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DETERMINATION OF FATTY ACIDS BY HIGH- 
PERFORMANCE LIQUID CHROMATOGRAPHY 

WITH E LECTROCH EMlCAL DETECTION 
USING A FERROCENE DERIVATIZATION 

REAGENT 

Kazutake Shimada, Chiemi Sakayori, 
and Toshio Nambara* 
Pharmaceutical Institute 

Tohoku University 
Ao bayama, Sendai 980, Japan 

ABSTRACT 

New d e r i v a t i z a t i o n  method u s i n g  f e r r o c e n e  r e a g e n t s  has  been 
developed f o r  t h e  d e t e r m i n a t i o n  of f a t t y  a c i d s  by high-perform- 
ance  l i q u i d  chromatography wi th  e l e c t r o c h e m i c a l  d e t e c t i o n .  
Condensa t ion  o f  f a t t y  a c i d s  wi th  3-bromoacetyl-l,l'-dimethyl- 
f e r r o c e n e  was e f f e c t e d  i n  t h e  p re sence  of 18-crown-6 and po ta s -  
sium f l u o r i d e .  The r e s u l t i n g  es te rs  showed t h e  s a t i s f a c t o r y  
s e n s i t i v i t y  a t  +0.60 V vs.  an Ag/AgCl r e f e r e n c e  e l e c t r o d e  wi th  a 
d e t e c t i o n  l i m i t  of  0.5 pmole. Also t h e  h igh  s e l e c t i v i t y  was 
o b t a i n e d  by u s i n g  a twin  e l e c t r o d e  e l e c t r o c h e m i c a l  d e t e c t o r .  The 
proposed d e r i v a t i z a t i o n  method was found a p p l i c a b l e  t o  t h e  d e t e r -  
m i n a t i o n  of  f a t t y  a c i d s  i n  human serum. 

I N T R O D U C T I O N  

High-per formance l i q u i d  chromatography (HPLC) wi th  e l e c t r o -  

chemica l  d e t e c t i o n  (ECD) i s  a u s e f u l  t o o l  f o r  t h e  t r a c e  a n a l y s i s  
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2178 SHIMADA, SAKAYORI, AND NAMBARA 

of  v a r i o u s  compounds i n  b i o l o g i c a l  f l u i d s .  I n  r e c e n t  y e a r s ,  p re-  

and post-column l a b e l i n g  methods have been developed t o  ex tend  

i t s  a p p l i c a b i l i t y  [l-51. I n  t h e  p rev ious  papers  of  t h i s  s e r i e s  

we proposed nove l  f e r r o c e n e  r e a g e n t s  f o r  pre-column l a b e l i n g  of  

amines [ 2 ] ,  hydroxyl  compounds [4] and g lucuron ides  [51 i n  HPLC/ 

ECD. A s  t h e  f e r r o c e n e  d e r i v a t i v e  undergoes f a c i l e  o x i d a t i o n  and 

t h e  product  is i n  t u r n  r e a d i l y  reduced ,  i t  can be d e t e c t e d  

s e l e c t i v e l y  i n  t h e  presence  of e l e c t r o a c t i v e  compounds such a s  

p h e n o l s ,  c a t e c h o l s ,  and a romat i c  amines. 

The p r e s e n t  paper  d e a l s  wi th  t h e  development of a d e r i v a t i -  

z a t i o n  method u s i n g  f e r rocene  a s  an e l e c t r o p h o r e  f o r  t h e  de te rmi-  

n a t i o n  of  c a r b o x y l i c  a c i d s  by HPLC/ECD. I n  a d d i t i o n ,  t h e  a p p l i -  

c a t i o n  of  t h i s  method t o  t h e  de t e rmina t ion  of p r i n c i p a l  f a t t y  

a c i d s  i n  serum i s  desc r ibed .  

MATERIALS AND METHODS 

Mater i a  1s 

Bromoacety l fe r rocene  ( I ) ,  3-bromoacetyl-l,1'-dimethylferro- 

cene (111, and N-(4-dimethylaminophenyl)maleimide were synthe-  

s i z e d  i n  t h e s e  l a b o r a t o r i e s  a s  d e s c r i b e d  i n  t h e  p rev ious  pape r s  

[ 5 , 6 ] .  2-Hydroxyestrone was prepared  by t h e  method r e p o r t e d  by 

Stubenrauch  e t  a l .  [7]. F a t t y  a c i d s  were supp l i ed  by Tokyo Kasei 

Kogyo Co. (Tokyo, Japan) .  S i l i c a  g e l  60 (E. Merck A G ,  

Darmstadt , F.R.G.) was used f o r  p r e p a r a t i v e  t h i n  l a y e r  chromato- 

graphy (TLC). A l l  o t h e r  r e a g e n t s  and chemica ls  were ob ta ined  

from Nakara i  Chemicals Ltd.  (Kyoto,  J apan)  and p u r i f i e d  by r e -  

c r y s t a l l i z a t i o n  o r  d i s t i l l a t i o n  p r i o r  t o  use. 

In s t rumen t s  

Mass (MS) s p e c t r a l  measurements were run  on a H i t a c h i  M-52 

spec t romete r  ( H i t a c h i  Ltd . ,  Tokyo, Japan).  HPLC was c a r r i e d  out  

on a Toyo Soda 803A chromatograph (Toyo Soda Co. , Tokyo, Japan)  
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FERROCENE REAGENT DERIVATIZATION METHOD 2179 

equipped wi th  a Yanagimoto VMD-501 e l e c t r o c h e m i c a l  d e t e c t o r  

having  twin e l e c t r o d e  i n  s e r i e s  system (Yanagimoto Co., Kyoto, 

Japan) .  The a p p l i e d  p o t e n t i a l  of t h e  d e t e c t o r  was s e t  vs .  an 

Ag/AgCl r e f e r e n c e  e l e c t r o d e .  A TSKgel ODs-80TM ( 5  pm) column (15 

cm x 0.4 cm i .d . )  (Toyo Soda Go.) and a LiChrosorb W-18 ( 5  urn) 

column (15 cm x 0.4 cm i .d .1  (E .  Merck AG) were used under 

ambient cond i t ion .  

P r e p a r a t i o n  of  S tandard  Samples 

To a s o l u t i o n  of s t e a r i c  a c i d  ( 5  mg) i n  methanol (1 ml)  was 

added KOH ( 5  mg) i n  methanol (0 .5  ml) and t h e  s o l v e n t  w a s  evapo- 

r a t e d  o f f  under reduced p r e s s u r e .  A suspens ion  of  t h e  r e s i d u e  i n  

benzene ( 2  ml) was t r e a t e d  wi th  18-crown-6 (10 mg) and each  de- 

r i v a t i z a t i o n  r e a g e n t  ( 5  m g )  a t  80°C f o r  30 min. A f t e r  evapora- 

t i o n  of t h e  s o l v e n t ,  t h e  r e s i d u e  was p u r i f i e d  by p r e p a r a t i v e  TLC 

t o  g ive  t h e  d e s i r e d  compound a s  ye l low o i l y  subs t ance  ( c a .  2 mg). 

The e s t e r s  formed from I: TLC (benzene)  Rf 0 .36 ,  MS m/z 510; from 

11: TLC (benzene)  Rf 0 .33 ,  MS m/z 538. 

Determina t ion  o f  F a t t y  Acids i n  Serum by HPLC/ECD 

Margaric a c i d  ( i n t e r n a l  s t anda rd :  I S )  (0.5 1-18] i n  methanol 

(50  pl) was added t o  human serum (50 p l )  i n  0.5 M phosphate 

b u f f e r  (pH 6.5,  200 pl), and t h e  whole was e x t r a c t e d  twice  wi th  

hexane-chloroform ( l : l ,  2 ml) .  The o rgan ic  l a y e r  was washed wi th  

H 0 and evapora t ed  o f f  i n  vacuo below 50 C. To t h e  r e s i d u e  were 

added r eagen t  I1 (30 ug)  i n  dimethylformamide (50 u l ) ,  18-crown-6 

(100 u g )  i n  dimethylformamide (100 1111, and KF ( c a .  1 mg), and 

t h e  whole w a s  vortex-mixed, kep t  a t  8OoC f o r  60 min, and then  

s u b j e c t e d  t o  HPLC/ECD. 

0 
2 

Recovery Tes t  f o r  F a t t y  Acids added t o  Con t ro l  Serum 

The sp iked  samples were p repa red  by adding  0.1 p g ,  0.5 1-18, 

and 2 p g  each  of f a t t y  a c i d s  t o  t h e  hexane-chloroform t r e a t e d  
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2180 SHIMADA, SAKAYORI, AND NAMBARA 

c o n t r o l  serum (50 1-11] i n  0.5 M phosphate b u f f e r  (200 p l ) .  A t e s t  

sample was s u b j e c t e d  t o  e x t r a c t i o n  wi th  hexane-chloroform f o l -  

lowed by d e r i v a t i z a t i o n  wi th  I1 i n  t h e  manner desc r ibed  above. 

RESULTS AND DISCUSSION 

In t he  p rev ious  paper [ 5 ]  we r e p o r t e d  t h e  syn theses  o f  

b romoace ty l f e r rocene  (I) and 3-bromoacetyl-1,1'-dimethylferrocene 

(11) a s  d e r i v a t i z a t i o n  r e a g e n t s  f o r  ca rboxy l i c  a c i d s  (F ig .  1) .  

The r e a c t i v i t i e s  of  t h e s e  r e a g e n t s  and e l e c t r o c h e m i c a l  p r o p e r t i e s  

of t h e  p roduc t s  were i n v e s t i g a t e d  us ing  s t e a r i c  a c i d  a s  a model 

compound. The half-wave p o t e n t i a l  ( E  ) o f  s t e a r i c  a c i d  d e r i v a -  

t i v e  ob ta ined  wi th  I1 was +0.56 V ,  which w a s  somewhat lower t h a n  

t h a t  (+0.67 V )  of t h e  e s t e r  d e r i v e d  from I (F ig .  2a ) .  This  would 

be a s c r i b a b l e  t o  t h e  n e g a t i v e  i n d u c t i v e  e f f e c t  of methyl groups 

in 11. The d e t e c t i o n  l i m i t  of t h e  d e r i v a t i v e  ob ta ined  wi th  11 

a t  +0.60 V was 0.5 pmole ( s i g n a l  t o  n o i s e  r a t i o = 5  a t  4 nA f u l l  

s c a l e ) .  Among u s u a l  e l e c t r o a c t i v e  compounds, such a s  phenol 

( e s t r i o l ) ,  c a t e c h o l  (2-hydroxyes t rone) ,  and a romat i c  amine (N-(4- 
dimethylaminopheny1)maleimide-N-acetylcysteine a d d u c t ) ,  on ly  

c a t e c h o l  e x h i b i t e d  anodic response  a t  t h i s  a p p l i e d  p o t e n t i a l  

(F ig .  2a ) .  The o x i d a t i o n  product  of  s t e a r i c  a c i d  e s t e r  ob ta ined  

wi th  I1 w a s  reduced  a t  t h e  downstream e l e c t r o d e  (+0.2 V )  whi le  

t h a t  o f  t h e  c a t e c h o l  showed no ca thod ic  response  a t  t h i s  a p p l i e d  

p o t e n t i a l .  In consequence, t h e  use  of a twin  e l e c t r o d e  system 

could  d e t e c t  t h e  f e r rocene  d e r i v a t i v e  wi th  h igh  s e l e c t i v i t y  (F ig .  

2b) .  

1 / 2  

Based upon t h e s e  r e s u l t s  d e r i v a t i z a t i o n  wi th  I1 was f u r t h e r  

i n v e s t i g a t e d .  The a p p l i e d  p o t e n t i a l s  of  t h e  d e t e c t o r  were s e t  a t  

+0.6 V and +0.2 V f o r  t h e  ups t ream and downstream e l e c t r o d e s ,  r e -  

s p e c t i v e l y .  condensa t ion  of  s t e a r i c  a c i d  wi th  I1 w a s  e f f e c t e d  i n  

t h e  presence  of  18-crown-6 and potass ium f l u o r i d e  i n  dimethyl- 

formamide a t  8OoC [ 8 ] .  The y i e l d e d  amount of t h e  d e r i v a t i v e  was 

e s t i m a t e d  by comparison wi th  t h e  peak h e i g h t  of  t he  s t anda rd  
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FIGURE 1. S t r u c t u r e s  of  D e r i v a t i z a t i o n  Reagents. 

TABLE 1 
K' Values of F a t t y  Acid Der iva t ives  R e l a t i v e  t o  Margaric Acid 
Der iva t ive  

F a t t y  Acid 

I)e r i v a  t ive  

Column 

TSKgel ODs-80TW LiChrosorb RP-18** 

M y r i s t o l e i c  a c i d  (C ) 

Lino len ic  a c i d  (C 

M y r i s t i c  a c i d  (C ) 

P a l m i t o l e i c  a c i d  ( C  1 
Arachidonic a c i d  (C 

L i n o l e i c  a c i d  (C ) 18: 2 
P a l m i t i c  a c i d  (C ) 16 
Ole i c  a c i d  (C18:1) 

S t e a r i c  a c i d  (C18) 

14: 1 

18: 3 

14 

16: 1 

20:4 

Margaric a c i d  ( C  ) ( I S )  1 7  

0.38 

0.48 

0.51 

0.55 

0.59 

0.64 

0.80 

0.86 

1 . 2 7  

1 .oo 
( 17.3 min) 

0.35 

0.38 

0.52 

0.48 

0 .43  

0.50 

0.77 

0.70 

1 .25  

1 .oo 
(11.0 min) 

Solvent  system: * 0.1 M NaC104 i n  methanol-H 0 ( 1 3 : 1 ) ,  * X  0.1 M 
N a C l O  i n  a c e t o n i t r i l e .  Flow r a t e :  1 ml/rnin. 2 

4 
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anodic 
response 

cathodic 
resmse 

FIGURE 2. Hydrodynamic Voltammograms of Stearic Acid Derivatives 
and Electroactive Compounds. 
1, 2-Hydroxyestrone; 2, stearic acid derivative with 
11; 3, stearic acid derivative with I; 4 ,  N-(4-di- 
methy laminophenyl >ma leimide-N-acet y lcyste ine adduct ; 
5, estriol. 
The maximum response of each compound was taken as 
1.0. 
a) Anodic response, b) cathodic response: upstream 
electrode +0.8 V (1,3), + 0 . 6 5  V ( 2 ) ,  and +1.0 V ( 4 , s ) .  
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2183 FERROCENE REAGENT DERIVATIZATION METHOD 

sample. The r e a c t i o n  r a t e  i nc reased  wi th  r e a c t i o n  t ime up t o  30 

min and t h e n  reached  a p l a t e a u .  

The u t i l i t y  of  I1 was then  t e s t e d  f o r  t h e  d e t e r m i n a t i o n  of  

f a t t y  a c i d s  i n  serum. The a u t h e n t i c  f a t t y  a c i d s  i n c l u d i n g  mar- 

g a r i c  a c i d  (C17) (IS), which i s  known t o  be absen t  i n  human serum 

[ 9 ] ,  were d e r i v a t i z e d  wi th  I1 f o r  60 min and t h e  r e s u l t i n g  e s t e r s  

were s u b j e c t e d  t o  H P L C / E C D  on two d i f f e r e n t  columns (Table  1 ) .  

The f e r rocene  d e r i v a t i v e s  of l i n o l e i c  a c i d  (C 1 8 : 2 ) ,  p a l m i t i c  a c i d  

(C16), o l e i c  a c i d  ( C  18:1), and s t e a r i c  ac id  (C18), which a r e  

p r i n c i p a l  f a t t y  a c i d s  i n  human serum, were d i s t i n c t l y  s e p a r a t e d  

on a TSKgel ODs-80TM column w i t h i n  25 min. When t h e  amount r a t i o  

o f  each  f a t t y  a c i d  t o  t h e  I S  (0 .5  pg) was p l o t t e d  a g a i n s t  t h e  

peak h e i g h t  r a t i o ,  a l i n e a r  r e l a t i o n s h i p  was observed  i n  t h e  

range 0.25 - 2 p g  ( p e r  t u b e )  of t h e  f a t t y  a c i d ,  t h e  r e g r e s s i o n  

e q u a t i o n s  be ing  y= ax  + b where a=2.50, 1.41, 1.10, and 0.76 f o r  

C 1 8 : 2 ,  C16, C18:1, and C I 8 ,  r e s p e c t i v e l y ,  and b=O. I n  a d d i t i o n ,  

f a t t y  a c i d s  added t o  t h e  c o n t r o l  serum a t  t h r e e  l e v e l s  (0 .1 ,  0 . 5 ,  

2 pg/50 pl) were recovered  a t  t h e  r a t e  of 80.6% ( C . V .  5 4 . 8 ,  

n=8) .  It  i s  e v i d e n t  from t h e s e  d a t a  t h a t  t h e  proposed a n a l y t i c a l  

p rocedure  is s a t i s f a c t o r y  wi th  r e s p e c t s  t o  t h e  accu racy  and 

p r e c i s i o n .  

F a t t y  a c i d s  i n  50 11 of human serum were e x t r a c t e d  wi th  

hexane-chloroform and then  d e r i v a t i z e d  wi th  t h e  r e a g e n t  a s  de- 

s c r i b e d  above. A t y p i c a l  chromatogram showed f i v e  peaks c o r r e -  

sponding  t o  C 18:2, C16, C18:1, C17 ( I S ) ,  and C18 (F ig .  3 ) .  These 

peaks were i d e n t i f i e d  by comparison wi th  a u t h e n t i c  samples i n  t h e  

chromatographic behaviour  on two d i f f e r e n t  columns (Table  1) and 

c o l l e c t i o n  e f f i c i e n c y  ( t h e  r a t i o  of  t h e  c u r r e n t  a t  t h e  downstream 

d e t e c t o r  t o  t h a t  a t  t h e  upstream d e t e c t o r ) :  t h e  va lue  be ing  0.25.  

The c o n c e n t r a t i o n s  of  p r i n c i p a l  f a t t y  a c i d s  i n  serum specimens 

t aken  from seven  h e a l t h y  s u b j e c t s  a r e  l i s t e d  i n  Table 2. 

A v a r i e t y  of d e r i v a t i z a t i o n  methods have been developed f o r  

t h e  d e t e r m i n a t i o n  of f a t t y  a c i d s  by HPLC wi th  u l t r a v i o l e t  and 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
0
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



0 10 20 min 

2 

cat hod ic 
response 

'ili 
T 

anodic 
response 

1 5  

0 10 20 min 

FIGURE 3 .  High-Performance L i q u i d  Chromatogram of  F a t t y  Acids  i n  
Human Serum. 
C o n d i t i o n s :  TSKgel ODS-80TM, 0 .1  M NaC104 i n  methanol-  
H 2 0  ( 1 3 : 1 ) ,  1 ml/min. Upstream e l e c t r o d e  +0.6 V ,  
downstream e l e c t r o d e  +0.2 V. 

In te rHGrences  !I? e x c e s s  r e a g e n t s  due t o  s a t u r a t i o n  o f  
t h e  o u t p u t  of t h e  d e t e c t o r  w e r e  overcome by t a k i n g  o f f  
t h e  c o n n e c t o r  f o r  ca.  10 min a f t e r  i n j e c t i o n .  

1, c1 . 2 ;  2 ,  c ; 3 ,  C l 8 : 1 ;  4 ,  C17 (IS); 5 ,  C18' 
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TABLE 2 
Serum Levels  of P r i n c i p a l  F a t t y  Acids i n  Heal thy  S u b j e c t s  

Sub jec t  
~ 

Serum Concen t ra t ion  (nmole/ml) 

*ge Sex 
( y e a r s )  c18: 2 ‘16 ‘18: I 

43 M 18.5 78.8 55.9 19.0 

26 M 28.5 68.6 73.3 9.8 

24 M 30.0 98.3 97.0 22.5 

23 M 13.6 42.9 38.9 10.5 

22 M 14 .3  49.1 24.1 11.2 

22 F 22.1 59.3 53.8 12.7 

22 F 12.1 38.2 20.5 10.5 

Mean 

S.D. 

19.9 62.2 51.9 13.7 

7.2 21.4 27.2 5.0 

Abbrev ia t ions  used a r e  t h e  same a s  i n  Table 1. 

f l u o r e s c e n c e  d e t e c t i o n  [ l o ] ,  bu t  few methods u s i n g  ECD a r e  a v a i l -  

a b l e  f o r  t h i s  purpose [ l l ] .  The proposed method u s i n g  a twin  

e l e c t r o d e  ECD has  proved t o  be h i g h l y  s e l e c t i v e  f o r  t h e  de te rmi-  

n a t i o n  o f  c a r b o x y l i c  a c i d s  i n  b i o l o g i c a l  f l u i d s .  F u r t h e r  a p p l i -  

c a t i o n  t o  t h e  r e l a t e d  compounds is  be ing  conducted i n  t h e s e  

l a b o r a t o r i e s  and t h e  d e t a i l s  w i l l  be r e p o r t e d  e l sewhere .  
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