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SEPARATION OF TOCOLS BY HPLC ON AN 
AMINO-CYAN0 POLAR PHASE COLUMN 

Colin G. Rammell and Jacobus J. L. Hoogenboom 
Ce n tral A n im a1 Health Lab oratory 

Ministry of Agriculture and Fisheries 
Upper Hutt, New Zealand 

ABSTRACT 

A method is  descr ibed  f o r  s e p a r a t i n g  a-, B-, Y- and 6- 
tocophero ls ,  t h e i r  corresponding tocomonoenols and t o c o t r i e n o l s ,  
and plastochromanol-8 on a 5 vrn amino-cyano HPLC column u s i n g  
hexane: t e t r a h y d r o f u r a n  ( 9 4 : 6 )  a s  e l u a n t .  The d e t e c t i o n  l i m i t  f o r  
a - tocophero l  u s i n g  f luorescence  e x c i t a t i o n  a t  210 nm was 1 ng. 
R e s u l t s  of a n a l y s i s  on s i x  seed o i l s  a r e  presented .  

I N T K O D U C T I O N  

The t o c o l s  a r e  a group of s t r u c t u r a l l y  r e l a t e d  compounds 

t h a t  a r e  i n d i v i d u a l i y  named accord ing  t o  whether t h e  p h y t y l  s i d e  

c h a i n  t o  t h e  chroman r i n g  has  no double bonds ( t o c o p h e r o l s  : T),  

one double  bond (tocomonoenols : T - l ) y  or t h r e e  double  bonds 

( t o c o t r i e n o l s  : T-3). Fur ther  c l a s s i f i c a t i o n  i s  by t h e  methyl 

s u b s t t t u t i o n  on t h e  phenol ic  r i n g  : 5,7 ,8- t r i ine t l iy l tocol  (a-T); 

5,8-dime thy 1 t ocol  (P. -T) ; 7 6-d i ine thy1  t o c o l  (y-T) and 

6-methpl tocol  (6-T). I n t e r e s t  i n  t h e s e  t o c o l s  c e n t r e s  on t h e i r  
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708 W E L L  AND HOOGENBOOM 

vary ing  v i tamin  E a c t i v i t y  (1) which is  d i r e c t l y  r e l a t e d  t o  t h e i r  

a n t i o x i d a n t  a c t i v i t y  (2). 

The f i r s t  t o c o l  i d e n t i f i e d ,  and having t h e  h i g h e s t  v i tamin  E 

a c t i v i t y ,  was a-T. The o t h e r  n a t u r a l l y  o c c u r r i n g  t o c o l s  were 

i d e n t i f i e d  a s  a n a l y t i c a l  methods improved. I n i t i a l l y ,  t h e  

tocophero ls  were s e p a r a t e d  by column chromatography ( 3 )  and then  

by paper chromatography (41, t h i n - l a y e r  chromatography (51, and 

high-performance l i q u i d  chromatography (HPLC). The f i r s t  HPLC 

systems f o r  t h e  s e p a r a t i o n  of t h e  f o u r  tocophero ls  comprised a 

s i l i c a  column wi th  hexane e l u a n t  c o n t a i n i n g  a p o l a r  modi f ie r  such 

a s  d i i s o p r o p y l  e t h e r  (6).  Because of t h e  i n h e r e n t  i n s t a b i l i t y  

and consequent poor r e p r o d u c i b i l i t y  with s i l i c a  columns, t h e  more 

s t a b l e  reversed  phase system came t o  be more commonly used. 

However, a n a l y t i c a l  problems a s s o c i a t e d  with the h igh  p o l a r i t y  of 

t h e  t y p i c a l  methanol : water  e l u a n t  o f t e n  arise wi th  t h i s  sys tem.  

To overcome t h e s e  problems we developed a method f o r  t h e  separa-  

t i o n  and de termina t ion  of a-T based on a reversed  phase octade-  

c y l s i l a n e  (ODS) column w i t h  hexane:propan-2-01 (99:l) a s  e l u a n t  

(7) .  We now r e p o r t  m o d i f i c a t i o n s  of t h i s  method t h a t  improve 

s e n s i t i v i t y  and r e p r o d u c i b i l i t y ,  and t h a t  e n a b l e  t h e  s e p a r a t i o n  

of t h e  above 12 t o c o l s  and plastochromanol-8 (P-8), a t o c o l  

s t r u c t u r a l l y  r e l a t e d  t o  Y-T-3 (8), t o  be achieved.  

Chemi ca 1s __- __ _- 
Hexane was d i s t i l l e d  over p o t a s s i u n  hydroxide f ram t e c h n i c a l  

hexane (Yobil Pegasol  1516). L-as:orbic a c i d  &as  ??.?gent grride 

and e thanol ,  potassium hydroxide,  s u l p h u r i c  a c i d ,  prupan-2-01, 

and 1,4-dioxan vlere Analar  grade,  B r i t i s h  Drug Houses (Poole ,  

U.K.). Te t rahydrofuran  (THF) was Unichrom grade ,  Ajax Chemicals 

(Sydney, A u s t r a l i a ) .  Palm, c a s t o r ,  vlheat germ, soybean, maize, 

and l i n s e e d  o i l s  were obta ined  from r e t a i l  o u t l e t s .  

a-T was obta ined  from Sigma ( S t  L o u i s ,  U.S.A. ) ,  f3-T from 

Supelco ( B e l l e f o n t e ,  U.S.A.), and Y-T from Eastman Kodak 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
4
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF TOCOLS 709 

(Rochester ,  U.S.A.). 6-T was i s o l a t e d  from soybean o i l  by 

s e p a r a t i o n  with chloroform on Sephadex LH20 (Hoogenboom, 

unpubl ished) .  The o t h e r  t o c o l s  were not a v a i l a b l e  commercially 

and s o  were i d e n t i f i e d  i n  t h e  var ious  oils by r e f e r e n c e  t o  

publ i shed  d a t a  on t h e  n a t u r a l  occurrence of t h e s e  t o c o l s  ( 1 , 9 )  

and t h e i r  r e t e n t l o n  times r e l a t i v e  t o  t h e  t h r e e  commercially 

a v a i l a b l e  tocophero ls  and 6-T u s i n g  v a r i o u s  HPLC column/eluant  

systems ( Y ) .  

Ins t rumenta t ion  

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

pump; Rheodyne (Berkeley,  U.S.A.) 7120 i n j e c t o r  wi th  40 u l  loop; 

Rheodyne 7302 column i n l e t  f i l t e r ;  Whatman Pa r t i s i l  PXS 5/25 PAC 

or PXS 10/25 PAC column; and a Varian  (Palo Al to ,  U . S . A . )  

Fluorichrom f l u o r e s c e n c e  d e t e c t o r  with deuter ium lamp f i t t e d  w i t h  

forced  a i r  convec t ton  cool ing.  A Corion ( H o l l i s t o n ,  U.S.A.) 

210 nn i n t e r f e r e n c e  f i l t e r  was used f o r  e x c i t a t i o n  and a Varian 

325 nm band f i l t e r  f o r  emission.  Detec tor  responses  were moni- 

t o r e d  on a Spectra-Physics  4270 i n t e g r a t o r .  Eluant  mixtures  were 

de-gassed and punped i s o c r a t i c a l l y  a t  t h e  s t a t e d  flow r a t e s .  

.4 Shimadzu RF-540 s p e c t r o f  l u o r i m e t e r  was used t o  measure t h e  

r e l a t i v e  f luorescence  of a-T i n  var ious  e l u a n t s .  

RESULTS AND DISCUSSIX 

Most exper imenta l  uork was c a r r i e d  o u t  on t h e  5 u m  PAC 

column u s i n g  hensne inodif i e d  by t h e  a d d i t t o n  of propan-2-01, 

1,4-dioxan, o r  THF. The e f f e c t  of t h e s e  p o l a r  modi f ie rs  on t h e  

r e t e n t i o n  times fo r  t h e  f o u r  tocophero ls  is shown in Fig. 1. 

Propan-2-01 a t  c o n c e n t r a t i o n s  of 1-2% gave good s e p a r a t i o n  of a-T 

and 6-T with comparat ively s h o r t  r e t e n t i o n  t imes of 2-11 min, but  

E-T a n d  Y-T were less w e l l  resolved.  THF and 1,4-dioxan r e a d i l y  

separa ted  a l l  f o u r  tocophero ls  but h igher  c o n c e n t r a t i o n s  (5-8%) 

of t h e s e  polar  modi f ie rs  were r e q u i r e d  t o  achieve  s i m i l a r  s h o r t  

r e t e n t i o n  times. 
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FIGURE 1. E f f e c t  of  p o l a r  modi f ie rs  i n  hexane e l u a n t  on t h e  
r e t e n t i o n  of  a-, B-, Y-, and &- tocophero ls  on a 5 pm 
PAC column 

Table  1 shows t h e  r e l a t i v e  r e t e n t i o n  times f o r  t h e  13 t o c o l s  

with f o u r  e l u a n t  systems formula ted  on t h e  b a s i s  of Fig.  1. 

Eluant  1 (hexane: propan-2-01, 99.5: 0.5) d i d  not reso lve  any of 

t h e  T-1 peaks. E luant  2 (hexane:1,4-dioxan, 9 4 : 6 )  d i d  not 

reso lve  R-T-1 from 6-T o r  R-T-3 from P-8. 

94:6) resolved a l l  peaks except  t h o s e  f o r  B-T-3 and y-T-1. 

Eluant  4 (hexane:THF:1,4-dioxan, 94:3:3) gave a s l i g h t l y  b e t t e r  

r e s o l u t i o n .  However, t h e  b e s t  e l u a n t  s y s t e m  in p r a c t i c e  w i l l  

depend upon t h e  r e l a t i v e  amounts of those  t o c o l s  of i n t e r e s t  t o  

t h e  a n a l y s t .  

Eluant  3 (hexene:THF, 
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SEPARATION OF TOCOB 711 

Table 1. HPLC Retent ion  T i m e s  f o r  Tocols ,  R e l a t i v e  t o  a-T, w i t h  
Various E l u a n t s  on a P a r t i s i l  PXS 5 /25  PAC Column. 

*Eluant 

Tocol  1 2 3 4 

a-T 1.00 1.00 1.00 1.00 
a-T- 1 1.00 1.09 1.09 1.08 
a-T-3 1.14 1.27 1.29 1.24 
B -T 2.37 1.71 1.55 1.60 
B-T-1 2.37 1.91 1.70 1.74 
%-T-3 2.80 2.25 2.05 2.08 
Y -T 2.59 1.91 1.88 1.84 
Y -T- 1 2.59 2.07 2.05 2.00 
Y-T-3 3.06 2.53 2.51 2.42 
6 -T 4.45 2.92 2.69 2.68 
6 -T- 1 4.45 3.23 2.93 2.95 
6-T-3 5.27 3.92 3.67 3.60 
P-8 2.19 2.25 2.19 2.13 
_____ . ___ 

* Eluant  1 hexane:prupan-2-01 (99.5:0.5) 
E luant  2 hexane:1,4-dioxan (94 :6 )  
Eluant  3 hexane:THF (94:6)  
Eluant  4 hexane:THF:l,b-dioxan (94:3:3)  

The r e t e n t i o n  times of t h e  tocomonoenols and t o c o t r i e n o l s  

r e l a t i v e  t o  t h e  corresponding tocophero ls  a r e  a u s e f u l  a i d  i n  t h e  

i d e n t i f i c a t i o n  of i n d i v i d u a l  t o c o l s  (Table  2). These r e l a t i v e  

r e t e n t i o n  times are similar t o  t h o s e  found by Yiiller-Xulot e t  a1 

( 9 )  us ing  a 5 vm Lichrosorb  S i  60 ( s i l i c a )  colunn with 

hexane:e thyl  a c e t a t e  (96.5:3.5) and 11exane:dioxan (96:4) as 

e l u a n t s .  

propan-2-oi a s  p o l a r  modi f ie r  were a l s o  similar t o  t h o s e  r e p o r t e d  

by Miiller-Xulot. 

The r e l a t i v e  p o s i t i o n s  of t h e  8-T and P-8 peaks us ing  

The 5 U r n  PAC column showed a minimum of 9100 t h e o r e t i c a l  

p l a t e s  (wi th  e l u a n t  1) t o  a maximum of 11900 p l a t e s  (wi th  e l u a n t s  

3 and 4) f o r  Y-tocopherol. I n  c o n t r a s t ,  t h e  10 pm PAC column 

shoNed 3000 t h e o r e t i c a l  p l a t e s  (with e l u a n t  1 )  and correspond-  

i n g l y  poorer  peak r e s o l u t i o n  : t h e  t o c o t r i e n o l s ,  but not  t h e  

tocononoenols ,  were resolved from t h e  cor responding  tocophero ls .  
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712 W E L L  AND HOOGENBOOM 

Table 2. HPLC Retent ion  Times f o r  Tocomonoenols and T o c o t r i e n o l s ,  
R e l a t i v e  t o  t h e  Corresponding Tocopherol ,  with Various 
Eluants .  

*Eluant 
Tocol 1 2 3 4 

a-T- 1 
B -T- 1 
Y-T-1 
6-"-1 
a-T-3 
6-T-3 
y-T-3 
6-T-3 

** 
** 
** 
** 
1.14 
1.18 
1.19 
1.19 

1.09 
1.12 
1.08 
1.09 
1.27 
1.32 
1.33 
1.36 

1.09 
1.10 
1.09 
1.10 
1.29 
1.33 
1.34 
1.37 

1.08 
1.09 
1.08 
1.10 
1.23 
1.28 
1.30 
1.30 

* See Table  1 
** Not reso lved  from corresponding tocophero l  on chromatogram 

The 10 urn PAC column has b w n  roir t inely used with 

hexane:propan-Z-ol ( 9 9 ~ 1 )  a s  e l u a n t  f o r  t h e  d e t e r m i n a t i o n  of a-T 

i n  1500 b i o l o g i c a l  sanples and animal f e e d i n g s t u f f s  over an 18 

month period. During t h i s  time t h e  column e f f i c i e n c y  f e l l  from 

3000 t o  2300 t h e o r e t i c a l  p l a t e s  and t h e  a-T peak g r a d u a l l y  became 

p o s i t i v e l y  skewed, presumably a s  a r e s u l t  of i n l e t  bed problems 

(10). Column d e t e r i o r a t i o n  was delayed by washing w i t h  

propan-2-01 a f t e r  each ba tch  of analyses .  

used f o r  d e t a i l e d  a n a l y s i s  of o i l s  for t h e  v a r i o u s  t o c o l s ,  was 

washed with t h e  same s o l v e n t  a s  t h a t  used as p o l a r  m o d i f i e r  i n  

t h e  e luant .  When not  in use,  t h e  PAC column should  p r e f e r a b l y  be 

s t o r e d  in hexane and t i g h t l y  capped. 

The 5 pm PAC column, 

The use of polar-modif ied hexane a s  e l u a n t  f a c i l i t a t e d  t h e  

d i r e c t  HPLC a n a l y s i s  of seed o i l s  a s  a 1% s o l u t i o n  i n  hexane 

(Fig. 2). T h i s  d i r e c t  a n a l y s i s  of unsaponi f ied  o i l s  avoids  t h e  

d e s t r u c t i o n  of t o c o t r i e n o l s  t h a t  h a s  been repor ted  by o t h e r  

workers (11). 

t a i n e d  with no d e t e c t a b l e  peak broadening when compared wi th  

Using 20 u l  i n j e c t i o n s ,  peak s y m m e t r y  was main- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
4
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF TOCOLS 713 
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FIGURE 2. HPLC chromatograms of seed oils, as 1% solutions in 
hexane ,  on 5 urn P.4C column u s i n g  hexane:THF ( 9 4 : 6 )  
as eluant. 
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714 W E L L  AND HOOCENBOOM 

Table 3. P r e c i s i o n  Data f o r  6 R e p l i c a t e  I n j e c t i o n s  of Seed O i l  
i n  Hexane. 

R e  t e n t  ion time Peak Area 
Tocol i min * S.D. 'Y.c.v. F u n i t s  f S.D. %c.v. 

a-T 
a-T-1 
a-T-3 
B -T 
B-T-3 
Y -T 
y-T-3 
6 -T 
6 -T-3 

5.11 
6.00 
6.98 
8.13 

10.41 
9.78 

12.18 
13.53 
11.86 

0.04 0.7 
0.04 0.8 
0.05 0.7 
0.06 0.7 
0.08 0.8 
0.01 0.7 
0.09 0.7 
0.08 0.6 
0.11 0.6 

14228 
495 

1052 
5817 

841 
9645 
1908 
3092 

331 

241 1.1 
20 4.0 
60 5.1 

121 2.1 
35 4.2 

101 1.1 
45 2.3 
52 1.7 
92 21.9 

i n j e c t i o n s  of hexane e x t r a c t s  of s a p o n i f i e d  o i l s .  The r rproduci -  

b i l i t y  w i t h  r e p l i c a t e  i n j e c t i o n s  of a 1% s o l u t i o n  of wheat 

germ:palm:castor o i l s  (2:2:1) i n  hexane is  shown in Table  3. 

Table 4 sheds t h e  approximate t o c o l  c o n t e n t s  of t!ie s i x  seed  

o i l s  analysed u s i n g  hexnne:THF (94:6) as  e l u a n t  a t  a f l o u  rAte of 

2 ml/min. 

f luorescence  y i e l d  f o r  a l l  t o c o l s  : acci t ra te  de te rmina t ions  were 

impossible  without  t h e  r e q u i r e d  t o c o l  s tandards .  The l a r g e  d t f -  

f e r e n - e s  b2tween o i l s  i n  both t h e  p r o p o r t i o n s  of t h e  t o c o l s  and 

t h e  t o t a l  t o c o l  c o n t e n t s  have been noted,  t o  v a r i o u s  e x t e n t s ,  by 

previous workers. With t h e  maize o i l  (Fig. 2 )  t h e  peaks w i t h  

r e t e n t i o n  times i n t e r m e d i a t e  between those  for y-T and y-T-3, and 

between those  f o r  6-T and 6-T-3 were t e n t a t i v e l y  i d e n t t f i e d  a s  

t h e  tocodienols  Y-T-2 and 6-T-2. Thei r  r e t e n t i o n  times r e l a t i v e  

t o  Y-T and 6-T were 1.20 and 1.18, r e s p e c t i v e l y .  Apart from a 

personal  conmunication c i t e d  in a paper by T h r e l f a l l  and 

Whistance (12) t h e r e  appear  t o  be no publ i shed  r e p o r t s  on t h e  

occurrence of tocodienols  i n  o i l s .  The peaks with r e t e n t i o n  

times longer  than 6-T-3 i n  t h e  maize and l i n s e e d  o i l s  (Fig. 2 )  

could not  be i d e n t i f i e d .  

The t o c o l  va lues  iJere ca lc i i la ted  u s t n g  t h e  a-T 
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SEPARATION OF TOOLS 

Table 4. Approximate Tocol  Content* of six Seed Oils. 

Tocol 

a -T 
a-T- 1 
a-T-3 
B -T 
8-T-1 
8 -T-3/y-T-l 
Y -T 
Y-T-2 ( ? ) * * 
Y-T-3 
6 -T 
6-T-1 
6-T-2(?)** 
6-T-3 
P-3 

T o t a l  t ocol  
(mg/kg) 

Tocol ,  a s  % of t o t a l  tocol i n  o i l  
Maize P a l m  Wheat Germ Soybean Cas tor  Linseed 

13 
0.1 
0.6 
0.9 - 
- 

66 
13 
0.8 
2.3 

1.4 

2.3 

- 
- 

18 

21 
3.5 

- 
- 

2.2 - 
- 

47 - 
- 
- 

6.7 
2.0 

44 
0.3 
0.5 

0.2 
2.2 

0.8 
0.3 
5.0 

trace 

18 

27 

- 
- 

1.5 

- - - 
2.0 

t r a c e  
36 

- 

- 
- 

62 
t r a c e  - 

- 
1600 730 5600 1800 810 830 

715 

. -  . . ___ 

* Ca1c:ilated us ing  t h e  sane  f l u o r e s c e n c e  y i e l d  as a-T f o r  a i l  

** T e n t a t i v e l y  i j e n t i f l e d  as  tocodienols .  
o t h e r  tocols .  

P a r i i s i l  PAC i s  a moderately p o l a r  m a t e r i a l  in which cyano 

and amino groups, i n  a r a t i o  of 1 :2 ,  a r e  bonded t o  t h e  s u r f a c e  

hydroxyls  of s i l ica .  The cyano groups s e l e c t i v e l y  r e a c t  w i t h  

compounds having double  bonds w h i l e  t h e  amino groups a r e  q u a t e r -  

n i sed  when used wi th  a p o l a r  o r g a n i c  e l u a n t  s o  impar t ing  weak 

an ion  exchange p r o p e r t i e s  to t h e  column (13,141. 

modified e l u a n t  systems used in t h e  p r e s e n t  s tudy ,  t h e  amino 

groups appeared t o  be in t h e  q u a t e r n i s e d  form s i n c e  a 0.1M NH40H 

wash increased  r e t e n t i o n  times and markedly broadened peaks whi le  

a wash d i t h  THF:formic a c i d  (99: l )  had no e f f e c t  on t h e  t o c o l  

s e p a r a t i o n  c h a r a c t e r i s t i c s .  I n c o r p o r a t i o n  of 0.01% formic  a c i d  

i n  the  e l u a n t  gave s l i g h t l y  s h a r p e r  peaks and s l i g h t l y  s h o r t e r  

r e t e n t i o n  times ht t h i s  system was not  adopted as a r o u t i n e  

because of u n c e r t a i n t y  about i t s  e f f e c t  on long term column 

s t a b i  l l t y .  

With the p o l a r  
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716 W E L L  AND HOOCENBOOM 

On a p o l a r  s t a t i o n a r y  phase, where s e p a r a t i o n  i s  p r i n c i p a l l y  

by a d s o r p t i o n  processes ,  s o l u t e  r e t e n t i o n  i n c r e a s e s  w i t h  t h e  

number and p o l a r i t y  of t h e  f u n c t i o n a l  groups,  and a l s o  wi th  t h e  

molecular  s i z e  (15). 

i n d i v i d u a l  t o c o l s  on t h e  PAC column is presumably s te r ic  

h indrance  of t h e  phenol ic  OH group by the methyl  s u b s t i t u e n t s  on 

t h e  phenol ic  r ing.  The i n c r e a s e d  r e t e n t i o n  times f o r  t h e  toco- 

monoenols and t o c o t r i e n o l s  r e l a t i v e  t o  t h e  cor responding  

tocophero ls  are a t t r i b u t e d  t o  s e l e c t i v e  r e a c t i o n  w i t h  t h e  cyano 

groups on t h e  column. The combined e f f e c t  of t h e  amino and cyano 

groups appears  t o  make t h e  PAC column i d e a l  f o r  t h e  s e p a r a t i o n  of 

t o c o l s .  

The main f a c t o r  a f f e c t i n g  t h e  r e t e n t i o n  of 

The low n a t u r a l l y  o c c u r r i n g  l e v e l s  of some t o c o l s  necess i -  

t a t e s  the  use  of f luorescence  f o r  d e t e c t i o n .  The f l u o r e s c e n c e  

i n t e n s i t y  was maximised by us ing  e x c i t a t i o n  a t  210 nm r a t h e r  than 

292 nm, t h e  absorbance maximum f o r  a-T (7). The r e l a t i v e  quantum 

y i e l d s  f o r  a-T a t  210 nm i n  e l u a n t s  1, 2, 3 and 4 were 1.0, 2.7,  

3.4 and 2.7, r e s p e c t i v e l y .  O v e r a l l ,  hexane:THF (94:6)  uas  there-  

f o r e  t h e  b e s t  e l u a n t  s i n c e  i t  gave good s e p a r a t i o n  of t o c o l s  and 

t h e  h i g h e s t  s e n s i t i v i t y .  The d e t e c t i o n  li'lit (S/?z=3) fo r  a-T 

using t h i s  e l t iant  was 1 ng. 
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