
CAROTENOIDS

Carotenoids are fat-soluble natural pigments, mostly of plant origin. Chemically
they belong to the tetraterpenoids. Depending on the number of double bonds se-
veral cis/trans configurations are possible and enable a large number of different
carotenoids – approximately 600 are known. Carotenoids can be subdivided into
carotenes, consisting only of carbon and hydrogen, and xanthophylls, which are
oxygen-containing derivatives of carotenes.
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Beta-Carotene, Aging &
Degenerative Disease

AABBSSTTRRAACCTT  Aging, as already postulated in the 1950s in the “free-radical theory of aging”, is asso-
ciated with oxidative stress. Furthermore, there is unequivocal evidence for the contribution of ox-
idative stress in the development of many age-related degenerative diseases, in particular cancer,
cardiovascular and neurodegenerative diseases.  Therefore, to delay aging and to prevent degener-
ative processes antioxidants appear to be the measure of choice, amongst which β-carotene received
particular attention, since it has been demonstrated to scavenge radicals, quenches singlet oxygen
and inhibits lipid peroxidation. In fact it turned out, that an increased consumption of β-carotene
reduces the risk for certain degenerative diseases, however, two large-scale cancer chemopreven-
tion trials unexpectedly showed an increased risk of lung cancer in smokers. In vitro investigations
point at the formation of toxic cleavage products as the primary cause and indicate, that supple-
mentation with antioxidants such as N-acetyl-cysteine may inhibit this effect.
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ÖÖZZEETT  Yaşlanma, 1950’lerde “yaşlanma serbest radikal teorisinde” öne sürüldüğü gibi, oksidatif
stresle ilişkilidir. Ayrıca, oksidatif stresin başta kanser, kalp damar ve nörodejeneretif hastalıklar
olmak üzere yaşla ilişkili dejeneratif hastalıkların birçoğunun gelişimindeki katkısı hakkında kesin
kanıtlar bulunmamaktadır.  Bu nedenle, yaşlanmayı geciktirmek ve dejeneratif süreçleri engellemek
için, antioksidanlar önemli arasında bulunmaktadır. Bu seçeneklerden birisi de, radikalleri
uzaklaştırdığı, tekli oksijenleri bastırdığı ve lipid peroksidasyonu önlediği için β-karotendir. Aslında,
β-karotenin aşırı tüketilmesinin belirli dejeneratif hastalıklarla ilgili riski azalttığı ortaya çıkmıştır
ancak iki büyük ölçekli kanser kemo-önleme çalışması şaşırtıcı şekilde sigara içicilerde akciğer
kanseri riskinin arttığını ortaya koymuştur. In vitro araştırmalar ana neden olarak toksik klevaj
ürünlerinin oluşumuna işaret etmektedir ve N-asetil-sistein gibi antioksidan takviyesinin bu etkinin
önüne geçtiğini göstermektedir.
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SYMPOSIUM 4



B-CAROTENE: BIOLOGICAL AND
HEALTH EFFECTS

β-Ca ro te ne is fo und prin ci pally in plants, whe re it ser ves
as an ac ces sory light-gat he ring pig ment and to pro tect
the se or ga nisms from  to xic ef fects of oxy gen. Hu man
so ur ces of β-ca ro te ne are fru its, i.e. ap ri cots and pe ac hes,
and ve ge tab les, i.e. car rots, squ ash and broc co li.

β-Ca ro te ne is al so known as pro-vi ta min A. Be ing a
symmet ri cal mo le cu le, enz yma tic cle a va ge in the in tes -
ti nal mu co sa le ads to the for ma ti on of two mo le cu les vi-
ta min A (re ti nol), which is furt her con ver ted
enz yma ti cally in to the  vi si on pig ment re ti nal.

Apart from its ac ti on as a pro-vi ta min β-ca ro te ne
has be en de mons tra ted to ha ve an ti o xi dant ac ti vity in
vit ro i.e. by sca ven ging pe roxyl ra di cals, in par ti cu lar li -
pid pe roxyl ra di cals, nit ro gen di o xi de (NO2•)-, thiyl
(RS•)- and sul fonyl (RSO2•)-ra di cals, qu enc hing sing let
oxy gen and in hi bi ting li pid pe ro xi da ti on.1-4

At the cel lu lar le vel β-ca ro te ne has be en de mons -
tra ted to ad dress sig nal ling path ways, i.e. β-ca ro te ne in-
du ces cell cycle ar rest and apop to sis vi a down-re gu la ti on
of cyclin A and Bcl-2 fa mily pro te ins.5 Furt her, it has be -
en shown to sti mu la te cell com mu ni ca ti on vi a gap junc-
ti ons, an ef fect which is cor re la ted with the abi lity to
in hi bit che mi cally in du ced ne op las tic trans for ma ti on.6,7

Ad di ti o nally, ca ro te no ids can mo du la te pha se I and pha -
se II me ta bo lic enz ymes in vol ved in the me ta bo lism of
mu ta gens/car ci no gens and can thus in hi bit the for ma ti -
on of re ac ti ve me ta bo li tes.8,9  

β-Ca ro te ne has al so be en fo und to mo du la te im mu -
ne func ti on, i.e. it sti mu la tes blo od ne ut rop hil kil ling ac-
ti vity vi a in cre a sed mye lo pe ro xi da se and pha gocy tic
ac ti vity, an en han ced an ti body res pon se, an in cre a sed
mi to gen-in du ced lymphocy te pro li fe ra ti on and an in-
cre a sed res pi ra tory burst.10

The ef fects des cri bed ser ve as exp la na ti on for the
ob ser va ti on that the in cre a sed in ta ke of ca ro te no ids or
fru its and ve ge tab les as pri mary so ur ce of ca ro te no ids re-
du ce the risk to de ve lop cer ta in de ge ne ra ti ve di se a ses.
In par ti cu lar this ef fect was as so ci a ted with car di o vas -
cu lar di se a ses, age-de pen dent ma cu la de ge ne ra ti on, ca -
ta ract for ma ti on and cer ta in types of can cer such as
co lon, lung, sto mach and pros ta te.11-16

B-CAROTENE AND AGING

Sin ce its pos tu la ti on by Har man in 1957 the fre e ra di cal
the ory of aging, - exp la i ning aging as a cu mu la ti ve da m-

a ge by en do ge no us oxy gen ra di cals – has re ce i ved con-
ti nu o us sci en ti fic sup port and cur rently rep re sents the
most ac cep ted  aging the ory.17 Sin ce the afo re men ti o ned
de ge ne ra ti ve di se a ses and ot her di sor ders  are al so as so -
ci a ted with oxi da ti ve stress, and the ir oc cur ren ce in ge -
ne ral is age-de pen dent, they can be con si de red to be one
fa cet of the com mon mo tif aging, and the use of an ti o xi -
dants sho uld the re fo re de lay aging and pre vent de ge ne -
ra ti ve di se a ses.18,19 In fact the re are re ports from ani mal
ex pe ri ments in di ca ting that the sur vi val can be pro lon -
ged by di e tary an ti o xi dants.20 Hu man epi de mi o lo gi cal
stu di es on the ot her hand are not conc lu si ve.21 Ho we -
ver, be ne fi ci al ef fects on age-re la ted as pects such as cog-
ni ti ve im pa ir ment and im mu no lo gi cal pa ra me ters are
do cu men ted.22,23

THE B-CAROTENE PARADOX

Be si de the da ta sum ma ri zed abo ve, a be ne fi ci al ro le of
β-ca ro te ne co uld not be sup por ted by se ve ral can cer che -
mop re ven ti on tri als. Stri kingly, in two ma jor tri als (the
Alp ha-To cop he rol Be ta-Ca ro te ne Can cer Pre ven ti on
Study and the Be ta-Ca ro te ne and RE Ti nol Ef fi cacy Tri -
al) can cer in ci den ce was in cre a sed with β-ca ro te ne sup-
p le men ta ti on in both smo kers and as bes tos wor kers.24,25

It was the re fo re sug ges ted by Wang and Rus sell,
that β-ca ro te ne me ta bo li tes are res pon sib le for the car-
ci no ge nic res pon se, and Si ems et al. we re the first to de -
mons tra te that β-ca ro te ne cle a va ge pro ducts in du ce
oxi da ti ve stress in vit ro.26,27 Ba sed on this ob ser va ti on
both a cle a va ge pro duct (CP) mix tu re ge ne ra ted by
hypoch lo ri te ble ac hing of β-ca ro te ne and one of the ma -
jor ca ro te nals con ta i ned - apo8`-ca ro te nal - we re tes ted
for the ir ge no to xic po ten ti al in the pri mary he pa tocy te
as say, both in the pre sen ce and ab sen ce of oxi da ti ve
stress. The se in ves ti ga ti ons cle arly de mons tra ted a do se-
de pen dent ge no to xic po ten ti al of the CPs, which was
furt her en han ced in the pre sen ce of oxi da ti ve stress by
hypo xi a/re oxy ge na ti on or DMNQ app li ca ti on. This ge -
no to xic po ten ti al was not ac com pa ni ed by cyto to xi -
city.28,29 Cyto to xi city, ho we ver, ap pe ars when
he pa tocy tes are not pro li fe ra ti vely sti mu la ted and  is
cha rac te ri zed by sig ni fi cantly in cre a sed ra tes of nec ro ses
and apop to ses. This to xic ef fect can be in hi bi ted by the
supp le men ta ti on of the tre a ted cul tu res with an ti o xi -
dants such as N-acetyl-cyste i ne, as cor bic acid and tro -
lox, and is ba sed upon the ir abi lity to de to xify al dehy des.

Sin ce the out co me of the Alp ha-To cop he rol Be ta-
Ca ro te ne Can cer Pre ven ti on Study and the Be ta-Ca ro te -
ne and RE Ti nol Ef fi cacy Tri al in di ca tes a hig her
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sen si ti vity of lung cells to wards oxi da ti ve stress and/or β-
ca ro te ne bre ak down pro ducts, a cul tu re system for pri-
mary rat pne u mocy tes was furt her es tab lis hed and both
cyto- and ge no to xic ef fects of β-ca ro te ne un der oxi da ti -
ve stress by di met hoxy naph tho qu i no ne (DMNQ) we re
ela bo ra ted. The re sults ob ta i ned in di ca te that pne u -
mocy tes are mo re sen si ti ve to wards DMNQ than he pa -

tocy tes. In cre a sing con cen tra ti ons of β-ca ro te ne led to
an in cre a se of apop to sis and a pro mi nent dec re a se of the
cell den sity cle arly in di ca ting a cyto to xic po ten ti al. In
con trast, no cle ar evi den ce for ge no to xi city is pro vi ded
by the re sults of the mic ro nuc le us and the CO MET as say
(sup por ted by grant P20096 of the Aus tri an Sci en ce Fo -
un da ti on and COST ac ti on B35).
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