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Abstract

Carotenoids are abundant in the Korean food supply. The intake of foods rich in carotenoids appears to
be associated with optimnal health, and a reduction in the risk of cancer, cardiovascular disease, macular
degeneration and cataract formation. Specific dietary carotenoids may be responsible for these specific
protective effects. Hydrocarbon carotenoids such as ¢-, B-caroienes and lycopene may reduce the risk of
cancer and heart disease, whereas oxygenated carotenocids, such as Iutein and zeaxanthin, may be important
in protection of the eve. Dietary carotenoids, such as lutein, cryptoxanthin, a-carotene, f—carotene and lycopene
can be readily obtained from the diet. Green leafy vegetables, such as spinach and broccoli, contain both
cxygenated and hydrocarbon carotenoids ; vellow or orange vegetables, such as carrots, have high levels
of d—carotene and f-carotene ; and tomatoes contain high amounts of lycopene. Besides being important
vitamin A sources, provitamin A carotenoids, such as d—carotene, B—carotene and cryptoganthin, participate
in the cell defense systems that are associated with radical quenching. Non-provitamin A carotenoids, such
as Intein and lycopene, major carotenoids in human plasma, have also been reported to possess strong antioxidant
capability. The alteration of dietary sources of carotenoids can modify their levels in the circulation and target

tissues, and thus prevent or delay the onset of these chronic diseases.
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INTRODUCTION

Mare than 600 carotenoids have been characterized
in nature, although, only about 10% of these carotencids
have potential vitamin A activity(l). For example, §
-carotene, o—carotene and B-cryptoxanthin can be cleaved
to vitamin A. However, other carotenoids such as lutein,
zeaxanthin and lycopene cannot be broken down to
vitamin A(Fig. 1).

There is continued interest in the study of dietary
carntenoids because of the epidemiclogical studies that
have suggested that diets rich in carotencid-containing
foods may reduce the risk of certain types of chronic
diseases such as cancer(?), cardiovascular disease(3-5),
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Fig. 1. Major carotenoids in human serum and tissues.

macular degeneration(6) and cataracts{7,8}. On the
other hand, recent intervention trials indicated that
supplementation of P-carotene provides either no
benefit(9)
or may have an adverse effect on the incidence of lung
cancer in smokers(10,11), even though baseline serum
B-carotene levels were inversely carrelated with the
subsequent incidence of lung cancer in these studies
(10,11). However, there has been no question raised
as to the efficacy of the foods that contain carotenoids.
Specific dietary carotenoids may be responsible [or
different effects. Hydrocarbon carotencids, such as B
-carotene, may be a marker for reduced risk of cancer
and heart disease(2-5}, whereas oxygenated carotencids,
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such as lutein and zeaxanthin, may be important Tor
protecting the eye(6-8). The acyclic carotencid, lycopene,
is one of the most abundant carotencids in human
blood and tissues. Lycopene has been found to be
associated with an inverse risk of both cervical cancer
and prostate cancer(12,13). Green leafy vegetables con-
tain both oxvgenated and hydrocarbon carotenoids ;
vellow or orange vegetables have high levels of o
-carotene and f-carctene(14) ; and tomatoes contains
high amounts of lycopene{15).

In this review, we will review the oxidation of pro—
vitamin A carotenoids into retinoids. Variability of haman
plasma carotenoids and their response to the ingestion
of fruits and vegetables will be discussed. Some im-
portant new aspect of oxygenated carotenods in hurnan
eye tissues will also he reviewed.

OXIDATION OF PROVITAMIN A
CAROTENOIDS

The mechanism by which carotencids or their me—
tabolites may exert a protective function against cancer
is not yet known. The antioxidant role of carotene may
partially explain the anticarcinogenic elfect of carot-
enoids(6,17). Carotenoid effectively quenches singlet
oxygen, which may be present in biological systems
as a result of photosensitivity reactions{16). Also, ca-
rotenoid is able to trap peroxyl and atkoxyl radicals
effectively(17). Since B-carotene has the highest vitarnin
A activity among the carotencids, and it is abundant
in foods, all-trans B-carotene has been extensively

studied. In addition to heing an anticxidant, f-carotene
ig an important scurce of retincids, such as retinol and
retinoic acid, in human tissues(Fig. 2). Humans are ca-
pable of accumulating high concentrations of carotenoids
in tissues without any apparent toxicity.

The metabolism of provitamin A carotenoids to re-
tinoids has been demonstrated in cell-free systems for
almost 50 years, but there is still a lack of information
about the specific enzyme(s) that carry out this important
biological process. It is generally accepted that oxidative
cleavage of B-carotene has two pathways, central cleav-
age and excentric cleavage(1). Central cleavage catalyzes
the formation of retinyl aldehyde, which can be reversibly
reduced to retinol or irreversibly oxidized to retinoic
acid. On the other hand, excentric cleavage leads to
B-apo—carotenaldehydes such as p-apo-14',-12'.-10",
-8 —carotenaldehydes and corresponding P-apo—carotencic
acids, ultimately forming retinocic acid{1}.

We have studied the in vitre metabolism of several
major provitamin A carotencids ; P-carotene, d—carotene
and B-cryptoxanthin, which have antioxidant properties,
B—-apo-carctenoids and retinoids were produced after
30 min incubation of normal human gastric mucosal
homogenate with f-carotene. Both enzymatic and non-
enzymatic oxidation occurred at the same time in this
int vitro incubation systern, although control experiments
(ie. incubation of B-carctene without tissue) indicated
that only insignificant non-enzymatic oxidation took
place(17). Similar to B-carotene, after incubation of nor-
mal himan gastric mucosal tissue with d-carotene, both
B-apo-carotenals and o-apo-carotenals were produced.
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Fig. 2. Conversion of f-carotene into retinoids.
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Incubation with B-cryptoxanthin also produced the B
-apo-carotenoids, retinoids, as well as more polar oxi-
dized compounds, which we believe they are hydro-
xylated derivatives. It is probable that the enzyme in
gastric tissue can attack several carotenoids in the same
manner.

A POSSIBLE MECHANISM OF
CAROTENOID OXIDATION

Plant lipoxygenases, a group of iscenzymes, are
known to bleach carotenoids. The reaction occurs by
way of a co—oxidation reaction in which a polyunsa—
turated fatty acid is first oxidized to form a hydro-
peroxy fatty acid radical which in turn brings about
the oxidation of carotenoids to produce a colorless pro-
duct. It has been reported that there is in vitro destruc-
tion of rumen fluid carotenoids by plant lpoxygenases
(18). Several publications have also reported the pres-
ence of lipoxygenase in healthy human tissues as indi—
cated by the characteristic lipid oxidation products{19,20),

The basis for the formation of excentric cleavage
products of B-carotene after incubation with himan
gastric mucosal homogenates was studied. The same
excentric cleavage products were formed when B
—carotene was incubated with either gastric tissue or
lipoxygenase plus the substrate, lincleic acid. The B
—carotene metabolites, f-apo-carotenocids and retinoids,
were significantly increased by the addition of lipoxv—
genase to the gastric tissue homogenate. B-Apo—carotencids
and retingids were also formed when B-carotene was
incubated with 13-LOOH(135-hydroperoxy-cis, trans-9,
11~octadecadienoic acid), one of the primary products
of lipoxygenase action, Furthermore, the B-carotene
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Fig. 3. Possible mechanisms of enzyme-linked oxidation
of B-carotene in in vitro system(17)
B-C, B-carotene; B-C-, B-carotene radical; LOX,
lipoxygenase; LH, linoleic acid; L-, linoleic acid
radical: LO+ |, alkoxyl radical; LOO- |, linoleic acid hy-
droperoxyl radical; LOOH, linoleic acid hydroperoxide.

metabolites were significantly reduced in the presence
of the lipoxygenase inhibitor, NDGA (nordihydrogu-
aiaretic acid). These results strongly suggest that
lipoxygenase activity is involved in the oxidation of
f—carotene in gastric tissue in vivo, Fig. 3 summarizes
the possible mechanisms of lipoxygenase-linked ox—
idation of B-carotene in this in vitro system,

It is conceivahle that the reaction of lipoxvgenase
with its substrate, linoleic acid, alters the enzyme such
that it now can oxidize fi-carotene directly, and in the
process Torm excentric cleavage products. An alternative
process depends on the formation of a hydroperoxyl
radical, 1LOO + | from the reaction of L - and Oz Under
these circumstances, the LOO - can either abstract a
hydrogen fram B-carotene, forming a carbon-centered
resonance-stabilized radical, as hypothesized by Burton
and Ingold(21). Included in Figure 3 is the possible
reaction of alkoxyl radicals, which can be produced by
a metal-catalyzed reaction with a lipid hydroperoxide,
with p-carotene.

The formation of similar oxidative products fol-
lowing incubation of B-carotene with gastric mucosal
tissue, lipoxygenase plus linoleic acid, or 13-LOOH
and inhibition of B-carotene oxidation in the presence
of lipoxygenase inhibitor, NDGA, illustrates that B
—carotene can react with either fatty acid peroxides
or their derivatives. Other major provitamin A carot—
enoids ; d—carotene and B-cryptoxanthin, which have
antioxidant properties, also are oxidized in the same
manner as P-carotene. Therefore, carotenoids should
be able to participate in the cell defense systems of the
healthy human body that are associated with radical
quenching.

PLASMA CAROTENOIDS CAN BE
MARKERS OF VEGETABLE AND
FRUIT INTAKES

Green lealy vegetahles such as spinach, broccoli, and
kale mainly contain oxygenated carotenoids. Yellow or
orange vegetables such as carrots and squash provide
a high amount of hydrocarbon carotencids. Oranges are
the major contributor of cryptoxanthin, and tomatoes
contain high amounts of lycopene, Therefore, the plasma
concentration of each carotenoid may reflect the intakes
of specific fruits and vegetables consumption.

To examine this further, serum carotenoids and
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retinol were measured to determine the variability of
antioxidant nutrients using reverse-phase HPLC in
healthy American and Chinese adults. There was con-
siderable differences in plasma nutrient concentrations
between groups(Fig. 4).

Cormpared to American adults, plasma lutein/zeaxanthir:
concentrations were about 2 times higher, lycopene
about 6 times lower, and a-carotene 5 times lower in
chinese adults. Plasma B-carotene values were similar.
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Fig. 4. Plasma concentration of carotencids and retinol
in American and Chinese healthy adults.
A-Cryp, a-cryptoxanthini B-Cryp, B-cryptoxanthin;
AC, n—carotene: ¢cBC, cis B-carotene; tBC, all-trans
fi—carotene; Lut/Zes, lutein+zeaxanthin; Lyco, Lyco—
pene; ROH, Retinol,

Chinese, n=25;, American, n=54.
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Fig. 5. Plasma concentration of carotenocids and retinol

in Chinese healthy adults by season(n=17).
*p<0,05, #+p<0.01, ***p<0.005; significant difference
beiween two seasons.
A—Cryp, a~cryptoxanthin; B-Cryp, B-cryptoxanthin;
AC, a—carotene; cBC, ¢is B-carotene; tBC, all-trans
B-carotene; Lut/Zea, lutein+zeaxanthin: Lyco, Ly
copene; ROH, Retinol.

These differences may reflect a higher consumption of
green leafy vegetables and lower intake of tomatoes and
their products in Oriental peopie than that in Western
people.

Serum concentrations of carotencids also showed a
seasonal variability. Luten/zeaxanthin and lycopene were
statistically higher in summer than in winter, whereas
cryptoxanthin was statistically higher in winter(Fig. 5).

High intakes of carotenoid-rich fruits and vegetables
may alter the levels of carotenoids in serum and target
tissues and thus prevent or delay the onset of certain
diseases. To understand the biclegical function of specific
carotenoids, it is essential to understand their uptake
in the circulation.

Human plasma response to the ingestion of con-
trolled diets hugh in fruits and vegetables were deter-
mined in 36 healthy men and women before and after
heing fed controlled diets of moderate fat{26% of total
calories) and high carotenoid content{ = 16mg/day) for
a 15 day peroid(22). The concentrations of plasma lutein,
crypioxanthin, d—carotene, 13-cis B-carofene, all-framns
B-carotene and cis and frans lycopenes were all sig—
nificantly increased(p<0.03) within 16 days of starting
the high fruit and vegetable diets(10 servings/day). It
was found that most of the carotencids of human plas-
ma can-be increased hy moderate alterations in human
diets within a short period of time, although the plasma
response may be related to the baseline carotenoid
concentrations(22). Thus, plasma carotencids can be
used as markers of recent vegetable and fruit intake.

OXYGENATED CAROTENOIDS IN
HUMAN EYE TISSUES

Very littly 1s known about the absorption and tissue
distribution of lutein and zeaxanthin, the major oxy—
genated carotenoids (xanthophylls) in our diet. Although
these compounds are not precursors of vitamin A, they
are the only pigments found in the human lens and
macular region of the human retina(23,24). High intakes
of dark-green leafy vegetables, such as spinach and
broceoli, which is rich in lutein and zeaxanthin, have
been demonstrated to be associated with a lower risk
for cataract and macular degeneration, which are major
causes of blindness throughout the world(6-8}.

Age-related macular degeneration is degeneration of
the retina and the retinal pigment epithelium in the
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macular region. Since no treatment is available for
most patients, efforts focus on preventing the damage
leading to this condition. It is possible that the retinal
carotenoids, lutein and zeaxanthin, which form the mac-—
ular pigment may help to prevent age-related macular
degeneration.

A recent study showed that macular pigment density
in the retina could be raised by increasing dietary intake
of lutein and zeaxanthin from foods(25). A self-selected
diet was supplemented with 60g of spinach (10.8mg
lutein, (.3mg zeaxanthin), and/ or 150g of corn (0.3mg
lutein, 0.4mg zeaxanthin) per day throughout a 3 month
period to 11 healthy adults. Macular pigment density
was increased within four weeks of dietary modification
for most, but not all subjects. Augmentation of mac-
ular pigment for hoth experimental and clinical in-
vestigation appears to be feasible for many individuals(25).

CONCLUSIONS

Carotenoids are abundant in the Korean food supply.
About 802 of vitamin A provided {from carotenoids
in Korean diet. Carotencids have also heen suggested
to have specific biological functions. The intake of
foods rich in carotenoids appears to he associated with
better health, and they may reduce the risk of cancer,
cardiovascular disease, macular degenerzation and cat-
aract formation. Specific dietary carotenoids may play
a tole in reducing the risk of certain diseases.

B-Carotene can he cleaved into retincids through
central cleavage and excentric cleavage. Other provi-
tarnin A carotenoids can be oxidized enzymatically and
non-enzymatically in the same manner as B-carotene.
In addition to being important sources of retinoids
such as retinol and retinoic acid, provitamin A carot-
enoids, which have antioxidant properties, may be able
to participate in the cell defense systems.

The concentrations of most carotenoids (lutein, cry-
ptoxanthin, d-carotene, 13-cis B-carotene, all-trans B
—carotene, trans—and cis-lycopenes) that exist in hutman
plasma can be increased in a relatively short period of
time by increasing the intake of fruits and vegetables,
Furthermore, dietary intake of dark green leafy vege-
tables is effective in increasing the concentration of
lutein and zeaxanthin in tissues including the macula.
The data have implications for making recommendations
for food selections that could decrease the risk of certain
diseases.
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