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Summary 

S t e a r i c ,  pa lmi t ic ,  myr is t ic  and l a u r i c  ac ids  have been l a b e l l e d  with 

tritium i n  t h e  alpha carbon pos i t ion ,  and the  p o s i t i o n  of t h e  l a b e l  confirmed 

using tritium N.M.R. spectrometry. The a- H a c i d s  were prepared using 

t r i t i a t e d  w a t e r  wi th  sulphuric  ac id  o r  sodium hydroxide a s  c a t a l y s t s .  

S p e c i f i c a l l y  labe l led  compounds of high s p e c i f i c  a c t i v i t y  and radiochemical 

p u r i t y  were obtained. 

3 

Introduct ion 

Information from isotope t r a c e r  experiments on f a t t y  ac id  metabolism 

has been l imited by t h e  ubiqui ty  of long chain f a t t y  ac ids ,  t h e i r  r e l a t i v e l y  

simple carbon framework and t h e i r  rap id  b io logica l  turnover i n  vivo and 

i n  v i t r o .  The key problem of i n t e r p r e t a t i o n  a r i s e s  from the  interchange 

of carbon fragments and of t r i t i u m  l a b e l s  during t h e  rap id  metabolism of 

these molecules. A major problem a r i s e s  from the  f a c t  t h a t  conventional 

t r i t i u m  l a b e l l i n g  methods using hydrogenation c a t a l y s t s  lead t o  imprecise 

posi t ioning of the  isotope t r a c e r  i n  t h e  f a t t y  acid molecule. 

A knowledge of t h e  exact  pos i t ion  of t h e  i so tope  i n  t h e  s t a r t i n g  mater ia l  

i s  c r u c i a l  t o  the  study of f a t t y  acid metabolism. Introduct ion of t r i t i u m  o r  
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deuterium i n t o  the  alpha pos i t ion  of f a t t y  a c i d s  using e i t h e r  acid") o r  

base ( 4 f 5 r 6 '  7, ca ta lysed  exchange, has been repor ted .  

Van Heyninqen s., (1938) reported in t roduct ion  of s t a b l y  

bound deuterium t o  the  alpha p o s i t i o n  of  pa lmi t ic  a c i d ,  using sulphuric  

acid as c a t a l y s t .  Their assignment of t h e  l a b e l  t o  the  alpha p o s i t i o n  w a s  

(6) based on t h e  r e s u l t s  of  deqradat ive reac t ions .  Atkinson e., (1968) 

used deuterium t o  l a b e l  propionic  and hexanoic a c i d s  i n  t h e  a-posi t ion 

using KOH as c a t a l y s t .  They determined t h e  s p e c i f i c i t y  of the  p o s i t i o n  using 

proton N.M.R. 

In  the present  work, t r i t i u m  l a b e l l i n g  of s t e a r i c ,  pa lmi t ic ,  myr is t ic  

and l a u r i c  a c i d s  i n  the  alpha-posi t ion w a s  achieved us ingamodif ica t ion  

of Van Heyningen's method, t h e  p o s i t i o n  of  t h e  l a b e l  i n  t h e  molecule being 

es tab l i shed  by tritium N.M.R. S t e a r i c  ac id  w a s  a l s o  l a b e l l e d  i n  t h e  a-posi t ion 

using N a O H  as c a t a l y s t .  This exchange using t h e  sodium s a l t  i s  considered 

t o  be a simpler l a b e l l i n g  method s ince  it has a shor te r  p u r i f i c a t i o n  

procedure and unwanted l a b e l l i n g  of t h e  l a b i l e  a c i d i c  hydrogen is avoided. 

Experimental 

Preparat ion of High Spec i f ic  Act iv i ty  T r i t i a t e d  Water - Raney-Nickel c a t a l y s t  

(1.80 g) was dr ied  and degassed i n  a g l a s s  bulb on a vacuum l i n e ,  f o r  t h r e e  

hours a t  30OOC. 

following which water ( 0 . 2  m l )  a s  vapour w a s  t ransfer red  onto t h e  c a t a l y s t  

and t h e  bulb sealed.  After mechanical tu rn ing  of the  mixture f o r  6 hours a t  

25OC, t h e  t r i t i a t e d  water w a s  removed from t h e  c a t a l y s t  by vapour t ransfer .  

This had a s p e c i f i c  a c t i v i t y  of z. 1 6  C i / m l .  

the  Radiochemical Centre, Amersham was a l s o  used. 

T r i t i u m  gas  was t ransfer red  onto the  ac t iva ted  c a t a l y s t ,  

5 C i / m l  t r i t i a t e d  w a t e r  from 
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3 
Preparat ion of a- H-Fatty Acids 

Sulphuric Acid method - Concentrated H2S04 (2 .00  9 )  w a s  dripped onto t h e  A.R. 

grade f a t t y  acid (1.0 g)  i n  a pyrex ampoule, followed by t r i t i a t e d  water 

( 0 . 2  m l ) .  The sealed ampoule w a s  mechanically r o t a t e d  f o r  64 hours a t  100°C. 

The p u r i f i c a t i o n  of t h e  t r i t i a t i o n  reac t ion  product w a s  e f fec ted  by 

e ther  ex t rac t ion  from water so lu t ion  followed by removal of l a b i l e  tritium 

from the  carboxyl p o s i t i o n  p r e c i p i t a t i o n  of t h e  potassium s a l t s  and 

r e a c i d i f i c a t i o n  of t h i s  s a l t  followed by f u r t h e r  e ther  ex t rac t ion .  This  

procedure w a s  repeated severa l  times t o  constant  s p e c i f i c  a c t i v i t y .  

The p u r i f i e d  s t e a r i c  acid w a s  analysed by radio-gas-liquid chromatography 

of the  methyl e s t e r ,  (2 )  while the  pa lmi t ic ,  myr is t ic  and l a u r i c  a c i d s  were 

analysed on a high pressure l i q u i d  chromatograph on a Waters' F a t t y  Acid 

Column f i t t e d  with both mass and r a d i o a c t i v i t y  de tec tors .  

a r e  i n  Table 1. 

Speci f ic  a c t i v i t i e s  

Table 1 

Speci f ic  A c t i v i t i e s  of a T r i t i a t e d  Acids 

Lauric acid 

Myris t ic  a c i d  

Palmit ic  a c i d  

S t e a r i c  a c i d  

Alka l i  S t e a r i c  a c i d  

High Act. S t e a r i c  a c i d  

Act iv i ty  T20 

5 C i / m l  

5 

5 

5 

5 

16 

Speci f ic  Act iv i ty  

found ( m C i / m l )  

9 

10 

4 

32 

140 

1,110 

Theoret. Max. 

84 

84 

84 

84 

240 

1,330 
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Speci f ic  a c t i v i t i e s  of t h e  p u r i f i e d  products were determined by l i q u i d  

s c i n t i l l a t i o n  counting (channels r a t i o  method) i n  a Packard "Tricarb" Scin- 

t i l l a t i o n  Spectrometer using a toluene so lu t ion  of POP and POPOP a s  s c i n t i l l a n t .  

After f u r t h e r  p u r i f i c a t i o n  by t h i n  layer  chromatography, ( 3 )  t h e  

s p e c i f i c  a c t i v i t y  was redetermined. 

Pos i t iona l  a n a l y s i s  f o r  the  tritium l a b e l  was c a r r i e d  out  using t r i t i u m  

nuclear magnetic resonance spectroscopy i n  deuterochloroform as previously 

descr ibed.  ( 8 )  

Sodium Hydroxide method - 50 1~1 of 5 C i / m l  t r i t i a t e d  water was added t o  

0.1 9 sodium s t e a r a t e ,  sealed i n  a g l a s s  ampoule, and heated a t  16OoC f o r  

16 hours. 

s t e a r a t e  dissolved i n  10  m l s  water. S t e a r i c  ac id  w a s  then ex t rac ted  i n t o  

e ther  a f t e r  a c i d i f i c a t i o n  with sulphuric  ac id .  

using a High Pressure Liquid Chromatograph and tritium N.M.R. 

The t r i t i a t e d  w a t e r  was removed under V= and the  sodium 

The product  was then analysed 

Resul t s  

Thin layer  chromatography o f t h e  f r e e  s t e a r i c  acid and gas  l i q u i d  chroma- 

tography of t h e  methyl e s t e r  f a i l e d  t o  revea l  any impur i t ies  a t  l e v e l s  

above 2%. Radiochemical p u r i t y  was es tab l i shed  by radio-gas l i q u i d  chromato- 

graphy when t h e  only a c t i v i t y  peak observed i n  addi t ion  t o  t h a t  of methyl 

s t e a r a t e  was a shoulder of he ight  10% of the  parent  due t o  s t e a r i c  ac id .  

Other rad ioac t ive  impur i t ies  were estimated t o  be present  a t  l e s s  than 2% of 

t h e  parent  a c t i v i t y .  The p u r i t y  of the  o ther  a c i d s  w a s  es tab l i shed  on a high 

pressure l i q u i d  chromatograph, which showed no d e t e c t a b l e  degradat ion 

products i n  e i t h e r  mass o r  a c t i v i t y  d e t e c t o r s .  

The t r i t i u m  N.M.R. spectrum of  t h e  t r i t i a t e d  stearic acid (Fig.  11 

shows only one peak. 

t h a t  predicted from t h e  observed chemical s h i f t  f o r  t h e  CL proton s i g n a l  

seen i n  t h e  proton spectrum. Chemical s h i f t s  f o r  protons a r e  measured from 

This peak has a chemical s h i f t  i n  good agreement with 
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N.M.R. SPECTRA 

Stear ic Acid 

Figure 1. 

H O O C  CH,  CHJCH,\,CH, 
' / '  

L T.M.S. 

t h e  T.M.S. s igna l  whereas t h e  t r i t o n  s h i f t s  a r e  measured from t h e  ca lcu la ted  

p o s i t i o n  of t h e  "ghost reference" signal' ' '  f o r  t h e  same standard.  

s l i g h t  s h i f t  of t h e  t r i t i u m  peak r e l a t i v e  t o  t h e  corresponding proton peak, 

i n  the disp lay  shown, arises because of a l i m i t a t i o n  of t h e  p l o t t e r  : 

both 

coincident  i n  p.p.m. 

The 

3 H and 'H s c a l e s  a r e  coinc ident  i n  Hz whereas i d e a l l y  they should be 

Similar  spec t ra  were obtained f o r  t h e  o ther  ac ids  and r e s u l t s  a r e  

shown i n  Table 2. 
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Table 2 

1 Chemical S h i f t s  f o r  a Protons ( 6  H) 

3 and c1 Tri tons  ( 6  H )  i n  F a t t y  Acids 

Acid - 
3 [a- H I  S t e a r i c  

( a l k a l i  c a t a l y s t )  

[a- H I  S t e a r i c  
(H2S04 c a t a l y s t )  

[a- HIMyristic 

[a- HlLauric 

3 

3 

3 

3 6 (  H )  p-p-m. 1 6 (  H) p.p.m. 

2.09 2.09 

2.09 2.08 

2.10 

2 .12  

2.07 

2 . 1 1  
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