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DETERMINATION OF ALPHA-TOCOPHEROL I N  BIOLOGICAL 
SPECIMENS BY HIGH-PERFORMANCE L I Q U I D  CHROMATOGRAPHY 

Col in  G. Rammell, B.  C u n l i f f e  and A. J. Kieboom 

Animal Heal th  Reference Laboratory 
Minis t ry  of A g r i c u l t u r e  and F i s h e r i e s  

Well ington,  New Zealand 

ABSTRACT 

A method is  descr ibed  f o r  de te rmining  a- tocopherol  i n  l i v e r  
and o t h e r  b i o l o g i c a l  specimens. Hexane e x t r a c t s  of s a p o n i f i e d  
samples are acid-washed and then  i n j e c t e d  onto  a reversed  phase 
column us ing  hexane:propan-2-01 ( 9 9 : l  v /v)  f o r  e l u t i o n ,  and 
f l u o r i m e t r y  a t  210 nm e x c i t a t i o n  f o r  d e t e c t i o n .  

INTRODUCTION 

Continuing i n t e r e s t  i n  t h e  r o l e  played by v i tamin  E i n  animal  

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

f o r  a- tocopherol ,  t h e  most b i o l o g i c a l l y  a c t i v e  form of v i tamin  E. 

Many methods f o r  determining a- tocopherol  have been publ ished b u t  

most are l i m i t e d  f o r  r o u t i n e  u s e  by t h e i r  comparat ively l o w  

s e n s i t i v i t y  o r  p r e c i s i o n ,  d o u b t f u l  s p e c i f i c i t y ,  o r  complexity. 

The advent of h igh  performance l i q u i d  chromatography (HPLC) 

brought  t h e  p o t e n t i a l  f o r  overcoming t h e s e  l i m i t a t i o n s .  The HPLC 

method r e p o r t e d  h e r e  was developed t o  r e a l i z e  t h i s  p o t e n t i a l  and 
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1124 RAMMELL, CUNLIFFE, AND KIEBOOM 

i s  s u i t a b l e  f o r  t h e  r e l a t i v e l y  r a p i d  d e t e r m i n a t i o n  of a- tocopherol  

i n  b i o l o g i c a l  specimens. 

MATERIALS 

Chemicals 

a-Tocopherol w a s  o b t a i n e d  from Sigma ( S t .  Louis ,  Mo.,U.S.A.). 

Other tocophero ls  w e r e  p repared  from t h e  u n s a p o n i f i a b l e  m a t t e r  (1) 

of wheatgerm o i l  and soybean o i l  by s e p a r a t i o n  w i t h  chloroform on 

Sephadex LH 20 (Hoogenboom, unpubl i shed) .  Hexane w a s  d i s t i l l e d  

over  potassium hydroxide from t e c h n i c a l  hexane (Mobil Pegasol  

1516). L-Ascorbic a c i d  w a s  r e a g e n t  grade and e t h a n o l ,  potassium 

hydroxide,  s u l p h u r i c  a c i d ,  and propan-2-01 were Analar  grade ,  

B r i t i s h  Drug Houses (Poole ,  U . K . ) .  

S tandard Tocopherol s o l u t i o n  

A s t o c k  s o l u t i o n  of a - tocophero l  (500 mg/l)  w a s  p repared  i n  

e t h a n o l  and s t o r e d  i n  a n  amber b o t t l e  a t  4 "C. The c o n c e n t r a t i o n  

of a- tocopherol  i n  t h i s  s o l u t i o n  was c a l c u l a t e d  from t h e  maximum 

absorbance of  a 10-I d i l u t i o n  a t  292 nm, u s i n g  a molar a b s o r b t i v i t y  

of 32600 ( 2 ) .  

HPLC system 

The HPLC system comprised a Tracor  (Aust in ,  U.S.A.) 995 pump; 

Rheodyne (Berkeley,  U.S.X.) 7120 i n j e c t o r  w i t h  40 p 1  loop;  

Whatman P a r t i s i l  PXS 10/25 ODS column; and a Varian (Pa lo  A l t o ,  

U.S .A. )  Fluorichrom f l u o r e s c e n c e  d e t e c t o r  w i t h  deuter ium lamp t h a t  

w a s  f i t t e d  w i t h  f o r c e d  a i r  convec t ion  cool ing .  A Corion 

( H o l l i s t o n ,  U.S.A.) 210 nm i n t e r f e r e n c e  f i l t e r  (25 nm 4 band w i d t h ,  

15% minimum t r a n s m i s s i o n )  w a s  used f o r  e x c i t a t i o n ;  and a Corion 

S c h o t t  295 nm cut -of f  f i l t e r  and Varian 325 nm band f i l t e r  f o r  

emiss ion .  Detec tor  responses  were monitored as peak areas on a 

Perk in  E l m e r  (Norwalk, U.S.A.) Sigma 10 Data S t a t i o n .  The HPLC 

e l u a n t ,  de-gassed hexane:propan-2-01 (99:1, v / v )  w a s  pumped a t  a 

f low rate  of 1.6 ml/min (3 MPa). 
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ALPHA-TOCOPHEROL I N  BIOLOGICAL SPECIMENS 11.25 

METHOD 

To 0.8 g of l i v e r  o r  o t h e r  t i s s u e ,  1 m l  of serum, o r  0 .2  g of  

f e e d s t u f f  i n  a Q u i c k f i t  (Stone,  S t a f f s . ,  U.K.) C 2 4 / C 2 4 R  t u b e  w e r e  

added 2 m l  of a s c o r b i c  a c i d  s o l n ,  100 g / l ,  followed by 2 m l  of 

7 .5  M potassium hydroxide soh, followed by 4 m l  of e t h a n o l .  The 

tubes  w e r e  then  f i t t c d  w i t h  a i r  condensers  and placed i n  a w a t e r  

b a t h  (80 "C) conta ined  i n  a fume cupboard. A f t e r  10 min, samples 

were v o r t e x  mixed f o r  5 s e c  and then r e t u r n e d  t o  t h e  water  b a t h  f o r  

a f u r t h e r  20 min. Saponif ied samples w e r e  cooled i n  a co ld  water  

b a t h  f o r  10 min b e f o r e  mechanical ly  shaking  w i t h  10 ml of  hexane 

f o r  5 min. The hexane e x t r a c t  (5  ml) w a s  shaken w i t h  0 .5  m l  of 

s u l p h u r i c  a c i d  s o h ,  600 m l / l ,  f o r  2 min and then  allowed t o  s t a n d  

f o r  10 min b e f o r e  i n j e c t i n g  40 ul onto  t h e  HPLC column. 

RESULTS AND DISCUSSION 

S a p o n i f i c a t i o n  and E x t r a c t i o n  

S a p o n l f i c a t i o n  i s  necessary  t o  conver t  any tocophero l  esters 

t o  t h e  f r e e  form and t o  remove f a t s  and o t h e r  i n t e r f e r i n g  

subs tances  b e f o r e  chromatography. Many exper imenta l  c o n d i t i o n s  

have been used f o r  t h i s  s a p o n i f i c a t i o n  s t e p  t o  l i m i t  t h e  o x i d a t i o n  

of tocophero l  t h a t  r e a d i l y  occurs  under a l k a l i n e  c o n d i t i o n s .  

D i f f i c u l t i e s  w e r e  i n i t i a l l y  encountered h e r e  i n  a c h i e v i n g  

s a p o n i f i c a t i o n  of sample, m a i n t a i n i n g  tocophero l  s t a b i l i t y ,  

s e p a r a t i o n  of  t h e  hexane e x t r a c t ,  and e x t r a c t i o n  o f  t h e  tocophero l .  

These f a c t o r s  are i n t e r - r e l a t e d .  Unless  s u i t a b l e  r a t i o s  of  

r e a g e n t s  are used,  emulsions form t h a t  r e q u i r e  long  p e r i o d s  of 

s e t t l i n g  o r  c e n t r i f u g a t i o n .  Also t h e  tocophero l ,  b e i n g  s o l u b l e  

i n  both  e t h a n o l  and hexane, d i s t r i b u t e s  i t s e l f  between t h e  phases  

t o  v a r y i n g  e x t e n t s  depending upon t h e  exper imenta l  c o n d i t i o n s  

chosen. 

The f i n a l l y  developed s a p o n i f i c a t i o n  and e x t r a c t i o n  procedure 

overcame most of t h e s e  problems. S a p o n i f i c a t i o n  a t  80 ' C ,  w i t h  

a i r  condensers ,  enabled samples t o  be  e a s i l y  processed i n  b a t c h e s  
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1126 RAMMELL, CUNLIFFE, AND KIEBOOM 

wi thout  t h e  d i f f i c u l t i e s  exper ienced  i n  r e f l u x i n g  a t  100 "C as 

recommended i n  ear l ier  methods ( 3 , 4 ) .  Oxidat ion of a- tocopherol  

w a s  not  d e t e c t e d  over  a 60 min per iod  a t  80 " C  but  30 min, w i t h  a 

s h o r t  per iod  of  v o r t e x  mixing was s u f f i c i e n t  t o  e n s u r e  t i s s u e  

breakdown and release of t h e  f r e e  tocophero l .  Emulsions d i d  not  

form dur ing  shaking:  t h e  hexane e x t r a c t ,  c o n t a i n i n g  1.5% e t h a n o l ,  

r a p i d l y  s e p a r a t e d  o u t  on s t a n d i n g .  

Washing t h e  hexane e x t r a c t  w i t h  60% (v/v)  s u l p h u r i c  a c i d  

f a c i l i t a t e d  a s h o r t  HPLC a n a l y s i s  t i m e  by removing i n t e r f e r i n g  

compounds w i t h  longer  r e t e n t i o n  times than  a- tocopherol .  The 

s u l p h u r i c  a c i d  wash a l s o  removed t h e  e t h a n o l  e x t r a c t e d  i n t o  t h e  

hexane. I f  t h e  s u l p h u r i c  a c i d  wash i s  omi t ted  from t h e  sample 

e x t r a c t s  and t h e  working a- tocopherol  s t a n d a r d s  then  t h e  e t h a n o l  

p r e s e n t  i n  t h e  HPLC i n j e c t i o n s  s h o r t e n s  t h e  r e t e n t i o n  t i m e s  

s l i g h t l y .  

Chromatography 

A t y p i c a l  chromatogram o b t a i n e d  from a bovine l i v e r  e x t r a c t  

i s  shown i n  F ig .  1. With t h e  d e s c r i b e d  procedure ,  t h e  r e t e n t i o n  

t i m e  of a- tocopherol  was s h o r t  (2.6 min) ,  w i t h  no s i g n i f i c a n t  

d e t e c t a b l e  i n t e r f e r e n c e s .  This  r e s u l t e d  i n  a r a p i d  sample 

throughput .  The comparat ive c l e a n l i n e s s  o f  t h e  acid-washed 

hexane e x t r a c t  ensured  l i t t l e  d e t e r i o r a t i o n  of  column performance 

over  extended usage.  

The p r e s e n t  procedure does n o t  appear  t o  have been r e p o r t e d  

p r e v i o u s l y  f o r  tocophero l .  U n t i l  t h e  advent  of chemica l ly  bonded 

s t a t i o n a r y  phases  i n  1969, most l i q u i d  chromatography w a s  performed 

w i t h  a p o l a r  s t a t i o n a r y  phase ,  commonly s i l i ca  o r  a lumina,  and a 

non-polar mobile  phase. Tocopherol w a s  i n i t i a l l y  chromatographed 

h e r e  and elsewhere u s i n g  t h i s  s o - c a l l e d  normal phase system. A s  

adapted t o  HPLC, t h i s  u s u a l l y  comprised a s i l i c a  column w i t h  

hexane:d i i sopropyl  ether (95:5) a t  a f low rate  of 1 .5  ml/min t o  

g i v e  a r e t e n t i o n  t i m e  of  about  10 min f o r  a- tocopherol .  The 

normal phase system has  t h e  advantage tha t  hexane sample e x t r a c t s ,  

o r  even t h e  ( o i l )  sample i t s e l f  (5), can be  i n j e c t e d  d i r e c t l y  onto  
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ALPHA-TOCOPHEROL IN BIOLOGICAL SPECIMENS 1127 

0- 3 
Time (min) 

FIGURE 1.  HPLC chromatogram of extracted bovine liver. 

the HPLC column. Most workers, however, now use the more stable 

reversed phase system with a non-polar stationary phase, typically 

octadecylsilane (ODS) bonded to silica, and a polar mobile phase, 

typically methano1:water (90-97:lO-3) at 2-3 ml/min, to give a 

retention time of 5-20 min for a-tocopherol. This reversed phase 

system necessitates taking the hexane extract to dryness, which 

may result in low and variable recoveries, before re-dissolving in 

methanol f o r  injection onto the HPLC column. 
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1128 RAMMELL, CUNLIFFE, AND KIEBOOM 

I 
I I I 1 I 1  

0 Time (min) 6 

FIGURE 2.  HPLC chromatogram showing s e p a r a t i o n  of 
a-, (3- + y-, and 6- tocopherols  on ODS 
column u s i n g  hexane: propan-2-01 ( 9 9 : l )  
as mobile  phase.  

The system developed h e r e  has  t h e  advantage t h a t  hexane 

e x t r a c t s  can be  inje ,c ted d i r e c t l y  onto  a reversed  phase column, 

us ing  propan-2-01 as a p o l a r  m o d i f i e r  i n  t h e  hexane mobile  phase 

t o  r e s o l v e  t h e  a- tocopherol  i n  a s h o r t  t i m e .  Separa t ion  of t h e  

a- tocopherol  i s  presumably by both  p a r t i t i o n  and a d s o r p t i o n  

p r o c e s s e s  a s  w i t h  t h e  more commonly used r e v e r s e d  phase systems 

( 6 ) .  A s  a- tocopherol  e l u t e s  on ly  s lowly through a r e v e r s e d  phase 

column u n l e s s  t h e  p o l a r i t y  of t h e  hexane e l u a n t  i s  i n c r e a s e d ,  

40 i r l  o r  more of hexane sample e x t r a c t  can r e a d i l y  be  i n j e c t e d  

wi thout  undue peak broadening.  

Detec t ion  

F luor imet ry  p r o v i d e s  a s e n s i t i v e  and r e l a t i v e l y  s p e c i f i c  

method f o r  d e t e c t i n g  a- tocopherol .  E x c i t a t i o n  a t  292 nm, t h e  
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ALPHA-TOCOPHEROL IN BIOLOGICAL SPECIMENS 1129 

absorption maximum for a-tocopherol, was initially used but this 

was later replaced with excitation at 210 nm (7) to increase the 

sensitivity. 

Where the identity of a peak may be in doubt, it can be 

confirmed as a-tocopherol by checking the response with different 

excitation/emission filters. In our experience, this has always 

confirmed the identity of a peak as a-tocopherol whenever the 

retention time coincided with that of the standard. 

The stability of the fluorescence detection system was 

improved by fitting a cooling fan to the deuterium lamp housing. 

Without this lamp cooling, baseline fluorescence decreased 

markedly for 2-3 hours after start-up. With the cooling fan 

operating, acceptable baseline stability was achieved within 15 

min. 

Separation of other tocopherols 

Although this method was developed primarily for a-tocopherol 

it may also be used for the separation and determination of some 

other tocopherols (Fig. 2). The relative retention times for 

a--, 0- + y-, and 6-tocopherol were 1.00:1.46:2.12, respectively. 
The behaviour of tocopherol with this and other HPLC column/eluant 

systems will be described in more detail elsewhere. 

1. 

2. 

3. 

4 .  
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