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SUMMARY 

The f i r s t  c l i n i c a l  r e s u l t s  w i t h  t h e  new iod ine-123- labe led  methyl-  
branched f a t t y  acid, 1 5 - ( p - i  odophenyl)-3-R,S-methylpentadecanoi c a c i d  
(BMIPP), a re  descr ibed i n  t h i s  repor t .  These s t u d i e s  were conducted a t  
t h e  U n i v e r s i t y  o f  Vienna (Dr .  R. Dudczak). 
e v a l u a t e d  w i t h  fI-1231BMIPP by p l a n a r  imaging s tud ies.  
c o n s i s t e d  o f  p a t i e n t s  w i t h  normal coronary a r t e r i e s ,  and p a t i e n t s  w i t h  
s i n g l e - ,  double-, and t r i p l e - v e s s e l  disease. The goal o f  these s t u d i e s  
was t o  eva lua te  CI-l23]BMIPP f o r  t h e  f i r s t  t ime i n  p a t i e n t s ,  t o  analyze 
r e g i o n a l  uptake and wash-out p r o p e r t i e s ,  and t o  compare t h e  r e s u l t s  o f  
B M I P P  w i t h  t h e  s t r a i g h t - c h a i n  analogue, [1-1231IPP. As expected BMIPP 
showed delayed myocardial  c learance, f u r t h e r  demonstrated t h e  apparent 
i n h i b i t o r y  e f f e c t  o f  m e t h y l - s u b s t i t u t i o n  on 4-ox idat ion.  The r e s u l t s  o f  
wash-out k i n e t i c  measurements a re  descr ibed i n  t h i s  r e p o r t .  An impor tan t  
f i n d i n g  was t h a t ,  i n  a d d i t i o n  t o  good myocardial  images, abnormal 
(reduced) e l i m i n a t i o n  was observed i n  p a t i e n t s  w i th  coronary a r t e r y  
d isease (CAD) which i s  no t  observed w i t h  o t h e r  agents such as IPP.  Thus, 
t h e  a d d i t i o n a l  i n f o r m a t i o n  ob ta ined w i t h  BMIPP may be o f  u s e f u l  p r o g n o s t i c  
value. 

The r e s u l t s  o f  methy l -branching 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 
i n c o r p o r a t i o n  i n t o  l i p i d  poo ls  o f  r a t  h e a r t s  u s i n g  3-monomethyl (BMIVN) 
and 3,3-dimethyl (DMIVN) analogues o f  19- i  odo-18-nonadecenoic a c i d  (IQN) 
a r e  a l s o  descr ibed i n  t h i s  r e p o r t .  Branching appeared t o  r e s u l t  i n  a 
h i  gher associ  a t i  on o f  r a d i  o a c t i  v i  t y  w i t h  t h e  microsomal c e l l  f r a c t i o n s  
when 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 s  of DMIVN were compared t o  t h a t  f o r  
I V N .  Branching a l s o  appeared t o  i n h i b i t  8 - o x i d a t i o n  w i t h i n  t h e  myocar- 
d i a l  c e l l  r e s u l t i n g  i n  an inc reased convers ion t o  s ta rage ( t r i g l y c e r i d e  
and p o l a r  l i p i d )  w i t h  t h e  branched analogues (DMIVN and BMIVN). 

A s e r i e s  o f  19 p a t i e n t s  were 
The groups 
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Dur ing  t h i s  r e p o r t  p e r i o d  seven shipments o f  osmium-191 were made t o  
c o l l a b o r a t o r s  f o r  Os-191/Ir- l91m generator  f a b r i c a t i o n .  C l i n i c a l  s tud ies  
i n  t h e  bolus mode are  now i n  progress i n  Belg ium (L iege )  and Germany 
(Bonn) and p r e c l i n i c a l  s t u d i e s  w i t h  cont inuous i n f u s i o n  are  i n  progress i n  
Boston (Massachusetts General H o s p i t a l  ) where generators  f a b r i c a t e d  a t  
ORNL are supp l i ed  each month. Two shipments of Cu-64 were made t o  t h e  Oak 
Ridge Associated U n i v e r s i t i e s  and f o u r  shipments o f  Pt -195m-c is-d ich loro-  
d iamminep la t inun( I1 )  (cis-DDP) were made on a cost - recovery bas is  th rough 
t h e  ORNL Isotopes D i s t r i b u t i o n  O f f i c e .  

. ................... 



EVALUATION OF REGIONAL MYOCARDIAL UPTAKE AND CLEARANCE IN CLINICAL STUDIES 
WITH NEW ~ ~ ~ I - L A B E L E D  6-METHYL FATTY ACID 

P r e l i m i n a r y  s tud ies  w i t h  iodine-123-15-( p - i  odophenyl)-3-R,S-methyl- 
pentadecanoic ac id ,  C12311BMIPP, have r e c e n t l y  been conducted i n  n ine teen 
p a t i e n t s  a t  t h e  Department o f  Nuclear  Medicine, Uni v e r s i  t y  C1 i n i  c ,  i n  
Vienna, A u s t r i a  (R. Dudczak, M.D., and co l leagues) .  P a t i e n t s  were 
eva lua ted  who underwent coronary angiography because o f  t h e  onset 
o f  chest  pain. These represent  t h e  f i r s t  human s tud ies  conducted w i t h  
t h i s  new s t r u c t u r a l l y - m o d i f i e d  f a t t y  ac id ,  i n  which methy l -branching was 
in t roduced  t o  i n t e r f e r e  w i t h  degradat ion  by B-ox ida t ion  t o  delay 
myocard ia l  clearance. Thall iurn-201 p e r f u s i o n  images dipyridarnol s t r e s s  
(pharmacologica l  v a s o d i l i t a t i o n )  and 4 h r e d i s t r i b u t i o n  s c i n t i g r a m  were 
a l s o  obtained. The myocard ia l  s c i n t i g r a p h y  was performed w i t h  2-4 A i  o f  
[12311BMIPP i n  p a t i e n t s  who were f a s t e d  f o r  a t  l e a s t  10 h a f t e r  a l i g h t  
b reak fas t .  Background c o r r e c t e d  myocard ia l  t ime  a c t i v i t y  curves were 
generated, u s i n g  the vena cava reg ion  as t h e  r e p r e s e n t a t i v e  o f  b lood 
background. 
eva lua te  t h e  presence o f  p o s s i b l e  B M I P P  c a t a b o l i c  products. 

a r t e r i e s  (F ig .  1). As descr ibed e a r l i e r  f o r  animal s tud ies  
(ORNL/TM-9343), pronounced h e a r t  uptake and good hear t :  b lood r a t i o s  w i t h  
l i t t l e  i n t e r f e r e n c e  from t h e  blood pool  was observed. Severa l  p a t i e n t s  
who had angi ograph ica l  l y  conf i rmed s ing le -vesse l  , double-vessel o r  
t r i  p l  e-vessel coronary a r t e r y  d i  sease (CAD) were a1 so s t u d i  ed w i t h  
[123115MIPP. A t y p i c a l  s c i n t i p h o t o  o f  a p a t i e n t  w i t h  t r i p l e - v e s e l  disease 
i s  shown i n  F i g .  2. I n  such gamma camera images reduced BMIPP uptake i s  
c l e a r l y  observed i n  t h e  p o s t e r o l a t e r a l  p o s t e r i o r  and i n  t h e  a n t e r i o r  
myocard ia l  w a l l .  The t h y r o i d  was no t  v i s u a l i z e d  as shown i n  t h e  image o f  
t h e  neck region. S ince t h y r o i d - b l o c k i n g  agents were no t  admin is tered,  
l ack  o f  t h y r o i d  image demonstrates t h e  low i n  v i v o  d e i o d i n a t i o n  o f  BMIPP.  

I n  same p a t i e n t s  plasma samples were a l s o  analyzed t o  

The h e a r t  was c l e a r l y  v i s u a l i z e d  i n  p a t i e n t s  w i t h  normal coronary 

The markedly reduced BMIPP uptake i n  t h e  i n f a r c t e d  reg ion  ( i n f e r i o r )  
and i n  t h e  p o s t l a t e r a l  w a l l  o f  a p a t i e n t  w i t h  t r i p l e - v e s s e l  disease i s  
shown i n  F ig .  3. I n  a number o f  such p a t i e n t s  de fec ts  i n  B M I P P  uptake 
were c l e a r l y  seen i n  i n f a r c t e d  as w e l l  as i n  n o n i n f a r c t e d  reg ions  supp l i ed  
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Fig.  1. S e r i a l  s c i n t i g r a m  a f t e r  i.v. i n j e c t i o n  of 3 nCi [1231]BMIPP 
i n  a p a t i e n t  with normal coronary a r t e r i e s .  
o f  f i v e  1 min frames. (Courtesy, R. Dudczak, M.D., U n i v e r s i t y  of Vienna, 
A u s t r i a ) .  

Each image represents  t h e  sum 

Fig.  2. Uncor rec ted  s c i n t i p h o t o s  i n  a p a t i e n t  w i t h  t h r e e  vessel 
d isease ob ta ined  2 h a f t e r  i n t ravenous  i n j e c t i o n  o f  3 m C i  [1231]BMIPP. 
premedica t ion  was given. (Courtesy, R. Dudczak, M.O., U n i v e r s i t y  o f  
V i enna , Au s t r i a ) . 

No 



. .  . .  . '  

Fig. 3. Ir,,erpQIated background corrected tnkge from a pattent wi th  
t r ip le-vessel  disease a f t e r  i n j e c t i o n  of  C123rJBffkPP. 
Dudczak, M.D., University of  Vienna, Austria), . 

(Courtesy, R. 

by stenosed- vessel s . 
regional Wocardial %ashout") c lerslented the visual in terpretat ion o f  
t he  gamma camera images. The background corrected time a c t i v i t y  curves 
from heart and l i v e r  a f t e r  intravenous administration of  3 n t i  [1231]BMIPP 
demonstrated a faster el iminat ion from the l i v e r  than from the heart 
(Fig. 4). This d i f f e ren t  behaviour i n  organ washout of BMIPP was seen i n  
a l l  19 pat ients  studied. Obviously the metabolic f a t e  o f  BMIPP i s  
d i f f e r e n t  i n  the heart than i n  the l i v e r ,  and t h i s  observation w i l l  now 
be explored i n  more d e t a i l  i n  animal models. I n  part icular,  the use of 
i so la ted  heart models, which w i  11 circumvent the interference of  blood 
levels  and qyocardial extract ion of, f o r  instance, hepatic metabolites, 
w i l l  give a more clear understanding of  the qyocardial metabolism and 
f a t e  o f  t h i s  in terest ing new agent. These studies are i n  progress a t  the 
I n s t i t u t e  f o r  C l i n i c a l  and Experimental Nuclear Medicine i n  Bonn, Federal 
Republic of Germany. 

The evaluation of global #yocardial , t i m e  act9 rvet fseg. 
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The el iminat ion behaviour of BMIPP from those pat ients f i t t e d  a 
biexponential function ( T b  11.4+4.4 min and 91.5436.8 min). However, the 
el iminat ion was monoexponential from the heart i n  eight patients 
(218.8+102.5 min) and biexponential i n  the remaining 11 patients (13.824.1 
min and 187.2k49.8 min). Evaluation o f  "regional" e l iminat ion parameters 
indicated the half-time was prolonged from diseased regions as compared t o  
the  respective normal perfused region or the "best" region i n  patients 
w i th  three vessel disease (Table 1). These f indings were seen from 
regions wi th  reduced (n=6) as wel l  as an apparent normal BMIPP uptake, 
inc lud ing both in farc ted (n=5) and noni n f  arcted regions but supplied by 
stenosed coronary vessels (ns6) . 

c' 

Fig. 4. Compari 
wash-out from the [I 
(Total study period, 

son of  the t ime-act iv i ty curves f o r  heart and l i v e r  
231]BMIPP study of  the pat ient  shown i n  Fig. 3. 
100 min). 

I n  two pat ients wi th  a biexponential behaviour i n  the normal region, 
the  decline i n  nyocardial a c t i v i t y  was monoexponential i n  a diseased 
region. These included the "chronic" ischemic region i n  a pat ient  wi th  
s ing le vessel disease and an in farc ted region i n  a pat ient  wi th  double 
vessel disease. A t yp ica l  background (vena cava regi on) corrected 
myocardial time a c t i v i t y  curve f i t t i n g  a biexponential function i s  shown 
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Table 1. Myocardial e l iminat ion half-t ime a f t e r  intravenous i n j e c t i o n  of  
[12311BMIPP i n  s i x  pat ients wi th  coronary artery disease showing a 

monoexponential t i m e  a c t i v i t y  curve. 

Regi on 

Normal 

"Chronic Ischemic" 
Region (N=6) 

T/2, Minutes 

150.5 f 45.6 
111 - 230 

234.8 f 107.1 
140 - 407 

"Acute I schemi c" ( Infarcted ) 417.6 f 352 
(N=5) 165 - 990 

f o r  a pat ient  wi th  three vessel disease and previous qyocardial i n f a r c t i o n  
i n  Fig. 5. G a m  camera images o f  t h i s  pat ient  showed a reduced BMIPP 
uptake i n  the septal and i n f e r i o r  ( infarcted) wall. These data 
demonstrate a delayed washout of BMIPP from the septal region compared t o  
the  posterolateral wall. The regional nyocardial e l iminat ion parameters 

Fig. 5. Time-activity curves ( t o t a l  study period, 100 min) f o r  a 
pat ient  wi th  three-vessel disease a f t e r  i n j e c t i o n  of [ 1 2 3 I B M I P P .  
(Courtesy, R. Dudczak, M.O., University of  Vienna, Austria). 
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eva lua ted  i n  t h i s  subset o f  p a t i e n t s  w i t h  CAD, where t h e  myocardial  t i m e  
a c t i v i t y  curve f i t t e d  a b i e x p o n e n t i a l  f u n c t i o n ,  a re  summarized i n  Tab le  2. 
By i n t  r a i  n d i  v i  dual  compari son o f  normal and d i  seased qvocard i  a1 reg i  ons 
s i g n i f i c a n t  d i f f e r e n c e s  were found bo th  f o r  t h e  i n i t i a l  e l i m i n a t i o n  
ha1 f -ti me and t h e  component r a t i  o (p<O.01), bc i  ng pro1 onged and/or 
reduced, r e s p e c t i v e l y ,  f rom diseased regions. These changes were observed 
i n  a l l  p a t i e n t s  w i t h  CAD, i n c l u d i n g  those w i t h  normal BMIPP e l i m i n a t i o n  
behaviour.  These p r e l i i i i i n a r y  f i n d i n g s  w i t h  t h e  new BMIPP agent appear 
promis ing.  S ince i n  a d d i t i o n  t o  v i s u a l  i n t e r p r e t a t i o n  o f  myocardial  
images, t h e  r e g i o n a l  a n a l y s i s  o f  inyoeardial t i m e - a c t i v i t y  curves may add 
t o  t h e  d i a g n o s t i c  f e a s i b l l i t y  o f  B M I P P  f o r  r e c o g n i z i n g  p a t i e n t s  w i t h  h e a r t  
d isease. 
s t r a i  ght -chain f a t t y  a c i d  agents, 15-(p-[1231] iodophenyl  )pentadecanoic 
a c i d  (IPP) and 17-[12311i odohepkadecanoi c (HDA), a segi onal  abnormal 
e l i m i n a t i o n  behaviour was not  seen i n  a l l  p a t i e n t s  w i t h  CAD. Thus, the 

a d d i t i o n a l  i n f o r m a t i o n  ob ta ined w i t h  B M I P P  may have some p r o g n o s t i c  value. 

I n  a l a r g e  number o f  p a t i e n t s  s t u d i e d  w i t h  t h e  p r e s e n t l y  used 

Tab le  2. Myocard ia l  e l i m i n a t i o n  h a l f - t i m e  a f t e r  i .v. i n j e c t i o n  o f  
[1231]BMIPP i n  n i n e  p a t i e n t s  w i t h  coronary a r t e r y  disease showing a 

b i e x p o n e n t i a l  t i m e  a c t i v i t y  curve. 

Normal Region Diseased Regi on 

( N 4 3 )  (N=14) 
(+Best Vessel 3VD) 

T/2 I Min: 
Range 

T/2 I 1  Min: 
Range 

T / 2  I' Min: 
Range 

c-I / c - I  I : 
Range 

11.2 t 4.3 
6.7 - 18.2 

153.7 t 47.9 
109 - 222 

62.4 f 20.7 
43 - 96 

0.36 f 0.15 
0.18 - 0.73 

19.7 f 12.7 
9.4 - 44 

160.1 * 64.2 
111 - 317 

69.6 +_ 22.0 
48 - 119 

0.28 ~t 0.14 
0.18 - 0.55 
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The a v a i l a b i l i t y  o f  the new methyl-branched BMIPP agent also allowed a 
comparison of the absolute uptake and t ime-act iv i ty  curves of  [ 1 2 3 1 B M I P P  
and the [1231]IPP straight-chain analogue which i s  used i n  a mch larger 
pat ient  population a t  a number of European ins t i t u t i ons .  Comparing the 
f indings obtained wi th  BMIPP t o  those wi th  I P P  i n  a s im i la r  study 
population, Or .  Dudctak has found tha t  peak nlyocardial a c t i v i t y  occured 
l a t e r  wi th  BMIPO than with IPP. Myocardial extraction, as estimated from 
the ~ocardium/background ratto, i s  s l i g h t l y  less f o r  BMIPP than f o r  IPP. 
Background corrected time a c t i v i t y  curves of  the heart and l i v e r  a f t e r  
intravenous i n j e c t i o n  of [1231]IPP are shown i n  Fig. 6, showing a nearly 
p a r a l l e l  a c t i v i t y  decline frw these two organs. I n  contrast, the 
background corrected t i n re  a c t i v i t y  curves of  heart and l i v e r  a f t e r  
intravenous i n j e c t i o n  of [ I 231  JWIPP shan, as mentioned previously, a 
fas te r  el iminat ion from the l i v e r  than frm the heart (Fig. 4). 

F ig .  6. T ime a c t i v i t y  curves f o r  the heart and l i v e r  a f t e r  i n jec t i on  
o f  [I2 I l I P P  t o  a pat ient  wi th normal coronary a r t e r i e s  (Total study 
period, 100 min). (Courtesy, R. Dudczak, M.D., University of Vienna, 
Austr ia)  . 
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Because o f  t h e  importance o f  ana lyz ing  both b lood and 1 ver  t o  
eva lua te  metabolism of BMIPP, both plasma and u r i n e  samples f rom severa l  
p a t i e n t s  were analyzed t o  eva lua te  t h e  p o t e n t i a l  ca tabo l i sm o f  
[12311BMIPP. I n  t e n  p a t i e n t s ,  b lood c learance and u r i n a r y  e x c r e t i o n  f o r  
0-2 h and 2-16 h a f t e r  t r a c e r  a d m i n i s t r a t i o n  were evaluated. B lood 
samples were drawn a t  var ious  t ime  i n t e r v a l s  t o  determine t o t a l  a c t i v i t y  
and t o  eva lua te  t h e  fo rma t ion  o f  h y d r o p h i l i c  and l i p o p h i l i c  me tabo l i t es  
f rom BMIPP degradat ion.  Both un t rea ted  (pH 7.4) and a c i d i f i e d  (pH 2 )  
plasma samples were e x t r a c t e d  w i t h  ch loroform.  F i v e  minutes a f t e r  
i n j e c t i o n ,  76.7% t 3.9% o f  t h e  r a d i o a c t i v i t y  was e x t r a c t e d  i n t o  t h e  

o rgan ic  phase. 
19.8% * 4.2% o f  t h e  remain ing r a d i o a c t i v i t y ,  r e s p e c t i v e l y .  Wi th  t ime  t h e  
1 2 3 1  conten t  o f  t h e  aqueous phase increased t o  39.1% k 5.8% a f t e r  20 min 
w h i l e  t h e  organ ic  phase decreased t o  32.9% k 6.3%. Fo r  l a t e r  per iods  t h e  
1231 conten t  o f  both phases remained n e a r l y  constant .  By e x t r a c t i o n  o f  
t h e  a c i d i f i e d  plasma samples, n e a r l y  a l l  t h e  aqueous r a d i o a c t i v i t y  was 
e x t r a c t e d  i n t o  t h e  organ ic  phase. 
r a d i o i o d i n a t e d  weak ac ids  i n  t h e  aqueous phase. 

and 90 min a c i d i f i e d  plasma samples was f u r t h e r  analyzed by t h i n  l a y e r  
chromatography (TLC). 
corresponding t o  BMIPP ( R f  0.67-0.75). A t  90 min, however, t h r e e  
r a d i  oacti i ve peaks were observed w i t h  rnobi 1 i t i e s  ( R f )  corresponding t o  t h e  
unmetabol ized BMIPP ( R f  0.70), benzoic  a c i d  (R f  0.59) and t h e  t r i g l y c e r i d e  
( R f  0.85) reg ion.  These f i n d i n g s  demonstrate ca tabo l i sm o f  BMIPP by human 
t i s s u e s .  It i s  probable t h a t  t h e  i d e n t i f i c a t i o n  of sho r t - cha in  
c a t a b o l i t e s  Such as benzoic a c i d  r e s u l t s  f rom h e p a t i c  metabolism. I n  
animal s tud ies  a t  O R N L ,  a r a d i o a c t i v e  component w i t h  t h e  m o b i l i t y  o f  
h i p p u r i c  a c i d  was shown i n  t h e  u r i n e  a f t e r  a d m i n i s t r a t i o n  o f  both 
r a d i o a c t i v e  BMIPP and t h e  d imethy l  D M I P P  analogue. Such ca tabo l i sm 
c o u l d  r e s u l t  f ro i i i  i n i t i a l  a -hyd roxy la t i on  as descr ibed e a r l i e r  
(ORNL/TM-9609). I n  t e n  p a t i e n t s ,  e x t r a c t i o n  w i t h  chloroform/methanol was 
per formed i n  un t rea ted  and a c i d i f i e d  u r i n e  and t h e  organ ic  phase o f  t h e  
l a t t e r  procedure then analyzed by TLC. By e x t r a c t i o n  o f  un t rea ted  u r i n e  

The aqueous- and s o l i d  phases conta ined 3.6% ? 1.9% and 

The r e s u l t s  demonstrate t h e  presence o f  

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 h e  organ ic  phase o f  both 5 rnin 

A major r a d i o a c t i v e  component was observed a t  5 min 
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w i t h  chloroform/methanol  most o f  t h e  r a d i o a c t i v i t y  was found i n  t h e  
aqueous phase. E x t r a c t i o n  o f  a c i d i ' i e d  u r i n e  revealed n e a r l y  equal 
amounts o f  r a d i o a c t i v i t y  i n  t h e  aqueous and organ ic  phase (Table 3). 
TLC a n a l y s i s  a r a d i o a c t i v e  component was observed w i t h  a m o b i l i t y  
corresponding t o  h i p p u r i c  a c i d  (Rf 0.15-0.20). 
(20 ~ 1 )  was a l s o  analyzed b,y reversed phase h i g h  performance l i q u i d  
chromatography and a r a d i o a c t i v e  component w i t h  t h e  same r e t e n t i o n  as f o r  
[1311] o r t h o i o d o h i p p u r i c  a c i d  was observed. S u r p r i s i n g l y ,  these data 
demonstrate t h a t  [12311BMIPP i s  c a t a b o l i z e d  t o  a p roduc t  w i t h  a TLC 
m o b i l i t y  s i m i l a r  t o  t h e  g l y c i n e  conjugate o f  4- [123I] iodobenzoic a c i d  
( h i p p u r i c  a c i d ) .  The p o s s i b l e  ca tabo l ism o f  BMIPP f rom an i n i t i a l  
a - h y d r o x y l a t i  on has been discussed e a r l  i e r  (ORNL/TM-9609). 

By 

The u r i n e  f rom one p a t i e n t  

Tab le  3. Summary o f  e x t r a c t i o n  s t u d i e s  o f  u r i n e  f rom p a t i e n t s  
admin is te red  w i t h  [1231]BMIPP. 

Unt rea ted  u r i n e  Phase A c i d i f i e d  u r i n e  

86.8 2 3.8% 
10.4 k 3.4% 
3.1 t 0.6% 

aqueous 
organ ic  
sol i d  

48.8 2 3.9% 
48.9 t 4.1% 

2.3 k 1.2% 

These comparative s t u d i e s  c l e a r l y  i n d i c a t e  a d i f f e r e n t  uptake and 
e l i m i n a t i o n  behaviour o f  I P P  and BMIPP i n  var ious organs. The 3-methyl- 
b ranch ing  i n  B M I P P  must r e s u l t  i n  a d i f f e r e n t  metabolism o f  t h i s  agent 
which i s  c o n s i s t e n t  w i t h  t h e  r e s u l t s  o f  e a r l i e r  s t u d i e s  (ORNL/TM-9609). 
The i n t e r p r e t a t i o n  o f  organ c learance curves w i t h  B M I P P  i n  terms o f  
s p e c i f i c  metabo l ic  pathways i s  not  y e t  possible, and no conclus ions can be 
drawn as a d e t a i l e d  understanding of t h e  r e l a t i o n s h i p  between metabol ism 
and c learance curves w i t h  o t h e r  r a d i o i o d i  nated f a t t y  a c i d  analogues a l s o  
remains unc lear .  
complex than f o r  I P P .  I n  a d d i t i o n  t o  t h e  p o s s i b i l i t y  o f  a -hydroxy la t ion  
f o r  t h e  degradat ion o f  BMIPP as descr ibed e a r l i e r  (ORNL/TM-9609), o t h e r  
pathways f o r  o x i d a t i v e  degradat ion of branched cha in  f a t t y  ac ids  may 
resemble those e s t a b l i s h e d  f o r  branched cha in  amino ac ids such as leuc ine.  
I n  t h i s  case an ATP dependent c a r b o x y l a t i o n  may occur which i s  c a t a l y z e d  

The steps r e q u i r e d  f o r  degradat ion o f  B M I P P  a re  more 
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by an enzyme us ing  b i o t i n  
encountered d u r i n g  catabo 
be generated, as a r e s u l t  

as a co fac to r .  I f  such a mechansim i s  
i sm o f  B M I P P ,  1231-benzoic a c i d  w i l l  eventual  
o f  8 -ox ida t ion .  The occurrence of these more 

Y 

complex c a t a b o l i c  pathways f o r  R M I P P  may i n d i c a t e  t h a t  t h i s  agent may be 
more e f f e c t i v e  i n  recogn iz ing  p a t i e n t s  w i t h  h e a r t  disease. I n  add i t i on ,  
t h e  l onger  myocardial r e t e n t i o n  observed w i t h  B M I P P  may f a c i l i t a t e  SPECT 
s t u d i e s  and t h e  recent  animal s tud ies  w i t h  t h e  new 3,3-dimethyl analogue 
r e c e n t l y  desc r i  bed ( O R N L / T M - 9 6 0 9 )  i n d i c a t e  t h i  s agent may be even more 
p rorni s i  ng. 

EFFECTS OF 3-METHY L-BRANCH1 NG ON INCORPORATION OF RAD I O I O D I N A T E D  
I O D O V I N Y L  FATTY A C I D S  I N T O  L I P I D S  AND SUBCELLULAR FRACTIONS 

FROM RAT HEARTS 

I n  t h e  l a s t  q u a r t e r l y  r e p o r t  ( O R N L / T M - 9 7 8 4 )  t h e  r e s u l t s  o f  i n i t i a l  
s t u d i e s  on t h e  metabolism of r a d i o l a b e l e d  i o d o v i n y l  l ong  cha in  f a t t y  ac ids  
i n  r a t  hea r t s  were described, These s tud ies  have cont inued and are  
designed t o  i n v e s t i g a t e  t h e  e f f e c t s  of methyl-branching, and i n  some cases 
d i e t a r y  s ta tus ,  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 t h e  l i p i d  pool 
d i s t r i b u t i o n  o f  var ious  analogues i n  r a t  hear ts .  The analogues t e s t e d  
i nclude t h e  s t r a i  ght  chai n agent, 19- i  odo-18-nonadecenoi c a c i d  ( I V N ) ,  and 
t h e  monomethyl-branched, 19-iodo-3-(R,S)-methyl-18-nonadecenoic a c i d  
( B M I V N ) ,  and d imethy l  -branched, 19- i  odo-3,3-di1nethyl-18-nonadecenoi c a c i d  
( D M I V N ) ,  analogues. E a r l i e r  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  w i t h  B M I V N  
and I V N  showed a s i g n i f i c a n t  d i f f e r e n c e  between t h e  s u b c e l l u l a r  p r o f i l e s  
o f  these two analogues a t  30 min p o s t - i n j e c t i o n  i n  r a t s  f a s t e d  f o r  24 h 
( O R N L / T M - 9 7 8 4 ) .  
p ro longed hear t  r e t e n t i o n  and a h igh  a s s o c i a t i o n  o f  r a d i o a c t i v i t y  w i t h  t h e  
m i tochondr ia l  f r a c t i o n .  The s u b c e l l u l a r  d i s t r i b u t i o n  of t h e  d ime thy l -  
branched D M I V N  analogue more r e c e n t l y  eva lua ted  was expected t o  a l s o  show 
t h e  r e l a t i  ve l y  h i  gh mi tochondr i  a1 a s s o c i a t i o n  compared t o  t h e  s t r a i  ght  
cha in  I V N  analogue. Wi th DMIVN, however, t h e  d i f f e r e n c e  appears t o  be a 
h i g h  a s s o c i a t i o n  o f  r a d i o a c t i v i t y  w i t h  t h e  microsomes i n  c o n t r a s t  t o  t h e  
predominance o f  r a d i o a c t i v i t y  f rom I V N  i n  t h e  cytop lasm when t e s t e d  i n  
fas ted  r a t s  ( F i g .  10). I n  f e d  r a t s  the  s i t u a t i o n  i s  reversed, s ince  t h e  

Methyl -branching i n  t h e  B M I V N  analogue r e s u l t s  i n  
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DMIVN shows a h i g h e r  percentage o f  r a d i o a c t i v i t y  i n  t h e  cytoplasm. T h i s  
f i n d i n g  may c o r r e l a t e  w i t h  a suggest ion t h a t  DMIVN is  re leased more 
r a p i d l y  f rom t h e  myocardium o f  f e d  r a t s .  F u t u r e  s t u d i e s  on DMIVN 
r e t e n t i o n  i n  h e a r t s  o f  f a s t e d  and f e d  r a t s  w i l l  f u r t h e r  eva lua te  t h i s  
observat ion.  

801 
z 
2 

vA MITOCHONDRIA 
PI MICROSOMES 

I- 

CIL 

$ 60 

2s CYTOPLASM )-e e 2 40 
n t ,  

8 
$ 20 
cy 

Fig .  10.. D i s t r i b u t i o n  ( w i t h  ranges) of 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  
f r a c t i o n s  from r a t  h e a r t s  a f t e r  i n j e c t i o n  o f  1251- labeled DMIVN o r  IVN. 

S t u d i e s  on t h e  l i p i d  pool d i s t r i b u t i o n  o f  B M I V N  and IVN i n  t h e  h e a r t s  
of f a s t e d  r a t s  have a l s o  now been ccmpleted. The r e s u l t s  o f  these s t u d i e s  
a r e  compared here w i t h  those ob ta ined e a r l i e r  w i t h  D M I V N  (ORNL/TM-9784). 
The d i f f e r e n c e s  i n  h e a r t  uptake and r e t e n t i o n  o f  t h e  t h r e e  analogues are  
shown i n  F ig .  11, The pro longed r e t e n t i o n  o f  t h e  methyl-branched 
analogues (BMIVN and DMIVN) up t o  1 h p o s t - i n j e c t i o n  i s  r e f l e c t e d  i n  t h e  
p e r s i s t e n t l y  h i g h  l e v e l  o f  a c t i v i t y  e x t r a c t a b l e  i n t o  t h e  organ ic  f r a c t i o n  
by t h e  F o l c h  procedure (F ig .  12), S i m i l a r l y  t h e  r e l e a s e  o f  IVN a c t i v i t y  
f r o m  t h e  h e a r t  (F ig .  11) i s  m i r r o r e d  by t h e  f a l l  i n  r a d i o a c t i v i t y  i n  both 
t h e  aqueous and organ ic  f r a c t i o n s  (Fig.  1 2 ) .  R a d i o a c t i v i t y  i n  t h e  
aqueous f r a c t i o n  may represent  f a t t y  a c i d  metabo l i tes .  Thus, the a b i l i t y  
o f  t h e  s t r a i g h t  chain IVN analogue t o  undergo $ - o x i d a t i o n  w i t h i n  t h e  
myocardium may r e s u l t  i n  t h e  comparat ive ly  h i g h  l e v e l s  o f  a c t i v i t y  i n  t h e  
aqueous f r a c t i o n .  

A l i q u o t s  o f  t h e  organ ic  f r a c t i o n s  were eva lua ted  by t h i n - l a y e r  
chromatography (ORNt/TM-9207) t o  separate t h e  l i p i d s  i n t o  p o l a r  l i p i d s ,  



16 

1 
1 3 5  10 30 60 

MINUTES AFTER INJECTION 

F i g .  11. Comparison o f  t h e  myocardial  uptake and r e t e n t i o n  o f  rad io -  
i o d i n a t e d  s t a i  ght chain ( IVN),  mono methyl-branched (BMIVN) and d ime thy l -  

IVN) analogues. 

w 

.Ol i  1 , I I i 
1 3 s  10 30 40 

MINUTES AFTER IMJLCTIOI$ 

F i g .  12. Compartmental izat ion o f  myocardial  r a d i o a c t i v i t y  i n t o  
o rgan ic  (0) and aqueous ( A )  f r a c t i o n s  f o l l o w i n g  F o l c h  l i p i d  e x t r a c t i o n  of 
r a t s  i n j e c t e d  w i t h  r a d i o l a b e l e d  f a t t y  a c i d  analogues. 
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d i  g lycer ides ,  f r e e  f a t t y  ac ids  L~i id  t r i  glyeer i  des. The r e l a t i  we percentage 
o f  r a d i o a c t i v i t y  i n  each l-i i d  pool was combined w i t h  t h e  % dose uptake 
va lue f o r  each h e a r t  t o  o b t a i n  a % d o s e / l i p i d  pool value a5 a means o f  
comparing t h e  f l u x  o f  t h e  V E ~ ~ ~ Q U S  a;laloyues through the var ious  l i p i d  
pools .  The p o l a r  l i p i d  poo l  appears t o  be a major s to rage depot f o r  a l l  
t h e  i o d o v i n y l  ana logues  ( F i g .  13) ,  i n  cor i t ras t  t o  t h e  minimal s to rage o f  
t h e  iodophenyl  f a t t y  a c i d  metabolites w i t h i n  t h e  p o l a r  l i p i d s  i n  t h e  
myocardium (ORNL/'TM-9207). W i  t h  ~~~V~~ t h e  majority o f  r a d i o a c t i  v i t y  a t  
a l l  t i m e  i n t e r v a l s  was found i n  t h e  po la r  l i p i d  Frac t ion ,  whereas w i t h  
DMIVN the re  was a s lower  s a t e  o f  i n c o r p o r a t i o n  i n t o  th i s  f r a c t i o n .  The 
s t r a i g h t  cha in  IWN showed r e l a t i v e l y  h i g h  i n c o r p o r a t i o n  I n t o  p o l a r  l i p i d s  
i n i t i a l l y ,  b u t  a decrease i n  a c t i v i c y  over the 60 min assay per iod .  

M 

-------- I ------------I 
10 30 60 

MINUTES AFTER INJECTlON 

F i g .  13. Comparison o f  the prevalence o f  r a d i o a c t i v i t y  i n  t h e  p o l a r  
l i p i d  pool  of r a t  hear ts  f o l l o w i n g  {n t ravenous i n j e c t i o n  o f  r a d i o l a b e l e d  
I V N  ( 0 ) ,  BMIVN ( ), o r  DMIVN (a). 



18 

None o f  t h e  i o d o v i n y l  fa t ty  ac ids showed s i g n i f i c a n t  r a d i o a c t i v i t y  i n  
t h e  d i  g l y c e r i d e  f r a c t i o n s  (da ta  no t  presented).  The t r i  g l y c e r i d e  
f r a c t i o n s ,  however, conta ined a s i  gni f i cant  amount o f  r a d i  o a c t i  v i t y  for 

a11 t h r e e  analogues (Fig.  14). The d i f f e rences  i n  t h e  p a t t e r n s  o f  
i n c o r p o r a t i o n  and re lease f o r  each analogue were very s i m i l a r  t o  those 
observed f o r  t h e  p o l a r  l i p i d  pool .  In t h e  case o f  DMIVN, t r i g l y c e r i d e s  
seemed t o  predominate over p o l a r  l i p i d s  as t h e  favored fo rm o f  storage. 

DM IVN 
------I- 

9 

1 

DM IVN 
---- - 9 

-_ -_ -_ 

MINUTES AFTER INJECTION 

F i g .  14. Comparison o f  t h e  prevalence o f  r a d i o 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  l i p i d  pool  o f  r a t  h e a r t s  f o l l o w i n g  in t ravenous i n j e c t i o n  o f  
r a d i o l a b e l e d  I V N  (a), B M I V N  (A), or D M I V N  ( 
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The r a d i o a c t i v i t y  w i t h i n  t h e  f r e e  f a t t y  a c i d  f r a c t i o n  may i n v e r s e l y  
r e f l e c t  t h e  a b i l i t y  o f  t h e  analogue t o  be o x i d i z e d  ( F i g .  15). The I V N  
analogue, which i s  thought  t o  undergo B-ox ida t ion ,  showed an e a r l y  low 
l e v e l  o f  r a d i o a c t i v i t y  i n  t h i s  f r a c t i o n .  Monornethyl-branching i n  t h e  
BMIVN analogue appears t o  p revent  B -ox ida t i on  but  may a l l o w  f o r  
a -ox ida t i on ,  hence t h e  delayed onset and t h e  slower r a t e  o f  decrease o f  
f r e e  f a t t y  a c i d  r a d i o a c t i v i t y  f o r  t h i s  analogue. The dimethyl  "branched 
D M I V N  analogue, i n  which both a- and B-ox ida t ion  are presumably 
i n h i  b i  ted,  showed a predomi nance of r a d i  o a c t i  v i  t y  i n  t h e  f r e e  f a t t y  ac i  d 
pool w i t h i n  the  f i r s t  5 min a f t e r  i n j e c t i o n .  

DMIVN 
.- . 

-a I---_ 

Id, , , T I 
1 3 5  lb 30 60 

MINUTES AFTER iNJECTION 

F i g .  15. Comparison o f  t h e  prevalence o f  r a d i o a c t i v i t y  i n  t h e  f r e e  
f a t t y  a c i d  pool o f  r a t  h e a r t s  f o l l o w i n g  i n t ravenous  i n j e c t i o n  o f  rad io -  
l a b e l e d  I V N  (0),  B M I V N  (a), o r  D M I V N  (a). 
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The d i f f e r e n t  p a t t e r n s  o f  l i p i d  d i s t r i b u t i o n  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  these i o d o v i n y l  f a t t y  ac ids i n  the  hear t  demonstrated by 
these s tud ies  may o f f e r  a metabo l ic  bas is  f o r  t h e  r e t e n t i o n  o f  methy l -  
branched f a t t y  ac ids  w i t h i n  t h e  hear ts  o f  f a s t e d  r a t s .  I d e n t i f i c a t i o n  o f  
me tabo l i t es  i n  t h e  aqueous f r a c t i o n s  o f  t h e  hear t  and l i p i d  analyses o f  
t h e  b lood o f  animals i n j e c t e d  w i t h  t h e  methyl-branched i o d o v i n y l  and 
iodophenyl  f a t t y  ac ids  w i l l  he lp  t o  f u r t h e r  d e f i n e  t h e  mechanism f o r  
metabolism o f  these promis ing  myocardial imaging agents. 

AGENTS FOR MEDICAL COOPERATIVE PROGRAMS 

O s m i  um-191 

Seven shipments o f  lglOs-potassium osmate were made t o  t h e  Medical 
Coopera t l  ve Programs f o r  f u r t h e r  development o f  t h e  1910S+191mIr 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  191mIr (TIL = 4.96 s) .  
A p p l i c a t i o n s  be ing  s tud ied  r e c e n t l y  i n c l u d e  t h e  use of t h e  generator  
systern i n  t h e  ' 'bolus" as w e l l  as t h e  cont inuous i n f u s i o n  mode f o r  t h e  
s teady -s ta te  p e r f u s i o n  o f  t h e  myocardium and t h e  a r t e r i a l  system. Two 
shipments were made t o  t h e  Cyc lo t ron  Center, U n i v e r s i t y  o f  Liege, B e l  gium 
(Drs. C. B r ihaye  and M. Gui l laumc),  two  shipments t o  t h e  U n i v e r s i t y  o f  
Bonn, Federa l  Repub l ic  of Germany (Dr. S. Reske), one shipment t o  
Massachusetts General Hosp i ta l ,  Boston, MA (Dr .  H. W .  Strauss) ,  and two 
shipments t o  t h e  C h i l d r e n ' s  H o s p i t a l  Medica l  Center i n  Boston, MA 
(Drs. S. T reves  and A. Packard). 

C oppe r-64 

Two shipments o f  64Cu were made t o  c o l l a b o r a t o r s  a t  Oak Ridge 
Assoc ia ted  U n i v e r s i t i e s ,  Oak Ridge, TN ( D r .  3 .  Crook), where 6 4 C u - c i t r a t e  
i s  be ing  prepared and eva lua ted  by PET as a myocar&ial and tumor imaging 
a gent. 
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Platinum-195m 

Four  shipments o f  1 g 5 Y t - l a b e l e A  - c i s - d i  c h l o r o d i  ammi n e p l a t i  num(1I) 
(cis-DDP) - were made on a cos t  recovery bas is  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, I n v e s t i g a t o r s  a t  
t h e  Harvard Medical  School, Boston, MA (Dr. A. Jones), City o f  Hope 
Medica l  Center, Duarte, CA (Dr. K. Scanlon), U n i v e r s i t y  o f  Iowa, Iowa C i t y  
(Dr. Burns),  and N a t i o n a l  I n s t i t u t e s  o f  Heal th ,  Rethesda, MD (Dr. C, L. 
L i t t e r s t )  rece ived one shipment each. 
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