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ABSTRACT 

A high performance liquid chromatography procedure using an 

internal carotenoid standard, echinenone, is described. The 

method uses a C-18, reverse-phase column, an isocratic solvent 

(acetonitri1e:methylene chloride:methanol, 70:20:10) and requires 

only thirteen minutes. Most human plasmas gave seven distinct 

peaks; six carotenoids are identified. The sum of seven peaks 

is 90 percent or more of the total carotenoids in a total lipid 

extract. 

Copyright 0 1985 by Marcel Dekker, Inc. 
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414 BIERI, BROWN, AND SMITH 

I N P R O D U C T I O N  - 
Recent s p e c u i a t i o n  t h a t  t h e  d i e t a r y  i n t a k e  o f  

c a r o t e n o i d s  may bc a f a c t o r  i n  t h e  p r e v e n t i o n  of human 

cance r  ( 2 , j j  has  s t imu i .n t ed  a renewed i n t e r e s t  i n  

ca roCe i io i J  n u t r i t i o n  and metabol ism.  A s  p a r t  o f  a 

s t u d y  t o  o u t a i n  more d c t a i i e d  i n f o r m a t i o n  on c a r o t e n o i d  

met;ii>oI i sm in  n o r m 1  humans, we have deve loped  a r a p i d ,  

q u a l i t i t a t i v e  a n a l y s i s  o f  plasma c a r o t e n o i d s  based on 

t h e  higii p e r f ~ r n i a n c e  1 i q u i t l  chromatograph ic  (HPLCJ 

sy-;tcm d c s c r i b c d  by N e l l s  and De Leenheer ( 4 ) .  

P r e v i o u s  IIPLC mctilods f o r  b lood  c a r o t e n o i d s  (5,6,7,8, 

9 ,  i 0 )  have q u a i i t  i r ied one t o  t h r e e  compounds ( a -  and 

6 - c a r o t e i i c s  a n d  I ycopcr le ) ,  whereas  t h e  method d e s c r i b e d  

h e r e  a1 so i l e t e r m i ; ~ c s  i i i t c i n  p'lus zeaxai i thin (one p e a k ) ,  

c r y p  t o  x3n t j i  i 11, 2nd ;I p r e v  i ous  1. y iinde s c r  i bed plasma 

c i r . , t c n o i t l .  

u r m I . u  AW SETHODS 
-. ...... - .. .. __ 

i r , s t ru incn t , i t i on  ............. - --- 
The i IFLL s y s t e m  K'RS a Waters  model M-6000A pump and 

rrlodci 4 3 0  : tbsorhancc d e t e c t o r  w i t 1 1  4SG nm f i l t e r ,  s e t  

; i t  . b l  AIJFS, coi~ucct .ed t o  e i t h e r  a Houston I n s t r u m e n t  

Olnniscri ; )c  R c c o r d c r ,  or  n Fiaters  Data Module, model 

7 5 0 .  'I'iie coliimn co i l t a i l l ed  a C - 1 8 ,  5 micron r e v e r s e  

phase  packing 25 cm x 4 . 5  mm (LC18, Supe lco ,  I n c . ,  

B e l % e f o n t e ,  P A J .  The s o l v e n t  was a c e t o n i t r i l e :  
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INDIVIDUAL CAROTENOIDS IN HUMAN PLASMA 475 

methyiene ch1or ide :me thano l  ( 7 0 : 2 0 : 1 0 ,  v / v ,  r e f .  41, 

run a t  1 . 7  ml/min. 

S t a n d a r d i z a t i o n  

C r y s t a l l i n e  c a r o t e n o i d s  used as  s t a n d a r d s  l l l j  

were: a- and 6 - c a r o t e n e s ,  and lycopene  (Sigma Chemical 

CO., S t .  L o u i s ,  M O ) ;  z e a x a n t h i n ,  c r y p t o x a n t h i n  and 

echinenone ( F .  Hoffman-La Roclie and Co., Basel, 

S w i t z e r l a n d ) .  A l i  compounds were es t imated t o  be a t  

l e a s t  95 p e r c e n t  p u r e  from HPLC a n a l y s i s .  S t o c k  

s o l u t i o n s  of c a r o t e n o i d s  were p r e p a r e d  by d i s s o l v i n g  

1 - 3  mg of t h e  compounds i n  2 . 0  m l  o f  hexane,  t h e n  

d i i u t i n g  t o  50 o r  100 m l  w i t h  a b s o l u t e  e t h a n o l .  I f  

some of t h e  c a r o t e n o i d s  came o u t  of  s o l u t i o n  t h e y  were 

f i l t e r e d  th rough  a s i n t e r e d  f u n n e l .  These were d i l u t e d  

f u r t h e r  t o  g i v e  working s t a n d a r d s  i n  t h e  r ange  of  

0 . 4 - 1 . 0  pg/ml e t h a n o l .  These s o l u t i o n s  were s t a b l e  f o r  

a t  l e a s t  t h r e e  months a t  - 2 O O C  when p r o t e c t e d  from 

l i g h t .  C o n c e n t r a t i o n s  were c a l c u l a t e d  from p u b l i s h e d  

a b s o r p t i v i t y  v a l u e s  ( E l  cm 1 i n  hexane o r  e t h a n o l  

( 1 2 , 1 3 )  u s i n g  a Cary model 219 s p e c t r o p h o t o m e t e r .  

A b s o r p t i v i t i e s  i n  hexane g e n e r a l l y  v a r y  from t h o s e  i n  

e t h a n o l  by o n l y  a few p e r c e n t .  Va lues  used and t h e  

wavelength maxima, were: 6 - c a r o t e n e ,  2590 a t  453 nm; 

a - c a r o t e n e ,  2800 a t  4 4 0  nm; l y c o p e n e ,  3450 a t  472  nm; 

c r y p t o x a n t h i n ,  2370 a t  452 nm; z e a x a n t h i n ,  2350 a t  

452  nm. 
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476 BIERI, BROWN, AND SMITH 

Standa rd  c u r v e s  p l o t t i n g  peak h e i g h t  r a t i o s  v s .  

weight r a t i o s ,  u s i n g  echinenone as an i n t e r n a l  

s t a n d a r d ,  were used t o  c a l c u l a t e  r e s p o n s e  f a c t o r s  

conc of compound peak h e i g h t  of s t a n d a r d  

conc of s t a n d a r d  peak h e i g h t  o f  compound 
- -- x -  -- RF = 

Echinenone o c c u r s  i n  s e a  u r c h i n  eggs and a l g a e  (12 ,141  

b u t  i s  n o t  u s u a l l y  found t o  any e x t e n t  i n  t h e  human 

food supp ly .  We c a l c u l a t e d  an a d s o r p t i v l t y  o f  2160 a t  

458-462 nm i n  e t h a n o l  ( l S j .  The r e s p o n s e  f a c t o r s  f o r  

t h e  v a r i o u s  compounds under our c o n d i t i o n s  were: 

z e a x a n t h i n ,  0 .78 ;  unknown peak ,  0 . 8  ( a s sumed) ;  p r e -  

c r y t o x a n t h i n ,  0.85 ( a s sumed) ;  c r y p t o x a n t h i n ,  0 .83 ;  

i ycopene ,  1 . 1 4 ;  a - c a r o t e n e ,  1 . 3 7 ,  and B - c a r o t e n e ,  

1 . 6 4 .  The r e sponse  f a c t o r  f o r  t h e  unknown peak was 

assumed t o  be 0 .8  because  t h e  peak is  p o s i t i o n e d  

between z e a x a n t h i n  and c r y p t o x a n t h i n  ( t h e  f a c t o r s  

i n c r e a s e  w i t h  g r e a t e r  e l u t i o n  t i m e s ) .  Thus,  a f a c t o r  

i n t e r m e d i a t e  t o  z e a x a n t h i n  and c r y p t o x a n t h i n  seemed 

a p p r o p r i a t e .  We used t h e  c r y p t o x a n t h i n  f a c t o r  f o r  t h e  

p r e - c r y p t o x a n t h i n  peak which was on t h e  f r o n t  edge of 

c r y p t o x a n t h i n .  

Procedure 

For t h e  a n a l y s i s  of plasma,  100 p1 plasma was 

p i p e t t e d  i n t o  6 x 50 mm t e s t  t u b e s  f o l l o w e d  by 100 11 

echinenone i n t e r n a l  s t a n d a r d  s o l u t i o n  i n  e t h a n o l  ( c a .  
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INDIVIDUAL CAROTENOIDS IN HUMAN PLASMA 477 

0.2 pg/mlj .  The t u b e  was v o r t e x e d  f o r  20 sec. ,  120 p 1  

hexane was added and t h e  t u b e  mixed v i g o r o u s l y  f o r  40  

sec.  A f t e r  c e n t r i f u g i n g ,  100 p1 of t h e  hexane phase  

was t r a n s f e r r e d  t o  a second 6 x 50 mm t e s t  t u b e .  T h i s  

was p l a c e d  i n  a 15-ml b e a k e r  of w a t e r  a t  60' and t h e  

hexane e v a p o r a t e d  under N2. The l i p i d  was d i s s o l v e d  

by mixing 30 sec.  wi th  1 0 0  v l  of t h e  HPLC s o l v e n t ,  and 

50-90 p 1  were i n j e c t e d  depend ing  on t h e  amount of  

c a r o t e n o i d s  p r e s e n t .  

RESULTS AND DISCUSSION - 

A chromatogram of normal human plasma is  shown i n  

F i g .  1 .  The f i r s t  peak i s  z e a x a n t h i n ,  and i s  assumed 

t o  a l s o  c o n t a i n  t h e  i s o m e r i c  d ihydroxy  c a r o t e n o i d ,  

l u t e i n .  The second major  peak h a s  n o t  been i d e n t i f i e d  

u n e q u i v o c a l l y  ( s e e  be low) .  The t h i r d  major p e a k ,  

c r y p t o x a n t h i n ,  i s  p receded  by a smaller p e a k ,  

d e s i g n a t e d  p r e c r y p t o x a n t h i n .  The f o u r t h  major  peak  is 

lycopene .  A s p a c e  of one minute  between c r y p t o x a n t h i n  

and lycopene ,  w i t h  minimal i n t e r f e r e n c e ,  made i t  

p o s s i b l e  t o  u s e  ech inenone  as a n  i n t e r n a l  s t a n d a r d .  

The l a s t  two d i s t i n c t  p e a k s  are  u- and 6 - c a r o t e n e ,  

r e s p e c t i v e l y .  Minor peaks  appea r  on t h e  back of t h e  

l u t e i n - z e a x a n t h i n  peak ,  and on t h e  f r o n t  of t h e  unknown 

peak.  These p o s s i b l y  may be c i s  i somers  of t h e  
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Figure 1. Representative HPLC chromatogram of normal 
aduit plasma (soiid line;. Peaks are 
desi nated as follows: 1, lutein + zeaxantliin 
(L+Zf; 2 ,  unknown (XI; 3 ,  pre-cryptoxanthin 
(PC); 4 ,  cryptoxanthin (C); 5, lycopene (Lyj; 
6, a-carotene (a-CJ; 7, 6-carotene ( B - C ) .  The 
dotted line indicates the position of the 
internal standard, echinenone. 

respective carotenoids. The small peaks between 

lycopene and a-carotene are also unidentified. The 

major unidentified peak (peak 2 1 ,  has absorption 

maxima in ethanol of 4 4 3  nm and 4 7 0  nm, with a shouider 

at 4 2 0  nm. These are close to the maxima for the 
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INDIVIDUAL CAROTENOIDS IN HUMAN PLASMA 479 

isomeric carotenoids violaxanthin and taraxanthin 

izeaxanthin diepoxide and lutein diepoxide, 

respectively). We tentatively identify the unknown 

peak as either or both of these carotenoids. 

The precision of the method for the same plasma 

analyzed eight times on the same day, or 8 times on 

consecutive days, is shown in Table 1. Recoveries of 

added carotenoids in this type of analysis can be 

misieading, since carotenoids added in a solvent are 

readily extractable in contrast to the lipoprotein- 

bound carotenoids in plasma. We felt that a better 

estimation of the adequacy of extraction would be given 

by comparing the sum of the peaks analyzed, to the 

total carotenoids in a lipid extract as determined 

classically. These data (Table 2 )  indicated that the 

seven peaks analyzed account for more than Y O  percent 

of the total extractable carotenoids in plasma. 

Results in a second laboratory using a Waters Data 

Module were comparable to those from the primary 

laboratory using an Omniscribe recorder and hand 

measurement for peak heights. This HPLC procedure for 

carotenoids now makes it possible to rapidly analyze 

the major carotenoids found in human plasma. 

It should be recognized that the peaks may not be 

homogeneous for the predominantly all trans carotenoids 
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INDIVIDUAL CAROTENOIDS IN HUMAN PLASMA 48 1 

TABLE 2 

Summation of  Individual Plasma Carotenoids Compared to 
Total Carotenoids 

~~ 

SamDle No. 
Carotenoid Peaks1 1 2 3 4 5 

Lutein + Zeaxanthin 18.1 32.4 41.2 17.1 31.5 
Unknown 6.8 11.1 15.4 5.7 14.0 
Pre-cryptoxanthin 4.6 5.7 10.0 3.2 3.8 

Lycopene 20.9 28.6 28.5 61.9 20.0 
a-Carotene 4.6 9.0 10.6 2.9 8 . 2  
B-  Car0 t ene 13.4 33.5 32.5 16.8 45.6 

To t a 1 Car o t e no i d s 3 80.4 148.4 172.5 124.6 141.0 

Cryptoxanthin 7.4 17.3 30.3 9.4 12.5 

Sum2 75.8 137.6 TtX-3 1 m  mx 

Sum as % of Total 
Caroteno id4 94.3 92.7 97.7 93.9 96.2 

1. Values are pg/dl plasma from normal adults. 
2 .  Summation of  all peaks detected by present method. 
3 .  Total carotenoids were determined as follows: 0.4 ml 

plasma mixed with 0.4 ml ethanol, then extracted with 
0.8 ml heptane. After centrifugation, the absorbance 
of the heptane extract was read at 445 nm. Concentra- 
tion calculated for A453 using absorptivity of 2590 
(B-carotene). 

4 .  Sum x 100  
l ' o t a l o t Z n o i d s  

found in plants, but that cis-isomers also may be 

present. For example, using a Hewlett Packard 1040A 

photodiode array detector it was shown that 15, 

15'-cis-B-carotene appeared at the tail end of the 

B-carotene peak. This mono-cis-isomer was identified 
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482 BIERI, BROWN, AND SMITH 

by i t s  d i s t i . n c t  a b s o r p t i o n  spec t rum which had a s t r o n g  

c i s  peak a t  340 nm and a maximum a t  4 4 7  nm. 

The method is i n t e n d e d  a s  a s c r e e n i n g  t e c h n i q u e  f o r  

n u t r i t i o n a l  or c l i n i c a l  s t u d i e s  where t h e  p r o - v i t a m i n  A 

s t a t u s  is  of i n t e r e s t .  The p o s s i b l e  p r e s e n c e  i n  human 

plasma o f  a s i g i i i f i c a n t  amount of  an epoxy c a r o t e n o i d  

is a new and i n t e r e s t i n g  o b s e r v a t i o n .  F u r t h e r  s t u d y  

w i l l  be needed t o  p r e c i s e l y  c h a r a c t e r i z e  t h i s  peak and 

t o  a s c e r t a i n  i t s  d i e t a r y  o r i g i n .  
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