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ABSTRACT 

Carbon-11- labeled p a l m i t i c  a c i d  i s  produced r o u t i n e l y  a t  Washington 
U n i v e r s i t y  School of Med ic ine  f o r  s t u d i e s  o f  m y x a r d i a l  ne tabo l ism.  To 
accomodate t h e  needs o f  8 - 15 p r e p a r a t i o n s  per  week and t h e  l a r g e  amounts o f  
r a d i o a c t i v i t y  (>20 m l i l s t u d y )  r e q u i r e d ,  a r e m o t e l y - c o n t r o l l e d  system f o r  t h e  
p r e p a r a t i o n  o f  L1 - l lC lpa lm i t i c  a c i d  has been cons t ruc ted .  The system i s  smal l  
(0.04 m3), c o m p l e t e l y  p o r t a b l e  and con ta ined  t o t a l l y  w i t h i n  a smal l  
l ead -sh ie lded  hood. Large q u a n t i t i e s  o f  C - 1 1  p a l m i t i c  a c i d  (up  t o  675 mCi) 
have been prepared, w i t h  minimum r a d i a t i o n  exposure t o  t h e  opera to r .  
system has been i n  f u l l  o p e r a t i o n  f o r  two years,  and has been used f o r  more 
than  200 syntheses w i t h  a f a i l u r e  r a t e  o f  l e s s  than 5%. 

Th is  

INTRODUCTION 

The Card iovascu la r  D i v i s i o n  o f  t h e  Washington U n i v e r s i t y  School o f  

Med ic ine  r e q u i r e s  m u l t i p l e  p r e p a r a t i o n s  per  week o f  [ l - l lC lpa lmi t i c  a c i d  as a 

d i a g n o s t i c  agent f o r  myocard ia l  metabo l ism i n  p a t i e n t s  ( 1 )  and animal models 

( 2 ) .  Al though C l - 1 1 C l p a l m i t i c  a c i d  i s  e a s i l y  syn thes ized b y  t h e  r e a c t i o n  o f  

carbon-11 carbon d i o x i d e  w i t h  pentadecyl  magnesium bromide, t h e  a c t u a l  

p r e p a r a t i o n  f o r  i n  v i v o  s t u d i e s  e n t a i l s  severa l  a d d i t i o n a l  s teps  o f  i s o l a t i o n ,  

b i n d i n g  o f  t h e  l a b e l e d  f a t t y  a c i d  t o  hurnan serum albumin, and s t e r i l i z a t i o n  

v i a  E l i l l i p o r e  f i l t r a t i o n .  The p r e p a r a t i o n  of l l c - p a l m i t i c  a c i d  has f o r  many 

years  been done manua l l y  (3), b u t  t h e  r a d i a t i o n  dose t o  t h e  chemis t  i s  

app rec iab le .  

C1-11Clpa lmi t i c  a c i d  has prompted t h e  development o f  a remote system f o r  

syn thes i s  o f  t h i s  rad iopharmaceu t i ca l .  P rev ious  d e s c r i p t i o n s  o f  "remote" 

p a l m i t i c  a c i d  systems a re  e i t h e r  incomple te  (4), n e g l e c t  t o  desc r ibe  t h e  

s h i e l d i n g  necessary  (4,5), o r  a re  unnecessa r i l y  complex and i n v o l v i n g  a 

m u l t i p l e  vessel  syn thes i s  ( 5 ) .  We d e s c r i b e  here  t h e  c o n s t r u c t i o n  and 

o p e r a t i o n  of a t o t a l l y  remote system, u t i l i z i n g  a s i n g l e  r e a c t i o n  vesse l ,  

Thus, t h e  need f o r  r e p e t i t i v e  p r e p a r a t i o n s  o f  l a r g e  amounts o f  
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which i s  capable o f  de l  i v e r i  ng l a r g e  amounts o f  s t e r i  1 e, pyrogen- f ree  and 

r a d i o c h e m i c a l l y  pure  L1-llC]palmitic ac id ,  w i t h  minimum r a d i a t i o n  exposure t o  

t h e  opera to r .  

EXPERIMENTAL 

Remote System: Cons t ruc t i on .  The remote system i s  housed t o t a l l y  w i t h i n  a 

sh ie lded  hood 102 cm wide, 67 cm deep and G7 cm h i g h  ( F i g .  1). Sides, f r o n t ,  

and top  a re  cons t ruc ted  o f  5 cm t h i c k  lead;  t h e  f r o n t  has a l ead  g lass  window 

30.3 cm wide, 45.5 cm l o n g  and 10 cm t h i c k .  Access i n t o  t h e  hood i s  a f f o r d e d  

b y  two s l i d i n g  doors  i n  t h e  r e a r  (each 1.26 cm t h i c k  l e a d )  and 15 cm X 15 cia 

openings ( w i t h  5 cm t h i c k  l ead  doors )  i n  each s ide .  Permanent ly i n s t a l l e d  i n  

the hood i s  a s t a i n l e s s  s t e e l  r a d i a t o r  t r a p  f o r  11CO; c o l l e c t i o n ;  t he  t r a p  i s  

F igu re  1: Sh ie lded hood w i t h  c o n t r o l  panel f c r  t h e  syn thes i s  of 

L l - 1 1 C l p a l m i t i c  ac id .  
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cooled using a dewar f i l l e d  w i t h  l i q u i d  n i t rogen  (dewar ra i sed  o r  lowered by  a 

pneumat ica l ly  powered p la t fo rm) .  The t r a p  i s  heated by  res is tance.  

The actual synthet ic  equipment i s  a l l  po r tab le  and e a s i l y  moved i n  and 

out of the hood. 

schematic shown i n  F igure 2: t h e  actual apparatus i s  shown i n  F igure 3. The 

r e a c t i o n  vessel (B; 13.5 cm long X 3.5 cm wide) is equipped w i t h  two side-arms 

and the  lower sect ion i s  i n  the shape o f  a standard t e s t  tube, w i t h  the 1 m l  

volume p o i n t  c l e a r l y  marked. 

l a b o r a t o r y  vortex mixer ( C ) .  Through one side-arm o f  the vessel ( B )  i s  

i nse r ted  a 1 mn I D  t e f l o n  tube (Ll), through which reagents are added from 

ou ts ide  the hood. 

tube (L2) which extends t o  the  bottom o f  vessel B.  

conjunct ion w i t h  the reac t i on  vessel, as the disposable polyethylene tub ing 

used elsewhere cannot be used w i t h  d i e t h y l  e ther) .  

t e f l o n  tube enters  a t e f l o n  block (D) ( 4  x 5.5 cm, c a r e f u l l y  bored as 

i nd i ca ted  i n  F ig .  il), which i s  the comon path f o r  connecting the  r e a c t i o n  

The l e t t e r s  used i n  the f o l l o w i n g  d e s c r i p t i o n  r e f e r  t o  the 

A g i t a t i o n  o f  t he  vessel i s  done using a standard 

Through the  second side-arm i s  i nse r ted  a 1 mn ID t e f l o n  

(Te f l on  tub ing  i s  used i n  

The other  end o f  t h i s  

F igure 2: Schematic representat ion o f  r e a c t i o n  vessel, valves and 

f i l t e r i n g  gantry  used f o r  synthesis o f  C1-11Clpalmitic acid. 
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vesse l  ( E )  t o  t h e  waste recep tab le  ( F )  and t h e  f i l t e r i n g  g a n t r y  ( E ) .  

The f i l t e r i n g  o f  t h e  f i n a l  p roduc t  s o l u t i o n  th rough  0.45 and 0.22 m ic ron  

i i i l l i p o r e  f i l t e r s  i s  done u s i n g  a g a n t r y  ( E )  c o n s i s t i n g  o f  two a i r  c y l i n d e r s  

(E-1, E-2) ( capab le  o f  40-45 p s i  p ressu re )  a t tached  t o  t h e  p lungers  o f  12 111 

d i sposab le  p l a s t i c  sy r i nges ,  and two a i r  d r i v e n  p i n c h  va l ves  (V9,  V10).  

S t e r i l e  d i sposab le  p o l y e t h y l e n e  t u b i n g  (L3) and three-way v a l v e  ( G )  a re  used 

i n  t h e  f l u i d  pa th  f rom t h e  t e f l o n  b l o c k  ( 0 )  th rough  t h e  f i l t e r i n g  gan t ry .  

f i n a l  f i l t e r e d  s o l u t i o n  i s  f i n a l l y  d e l i v e r e d  i n t o  a s t e r i l e  v i a l  ( H ) .  The 

The 

dimensions o f  t h i s  f i l t e r i n g  g a n t r y  a r e  24 cm wide, 40.5 cm 

deep. The e n t i r e  s y n t h e t i c  appara tus  ( v e s s e l ,  m i x e r  and f i  

occupy a volume o f  app rox ima te l y  0.04 cub ic  meters (1.5 cub 

The swi tches  c o n t r o l 1  i n g  a l l  remote o p e r a t i o n s  (m ixe r ,  

h i g h  and 20 cm 

t e r i  ng g a n t r y )  

c f e e t ) .  

va lves ,  pneunat ic  

F i g u r e  3: Reac t ion  vesse l ,  v o r t e x  m i x e r  and f i l t e r i n g  g a n t r y  system used 

f o r  t h e  t o t a l l y  remote s y n t h e s i s  o f  [1 -11C]pa lmi t i c  ac id .  
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p i s t o n s )  a r e  mounted on a s i n g l e  c o n t r o l  panel a t  t h e  t o p  o f  t h e  hood, and t h e  

f u n c t i o n  o f  each c l e a r l y  marked as shown i n  F i g u r e  3 .  

P r o d u c t i o n  of 11C.0~. The 11CO2 i s  produced v i a  t h e  14N(p ,a) l lC  nuc lea r  

r e a c t i o n  b y  p r o t o n  bombardment ( 1 5  MeV, 30 PA) o f  a 2 atm gas t a r g e t  (2% 

02/98% N i l )  u s i n g  t h e  Washington U n i v e r s i t y  r l cd i ca l  School C & l o t r o n  Corp. 

CS-15 c y c l o t r o n .  

l1C02 a t  t h e  end o f  bombardment. 

I r r a d i a t i o n s  o f  10-30 minutes  g i v e  y i e l d s  o f  400-1200 m C i  o f  

Syn thes i s  o f  C1-11CjPa lmi t i c  Acid.  

c o l l e c t e d  b y  opening v a l v e  4 and evacua t ion  o f  t h e  t a r g e t  gas th rough t h e  

coo led  r a d i a t o r  t r a p  (A)  ( va l ves  1 and 3 open, a l l  o t h e r  va lves  c losed) .  When 

t h e  t a r g e t  has been empt ied, va l ves  1 and 3 a r e  c losed,  t h e  t r a p  p ressu r i zed  

t o  16 p s i  w i t h  he l i um ( f l o w  th rough  t a r g e t ) ,  t hen  va l ve  4 c losed.  

A t  t h e  end o f  bombardment, t h e  11CO2 i s  

A s low f l o w  o f  n i t r o g e n  ( 3  m l / n i n )  t h rough  t h e  t r a p  and r e a c t i o n  vessel  

i s  e s t a b l i s h e d  b y  opening va l ves  5,7 and 2 ( v e n t ) .  Then 3 m l  o f  0.1 

pentadecy l  magnesium. bromide ( 3 )  i n  d i e t h y l  e t h e r  i s  i n t roduced  i n t o  t h e  

vessel  B v i a  l i n e  L1. 

t h e  11C02/N2 bubbled th rough t h e  Gr igna rd  reagent  s o l u t i o n  f o r  3-5 min.  

n i t r o g e n  f l o w  i s  then stopped b y  c l o s i n g  v a l v e  7. 

The dewar i s  lowered, t h e  r a d i a t o r  t r a p  (A) warmed and 

The 

Excess Gr igna rd  reagent  i s  des t royed  b y  a d d i t i o n  ( v i a  l i n e  L1)  o f  3 m l  o f  

1 1  h y d r o c h l o r i c  ac id .  

t h e  l a y e r s  a l lowed t o  separate.  The lower  aqueous l a y e r  i s  drawn o f f  b y  

c l o s i n g  v a l v e  2 ( v e n t ) ,  opening v a l v e  7 b r i e f l y  t o  s l i g h t l y  p r e s s u r i z e  t h e  

vesse l ,  t hen  opening v a l v e  6; t h e  water  i s  pushed th rough t h e  t e f l o n  l i n e  ( L 2 )  

and t e f l o n  b l o c k  (D) and i n t o  t h e  waste r e c e p t a c l e  (F). 

observed v i s u a l l y .  

0.9% s a l i n e  s o l u t i o n ,  and each t i m e  t h e  lower  aqueous l a y e r  d i sca rded  i n t o  t h e  

waste r e c e p t a c l e  (F ) .  

The vesse l  i s  shaken us ing  t h e  v o r t e x  m i x e r  ( C ) ,  and 

The meniscus i s  

The remain ing  e t h e r  l a y e r  i s  washed t w i c e  w i t h  2 m l  o f  

Valve 6 i s  t h e n  c losed.  

The e t h e r  s o l u t i o n  i s  t hen  d i l u t e d  w i t h  1 m l  o f  95% e t h y l  a l coho l  (added 

v i a  l i n e  L l ) .  

f l o w  o f  n i t r o g e n  th rough t h e  s o l u t i o n ,  done b y  opening va l ves  8 and 2.  

The d i e t h y l  e t h e r  i s  evaporated b y  e s t a b l i s h i n g  a 40 ml/min 
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Evapora t i on  i s  con t inued u n t i l  o n l y  1 nl o f  l i q u i d  i s  l e f t ,  t hen  va l ve  8 

c losed. 

The e t h y l  a l coho l  s o l u t i o n  i s  t h e n  d i l u t e d  w i t h  8.2 m l  o f  a 3.5% s o l u t i o n  

o f  human serum albumin i n  0.9% s a l i n e  ( k e p t  ready  a t  40-42" C d u r i n g  t h e  

syn thes i s ) ,  mixed w e l l  us ing  t h e  v o r t e x  m ixe r ,  t hen  l e f t  t o  s tand f o r  2 min t o  

e f f e c t  b i n d i n g  o f  t h e  f a t t y  a c i d  t o  t h e  albumin. 

As t h e  f i n a l  step, t h e  a l b u m i n - f a t t y  a c i d  s o l u t i o n  i s  M i l l i p o r e  f i l t e r e d .  

The vessel  i s  s l i g h t l y  p ressu r i zed  ( c l o s e  v a l v e  2 ,  open v a l v e  8 b r i e f l y ) ,  t hen  

t h e  s o l u t i o n  p u l l e d  i n t o  a 12 m l  s y r i n g e  b y  opening va l ve  9 and r a i s i n g  t h e  

p i s t o n  of t h e  a i r  c y l i n d e r  ( E l ) .  Va lve  9 i s  c losed ,  v a l v e  10 opened, and t h e  

s y r i n g e  b a r r e l  pushed down, f o r c i n g  t h e  s o l u t i o n  th rough 0.45 and 0.22 m ic ron  

H i  l i p o r e  f i l t e r s  and i n t o  t h e  s t e r i l e  v i a l  (H).  The g a n t r y  ( E )  was 

o r  g i n a l l y  cons t ruc ted  w i t h  separa te  sy r inges  and p i s t o n s  f o r  each M i l l i p o r e  

f i  t e r ,  b u t  we have s ince  found t h i s  unnecessary. 

Q u a l i t y  C o n t r o l .  

analyzed f o r  radiocheraical  and chemical  p u r i t y ,  s t e r i l i t y  and a p y r o g e n i c i t y .  

Radiochemical  and chemical p u r i t y  a r e  determined on random p r e p a r a t i o n  o f  

L l  11C lpa l rn i t i c  ac id ,  us ing  HPLC (Spect ra -Phys ics  Model 3700) and the '  

f o  l o w i n g  column and c o n d i t i o n s :  Waters f a t t y  a c i d  a n a l y s i s  column, 

10 11, 3.9 nm ID x 30 cm long;  n o b i l e  phase THF: CH3Cr.I: H20 

ml/min,  r e f r a c t i v e  index  and Ha1 ( T l )  d e t e c t o r s .  

a p y r o g e n i c i t y  i s  determined us ing  s tandard  U.S.P. XX procedures,  and s t e r i l i t y  

by  check ing  m i c r o b i a l  growth under bo th  ae rob ic  and anaerob ic  c o n d i t i o n s .  

The p r e p a r a t i o n s  o f  [ 1 -11C lpa lm i t i c  a c i d  have been r o u t i n e l y  

35:30:40 ( v / v ) ,  2 

On eve ry  t e n t h  ba tch  

RESULTS AND DISCUSSION 

Carbon-11- labeled p a l m i t i c  a c i d  i s  p repared b y  t h e  c a r b o x y l a t i o n  ( w i t h  

11602) of pentadecyl  magnesium bromide. The o v e r a l l  syn thes i s  i n v o l v e s  t h e  

chemical  r e a c t i o n ,  i s o l a t i o n  and p u r i f i c a t i o n ,  s o l u b i l i z a t i o n  b y  b i n d i n g  t o  

human serum albumin dnd f i l t r a t i o n .  
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Use o f  t h e  remote system described here in al lows f o r  the preparat ion of 

l a r g e  amounts o f  [1-11C]palmitic acid; our maximum y i e l d  has been 675 mCi a t  

one time. 

L1-11Clpalmit ic ac id  i n  the past two years, w i t h  a f a i l u r e  r a t e  o f  l ess  than 

5%. The average radiochemical y i e l d  (corrected f o r  decay) has been 65%, w i t h  

the radiochemical p u r i t y  c o n s i s t e n t l y  >99%. Synthesis times are 10-12 minutes 

from the end o f  bombardment, and the  s p e c i f i c  a c t i v i t y  o f  the f i n a l  product i s  

700-1500 C i  /mmol (determi ned by  HPLC) . 

This systein has been used f o r  more than 200 preparat ions o f  

There are several important features of t h i s  shielded synthes is  hood and 

po r tab le  synthesis system. Construct ion i s  simple, cons i s t i ng  o f  r e a d i l y  

avai 1 abl e equi pment ( vo r tex  mixer , d i  sposabl e tub ing and s y r i  nges) or easi 1 y 

manufactured ( t e f l o n  block, glass r e a c t i o n  vessel, f i l t e r i n g  gantry) .  

Although the pinch valves used here were home-built, s i m i l a r  small pinch 

valves are comnerc ia l ly  avai lab le.*  The e n t i r e  apparatus can be e a s i l y  and 

q u i c k l y  removed from the hot box; as we have had two i d e n t i c a l  systems 

constructed, t h i s  al lows f o r  rap id  r e p e t i t i v e  synthesis, l i m i t e d  o n l y  by  the  

t ime needed f o r  decay o f  res idual  a c t i v i t y  i n  the vessel, l i n e s  and f i l t e r s :  

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  w i t h i n  the hood i s  shown i n  Table 1. The 

e n t i r e  system can be assembled i n  l e s s  than 10 minutes, making poss ib le  

L l -11C lpa lm i t i c  ac id  preparat ions f o r  emergency c l i n i c a l  s i t ua t i ons .  F i n a l l y ,  

t he  shielded remote system accomplishes the most necessary f u n c t i o n  o f  

reducing the r a d i a t i o n  exposure t o  the operator; exposure per preparat ion i S 

l e s s  than 1 m i l l i r e m .  The hood used i n  t h i s  work i s  much l a r g e r  than needed: 

a small (approx. 30 cm x 30 cm x 50 cm) hood would s u f f i c e ,  reducing s h i e l d i n g  

costs  and space requirements. 

* Bnrnswick/Technetics, New Jersey 
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Tab le  1. D i s t r i b u t i o n  o f  Carbon-11 A c t i v i t y  Iv ' i th in  Sh ie lded  Syn thes i s  

Hood A f t e r  [1 -11C]Pa lmi t i c  A c i d  Syn thes i s  

% L o c a t i o n  - 

Vessel + L2 13.5 f 2.8 

l ias te  1.45 f 0.7 

T e f l o n  b l o c k  + L3 4.8 f 0.3 

F i l t e r s  14.9 f 3.1 

Produc t  S o l u t i o n  65.5 f 0.8 

A l though designed f o r  11C-pa lm i t i c  a c i d  syn thes i s ,  t h e  hood and remote 

c o n t r o l  f u n c t i o n s  ( e l e c t r i c a l  o u t l e t s ,  va l ves  and g a n t r y  arrangement)  a re  

e a s i l y  adapted t o  t h e  p r e p a r a t i o n  o f  o t h e r  carbon-11 compounds: we have used 

i t  i n  syntheses o f  [1-11C]pyruvic a c i d  (5) and a v a r i e t y  o f  carbon-11 l a b e l e d  

a l c o h o l s  and e t h e r s  (2). 

ACKNOWLEDGEMENTS 

T h i s  work was supported i n  p a r t  b y  Na t iona l  I n s t i t u t e s  o f  H e a l t h  g ran ts  

HL 17646 and HL 13851. The au tho rs  thank  Flr. John T. Hood, Sr., Mr .  Roland 

Head, and Flr. W i l l i a m  Margenau f o r  c o n s t r u c t i o n  o f  t h e  sh ie lded  hood and 

remote syn thes i s  system, and Drs. M iche l  M. Ter-Pogossian and B u r t o n  E. Sobel 

f o r  t h e i r  con t inued i n t e r e s t  i n  t h i s  p r o j e c t .  

RE FE HE I iCE S 

1. 

2. 

3. 

Geltrnan, E.M., B i e l l o  D., Nelch M.J., Ter-Pogossian M.M., Rober ts  K . ,  and 

Sobel B.E. -- C i r c u l a t i o n  65:747 (1982) .  

Bergnann S.K., Lerch  R.A., Fox K.A., Ludbrook P.A., Nelch Fl.J., 

Ter-Pogossian M.M., and Sobel B.E. -- h e r .  J. Med. 2 : 5 7 3  (1982).  

l l e l ch  M.J., Wit tmer S.L., Dence C.S., Tewson T.J. -- I n  Advances i n  

Chemis t ry  Ser ies ,  Shor t -L ived  Radionucl  i d e s  i n  c h e m i s t r y  and B io logy ,  



Production of C-11 Labeled Palmitic Acid 1095 

Hoot J.W. and Krohn K.A.,  e d s . ,  American Chemical S o c i e t y ,  1981, 

pp. 407-417. 

4 .  P i k e  V.W. ,  Eakins  M.N. ,  A l l a n  K.M. ,  and Selwyn A.P.  -- J .  R a d i o a n a l .  

Chem. 3 : 2 9 1  (1981) .  

5. P a d g e t t  H.C., Robinson G.D., and B a r r i o  J.R. -- I n t .  J .  Appl .  K a d i a t .  

I s o t .  33: 1471 (1982) .  

6 .  K i l b o u r n  H.R. and Welch f1.J. -- I n t .  J .  Appl. R a d i a t .  I s o t .  33:359 

(1982) .  

7. D i s c h i n o  D.D., K i l b o u r n  M . R . ,  R a i c h l e  M.E., and Welch M.J. -- J .  Nucl. 

M e d .  G : P 2 3  (1982) .  




