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Population variabilities of serum carotenoid and tocopherol levels using reverse-phase HPLC in healthy
American (Caucasian), Chinese and Korean adults were determined. Considerable variation in serum nutrient
concentrations was found among these groups. The mean serum concentration of lutein/zeaxanthin was
significantly higher in the Chinese than in the white Americéhs @.001), whereas serum-carotene and
lycopene concentrations were significantly higher in white Americans than in Chihes@q01). Serunf-

carotene concentrations in Koreans were significantly higher than in either white Americans or in Chinese. The
mean serum lycopene concentration in Koreans was lower than in Americans. The mean serum retinol
concentration was significantly higher in white Americans than in Chinese or KoRar{05). American
seruma-tocopherol concentrations were significantly highex(0.005) than those of the Chinese, whereas
tocopherol values were significantly lowd? € 0.001) than those of the Chinese. These differences probably
reflect differences in dietary intakes among these population groups.
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Introduction Materials and methods

There is continued interest in dietary antioxidant nutrient€hemicals

given that they may prevent oxidative damage in targedll-trans-B-carotene (type IV)a-carotene, altransretinol,

tissuest It is well known that carotenoids and tocopherols aréetinyl palmitate,y-tocopherol andx-tocopherol were pur-

important antioxidant nutriens? Epidemiological studies chased from Sigma Chemical Co. (St. Louis, MO, USA).

have indicated that these dietary fat-soluble nutrients atditein was purchased from Kemin Industries, Inc. (Des

related to a lower risk of certain types of chronic diseasd¥oines, IA, USA). Zeaxanthin, cryptoxanthin, tocol, and

such as cancér! cardiovascular diseat® and eye dis- carotene were gifts from Hoffmann-La Roche Inc. (Nutley,

easel0-12 NJ, USA). Solutions of carotenoids and retinoids were pre-
Preformed vitamin A occurs in foods of animal origin,pared under red light immediately before use. All high per-

and the absorption of retinol is more efficient than that Oformance liquid chromatography (HPLC) solvents were

carotenoids. However, the circulating retinol concentration igbstzlneddfrom Jf-'l;t Balcjetrh Chekr]nlca(gl 4050. (Phlllpsbburg, f!TiJ,
controlled by a homeostatic mechanism; therefore, th%éJ ) and were filtere rough a ©.45 pm membrane filter

. . o .before use.
plasma retinol concentration does not reflect vitamin A nutri-

tional status, unless there is vitamin A deficiency or. .
ubjects

excess314In contrast, it has been clearly demonstrated th asting blood samples from human volunteers (56 American
serum carotenoid concentrations mainly reflect immediat%aucasian 25 Chinese and 53 Korean) were analyzed
dietary carotenoid intake:-17 Similarly, it has been shown (Table 1). Subjects were recruited from each community:
that the serunu-tocopherol concentration reflects dietary gyston in America Shanghai in China and Seoul in Korea.

vitamin E;4 even though tocopherol-binding protein appeargymerican and Korean blood samples were drawn in the

to regulate plasma/seruartocopherol levels within a nar- autymn, and Chinese samples were collected in the spring.

row range of concentratiors. Written informed consent was obtained from each volunteer.
Food habits as well as the cultural and social environ-

ments of Asian people are different from those of V\_/este:COrreSpondence addressKyung-Jin Yeum, Jean Mayer USDA

peoplet® Therefore, we measured serum concentrations (yyman Nutrition Research Center on Ageing, Tufts University,

carotenoids, retinol and tocopherols in healthy Americargoston, MA 02111, USA.

Chinese and Korean adults to determine the variability cTel: +1 617 556 3128, Fax: +1 617 556 3344,

antioxidant nutrients among these population groups. E-mail: Yeum_GI@HNRC.Tufts.edu
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Table 1.Characteristics of the subjects HPLC chromatograms calibrated against known amounts of
Male Female Age standards. Levels were corrected for extraction and handling
losses by monitoring the recovery of the internal standards.

American 12 a4 38416  1ho |ower limit of detection was 0.2 pmol for carotenoids,
Chinese 22 3 39.9+238 2.0 pmol for retinoids and 8 pmol for tocopherols
Korean 20 33 528+20 <P P P :

Statistical analysis
Chinese and Korean serum samples were frozen in dry i€esults are expressed as mean + SEM. The significance of
before being transported to the Nutrition Research Center difference was determined by Studenttest or analysis of
Tufts University. Serum was stored at —80°C until analysis.variance using the Statview Il program (Abacus Concepts
Inc., Berkeley, CA, USA).

Carotenoids, retinoids and tocopherol analysis
Serum antioxidant nutrients were extracted using a modifiedesults
method previously describé®lAmerican and Chinese sam- The mean + SEM ages of each group were 38.4 + 1.6, 39.9 £
ples were analyzed fd8-carotene,a-carotene, cryptoxan- 2.8 and 52.8 + 2.0 years for American, Chinese and Korean
thin, lycopene, lutein/zeaxanthin, retinol;tocopherol and subjects, respectively. The mean serum concentration of
y-tocopherol, whereas Korean samples were analyzggt for lutein/zeaxanthin was significantly higher in Chinese sub-
carotene, lycopene, retinol anetocopherol. Briefly, 150 uL jects (31.0 + 2.7 ug/dL) as compared with American subjects
of serum was extracted twice with 2 mL of CHOTH,OH  (15.7 £1.0 pg/dLP < 0.001), whereas serum concentrations
(2:1, viv) and 3 mL of hexangCarotene, retinyl acetate and of a-carotene (4.8 £ 0.6s0.9 +0.1) and lycopene (32.2 +
tocol were added as internal standards. All sample processif@ vs 4.8 + 1.6) were significantly higher in American sub-
was done under red light. jects as compared with Chinese subjeBts 0.001). Serum

The HPLC system consisted of a Series 410 LC pumf-carotene concentrations were similar in American and Chi-
(Perkin-Elmer Inc. Norwalk, CT, USA), a Waters 717 plusnese subjects. Concentrations of the total major carotenoids
autosampler (Millipore, Milford, MA, USA), a Pecosphere-3were 78.9 + 3.4 and 59.1 pg/dL for American and Chinese,
C18 0.46x8.3cm cartridge column (Perkin-Elmer Inc., respectively. The mean American serantocopherol con-
Norwalk, CT, USA), a Waters 994 programmable photodiodeentration was significantly highelP € 0.005) than the Chi-
array detector and a Waters 840 digital 350 data station. These value, whereas the mean American sgrtonopherol
HPLC mobile phase was GEN:THF:H,O (50:20:30, v/vlv, value was significantly lower(< 0.001) than the Chinese
1% ammonium acetate in ,8, solvent A) and value (Table2). Lycopene an@-carotene were major
CHCN:THF:H,0O (50:44:6, vivlv, 1% ammonium acetate incarotenoids in the American subjects, whereas lutein was the
H,O, solvent B). The gradient procedure at a flow rate opredominant carotenoid in the Chinese subjects. Lycopene
1 mL/min was as follows: 60% solvent A and 40% solvent Bhad the lowest concentration of all carotenoids in the Chinese
were used for 2 min followed by a 9 min linear gradient tserum (Fig. 1). The mean serum retinol concentration was
83% solvent B, then a 2 min linear gradient to 60% solvergignificantly higher in American subjects (52.6 + 2.1 pg/dL)
B, a 2 min hold at 100% solvent B, and finally a 2 min grathan in Chinese (36.8 £ 2.6 ug/d2<0.001) and Korean
dient back to 100% solvent A and 40% solvent B. The Watesubjects (43.3 £ 2.41 ug/dLR < 0.005). Serun-carotene
994 programmable photodiode array detector was set lavels were significantly higher in Korean subjects (37.4 +
340 nm for retinoids and 450 nm for carotenoids. A fluores2.7 pg/dL) than in American (17.1 + 1.5 pg/dL) or Chinese
cence detector (Waters 470, Millipore, Ex:292 nm, Em:33@15.6 + 2.6 pug/dL) subjects. The mean serum lycopene con-
nm) was connected for tocopherol analysis. Using thisentration in Koreans (2.5+0.4 ug/dL) was the lowest
method, lutein and zeaxanthin coelute, but other major caramong the three groups, and significantly lower than the
tenoids are adequately separated. Carotenoids, retinoids aradue for Americans. Serum lycopene concentration showed
tocopherols were quantified by determining peak areas in the significant difference between Chinese subjects and

Table 2. The serum concentration of antioxidant nutrients in healthy adults (unit: pg/dL)

Subjects
American (= 56) Chinesen(= 25) Korean ff = 53)

Provitamin A carotenoids

[-carotene 17115 156+2.6 37427

a-carotene 48+0.6 0.9 £ 0.1%* NA

Cryptoxanthin 9.1+0.6 6.8+1.1* NA
Non-provitamin A carotenoids

Lycopene 32.2+1.8 4.8 £ 1.6%* 25+0.4

Lutein and Zeaxanthin 157+1.0 31.0£2.7%* NA
Total carotenoid 789+3.4 59.1 + 5.4* NA
Retinol 52.6+2.1 36.8 + 2.6%** 43.3+2.4
a-tocopherol 947.1+37.5 690.4 + 51.6** 911.0 £ 65.7
y-tocopherol 145.9+8.7 399.5 + 63.6*** NA

Values are mean + SEM. Significantly different from Americais<*0.05,**P < 0.005, ***P < 0.001.
NA, data are not available.
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Figure 2. Serum carotenoid, retinol, andtocopherol concentrations in

sis (O) American 6 =56), () Chinesen(= 25) and ) Korean (= 53)

ay4 healthy adults. Bars not sharing the same letter are statistically different,
Y 20.67% P < 0.05 (ANOVA).

41.58%

a-tocopherol level is regulated by tocopherol-binding pro-
tein? their serum concentrations differed in the various
Chinese groups. In contrast with seruattocopherol,y-tocopherol
(which has about one-half the antioxidant activity and one-
tenth the biologic activity ofti-tocopherdl) was signifi-
cantly lower in American sera than in Chinese sera.
Lutein, cryptoxanthinp-carotene, and lycopene were the
major carotenoids in both American and Chinese sera, as
VimiminimminiE reported earlie¥22 However, compared with the American
23.56% [ adults, serum lutein/zeaxanthin concentrations were approxi-
ik SISE IS mately two-fold higher, and lycopene approximately six-fold
lower, in the Chinese adults. Seasonal variations of serum/
54.00% plasma carotenoids in several population groups have been
reporteck3-25> Because season affects the pattern of food
intake in China (data not shown), a seasonal variability in
Chinese subjects cannot be overlooked. Serum lycopene con-
centrations in Koreans were more than 10-fold lower than
11.60% those found in white Americans. It is well known that indi-
vidual fruit and vegetables provide specific carotenoids.
Figure 1. Serum carotenoid composition in American and ChineseYellow or orange vegetables, such as carrot and squash, have
healthy adults. [(J), lutein/zeaxanthin; 3 ), cryptoxanthinZ{ &-  high levels ofa-carotene anfl-carotene; green leafy vegeta-
carotene; [ )irans p-carotene; M), lycopene. bles, such as spinach and broccoli, contain lutein, zeaxanthin,

) o ) .and B-carotene® while tomatoes contain high levels of
Korean subjects. There was no significant difference %

9.16%

N

serum a-tocopherol concentration between American anI copene: Dietary data was not available in our study; how-
P ver, given that serum carotenoid concentrations reflect

Korean supjects, b Ut.thef mean Chinese sarttocopherol recent dietary intake of fruits and vegetal3fes’ 28these dif-
concentration was significantly lower than the value for,

Koreans P < 0.05; Fig. 2). ferences probably reflec? a higher consumption of g.reen leafy
vegetables and a lower intake of tomatoes and their products
Discussion in Oriental people as compared with Western Caucasian

The data shows great variability of serum antioxidant nutriP€ople.

ents among the three study populations. Serum concentra- ) )
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