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ABSTRACT 

The f o u r  n a t u r a l  t ocophero l s  were separated u s i n g  a u-Bondapak- 
NH2 column. For  t h e  a n a l y s i s  o f  b r a i n  tocophero l s  5,7-dimethyl- 
t o c o l  was used as an i n t e r n a l  standard. a-Tocopherylquinone and 
o t h e r  tocophero l s  than a- tocophero l  were n o t  detected.  Rat c e r e b r a l  
c o r t e x  and ce rebe l l um con ta ined  19.3 pmo l jg  and 11.2 pmo l jg  o f  
a - tocophero l ,  r e s p e c t i v e l y .  
reversed-phase column proved l e s s  s u i t a b l e .  

A chromatographic system w i t h  a 

INTRODUCTION 

Enhanced l i p i d  p e r o x i d a t i o n  has been i m p l i c a t e d  as amechanism 

i n  va r io i i s  types o f  t i s s u e  damage, e . g .  d u r i n g  incomplete ischemia 

i n  b r a i n  ( 1 ) .  
d u r i n g  i n  v i t r o  i n c u b a t i o n  has been c h a r a c t e r i z e d  i n  t h i s  l abo ra -  

t o r y  (2,  3) .  

remains unc lear .  

and s e n s i t i v e  a n a l y t i c a l  methods f o r  s t u d i e s  o f  b r a i n  tocophero l  

l e v e l s  and metabolism. Methods i n v o l v i n g  t h i n - l a y e r  chromato- 

graphy and gas chromatography a r e  o f t e n  l a b o r i o u s ,  and tocophero l s  
a r e  v e r y  s u s c e p t i b l e  t o  o x i d a t i o n  i f  seve ra l  s teps o f  p u r i f i c a t i o n  

a r e  i nvo l ved .  

The p e r o x i d a t i v e  damage o f  b r a i n  membrane l i p i d s  

So f a r  t h e  r o l e  o f  t ocophero l  i n  these processes 

To some e x t e n t ,  t h i s  i s  due t o  t h e  l a c k  o f  r a p i d  

High performance l i q u i d  chromatography (HPLC) i s  
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110 WESTERBERG, FRIBERG, AND AKESSON 

b e t t e r  s u i t e d  t o  tocophero l  a n a l y s i s ,  e s p e c i a l l y  s i n c e  i t  employs 

s p e c i f i c  d e t e c t i o n  methods and t h e  exposure o f  t ocophero l s  t o  a i r  

can be minimized. 

Methods f o r  t h e  separa t i on  o f  a- tocophero l  f rom serum o r  

animal feed by reversed phase HPLC have p r e v i o u s l y  been r e p o r t e d  

(4, 5, 6). Chromatography o f  o t h e r  tocophero l s  have n o t  been 

descr ibed except f o r  t h e  comig ra t i on  o f  8- and y - tocophero l  (4) .  
Wi th  C o r a s i l  columns ins tead ,  a l l  f o u r  tocophero l s  have been r e -  

so l ved  (7, 8, 9)  and a l s o  t h e  f o u r  t o c o t r i e n o l s  (8) .  The o b j e c t i v e  

o f  t h e  p resen t  i n v e s t i g a t i o n  was t o  compare d i f f e r e n t  HPLC proce- 

dures f o r  t h e  separa t i on  o f  b r a i n  tocophero l s  and t h e i r  metabol i tes 

such as a-tocopherylquinone. 

EXPERIMENTAL 

Apparatus 

system (Model U6K i n j e c t o r ,  6000A s o l v e n t  d e l i v e r y  system, 440 UV 

absorbance d e t e c t o r )  was used. 

254 nm and 280 nm. 

Waters Associates h i g h  performance l i q u i d  chromatography 

The absorbance was measured a t  

Column Packing M a t e r i a l s  

Duren, West Germany, a r t .  n r .  71215) w i t h  a mean p a r t i c l e  d iameter  

o f  10 ym. 

p a r t i c l e  s i z e  o f  10 my y-Bondapak-NH, (84040 Water assoc ia tes ,  

M i l f o r d ,  USA)  was a l s o  used. 

The packing m a t e r i a l  was N u c l e o s i l  10 C18 (Macherey-Nagel & C o y  

A prepacked bonded amine phase column, w i t h  a mean 

Column Tubings and F i t t i n g s  

o f  316 s t a i n l e s s  s t e e l  t ub ing .  The i n t e r n a l  d iameter  was 5.0 mm. 
I t  was equipped w i t h  Parke r -Hann i f i n  compression f i t t i n g s .  

s t a i n l e s s  s t e e l  mesh d i s c s  were p laced  a t  b o t h  ends o f  t h e  column 

( p a r t  no. 206, hetp,  Sutton, England). The u-Bondapak-NH2 column 

had t h e  dimensions 300 x 4 mm I.D. i n  s t a i n l e s s  s t e e l .  

The N u c l e o s i l  column c o n s i s t e d  o f  6.4 mm O.D. x 200 mm l e n g t h  

T h i n  

The l o o p  
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ASSAY OF BRAIN TOCOPHEROLS 111 

i n j e c t o r  and d e t e c t o r  were connected t o  t h e  column v i a  1/16” O.D. 

(0.23 mm I.D.)  s t a i n l e s s  s t e e l  t u b i n g .  

Column Packing Technique 

techn ique  (10) .  The N u c l e o s i l  10 C18 m a t e r i a l  was s l u r r i e d  i n  

c h l o r o f o r m  and packed w i t h  acetone. 

The column was packed acco rd ing  t o  t h e  upward s l u r r y  pack ing  

Chemicals 

s o l v g 1 2 ~ .  
Chemicals (Wal kersbrum, Peeblesshi re ,  Sco t land )  , methanol , p.a. , 
from May ti Baker (Dagenham, England) and e thano l  , spec t rog raph ic  

grade, f rom Svensk S p r i t  AB (Sweden). 

was used. 

I g c q h e r g l s .  
West Germany), 5 ,7-d imethy l tocol  f rom Koch-L ight  (Colnbrook, UK) 

and o t h e r  tocophero l s  and a- tocophero l  a c e t a t e  f rom Hoffman-LaRoche 

(Basel, Sw i t ze r land ) .  

a - tocophero l  acco rd ing  t o  N a i r  and Machiz (11) .  

llgagentz. 
West Germany) and tetra-n-butylammonium-hydroxide f r o m  BDH Chemicals 

L t d  (Poole, England). 

n-Hexane, HPLC-grade, was ob ta ined  f rom Rathburn 

G l a s s - d i s t i l l e d  w a t e r  

a-Tocopherol was ob ta ined  f rom Merck (Darmstadt , 

a-Tocopherylquinone was prepared f r o m  

L(+)-Ascorb ic  a c i d ,  p.a. , was f r o m  Merck (Darmstadt, 

Procedure 

Animals. --_---- 
(Astra-Ewos, Sweden) c o n t a i n i n g  40 mg v i t a m i n  E/kg acco rd ing  t o  

t h e  manufacturer .  

l i q u i d  n i t r o g e n .  

i r r i g a t i o n  w i t h  l i q u i d  n i t r o g e n  and s t o r e d  a t  -8OOC u n t i l  e x t r a c -  

t i o n .  

Extractlon-erocgdures. 
(12) was used. 

10 m l  homogenizer t u b e  w i t h  a m i x t u r e  o f  1 m l  10 X aqueous s o l u t i o n  

of a s c o r b i c  ac id ,  1 ml e thano l  and 2 m l  hexane. 5 ,7-Dimethy l tocol  

Male W i s t a r  r a t s  were f e d  a commercial p e l l e t  d i e t  

Rats weighing 275-350 g were d e c a p i t a t e d  i n t o  

The b r a i n s  were c h i s e l l e d  o u t  d u r i n g  i n t e r m i t t e n t  

A m o d i f i c a t i o n  o f  a pub l i shed  procedure 

About 100 mg o f  t h e  b r a i n  sample was p u t  i n t o  a 
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112 WESTERBERG, FRIBERG, AND AKESSON 

was added as an i n t e r n a l  s tandard (2.27 pg/sample). The m i x t u r e  

was homogenized f o r  3 min w i t h  a k n i f e  homogenizer (MSE 431) a t  

t h e  h i g h e s t  speed. 

fuge tube  and was c e n t r i f u g e d  a t  +4OC f o r  10 min a t  10 000 rpm. 

The hexane phase was t r a n s f e r r e d  t o  a t e s t  t ube  and was kep t  on 

i c e  u n t i l  analyzed. A l t e r n a t i v e l y ,  t h e  sample c o u l d  be s t o r e d  

under n i t r o g e n  a t  -2OOC f o r  a t  l e a s t  two weeks w i t h o u t  loss o f  

a- tocophero l .  F i f t y  p1 o f  t h e  sample was i n j e c t e d  i n t o  t h e  chroma- 

tograph when t h e  s t r a i g h t  phase column was used. When t h e  reversed 

phase column was used t h e  e x t r a c t  was taken  t o  dryness under n i t r o -  

gen and t h e  r e s i d u e  was d i s s o l v e d  i n  methanol. 

Chrornatograehlr-co~~lt~~~~. 
performed a t  ambient temperature (approx. 2 0 O C ) .  The nonpo la r  C18- 

column was used w i t h  methanol/water, 98:2, as m o b i l e  phase. I n  some 

experiments tetra-n-butylammoniumhydroxide (0.25 mM, pH 7.8) was 

added t o  t h e  mob i l e  phase. 

c o n t a i n i n g  0.8 % e thanol  as m o b i l e  phase. 

phase system was 2.0 ml/min and i n  t h e  s t r a i g h t  phase system 

1.0 ml/min. 

The s o l u t i o n  was t r a n s f e r r e d  t o  a 15 m l c e n t r i -  

A1 1 chromatographic exper iments were 

The NHa-column was used w i t h  n-hexane 

The f l o w  i n  t h e r e v e r s e d  

RESULTS AND D I S C U S S I O N  

The Reversed Phase System ( N u c l e o s i l  1 0  C18) 

phero l  and &- tocophero l  was ob ta ined  (F ig .  1 )  i n  agreement w i t h  

p rev ious  work (4,  6 ) .  The separa t i on  was improved i f  t e t r a - n -  

butylammoniumhydroxide was added t o  t h e  methanol /water  mob i l e  

phase, b u t  changes i n  t h e  methanol /water  p r o p o r t i o n s  o r  i n  t h e  

amount o f  qua r tena ry  amine d i d  n o t  g i v e  s e p a r a t i o n  o f  6- and y- 

t ocophero l .  

substances i n  b r a i n  e x t r a c t s  m ig ra ted  c l o s e  t o  a- tocophero l .  T h i s  
probably  exp la ined  t h e  h i g h e r  a- tocophero l  c o n t e n t  measured f o r  

r a t  b r a i n  us ing  a nonpolar  C18-column compared t o  t h e  r e s u l t s  

ob ta ined  u s i n g  a p o l a r  NH,-column (Table 1) .  

I n  t h i s  system separa t i on  between a- tocophero l ,  B- + y- toco-  

Another disadvantage w i t h  t h i s  system was t h a t  UV-absorbing 

Furthermore, t h e  
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ASSAY OF BRAIN TOCOPHEROLS 113 

0.02 AU I 

/ 

0 5 10 Time 
(min.) 

FIGURE 1 .  
system. Nucleosil 1 0  C18 w i t h  methano1:water (98:2) a s  mobile 
phase. The flow r a t e  was 2.0 ml/min. A i s  the  absorption curve 
a t  280 n m  and B i s  the  curve a t  254 nm f o r  the  same sample. 
The peaks a re :  1 ,  6-tocopherol; 2 ,  8- + y-tocopherol; 3, a-toco- 
pherol; 4 ,  a-tocopherolacetate. 

Separation of tocopherols using the  reversed phase 

AU, absorbance un i t s .  

TABLE 1 

Concentration of a-Tocopherol i n  Rat Brain Determined by HPLC. 
Data a r e  expressed as pg/g wet t i s s u e  and a re  means ?r S.E. 

S t  ra i  gh t Reversed 
phase system phase system 

Cerebral cortex 19.3 f 0.9 (n=9) 23.2 f 0.6 (n=3)  
Cerebell um 1 1 . 2  ? 0.3 (n=4) - 
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114 WESTERBERG, FRIBERG, AND AKESSON 

redissolving of the brain l i p i d s  in the  mobile phase p r io r  t o  
chromatography was incomplete. 
therefore not recommended. 

This chromatographic system i s  

The St ra ight  Phase System (u-Bondapak-NHJ 

pherols has mainly been performed w i t h  s i l i c a  columns e . g .  Corasil.  
Chemically bonded polar phases have not been much used. Therefore, 
a column w i t h  a chemically bonded primary amine was t r i e d  (Fig. 2 ) .  
All four tocopherols were resolved and in addition 5,7-dimethyl- 
tocol and a-tocopheryl qui none could be separated from a- tocopherol. 
The degree of separation of d i f f e ren t  tocopherols obtained w i t h  
u-Bondapak-NH2 (Fig.  2 )  was equal o r  super ior  t o  t h a t  previously 
reported f o r  Corasil (7-91. a-Tocotrienol was, however, incomplete 

Apart from reversed phase pa r t i t i on  systems, HPLC of toco- 

!I 

r .  . , . . . . . . . . * . . . . . . . iorTme 
5 10 15 

(min.) 
0 

FIGURE 2.  
system, y-Bondapak-NH, w i t h  hexane : ethanol (99.2:0.8) was mobile 
phase. The flow r a t e  was 1.0 ml/min. A i s  the absorption curve 
a t  280 nm and B i s  the curve a t  254 nm f o r  the same sample. The 
peaks are:  1 ,  a-tocopherolacetate; 2 ,  a-tocopherol ; 3 ,  a - t O C O -  
pherylquinone; 4 ,  8-tocopherol ; 5, y-tocopherol ; 6 ,  6-tocopherol. 

Separation of tocopherols using the s t r a i g h t  phase 
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ASSAY OF BRAIN TOCOPHEROLS 115 

l y  resolved from a-tocopherol. 
t oco l  was c lose  t o  t h a t  o f  a-tocopherol.  
number o f  methyl groups adjacent t o  the  6-hydroxyl group i s  impor- 
t a n t  f o r  the  separation. 

The e f f e c t  o f  varying the  propor t ion  o f  ethanol i n  the  mobile 

phase was studied (Fig. 3 ) .  
5,7-dimethyl toco l  and a-tocopherylquinone were best resolved, bu t  

The re ten t i on  t ime o f  5,7-dimethyl- 
This ind ica tes  t h a t  the 

A t  lower ethanol concentrat ions 

0.5 1:o 1.k % EtOH 
in hexane 

FIGURE 3. 
the amount o f  ethanol i n  the mobi le phase i n  the  s t r a i g h t  phase 
system. 
toco l  ; 4, a-tocopheryl qui none; 5, 6-tocopherol ; 6 , y-tocopherol ; 
7 , &-tocopherol. 

The capaci ty f a c t o r  k '  f o r  tocopherols as a func t i on  o f  

1 ,  a-Tocopherolacetate; 2 ,  a-tocopherol; 3, 5,7-dimethyl- 
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116 WESTERBERG, FRIBERG, AND AKESSON 

under these conditions a d i s t u r b i n g  peak broadening of a-tocopherol 
occurred, and therefore  hexane:ethanol (99.2:0.8) was routinely 
used as mobile phase. 
cerebral cortex in  t h i s  system i s  shown in Fig. 4.  Other toco- 
pherols t h a n  a-tocopherol were not detected.  

A typical ana lys i s  of an ex t r ac t  from rat 

Quan t i t a t ive  Analysis 

tocol or  a-tocopherolacetate were added a s  in te rna l  standards 
during the  ex t rac t ion .  
by chromatography of equal volumes of reference so lu t ions  contain- 
ing ident ica l  amounts of 5,7-dimethyltocol and d i f f e r e n t  amounts 

For the  determination o f  a-tocopherol i n  b ra in ,  5,7-dimethyl- 

The l i n e a r i t y  of t h e  ana lys i s  was checked 

n 

AU 

FIGURE 4. 
For conditions see  Fig. 2. The peaks a re :  1 ,  a-tocopherol; 
2 ,  5,7-Dimethyltocol ( in te rna l  standard).  

A chromatogram o f  an ex t r ac t  from r a t  cerebral  cortex.  
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ASSAY OF BRAIN TOCOPHEROLS 117 

of a-tocopherol (Fig.  5 ) .  Peaks were quant i ta ted  by peak height 
measurement and the  standard curve was used f o r  the  quant i ta t ion  
of tocopherol in brain ex t r ac t s .  A s imi l a r  curve was obtained 
using a-tocopherolacetate as in te rna l  standard. 5,7-Dimethyl- 
tocol was the  most su i t ab le  in te rna l  standard. I t  i s  chemically 
s imi l a r  t o ,  and migrates c lose  t o  a-tocopherol. However, i t  i s  
d i f f i c u l t  t o  acquire,  and  i t  i s  badly resolved from a-tocopheryl- 
quinone. 
fered with the  quant i ta t ion  of a-tocopherolacetate,  this substance 
could not be used as in te rna l  standard. However, i t  may be a 
convenient in te rna l  standard i f  a f luorescence-detector i s  used. 

Since UV-absorbing substances in brain e x t r a c t s  i n t e r -  

h(x TOC 

h5.7dMT 

FIGURE 5 .  
with 5,7-dimethyltocol as in te rna l  standard. The reference 
so lu t ions  contained 2.27 pg 5,7-dimethyltocol and 0.13-2.50 pg 
a-tocopherol per ml of hexane. For chromatographic conditions 
see  Fig. 2.  Vertical  ax i s ,  r a t i o  o f  peak heights;  horizontal  axis,  
mass r a t i o s .  

Standard curve used f o r  quant i ta t ion  of a-tocopherol 
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118 WESTERBERG, FRIBERG, AND AKESSON 

Accuracy 

l i s h e d  as f o l l o w s .  The k ' - v a l u e  o f  s tandard  a- tocophero l  was 

equal t o  t h a t  i n  b r a i n  e x t r a c t s .  a-Tocopherol added t o  b r a i n  

e x t r a c t s  comigrated w i t h  t h e  endogenous a - tocophero l  and i t  was 

a l s o  q u a n t i t a t i v e l y  recovered (Table 2 ) .  The a b s o r p t i o n  o f  t h e  

e l u e n t  was r o u t i n e l y  measured a t  b o t h  280 and 254 nm. 

A 2 B O / A 2 5 4  was 5.11 k 0.06 (mean -t S.E., n=8)  f o r  s tandard  a- toco-  

phero l  and 5.12 t- 0.18 (n=14) f o r  b r a i n  a - tocophero l .  

B r a i n  e x t r a c t s  were r o u t i n e l y  analyzed t w i c e  and t h e  c o e f f i -  

c i e n t  o f  va r iance  f o r  d u p l i c a t e  a n a l y s i s  o f  a- tocophero l  was 2.3 % 

(n=18). When d u p l i c a t e  samples of c o r t e x  f rom t h e  same b r a i n  were 

analyzed, t h e  c o e f f i c i e n t  o f  v a r i a n c e  was 10.7 % (n=10). One 

sample, analyzed s i x  t imes, had a r a t i o  o f  a-tocopherol/5,7-dimethyl- 
t o c o l  o f  1.19 i 0.006 (mean rt- S.E.). 

The i d e n t i t y  o f  a- tocophero l  i n  b r a i n  e x t r a c t s  was estab-  

The r a t i o  

B r a i n  Tocopherol Concen t ra t i on  

As mentioned above a n a l y s i s  i n  t h e  r e v e r s e  phase system gave 

somewhat h i g h e r  va lues.  

than c e r e b r a l  c o r t e x ,  which agrees w i t h  t h e  r e c e n t  r e p o r t  o f  

Vatassery and Younoszai (13). Our va lues a r e  h ighe r ,  which proba- 

Rat c e r e b r a l  c o r t e x  and ce rebe l l um were analyzed (Tab le  1 ) .  

Cerebellum con ta ined  l e s s  a - tocophero l  

TABLE 2 

Recovery o f  a-Tocopherol Added t o  E x t r a c t i o n  M i x t u r e s  i n  t h e  
Presence o r  Absence o f  B r a i n  T i ssue  

Data a r e  expressed as mean t S.E. 

B r a i n  Amount o f  added Increment  i n  a- toco-  
Expt p resen t  a- tocophero l  (pg) phero l  amount (us) 

I + 1.17 1.18 * 0.02 (n=4) 
I1 - 2.34 2.33 * 0.05 (n=4) 
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b l y  i s  due t o  d i f f e r e n c e s  i n  r a t  d i e t s .  

e l u c i d a t e d  s i n c e  da ta  on d i e t a r y  v i t a m i n  E was n o t  g i v e n  i n  t h e  

c i t e d  r e p o r t  (13). 

I n  s t u d i e s  on a- tocophero l  metabolism i t  i s  necessary t o  

d e t e c t  d i f f e r e n t  m e t a b o l i t e s .  

r a t e d  f rom a- tocophero l  i n  t h e  s t r a i g h t  phase system and some 

o t h e r  o x i d a t i o n  products ,  p robab ly  dimers, c o u l d  a l s o  b e  reso lved .  

a-Tocopheryl quinone was b a d l y  r e s o l v e d  f rom 5,7-dimethyl t o c o l  

b u t  occurrence o f  a- tocophery lqu inone i n  b r a i n  e x t r a c t s  would 

e a s i l y  have been de tec ted  s i n c e  t h e  

tween t h e  two compounds. 5 ,7-Dis ie thy l tocol  had a A280 /A25 t ,  r a t i o  

o f  6.5 w h i l e  t h e  r a t i o  f o r  a- tocophery lqu inone was 0.3. 
have n o t  de tec ted  any o x i d a t i o n  products  i n  b r a i n  e x t r a c t s .  

I t  i s  p o s s i b l e  t h a t  t h e  NHn-groups on t h e  column c o u l d  fo rm 

s t a b l e  S h i f f s  bases wi th  t h e  ca rbony l  group i n  t h e  quinone, g i v i n g  

a f a l s e  l ow  va lue  f o r  a- tocophery lqu inone i n  t h e  b r a i n  e x t r a c t s .  

I n  o r d e r  t o  i n v e s t i g a t e  t h a t ,  a column w i th  a bonded n i t r i l e  group 

( N u c l e o s i l ,  5 CN, Macherey-Nagel & Co., Duren, West Germany, a r t .  

n r .  71216) was used. There were no s igns  o f  a quinone peak i n  t h e  

b r a i n  e x t r a c t s  w i t h  t h i s  column e i t h e r .  

These data i n d i c a t e  t h a t  t h e  s t r a i g h t  phase system (u-Bondapak- 

NH2) was s u p e r i o r  t o  t h e  reve rsed  phase system f o r  t h e  s e p a r a t i o n  o f  
tocophero l  and r e l a t e d  substances. Another  advan tageo f  t h e  fo rmer  

system i s  t h a t  t h e  e x t r a c t  can be i n j e c t e d  on to  t h e  c o l u m n d i r e c t l y  

w i t h o u t  evapora t i on .  

I n  summary, t h i s  r e p o r t  desc r ibes  a r a p i d ,  s e n s i t i v e  techn ique  

f o r  t h e  a n a l y s i s  o f  b r a i n  tocophero ls .  

pared t o  p rev ious  s t u d i e s  a r e  t h e  r a p i d  f r e e z i n g  o f  t i s s u e  i n  

l i q u i d  n i t r o g e n ,  m i n i m i z i n g  pos tmor ta l  changes, t h e  use o f  d i f f e r -  

e n t  i n t e r n a l  standards, and t h e  h i g h  chromatographic r e s o l u t i o n .  

T h i s  p o i n t  remains t o  be 

a-Tocopherylquinone c o u l d  be sepa- 

r a t i o  d i f f e r e d  be- 

So f a r  we 

The main advantages com- 
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