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Table 1. HPLC peak identification of carotenoids in human serum

Peak No, Retention

Peak identification

Absorption maxima (nm)

time
System 1
I mixture of minor xanthophylls
2 6.6 lutein 425, 446, 476 0.9922
3 7.4 zeaxanthin 450.478 0.9951
4 3.6 anhydrolutein 1 425, 446, 476
5 9.4 anhydrolutein II 425, 446, 476
6 11.0 B-cryptoxanthin 450, 478 0.9978
I. 5. 12.0 8'-apo-f-carotenal 458
7 15.8 g-carotene 425, 446, 476 0.9956
8 18.3 B-carotene 450, 478 0.9929
9 20.0 phytoene and phytofuluene 286, 295 and 325, 342, 360
10 21.2 {-carotene 320, 400, 425
11 255 y-carotene 438, 462. 492
i2 27.6 lycopene 445,474, 502 0.9929
13 295 9-cis-lycopene 360, 441, 467,497
14 313 13-cis-Iycopene 360, 435, 465, 490
System 2
1 9.7 astaxanthin 470 0.9995
2 12.3 g,g-carotene-3,3'-dione 423, 438, 468
3 16.0 3-hydroxy-g,g-caroten-3'-one 423, 438, 468
4 17.5 3-hydroxy-[,e-caroten-3'-one 425.446. 476
5 19.4 lutein 425, 446, 476 0.9979
6 21.1 zeaxanthin 450. 478 0.9998
7 31.0 anhydrolutein | 425, 446, 476
8 34,2 anhydrolutein 11 425, 446, 476
I. 8. 36.5 8'-apo-f-carotenal 458
9 39.0 unidentified 450, 470
10 44,0 unidentified 450, 470
11 40.5 o-cryptoxanthin 425, 446, 476
12 49.5 B-cryptoxanthin 450, 478 0.9998
13 57.0 unidentified 450, 478
14 67.0 a-carotene 425, 446, 476 0.9994
15 71.6 B-carotene 450, 478 0.9992

LS. : internal standard; r ; correlation coefficient of calibration data
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Fig. 1. Structure of carotenoids identified in human serum.
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BV DY T ARBE LR o0 TR
Rl Eh TR 21, 28] 2 b & T
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2R Y T b DRSO SERAE R STz, T
ok, AT LI Vydac RP1S (201TP54) %, &
HEi & LTlAX / =/ T R T RaT T
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Mo, Y2 M7 o ML 16 S ETITHER L
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MiZ T anhydrolutein I (8. 6 43) , anhydrolutein II
(.44 BRI DHENTEE, LirL, Z
O RT B TEMER Y b7 4 LG ThH
D gg-carotene-3,3 -dione, 3-hydroxy-fi,s-caroten-
3’-one ¥ LR 3-hydroxy-g,g-caroten-3"-one {3 &
1T 5-6 TEH L, FRFERESEET 25303
TE R -oT0, F77 astaxanthin & REEIZ 5 45T
B LT,
—FH AR T ARIE 165725 30 4 THERI L,
FNENDE— I "= AT A AL T
T T E DU T v a v E A LD LT
PDA Y UV-Vis DAY kL a-carotene
(15.8 47)., P-carotene (18.3 43). -carotene
(21. 2 57) | y-carotene (25. 5 47) , lycopene {27. 6
7). 9-cis-lycopene (28.5 43) . 13-cis-lycopene
(31.3 &) #XNENFRET LHEBTE,
IR EIRIEED 480 nm TILFEH T & 21 D% PDA
WAk UV-Vis A7 Rbdys 286 nm & 342 mm
I F R A IR R % #F > phytoene &
phytofuluene (20.0 43) DEFEESHEREINTE,
£ T lycopene (L all-trans D&% EHE LT
WEEERELo R [12], 58 all-trans
EFENTEND cis BB ESEEERT 5B T
& 7=, Holloway LXMW P IZTFEET S
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Fig. 2. Typical chromatograms of serum carotenoid using system 1 (a) and system 2 (b and c).
Chromatograms of serums before and after oral administration of astaxanthin are exhibited in b and c,

respectively. Conditions and peak identifications are described in the text and Table 1.
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MR all-trans (13 40-45% L AEIERT
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o-carotene, B-carotene, lycopene. B-cryptoxanthin,
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ATCHEREER L, 2N DbEROHmE
B Table 1 (-T2 4 <, 8 - 2600 ng/mL

DR TR e GREFRE « =
0.9922 - 0.9978) ALz,

LDV AT AE 35 GUAIZ T ToOha T
J A FRERHL, &SI — 0@k e Vv
WAHDTR—AF A @) Furirgrdfh
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HIZ AT A1 CHROCHEES Lo T
astaxanthin <°g,e-carotene-3,3"-dione 72 & D43 Hr
2 Lo R A et Uiz, Bl Vydac RP18 0
T LTI & OEHER 2 IV ORET L8,
astaxanthin & g,e-carotene-3,3’-dione % F4ril4y
HEd 2 Z & TEhdolz, £2T Inertsil
0DS-P %71 7 LM HWEEER ZiRET LT, 20
FERAZ /= N/T T K7 0/kinb
7505 2 FOREREHE (ERER A & EREEB) £ 2. 3.
ECR LR T/ IV hERB VAT A
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oL b T VI 20 4 E TS
B-cryptoxanthin 72 ¥ DE / b R b |
T A VI 4050 i Lo R s 0 U T
g S A ADORIEE LTS E—2 0 PDA
i UV-Vis A7 f Az &2 T, ge-carotene-
3.3’-dione {12.3 4). 3-hydroxy-g,s-caroten-3’-
one(16. 0 47) . 3-hydroxy-B,e-caroten-3’-one (17. 5
47). lutein (19.4 43), zeaxanthin {(21.1 43).
anhydrolutein 1 (31. 0 43) . anhydrolutein IT (34. 2
43) . B-cryptoxanthin
(49.5 43). a-carotene (67.0 73). B LW
B-carotene (71.6 437) &METE L, Tibd

3 % TC g,e-carotene-3,3’-dione . 3-hydroxy- ,e-

43) . a-cryptoxanthin (40.5 4

caroten-3"-one . 3-hydroxy-p,e-caroten-3"-one .
B LW
a~cryptoxanthin 0> 6 fi34-[E] B 48 A O LK+ 2>
bl THEBENRTZES TH D,

s 3

g,g-carotene-3,3"-dione. 3-hydroxy- g,e-caroten-3’-

anhydrolutein I . anhydrolutein II .,

one, 3-hydroxy-p,s-caroten-3"-one, anhydrolutein
I, anhydrolutein II ¢ 5 fjL, Khachik HiZ Y
lutein ® & MMEPITONE E L THRE ST
Wi B ETTH S [13-15, 21, 26], TR BIitSs
ETHEMABAFTEITWEFR, HPLC TH4
A AR FERFIC LV RAERD & L TP
T, 5% lutein O ERNEHREZ NN RET
THIRATEERMEEMTHD, 2OV AT L
CTiEFY b7 MAD SRR BRLFTH DB
RS ECHRILT S Z & TEL, Lol
FUAPHZ IR Lo 7z,
astaxanthin % Img 5@ T 57V A b %1
B e IRB L7 4 RIS ERm U 72 Mg o
< T A% Flg, 2¢i25m L7, astaxanthin
9.7 miciE Litbo ST A4 FEEESE
ZHBEL T, B, KUAT AZEBWTY
o-carotene, B-carotene, B-cryptoxanthin, lutein,
zeaxanthin, 38 X TF astaxanthin ORISR RET

Iycopene 13 90 43
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B-cryptoxanthin, o-carotene, P-carotene 3B L O
E % &-80°C T 1 4E[LA
LRFFROMER DI T /A FE&EE HPLC
AT A LI LD LT, 2 ORR, fRILE
B &-80CT 1 4 4 MHHRFEL-MET®
lutein, zeaxanthin, [-cryptoxanthin,
B-carotene 334 WY lycopene D F &I DUV TR
R B haRd -7z,

lycopene 1Z-2V CHRIL

c-carotene,

4. F& 0
t MFICEENRS 2T /A4 FOHPLC (2
LA BRI OWTHRF Lz, 77 A1
Vydac RP18 (201TP54) %, MEBEEE LTIA X
=i/ T e Fa 75w (95:6) ] /K
(99:1) (fAffk) V2T AT A 11 lutein,
zeaxanthin, B-cryptoxanthin, o-carotene, PB-caro-
tene B LN lycopene DEBER GRS EETNE
D cis FMERP TR BEE T 40 43R bR T
LY P TE Sc b RRERR
EEREE R EOL—F L HICET B, En
Inertsil ODS-P W T MZAF /- /T b T
b R 7 Zr/kabid 2 OB (B
A LVRBEED) 27V NERBVRT
2y 2 1 astaxanthin <Pg,g-carotene-3,3 -dione 72 &
DA b7 VIO GITIZE L2/ TH D,
SE., b MUERICEET 2T ) A P2
DWW TN T EDFEN & T 3ATIZ DT D
BRI R T 7z, 5%, ThWbDFHikE
M EERfEere s /A4 PO Moy
D RFTFHIFF RIS TTITE 2,
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ABSTRACT

Simple and reliable methods for the identification and quantification of carotenoids in human serum by
HPLC were developed. HPLC system 1, using [methanol/tetrahydrofuran (95:5)] /H,0 (99:1) (vol./vol.)] as
a mobile phase on Vydac RP18 (201TP54) column, enabled the elution of all carotenoids within 35 minutes
and gave good separation of major carotenoids such as lutein, zeaxanthin, B-cryptoxanthin, c-carotene,
B-carotene and lycopene including their cis isomers. Because of the advantages in assay time and elution
condition, this system is suitable for the analyses of a large number of blood samples in a routine medical
check and epidemiological studies. Calibration curves of these major carotenoids in system 1 were found to
be linear over the required range (8 - 2600 ng/mL) with good correlation coefficients (r = 0.9922 - 0.9979).
On the other hand, HPLC system 2, using a ternary components {methanol/tetrahydrofuran and H,O)
gradient elution on Inertsil ODS-P column, gave good separation for polar xanthophylls such as astaxanthin,
g,e-carotene-3,3’-dione, 3-hydroxy-g,g-caroten-3"-one and 3-hydroxy-B.e-caroten-3’-one. However,
lycopene and its cis isomers could not be eluted within 90 min in this system. Calibration curves of
carotenoids in system 2 were also found to be good linearity over the required range. This system is useful

for the analysis of xanthophylls.

Key words: carotenoid, serum, HPLC
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