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Abstract
Carotenoids with θ-end group occur typically in certain Capsicum species.
Capsanthin is the main carotenoid of paprika but also occurs in other plants in much
lower amounts. Capsorubin and cryptocapsin are minor components accompanying
capsanthin. These red pigments are biosynthetised from carotenoid-5,6-epoxides by
means of specific enzymes. A new special family of carotenoids bearing 3-dehydroxy-θend group were found in tropical fruits of extremely high pigment content. Some of them
contain β-end group as well which means potential vitamin A activity.
Here we describe the first isolations and structure elucidations of carotenoids with θend group, their occurrence and biosynthesis, the chemical synthesis and some
transformations of θ-carotenoids, as well as their biological activities.

Introduction - Historical Background
The first carotenoids containing -end group were isolated from red paprika (Capsicum
annuum). Red paprika pigments were studied as early as the nineteenth century, but the
crystallization of pigments was not successful, because paprika extracts always contain fatty
acids, oils and other lipids. [1] Zechmeister and Cholnoky succeeded in separating the
pigments from these other compounds by saponification in the early 1930s. They were able to
crystallize a red pigment, which they called capsanthin, [2] however, it consisted of several
components. Later Zechmeister and Cholnoky separated some other pigments from red
paprika extract by using column chromatography, namely -carotene, cryptoxanthin and
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zeaxanthin. They also found another red pigment, which was called capsorubin. [3] They tried
to establish the structure of capsanthin and capsorubin, and formulated their structures as 1
and 2 [3d].

At the beginning of the 1950s Cholnoky and coworkers began to investigate the fresh
paprika fruits. First, red tomato-shaped paprika (Capsicum annuum var. lycopersiciforme
rubrum) was studied. [4] This kind of paprika is green when unripe, and becomes red during
ripening. Both stems and fruits of unripe and ripe paprika were investigated. In unripe paprika
-carotene, -carotene monoepoxide, zeaxanthin, lutein, violaxanthin and, in traces,
antheraxanthin were found. The ripe fruits, however, contained -carotene, cryptoxanthin,
zeaxanthin, antheraxanthin, violaxanthin, capsanthin, capsorubin as main pigments, and some
of their cis-isomers. A new red pigment called cryptocapsin was also found in ripe paprika.
[5] Cholnoky et al. also made attempts to elucidate the carotenoid composition of yellow
tomato-shaped paprika (Capsicum annuum var. lycopersiciforme flavum). [6] This subtype is
green in its unripe state, and the ripe fruit is yellow or orange, but its colour never turns red. It
was found that the unripe paprika contained -carotene, -cryptoxanthin, lutein, violaxanthin,
and foliaxanthin (neoxanthin). The ripe fruits contained - and -carotene, - and cryptoxanthin, lutein, violaxanthin, foliaxanthin, and their cis-isomers. Red pigments
capsanthin and capsorubin, however, could not be detected. -Cryptoxanthin was discovered,
crystallized and characterized first from this source. [7] Based on the analytical data,
Cholnoky proposed the scheme for the biosynthesis of paprika carotenoids. [8] It was
supposed that zeaxanthin was converted into antheraxanthin and violaxanthin by epoxidation,
then capsanthin and capsorubin were formed from antheraxanthin and violaxanthin,
respectively, by ring opening and rearrangement (Figure 1).

Figure 1.
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Based on these findings Cholnoky suggested that the structure of capsanthin and
capsorubin should be corrected. Subsequently, the structure of these red pigments was
investigated for several years by english (Weedon), swiss (Karrer) and hungarian research
groups. [9] Eventually the group of Karrer clarified the structure of capsanthin using infrared
spectroscopy. [10] Chemical evidence obtained by oxidative degradation was given by
Cholnoky and Szabolcs [11] for the structure of capsanthin and capsorubin. Capsanthin and
capsorubin were shown to contain one and two cyclopentane rings, respectively, adjacent to
the keto groups which are parts of the conjugated double bond system. Cyclopentane ring had
not been known previously to occur in carotenoids. The full evidence for this structure was
obtained by X-ray study of capsanthin-bis(p-bromo-benzoate). [12] The total synthesis of
capsanthin (3), capsorubin (4) and cryptocapsin (5) was achieved in 1983 by Rüttimann et al.
with the cooperation of Weedon et al. [13].

Occurrence of Carotenoids with -End Group in
Higher Plants
Carotenoids with 3-Hydroxy--End Group
Capsanthin and capsorubin are the most thoroughly studied and most widespread
carotenoids with -end-group. Capsanthin, isolated first from the red fruit of Capsicum
annuum [2], has also been found in the pollen anthers of Lilium tigrinum [14] and Aesculus
hippocastanum [15], in the fruit of Berberis spp. [16] and Asparagus officinalis [17], and in
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Lilium amabile petals. [18] Capsorubin has been isolated from the petals of Cajophora
lateritia [18a], the pollen anthers of Aesculus hippocastanum [15], and the fruits of
Asparagus officinalis [17]. In the 1980s and 1990s the carotenoid composition of some of the
above mentioned plants was reinvestigated, paying special attention to the minor carotenoids
with interesting end groups. New pigments containing -end group were isolated from red
paprika: capsanthin 5,6-epoxide (6), its furanoid capsochrome (7), capsanthin 3,6-epoxide (8)
contained a 3,6-epoxy--end-group, [19] and 5,6-diepicapsokarpoxanthin (9), which
contained a 3,5,6-trihydroxy--end group.

Carotenoids with θ-End Group
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The carotenoid composition of ripe and unripe fruits of Asparagus officinalis were
studied by HPLC, [20] where the major θ-carotenoids were capsanthin (3), capsorubin (4),
and capsanthin 5,6-epoxide (6).
Reinvestigation of the petals of Lilium tigrinum by HPLC and the isolation of some
minor compounds were reported: capsanthin 5,6-epoxide (6) and 5,6-diepicapsokarpoxanthin
(9) were isolated by HPLC-controlled preparative column chromatography [21].
From the ripe fruits of Asparagus falcatus capsanthin (3), capsorubin (4), capsanthin 5,6epoxide (6), and capsochrome (7) were isolated by preparative column chromatography and
characterized by spectroscopic methods. [22] Two minor carotenoids were also isolated and,
based on their spectral data, identified as (all-E,3S,5R,6R,3‘S,5‘R)-6,7-didehydro-5,6dihydro-3,5,3‘-trihydroxy-,-caroten-6‘-one (capsoneoxanthin, 10) [23] and (9Z)-capsanthin
5,6-epoxide ((9Z)-6) [24].
Carotenoids with -end group have recently been found in relatively large amounts in
many tropical plants. Our preliminary investigations showed that capsorubin (4) was the main
carotenoid in the brown leaves and seeds of zamia (Zamia dressleri), as well as in the fruits of
jipi-japa (Carludovica palmata), and papua fruit (Pandanus conoideus). Cryptocapsin (5) was
found to be the main pigment component in the fruits of red mamey (Pouteria sapota), and
large amount of it can also be found in the fruits of maracuja chino (Cionosicyos
macrunthus). All mentioned tropical fruits also contain more or less of capsanthin (3). From
red mamey, a new epoxy-carotenoid, cryptocapsin 5,6-epoxide (11) was isolated and
characterized [25].

Carotenoids with 3-Oxo--End Group
Based on UV-VIS spectra, chemical and chromatographic properties, the occurrence of
various carotenoids with the -end group, especially capsanthone (12) was postulated, in the
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anthers of flowers of different species of Aesculus (horse chestnut) a long time ago. [15, 26]
As main pigments, capsanthin, capsanthone, capsorubin, zeaxanthin, and -carotene were
found, accompanied by small amounts of cryptoxanthin, lutein, cryptocapsin (5),
cryptocapsone (14), and capsanthin monoepoxide (6). [15].
Further studies were carried out on the carotenoid composition of leaves in various
phases of growth, floral buds in various stages of development, and flowers of Aesculus
parviflora and A. Rubicund [27].

Carotenoids with θ-End Group
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In reinvestigation of buds, pollen and petals of two species of Aesculus (hippocastanum
and pavia), [27] no carotenoids with the θ-end group were isolated, which was in contrast to
earlier reports. [15,28] From the pollens of Aesculus hippocastanum, a new carotenoid was
isolated as a main carotenoid and, based on the spectroscopic data, identified as (all-E,3R)-3hydroxy-6'-apo--caroten-6'-al (aesculaxanthin, 15) [28].
During the isolation of minor components from red paprika, HPLC investigation showed
that one of the fractions always contained a red carotenoid in significant amounts. This
compound was isolated and characterized as capsanthone (12) [29].
The natural occurrence of capsanthone (12) in different species of red paprika was also
proved. Semisynthetic capsanthone (12), capsorubone (13) and cryptocapsone (14) were
prepared by Rüttimann et al., [13b] but the natural compounds 13, 14 have not been isolated
and characterized before.
The next report about the isolation from natural sources and characterization of
carotenoids containing 3-oxo--end group was published in 2001, when Maoka et al. reported
the isolation and characterization of capsanthone 3,6-epoxide (16) from red paprika
(Capsicum anuum L.) [30].

Carotenoids Containing -End Group without Hydroxy Group
The above mentioned carotenoids (3-10) contain one, and in the case of capsorubin (4)
two 3-hydroxy-6-oxo--end groups. Two carotenoids with unique structures, 3‘-deoxycapsanthin (17) and 3,4-dehydroxy-3‘-deoxycapsanthin (18) have been reported as very
minor components in paprika by Maoka et al. [31] These carotenoids have a 6-oxo--end
group without hydroxy group.
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In 2011, the isolation and structure elucidation of a new carotenoid, sapotexanthin (19),
was reported from red mamey (Pouteria sapota). [32] 3‘-Deoxycapsanthin (17) and
3‘-deoxycapsanthin 5,6-epoxide [25] (20) were also isolated and characterized from this
source. Furthermore, 3‘- and 3-deoxy-derivatives of capsorubin, namely 3‘-deoxycapsorubin
(21) and 3,3‘-dideoxycapsorubin (22) could be isolated in small amounts [33].

Carotenoids with θ-End Group
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Apocarotenoids
Eleven apocarotenoids including two compounds with θ-end group (23 and 24) were
isolated from the fruits of the red paprika Capsicum annuum L. [34] Structures of the new
apocarotenoids were determined to be apo-12‘-capsorubinal (23), and apo-8‘-capsorubinal
(24) by spectroscopic analysis. These carotenoids were assumed to be the products of
oxidative cleavage of C40 carotenoids such as capsanthin in paprika.

Biosynthesis of -Carotenoids in Higher Plants
The biosynthesis of carotenoids [35] is a branch of the well-known isoprenoid pathway,
that begins with the conversion of mevalonic acid into the five-carbon compound isopentenyl
diphosphate. In a series of prenyltransferase reactions, the 40-carbon carotenoid phytoene is
assembled from eight molecules of isopentenyl diphosphate. Phytoene subsequently
undergoes a series of four desaturation or dehydrogenation reactions that results first in the
formation of phytofluene and then, in turn, -carotene, neurosporene and lycopene [36].
Xanthophylls are formed enzymatically as oxidation products of α- and β-carotene. The
most common oxygen containing groups, originate from molecular oxygen, found in plant
xanthophylls are hydroxy at C(3), epoxy at the 5,6 position of the ring, and keto-group.
Zeaxanthin and lutein are formed by the hydroxylation of the 3 and 3' carbon atoms of β,βcarotene or β,ε-carotene, respectively. Since the absolute configuration of carbon atoms
bearing the hydroxyl group is opposite on ε and β rings of lutein, different enzymes are
thought to catalyse their formation. Antheraxanthin with one epoxy group and the diepoxide
violaxanthin are formed starting from zeaxanthin, by introduction of the epoxy groups into
5,6 and 5',6' positions. Epoxidation of zeaxanthin, which requires NADPH and O2, [37] and
cyclic deepoxidation of violaxanthin represent key mechanisms in the adapting plants and
green alga. Enzymes involved in these reactions are assumed to be mixed function
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oxygenases. Xanthophyll epoxides serve as precursors of the plant hormone abscisic acid
(Figure 2).
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In earlier works, Deli et al. suggested a plausible pathway of biosynthetic transformations
of 5,6-epoxy end group in paprika (Figure 3). [38] According to this, six different
biosynthetic routes exist. Out of these, pinacol rearrangement leads to θ-end group of
carotenoids.
In addition, the 5,6-epoxy end group may undergo allenic rearrangement, epoxide ring
opening, endo epoxide rearrangement and furanoid-oxide rearrangement resulting in 3,5dihydroxy-allenic, 3,5,6-trihydroxy-, 3,6-epoxy- and 5,8-epoxy end groups, respectively.

Carotenoids with θ-End Group
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Capsanthin-capsorubin synthase (CCS), which catalyses the conversion of 5,6-epoxy end
groups into -end groups, was isolated and characterized by Bouvier et al. [39] The fact that
CCS also exhibits lycopene cyclase activity is likely to be related to the chemical mechanisms
leading to the formation of β-rings in β-carotene and θ-rings in capsanthin and capsorubin. In
both mechanisms a carbenium ion at C(5) as intermediate is formed. [40] In addition, both
reactions are likely to be initiated by a protonic attack on either a double bond or an epoxy
group (Figure 4).

Figure 4.
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Figure 5.

Figure 6.

On the basis of the reaction mechanism for CCS described above, we suggested a
mechanism for the formation of 3,5,6-trihydroxy-carotenoids isolated from red paprika
(Figure 5). [41] Either the (3S,5S,6S)- or the (3S,5R,6S)-end group may be formed via the
carbenium ion at C5. Therefore, during the enzyme-catalyzed hydrolysis of carotenoid-5,6epoxides, the configuration at C5 may change, and the configuration at C6 remains
unchanged.
For a long time it had not been clarified whether the 3,5,6-trihydroxycarotenoids are
intermediates or byproducts of pinacol rearrangement. The clearing up of this question
demanded biochemical investigations. Based on enzymatic investigations, it is assumed that
3,5,6-trihydroxy-carotenoids are by-products of pinacol rearrangement [42].

Carotenoids with θ-End Group
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It seems likely that θ-carotenoids without hydroxy-group are biosynthesized from βcarotene via β-carotene 5,6-epoxide in an analogous way to the formation of capsanthin from
zeaxanthin via antheraxanthin (Figure 6).
The presence of θ-carotenoids without hydroxylated rings in the flesh of red mamey is
due to the coincidence of two rare metabolic events: 1) high activity of enzymes that catalyze
the epoxidation of non-hydroxylated -ring, and 2) the high activity of enzymes that catalyze
the pinacol rearrangement of epoxides.

Occurrence of κ-Carotenoids in Other Sources
Mytiloxanthin (25) has a unique cyclopentyl enolic -diketone group conjugated to a
polyene chain in its structure. It was isolated as a major carotenoid from the edible mussels
Mytilus edulis [43] and coriescus, [44] and as a minor carotenoid from other marine
invertebrate animals including Halocynthia roretzi, [45] Amaricum pliciferum [46] and seven
species of tunicates [46].
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The 4-hydroxy derivative of mytiloxanthin (26) was isolated as a minor carotenoid from
starfish Asterina pectinifera and A. amurensis. [47] 19-Hydroxymytiloxanthin (27) was
isolated as 19 butanoate and 19-hexanoate from the sponge Phakellia stelliderma. [48] The
19-hexanoate has also been isolated from the mussel Mytilus edulis [43b].
Agelaxanthin (28) is the methoxy derivative of 19-hydroxymytiloxanthin, and was found
in the marine sponge Agelas schmidtii [49].
Mytiloxanthinone (29) containing cyclopentanone ring, was isolated from tissues of the
sea squirt Halocynthia roretzi [47, 50] and from Styela clava, S. plicata and Botryllus
schlosseri [47].
4-Oxomytiloxanthin (30) was isolated as a minor carotenoid from samples of
carotenoprotein astearubin obtained from the starfish Asterisa rubens. It was liberated from
the carotenoprotein with acetone [51].

Carotenoids with θ-End Group
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Bastaxanthin D (31) and its 3‘-oxo derivative, bastaxanthin C (32) contain sulphate ester.
Both carotenoids were isolated from the marine sponge Lanthella basta. [52] The non
esterified derivative of 32 is bastaxanthol C (33), which was also isolated as minor carotenoid
from Lanthella basta. [53] An other interesting minor carotenoid, bastaxanthol B (34),
containing aldehyde group at 17‘ position, was isolated Lanthella basta too [52].
Two θ-carotenoids with aromatic ring were found in marine sponges. Trikentriorhodin
(35) was isolated as a major carotenoid from Trikentrion helium, [54] Ageles schmidtil, [49]
Microciona prolifera, [55] Clathria frondifera and Tedania digitata [56].

Synthesis of Carotenoids with -End Group
The first total synthesis of capsanthin (3), capsorubin (4), and cryptocapsin (5) was
achieved in 1983 by Rüttimann et al. with the cooperation of Weedon‘s group [13].
Capsanthin (3) and capsorubin (4) were also synthesized via the C15-cyclopentyl ketone
prepared by Lewis acid-promoted regio and stereoselective rearrangement of a 5,6-epoxy
dienal (Figure 7) [57].

Figure 7.

Figure 8.
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One year later, the synthesis of 3,6-epoxy carotenoids cucurbitaxanthin A,
cycloviolaxanthin and capsanthin 3,6-epoxide 3 was accomplished via C15-3,6-epoxides
prepared by the regioselective ring opening of 3-hydroxy-5,6-epoxides [58].
Reactions of Lewis acids with epoxides bearing various olefinic groups at C-6 showed
that the way of oxirane ring cleavage depended upon both the length of the conjugated double
bond system and the electron-withdrawing ability of the substituents adjacent to the double
bond. As shown in Figure 8, in the case of electron-withdrawing diene-ester or diene-nitrile
having a hydroxyl group at C-3 position, this reaction resulted in the predominant formation
of 3,6-epoxides (route b).
Treatment of epoxides possessing electron-withdrawing groups (diene-ester or dienenitrile) with SnCl4 or aminium salts resulted in the production of 3,6-epoxides, which were
transformed into cucurbitaxanthin A, cycloviolaxanthin, and capsanthin 3,6-epoxide (8),
respectively. [59] Regio and stereoselective rearrangement of the optically active C15-epoxide
possessing a conjugated dienal group at C-6 resulted in the formation of θ-end group in good
yields, which was transformed to capsanthin (3) and capsorubin (4), respectively.
The biomimetic synthesis of mytiloxanthin was published by Ito‘s group [60].

Chemical Transformations of -Carotenoids
Capsanthin and capsorubin contain hydroxy and keto-group(s) as functional groups. For
the reduction of the carbonyl function of carotenoids metal hydrides are generally used, either
LiAlH4 in Et2O or in tetrahydrofuran, or NaBH4 in EtOH or in EtOH/benzene. Upon reduction
of the carbonyl groups, a hypsochromic shift (to shorter wavelengths) and increased spectral
fine structure can be seen in the UV/VIS spectrum. Reduction products are usually readily
separated from the starting compound because the carotenol product is more polar than the
initial ketone. However, the reduction of keto-groups of carotenoids produces two
stereoisomers, which may be very difficult to separate.
Oppenauer oxidation is a gentle method for selective oxidization of secondary alcohols to
ketones. In this reaction the hydroxy group on cyclopentane ring is oxidized and the other one
on the cyclohexane ring remains unchanged. Capsanthone (12) was prepared from capsanthin
(3) by this method [61]. In the sixties and seventies the reduction of capsanthin (3) was
studied by our research group. [61-62] The reaction of 3 with NaBH4 gave the two
steroisomeric capsanthols 36 and 37 ((3R,3‘S,5‘R,6‘S)- and (3R,3‘S,5‘R,6‘R)-,-carotene3,3‘,6‘-triol, resp.). The Oppenauer oxidation of these capsanthols yielded the corresponding
capsanthol-3‘-one epimers (3,6'-dihydroxy-,-caroten-3'-ones, 38, 39).
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Later the (3R,5‘R,6‘S)- and (3R,5‘R,6‘R)-capsanthol-3‘-ones (38, 39) were reduced by
different complex metal hydrides to give triols 40 and 41. The diastereoisomeric (3‘S)- (36,
37) and (3‘R)- (40, 41) capsanthols were fully characterized [63].

Carotenoids with θ-End Group
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With a similar method, (6‘S)- and (6‘R)-capsorubol-6-one (42, and 43 resp.) (6S,6‘S)-,
(6S,6‘R)- and (6R,6‘R)-capsorubol (44, 45, and 46, resp.) and (6‘S)- and (6‘R)-cryptocapsol
(47 and 48, resp.) were prepared in crystalline from by the reduction of capsorubin and
cryptocapsin [64].
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In a study on the reduction of oxo-carotenoids by NaBH4, the transformation of
carotenoid esters to free hydroxy-carotenoids was observed. Thus, the reduction of capsanthin
3,3‘-diacetate resulted in the corresponding capsanthol 3,3‘-diacetates, as well as free
capsanthol epimers (36, 37). This observation led us to develop a method for the preparation
of partially acetylated carotenoids. The 3,6‘-diacetate (49), 3‘,6‘-diacetate (50), and 6‘-acetate
(51) of (6‘R)-capsanthol (37) were obtained from (6‘R)-capsanthol-3,3‘,6‘-triacetate (52), and
the 3- and 3‘-acetates 53 and 54 of (6‘R)-capsanthol (37) were synthesized from (6‘R)capsanthol 3,3‘-diacetate (55) [65].

Carotenoids with θ-End Group
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The above mentioned semisynthetic capsanthol epimers and different capsanthol acetates
were used for the study of the chirality of supramolecular carotenoid self-assemblies by CD
spectroscopy [66].

Biological Effects of Carotenoids with -End Group
Mainly capsanthin and capsorubin, being the most abundant θ-carotenoids, have been
studied from biological aspects.
The antioxidant activities of capsanthin and its natural fatty acid esters were compared to
that of other abundant carotenoids, as β-carotene, lutein, and zeaxanthin. Matsufuji et al.
measured the formation of methyl linoleate hydroperoxides during free radical oxidation of
methyl linoleate. Capsanthin suppressed hydroperoxide formation as well as the other
carotenoids, however, capsanthin decomposed more slowly than the other carotenoids, and its
radical scavenging effect was found to last longer. Capsanthin mono- and/or diesters showed
similar behavior, esterification did not affect the radical scavenging ability of capsanthin.
Capsanthin and its fatty acid esters were proved to be more effective radical scavenger than βcarotene [67].
Capsorubin, possessing two carbonyl groups at 6- and 6‘ positions, showed more potent
antioxidant activity than capsanthin [68].
These findings suggests that the antioxidant ability of capsanthin would not be influenced
by hydroxyl groups at the 3- and 3‘ positions in the β-ionone and cyclopentane rings, the
effect is due to the polyene chain, and especially enhanced by the conjugated keto group [67].
Capsanthin and capsorubin have also been reported to quench singlet oxygen effectively.
[69] Murakami et al. screened several natural carotenoids (among them capsanthin,
capsorubin, capsanthin 3,6-epoxide) for their modifying effects on superoxide (O2-) and nitric
oxide (NO) generation from activated human and mouse leukocytes, respectively [70].
Excessive and prolonged generation of superoxide and nitric oxide from inflammatory
leukocytes means oxidative stress, which is closely associated with carcinogenic processes,
and with several lifestyle-related diseases. Cytotoxicity was not observed in any carotenoids,
however, the inhibitory activities of capsanthin and capsanthin 3,6-epoxide in O2- generation

70

Enrique Murillo, Veronika Nagy, Attila Agócs et al.

were among the best ones, and were significantly higher than those of β-carotene and a green
tea polyphenol, epigallocatechin gallate. Capsorubin was found to be less active [70].
With respect to the structure-activity relationship, the presence of a single 3-hydroxy-θend group could be important for the activity. This is supported by the fact that an exchange
of the 3-hydroxy-β-end group present in cucurbitaxanthin A by a 3-hydroxy-θ-end group in
capsanthin 3,6-epoxide resulted in a signifcant increase of inhibitory activity in O2generation.

Figure 8.

The inhibitory activity of capsanthin on NO generation was comparable to that of βcarotene, however, capsorubin and capsanthin 3,6-epoxide showed remarkably higher
inhibition. The 3-hydroxy-θ-end group may also be important for NO generation suppression,
when comparing the activity of capsanthin 3,6-epoxide to that of cucurbitaxanthin A. [70]
Kim et al. showed that capsanthin significantly preserved the activity of superoxide dismutase
in carbontetrachloride-treated rats, and also inhibited lipid peroxidation [71].
Anti-tumor-promoting activity of capsanthin and related carotenoids were examined in
vitro on the inhibition of Epstein-Barr virus early antigen (EBV-EA) activation induced by a
tumor promoter. [72] Fatty acid diester of capsanthin and capsorubin diester showed the
strongest inhibitory effects, although capsorubin and capsanthin 3,6-epoxide were also more
active than β-carotene. The esterification of the hydroxyl groups with fatty acids enhanced the
inhibitory activity toward EBV-EA activation. Capsanthin, capsanthin 3‘-ester and capsanthin
3,3‘-diester, major carotenoids in paprika, also exhibited potent anti-tumor activity in an in
vivo mouse skin two-stage carcinogenesis assay. As esterification enhances the liposolubility
and stability of carotenoids, it may increase the absorption of carotenoids into skin tissue [72].
Tsushima et al. reported the inhibitory activity of other θ-carotenoids toward EBV-EA
activation: mytiloxanthinone and mytiloxanthin exhibited moderate activity [73].
The multidrug resistance (MDR) proteins are present in a majority of human tumors and
are an important final cause of therapeutic failure. Compounds which inhibit the function of
the multidrug resistance-efflux proteins may improve the cytotoxic action of anticancer
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chemotherapy. Molnár and coworkers have examined the multidrug resistance (MDR)
modulating activity of several carotenoids in tumor cells, and shown that capsanthin and
capsorubin enhanced the drug accumulation most potently. α- and β-carotenes, however, were
proved to be inefficient. [74] Paprika extracts of high capsanthin content showed similar
favourable effect [75].
Ascorbic acid was shown to influence the inhibitory effect of certain carotenoids on the
multidrug resistance of cancer cells. Ascorbic acid improved the effect of capsorubin in a
dose-dependent manner, but the effect of capsanthin was not modified. A special complex
formation between membrane-bound capsorubin and ascorbic acid was suggested, which can
be exploited in experimental chemotherapy [76].
Capsorubin was found to accumulate selectively in the nuclei of cancer cells, suggesting
that the membrane affinity of capsorubin is stronger than the other carotenoids. Furthermore,
capsorubin had a remarkable antiproliferative effect on lung cancer cells, and reduced
immediate-early tumor antigen expression. Capsanthin, however, proved to be not effective
under similar conditions [76].

Conclusion
Studies on carotenoids with -end group have a long history. They are carotenoids that
with some exceptions can be found in little amounts among other pigments. As this review
shows, their chemistry was quite thoroughly investigated over the years, nowadays the focus
is - as with other carotenoids - laid on biochemical investigations or on antioxidant activity of
these pigments. Although until recently the discovery of new -carotenoids was not to be
expected, the determination of the carotenoid profile of some tropical fruits gave some
interesting results including new -carotenoids that are present in considerable amounts. This
discovery can open a new area in the research of -carotenoids and also can deliver new
information about the biosynthesis of -carotenoids in general.
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