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in t h e  human, 
/J/ - J-6 lQs& -/Qb3 

Request is IM&! f o r  t h e  au tho r i za t ion  f o r  the use of doubly l abe led  pa lmi t ic  a c i d  

in a specific patient. The a c i d  w i l l  be labeled with CI4 i n  the  carboxyl carbon (carbon 1) 

and w i t h  I? on t h e 2  and I carbon atoms. 
'I re 

I, Phys ica l  C h a r a q t e r i s t i c s  o f  t h e  Isotopes 

A, Carbon-14 has a half-l ife of about 5,000 years. The decay scheme is 

C14-N1A + b e t 8  (Emax 0.155 MEV). 

3 B, H (tritim) has a half-life o f  about 12.3 y e a r s ,  The decay scheme is  

11, Metabolism of the C a r r i e r  (Pa lmi t ic  Acid) 

Since the prdposed s tudy  involves t rac ing  the  metabolic p a t h a y s  of two moiet ies  Of 

the  p a w t i c  acid molecule, i,e, C and H, the  d iscuss ion  of the rnetabolisn o f  the  com- 

pound will be p r e d a t e d  in two par t s .  

A, Carbon C e i n ,  

l ipoml)  can be expected to  be about 90%- 

I n t e s t i n a l  absorpt ion of pa lmi t i c  a ~ i d - 1 - C ' ~  (artministered with 

14 Oxidat ion of paLmitic acid-1-C 

has been s tud ied  in dogs and rats after intravenous adminis t ra t ion  of t r i p a l m i t i n ,  

I n  t h e  dog about 11% of the  adminis tered a c t i v i t y  was expired after seven hours; 

in t he  r8t 4045% was expired in 24 hours. Studies w i t h  pa lmi t ic  acid labeled 

in other  carbon atoms along t h e  cha in  indicated that the molecule is completely 

oxid ized  and s t a b i l i z a t i o n  of the original carbon chain (af ter  l o s s  of  carbons 

1 and 2, o r  1, 2, 3 and 4)  in  s h o r t e r  cha in  fatty acids is m i n i m a l .  The pa lmi t ic  

acid whiich is n o t  oxidized is incorporated into t h e  l i p i d s  o f  the body, espec ia l ly  

t 1 ' 1 b 3 9 3  
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i n  plasma, l i v e r ,  and probably depot fa t .  Incorporat ion i n t o  the Lipides of 

o the r  t i s s u e s  w i l l  be variable:  

in t i s s u e s  such as i n t e s t i n e  and kidney although n o t  a s  nuch as in l ive r .  

of  the  C14 w i l l  be assoc ia ted  w i t h  t h e  pool  o f  pa lmi t ic  ac id ,  bu t  there is 

conversioo of  pa lmi ta te  t o  o the r  f a t t y  acids c o n t d n g  16 ,  18, and 20 carbon 

atoms. 

very low in the -e of  nerve f i p i d s ,  higher 

Most 

It is t h e  purpose of this study t o  i n v e s t i g a t e  these conversions. 

. B o  Hydrogen 4toms. The hydtogens which re& on the molecule ( w i t h  one exception) 

undergo t h e  same metabolic pathways a5 t he  carbon atom on t h e  number one posi t ion.  

The one Wcept ion will be l o s s  of hydrogens in the  dehydrogenation of pa lmi t ic  

acid in tb biosynthesis  of unsaturated f a t t y  acids. If 4 0 4 %  of t he  carbon 

a c t i v i t y  4s lost as C l4 02, then one can expect  t o  lose 40-45% o f  the tritium 

a c t i v i t y  as W or s h o r t  chain carbon intermediates containing readi ly  exchange- 

a b l e  hydrogen atoms. 
14 Y,'O 3 

C. Turnover o f  Palmit ic  Acid-1-C , 8 , 0 - H  . The turnover  O f  f a t t y  ac ids  depends 

not only bn t h e  t i s s u e  in which i t  resides, but  also on t h e  l i p i d  moiety i n  which 

it is  incmporated.  

30 mi.nutes. 

For example, free f a t t y  acids in plasma have a T/2 of about  

Es te r i f ied  f a t t y  acids in plasma have components of  turnover vaty- 

ing  from Beveral hours t o  3-4 days. In a previous s tudy on a p a t i e n t  ( 

, AUgust 1956, BNL) who rece ived  palmitate-l-C14 the T/2 f o r  t o t a l  plasma 

f a t t y  a c i d s  was est imated t o  be 3 4  d a y s  (slowest component o f  turnover). The 

mean T/2 for f a t  g iven  in  Handbook 52 is 35 days. Very l i t t l e  i s  known about 

t he  very &low coPlponent of carbon i n  bone, b u t  t h i s  may be considered t o  be 

about la0 days. 

The turnover of  t he  t r i t i a t e d  por t ion  of the fatty ac id  of  course is i d e n t i c a l  

w i th  that of the e n t i r e  molecule as discussed  above. Probably 45055% of the 

absorbed tritium a c t i v i t y  w i l l  appear as KTO. 

which W i l l  be uniformly d i s t r i b u t e d  is about 19 days. 

The effect ive T/2 fo r  t h i s  HM 
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In c a l c u l a t i a  the r ad ia t ion  exposure one nay assume that t h e  labe led  pa lmi t ic  ac id  

has the following components of turnover, 

Ca*bon-14 T r i t i u m  

45% has T/2 of 19 days 
8% has T/2 of 1 day 

46% has T/2 of 35 days 
1% ha8 T/2 of 180 days 

The r a d i a t i o d  dosages shown below Tables I and 11 are based upon adminis t ra t ion 

3 
of 0.1 mc of md 1.0 lac of H t o  a 65 Kg. pan, 

14 
Table I - 0.1 nu: pa lmi t i c  acid-14 

Component 
(T/2 days) 

Uniform body 
d i s t r i b u t i o n  

Di s t r ibu t ion  i n  blood. 
Liver sys tem only 

1 
35 
180 

Rads at i n f in i t e  time 

0.001 
0 . 170 
0.020 

0,005 
0,969 
0.114 

To ta l  0.191 1. o m  
Rads in fist beck 0,021 0.120 

The values in Table I may be about l * S  times too high when one takes  i n t o  account 

the a c t i v i t y  unabsorbed and lost i n  the  r e s p i r a t o r y  gases during t h e  first 24 hours. 

Component 
(T/2 days) 

19 (HI.0) 
1 

35 
B O  

%Jo 
Table I1 - 1,O m c  pa lmi t ic  acid-%,#-H 

Uniform body 
d i s t r i b u t i o n  

Distribution i n  blood, 
Liver system only 

R a d s  a t  infinite time 

0,0556 
0,0005 
0,1046 
0,0117 

( 0.0556 1 
0.0028 
0.5960 
0,0667 

Tot a1 0.1724 0.7211 
0.0940 Rads in first week 0.0268 

Thus f o r  0.1 mc of C14 and 1.0 mc of I? the  probable maXirmtm r a d i a t i o n  at infinite 

time would be 1,088 rads and 0,721 rads, respec t ive ly ,  
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It i s  propose4 t o  adminis ter  o ra l ly  100-150 microcur ies  of p a l m i t a t e - l - ~ ~ ~  and 
4.N 

1 mc of pa*tatejb,#-$ by mouth in a f a t  emulsion t o  one o r  more human subjec ts ,  

The r a d i o a c t i v e  pakmitic a c i d  and a saall aamunt of carrier p a ~ t i c  a c i d  w i l l  be 

d isso lved  in ether, To t h i s  so lu t ion  w i l l  be added l i p d .  

t i o n  w i l l  then be lassayad f o r  Carbon-14 and tritiurn. 

the  r e s u l t i n g  rad&oactive l i p i d  will be administered t o  the  pa t ien t .  

being c a r r i e d  ou t  t o  measure the conversion of pa lmi t i c  a c i d  t o  other  s a tu ra t ed  and 

unsa tura ted  f a t t y  acids ,  

a p a t i e n t  who had received p a l r a i t a t e - l - ~ ' ~  were sepa ra t ed  by means of gas chromatography 

and subsequently bounted, t h e r e  was appreciable  r a d i o a c t i v i t y  h c e r t a i n  ac ids  that are 

i n  very low concehtrat ion i n  plasma and in a c i d s  that have been tenned "essent ia l , "  i.e. 

linoleic acid.  

by rnan from p a h i t i c  ac id ,  one of the  most abundant and ubiqui tous of t he  f a t t y  acids 

i n  the  normal diet ,  

technique i t  is  vf i r tua l ly  impossible t o  d e t e d n e  s p e c i f i c  a c t i v i t i e s ,  

use of both C14 afid H 

amount of ma te r i a l  co l lec ted .  Since the pa lmi ta te  is l a b e l e d  with tritium i n  only trro 

pos i t i ons ,  any dehydrogenation which takes  p l ace  on carbons 8 or  9 W i l l  r e s u l t  i n  l o s s  

of tritium act iv i l ty ,  thereby a l t e r i n g  the  H3/C14 r a t i o ,  

e n t  f a t t y  acidsoonre may be a b l e  t o  e luc ida te  the mchanisms of p a b i t a t e  transformations, 

Most of thesie reac t ions  t a k e  place within 12 hours  from the  time of  administra- 

An a l i q u o t  of t h i s  solu- 

The e t h e r  w i l l  be removed and 

The experiment is 

A previous study revealed t h a t  when plasma f a t t y  ac ids  from 

The r e s u l t s  suggest that such e s s e n t i a l  acids nray indeed be synthesized 

Since minute amounts of acids are i s o l a t e d  by t h e  gas chromatographic 

However, by the 

3 one can measure the r a t i o  l?/CI4 which is  independent of t he  

By comparing r a t i o s  o f  differ- 

t i o n  of the  i so tdpe .  

during the f i r s t  day.  

minimum of 8-10 41. of  plasma for each time period ell be necessary. 

Therefore ,  f requent  small saup les  of blood Will be obtained 

The tritium in plasma water Will also be neasured, Probably a 

If the p a t i e n t  is kept in  a wel l -vent i la ted  room, t h e r e  need be no spec ia l  precau- 

14 t i o n s  regard ing  C 0 un le s s  it is possible  to  c o l l e c t  the expired gases .  The s t o o l s  

and urine can be disposed o f  s a f e l y  i n  the regular plumbing system. 

2 

I t  is requested,  t he re fo re ,  that permission be given t o  adminis ter  100-150 micro- 

c u r i e s  o f  carbon- and 1 r a i l l i c u r i e  of t r i t ium-labe led  pa lmi t ic  acid, 

The reswnsible  physician will be Dr. I rv ing  ScfnsartZo 
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Request approved: 

w& 
Wa ton W, hreeve, MOD,, Ph.D, 

+ 

J S ,  Robertson, M.D., Ph.D., Ex Off ic io  



Elmer fie Stfckley ,  Ph,U,,  chairman 

Y a l t o n  H, Shrtave,M.D., Ph.D. 

Iknald C. Darg, H.D. 

Lee E .  Parr, H.D., Ex Offi cio 

s p e c i f i c  approval for each p a t i e n t  t o  be  used 

must be sough t  and g r a n t e d  on t h e  

patient's medical c o n d i t i o n ,  
LE F 

basis of t h :  
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The carboxyl-labeled palmitic acid was prepared by a Grignard reaction. 

The starting material was the 15 carbon hydrocarbon. The C14 can be only 

in the carbobryl position. 

ether as  the ammonium salt ,  

The labeled palmitic acid was recrystallized from 

The a n l y  possible impurities are myristic and 

stearic acids. 

palmitolic acid obtained from yeast lecithin. 

The 9,lO tr i t iated  palmitic acid was prepared by reduction of 

The solution of l ipids to be administered will be counted in a Packard 

Liquid Scintillation Counter. Correction for any quenching due to the lipid 

will be made, 


