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Carotencids and other antoxidant nutrients are
receiving considerable public attendon. Recent
scientific data suggest that optimal intake of
carotenoids and other antioxidants can help delay or
prevent the onscr of cancer, atherosclerosis, cataracrs,
macular degeneracion and other major degencrative
diseases. Such diseases have been linked to damage
from free radicals. Free radicals originate in body
processes. They also result from environmencal
exposures, and serve necessary functions in che bod.
Free radicals are held in check by antioxidants.

As long as agriovidunts and free radicals are in balance
in the body; free radicals do not present a prablem,
However, when free radical levels increase because of
diet, Lifestyle, environment or other influences.
antioxidant protection is overwhelmed and free radical

damage oceurs.

Antioxidancs play a significant role in the badv's
defense against excess levels of free radicals and the
damage they can cause. These antioxidants include
carotenoids, the enzymes superoxide dismurase,
caralase and sclenium-containing ghrathione
peroxidase, viramins C and E, alpha-lipoic acid, and
bioflavonoids such as are present in Pycnogenol®
brand French maritime pine bark extract.

The information that follows offers 2n overview of

carotenoids.
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Carotenoids: What ghey are and what they do

What are carotenoids?

Carotenoids are naruraliy-occurring colorful compounds
that are abundant as pigments in plants. Between 500 and
600 specific carotenoids have been identified. However,
only 2 small number of carotenoids arc found in appreciabie
qu:;ntitics in human blood and tssues. The major ones are
alpha-carotene, beta-carotene, lutein, zewxanchin,
crvproxanthin and lycopenc.
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Is there a difference between supplements of narur
mixed carotencids and synthedc beta-carotene®

Natural mixed carotenoid supplements contain a varicor of
carotenoids—including alpha- and heta-carorene, Ivcopene,
zewxanchin. crvptoxanthin and lutein—char are narurally toua
various fruits and in vellow and dark green vegerubles. Swnthe:
caratenoid supplements contain only heta~carotene, In additic
synthetic beta-carotene is composed of all-trans isomers while
beta-carotene trom algae and in many truies and vegecables is
composed of all-trans. 9-cis and other s isomers. Research
results sugrgest thae $-8s beta-aarotene is 4 more efficient
andoxidant than all-res bera-caratene. In healthy volunteer-
serum fevels of lipid peroxidadon preducts were ack hizher
subjeets suppleniented wich sinthetie beta-carotene than in
subects supplemented with beta-carotene and other carotene
from natural sources.” Resules ot another seudy in hedthy
volunteers showed a preterenziad uptake of furein and zeand
conmpared o lletrans Femecarotene Stlowing supslementae
with narersl mixed cartenoids’

How do carotenoids work®

Carotenoids Renetion sogether as o team. They have divers
Diolowtcal uncrions, 2ad despite the similarities w semems
play dirferent roles. Certuin carotenoids are precursors of
viamin A and ean be metabolicaily convered inw vitanin
in the body. Beta-carorene has the highest potential vitm:
activiey. Qther provitamin A carotenaids include alpha-
carotene and beta-erproxanthis.

Carotenoids also have 1 mumber of other functions that ase
completely independeat of their pocential vicamin A cole, ©
which they function in thetr narurallv-occurring carozeant..
forms rather than as <iamin’\.

Cuarotenoids are etfective quenchers of singler oxygen. wick
lycopene exhibiting the highest singler oxygen quenching
activir. Curotenoids function as chain-breaking antioxidur.
protecting cells and ocher body components from free cadic
atzck. Ovidarive darmage resulting from tree aadicd ek
been Jinked to the orsetof premarure aging, cancer,
atherosclerosis, cataraces, age-celated mmcular degeneration
an array of degenerative diseases.

Carotenoids enhance the tnmune response. in aninals,
carotenotds stimulare 2 number of indices of immune fune
Srudies in humans have also shown caluncemenr of immt
parameters by carotenoids.
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Carotenoids protect the skin from redness and damage
following exposure to UV radiation. Human studies have
shown that beta-carotenc supplementation combined with
topical sunscreens protected the skin from harmful effects of
UV radiation and that beta-carotene was protective aganst
UV-induced suppression of immune response.

Lutein and zeaxanthin arc the only carotenoids present in the
macular region of the retina and are linked to normal function
of the macula, which is responsible for shurp and detailed
vision. These carotenoids arc believed to serve as fleers for
harmful blue light in the macula and as scavengers of singlet
oxygen in retinal tissues. T

Certain carotenoids (including lycopene and bera-carorene)
have the ability to increase communication benween cells by
enhancing the exchange of growrh regulatory signas.
[acreased communicacion benwveen normal cells and cells
which have been damaged by chemical carcinogens prevents
these damaged cells from becoming malignant,

Carotenoids have been shown to inhibic proliteration of
various types of cancer cells. [n differene cell lines, ditferent
carotenotds are more ctfective in umor suppression. Specific
carotenoids have alsu been tound to be protective against
specific cancer npes in animal and human epidemiologic
studies. For example, decreased risk of various cuncers is
associated with certain carotenoids: lycopene with prostate
cancer; lutein, zeaxanthin, alpha-curoene and bett-carotene
with lung cancer: bera~carotene with orad cancers, and
crvptoxanthin with cervical cancer.

Buased on the diverse and important tunctions of the major
carotencids —individually or in combination—in prorecting
the body from damage and discase, intake of @ mixeure of
these carotenoids naturally present in fruits and vegerables is
required for good health.

How do carotenoids function as antioxidants?

A number of carotenoids are effective in preventing or
controlling free radical generation. Carotenoids are potent
quenchers of singler oxygen, 1 highly reactive oxygen specics
that can initiate a chain reaction. Carotenoids also function as
chain-breaking antioxidants, especially at low purtiul pressures
of oxygen. Thus, a number of carotenoids can work together
to prevent generation of free radicals and ¢an also quench free
radical reactions and limit free radical/oxidadive dumage.

Free radicals are produced as byproducts of metbolic
processes and originate from ‘environmental pollutants (such .
nitrogen dioxide and ozone of polluted air, hewvy merals,
halogenated hydrocarbons, ionizing radistion und cigaretre
smoke). If unchecked by an antioxidant, the highly reactive
free radicals acack the cell walls and cell constiruents,
including DNA, protein and other opportune targets,
particularly those canmining polyunsaturated facey scids
(PUFAs). When free radicals react with PUFAs, chain
eactions generate free radicals in profusion. Free nadicads can
damage both the structure and function of cell membranes,
nucleic acids and electron-dense regions of protems. This car
resule in:

+ Cell death or aleration of the cell’s respunze to hormone-
and neurotransmicters

* Murarions thar may be carcinogenic
+ lauctvation of enzymes and other proteing

Are carotenoids “typical” vitamins?

Approximately 60 carotenoids have provitamin A activiey of
which beturcarotene has che highest porential vimmin A
activity: Beta-garotene and other provicamin A carotenoids o
sufe sources of vitamin A as chey are converted o vitiin A
only a3 needed by the hody to meer requirements. Since odw
biological foles of carotenoids, including their antioxidant
functons, are completely independent of provizaniin A
actviry, requirements for and udlization of caroteroids vary
according to an individual’s oxidarive stress status.
Concentrations of free eadicals, other oxidams, and the
polyunsaturated farry acid content of body desues are maor
determinants of oxidative stresy statu<. Eftects of carotenoid-
and uther antioxidants usually reduce damage thar develups
over 1 long tme—rtypically decades—and have been linked :
a reduction in the risk of degenerative diseases such as cance.
atherosclerosis and other forms of heart disease.

Clinical conditions in which free radicals are
thought to be involved

Following is 1 liszing of scores of condidons to which free
radivals have been linked.t Most likely, free radicals will
be the sole cause of only a few. However, free radicals may
predispose the human body to a diseasc that s directly
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caused by other factors; that is, they may make some
conditions worse and may be 2n antagonist to the bady’s
natural healing processes. In chese cases. antinxidants
would be useful as adjunct therapy.

Free radical-related conditions:

Primary single organ involvement

Fearr and cardiovascular system

Alcahol cardiomvoputby

Ceshan discase (selenfum deficiencr:
Atherasclerosis
Doxarudicin toxicity

Peripberal circwlution probloms
Strokc

Brain

Hyperbaric oxygen

Neurotoxins

Alehetmers disease

Sentle dementiu

Parkinsont discase-MPTP

Hypertensive cerehravascubar infury: serchral enona
Neuronal cevotd lipefuscingses )
Allergic encephalomyeficts and other A mvelinating discases
Ataxia-telangicctasia symdrome -
Potentiation f traumatic mjﬂn

Alvminum overloud

Lung

Cigarette-smoke ¢ffects
Emphysema

Hyperoxia

Brom'bopulmamrr_p dysplasia
Oxidunt poflutants

Atute respiratory distress syndrome
Mineral dust ‘przeumamniam
Bleomycin toxicity

Puaraguat toxicity

adtar

Skin

Solar radtation
Thermal tnjury
Porpbyria

Contact dermazitis

Phstasensitive Jves

Bloom syndrome

o~
[§3

-
o

Cataracszgenisis

Agemrchitzd macalar dezencation
Ciesdar remorragise

Degenerscive resinad Somaye
Rotipsparhy or srematuritys

Serpin poel
. 1',‘5’.. LAPes

SRS

.

Toiat abnoemalites

- . L.
Reocunazsid wrerricss

CGaseratntestnal rrace

Eendutonin oo infurs

Cuarbor zerackicride Seer injury

Diusersgenic aezsan o allsxan

Frec iy actd=Snducsd pancreatitis

Nowszorsidad anciinsplanmatory drug-imdueed lesisns

1""1«"."’,:"4.& secntid

Kidney

AV p/,,.m cantiglsmeralar basciment membrane Jisedse
Aminsgiveoside neporatsxicity
Hewzy metal ncobratoxicity

Remal gratk refe tian
Enthrocyzes

Lowd peivaning

Prsrsprabvrin photacxidation
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Malaria
Sickle~cell anemia
Favism

Fanconi anemia
Multiorgan involvement
Cancer
Aging

Disorders of ‘premuture aging”
Immune deficiency of uging

Inflammatony-immune injury

Glomerulenephritis (idiopathic, membransus)
Vasculitis (hepatitis B virus, drugs)

Autoimmune diseases
Ischemia-reflow scates
Drug and toxin-induced reactions

lron overload

Ifiputhic hemoachromatasts
Dietary tron overload -

Thalasseria and other chronic anemias

Nurritional deficiencies

Kwashiorkor

Vitamin E deficiency
Alcohol damage
Radiation injury

Armyloid diseascs

10
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Carotenoids: Sources, requirements and safe

Are carotenoids considered essential to human heald:

Carotenoids have not been officially recognized us essental
nutrients. Provitamin A carotenoids can be converred in the
body to vitamin A, which is recognized as an essendal
aurrient, and can help w prevent or cure rapidiy-developing
symproms of overt vitamin A deficiency. Ber-carotene
supplementation had a cherapeutically similar effect to
vitamin A palmitate in treatment of vicamin A deficiency in
study of 510 children in Senegal. '

Vitamin A starus was improved by intake of 4 bera-carotene-
conraining wafer, but noc by incake of 1 similar amounc of be:
carvtene trom dark green leary vegretables in Indonesian
women who sere anemic and had low vitamin A stacus’

In a soudy of angmic school children in Indonesia, truit was
approximartely avice s ettective as vezetables in increasing
serum vitamin A levels.

Is there an officially recommended dietary intake
for carotenoids?

At the present time, there is ro officly cecommended diet.
intake for carowenoids. The recommended diceary intake for
vitamin A ix 1,000 retdnol equivalents {RE) for men and 800
tor women. The conversion factor is 1s follows:” A

1 RE = 1 meg retinol
= 6 mcy beta-carotene
= 12 meg other provicamin A carotenoids

As evidence continues 1o accumulate va protective effects of
carotenoids in human health, 1 specific recommended dietar
intake for carotenotds separate from vicamin A may be
considered. Bused on dietary guidelines of governmental
agencies tor optimal intakes of fruits and vegetables to help
prevent chronic disease, it appears that a daily intake of 6 m:
beta-carotene could be achieved. The Alliance for Aging
Reseurch, a U.S. Citizea advocacy vrzanizaton for research
tmprove the health and independence of older people, has
recommended 10 0 30 mg bera-carotence per day for optims
health.

11
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What are the dietary sources of carotenoids?

The richest dierary sources of carotenoids are fruits and

vegetables. In general, the estimaced daily intake supplied by

the “normal” diet runges from 1.5-3 mg for bera-carotene and

from 3.6-7.6 mg for total carotenoids. In a recent survey in the
Unired States (CSFII), average dietary intake of beta-carntence
was approximarely 1.4 mg and of rotal carotenoids was

approximarely 7.6 mg.

Typical Carotenoid Content of Selected Fruits and Vegembles®

{mcg /100 g portion)

.év

Fruits and Vegerables | S
Apples, raw
Aprcots, canned,

drained 6,640
Apricors, mw 2354
Asparagus, raw 493
Avocados, raw 53
Bunanas, aw 21
Beet greens, cooked,

druined 2.560
Blucberrics, raw 35
Broceoli, cooked,

drained 1,042
Brussels sprouts,

cooked, drained 445
Cabbage, cooked,

drained 90
Cabbage, raw 63
Cantaloupe, raw 1,595
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: Typical Carotenoid Content of Selected Fruits and Vegerables*
3 {meg /100 g portion)
3 s
! <
h & 3 .
P g & g 2
: ¥ & ~ F
4 & & - L ¥
i ~ ~ ~ =
i it \:,' 5 X E
3 . . s = F RN
Fruigs and Vegerables & - 3 g
] Carrots. cooked,
drained KGR 4309
N A
F Camrors, s R¥3 469
¢ 5 -
$- F £
g N B Celerv, 150 0 232 0 0
5 < F Z
\3:' g = _,_f Corn, vellow. canned,
e Do - -y .
- \;7 - 3 draszed kN IR N4 1\ a
30 Cuvuinber., pected. 2oe 31 8
Geapeteuir, pink, sy [TARS 3 13 14s2 I
0 0 u3 0 N ST
Grapetmit, white, raw 14 8
0 N 5 0 N . -
Grarev. rd ot ween M
12 ..
Green beans,
3 36 coned. drained iR 92 o 0oy
3 0 0 0 " Greens, collard,
coeked, druned 4418 90 91 0 n
Al
] Greens, rurmip,
conked. drained 43573 0 Sl 0 +)
0
Kale, cooked. deuned 6,202 ¢ 15798 0 0
0 223 0 0 Letruee, webery, raw 192 2 332 i 9
Lermuwe., romuine. s 1,272 0 3633 0 il
0 1.290 0 0
Mangos, cave 443 17 1
Negtarines, raw 101 0 M
0 310 b b 1 Okrs. tuw 432 23
3
Z ) g 0 Onions, spring. mwe vl 6
13
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Typical Carotenoid Content of Selected Fruirs and Vegetables®

(meg/100 g portion)
f'?
Fruits and Vegerables ol ) < . < o~ <
Orange juice. fresh + 2 36 13
Oranges, raw 51 lo 187 012
Papayas, raw 276 0 73 0 Tl
Peaches. canned, ‘

Jrained 334 0 35 0 4
Peaches, raw 97 1 37 0 24
Pears, canned, drained 4
écm. aw 7 6
Pdnrirfr et 320 0 1330 0 9

Peas, green, trozen 320 33

Peppers. green. raw 198 n

Peppers, red, raw 2379 59 ) 2203

Peppers, yellow, raw 120 .

Pincapple, canned,

drained 30
Plums, rew 98 16
Ponto, sweet, baked 9,488 0 0 0 0
Pouto, white, aw 6
Pumpkin, canned 6940 4795 0 ¢ 0
Raspberrics, raw . 8 12 0
4
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Typical Carotenoid Content of Selected Fruits and chctablc.s“

Blank walues indicate unreported Jlacy,

How much carotenoid activity is lost during the

handling, storage and processing of foods?

(meg /100 g portion)
:S':
3 - = s
& S 5 3
. § I & £ 5
Fruits and Vegerables & < 3 S8
Spinach, cooked,
draned 5,242 0 7043 0 0
Spinach. raw 339 ¢ 11338 0 0
Squash, wom, cooked 490 0 b 0 0
Syuash. butternuz,
baked 4370 1,130
Squuash, zuechiot, aw + 410 \ 2123 ¢ v
- Strawberdes, raw 5
Tangerines, raw 71 4 243 vass
Tomaw juice, canned 428 0 a0 931¢ 0
Tomuatoes, red, cooked 300 0 150 2400 V)
Tuomatoes, red. raw 95 112 130 033 0
Watermelon, raw 293 0 17 4868 103

Factors influencing carorenoid levels in foods include varieral
differcnces, variable growth and hurvesting condicions and

ditferent postharvest handling and processing methods.

Carotenoids ace degraded by ight in the presence of oxygen.
Changes in carotenoid content following cooking can vary,

depending on the specific carotenoid and the method of
cooking. Mild cooking of food before ingestion generally
improves the bioavailability of carotenoids. 12
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What quantity of carotenoids does an individual need?
This question is incomplete unless one adds: “1o do whac”
* To prevent viamin A deficiency?

* To prevent oxidation of lipids, prevent free radical
damage and promote optimal health?

+  To produce a therapeudc eftect?

If peevention of vitamin A deficiency is che objective, quantitics
of provicamin A carotenoids to meet the RDA tor vitamin A
arc adequate for most individuals in developed countries.

If prevendon of oxidative damuize and promotion of optimal
health is che objective, higher intakes of carotenoids are
necessary.

Does the average diet supply optimal amounts
of carotenoids?

Research daea show thae considegibly higher intkes of
carotenoids and other anttosidanzs than are consumed in the
average dict are necessary to prevent free rudical celt damuge
that compromises health. Although zoveramental agencies
recommend at least fve servings of fruics aad vegeables per
duy, many individuals consume 2z less than the recommended
number of servings. Based on the CSFII survey in the

United Scates, 85% of Americans don't meet both USDA frui
and vegerable recommendations on a daily basis and 60% of
Americans don't reach the "3 a day” minimum tor Fruies and
vegetables combined.

Hawever, depending on sclecdon of specific fruies and
vegetables, intake of beta-carorene upd other carotenuids nuy be
higher than the average or may be lower, even tor individuals
who regularly consume at least five servings of fruits and
vegrtables per day. For cxample. a diet that includes broceoli,
carrots, tomaro juice, watermelon and pink grapefruic provides
over 11 mg bera-carotene and over 20 mg of other mujor
cuarotenoids. In contrast, a diet that includes corn, green beans,
white potato, an apple and a pear provides less than 1 mg
beta-carotene, less than 2 mg alpha-carotene, 2-3 mg lutein and
zeaxanthin and no lycopene or aryproxanthin and is far below the
level recommended by govemnmental agencics or The Alliance for
Aging Research. Thus, the source as well as the quantity of tfruits
and vegetables eaten daily must be considered when evaluating
the adequacy of total carotenoid intake.

16

What evidence suggests that people aren't gerting
enough carotenoids from their diets?

The majority of research evidence to date shows thar individuals
with low carotenoidd intakes or low blood carotenoid levels have
increased sisk for development of 4 number of degenerative diseases
and condicions. Epiderniologic studies huve provided consistenc
pusitive results for high intukes of carotenoid-rich fruirs 1nd
vegetables or high carotenoid bload levels and deereased disease
risk. Although truits wnd vegetables contain 1 large number of
caratenoids. only six majur carotenoids are presentv considered
imporzant for hurman health. In the past, most ol the recarch
activiey fovused o beti-virotene due to its provitamin .\ activia:
Resules of ntervention trials using syathetic dea-carotene.
suprlements have been zenerally neutral oe negarive, with some
pomizive results. In conteast, studies of ncher specific caretenvids
or mived carorenends have provided meeresting, senerlle
posizive zesults, Thus, based on cuerent eesearch data,
increased incake of 4 misture of naturad carotenoids, rather
than beta-carotene alone, may be of greater benehit in discase
prevenaon. . -

* Cancer
Epidemiologic Studies

Dazz from aumerous epidemiologic studies hitve <hown thae
ndividuals wich the highest intakes of carotenoid-rick auits
ard vegetables andior high blood levels of specific carotenoids
wstally have che lowest risk for certain opes of cancer. See
Tabie on Epidemivlogic Srudies of Carotenaid Levels aad
Carcer Rik for more Jetailed dara)

In vne wudy of ceeviend cancer, bload hetiscarotenc levels were
fower in cancer cnes.™ In another study, serum levels of ol
carotenowds, enpoxanthin and apha-carotene were fower in
cancer patients than in controls.! Beta-carotene concentrations
in plasma and cervical tissue were fower in patients with
cervted canver or precancer compared o conerols.™ Serum
carotenotd lovels were not associated wich caneer eisk in 2
study of padents with ovariun cancer™ Tnereased dictan
beta-varotene inteke was associured wich a decreased fsk of
endomerrial canver”

Beu-curotene biood levels were lower in a group of
postmenopausid wornen with brease cancer? and dietary
beta-carotene inrzke was inverselv assoctated with cancer risk

17
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in another study of breast cancer.™ In a studv of
premenopausal women, breast cancer risk in che highest
quartile of intake was 33% lower for alpha-carotene, 54%
lower far beta-carotenc and 53% lower for lutein plus
zeaxanthin compared to the lowest quartile.™ Increased incake
of alpha-carotenc, beta-carotene and lutcin/zeaxanthin was
associated with decreased breast cancer risk in premenopausal
women with a family history of breast cancer™ lncreused
reported intake of beta-carotenc was associared with a
decreased risk of breast cancer among postmenopausal women.
Beta-carotene intake was inversely refated tw breast cancer risk
for the fime period 20 vears prior o the reference dute.™

In another study, serum veopene levels were inversely
assoctuted with breast cancer risk™ Serum bera-caroteny and
vieamin A levels were lower in parients wich epithelial cancer
than in controls.®

An increased intake of fruies and vegetables was associated
with 2 decreased risk of cancer of the mouth and pharvax,

In anocher study, increased intake of hets-carotene was
associated with a decreased risk ofa second priman: umor

in patients with cancer of the ol cavity, pharvnx or lanynx.
Risk of stomach cancer was decreased with increasing carotene
intake” [nrke of tomatoes. which are high in lveepene, was
lower in pacients with digestive traet cancer than i controls.

In a study of the association benveen serum beta-caratene
tevels and risk of lung, bladder and gastrointestinal caneer, risk
of lung cancer was higher in men with serum betu-carotene
fevels in the lowest quintile.™ Blood betu-camtene fevels were
also lower in 1 group of patients with lung and stomach
cancers. ™ In a studv of nine primary sites, high serum beta-
cirotene levels were protective aginse lung cancer.

A number of studics have investiguted the associarion benveen
carorenoid levels and risk of lung cancer. In one study,
increased dietary carotene intuke was associated with o
decreased lung cancer risk.” 1n another study, there was a
dose-dependent inverse relationship berween dietary intake of
alpha-carotene, beta-carotenc and lutcin and risk of lung
caneer.¥ Serum beta-curotene levels were lower in lung cancer
patients chan in controls.™ There was an inverse assoctarion
berween dictary beta-carotene intake and lung cancer risk in
nonsmokers but the inverse assoctation was greater tor tocl
carotenoid intake than for beta-cirotene alone.™ Other study
tesults showed that dictary beea-carotene intake was ussociated
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with reduced lung cancer risk™ and that scrum tocl
carotenoid and beta-carotwene levels were lower in patients
wich lung cancer.”

Lung cancer risk was increased for men in the lowest guindle
of serum beta-carotene levels and dietary incakes. ™™ Serum
cuarotenoid levels were also lower in 2 group of Tung cancer
panents. Increased incake of carotenoid-rich fruies and
vegetables was associated wich decreased 6k of lung
cances = Lung cancer risk was 57% lower n subjects with
caratenoid intakes in the highest quartile compared o the
fowest guartile.™ In contrase, dietane qin enoid intake was ot
assoctated with wing cancer Ask i anorher seude. ™ ln g weoep
of nonsmokers, carotenoid intakes in the lowese reetle wees
assoctated with inereased tung cancer oisk” Resules ofanoiier
study showed 4 relugionship Seoween low dGietan: inakes of
truies and vegeaahles, apievanotene, bets-carotene aed
lutein-zeaxanthan and inerzased risk of ey cancer™ fnnake of
alphascarotene. but noc heta-cameene. was inversely associazed
with lung canver risk de o wrudv od men.

Risk of thyroid cancer was decreased by 42% in the hiziest
quartile of beta-carotene intake. Risk of prostace cancer
decrensed wirh Inercased Eetarv inake of lcopene but noz
other varntenoids ' In sredies that evaluared the assectation
herween varotenotds and risk of cancers of 1l <ices, <crun:
beta-carotene levels were ower in cancer cases in one snudy.
There was no gvsoctation derween plasma dpha- aod beta-
curotene Jevels and prostate vancer mortdies.t Low plisme
carotene levels were assoctured wich an increased risk of cascer
of the colon and funge ™

Epidemiologic Studies of Carotenoid Levels & Cancer Risk

Number
Cancer Study of Cancer Date
Site Locadon  Cases Srudy Findings Reference
Cervix Unieed Pt Bemmannene bhoxd (1o
Stazes fevels wers lower in (e
NBROE SN
Cenix Unitad v Serum devets of RN
Staree toral carotenoids. Banebad™
capraxashn and
dpha-carstene were
fusver in catieer L ases
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Epidemiologic Studies of Carotenoid Levels & Cancer Risk

Cancer
Site

Saudy
{Locadon

Number
of Cancer Dare/
Cases Scudy Findings Reference

Cervix

Uniced
States

&) Bem-carotene levels (1993)
in plasaa and Peng™
cervical rissue were
lower in vancer and
PrECINCEr Cses

United

Staces

L
wi

Serum caratenoidd {1wol
levels were noe EHeladouer
assoniared wich ’

cuneer sisk

Endimezrium

Swiezerland.
Ty

3nd Inereased dictary iy
bett~carotene incuke News
was assoctaead with
decreased cancer rink

Brenst

{"nieed
Stares

<3 Betvarorene B
hlewd levels were Potischenan ™
lver in -
postmetiepuatsal
wotnen wich cancer

Brest

Yraly

1369 Inverse asswiadion [§3 1]
between dictary Newri™”
betascurotene ke
and cancer risk

Beeast

Uniewd

States

Dy Canver ask m Y
biyghest quartile Frewdenheun™
of intke was 3%

lower bor :dph.l-

carofene, 4% kower

tor beta~croene and

33% lowver for Jutein

and zeaxantlin

Breast

United

States

2697 Increasal intake ot (1
alpha- and bes- Zhangt?
crroene and lutcind
zenxanthin was
assoctaced with
devreased cancer risk
in_premenopriusal
women wich a funily
history of breast cuweer

Brease

Sweden

]
(91

[averse assodaton {1999)
berween dietuy Jumain=
beta-carotene intake

and aeer dgk

LR T TR
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Epidemiologic Studies of Carotenoid Levels & Cancer Risk

Number
Cancer Study of Cancer Dare/
Site Locadon  Cases Scudy Findings Reference
Breast United 103 Tnverse assoctation L 1¥98)
Seates berween serum Dergan
hrupenc lovels
and caneer sk
Epithefium  lndia 285 Serun bet-aworene o
aned steanr Aol Ramaswamry
were lowe . canss
RINTY .
Muouth & United {uy Inoredsed tnzake of oAy
Phanax Stutes 5 $uits and eozerabics Gadlev-
was dssocidrad wird
reduced canver ik
Ori Caary, Tk s Decreaed sk of iy
Phasvma, . wevnad prisue cumee Rarbone
famng with incresed
beta-camitrne take
Vprer Llaited R Ruvk oo st ztach rre
Drgestive States saneet war Jevreased AT
et with ineTesig
caretene Lniake
Dizetve {rale 200 frtake o 1 muateses, s
Teat ’ which are Rzh tn Francewhi™
hoorene, w s Juwer
HE CAWOT ey
[, {orted 84 3dld ﬁ—,}; ot lure LS
Bladder, Seates canver for et with Nesmurss
Gl Tea . serum heti-carotene
levels in brwest quantle
fung. Swirzerlud 129 Blood tetomvaratane 198
Stwmach, levels were ower Sralichin
Culon tor tumg and scormach
SANUET Cdses
9 Primary United 436 Serum bera-carutene 19491
Swes Seates hal s protective - Comstovk”!
assoctation with
lung vancer
Luse, Unired i Serum betl-carotene 11991
Epichetium  Ringdom levels werr fower Blarsis
canger Ciress tnertused
dictary canatene inttke
was assocared wih
decrensed wng cancer Ao
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Epidemiologic Studies of Caratencid Levels & Cancer Risk

Number
Cancer Study of Cancer Dare/
Site Location  Cases Study Findings Reference
Lung Unied 32 Dose-dependent inverse  (1993)
States association benween Le
cancer fisk 1nd dietary Marchand?
intake of beta~ and
alpha-cararene and
lutein but not lycapene
or cnproxanthin
"Lung Auseralia &4 Serum hera-carotene (1939}
levels were fower i Kune™ |
Kancer s <
lung Unired 124 Invere assoduon (1994
T Seates berween cancer dsk Cundelore™
and dictary beta-carotene
intake in nonsmokars,
IVErSS SNTARON greater
Jur totd cantencid inttke
t ang Unieed 413 Dictary beta-caeorene {1994
) Staces intake was amaciated  Mayme™
with reduced anver vk
Lung, Unieed 156 Senun mead carotenod {1989}
Other Siees Seares and bete-carseene fevels Connere™
were lower in cancer vases
Lung, Unieed 1 Cancer risk tor subjeves  (1988)
Skin, Kingdom in 2 highost quindles  Wad®
Orhier Sices of serum beta-carotene
Tevels was 8% of che Ask
of men in lowest quindle |
Lung Hong 50 33-tuldincreased, (1988)
Kong reladive nsk tur aen Ho?
with betamcarorene ntake
n lwest quintile
Lung United 59 Serum amwreniid {1990}
Srartes levels were Jower Le Gasdeue®
n cancer cases
Lung Unieed 839 Increased intake of (1991)
States carotenoid-rich fuits  Juin®
and vegetubles was
associated with decreased
cancer risk
Lung Japan 282 Inareased intake of {1993)

carotenoid-rich trais  Change-
and vegeeables was poling ©

asseciated with
decreased cancer risk

|
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Epidemiologic Studies of Carotenoid Levels 8 Cancer Risk

. . Number
Cancer Srudy of Cancer Dawe/
Site Locagion  Cases Seudy Findings Reference
Lung Uragray 341 S7%lo eraancer risk  {1999)
. in the highest quardle  DeSwefani~
of crorenoid incakes
Lung Chiru 963 No wssoctaron between 11990
dierary carowenoid W
intake and cancer sk Wiliams ©
Lung Fialand 117 25-fold higher cancer 191
Ask in nonamwokens Kacke
with carorenond intakes
in lovest remile
Lz Catred LS4 Low Jictary intakes of 1990
Sraw fruits soed segemahles,  Ziedor—
alphas and hera-canrene
andd lueein zesxanthin
were wssoviated with
increased canver risk
lang Fraland 138 Invense aswewiagon RELCH
henwveen Jictary intake Raeke
ol alpha-caracene. but
aut berd-carstene, and
waquer sk
Tharoid leah oy 42% devreasad cancer e
rixk in che highest I Avanzo™
guartile of beta-catorene
intake
Prmeste Unieed 812 Dietary incdke af” 1995
States iveopene but pot Giovanauc 3™
other carotenonds
wis sssodated with
decreased caner ask
All Sices Turksy 208 Serurn hera-varotene T19Y3
levels were lower in Toeus’
cancer cases
Al Siees Swiczerland 290 No asseciation benween (1999

plasina apba- and Eihioize
beta-carngene levels and

prostute cancer morcalie:

Low plasma carotene {1996
levels were sssoctated  Eichholzer™
with increased ask of

tung and colon cancer
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Intervention Trials

In a 5-year randomized qutrition intervention trial of 29,584
adults in Linxian, Chinag, there was a significant 9% reduction
in sk of averall morrality in the group supplemented with
bem-carotene, vitamin E and selenium, which wus due primarily
10 2 13% reduction in cancer sk ¥

In a clinical trial of 864 paticnrs who had previously had «
colorectal adenoma removed, supplementation with beta-
carotene or vitamins C and E did not deerease the occurrence
of new adenomas over a 4-year period. It was noted thar the
resules are in apparent conflict with a decreased risk of imasive
colorectl cancers suggested by epidemiologe studies, which
may have detccted an etfect chat oceurs only after adenomas
develop.™

Ina primary prev ention izl of 29.133 mule smokers 50w 69
vears of age from Fialand who had smoked an average of 21
cigarettes per day for an average of 36 vears (the ATBC
btud\) the incidence of lung cancer was 18% higher in the
group suppk.mcntcd wich 20 mg svathetic bera-caraene per
day for 5 to 8 years.™ This cflect may be assoctated wich
heavier cigarctre smokmg and hzghcr intake ot alcohol.™

The incidence of prostate cancer was 23% higher in beta-
carotene-supplemented subjects compared o subjects that did
not receive bera~carotene, but the difference was not
statistically significant.”

In another study of high cisk subjects thar involved 18,514
smokers, former smokers and workers cxpo:o.d to asbestos in
the United Stutes (the CARET Srydy), the relative risk of
lung cancer was 28% higher in the group suppkmcntnd with
30 mg synthetic beaa-carotene plus 25,000 LU. viamin A per
day over 1 4-yéar period compared ta the group on placebo.®
However, among former smokers, lung cancer risk in beca-
carotene-supplemented subjects was spproximately the same as
in subjects on placebo. There was also a correlation benween
alcohol intake and lung cancer risk. The risk for lung cancer
was only slightly greater for beta-carotene-supplemented
nondrinkers than for subjects o placebo.™ ™'

A trial of 22,071 muale physicians 40 to 8+ vears of uge
investgated the cffect of synthetic beta-carotene (30 mg on
aleernate days) on the incidence of cancer over an average
follow-up period of 12 years. There were virtually no carly o
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A limited number of intervention trials in patients with oral
leukoplakia (precuncerous lesions of the o' cavity) have
shown that bera-carotene, alone or in combination with athet
andoxidants, praduces regression of lesions. The beneficial
effects are greater in smokers.™

+ Coronary Heart Disease
Epidemiologic Studies

Resules of lange epidemintoagc seadies have <hown 1 correlation
benween tiereased intake of carotenotds snd decreased risk

of coronary heart disease. I5 2 seady of L399 men wirh
hyperlipidemia over 4 tollow-up period o 13 vears in the
Uiniced Staces, there wits an inverse relationship beaveen serum
caratenoid levels and fsk o coranary hears disenses * Resles
of L large prospective study of 2974 midde-aged men in
Swirzerland showed o increased sk of Jeach from coronary
heart disease among those in the lowest guartile of plasma
aroene levels

T an 8-year study ot 87245 headthy whtn in the Unired
Seates, women in the nighest quinnlc of Pet-carotene inntkes
had 4 22% lower ek at coronany heart disease compared o
wonten in the lowese qummc. Atter 4 veass of totlow-up in
39.910 men in the United States, those in the highest quinzile
of beta-carotene intake were 2570 less likedv o have sutfered 1
coronary heart disease evene.

Resules of a study in [raly of 433 women wich nonfucl acute
myvouardial intarction and $69 controls showed an inverse
association between nonfaral acute myocardial infarction risk
and beta-carorene intake, with a4 50% deseased risk fur che
highest quindle of intake compared w che lowest quintle.”
ln a multicenter study in 10 Buropean encacries, there was a
stgnificant inverse ussociation benween adinose tissue levels of
reapene and risk ot fiest acute myoczedial iatarction, with a
48% deereased risk i subjects with heapene levels in che 90th
percentile compared o the 10th percendde ™ A case-conzrot
evaduacion in the United Scates of 123 patients wich nonfazal
myocardial infarcton and 240 controls frent 1 gmup of 25,802

[
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subjects demonstrated a significandy increasing risk for
subsequent myocardial infarction with decreasing serum bera-
carotene levels in smokers.™

In 2 swdy of 3,133 adults in Finland who were initially tree
trom heart disease, women with both dictary vitamin E and
carotenoid intakes in the highest tertile had an 849 lower dsk
of coronary heart disease mortalicy than women with intakes
in the lowest tertile. No significant combined effects of
viramin intakes were observed in men

Intervention Trals

Morrality from cerebrovascular disease was 10% lower among
subjects supplemented with beta-carotene, vitmin E and
selenium in 1 candomized intervenrion trial of 39,384 adules
tfrom Linxian, China™

A subgroup analyszs of the ATBC erial of male smokers 31)-69
vears of agre studied the frequency uf major coronary events in
men wha had expesienced 4 previous myocardial infaccrion.
There were no significane Jitfecences in che number of muajor
coronary events benveen the bera-carotene-supplemented
group {20 mg svathetic beta-carotene per dav) and che placebo
group but there were significandy. more deaths from coronary
hearr discase in the supplemented group,™

[n 2 subgroup analysis of 333 physicians with 1 history of
stable angina pectoris and/or caronuey revascularization
participating in a trial of 22,071 male physicians in the Unired
States, those on 30 myg beta-carotence on alternacing days had a
significant 31% reduction in risk of major coronary evenes.
The beneficial effect of beta-carotene Rest appeared during the
seeond year of supplementation.

* Cataracts and Age-Related Macular Degeneration
Epidemiologic Studies

Epidemiologic studies have also shown an inverse correlation
between levels of carotenoids and oeher antioxidants and risk
of cataracts und age-rehured macular degeneracion. In a study
of 112 subjects 40-70 years old in the United Srates, high
plasma levels of at least owo of three angoxidants (carotenoids,
viramin C and vicamin E) were ussoctated with 1 significandy
decreased risk of cataract development.™ Serum carotenouds
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were not significantly associated with cataract risk in 4 random
sarple of 400 adults 50-86 vears old in the Beaver Dam Eve
Seudy in the United Seates, However, there were marginal |
inverse associations of cataract risk wich serum lutein and
crvproxanthin levels in people 63 years of age and oldes™ The
odds ratio for senile cataract risk was 2.6 for padents wich
serum beta-carotene and vitamin E levels in the lowest third in
1 13-vear study in Finland of 47 patients wich cazacact and 94
conerols.™

In an evaluadon of 334 subjects who pardeiputed in i Beaver
Dam Fye Srudy in the Untred States, individuals with <erum
tveopene levels i the lowest quintile were nvice s likslv o
have age-relaced macalar degeneration.” Resules of 2 <udv of
3034 subjects in Australia showed no stmideant assodation
petween age-related murcular deseneration and indake oF

carotene.

Thie risk of age-rebired macular degenerarion in subice with
hich <crum carotenuid levels wis one-thizd thae- o s et
with low levels inw seudy in the United States of' 421 patienss
with age-relared macular desenention aznd 013 cosme

It 2 Multicenter Fve Disease Case-Conemal Soudy tn the
United Seates, individuals in the highest uingle of Bemn
caretenond ke had a4 $3% lower risk ror are-rebued macular
degeneration compared wirh Individual< d the lowest cuinele,
Zeazaehin and lutein were the caratenonds most stree v
axsoviated wish o dececased siik”

Incervention Trals

In 2 mudricenter teial in the United Stages of the effecs of
daily supplementaton with bera-carorene. vieanin C. wizunin
£ and selemium on progression of age-relazed macular
demencrarion. distanee visual acuiry stabilized wver 18 months
in the supplemented group but declined in the placebo
wroup.”™ Resules of che ATBC study in Finland did netshow s
benercial effect of beta-carotene and vitamin E supplements
an the risk of age-relited macular dezenerarion.™

In conciusion, the majority of the vited epidemiologic studies
have linked lower levels of caratenoids with increased sisk of
degencradive diseases, ot conversely. have shuwn dhar increused
cirocene intakes or blood levels are assoctased with decrensed
risk of disease. The specific curorenonds that were procective
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varied for different conditions. In some cases, an individual
caratenoid was protective; in other situations, it was a rivrure
of carotenoids that was beneficial. Results of intervention
trials weilizing bera-carotene supplements only were not as
positive. Future trials on carotenoids will hopefully focus on a
mixture of carotenoids to further cvaluate cheir role in disease
prevention. Based on results to date, 2 number of researchers
have recommendced increased intakes of carotenoids and other
antioxidants to provide adequare protection azainst present-
day environmental stresses.

‘What factors determine an individual's oudanve
stress status and antioxidant requirement?

The requirement for antiosidants varies trom individual to
individual—with the level and narure of activiy; dict, exposure
tw psychological stress and polluted environments. [ additon,
persons who have certuin medical conditions, who we taking
medications, who smoke, drink alcohol andror who are exposed
to rdiation from the sun may have increased requirements tor
carotenoids and other andoxidants.

The level of carotenoids und other angoxidants an individual
needs can only be approximated by reviewing his or her
exposure to various risk factors. A definitive profile of oxidative
stress staws must be determined by laboratory testing,

Can carotenoids and other antioxidants reverse
degenerative disease associated with free radical
damage? -

No. Antioxidants act as long-term preventive agents. They
cannot reverse damage, but can retard its progress. Dumage
that leads to chronic diseases is cumulative, usually occurring
over decades. [t is important thut antioxidant requirements
be met on a daily basis to slow chis cumulzdve damage that
builds up over the course of a lifetine.

Safety of carotenoids: Are increased intakes of
carotenoids safe?

The conversion of beta~carotene and other provitumin A
carotenoids are regulated by che vitamin A suwus of an
individual. Thus, high intakes of carotenoids do not lead 1o
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abnormally elevated blood vitamin A levels or to symptoms of
hypervitaminosis A.

The majority of available data on safecy of carotenoids is for
bera-carotene. Toxicity studies in animals have demonstrated

thar bera-tarorene 15 not CUCinOEaic, MULIEENIS or teraogenic.
Doses of 20 to 130 mg heta-carorene per dav for many vears
have been used to treat enthropoietic protoparphyria, with no
evidence of enxiciey and without development of sbnormally-
clevated blood vinmin A levels.™

Hlowerer, tn owo intervention trials of sinthetic beta-carotene
supplementation in high sk groups (’9 133 male smorers 1er
5t $ vears. and 18,314 wnokers, former smokers and workers
'.\pu:ul to ashestos over an average follow-up of 4 years , risk of
lung cancer and oveead] morcaliey rate was increased in e bea-
carotene-supplemented roup compared 1 the group on
placebo. s ln conerast, an intervention wial of 22,071 mule
physicians for 12 years showed no significant ditterence: in
indidence of lurg cancer or cardiow ascubar disease or oveeal
moreafity race s the beta-cwrotene-supplemented grour
w..‘.p.xrui to cire placebo group.™ e has been suggested dhar
reversal of Hfelene dsk factors may require longer pertods of dine
to sccount tor bicent perinds of cancers. [ addition, these
studies evaluated svnghetic beta-carotene, rachér than . mix ef
purtural caroteroids that re present in fruies and vegedies,

What are the primary raw materials from which
carotenoid supplements are made?

Narural mixed carotenoids are isolited trom agac or padm oil.
Svnchetic bera-caratene is produced From chemicals. Lycopene
is exeracted from tomatoes, from a fermentadon proess or s
produced by chemical synthesis. Lutein is extracred fom
mariold Rowers. but is also availuble at lower concentrarions
in sorc fruits aad vegetables. Zeavanthin is isolaced from
alre. \lnh‘mm)tx.m. is present with uther carotenoids in
.Ilg;:u. or p.ﬂm oil. C YPHONS anchin is isolazed from cioms and
tropieal fruits.
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On taking carotenoids

What are the potential benefits of carotenoids?

AAn adequate supply of carorenoids and other antioxidants
procects the integrity of the body’s cells and may lower onc’s
risks of developing degenerative diseases thar can result

trom oxidative/free radical dumage. Free radicals are normat
byproducts of cell activity and serve necessary and desirable
functions in the body. However, an overload of tree radicals
cesulting from cermain fifestyle and dietary habits, medical
vonditions and environmental exposures can damage cells and
increase an individual’s risk of diseuse. Free rmdicdl-induced
cell damage hus been linked in research studies to:

-

A variety of cancers

Cumnar}' heare disense

Premuture aging

Catarace formadion
Age-relared macular degeneration

In addition, research suggests chat carotenoids:

Enhance the action of the immune svsrem

.

Are effective ir treatment ot erythropoietic pmtoporphyria,
an inherited light-sensitive skin disorder -

- - . A .
Activare expression of genes involved in cell-to-cell
commurication

Proteut the skin from UV radiarion.

Does optimal intake of carotenoids and other
antioxidants ensure good health?

Jptimal nuerition can reduce the risk of diseasc, bur nothing
an guarantee good health because about halt of an individuud’s
isk of developing a discase like heart discase or cancer is
nfluenced by genetic factoes. However, a number of facrors
haue influence health are under the control of the individual:
‘hey depend on fifestyle and exposure to risk factors. Ifa
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person minimizes the risk by avoiding things known to be bud
for healch (smoking, heavy drinking, exposure to chemical
pollurants) and taking advantage of things chat are good.
(pursuing moderate exercise. gerring adequare nutrients), he or
she increases the odds that his or her qualiny of fife in later
vears will be good. :

What kind of results can be expected from reguiar,
adequate intake of carotenoids and other andoxdants?

The umportant etfects of carotenoids and cher antoxidans
are not rerdily observable, The persan who takes adequate
amotnts of carotenolds most likely will oz sec or fedi o
short-term ditterence.

Beeause major ettects of e seenaids and ocher andesidanes
take place at the cellular leva, evidence o Solstered protection
reduires testing for phsma antontdane levels and ror marker.
of cell danngze, The benetzs of adequare ntake of caratenoids
and orher antioxidanes ondy deconmie appazenr i the long teny,
when reduction in oxidative damage resuis i lowered mdency
anl severity of chronie diseases.

Is it betrer to get carotenoids from dietary intake
rather than from a supplement? -

Dietary sources of micronusients e gemerally regarded w
being preterable to supplerents because fods concain
complex mixtures o ingredients, the actions and interactions
of which are not fully understood bue which may be beneficial.
Supplements, even nutural vaes, most likely do not contun
Alof the components fourd in a cange o foods. The best
approach is to get a5 mans aurrients a5 ossible from che dice
{ar Tewst § portions per dav of fruits and vegeeables) and make
up any deficits by using daturd supplements. Tt hus been
shown that the biomailabilio: of carorenoids rom sepplements
is higher than from fruits and vegetables.

For persons who opt for carotenoid supplementation,
at what time of life would it be most beneficial?
Should carotenoids be raken on a regular schedule
or anly during periods of heavy oxidative stress?

There are no definitive daz on when supolementadon of
carvtenoids and other andoxidants shouid begmn. dthouzh
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<ome researchers are finding free radical-induced discase in
children. Unil further evidence is in, it is probably prudent
to begin supplementation in young adulthaod and continue
throughour one’s ife.

It should also be noted tha it rakes time to build up carotenoid
levels. To increase intake of carotenoids only at the time of high
-xidartive stress would veny ikely not produce optimal protection,

What forms and dosages of carotenoid supplements
are available?

In the United States, carorenoid supplements are available in
6 mg and 135 my soft gelatin capsules, 2-picce capsules-and/or
powdered tablets. Carotenoids are also included in
multivitamins,

Should carotenoids be taken in a single dose each day?

Taking carotenoids more than once a day will usually increase
the bodys ueilization of the supplement. And bevause
carorenoids are fit-soluble; varorenoid supplements are
Absorbed berrer when taken with 2 meal that coneaing fac.

YWhat about side effects and contraindications?

‘The only common side effect associuted with intake of high
levels of carotenvids (30 mg or more per day) from
~upplements or cacotenoid-rich fhods is yellowing of the skin.
“This is 1 harmless condicion that disappears when the
carotenoid intake is ceduced. ™ In intervendon erials in high risk
zzroups {29,133 male smokers for 5 to § years and 18,314
smokers, tormer smokers and workerS exposed to ashestos over
an average follow-up of 4 vears) incidence of lung cancer and
vverall morealicy rate were increased in subjects supplemented
with synthetic beta-carotene (20-30 mg per duy).* In another
tecent intervention trial of 22,071 male physicians, there were
no major side effects significandy associated with bera~carotene
supplemencation (50 myg on alternure duys over an average
tollow-up period of 12 years.)
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Appendix

A brief history of carotenoids

In 1913, E.V. McCollum and Marguerice Davis showed that 2
fat-soluble factar in butter—later characterized as vitamin A—
stimulated the growth of rats fed an incomplete dict. The belief
that some volored plant extracts with similar effects, later
known as carotenaids, mighe be biologically converted o
vitamin A was confirmed by T. Moore n 1930,

Originally carotenoids were considered importunt only as
precursars af vitamin A. More recentdy, there has been
significant interest in cvaluation of carstenoids for roles that age
unrelared 1o their conversian to vitamin A. Although
antioxddant properties of beta-carotene were discovered in the
“late 19607, the biological significance was aot realized uniil
much fater. Early interest in carotenoids was monvated in large
part by the consistent observation thac consumens of fruits and
vegetables, particularly dark green and deep vellow vegerables,
hud 1 decreased cancer risk. ‘

Beta-caratenc was the primary research foeus of carlier studies
evalusting the role of carotenoids in discase prevention because
i« veas the best known antioxidant of the carotennids and
wsc of its potearial vitamin A acriviry. In addidon, there
¢ insufficient data on the food content of othet carotenoids
address their intake in relation to disease, As it became
iown thar other carotenoids in addition 1o beta-carotene huve
inctions that are important in disease prevéntion, and with
he availabilicy of data on individual carotenoids, 4 aumber of
studies have been eviuating the protecrive effects of various
carotenoids, racher than beta-carotene alone. Inreresting new
health effects Rave recenty been reported for Jutcin, zeaxanchin
and lycopene. Results of ongoing und future studics should
provide more specific documentadon of levels and combinations
of carotenoids that are optmal for discase prevention.
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VTErN

Glossary

Antioxidants: Substances that can prevent or
ot 4 molecule.

Free radicals: Highly reactive substances thut ¢
infernal and external sources. Internally thev o
by the immune system {e.g., in the host derens
Sacreris), during oxygen metabolism and durin
~f lipid peroxidation. External sources include «
ionizing radiarion, cigarerte smoke, air pollucan
metals, vzone, organic salvents and pesticiles.

Lipids: Major warer-insohuble biological moleca
inciude: neueral bipids (Fas and oils), phospholip
and waxes.

Oxiducion: thiclogical) A chemical reaction chae
ra lite. This metaboliv process privides energy fo
processes and activities, Feer madical formation 1=
i the oxidative process.

RDA: (Recommended Dictary Alowance: The o
vitunin or mineral that is requiced to meer basic n
nezds, as Jerermined by the Nudonal Reseurch Co
RIDAs were first established in 1948 tora small au
vitarins and other ovcronutaenes. The Bse kg sub
been expanded.
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