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INDIVIDUAL CAROTENOID DETERMINATIONS I N  

CHROMATOGRAPHY 
HUMAN PLASMA BY HIGH-PERFORMANCE LIQUID 

C.C. Tangney 
Sect ion  o f  C1 i n i c a l  N u t r i t i o n  

Rush-Presbyterian-St. Luke's Medical Center 
Chicago, IL 60612 

ABSTRACT 

A high-performance 1 i q u i d  chromatographic techn ique i s  
descr ibed t o  q u a n t i f y  be ta  caro tene f rom a lpha caro tene and 
lycopene i n  human plasma. T o t a l  a n a l y s i s  t i m e  i s  14.5 min. A 
reverse-phase column was employed w i t h  a mob i le  phase composed 
o f  65% a c e t o n i t r i l e :  t e t r a h y d r o f u r a n  (90:10, v:v)  i n  methanol. 
Use o f  t h e  i n t e r n a l  standard, beta-apo-8- ca ro teno ic  e t h y l  
e s t e r  p e r m i t t e d  a r e l i a b l e  way t o  q u a n t i f y  p o t e n t i a l  l osses  i n  
plasma e x t r a c t i o n s .  Plasma be ta  caro tene l e v e l s  ob ta ined  f rom 
sub jec ts  severa l  days a f t e r  supplement use were observed t o  
i nc rease  t h r e e - f o l d  o r  more. 

INTRODUCTION 

Determinat ions  o f  serum be ta  carotene i n  c l i n i c a l  
l a b o r a t o r i e s  have r e l i e d  l a r g e l y  upon t h e  measurement o f  t o t a l  
caro teno ids  v i a  absorbance a t  a f i x e d  wavelength (1-3). 
n o n s p e c i f i c  techn ique was employed i n  a recen t  s tudy  which 
examined serum caro teno ids  from p a t i e n t s  who were diagnosed as 
hav ing  cancer i n  t h e  subsequent f i v e  yea rs  and s i m i l a r  p a t i e n t s  
who remained cancer - f ree .  

a s c e r t a i n  which if any o f  t h e  i n d i v i d u a l  ca ro teno id  l e v e l ( s )  

Th is  

Consequently, one cou ld  n o t  
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2612 TANGNEY 

were d i f f e r e n t  i n  cases versus c o n t r o l s ;  no s i g n i f i c a n t  
d i f fe rence between these two groups were found w i th  t o t a l  
ca ro teno id  measurements. As Pet0 and o t h e r s  (5,6) have 
recommended, t h e  ep idemio log ic  evidence f o r  t h e  l u n g  
cancer-beta carotene hypothes is  can o n l y  be t e s t e d  i f  c l i n i c a l  
s tud ies  i nco rpo ra te  more d i s c r i m i n a t o r y  analyses o f  caro teno ids  
i n  foods and t i ssues .  
whether a s i n g l e  b lood de te rm ina t ion  ( o r  d i e t a r y  es t ima te )  i s  
t r u l y  r e f l e c t i v e  o f  t h e  usual  d i e t a r y  i n t a k e  p a t t e r n s  ove r  t h e  
p e r i o d  o f  carcinogenesis.  

The predominant caro teno ids  found i n  human plasma o r  sera 
i nc lude  alpha carotene, be ta  caro tene and lycopene a long w i t h  
p o s s i b l y  an oxy-caro teno id  o r  xanthophyl 1 named c r y p t o x a n t h i n  

(7,8). 
determinat ions  o f  these compounds. Several e a r l i e r  r e p o r t s  i n  
t h e  1 i t e r a t u r e  (9-11) have examined t h e  correspondence between 
p resc r ibed  t e s t  meals o r  be ta  caro tene supplement use and 
plasma/serum t o t a l  caro teno ids  concen t ra t i ons  i n  a number o f  
human subjects.  A p r e l i m i n a r y  i n v e s t i g a t i o n  was conducted i n  
t h i s  l a b o r a t o r y  t o  eva lua te  t h e  r e l a t i o n s h i p  between s h o r t  te rm 
supplement use and plasma l e v e l s  w i th  a method t h a t  q u a n t i f i e s  
be ta  carotene l e v e l s  a p a r t  f rom those o f  o t h e r  caro teno ids .  

P rev ious l y  repo r ted  separa t ions  of ca ro teno ids  were 
p r i m a r i l y  i n  food ma t r i ces  by long, l a b o r i o u s  open-column 
chromatographic techniques (12-14) o r  w i t h  r a t h e r  compl ica ted  
hardware setups f o r  g r e a t e r  speed o f  a n a l y s i s  and normal phase 
high-performance l i q u i d  chromatography (15,16). 
advent o f  bonded phase columns, s p e c i f i c a l l y ,  t h e  s o - c a l l e d  
reverse  phase columns, t h e  analyses o f  complex m ix tu res  o f  
caro teno ids  and/or xan thophy l l s  became p o s s i b l e  (8, 11-19). 
Alpha and be ta  carotenes as geometr ic isomers a re  probab ly  t h e  
most d i f f i c u l t  p a i r  o f  compounds t o  separate when cons ide r ing  
human t i s s u e  specimens. 
developed f o r  t h e  q u a n t i t a t i v e  analyses o f  these compounds i n  

Secondly, research  must e s t a b l i s h  

Therefore,  analyses o f  f l u i d s  shou ld  i n c o r p o r a t e  

Wi th  t h e  

The method descr ibed h e r e i n  was 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



INDIVIDUAL CAROTENOID DETERMINATIONS 2613 

such mat r ices .  
q u a n t i f y  o t h e r  v i t am ins  p o t e n t i a l l y  p r o t e c t i v e  a g a i n s t  human 

cancer, i n  p a r t i c u l a r ,  t h e  f a t - s o l u b l e  v i t am ins  A and E. The 
f o l l o w i n g  a t t r i b u t e s  have l e d  t o  r o u t i n e  use o f  t h e  method i n  
ou r  l abo ra to ry :  1) t h e  r e s o l u t i o n  o f  be ta  and alpha carotenes; 
2) t h e  use o f  an i n t e r n a l  s tandard  s t r u c t u r a l l y  s i m i l a r  t o  t h e  
caro teno ids  o f  i n t e r e s t  and; 3)  a s tandard  p r o t o c o l  t o  m i t i g a t e  
s to rage losses .  To t h e  bes t  o f  ou r  knowledge, o n l y  two r e p o r t s  

i n  t h e  l i t e r a t u r e  use an i n t e r n a l  s tandard  (21,22) and n e i t h e r  
i n c l u d e  a scheme t o  separate a lpha caro tene from be ta  carotene. 

The method development was a l s o  i n tended  t o  

MATERIALS AND METHODS 

M a t e r i a l s  

L-ascorbic ac id ,  be ta  hydroxy to luene (BHT), a l l - t r a n s  be ta  
carotene , a1 1 - t rans  a1 pha caro tene , lycopene, r e t i n y l  ace ta te ,  
and a l l - t r a n s  r e t i n o l  were ob ta ined  f rom Sigma ( S t .  Lou is ,  MO). 
Alpha and be ta  carotene were o f  t h e  h i g h e s t  p u r i t y  a v a i l a b l e ,  
types  V and I V ,  r e s p e c t i v e l y .  Azobenzene and r e t i n y l  p a l m i t a t e  

were ob ta ined  f rom Fluka (Hauppauge, NY). 
tocophero ls  (bo th  d - )  , d l  -a1 pha tocophery l  ace ta te  , d l  - t o c o l  , 
canthaxanth in  and beta apo-8-carotenoic a c i d  e t h y l  e s t e r  (BcEE) 
were generous g i f t s  f rom D r .  W.E. Sco t t ,  Hoffman LaRoche Inc .  

(Nut ley ,  NJ). A l l  standards d r y  o r  as s o l u t i o n s  were s t o r e d  i n  

amber b o t t l e s  under N2 a t  - 2OoC. C r y s t a l s  o f  a lpha and be ta  

carotene, r e t i n y l  pa lm i ta te ,  and lycopene were f i r s t  d i s s o l v e d  
i n  hexane/acetone (60/40, w/v) so lu t i ons .  
f o r  work ing  c a l i b r a t i o n  m ix tu res  were made w i t h  t h e  mob i l e  

phase. For t h e  tocophero ls ,  i n i t i a l  d i l u t i o n s  were made w i t h  
abso lu te  ethanol  , then w i t h  methanol. R e t i n o l  and r e t i n y l  
ace ta te  were d i s s o l v e d  i n  methanol d i r e c t l y .  A l l  s o l v e n t s  were 
HPLC-grade (Omnisolve, MCB Manufac tur ing  Chemists, I nc .  , 
Gibbstown, NJ) and degassed by vacuum f i l t r a t i o n  p r i o r  t o  use. 

Alpha and gamma 

Subsequent d i l u t i o n s  
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2614 TANGNEY 

L i q u i d  Chromatography 
The 1 i q u i d  chromatographic system inc luded  two 

r e c i p r o c a t i n g  pumps (Model 510) and an automat ic g r a d i e n t  
c o n t r o l l e r  (Model 680, Waters Associates,  M i l f o r d ,  MA); a 
Rheodyne 7125 sample va l ve  i n j e c t o r  w i t h  a 50ul  l o o p  ( C o t a t i ,  
CA); a Perkin-Elmer LC-75 v a r i a b l e  UV-v i s ib le  spectrophoto- 
meter (Norwalk, CT) s e t  a t  292nm o r  450nm and 0.04 au fs  and; a 
Hewle t t  Packard 3390A r e p o r t i n g  i n t e g r a t o r  (Avondale, PA). 
t ypes  o f  s t a i n l e s s  s t e e l  columns were operated a t  ambient 
temperatures - a 5um U l t rasphere  ODs column ( A l t e x  S c i e n t i f i c ,  
Berkeley, CA), 250mm l o n g  x 4.6mm i d  and a 3um Supe lcos i l  LC-18 
(Supelco, Inc., B e l l e f o n t e ,  PA),  150mm long  x 2.9mm, i d .  A 
Brownlee guard column ho lde r  w i t h  a lOum ODS c a r t r i d g e  (Santa 
Clara,  CA) was p laced i n  s e r i e s  between an i n l i n e  s o l v e n t  
f i l t e r  and the  a n a l y t i c a l  column; c a r t r i d g e s  were rep laced  
monthly t o  obv ia te  contaminat ion  o f  t h e  a n a l y t i c a l  column. 

I n i t i a l  exper iments were performed t o  achieve c a p a c i t y  
r a t i o s  ( K ' )  between 2 and 10. K '  was d e f i n e d  as t R - t o / t o ,  
where tR and to were t h e  r e t e n t i o n  t imes o f  t h e  compound o f  
i n t e r e s t  and t h e  un re ta ined  peak, r e s p e c t i v e l y .  
s t r a t e g i e s  were t e s t e d  i n  o rde r  t o  op t im ize  t h e  r e s o l u t i o n  (Rs) 
between alpha and be ta  caro tene and/or alpha and gamma 
tocopherols.  Rs was d e f i n e d  as f o l l o w s :  

where tR2 and w2 represented  t h e  r e t e n t i o n  t i m e  and peak w i d t h  
o f  be ta  carotene ( o r  alpha tocophero l ) ,  r e s p e c t i v e l y ,  and t R 1  
and wl, t h e  corresponding parameters f o r  a lpha caro tene ( o r  
gamma tocopherol  ) .  

The g r a d i e n t  program on t h e  U l t rasphere  column was as 
fo l l ows :  pump 5% water  i n  methanol (100% A s o l v e n t  r e s e r v o i r )  
f o r  t he  f i r s t  14 min, change l i n e a r l y  t o  4% t e t r a h y d r o f u r a n  i n  
methanol (100% B) over 2 min and ma in ta in  f o r  another  14 min 
and r e t u r n  t o  100% A ove r  t h e  n e x t  3 min  and ma in ta in  t h i s  

Two 

Var ious 

Rs = (tR2 - tR1)/(w2 ' w1) 
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INDIVIDUAL CAROTENOID DETERMINATIONS 2615 

s o l v e n t  composi t ion f o r  a minimum o f  15 t o  18 min f o r  
r e e q u i l i b r a t i o n .  

22 min u n t i l  t h e  r e t i n y l  p a l m i t a t e  peak e lu ted ;  then t h e  
wavelength was q u i c k l y  changed t o  450nm f o r  t h e  carotenes. The 
t o t a l  a n a l y s i s  t ime  was 45 min. I s o c r a t i c  analyses o f  r e t i n o l ,  

r e t i n y l  ace ta te ,  and t h e  tocophero ls  were a l s o  accomplished on 
the  Supe lcos i l  C-18 column w i t h i n  14 min us ing  100% methanol 
mob i le  phase system descr ibed p r e v i o u s l y  (23). Then i s o c r a t i c  
analyses f o r  caro teno ids  were conducted on t h e  same Supe lcos i l  
column w i t h  35% methanol i n  acetonitrile/tetrahydrofuran, 
(90/10, v /v ) ;  f l o w  r a t e s  approximated 2ml/min. 

E luents  were mon i to red  a t  292nm f o r  t h e  f i r s t  

Q u a n t i f i c a t i o n  and C a l i b r a t i o n  

i n t e r e s t  t o  i n t e r n a l  standard,  BcEE o r  t o c o l )  versus 
concen t ra t i on  r a t i o s  was c a l c u l a t e d  d a i l y  f o r  every  s e t  o f  

analyses. C a l i b r a t i o n  m ix tu res  conta ined d i f f e r i n g  amounts o f  

be ta  carotene, alpha carotene, and lycopene w i t h  a cons tan t  
amount o f  t h e  i n t e r n a l  standard. Weight r a t i o s  were se lec ted  
t o  r e f l e c t  expected concen t ra t i ons  i n  samples s tud ied .  

L i n e a r i t y  o f  c a l i b r a t i o n  graphs was t e s t e d  by a n a l y s i s  o f  
var iance us ing  R as t h e  c r i t e r i o n  o f  adequacy. 

A standard curve  o f  peak h e i g h t  r a t i o s  (compound o f  

2 

E x t r a c t i o n s  f rom Serum o r  Plasma, Recovery E f f i c i e n c i e s ,  and 
Storage Protoco I 

Serum o r  plasma samples ( O . ! m l )  were p laced i n  g lass  t e s t  
tubes c o n t a i n i n g  O . l m l  BcEE (10.56ug/ml), and O . l m l  3% L- 

asco rb i c  a c i d  i n  abso lu te  e thano l .  Three m l  of 0.0125% BHT i n  

hexane were added and conten ts  were gassed under N2, capped, 
mixed on a vo r tex  mixer  f o r  20s, and c e n t r i f u g e d  t o  separa te  
phases. 
tube; t h e  remaining aqueous i n f r a n a t a n t  was r e e x t r a c t e d  w i t h  

3ml of 0.005% BHT i n  hexane. The second o rgan ic  l a y e r s  were 

The o rgan ic  phase was removed and t r a n s f e r r e d  t o  a new 
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2616 TANGNEY 

pooled wi th t h e  f i r s t  and evaporated u n t i l  a lmost d r y  under N2. 
The res idue was c a r e f u l l y  r i n s e d  w i t h  a d d i t i o n a l  hexane, 

t r a n s f e r r e d  t o  a m i c r o c e n t r i f u g e  tube and evaporated t o  dryness 
w i t h  N2. This concent ra te  was then q u i c k l y  red i sso l ved  i n  
0.2ml mob i le  phase. A l l  e x t r a c t i o n s  were performed e i t h e r  
under subdued l i g h t  o r  r e d  l i g h t s .  

experiments because no caro teno ids  were de tec ted  i n  t h e i r  
plasma. 
and 2 .45~9  beta caro tene t o  dog plasma as w e l l  as plasma and 
sera f rom one human vo lun tee r  w i t h  de tec tab le  alpha and be ta  
carotene. S ix  rep  i c a t e s  were made a t  each l e v e l :  be ta  
carotene was added t o  t h r e e  and n o t  added t o  t h e  o t h e r  th ree .  

Two specimens o f  f a s t i n g  b lood  f rom one human vo lun tee r ,  
20ml each were c o l  ec ted  i n  EDTA-coated and an t i coagu lan t - f ree  
vacuta iner  tubes. Plasma and sera a l i q u o t s  were e x t r a c t e d  as 
usual  and analyzed by HPLC t h e  same day (day 0) .  
plasma and sera were d i v i d e d  i n t o  amber g lass  v i a l s  each 
con ta in ing  approx imate ly  1.5ml sample, gassed q u i c k l y  w i th  N2 
and f rozen  a t  -2OOC f o r  l a t e r  analyses. 
and analyzed again a t  7, 18 and 48 days a f t e r  venipuncture.  
cons i s ten t  d i f f e r e n c e s  were observed f o r  be ta  caro tene 
measurements analyzed a t  any t ime  o r  between sera and plasma 
ex t rac ts .  B ro i ch  e t  a1 (19) have repo r ted  s i m i l a r  
observat ions.  
a d d i t i o n s  o f  var ious  a n t i o x i d a n t s  f o r  longer t ime  pe r iods  i s  
c u r r e n t l y  be ing  s tud ied .  

Dogs f e d  commercial l a b  chow were used f o r  recovery  

Recovery e f f i c i e n c i e s  were assessed by adding 1 .225~9  

Remaining 

Samples were e x t r a c t e d  
No 

S t a b i l i t y  o f  f rozen  sera and plasma w i t h  t h e  

D e s c r i p t i o n  o f  Subjects and Supplementation Design 

carotene have on plasma beta  caro tene l e v e l s  of human 
vo lun teers ,  a t ime  se r ies - t ype  design was e s t a b l i s h e d  w i t h  f o u r  
sub jec ts .  

I n  a t tempt  t o  determine what e f f e c t  l a r g e  doses o f  be ta  

Fas t i ng  b lood specimens were drawn on day zero  j u s t  
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INDIVIDUAL CAROTENOID DETERMINATIONS 2617 

p r i o r  t o  i n g e s t i o n  o f  one capsule c o n t a i n i n g  30mg Solatene 
(Hoffmann-LaRoche, Inc .  Nut ley ,  NJ). Th i s  p r e p a r a t i o n  was 
se lec ted  f o r  i t s  n o t a b l y  h i g h  b i o a v a i l a b i l i t y .  
made t o  reco rd  o r  mod i fy  t h e  s u b j e c t s '  d i e t a r y  i n takes .  

Sub jec ts  rece ived  e i t h e r  no, one, two o r  t h r e e  capsules each 
morning f rom t h e  i n v e s t i g a t o r  f o r  a v a r i a b l e  number o f  days. 

A t  severa l  t ime p o i n t s ,  sub jec ts  f a s t e d  10-12 h r  p r i o r  t o  t h e  
morning venipuncture.  A l l  samples were e i t h e r  e x t r a c t e d  w i t h i n  
4 h r  o f  ven ipunc ture  and analyzed t h e  same day o r  gassed under 

a N2 stream and f rozen  a t  -2OOC u n t i l  e x t r a c t i o n  and HPLC 

analyses cou ld  be performed ( u s u a l l y  w i t h  7 days).  

R 

No a t tempt  was 

RESULTS AND DISCUSSION 

Chromatography 
I n  o rde r  t o  s imu l taneous ly  r e s o l v e  compounds o f  s i m i l a r  as 

w e l l  as w i d e l y  d i v e r g e n t  l i p o p h i l i c i t i e s ,  a g r a d i e n t  e l u t i o n  

program was necessary. 
standard s o l u t i o n  m ix tu re  o f  r e t i n o l  , tocophero ls ,  r e t i n y l  

p a l m i t a t e  and t h e  carotenes-alpha and be ta .  
ODS column adequately reso lved  gamma and alpha tocophero l s  w i t h  

a r e s o l u t i o n  (Rs) = 1.27, b u t  t h e  Rs between a lpha and be ta  

carotenes was somewhat poorer ,  Rs = 1.01. 
o f  t h e  r e t i n o l  peak t o  t h e  s o l v e n t  f r o n t  ( t o ) .  

percentage o f  water  (5%) was added t o  methanol (A r e s e r v o i r )  i n  
o r d e r  t o  r e t a i n  t h e  compound, K'>2. Greater  r e t e n t i o n  was 
achieved by i n c r e a s i n g  t h e  p r o p o r t i o n  o f  water ,  b u t  t h e  

a n a l y s i s  t ime  a l s o  increased. 
exacerbated t h e  s o l  u b i  1 i ty  1 i m i  t s  f o r  t h e  carotene, 1 eading t o  
p o o r l y  shaped peaks and eventua l  p ressure  increments.  The 
manual change i n  wavelength d u r i n g  t h e  r u n  and a f t e r  t h e  
e l u t i o n  o f  carotenes a l s o  imposed severa l  l i m i t a t i o n s .  F i r s t  
t he  opera to r  had t o  be p resen t  f o r  t h e  analyses. 

F igu re  1 i l l u s t r a t e s  t h e  separa t i on  a 

The U1 t rasphere  

Note t h e  p r o x i m i t y  
A smal l  

I n  a d d i t i o n ,  more wa te r  

Second, 
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FIGURE 1: Representative HPLC profile of a standard mixture on 
Conditions are described in the U1 trasphere ODS column. 

text. = solvent front; 1 = retinol;  2 = retinyl 
acetate; 3 = gamna-tocopherol ; 4 = alpha-tocopherol ; 
5 = alpha-tocopheryl acetate; 6 = retinyl palmitate; 
7 = alpha-carotene; 8 = beta-carotene. 

because the selected carotenoid-1 i ke internal standards were 
more polar than the carotenes, they eluted when the detector 
was se t  a t  292nm and t h u s  were not optimally detected. 
this  reason, dl -a1 pha-tocopheryl acetate was used as the 
internal standard for a l l  peaks of interest .  Third, the 

For 
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INDIVIDUAL CAROTENOID DETERMINATIONS 2619 

a n a l y s i s  t ime  was q u i t e  long. 
t h e  b e s t  s o l u t i o n  f o r  these drawbacks i s  t o  use a dua l  

wavelength d e t e c t o r  which was n o t  a v a i l a b l e  i n  ou r  l a b o r a t o r y .  
With such a de tec to r ,  no b a s e l i n e  c o r r e c t i o n  would be 

necessary. 
i n j e c t i o n  and sample p repara t i on ,  q u a n t i f i c a t i o n  o f  a t  l e a s t  8 
d i f f e r e n t  compounds would be poss ib le .  
chemica l l y  s i m i l a r  and approp r ia te  i n t e r n a l  s tandards- - - re t iny1  
ace ta te  f o r  r e t i n o l  , d l - t o c o l  f o r  t h e  v i t a m i n  E compounds, and 

BcEE f o r  t h e  caro teno ids  cou ld  be used w i t h o u t  i n t e r f e r e n c e  o r  
ove r lapp ing  peaks. These i n t e r n a l  standards a r e  i d e a l  because 
such compounds would n o t  be present  i n  analyzed samples. 

Because o f  these equipment l i m i t a t i o n s  i n  o u r  

l a b o r a t o r y ,  t h e  second chromatographic method developed f o r  t h e  
de te rm ina t ion  o f  caro teno ids  i n  t i s s u e s  i s  i l l u s t r a t e d  by t h e  
chromatograms i n  F igures  2 and 3. 

chromatogram o f  a standard s o l u t i o n  m ix tu re .  
2.0 ml/min, t h e  t o t a l  assay t i m e  was 14.5 min. Two c o n d i t i o n s  
p r i m a r i l y  f a c i l i t a t e d  t h e  f a s t e r  e l u t i o n  t imes - a s h o r t e r  

column and a mob i l e  phase o f  h ighe r  s o l v e n t  s t r e n g t h  

(nonaqueous so l ven ts  on l y ) .  
sampl e s o l  u b i  1 i ty  and 1 ower o p e r a t i n g  pressures.  

such f a s t  e l u t i o n  p r o f i l e s ,  t h e  i n t e r n a l  standards f i r s t  

at tempted (azobenzene and canthaxanth in )  were n o t  s u f f i c i e n t l y  

re ta ined .  BcEE w i t h  a K '  = 2.11 was se lec ted .  The Rs f o r  
a lpha and be ta  carotene was c o n s i s t e n t l y  between 1.88 and 1.90 
a t  f l o w  r a t e s  o f  2.0 - 2.5ml/min. 
chromatogram o f  a plasma e x t r a c t  i n  which BcEE was added. 
e x t r a c t  was a l s o  prepared w i t h  no i n t e r n a l  s tandard  added; no 
o t h e r  compounds were observed t o  co -e lu te  w i t h  t h i s  compound 
(F igu re  38). 
absorbance p a t t e r n s  between these caro teno ids .  
standards were d i sso l ved  i n  t h e  mob i le  phase, a s l i g h t  s h i f t  i n  

I n  t h e  i n v e s t i g a t o r ' s  op in ion ,  

Most impor tan t l y ,  w i t h  a s i n g l e  chromatographic 

Fu r the r ,  t h e  most 

F igu re  2 d e p i c t s  a 
A t  a f l o w  r a t e  o f  

The l a t t e r  a l s o  p e r m i t t e d  b e t t e r  
However, w i t h  

F igu re  3A d e p i c t s  a 
Th is  

F igu re  4 demonstrates t h e  s i m i l a r i t y  i n  
Because these 
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PcEE 

TANGNEY 

u-car 

I I 1 
I 5 10 15 

Time (mid 

2: Representat ive HPLC p r o f i l e  o f  standard m i x t u r e  on 
Supe lcos i l  C-18 column. Cond i t ions  a r e  descr ibed i n  t e x t  
$, = s o l v e n t  f r o n t ;  BcEE = be ta  apo-8-carotenoic e t h y l  
es te r ;  Lyc = lycopene; u-car = alpha-carotene; &ca r  = 
beta-carotene. 

wavelength maxima was observed i n  comparison t o  r e p o r t e d  values 
i n  o t h e r  so l ven ts  ( 1 7 2 4 ) .  Several batches of commerc ia l l y  
prepared standards were h i g h l y  "contaminated" w i t h  c i s  isomers, 
as evidenced by secondary absorbance maxima between 320 and 
340nm. C r y s t a l l i z a t i o n  i n  hexane r e v e r t e d  much o f  t h i s  
i somer ic  m ix tu re  t o  t h e  a l l - t r a n s  fo rm as evidenced by a l o s s  
i n  absorbance i n  t h e  320-340nm range (24). Peak i d e n t i f i c a t i o n  
o f  a1 1 compounds was t e n t a t i v e l y  conf i rmed by  co-chromatography 
o f  standards i n  these two chromatographic schemes and by t h e  
absorp t ion  spec t ra  i n  b o t h  t h e  mob i le  phase and hexane 
so lu t i ons .  
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INDIVIDUAL CAROTENOID DETERMINATIONS 2621 
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FIGURE 3: A. ( l o w e r )  HPLC p r o f i l e  o f  a plasma sample e x t r a c t e d  
as descr ibed i n  t e x t .  The i n t e r n a l  s tandard  BcEE was 
added p r i o r  t o  e x t r a c t i o n .  B. (upper )  HPLC p r o f i l e  o f  
t he  same plasma sample e x t r a c t e d  s i m i l a r l y  but w i t h  no 
BcEE added. 
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375 450 500 

nm 

FIGURE 4: Absorption spectra o f  ( A )  alpha carotene, (B )  beta 
carotene, and (C) beta-apo-8-carotenoic ethyl ester. 
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INDIVIDUAZ, CAROTENOID DETERMINATIONS 2623 

C a l i b r a t i o n ,  Q u a n t i f i c a t i o n  and Recovery Experiments 

l i n e a r  f rom 20ng/ml t o  lOug/ml; lycopene w i t h  a poo re r  
a b s o r p t i v i t y  a t  450nm had l i n e a r  range f rom 45ng/ml t o  8ug/ml. 
R 2  values f o r  f o u r  o r  f i v e  s tandard  s o l u t i o n s  i n j e c t e d  each day 

were g r e a t e r  than 0.995; sample analyses were n o t  conducted 
unless t h i s  minimum va lue  was exceeded. A comparison o f  s lopes  
o f  c a l i b r a t i o n  curves ob ta ined  f o r  s i x  days o f  a n a l y s i s  y i e l d e d  
a c o e f f i c i e n t  o f  v a r i a t i o n  o f  4.78%. 

84.80% t o  91.30% (Table 1 ) .  
s i g n i f i c a n t l y  imprdved by t h e  a d d i t i o n  o f  3% e t h a n o l i c  asco rb i c  

a c i d  ( ~ ~ 0 . 0 5 ) .  No exper iments were at tempted however t o  assess 
t h e  e f f i c a c y  o f  0.0125% BHT i n  hexane; t h i s  s o l u t i o n  was used 
i n  a l l  assays. Because t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  

C a l i b r a t i o n  curves f o r  a lpha and be ta  carotenes were 

Recoveries o f  sp iked sera  and plasma o f  dog o r  man ranged 

E x t r a c t i o n  e f f i c i e n c i e s  were 

i n  recovery  e f f i c i e n c i e s  between samples sp i ked  w i t h  1.2 
beta caro tene and 2 . 4 5 ~ 9  be ta  carotene, t h e  means and 
c o e f f i c i e n t  o f  v a r i a t i o n  rep resen t  those o f  a l l  s i x  rep1 
Nor was t h e r e  a s i g n i f i c a n t  d i f f e r e n c e  between pe rcen t  

recove r ies  ob ta ined f o r  human plasma and t h a t  o f  dog. S 

5ug 

cates.  

m i  1 a r  
improvements i n  recove r ies  o f  l a b i l e  v i t am ins  A and E w i t h  
these a n t i o x i d a n t s  were repo r ted  by Chow and Omaye (25),  b u t  
s l i g h t l y  h ighe r  concen t ra t i ons  o f  asco rb i c  a c i d  and BHT were 
used. 

Plasma Concentrat ions i n  Human Volunteers 
Plasma beta  carotene l e v e l s  o f  f o u r  sub jec ts  t a k i n g  

va ry ing  amounts o f  Solatene d a i l y  a re  presented i n  upper h a l f  
o f  F igu re  5. A l l  sub jec ts  were consuming t h e i r  "usua l "  d i e t s  
a t  t h a t  t ime ( l a t e  w i n t e r / e a r l y  s p r i n g )  b u t  ac tua l  d i e t a r y  
i n takes  were n o t  monitored. None o f  t h e  sub jec ts  consumed 
o t h e r  v i tamin /minera l  supplements. The i n v e s t i g a t o r  
ascer ta ined p i l l  compliance by d i r e c t  observa t ion .  The 
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2624 TANGNEY 

TABLE 1 
Recovery E f f i c i e n c i e s  f o r  Beta Carotene i n  Var ious Tissues. 

A n t i o x i d a n t  Percent Recovery 

P I  asma , human 0 81.95 11.6/ 
P1 asma , human 3% A A ~  91.30 'Id 3.67 

7.29 
4.08 

Sera , human 0 
Sera , human 3% A A ~  90.06' 
Plasma, dog 3% A A ~  84.80' 0.92 

Samp I e Ethanol Phase X cva 

79*97 I 

a C o e f f i c i e n t  o f  Va r ia t i on ,  %. 
Ascorbic Acid. 
Values represent  t h a t  o f  s i x  r e p l i c a t e s ,  t h a t  i s  t h e  percent  
recove r ies  a t  bo th  s p i k i n g  l e v e l s  - 1 .225~9  and 2.45ug be ta  
carotene 
p <0.05 

supplementation regimen i s  dep ic ted  g r a p h i c a l l y  i n  t h e  lower  
h a l t  o f  F igu re  5 o f  each vo lun teer .  
determinat ions,  t h e  c o n t r i b u t i o n  o f  these supplements t o  plasma 
l e v e l s  probably f a r  outweighed t h a t  made by d i e t .  
evidence f rom Sheke l le  e t  a1 (26) ,  W i l l e t t  and coworkers (27 )  
and unpubl ished observa t ions  i n  t h i s  l a b o r a t o r y  suggest t h a t  
t y p i c a l  be ta  carotene i n t a k e s  f o r  t h e  American popu la t i on  range 
from 1.5 t o  7.0mg per  day. 
crude a t  b e s t  s ince  t h e  be ta  caro tene con ten t  o f  foods were n o t  
d i r e c t l y  determined b u t  de r i ved  f rom i n d i c e s  based on food 
groups o r  p a r t i t i o n  c o e f f i c i e n t s .  
l i m i t a t i o n s ,  i t  i s  l i k e l y  t h a t  t h e  vo lun tee rs  i n  t h e  c u r r e n t  
s tudy  consumed f rom 10 t o  60 t imes as much as t h a t  u s u a l l y  
ob ta ined f rom d i e t .  
t h e  f o u r  vo lun tee rs  were cons ide rab ly  h i g h e r  than t h e  average 

Exc lud ing  t h e  base l i ne  

Recent 

Admi t ted ly ,  these es t imates  a r e  

I n  s p i t e  of  these 

Base l ine  plasma de te rm ina t ions  of t h r e e  of 
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FIGURE 5: Plasma beta carotene l e v e l s  o f  f o u r  s u b j e c t s  (upper 
graph) i n g e s t i n g  va r ious  amounts o f  Solatene ( lower  
graph) over  t ime. 
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2626 TANGNEY 

beta carotene l e v e l s  repo r ted  by  Ross and Parker (28) b u t  w e l l  
w i t h i n  the  "normal" ranges. A l l  sub jec ts  e x h i b i t e d  b a r e l y  
de tec tab le  lycopene l e v e l s  (0.51-4.55ug/dl); t h e r e  was no 
cons is ten t  p a t t e r n  o f  change i n  these l e v e l s  concomitant w i t h  
the  supplement dose ingested. 
were observed f o r  o n l y  one vo lun teer ,  C.T., and t h i s  
concen t ra t i on  was o n l y  observed a t  one t ime  on ly .  
sub jec t ,  J.E., though e x h i b i t i n g  undetec tab le  l e v e l s  p r i o r  t o  
supplementation, l a t e r  evidenced h i g h e r  l e v e l s  t h a t  were 
apparent ly  repons ive  t o  supplementat ion.  
i n  plasma beta  caro tene l e v e l s  was observed f rom day 3 t o  day 
7. The changes i n  concen t ra t i on  f o r  t h e  remaining t h r e e  
sub jec ts  w i t h  30 o r  60mg Solatene a d m i n i s t r a t i o n  were 
approximately th ree -  t o  f o u r f o l d  f rom day 0 t o  day 16. 
s u b j e c t  B.M. who inges ted  t h e  h ighes t  dose (90mg) d a i l y  t o r  24 
days, plasma beta caro tene l e v e l s  inc reased n e a r l y  s i x f o l d  f rom 
day 0 t o  day 31. The response t o  dose a d m i n i s t r a t i o n  appeared 
q u i t e  r a p i d  f o r  a l l  sub jec ts ,  a l though t h e  r a t e  o f  response 
seems t o  be q u i t e  d i f f e r e n t  f rom s u b j e c t  t o  sub jec t .  
ac tua l  r a t e  o f  response i s  d i f f i c u l t  t o  assess because b lood 
samples were n o t  ob ta ined  a t  e a r l i e r  t i m e  p o i n t s  n o r  a t  t h e  
same t ime p o i n t s  w i t h  s i m i l a r  doses f o r  sub jec ts .  
t o  t h e  seemingly r a p i d  response i n  plasma l e v e l s  w i t h  i n i t i a l  

doses, t he  cessa t ion  o f  Solatene therapy  was n o t  accompanied by 
a p r e c i p i t o u s  drop i n  plasma l e v e l s  (days 31-73). By days 66 
o r  73 (more than a month a f t e r  supplementat ion was 
d iscont inued)  l e v e l s  were s t i l l  e leva ted  i n  t h r e e  o f  t h e  f o u r  
sub jec ts .  Plasma l e v e l s  o f  sub jec ts  B.M. and J.E. measured 45 
days and 67 days l a t e r ,  r e s p e c t i v e l y ,  were s t i l l  much h i g h e r  
than base l i ne  l e v e l s .  The r e l a t i v e  responsiveness o f  plasma 
l e v e l s  t o  supplementat ion has a l s o  been examined by B jo rnson 
and assoc ia tes  (29) and Mathews-Roth e t  a1 (30).  I n  the  
former, severa l  p a t i e n t s  w i t h  diagnosed e r y t h r o p o i e t i c  

Detec tab le  a lpha caro tene l e v e l s  

The t h i r d  

A f i v e f o l d  increment 

I n  

The 

I n  c o n t r a s t  
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INDIVIDUAL CAROTENOID DETERMINATIONS 2627 

pro toporphy r ia  i n g e s t i n g  60 t o  120mg Solatene demonstrated a 

s i m i l a r l y  sharp r i s e  i n  be ta  caro tene l e v e l s  w i t h  t h e  
i n i t i a t i o n  o f  therapy  and more gradual  l ower ing  w i t h  
d i s c o n t i n u a t i o n .  
because o f  d i f f e r e n c e s  i n  p a t i e n t  c h a r a c t e r i s t i c s ,  dose l e v e l s ,  

t ime and a n a l y t i c a l  technique. 
measured t o t a l  serum caro teno ids  i n  59 h e a l t h  a d u l t s  consuming 

o n l y  30mg o f  Solatene a t  0, 8, and 16 weeks. 
i n v e s t i g a t o r s  found t h a t  plasma caro teno ids  n e a r l y  t r i p l e d  by 8 

weeks. 
no de terminat ions  were conducted f o l l o w i n g  d i s c o n t i n u a t i o n  o f  
supplements. Whi le p r i o r  1 i t e r a t u r e  conf i rms t h e  b a s i c  t r e n d  

observed i n  t h i s  p i l o t  study, few i f  any have employed a 

chromatographic technique t h a t  i s  as s p e c i f i c  f o r  b e t a  caro tene 
o r  as r e l i a b l e  and f a s t .  I n  f u t u r e  l a r g e  sca le  t r i a l s  i n  which 

supplement use - o r  d i e t a r y  i n t a k e s  w i l l  be mon i to red  by plasma 

determinat ions ,  i t  i s  e s s e n t i a l  t h a t  such a techn ique be 
a v a i l a b l e  f o r  i n v e s t i g a t o r s .  

q u a n t i t a t e  t h e  degree o f  a s s o c i a t i o n  between d i e t a r y  i n t a k e s  
and plasma l e v e l s  us ing  a s p e c i f i c  measurement f o r  be ta  
caro tene i n  t i s s u e s .  These s t u d i e s  a re  p r e s e n t l y  ongoing i n  

our  1 abo ra to r ies .  

A d i r e c t  comparison i s  n o t  p o s s i b l e  here  

W i l l e t t  and coworkers (27)  

These 

Again, t h e  study des ign  was cons ide rab ly  d i f f e r e n t  and 

Fu r the r  research  i s  necessary t o  
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