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Abstract

AnHPLC method was developed to determine the various carotenoids in human serum. A C-30 column and a mobile phase of 100% methanol
(A) and 100% methylene chloride (B) with the following gradient elution were used: 90% A and 10% B in the beginning, maintained for 5 min,
decreased to 78% A at 15 min, 62% A at 30 min, 52% A at 40 min, 41% A at 50 min, 38% A at 55 min, maintained for 3 min, and returned to
100% A at 65 min. A total of 21 carotenoids, includiali-transforms of lutein, zeaxanthirmy-cryptoxanthin g-cryptoxanthina-carotene,
B-carotene and lycopene, as well as theircislisomers were resolved within 51 min at a flow rate of 1.0 mL/min and detection at 476 nm.
all-trans-3-Carotene was found to be presentin highestamount (256.3—-864.2 ng/mL), folloakdrayslycopene (64.4-569.2 ng/ml3ll -
translutein (137.9-450.3 ng/mLyll-trans-a-cryptoxanthin (55.7—188.2 ng/mLaJI-trans-B-cryptoxanthin (43.1-134.5 ng/mL3JI-trans
a-carotene (20.0-122.1 ng/mL) aatl-transzeaxanthin (9.1-21.3 ng/mL). Similar trend was observedifsisomers of carotenoids.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the risk of chronic diseases by elevating the level of lycopene
in human serum. In addition, the application of lutein in the
Inthe past decade a number of foods and food constituentstreatment of age-related macular degeneration is well docu-
have been studied for their inhibitory effect on carcinogenesis mented6,9].
[1,2]. Results of these studies have shown aninverse relation- In view of the impact of these carotenoids to human
ship between the consumption of certain fruits and vegetableshealth, a precise method for their simultaneous determina-
and the risk of epithelial cancgB,4]. In human studies, tion in human serum is important. High-performance liquid
numerous associations between a low carotenoid intake ancchromatography (HPLC) has been employed as a power-
increased risk for cancer, age-related macular degenerationful technique to quantify low levels and various forms of
cataract, sunburn-induced skin damage or cardiovascular dis<arotenoids in foods and human serum. One of the orig-
eases have been obseni6]. Therefore, attention has inal separations of carotenoids from an extract of human
been given to the uptake, distribution and metabolism of serum was reported by Neils and De Leenhd®i, who
carotenoids after ingestion as supplements or as part ofdeveloped nonaqueous reversed-phase chromatographic con-
dietary yellow and green fruits and vegetalég Interest- ditions on a Zorbax ODS column, with a mixture of acetoni-
ingly, the serum in HIV-infected patients was found to have trile (70%), dichloromethane (20%), and methanol (10%)
a lower level of lycopeng8]. Thus, itis possible to diminish  as eluent. Bieri et al[11] employed the same chromato-
graphic procedure to separate carotenoids from the extracts
* Corresponding author. Tel.: +886 2 29031111x3626; of human pl.asma ona .C._].'8 CO'“m.n' However, the reSOIUFlon
fax: +886 2 29021215, of carotenoids and thedis-isomers in human serum remain
E-mail addressnutrl007 @mails.fju.edu.tw (B.H. Chen). inadequate.
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Emenhiser et al[12] demonstrated that a C-30 col- solved in 10QuL of methanol/methylene chloride (55:45,
umn provided a better resolution of geometrical isomers of v/v) and filtered through a 0;2m membrane filter for HPLC
carotenoids than a C-18 column. As no information is avail- analysis. Twenty microliters was injected into HPLC. All the
able as to the contents of carotenoids anaiggsomers in extraction procedure was performed under dimmed light and
human plasma in Taiwan, in this study we tried to develop nitrogen gas was flushed into vials to avoid degradation and
a gradient solvent system using a C-30 column to separateisomerization loss of carotenoids.
carotenoids and their geometrical isomers in human serum
collected from the National Taiwan University Hospital. This 2.4. Recovery and reproducibility study
paper focuses on modification of extraction and separation of
carotenoids and thedis-isomers in human serum by HPLC. Pooled human serum was spiked withfd0of combined

carotenoid standards so as to provide 50 ng/mL concentration
of each standard. The spiked serum was then extracted adopt-

2. Experimental ing the method described above. After performing HPLC
analysis, the recovery of each carotenoid was obtained by
2.1. Materials dividing the calculated concentration by the added concentra-

tion. Triplicate analyses were performed and the mean value

all-trans-Lutein andall-trans-B-carotene standards were was determined. The reproducibility of this method was car-
obtained from Sigma Co. (St. Louis, MO, USAall- ried out by performing six replicate analyses on the same day
trans-B-cryptoxanthinall-trans-a-zeaxanthin andll-trans and on five different days. The intra-day relative standard
lycopene standards were from Extrasynthese Co. (Geanydeviations (R.S.D.) were 0.08-0.21% for retention times of
France)all-transa-Carotene standard was from Wako Co. individual carotenoid and 0.23-2.68% for standard concen-
(Japan). The HPLC-grade solvents, including methanol, trations, whereas the inter-day R.S.D. were 0.10-0.27% for
methylene chloride, acetone and hexane were from Mallinck- retention times and 0.31-3.39% for standard concentrations.
rodt Co. (Paris, KY, USA). Deionized water was prepared
using Milli-Q water purification system (Millipore Co., Bed- 2.5. HPLC analysis of carotenoids in human serum
ford, MA, USA). A YMC C-30 column (250 mnx 4.6 mm

i.d., 5um particle size) with pore size 2@0was from Waters Various binary and ternary solvent systems were compared

Co. (Milford, MA, USA). with respect to the separation efficiency of lutein, zeaxanthin,
a-crptoxanthin, B-cryptoxanthin, a-carotene, 3-carotene,

2.2. Instrumentation lycopene and theicis-isomers. Two binary solvent systems

in different proportions, including methanol/methylene chlo-
The HPLC system is composed of a Phenomenex DG- ride (99:1, 97:3 and 95:5, v/v) were used in isocratic condi-
440 degasser (Phenomenex Co., Torrance, CA, USA), ation. Methanol/isopropanol (99:1, v/v) (A) and methylene
Rheodyne model 7161 injector (Rheodyne Co., CA, USA), chloride (100%) (B) were used in the gradient condition.
an Agilent model 1100 UV-vis detector, a Jasco MD-915 Likewise, two ternary solvent systems in different pro-
photodiode-array detector (Tokyo, Japan), and a Borwin portions, includingn-butanol/acetonitrile/methylene chlo-
computer software system. The low-temperature incubator ride (30:70:10, v/v/v) anigso-butanol/acetonitrile/methylene
(model TL 520R) was from Seng-Long Co. (Taipei, Taiwan). chloride (25:70:5, 25:70:10 and 25:70:20, v/v/v) were used.
The sonicator (model 2210 R-DTH) was from Branson Co. The solvent strength of each mobile phase was carefully

(Danbury, CT, USA). controlled by calculating the polarity index. Both C-18 and
C-30 columns were used for comparison. The flow rate was
2.3. Extraction of carotenoids from human serum 1.0 mL/min and column temperature was°Z5with detec-

tion at 476 nm and sensitivity at 0.005 AUFS. The major
A total of 21 blood samples collected from National Tai- carotenoids, lutein, zeaxanthgrcryptoxanthinp-carotene,
wan University Hospital were centrifuged, placed in liquid B-carotene and lycopene in serum samples were identified
nitrogen container, and transported to the laboratory immedi- by comparing the retention times and absorption spectra of
ately onthe same day. Thisis only a preliminary experimentto unknown peaks with reference standards and cochromatog-
analyse the carotenoid composition in serums of male adultsraphy with added standards. No suitable internal standard
in Taiwan. A 500uL serum sample was poured intoa 10 mL was used for quantification because there are too many
brown vial. Distilled water (1 mL) and 0.01% ascorbic acid peaks present on the HPLC chromatogram. Instead, the var-
(1 mL) were added to the vial for precipitation of protein ious carotenoids were quantified using absolute calibration
and protection of carotenoids, followed by addition of 1 mL curves. Five concentrations ranging O—4dImL were pre-
acetone. Hexane (3mL) was then added for extraction of pared for lutein, zeaxanthirg-cryptoxanthin,a-carotene,
carotenoids and the mixture was shakenin a shaker at 200 rpnB-carotene and lycopene. After injection into HPLC, the
for 30 min, after which the hexane layer was collected and calibration curve of each carotenoid was made by plotting
evaporated to dryness under nitrogen. The residue was dispeak area against concentration. High correlation coefficients
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(R2) were found for lutein, zeaxanthifcryptoxanthina- the a-cryptoxanthin standard is not commercially available,
caroteneP-carotene and lycopene, which reached to 0.9927, both LOD and LOQ were assessed to be equivaler§-to
0.9941, 0.9938, 0.9996, 0.9934 and 0.9995, respectively.Cryptoxanthin standard.

The amounts of carotenoids were calculated from the fol-

lowing regression equationg=270.64« — 32.479 for lutein,

y=423.%—4.1676 for zeaxanthiny=338.2&—16.736 3. Results and discussion

for B-cryptoxanthin,y=200.24& — 4.2807 for a-carotene,

y=219.0% — 72.216 for3-carotene angl= 228.% — 24.436 3.1. Extraction of carotenoids in human serum

for lycopene, wherg denotes peak area ardienotes con-

centration. Thecis-isomers of carotenoids were quantified ~ The extraction method used in this study is simple and
using the standard curves afi-trans-carotenoids because rapid, which requires about 35min for complete extraction
of similarity in extinction coefficient[13,14] Duplicate  ©f carotenoids. In the beginning, ascorbic acid was added to
analyses were carried out and the data were expressed affie extraction solvent to precipitate protein, thereby protect
meant standard deviation. carotenoids and minimize loss due to oxidation of carotenoids
during extraction and subsequent evaporation. The extrac-
tion efficiency was validated by a high recovery of 93, 94,
89, 92, 91 and 94%, respectively, for lutein, zeaxanthin,
B-cryptoxanthina-carotene-carotene and lycopene. The
recoveries for lutein3-carotene and lycopene were found to
be higher than that reported by Tzeng et[48] who also
used similar extraction solvents. The difference in the recov-
ery may be due to the higher volume (1 mL for 500 of
serum) of the antioxidant (ascorbic acid) added, as opposed
to only 70pL used for 20QuL serum by Tzeng et a[19].

The addition of ascorbic acid, in fact, prevents significant
carotenoid losses during extraction and subsequent evapora-
tion. Talwar et al[20] have reported that adding ascorbic acid
prevented about 20% loss of carotenoid.

2.6. Isomerization of all-trans forms of lutein,
zeaxanthing-cryptoxanthing-carotene 8-carotene and
lycopene standards

A concentration of 10Q.g/mL of lutein, zeaxanthin,
B-cryptoxanthin,a-carotene 3-carotene or lycopene stan-
dard was prepared separately in methylene chloride. Two
milliliters of each standard solution was poured into a 10 mL
glass vial and placed in an incubator for illumination at €5
for 24 h. All the vials were exposed to four fluorescent tubes
(20W each) with a distance of 30cm and light intensity
of 2000-3000 Ix. After illumination, the standard solutions
were dried under a stream of nitrogen. The residue was then
dissolved in 50QL sample solvent of methanol/methylene
chloride (55:45, v/v) and filtered through a .eh membrane
filter for HPLC analysis. Then the variogss-isomers were

. . o - According to a study by Chen and Chei], an appropri-
tentapvely identified pased on the spectral characteristics andate sample solvent has to be selected carefully because it may
Q-ratios as reported in the literatuiEs,16], and were com-

d with th K ks in h | change the polarity of mobile phase and thus affect the separa-
pared with tnose UNKNown peaxs In human Serum sampleg;q , efficiency of carotenoids. For the present study, a sample
for further identification. In addition, the isomerized extracts

| dded t les f h ‘ h solvent of methanol/methylene chloride (55:45) was used to
were also added 1o serum sampies for cochromatography. - yissolve the residue of extracted carotenoids. Two types of

columns, C-18 and C-30, in combination with various binary
2.7. Determination of limits of detection and and ternary solvent systems, were compared with respect to
quantification separation efficiency of various carotenoids in human serum.

Itwas observed that the C-30 column could resolve more geo-

Both the limit of detection (LOD) and quantification metrical carotenoid isomersthan C-18 column, which may be

(LOQ) were determined using a method described by Inter- due to its characteristic shape selectij2,23] Thus, a C-30
national Conference on Harmonizatifv]. Due to the dif- column was selected instead of a C-18 column for separation
ference in detector response, three concentrations 500, 100@f complicated carotenoids in human serum. After various
and 1500 ng/mL were prepared &l-trans-lutein, 40, 70and  studies, a gradient mobile phase of methanol (100%) (A) and
100 ng/mL forall-trans-zeaxanthin, 400, 500 and 600 ng/mL methylene chloride (100%) (B) was developed: 90% A and
for all-trans-B-cryptoxanthin, 200, 300 and 400 ng/mL for 10% B in the beginning, maintained for 5 min, decreased to
all-trans-a-carotene, 1000, 2000 and 2500 ng/mL fit- 78% Aat15 min, 62% A at 30 min, 52% A at40 min, 41% A at
trans-B-carotene and 1000, 1500 and 2000 ng/mL dbr 50 min, 38% A at 55 min, maintained for 3 min, and returned
translycopene. Both LODs and LOQs were calculated based to 90% A at 65 min. A total of 21 carotenoids were resolved
on a formula reported in the previous stufi8]. The within 51 min at a flow rate of 1.0 mL/min and detection at
LODs and LOQs obtained were 5.0 and 15.0, 5.0 and 15.0,476 nm. The injection volume was 20.
3.0 and 9.0, 8.0 and 25.5, 127.0 and 386.0, as well as Fig. 1shows the HPLC chromatogram of carotenoids in
511.0 and 1550.0 ng/mL, respectively, for lutein, zeaxanthin, human serum. With the exception of some peaks (1-5), most
B-cryptoxanthin,a-carotene 3-carotene and lycopene. As carotenoids were adequately resolva@dble 1shows the

3.2. HPLC separation of carotenoids in human serum
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Fig. 1. HPLC chromatogram of carotenoids in human serum.

retention time ), retention factor ) and separation fac- Many previous studies on determination of carotenoids in
tor () of various carotenoids in human serum. khealues human serum have either resolved only a few carotenoids or
for all the peaks ranged from 1.58 to 14.25, indicating that a the separation time is lengthy. Talwar et[20] used an iso-
proper solvent strength was controlled. Do[a#4] reported cratic mobile phase of methanol/acetonitrile/tetrahydrofuran
that for separation of complicated components,kialues (75:20:5, viviv) containing 0.01% ascorbic acid for sep-
can be ranged between 0.5 and 20. ®healues for all the aration of lutein, lycopenen-carotene,B-carotene and
peaks were greater than 1, implying that a good selectivity of B-cryptoxanthin in human serum. However, nds
mobile phase to sample components was achieved. isomers were detected. Hosotani and Kitaga{&b]
employed a C-18 column with a quaternary mobile
phase of acetonitrile/dichloromethane/methanol/1-octanol
(90:15:10:0.1, viviviv) for separation of onrcarotene in
human serum. An HPLC method was developed by Lee et al.
[26], who used a C-18 column and an isocratic system with
a mixture of acetonitrile and methanol (65:35, v/v) for sep-
1 cis-Lutein 8.54 158 109  gration ofB-cryptoxanthin,a-carotene 3-carotene, lutein,

Table 1
Retention time R;), retention factor K) and separation factora) of
carotenoids in human serum

Peak no. Compound R; (min) ka o

2 9- or 9-cis-Lutein 9.04 173109 Zeaxanthin, lycopene and canthaxanthin in human serum.
3 cis-Lutein 9.65 1.91 1.11 R . .
4 13- or 12-cis-Lutein 10.91 209 119  However, nocis-isomers of carotenoids were resolved in
5 all-trans-Lutein 11.39 2.43 1.06 human serum. Khachik et gl2] developed a method to
6 all-trans-Zeaxanthin 13.26 301 123 separate 34 carotenoids, including di8isomers in human
7 9-or g'C'S’L“te'”h, 14.35 333 111 gerum, by employing two different eluents A and B, consist-
8 cisp-Cryptoxanthin ~— 15.79 377 113 ing of a mixture of quaternary solvents each. However, the
9 all-trans-a-Cryptoxanthin 17.52 4.29 1.14 . . . . .
10 cis-B-Cryptoxanthin 18.72 465 109 retentiontimeis lengthy (90 min) and the mobile phase used
11 all-trans-B-Cryptoxanthin 20.57 5.21 112 istoo complicated.
12 13- or 13-cis-p-Carotene 24.39 6.36  1.22 Table 2 shows the identification data of the various
ﬁ 1|?‘ or 15°gﬁ'car°te”e ;Zﬁ g-g; 1-2‘3‘ carotenoids in human serum. Sil-trans-carotenoids,
all-trans-a-Carotene . . . . . . . .
15 all-trans-Carotene 20.08 778 122 including Iutelln, zeaxanthiif (':ryptc'}ganthlna caro:]ene[,} _
16 cis-Lycopene 38.09 1049 104 Carotene and lycopene were identi |eq basedont e criteriaas
17 13- or 13cis-Lycopene 40.58 11.25 1.07 described above. The visible absorption spectrum (in-line) of
18 15- or 15-cis-Lycopene 45.18 12.64 112 peak5was 417,441 and 465 nm, which was similar to that in
;g g' or g'c!&tycof’e”e 32-23 ggg i-gi areport by Liu et al[15] and identical to thall-trans-lutein
- Or S5-Cis-Lycopene . . . . . L. . .
21 all-trans Lycopene 50.51 1495 109 standard in this study. In addition, the retention behaviour of

= Retontion facton = R—— —— peak 5 was the same a#i-translutein standard. For con-
etention factork= (tr — to)/to, wheretr denotes retentiontime of sam- g ation all-trans-utein standard was added to the extract
ple components anig denotes retention time of sample solvent. .
b Separation factor: = (tra — to)/(tr1 — to), where bothr, andtg; denote for cochrqmatography and peak 5 was found indeed tdlbe
two neighboring peaks. translutein. Following the same approach, peaks 6, 9, 11, 14,
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Table 2

Tentative identification data fall-transandcis-forms of carotenoids in human serum

Peak no. Compound A (nm) (in-linep A (nm) (reported) Q-ratio? found Q-ratio reported
1 cis-Lutein 435 465 419 422 466 0.23 o1
2 9- or 9-cis-Lutein 417 429 459 417 440 470 0.23 0722
3 cis-Lutein 416 435 459 423 446 470 0.31 0°34
4 13- or 13-cis-Lutein 416 441 465 326 440 464 0.31 0°33
5 all-trans-Lutein 417 441 465 426 448 472 0.06 006
6 all-trans-Zeaxanthin 424 447 471 424 454 478 0.05 0.06
7 9- or 9-cis-Lutein 435 465 420 442 467 0.16 0h12
8 cis-B-Cryptoxanthin 411 441 471 a - - 0.45 -
9 all-trans-a-Cryptoxanthin 417 441 471 424 446 476 0.06 -

10 cis-B-Cryptoxanthin 422 441 465 - - 0.14 -

11 all-trans-B-Cryptoxanthin 422 447 471 4h6 474 0.05 -

12 13- or 13-cis-B-Carotene 422 441 465 423 441 465 0.33 0.31

13 15- or 15-cis-B-Carotene 422 453 470 421 443 470 0.41 0.43

14 all-trans-a-Carotene 393 441 471 423 446 476 0.22 b.16

15 all-trans-B-Carotene 426 453 477 426 454 478 0.08 b.08

16 cis-Lycopene 446 459 483 446 458 488 0.20 6.20

17 13- or 13-cis-Lycopene 441 465 495 440 470 508 0.41 6.55

18 15- or 15-cis-Lycopene 441 465 495 446 470 500 0.67 6.61

19 9- or 9-cis-Lycopene 446 465 483 446 470 500 0.12 6.12

20 5- or B-cis-Lycopene 411 459 483 434 464 494 0.10 6.10

21 all-transLycopene 447 471 507 452 476 506 0.07 -

a A gradient mobile phase of methanol (100%) and methylene chloride (from 90:10, v/v to 35:65, v/v) was used.

b A mobile phase of methanol/isoproponal (99:1, v/iv) and methylene chloride (from 100:0, v/v to 70:30, v/v) was used by [1i5kt al.

¢ A mobile phase of methanol/isoproponal (99:1, v/v) and methylene chloride (from 100:0, v/v to 70:30, v/v) was used by Cli8] et al.

d «_ data not available.

€ A mobile phase of acetonitrile/methanol/methylene chloride/hexane (85:10:2.5:2.5, v/viviv) was used by Khacfk et al.

A gradient mobile phase of 1-butanol/acetonitrile (30:70, v/v) and methylene chloride (from 99:1, v/v to 90:10, v/v) was used by Lin §h8]Chen
9 Q-ratio is defined as the height ratio of this-peak to the main absorption peak.

15 and 21 were identified adl-transzeaxanthinall-trans Both peaks 1 and 3 were tentatively identifiecc@sisomers

B-cryptoxanthin,all-trans-a-carotene all-trans-3-carotene of lutein, however, nais-position was assigned because there

andall-translycopene, respectively. Peak 9 was tentatively are no literature values available. Peaks 8 and 10 were identi-

identified asll-trans-a-cryptoxanthin because of absence of fied ascis-isomers of3-cryptoxanthin. Peaks 12 and 13 were

a commercial standard. assigned as 13- or 23and 15- or 15cis-B-carotene based
The tentative identification ofcisisomers of serum  on the absorption wavelength and tQeratios[26]. Peaks

carotenoids was based on a hypsochromic shift (approxi- 16—20 were tentatively identified ass-, 13- or 13-cis-, 15-

mately 4-5nm for moneis and longer for dieis isomers) or 15-cis-, 9- or 9-cis- and 5- or 5-cis-lycopene, respec-

as compared tall-transcarotenoidg13,27] It has been tively, based on a hypsochromic shiftof 12, 6, 6, 6 and 12 nm

reported that the presence of centiigtisomers, such as 13- and theQ-ratios[13,18,32,33]

or 15-<cis-carotenoids, would resultin a significant absorption

in the ultraviolet region (320-380 nnf27,28]. The ratio of 3.3. Concentration of carotenoids in human serum

height atcis-peak to the height at maximum absorption peak

is defined agQ-ratio[29—-31] which may also be used to iden- The RP-HPLC method employed in this study

tify the cisisomers. In additionall-trans-utein, all-trans enabled separation, identification and quantification of

zeaxanthinall-trans-B-cryptoxanthin all-trans-a-carotene, 21 carotenoids, including ldis-isomers.Tables 3—5show

all-trans-3-carotene, andll-translycopene standards were the quantitative data of the various carotenoids in human

illuminated at 28 C for 24 h separately to facilitate formation  serum samples. In most sampl@sgarotene showed higher

of cis-isomers, which can be used for further identification. concentrations when compared to the other carotenoids. The

This illumination condition was selected to control the for- concentration of the three major carotenoids in human serum

mation of cis-isomers of carotenoids, which may undergo followed the order: 3-carotene >lycopene >lutein. This

further degradation after prolonged exposure to light. The trend was similar to that reported by Sharpless ef3#]

variouscis-isomers of carotenoids were then tentatively iden- and Tzeng et al[19]. However, lycopene was shown to be

tified on the basis of criteria described in the method section. present in higher amounts th@rcarotene and lutein in the

The illuminated standard solution was each added to the sam-human serum of lactating mothdy. This difference may

ple for cochromatography. Peaks 2, 4 and 7 were identified be caused by the diet pattern, as reported by Tzeng[&8&l.

as 9- or %cis-lutein, 13- or 13eis-lutein, and 9- or 9cis- The concentration levels dfll-trans forms of B-carotene,

lutein, with theQ-ratios 0.23, 0.31 and 0.16, respectively. lycopene and lutein ranged from 256.3 to 864.2 ng/mL
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Table 3
Concentration (ng/m13of lutein and itscis-isomers, zeaxanthin ardcryptoxanthin in human serum samples
Sample no. Lutein Zeaxanthin a-Cryptoxanthin
cis-Lutein 9- or 9-cis cisLutein 13- or 13-cis all-trans 9- or 9-cis all-trans alktrans
1 42.3+ 0.2 50.6+ 0.1 42.9+ 0.2 96.2+ 0.3 283.8+ 0.4 41.8+ 0.1 11.6+ 0.2 51.0+ 0.1
2 40.5+ 3.9 46.7+ 1.1 42.8+ 0.5 79.84 0.5 254.0+ 2.8 44,7+ 0.1 10.54+ 0.3 53.2+ 1.2
3 29.4+ 0.2 37.1£ 05 36.9+ 0.3 55.7+ 0.8 137.9+£ 0.7 41.1+ 0.8 129+ 0.4 62.3+ 0.6
4 29.6+ 0.1 42.8+ 2.0 48.8+ 0.1 71.7+ 0.3 250.7+ 0.3 55.04+ 0.7 18.1+ 0.2 110.7+ 0.1
5 327+ 21 41.2+ 0.3 52.7+ 0.6 78.84+ 0.7 276.6+ 1.9 59.44+ 0.5 16.94+ 0.4 1153+ 2.1
6 NDP 38.9+ 2.2 49.8+ 1.2 66.44+ 0.3 245.5+ 3.3 56.1+ 2.7 21.3+ 04 132.2+ 2.6
7 35.9+ 0.8 424+ 1.2 338+ 1.1 67.2+ 0.5 164.1+ 0.2 64.2+ 0.6 9.7+ 1.8 62.3+ 1.5
8 349+ 04 42.1+ 0.3 32.5+ 0.2 66.3+ 0.6 164.1+ 1.8 60.24+ 0.6 10.54+ 0.2 58.6+ 1.1
9 348+ 1.4 449+ 0.9 35.5+ 0.6 60.0+ 2.3 270.8+ 0.1 60.1+ 1.6 9.7+ 1.5 43.1+ 0.2
10 31.7£ 0.1 46.4+ 0.4 42.4+ 0.2 47.1+ 0.3 199.7+ 2.7 46.3+ 0.4 11.6+ 0.9 87.6+ 0.4
11 31.2+ 0.1 42.6+ 0.5 353+ 15 45.0£ 0.5 164.3+ 2.4 58.0+ 2.8 11.5+ 0.2 64.2+ 0.1
12 34.7+ 3.3 44.3+ 0.9 43.3+ 1.4 46.4+ 0.2 197.6+ 0.1 42,1+ 1.2 10.6+ 0.6 62.9+ 0.8
13 47.7+ 0.7 61.6+ 0.3 50.7+£ 0.8 140.6+ 0.7 450.3+ 1.4 62.2+ 1.0 13.9+ 1.3 87.6+ 0.6
14 47.0£ 6.9 62.6+ 1.7 51.9+ 4.8 121.14+ 2.3 422.8+ 2.4 60.24+ 1.2 1494+ 1.8 795+ 1.4
15 454+ 4.1 62.6+ 0.8 47.1+ 0.5 105.9+ 1.9 3747+ 14 59.7+ 3.0 20.1+ 0.3 72.7+ 0.6
16 28.4+ 0.3 34.6+ 0.3 33.3+ 04 53.5+ 0.6 156.9+ 0.7 54.1+ 0.4 9.1+ 0.1 134.5+ 0.5
17 28.0+ 0.2 32.7+ 0.5 32.0+ 0.2 50.8+ 2.7 148.5+ 2.2 38.8+ 0.4 19.1+ 1.7 98.7+ 1.2
18 28.9+ 0.1 374+ 2.3 354+ 0.1 574+ 1.1 172.2+ 0.6 58.4+ 1.7 111+ 1.1 89.0+ 0.4
19 39.7+ 4.1 547+ 5.6 4424+ 4.8 83.6+ 1.2 2715+ 2.6 46.8+ 1.2 10.9+ 0.5 953+ 1.1
20 40.5+ 0.4 64.9+ 1.3 51.5+ 2.3 93.5+ 2.7 354.3+ 2.3 51.8+ 4.9 17.6+ 3.3 89.9+ 2.2
21 33.44+ 0.2 46.7+ 0.3 47.8+ 0.5 70.2+ 0.8 228.4+ 0.2 48.7+ 1.6 19.7+ 1.1 119.5+ 0.5

a Average of duplicate analysesstandard deviation.
b ND: not detected.

(0.48-1.61umol/L), 64.4-569.6 ng/mL (0.12-1.Qamol/L) who found that their levels in the human plasma were 0.26
and 137.9-450.3ng/mL (0.24-0.4#nol/L), respectively. and 0.37w.mol/L, respectively.

The mean concentration (1.Q8nol/L) of all-transB- Although B-carotene has been the focus of attention
carotene was the same as that reported by Tzeng [@54/. because of its high provitamin A activity, the isola-
while the average concentrationsaif-transforms of lutein tion and quantitation of the full profile of carotenoids
and lycopene were close to a report by Talwar ef20], in human serum will give fundamental knowledge to
Table 4
Concentration (ng/m®)of a-carotene and isomers Bfcryptoxanthin an@-carotene in human serum samples
Sample no. B-Cryptoxanthin a-Carotene B-Carotene
cis all-trans cis alttrans 13- or 13-cis 15- or 18-cis all-trans

1 2214+ 0.2 100.8+ 0.1 22.6+ 0.3 76.3+ 0.2 95.6+ 0.2 77.5+ 0.1 460.9+ 0.3

2 28.54+ 0.5 122.5+ 1.3 28.84+ 0.2 785+ 2.5 109.5+ 0.9 83.1+ 0.7 492.0+ 2.1

3 343+ 0.5 128.44+ 2.2 31.0+ 0.6 46.1+ 1.5 100.1+ 1.4 86.5+ 2.1 361.4+ 2.4

4 34.6+ 0.9 97.9+ 0.2 25.0+ 0.5 86.3+ 2.9 102.2+ 0.1 75.54 0.1 613.5+ 1.2

5 42.94+ 0.3 135.2+ 3.7 437+ 1.4 81.6+ 0.7 121.3+ 1.3 89.8+ 0.4 676.8+ 1.1

6 63.5+ 0.6 188.2+ 1.2 69.9+ 0.6 67.84+ 1.2 148.9+ 1.4 116.2+ 0.5 864.2+ 1.2

7 17.9+ 0.2 69.9+ 2.0 16.6+ 0.1 29.7+ 0.5 90.7+ 1.7 77.94+ 0.5 395.9+ 1.2

8 2444 1.2 87.0+ 0.6 23.3+ 0.8 28.1+ 1.4 101.8+ 3.3 76.1+ 1.1 4453+ 1.8

9 25.94 1.4 81.5+ 0.5 20.9+ 0.1 20.0+ 0.5 97.9+ 1.9 78.1+ 0.9 350.3+ 1.4
10 22,9+ 0.2 55.7+ 0.6 16.8+ 0.1 39.2+ 0.7 86.1+ 3.1 74.44+ 0.3 368.1+ 1.4
11 27.1+ 4.8 67.6+ 1.8 20.4+ 0.1 36.3+ 0.3 86.1+ 0.3 72.4+ 0.2 3215+ 1.1
12 32.0+ 0.2 87.8+ 4.3 22,94+ 23 55.5+ 0.6 109.6+ 3.3 79.7+ 1.5 512.5+ 3.4
13 19.4+ 0.6 94.4+ 1.5 18.3+ 0.9 43.9+ 0.2 89.9+ 0.8 77.4+ 0.5 593.5+ 1.9
14 30.3+ 1.6 137.44+ 1.7 40.0+ 3.1 42.6+ 3.2 112.14+ 2.4 81.24+ 0.7 598.4+ 2.1
15 51.7+ 2.3 186.2+ 2.5 43.6+ 2.4 46.4+ 0.1 118.8+ 2.5 93.8+ 2.6 709.1+ 9.1
16 20.9+ 0.5 68.1+ 0.3 16.74+ 0.1 51.54+ 0.9 75.84+ 0.8 72.5+ 0.5 256.3+ 0.1
17 31.9+ 0.8 98.4+ 3.8 32.1+ 45 50.4+ 0.1 83.1+ 0.7 83.3+ 0.1 301.5+ 2.7
18 471+ 0.2 150.44 2.4 421+ 0.3 44,7+ 0.3 94.94 1.8 88.4+ 2.4 311.9+ 1.1
19 27.8+ 0.3 93.8+ 1.8 25.9+ 0.9 122.1+ 1.1 100.9+ 1.4 79.6+ 3.5 544.8+ 2.2
20 38.1+ 5.2 123.2+ 1.6 246+ 2.2 115.1+ 0.9 120.1+ 2.3 77.5+ 1.3 600.5+ 2.3
21 37.7£ 28 131.1+ 0.7 314+ 2.1 115.3+ 0.9 117.7+ 1.3 83.1+ 0.7 644.6+ 2.4

a Average of duplicate analysesstandard deviation.
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Table 5
Concentration (ng/ml®of lycopene and itsis-isomers in human serum samples
Sample no. Lycopene
cis 13- or 13-cis 15- or 18-cis 9- or 9-cis 5- or B-cis all-trans
1 23.3+ 0.1 48.6+ 0.3 28.6+ 0.2 33.0+ 0.2 28.1+ 0.1 202.1+ 0.3
2 26.3+ 0.9 90.24+ 2.3 36.7+ 0.5 50.2+ 1.3 234+ 0.1 449.7+ 1.8
3 26.5+ 0.6 100.2+ 0.9 41.8+ 0.6 53.94+ 0.3 27.8+ 0.5 435.8+ 2.9
4 235+ 0.1 59.0+ 1.1 29.9+ 0.2 30.5+ 0.5 27.6+ 0.5 187.1+ 3.2
5 28.8+ 1.2 86.2+ 2.9 30.1+ 0.8 41.4+ 0.5 29.5+ 0.2 335.6+ 1.6
6 29.8+ 0.1 133.3+ 1.3 30.9+ 3.8 59.4+ 1.6 36.7+ 0.6 569.6+ 1.3
7 235+ 0.1 41.8+ 1.2 28.1+ 0.5 27.9+ 0.6 28.4+ 0.1 120.6+ 1.9
8 2444 0.3 59.94+ 1.8 30.3+ 0.3 36.84+ 0.6 25.6+ 0.3 240.4+ 0.9
9 23.8+ 0.4 59.1+ 0.9 29.7+ 0.7 38.2+ 1.6 24.8+ 0.6 226.8+ 1.3
10 23.9+ 0.1 73.1+ 6.1 28.6+ 0.4 346+ 2.1 29.5+ 0.6 265.7+ 3.4
11 24.8+ 0.5 90.44+ 1.3 304+ 2.4 41.8+ 0.4 26.2+ 0.7 405.2+ 1.6
12 26.7+ 0.5 114.44+ 2.3 40.6+ 2.2 55.1+ 1.2 28.4+ 0.6 474.4+ 3.8
13 26.3£ 0.5 40.9+ 0.6 26.6+ 0.5 249+ 0.1 24.3+ 0.4 64.44+ 0.3
14 28.5+ 0.6 93.5+ 3.3 31.7+ 0.6 45.1+ 0.5 23.94+ 0.3 436.9+ 1.7
15 318+ 05 132.9+ 0.2 48.6+ 0.9 71.4+ 0.6 29.3+ 0.7 532.2+ 1.2
16 27.2+ 0.1 56.5+ 0.8 23.8+ 0.5 27.6+ 0.5 23.6+ 0.6 114.3+ 3.5
17 27.0+£ 0.7 85.5+ 2.7 315+ 14 48.4+ 0.4 23.3+ 0.1 313.3+ 3.6
18 30.3+ 2.5 108.7+ 0.5 457+ 1.5 61.3+ 1.1 24.84+ 0.2 414.6+ 2.2
19 239+ 0.3 53.5+ 4.5 28.9+ 0.1 31.1+ 0.5 245+ 0.3 1345+ 1.4
20 249+ 0.4 929+ 1.4 31.3+ 0.1 40.2+ 0.9 241+ 0.7 3593+ 1.2
21 239+ 0.2 121.0+ 2.4 37.7+ 0.1 51.6+ 2.6 26.2+ 0.6 363.6+ 2.2

a Average of duplicate analysesstandard deviation.

our understanding of the role of the other provita- cislycopene because of existence of equilibrium between
min A sources, like,3-cryptoxanthin anda-carotene as  translycopene and itsis-isomers. However, in the food
well as non-vitamin A active carotenoids. The concen- matrix, this isomeric equilibrium does not occur. Ttis-
tration range of the other carotenoids, namely, zeaxan-forms ofB-cryptoxanthin also contribute significantly (42%)
thin, a-cryptoxanthin andx-carotene were 9.1-21.3ng/mL  to their total contents in the human serum samples ana-
(0.02—0.04.mol/L), 43.1-134.5 ng/mL (0.08-0.24mol/L) lyzed. But, thecis-isomers off3-carotene contributed less
and 20.0-122.1 ng/mL (0.04-0.g&nol/L), respectively,and  significantly, which may be due to the isomerization of 9-
their mean concentration levels were close to those reportedcis-B-carotene int@ll-trans-B-carotene during absorption in
by Khachik et al[2], who have determined their contents as humans, as demonstrated by You e{3r].
0.04, 0.08 and 0.12mol/L. The in vitro antioxidant activity study conducted by Bohm
The ability of an analytical method to accurately determine et al. [38], using the Trolox equivalent antioxidant activ-
cis-transcarotenoid profiles of biological fluids is a prereq- ity assay (TEAC), illustrate that th@s-isomers of lycopene
uisite to acquiring a better understanding of the biological had highest antioxidant activity (about two times higher than
significance ofcis-carotenoids. Apparently, C-30 columns, the activity of B-carotene) among the 17 geometrical iso-
though takes longer time than C-18 column, provide good mers ofa-carotene3-carotene, lycopene and zeaxanthin.
separation of carotenoids and their isomers, in particular. As B-carotene was shown to have a higher concentration
In this study, about fiveis-isomers of lutein and lycopene than lycopene in this study, it is suggested that the lycopene
each and two oB-cryptoxanthin ang-carotene each were level in the serum of the subjects could be elevated by advis-
identified and quantified. Thas-isomers make up about 52, ing them to consume lycopene-rich food products such as
42, 30 and 52% (mean percentage) of the total lutBin,  adequately processed tomatoes. Because, lycopene, though
cryptoxanthinB-carotene and lycopene, respectively, in the possesses no provitamin A activity, does exhibit other vital
human serum samples analyzed, which indicates thaishe  biological properties in comparison wigicarotend39].
forms of lutein and lycopene also play animportant biological ~ The foregoing study has demonstrated a simple, yet an
role. The data analyzed in this study proves the hypothesisimproved HPLC method for determination of carotenoids
[35,36] that a high percentage ofs-lycopene is presentin  and their isomers in human serum. The discussion on the
human serum and tissues because it may be better absorbesults has clearly signified the importance of determina-
thantranslycopene. This is probably because of lower ten- tion of cisisomers of carotenoids in human serum so as
dency of cis-isomers to aggregate, enhanced solubility of to understand their bioavailability. A further study is war-
cis-lycopene in bile acid micelles, and possibly preferential ranted to improve/modify the method of determination in
incorporation into chylomicronfb]. It is also possible that  order to identify the variousis-isomers in human serum by
lycopene exists in both human and animal tissues%8% HPLC-NMR.
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