 
h i g h e r  myocardial uptake (4.56% dose/gm a t  2 min), longer  myocardial 
r e t e n t i o n  (4.10% dose/gm a t  60 min), lower blood l e v e l s  (0.71% dose/gm a t  
60 min), and h ighe r  hear t :b lood r a t i o s  (5.8:l a t  60 min) i n  f a s t e d  F i sche r  
r a t s  than observed w i t h  the corresponding monomethyl analogue (BMIVN). 
T h i s  f a t t y  a c i d  represents a new candidate f o r  t h e  study o f  hea r t  disease 
assoc ia ted  w i t h  reg iona l  a l t e r a t i o n s  i n  normal myocardial fa t ty  a c i d  
metabol i sm. 

I n  t h i s  r e p o r t  s u b c e l l u l a r  d i s t r i b u t i o n  and l i p i d  ana lys i s  s tud ies  o f  
a s e r i e s  o f  i o d o v i n y l  f a t t y  ac ids  which i n c l u d e  t h e  s t . ra igh t  cha in  parent,  
1 9 - i  odo-18-nonadecenoi c a c i d  (IVN), monomethyl -branched analogue, 19-i  odo- 
3-(R,S)-methyl-18-nonadecenoic a c i d  (BMIVN), and t h e  dimethyl  -branched 
analogue, 19-iodo-3,3-dimethyl-18-nonadecenoic a c i d  (DMIVN), are  
described. Recause of t h e  observed d i f f e rences  w i t h i n  t h e  iodophenyl 
s e r i e s  o f  t h e  d i s t r i b u t i o n  of myocardial r a d i o a c t i v i t y  i n  s u b c e l l u l a r  
p r o f i l e s  and w i t h i n  var ious  l i p i d  pools ex t rac ted  from c e l l  components, an 
e v a l u a t i o n  of t he  i o d o v i n y l  s e r i e s  was performed. 
d imethy l  -branched analogue (DMIVN) showed t h e  grea tes t  predominance o f  
r a d i o a c t i v i t y  t o  be assoc ia ted  w i t h  the  f ree  f a t t y  a c i d  pool  i n d i c a t i n g  
t h a t  t h i s  analogue was no t  o x i d i z e d  by t h e  myocardium. The s t r a i g h t  cha in  
( I V N )  and monomethyl-branched (BMIVN) agents appeared t o  undergo o x i d a t i o n  

L i p i d  analyses o f  t he  

1 
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w i t h i n  t h e  myocardium w i t h  BMIVN undergoing a s lower r a t e  o f  o x i d a t i o n  
than IVN.  S i m i l a r  e f f e c t s  of methyl-branching have been p r e v i o u s l y  
observed i n  s tud ies  on t h e  iodophenyl ser ies.  However, i n  c o n t r a s t  t o  t h e  
iodophenyl  ser ies,  a s i g n i f i c a n t  increase o f  a c t i v i t y  w i t h i n  t h e  po?ar  

l i p i d  pool  was observed. The dimethyl  (DMIVN) analogue showed t h e  longest  
r e t e n t i  on and h i  ghest assaci a t i  on w i t h  the m i  tochondr i  a1 and microsomal 
f r a c t i  ons, 

A new r a d i o i o d i n a t e d  1,4-disubstituted-l,4-dihydrspyridi ne d e r i v a t i v e  
was prepared t o  evaluate t h e  e f f e c t s  o f  r i n g  s u b s t i t u t i o n  and s u b s t i t u e n t  
cha in  length  on t h e  uptake and b r a i n  r e t e n t i o n  o f  d ihydropyr id ines .  A 
model agent, iodine-125- labeled l - ( E - I - i  odo-l-penten-5-yl)-4-(2-N-acetyl- 
ami noelhyl)-1,4-dihyd~opyridine, showed moderate i n i t i a l  b r a i n  uptake 
(0.49% dose/gm a t  5 min)  i n  r a t s ,  bu t  r a p i d  washout (0.12% dnse/gm a t  60 
min) .  

E i g h t  samples of lglOs-potassium osmate, and t h r e e  samples of 
_I- c i s - d i c h l o r o d i  ammi neplat inum( I I ) (cis-DDP) -- , and one sample o f  “Cu 
supp! i e d  t o  c o l l a b o r a t o r s  through Medical Cooperat ive Programs dur 
per iod.  

9smpt- 

were 
ng t h i s  

************ 
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R A D I O I O D I N A T E D  LONG-CHAIN FATTY ACIOS - AGENTS TO EVALUATE: 
MYOCARDIAL FUNCTION 

A v a r i e t y  of methyl-branched f a t t y  acids have been designed t o  show 
r a p i d  h i g h  myocardial e x t r a c t i o n  w i t h  prolonged myocardia1 r e t e n t i o n  
(ORNL/TM-9343). 
myocardium s i m i l a r  t o  n a t u r a l  f a t t y  ac ids  bu t  were no t  r e a d i l y  
metabo l ized  by t h e  normal B -ox ida t i ve  pathway as a r e s u l t  o f  methyl-  
b ranch ing  a t  t h e  3 - p o s i t i o n  of t h e  a l kano ic  chain. 

These agents were shown t o  l o c a l i z e  w i t h i n  t h e  

Our i n i t i a l  s t r a t e g y  
f o r  t h e  p repara t i on  of s t r u c t u r a l  l y - m o d i f i e d  methyl-branched f a t t y  ac ids 
i n v o l v e d  t h e  s t a b i l i z a t i o n  of r a d i o i o d i d e  as a p-iodophenyl and a 
( E ) - i o d o v i n y l  moiety. 
3 - p o s i t i o n  on myocardial r e t e n t i o n  i n  r a t s  was assessed by a comparison 
o f  t h e  myocardial  uptake and r e t e n t i o n  of two model agents, 15-(p- iodo- 
phenyl )-3(R ,S)-methylpentadecanoic a c i d  (BMIPP 1 and 19-E-(iodovf n y l ) - 3 -  
(R,S)-rnethylnona-18-decenoic a c i d  (BMIVN) w i t h  t h a t  of t h e i r  corresponding 
s t r a i g h t  cha in  analogues. The monomethyl agents, BMIPP and BMIWN showed 
longer  myocardial r e t e n t i o n  i n  fas ted  r a t s  ( t l k  45 min and tin 60 rnin, 
r e s p e c t i v e l y )  than t h e  corresponding te rm ina l  iodophenyl and i o d o v i  n y l  
unbranched analogues (tlk 10-15 min and tih 10-15 min, r e s p e c t i v e l y ) .  
Al though increased myocardial r e t e n t i o n  of r a d i o a c t i v i t y  was achieved 
f o l l o w i n g  i .v .  a d m i n i s t r a t i o n  a f  t h e  monornethyl-branched agents i n  
comparison w i t h  t h e i r  s t r a i  ght-chain analogues, these agents however, 
d i d  no t  demonstrate complete r e t e n t i o n  i n d i c a t i n g  ca tabo l ism was being 
i mpai r e d  bu t  no t  prevented. 

More r e c e n t l y  we have i n v e s t i g a t e d  t h e  e f fec ts  o f  d imethyl-branching 
i n t h e  3-posi t i  on o f  15-  ( p - i  odophenyl )pentadecanoi c a c i d  (ORNL/TM-9609). 
The model agent, 25-(p-iodophenyl)-3,3-dimethylpentadecanoic a c i d  (DMIPP) 
e x h i b i t e d  r a p i d  and pronounced myocardial uptake w i t h  i r r e v e r s i  b l e  
r e t e n t i o n  a f t e r  60 min. The i n t r o d u c t i o n  of d imethyl-branching w i t h i n  t h e  
a l k y l  cha in  of 15-(p-iodophenyl )pentadecanoic a c i d  gave g rea te r  mean hear t  
t o  b lood r a t i o s  f o r  DMIPP (1O:l a t  15 min) than observed w i t h  BMIPP ( 3 . 5 : l  

a t  15 min). Since our s tud ies  w i t h  t h e  model i o d o v i n y l  fa t ty  a c i d  DMIVN 
showed g rea te r  myocardial r e t e n t i o n  w i t h  h ighe r  hea r t  t o  b lood r a t i o s  
4 . 5 : l  a t  30 min than observed w i t h  BMIPP, we have now eva lua ted  t h e  
e f f e c t s  o f  B-dimethyl-branching i n  a model agent i n  which r a d i o i o d i d e  has 

The e f f e c t  of monomethyl-branching a t  t h e  
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been s t a b i l i z e d  as a t e r m i n a l  t r a n s  ( E - )  v i n y l  iod ide .  The goals o f  t h i s  
i n v e s t i g a t i o n  were t o  develop a syn thes is  f o r  19-iodo-3,3-dimethyl-18- 
nonadecenoic a c i d  (DMIVN)  and t o  study the inyocardial uptake and c learance 
of t h i s  agent i n  r a t s  i n  comparison w i t h  t h e  corresponding monomethyl and 
s t r a i g h t  chain analogues. 

d imethy l  -18-nonadecenoic a c i d  (DMIVN) i n v o l v e d  an adapt isn developed 
e a r l i e r  f o r  t h e  inonomethyl analogue BMIVN. T h i s  i n v o l v e d  i n t r o d u c t i o n  
o f  s u b s t i t u e n t s  i n t o  t h e  2- (Scheme I )  and 5- p o s i t i o n s  o f  a th iophene 
r i n g  fa l lowed by sulfur  e x t r u s i o n  of an 2 ,5-d ia lky l  th iophene d e r i v a t i v e  
t o  p rov ide  t h e  des i red  3-methyl-branched f a t t y  acid. The key s u b s t r a t e  
17-iod0-3,3-dimethylheptadecanoic a c i d  (14 )  was prepared as descr ibed i n  
Scheme 11. Methyl-branching was i n t roduced i n t o  t h e  2 - p o s i t i o n  o f  the 

The s y n t h e t i c  r o u t e  chosen f o r  t h e  p r e p a r a t i o n  o f  19-iodo-3,3- 

SQCI, 

+ CW,OH . -.-+ HQOC-CM,-C-(CH,~~-CH,-COOC~~, ciOc-cH,-c-(CH,)-CH,-CaacI1, 
2 

0' cG: 1 2 3 

WQlff  

4 5 6 

o ( c H 2 )  -C-(CH,)-CW,-CQOCH, 
2 2 

7 

Scheme I 

thiophene r i n g  by a c y l a t i o n  o f  the  h a l f  ester  a c i d  c h l o r i d e  3,3-dimcthyl-4- 
carbomethoxybutanoyl c h l o r i d e  ( 3 )  (Scheme I )  which was prepared from 
corncnei-cially a v a i l a b l e  3 ,3 -d imethy lg lu ta r ic  anhydr ide (1) by t reatment  
w i t h  methanol fo l lowed by t h i o n y l  c h l o r i d e .  F r i e d e l - C r a f t s  a c y l a t i o n  o f  3 

u s i n g  SnCII, gave t h e  t h i e n y l  ketone 5. Wol f f -K ishner  reduc t ion  o f  5 
followed by treatment w i t h  CH2N, af fo rded t h e  iwthy l -branched 
2-subs t i  t u t e d  thiophene 7. 8-Methoxyoctansyl c h l o r i d e  10 was used f o r  

i n t r o d u c t i o n  i n t o  t h e  5 - p o s i t i o n  o f  t h e  th iophene r i n g .  
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F u n c t i o n a l i z a t i o n  o f  t he  te rm ina l  methylene group w i t h  a methoxy 
f u n c t i o n  a l lowed subsequent displacement w i t h  

ar -( CH,) ~ O O H  

B 

- 
OCH, SOCI, 

__I+c CH,0-(CH2)-COOH ___)_ 

9 

7 

i od ide  (Scheme 11). The 

SnCl, 
CH,O-(cH,)-COCI + 7 _I_cc 

7 

10 

2anev 
N i  (CH3) 3 SiI 

14 2 

13 14 

__I)L CH,O-(CH,)-C-(CH,)-CH~-COOH - I- ( c H ~ )  14 -C-(CY)-CH~-COOH 2 

Scheme I 1  

acy l  c h l o r i d e  10 was prepared by t reatment  o f  8-bromooctanoic a c i d  (8) 

w i t h  sodium methoxide fo l lowed by t h i o n y l  ch lo r i de .  The methyl e s t e r  7 
was sub jec ted  t o  F r iede l -Cra f t s  condensation w i t h  the  acy l  c h l o r i d e  10 
t o a f f o r d  2 - [ 3 , 3  - d i met hy 1 - 5 -met h o xy p en t a noy 1 1 - 5 - ( 8-met h o xy - 1 - o xoocty 1 ) - 
th iophene (11). 
e s t e r 1 1 ga ve 2 - [ 3,3 - d i met hy 1 - 5 - h y d r o xy p en t a n oy 1 1 - 5 - ( 8 -net h o xy o c t y  1 ) - 
th iophene (12) .  
d e s u l f u r i z a t i o n  of 12. 

Wol f f -K ishner  (Huang-Minlon) reduc t ion  o f  t he  ke to  

Raney n i c k e l  was used f o r  r i n g  opening and 
The s u l f u r  from t h e  th iophene r i n g  was r e a d i l y  

ext ruded by t reatment  w i t h  Raney n i c k e l  and the  des i red  te rm ina l  methoxy 
methyl-branched a c i d  13 was obtained. 
t h e  te rm ina l  i od ina ted  3,3-dimethyl-branched f a t t y  a c i d  17-iodo-3,3- 
d imethy l  heptadecanoi c ac i  d (14). 

Treatment o f  13 w i t h  ( C H S ) $ i I  gave 
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'The ( E ) - v i n y l  i o d i d e  was in t roduced i n t o  t h e  t e r m i n a l  p o s i t i o n  of 
t h e  methyl-branched a c i d  v i a  t he  iododestanny la t ion  o f  t h e  t r i - n -  
b u t y l s t a n n y l  d e r i v a t i v e  17, prepared f rom 14 by a f ou r -s tep  sequence of 
reac t i ons  (Scheme 111). 

I-(cH,) -c-(cH,)-CH,-COOH + Li  -CZC-H --+ H-c=c--(cH,)- C-(CH,)-CH,-CQQH 
I4 2 I4 2 

14 IS 

(n-Oul3Sn, ti NCS,T- < ,H 

C=C, ------+ /C=c\ 
(CH,)-c--(CH, )- CH,COOCH, H (cH,)- C-(cH,)-CH,-COQH 

14 2 OH- 14 2 
H' 

1 7  19 

Scheme I I I  

The p i v o t a l  s tep  i n  t h e  syn thes is  o f  the (E ) - i odov iny l  a c i d  19 i n v o l v e d  
hyd ros tanny la t i on  o f  t h e  te rm ina l  e thyny l  s u b s t r a t e  16 w i t h  (n-Bu)3SnH t o  
g i v e  t h e  key i n te rmed ia te  17. The 3,3-dimethyl-18-nonadecyanaic 
a c i d  15 was prepared by t reatment o f  t h e  1 7 - i  odo-3,3-dimethyl -branched 
a c i d  14 w i t h  l i t h i u m  acetylide-ethylenediamine (LAEDA). The corresponding 
methyl e s t e r  16 was prepared by t reatment o f  t h e  te rm ina l  e thyny l  a c i d  15 
w i t h  diazomethane. Iododestanny la t ion  o f  1 7  by t reatment w i t h  e i t h e r  
1,  or I" 

f o l l o w e d  by bas ic  h y d r o l y s i s  gave 19. 
T issue d i s t r i b u t i o n  s tud ies  where 125I-DMIVN (19) was administered 

t o  groups o f  f a s t e d  r a t s  are shown i n  Table 1 and F ig .  1. The animals 

formed by i n  s i t u  o x i d a t i o n  of  I -  w i t h  N-chlorosuccinimide (NCS) 

were s a c r i f i c e d  a t  t ime per iods  va ry ing  from 2 min and 2 h. F a s t i n g  



7 

8- 

x 6 -  ‘ 
? 4- w 
0 

cond i t i ons  were chosen because f a s t i n g  i s  t h e  recommended p r o t o c o l  f o r  
c l i n i c a l  s tud ies  s ince  a l l  p a t i e n t s  w i l l  he evaluated i n  a s i m i l a r  
d i e t a r y  s ta te .  I n  add i t i on ,  prev ious dua l - labe led  s tud ies  i n  fas ted  

B.b- Dimethyl, R =CH3 

I ---A HEART LL 

1 

n 
BLOOD 
-____( 

0- 
I 1 I I 1-  

F i g .  1 

r a t s  of t he  te rm ina l  i odov i  n y l  3-methy 1 -branched and s t r a i  ght  chai n 

analogues d ramat i ca l l y  de l i nea ted  d i f f e rences  i n  myocardial  c learance 
r a t e s  w i t h  t h e  methyl-branched agent showing considerably  longer  
r e t e n t i o n .  The new te rm ina l  iodovinyl-3,3-dimethyl-branched f a t t y  ac id  
showed h ighe r  myocardial  uptake, longer myocardial  re ten t i on ,  lower 
b lood l e v e l s  and h igher  hear t :b lood r a t i o s  than observed with the  
monornethyl-branched analogue. Iodine-125 DMIVN showed 90% r e t e n t i o n  o f  

t h e  i n i t i a l  qyocard ia l  uptake (4.56% dose/gm, a t  2 min) a f t e r  60 min, 
w h i l e  BMIVN showed 50% r e t e n t i o n  of t he  i n i t i a l  hea r t  uptake (4.89% 
dose/gm a t  5 min). I n  con t ras t  t o  t h e  prolonged myocardial  r e t e n t i o n  
observed w i t h  DMIVN, t h e  a c t i v i t y  i n  t h e  b lood r a p i d l y  c lea red  
d i m i n i s h i n g  f r o m  2.441 dose/gm a t  2 rnin t o  0.74% dose/gm a t  30 rnin, 

r e s u l t i n g  i n  a h igh  mean hear t :b lood r a t i o  o f  6.2: l  a t  30 min. These 

......... ..... ............................................ . ........... 
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r e s u l t s  have a l s o  been observed i n  s i m i l a r  s tud ies  w i t h  15-(p- iodophenyl)-  
3,3-dimethylpentadecanoic a c i d  (DMIPP) and demonstrates t h a t  t h e  unique 
b i o l o g i c a l  behavior observed w i t h  t h e  dimethyl  s t r u c t u r a l  m o d i f i c a t i o n  i s  
rep roduc ib le  w i t h  a te rm ina l  i o d o v i n y l  s u b s t i t u t e d  f a t t y  acid. These data 
suggest t h a t  t e r m i n a l  i o d o v i n y l  3,3-dimethyl-branched f a t t y  ac ids  a re  
p romis ing  candidates f o r  e v a l u a t i n g  reg iona l  d i f ferences de l i nea ted  by 
mapping myocardial  uptake and r e t e n t i o n  of t h e  r a d i o l a b e l  i n  diseased 
myocardium. The biochemical  f a t e  o f  12sI-DMIWN i n  hea r t  t i s s u e  i s  
c u r r e n t l y  be ing  eva lua ted  i n  d e t a i l .  
performed and w i l l  be discussed i n  t h e  f o l l o w i n g  s e c t i o n  of t h i s  repo r t .  

The a v a i l a b i l i t y  of 17-iodo-3,3-dimethylheptadecanoic a c i d  (14) 
prepared as a s y n t h e t i c  i n te rmed ia te  (Scheme 11) a l lowed f o r  t h e  f u r t h e r  
s tudy  o f  t h e  e x t e n t  and mechanism o f  i o d i d e  loss i n  t h e  absence o f  
6 -ox ida t i  on. Iodine-125-17-i odo-3,3-dimethyl heptadecanoi c a c i d  (14) was 
prepared by i s o t o p i c  exchange i n  r e f l u x i n g  2-butanone. T i ssue  
d i s t r i b u t i o n  s tud ies  of 1231- labeled 14 i n  f e d  r a t s  (Table 2) 
demonstrated r a p i d  myocardial  washout and pronounced i n  v i v o  
d e i o d i n a t i o n ,  i n d i c a t i n g  s i g n i f i c a n t  carbon- iod ine  cleavage i n  t h e  
apparent absence of B-oxidat ion.  These r e s u l t s  a re  s i m i l a r  t o  our 
e a r l  i er s t u d i  es u s i  ng 17 - i  odo-3- ( R  ,S ) -methyl heptadecanoi c ac i  d 

(ORNL/TM-9124) and 17-C1311 l i o d o - 9 - t e l  luraheptadecanoi c a c i d  
(QRNL/TM-7775) which e x h i b i t e d  i n i t i a l  h igh  hear t  uptake i n  r a t s  bu t  
showed r a p i d  myocardial  washout and s i g n i f i c a n t  i n  v i vo  d e i o d i n a t i o n  
r e s u l t i n g  i n  h igh  t h y r o i d  uptake. I n  add i t i on ,  t he  s i g n i f i c a n t  
d i f f e r e n c e  i n  myocardial e x t r a c t i o n  and r e t e n t i o n  o f  t he  i o d o v i n y l  agent 
compared w i t h  t h e  i o d o a l k y l  d e r i v a t i v e  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  
enhanced s t a b i l i t y  o f  i o d i d e  a t tached t o  a i o d o v i n y l  moiety i n  
comparison t o  a sp3 h y d r i d i z e d  carbon. 
c u r r e n t l y  be ing  s tud ied  i n  s a l t  s e n s i t i v e  hyper tens ive  r a t s  by 

q u a n t i t a t i v e  dual t r a c e r  autoradiography as a candidate f o r  t h e  c l i n i c a l  
e v a l u a t i o n  o f  hyper tens ive  h e a r t  disease by c o l l a b o r a t o r s  (P. Som, A. B. 
B r i l l  e t  a l )  a t  Brookhaven Na t iona l  Laboratory.  

L i p i d  ana lys i s  s tud ies  have been 

Iod ine-125- labe led  DMIVN i s  
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EFFECTS OF 3-METHYL-BRANCHING ON INCORPORATION OF IODOVINYL FATTY 

ACIDS INTO LIPIDS AND SUBCELLULAR FRACTIONS FROM RAT HEARTS 

I n  t h e  c o n t i n u i n g  i n v e s t i g a t i o n  of t he  metabolism of rad io labe led  
methyl-branched f a t t y  ac ids  w i t h i n  r a t  hear ts ,  we have now i n i t i a t e d  
s t u d i e s  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 l i p i d  ana lys i s  of the  
i o d o v i n y l  s e r i e s  of fa t ty  acids.  The analogues t e s t e d  i nc lude  t h e  
s t r a i  ght  cha in  1 9 - i  odo-18-nonadecenoi c a c i d  ( I V N  ), t h e  monomethyl - 
branched 19-1 odo-3- (R , S )  -methyl -18-nonadecenoi c ac i  d (BMIVN) and t h e  
dimethyl-branched 19-iodo-3,3-dimethyl-18-nonadecenoic a c i d  (DMIVN). 
Subcel l u l a r  d i  s t r i  b u t i  on s tud ies  whi ch i n v o l  ve d i  f f e r e n t  i a1 cent r i  f u g a t i  on 
t o  i s o l a t e  t h e  mi tochondr ia l ,  microsomal and cytop lasmic f r a c t i o n s  have 
thus  f a r  been performed w i t h  the  monomethyl-branched BMIVN analogue and 
t h e  s t r a i g h t  chain I V N  analogue. Rats e i t h e r  f a s t e d  (24 h )  o r  non-fasted 
were i n j e c t e d  i n t ravenous ly  w i t h  t h e  1251- labeled analogues and t h e  hear ts  
removed f o r  s u b c e l l u l a r  f r a c t i o n a t i o n  30 min l a t e r .  Comparison o f  t h e  
s u b c e l l u l a r  p r o f i l e s  of r a d i o a c t i v i t y  show no s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e  (Wilcoxon t e s t )  between I V N  and RMIVN i n  non- fasted animals 
(F ig .  2). In  f a s t e d  r a t s  however, t h e r e  were s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  (p=O.OOZ> between t h e  p r o f i l e s  o f  t h e  I V N  versus the  BMIVN 
i n j e c t e d  animals. The d i e t a r y  s t a t u s  of t he  animals i n j e c t e d  w i t h  I V N  
r e s u l t e d  i n  s i g n i f i c a n t  d i f f e rences  (p=O.OOl) i n  t h e  percentage o f  
r a d i o a c t i v i t y  i n  t h e  mi tochondr ia l  and cytop lasmic f r a c t i o n s  w i t h  sinal l e r  
d i f f e rences  i n  t h e  microsomal f r a c t i o n  (p=0.025). Wi th  BMIVN t h e  e f f e c t s  
of  f a s t i n g  were seen p r i m a r i l y  i n  t h e  d i f ferences i n  t h e  cytop lasmic 
f r a c t i o n s  (p=0.001), whereas, t h e  m i  t ochondr ia l  f r a c t i o n s  showed on ly  a 
s l i g h t  d i f f e r e n c e  (p=0.05) and t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  
percentage of a c t i v i t y  i n  the  microsomal f r a c t i o n s  of hear ts  f rom f a s t e d  
versus non-fasted ra ts .  S i m i l a r  e f fec ts  of methyl-branching o f  t h e  
analogue and o f  t he  d i e t a r y  s ta tus  o f  t he  animals 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  p r o f i l e s  have p rev ious l y  been observed i n  s tud ies  on the  
i odophenyl se r ies  o f  f a t t y  ac ids (ORNLjTM-9707). These s tud ies  a l so  
conf i rmed t h e  c o r r e l a t i o n  of prolonged hear t  r e t e n t i o n  by methyl-branched 
f a t t y  ac ids w i t h  r e l a t i v e l y  h ighe r  assoc ia t i on  o f  a c t i v i t y  wi th  t h e  
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m i tochondr ia l  versus the  cytoplasmic f r a c t i o n .  Fu tu re  work w i t h  t h i s  
i o d o v i n y l  series o f  f a t t y  ac ids  w i l l  i nc lude  s u b c e l l u l a r  d i s t r i b u t i o n  
s tud ies  on t h e  dimethyl-branched analogue i n  comparison w i t h  the s t r a i g h t  
c h a i n  analogue. 

Non fasted 

Fig .  2 

Dur ing  t h i s  q u a r t e r  we have a l s o  eva lua ted  t h e  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 h e  l i p i d  pools o f  whale hea r t s  o f  f a s t e d  r a t s  up t o  
1 h a f t e r  t h e  a d m i n i s t r a t i o n  o f  t h e  1251- labeled dimethyl  DMIVN 
analogue. T issue d i s t r i b u t i o n  s tud ies  o f  the compound have shown h i g h  
inyocardial e x t r a c t i o n  w i t h  s i g n i f i c a n t  r e t e n t i o n  over the  2 h assay 
per iod .  L i p i d  analyses showed t h a t  t h e  i n i t i a l  predominance o f  rad io -  
a c t i v i t y  i n  t h e  f r e e  fa t t y  a c i d  pool  was replaced af te r  10 m i n  by an 
inc rease  o f  a c t i v i t y  i n  t h e  t r i g l y c e r i d e  f r a c t i o n  (Fig. 3). The r a t e  of 
t h i s  "conversion" i s  very s i m i l a r  t o  t h a t  observed w i t h  the  d imethy l -  
branched iodopheny? compound, DMIPP (ORNL/TM-9707). As w i t h  DMIPP, no 
a c t i v i t y  was observed i n  t h e  di g l y c e r i d e  f r a c t i o n  f o l l o w i n g  DMIVN 

i n j e c t i o n ;  however, t he re  was a s i g n i f i c a n t  inc rease i n  t h e  a c t i v i t y  
w j t h i n  the  p o l a r  l i p i d  pool, 
I V N  and t h e  monomethyl-branched BMIVN analogues w i l l  be examined as t o  
t h e i r  d i s t r i b u t i o n  i n t o  l i p i d  pools o f  r a t  hearts.  

I n  f u t u r e  s tud ies  both t h e  s t r a i g h t  chain 
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MINUTES AFTER INJECTION 

F ig .  3 

RADIOIODINATED BRAIN IMAGING AGENTS: TISSUE DISTRIBUTION PROPERTIES 

LABORATORY ANIMALS 

OF A RADIOIODINATED 1,4-DISUBSTITUTED REDUCED PYRIDINE IN 

Many rad i  ol  abe l  ed lypophi 1 i c a g e n t s  c r o s s  the i n t a c t  blood b r a i n  

barrier and d i s t r i b u t e  i n  the b r a i n  a s  a f u n c t i o n  of r e g i o n a l  c e r e b r a l  

blood f l ow .  I f  such a g e n t s  are modif ied and a p p r o p r i a t e l y  r a d i o l a b e l e d  

t o  show h i  gh b r a i  n uptake,  high b ra in :  blood r a t i o s  and prolonged reten- 

t i o n  w i t h  minimal r e d i s t r i b u t i o n  i n  the b r a i n ,  t hey  can p o t e n t i a l l y  be 

used  f o r  s i n g l e  photon emission computer ized tomographic  (SPECT) imaging 

s t u d i e s .  

R e c e n t l y  a new approach f o r  the d e l i v e r y  of r a d i o l a b e l e d  a g e n t s  t o  

the  b r a i n  f o r  high b r a i n  up take  and prolonged r e t e n i o n  has  been r e p o r t e d  

from this l a b o r a t o r y .  T h e  r e p o r t  (ORNL/TM-9394), f o r  example, takes i n t o  

accoun t  the s y n t h e s i s  of a r a d i o l a b e l e d  agen t  ( a )  coupled t o  a 
d i h y d r o p y r i d i n e  moiety (4 )  - - -  (b -+ c )  w h i c h  a p p a r e n t l y  h e l p s  c a r r y  the 

r a d i o l a b e l e d  a g e n t  t o  the  b r a i n  (Scheme I V ) .  The r a d i o l a b e l e d  agen t  4 ,  
i n  the b r a i n ,  i s  cons ide red  t o  undergo o x i d a t i o n  of the d i h y d r o p y r i d i n e  

moiety and c l e a v a g e  of the carboxamide (-CONH-) bond t o  g e n e r a t e  

n o n - l y p o p h i l i c  3 and/or  2 r e s p e c t i v e l y ,  w h i c h  a r e  r e t a i n e d  i n  the b r a i n .  

- 

- 

- I 
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The present  study was d i  r e c t e d  toward e v a l u a t i n g  t h e  r e t e n t i o n  
p r o p e r t i e s  o f  d i h y d r o p y r i d i n e  moie t ies  which can undergo o x i d a t i o n  i n  
t h e  bra in .  

I 
CH3 ‘ 3  .”. C% * 

Scheme I V  

The synthes is  o f  t h e  t a r g e t  compound was as fo l laws.  The precursor ,  
4 - (2 -aminoethy l )pyr id ine  ( 5 )  - was f i r s t  a c e t y l a t e d  w i t h  a c e t i c  anhydr ide 
t o  g i  ve 4- (2-N-acetyl  ami noethy l  ) p y r i  d i  ne (6 ) .  -- 
w i t h  E-  1 - borono-5-i  odo-1 -pent ene (7 - ) i n d i  methy 1 formami de gave 1- ( E - 1  - 
borono-l-penten-5-y1)-4- (2-N-acetylami noethy l  ) p y r i  d i  nium i o d i d e  (8). - 
I o d i n a t i o n  o f  _- 8 i n  t h e  presence o f  chloroamine-T and sadium i o d i d e  gave 
1 - (E-1-i  odo- l -penten-5-~1)-4-  (2-N-acetylami noethy l  ) p y r i  d i  nium i o d i d e  

(9) .  I__ 

sodium d i t h i o n i t e  reduc t ion  as compared t o  l 3 3 - d i s u b s t i t u % e d  p y r i d i n i u m  
compounds. The sodium borohydr ide reduc t ion  o f  - 9, however, gave t h e  
reduced compound, presumably t h e  desi  red product  1- ( E - 1 - 1  odo-l-penten- 
5-yl)-4-(2-N-acetylaminoethyl)-1,4-dihydropyr-idi ne (10).  The rad io -  
i o d i n a t e d  campounds - 9 and 10 were synthesized s i m i l a r l y  us ing  Na[1251] 

i n s t e a d  a f  NaI d u r i n g  i o d i n a t i o n .  

b r a i n  uptake o f  [12551]10 which gr-adually washes out. T h i s  may i n d i c a t e  
t h e  i n a b i l i t y  o f  1 ,4-d isubst i  t u t e d  d ihydra  p y r i d i n e s  t o  undergo f a c i l e  
o x i d a t i o n  i n  t h e  bra in .  I n  t h e  absence of such o x i d a t i o n  mechanism (or 

i n  a slow o x i d a t i o n  process),  [1251]E will not  be conveyted t o  t h e  
a c t i v e  quaternary species (such as - 9)  r e s u l t i n g  i n  washout o f  1Q f rom 
t h e  b r a i n  (Scheme V ) .  

Condensati on o f  I 6 

The 1 , 4 - d i s u b s t i t u t e d  p y r i d i n i u m  compound - 9 was found r e s i s t e n t  t o  

The data f r o m  Table 3 shows mcaderate (0.49% dose/gm a f t e r  5 min) 
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Table 3. 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 issues o f  F isher- I44 r a t s  f o l l w i n g  
f ntravenous admin i s t ra t i on  of l - ( E - L i Z 5 I  li odopenten-5-y 1 )-4- (2-N-acetylami noehty1)- 

1.4-dihydropyridine ([1251]g).a 
-. __- 

Mean percent i n j e c t i o n  dose/gm (range) Time 
A f t e r  - - l_l__l_ -II 

Tissue 
Lungs B l o o d  L i vs~-- Kidneys Heart I n j e c t i o n  B r a i n  

2.95 5.45 0.88 1.80 5 min 0.49 0.38 
(0.42-0-58) (0.34-0.42) (2.31-3.50) (4.19-6.53) (0.84-0.92) (1.52-2.02) 

2.17 2.31 0.52 1.21 

1.72 1.48 0.39 0.91 

0.20 0.46 30 n i n  
(0.16-0.23) (0.42-0.50) (1.95-2.32) (2.04-2-85) (0.43-0.59) (1.05-1.29) 

0.12 0.44 60 min 
(0.10-0.13) (0.39-0 "48) (1 -62-1.84) (1 -35-1.60) (0.38-0.41 ) [ 0.81-1.05 ) 

1_1_ __I.____ 
'Each animal ( 5  animals per t ime p o i n t )  received 5.34 uCi of pZ5llIO- by t a i l  i n j e c t i o n .  

... 

Scheme V 
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AGENTS FOR MEDICAL COOPERATIVE PROGRAMS 

Osmium-191 

E i g h t  shipments o f  lglOs-potassium osmate were made t o  the  Medical 
Cooperat ive Programs f o r  f u r t h e r  development o f  t h e  1910s+191mI r generator 
system and t o  study c l i n i c a l  a p p l i c a t i o n s  o f  lqlmIr ( T ~ R  = 4.96 s ) .  

A p p l i c a t i o n s  being s t u d i e d  i n c l u d e  f i r s t - p a s s  r a d i o n u c l i d e  angiographic 
e v a l u a t i o n  o f  i n t r a c a r d i a c  shunts and measurement o f  l e f t  v e n t r i c u l a r  
e j e c t i o n  f r a c t i o n .  
Medical  Center i n  Boston, MA (Drs. S .  Treves  and A .  Packard), two 
shipments t o  t h e  Cyc lo t ron  Center, U n i v e r s i t y  o f  Liege, Belgium 
(Drs. C. Br ihaye and M. Guil laurne), one shipment t o  George Washington 
U n i v e r s i t y ,  Washington, D.C. (Dr. 8. Wessels), two shipments t o  t h e  
U n i v e r s i t y  o f  Bonn, Federal  Republ ic o f  Germany (Dr. S, Reske), and two 
shipments t o  Massachusetts General H o s p i t a l ,  Boston, MA (Dr. H. W. 
Strauss) .  

One shipment was made t o  t h e  C h i l d r e n ' s  H o s p i t a l  

Platinum-195m 

Three shipments o f  igsrnPt-l abeled - c i  s -d i  c h l o r o d i  ainini n e p l a t i  nurn(1 I ) 
(cis-DDP) -- were supp l i ed  t o  c o l l a b o r a t o r s  t o  study t h e  pharmacokinet ic 
p r o p e r t i e s  and mode o f  an t i tumor  a c t i v i t y  o f  t h i s  agent. 
t h e  Harvard Medical School, Roston, MA (Or. A. Jones), C i ty  o f  Hope 
Medical  Center, Duarte, CA (Dr .  K. Scanlon) and Meniori a1 S loan-Ket te r i  ng 
H o s p i t a l ,  New York, NY (Dr. J .  S. Laugh l i n )  rece ived one shipment each. 

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

C opper-64 

One shipment o f  64Cu was made t o  c o l l a b o r a t o r s  a t  Oak Ridge Associated 
U n i v e r s i t i e s ,  Oak R i d g e ,  TN (Dr. J .  Crook). 
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