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The hexane extracts of seedslifaxis heteranthafforded two new apocarotenoids whose structures corresponded to
methyl 3-oxo-12apoe-caroten-12o0ate () (heteranthin) and methyl3365-epoxy-5-hydroxy-4,5-dihydro-8apo«-
caroten-8oate @) (ditaxin). Both compounds were evaluated for antioxidant activity and protection against DNA oxidative
damage by using DPPHree radical scavenging and Comet assays, respectively.

Carotenoids are composed of isoprene units, whose conjugateds an important end-point for the chemoprevention of carcinogenesis.
double bonds are responsible for their distinctive color. Most of In this context, the Comet assay has been used as a rapid and
the structural variations of carotenoids are found in the rings, whose sensitive tool for detecting primary DNA damage in individual cells.
double bonds are sensitive to oxidation, leading to the formation This technique allows the detection of several classes of DNA injury
of apocarotenoids. For a symmetrical carotenoid, sughasotene, such as double-strand breaks, single-strand breaks, alkali-labile sites,
there are nine possible outcomes of a single bond scission due taincomplete repair of a-basic sites, and cross-littk8.There are
oxidation. Apocarotenoid formation may be the result of nonspecific some natural compounds, such as quercetincaitacoferol, that
mechanisms such as lipoxygenase oxidation and photo-oxidation,have already shown their ability to protect lymphocyte DNA against
as well as of specific mechanisms where particular dioxygenaseshydrogen peroxide treatment in the Comet as8a@yonsequently,
operate in the formation of compounds such as vitamireBscisic a decrease in DNA damage upon carotenoid intervention might be
acid? aromatic compoundsand pigments. interpreted as a decrease in chronic diseases risk.

Several apocarotenoids have economic importance as pigments, Ditaxis heteranthais a native plant of Mexico that grows in
as well as flavor and aroma compounds in a variety of foods, as is semiarid zones and belongs to the Euphorbiaceae fafdifyits
the case for bixin. This carotenoid is found on the coveBida seeds have been used locally as a natural food flavor and coloring,
orellanaseeds, and it is the product of the rupture of the lycopene and they have properties similar to safff§The seed’s endosperm
molecule> Similarly, crocetin is an apocarotenoid that originates contains a yellow pigment characteristic of the carotenoid family.
in the rupture of zeaxanthin, a carotenoid found in the pistils of Detection of antioxidant activity could increase the valueDof
Crocus satius$ heteranthaas a food additive, expanding its market. Therefore, the

On the basis of extensive epidemiological observation, fruits and aim of the present work is to elucidate the structure of the two
vegetables that are rich in carotenoids are thought to provide healthmain compounds oD. heteranthaseed pigment, as well as to
benefits by decreasing the risk of various diseases, particularly determine their antioxidant and antigenotoxic activities.
certain cancers:® In part, the beneficial effects of carotenoids are
thought to be due to their role as antioxidants. In vitro studies such Results and Discussion
as the TEAC (Trolox equivalent antioxidant capacity) test, radical ) ) o
[2,2-diphenyyl-1-picrylhydrazyl (DPP$] scavenging activity, and Compoundd and2 were characterlzgd by.usmg a combination
the oxygen radical absorbance capacity (ORAC) d§styhave of 1- and 2-D NMR spectroscopy, including COSY, HMQC,
documented the capacity of carotenoids to quench free radicals bydMBC, and NOESY experiments, in conjunction with mass
mechanisms that include addition of the radical to the carotenoid, SPECtrometry.
hydrogen abstraction, and/or electron transfer. Those carotenoids Apocarotenoidl (Figure 1) was obtained from fraction 4 as a
with nine or more conjugated double bonds are able to quench yellow, amorphous powder, mp 12022 °C, with [a]?%, —669.8.
singlet oxygen with increasing activity depending on the number The conjugated polyene system was suggested by its-\i8/
of conjugated double bonds with lycopene (11 conjugated and two absorption maxima at 237, 283, 323, 359, and 405 nm. Its IR
nonconjugated double bonds), being the most effective quencherspectrum indicated the presence of two absorptions for conjugated
of singlet oxygeri3 carbonyl groups (1704 and 1665 ch The strong band at 1233

It has been indicated that the induction of oxygen radicals is CM ' suggested the presence of one of the carbonyl groups as an
clearly related to genotoxic events. Primary DNA damage in cells €ster group. The molecular formulags8s,0s, was inferred from

the [M]* peak atm/z 394 in the MS spectrum and confirmed by

* To whom correspondence should be addressed. Tel: (52) 55-5729- HRMS_’ while the number of carbon atoms vlvas 1supported by
6000, ext. 62464. Fax: (52) 55-5729-6000, ext. 62359. E-mail: analysis of the’*C NMR spectrum. ThéH and *H—'H COSY

Jaramillo_flores@hotmail.com. spectra ofl (Table 1) revealed that this compound is an apocaro-
lé'l'g‘_l?ggof/l'gx'\i‘C%B"PN- tenoid. ThetH NMR spectrum showed four singlets&0.99, 1.06,
§UDG-Mt-axico. ) 1.93, and 2.00, integrating for 3H each, assigned to Me-16, Me-
Il Quimica-CINVESTAV-Mexico. 17, Me-19, and Me-20, respectively. Unlike Me-19 and Me-20,
U Quimica Organica-ENCB-IPN. where the allylic couplings were too small to be resolved into
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Figure 1. Apocarotenoidl structure.

Table 1. *H NMR (300 MHz) Chemical Shifts (ppm),

Multiplicities, and Coupling Constants (Hz) of Apocarotenoids
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and 22
1 o multiplicity 2 o multiplicity
proton (coupling constant)  proton (coupling constant)

20 2.10d (16.9) 2 1.40d (11.5)

28 2.38d (16.9) B 1.79 ddd (11.5, 5.6, 2.2)

4 591brs 3 4.47 dd (6.3, 5.6)

6 2.61brd(9.3) 4 1.70d (12.9)

7 5.57dd (15.2,9.3) @ 2.10(12.9,6.3,2.2) Figure 3. Apocarotenoid? structure.

8 6.22d (15.2) 7 5.74d (15.6)

10 6.16 brd (11.3) 8 6.46 d (15.6) Table 2. 13C NMR (75.4 MHz) Chemical Shifts (ppm) of

11 6.67 dd (15.0,11.3) 10 6.26 br d (10.8) Apocarotenoidsl and 22

12 6.37 d (15.0) 10 7.29 dd (10.8, 1.5)

14 6.26 br d (11.7) 11 6.61m carbon 1 2 carbon L 2

14 7.29brd (11.7) 11 6.50 dd (15.2, 10.8) 1 37.0 415 12 168.0 143.9

15 6.88dd (14.2,11.7) 12 6.36 d (14.2) 2 47.8 48.5 13 139.0 137.7

15 6.53dd (14.2,11.7) 12 6.61d (15.2) 3 198.1 74.4 13 126.0 135.4

16 0.99s 14 6.20 brd (11.2) 4 125.2 49.1 14 131.2 131.8

17 1.06's 14 6.36 d (10.8) 5 161.4 80.1 14 138.2 135.7

18 1.91d (1.5) 15 6.67m 6 56.6 95.8 15 135.2 125.4

19 1.93s 15 6.71dd (14.2, 10.8) 7 125.8 121.1 15 127.8 131.9

20 2.00s 16 1.25s 8 137.8 136.6 16 27.9 26.3

20 1.99d (1.0) 17 0.91s 8 168.8 17 28.4 31.9

COCH; 3.77s 18 1.49s 9 135.0 134.9 18 24.2 22.7
19 1.99d (1.0) 9 125.8 19 13.7 12.9 (%)
19 1.96's (*) 10 131.2 132.0 19 12.9 (%)
20 1.97s (%) 10 139.0 20 13.4 12.7 (%)
20 1.97 s (¥ 11 125.6 129.4 20 135 12.7 (%)
COCH; 3.76s 11 123.1 CQCH;z 52.1 51.8
OH 2.49s 12 137.2 137.6

aValues marked with an asterisk may be interchanged.

doublets, Me-18 and Me-2@ppeared as doublets @tl.91 (1H,
d,J= 1.5 Hz) and 1.99 (1H, d] = 1.0 Hz), showing the allylic
coupling with protons H-4 and H-14espectively. The AB system

aValues marked with an asterisk may be interchanged.

with Me-18. The positions of Me-19, Me-20, and Me-2gere
established by NOESY experiments, since a correlation of H-11
ato 2.10 and 2.38 (each 1H, d,= 16.9 Hz) corresponded to the with bot.h former methyl groups was obgerved, in addition Fo the
geminal H-8 and H-2y, respectively. Theynrelationship of H-B corrglatlon bgtween Me-20 and H-15, while Me’-EOrreIat'es Wl.th

and H-2 with regard to Me-17 and Me-16 was established by the signal attributed to proton H-18-igure 2). Thsynrelat;onshlp
correlations in the NOESY experiment. The resonance of the bis- Pétween H-& and H-33, and Me-16 and Me-17, respectively, was
allylic H-6 was located ab 2.61 (1H, br d,J = 9.3 Hz), which confirmed by the NOESY spectrum. In agreement _vv_lth th(_e above
couples with H-7. This coupling is also found in the signal of the ‘H NMR data, the!*C NMR spectrum (Table 2) exhibited signals
latter proton as a doublet of doubletssa$.57 (1H, dd,J = 15.2, for two carbonyl groupsd198.1 and 168.0), along with 10 vinylic
9.3 Hz). The larger coupling constant is due to tres coupling prqtonated carbpns. The latter and those of the cyclohexenone
with H-8. The signal of the latter appears®6.22 (1H, d,J = moiety were assigned by HMQC. In the HM_BC spectrum (Figure
15.2 Hz) as a sharp doublet, since there is no other significant 2), H-14 (6 7.29) shc_>wed three-bond correlatl_ons with the carbonyl
coupling with vicinal protons. The conformation of the polyene Carbon ab 168.0, with Me-20(6 13.5), and with C-154 135.2).
chain with respect to the cyclohexenone ring avoids the coupling H-6 (6 2.61) correlates with C-2, C-17, and C-18. Cé556.6)
between H-6 and H-8. In the vinylic proton region, the signals due correlates with H-4 gnd H-8, ]ndlcatlng that this carbon is part of
to H-10, H-14, and H-14at 6 6.16 (1H, br dJ = 11.3 Hz), 6.26 the cyclohexenone ring and is bonded to the polyene chain. The
(1H, br d,J = 11.7 Hz), and 7.29 (1H, br dJ = 11.7 Hz), sig_nals due to the quaternary carbons C-9, C-13, a_md’@v&fb
respectively, clearly showed large coupling with their vicinal @signed as observed in the HMBC spectra, showing three-bond
o-bonded vinylic CH group. The broadness of these signals is due correlations with H-7, H-11, and H-15respectively.

to the small residual coupling with the allylic proton. H-1§ Fraction 5 afforded compoun@ (Figure 3) as an orange,
deshielded due to conjugation with the methoxycarbonyl group. amorphous powder witho %, —117.0 (CHCY; ¢ 0.02). The U\

Also in this region, there are three signalsda6.53 (1H, ddJ = vis spectrum shows absorption maxima at 227, 280, 322, 396, 418,
14.2, 11.7 Hz), 6.67 (1H, dd] = 15.0, 11.3 Hz), and 6.88 (1H, and 459 nm. The first four bands suggested a similar conjugated
dd,J = 14.2, 11.7 Hz), with a similar coupling pattern, a doublet polyene chain as shown in apocarotendidbut the last two

of doublets, both with large coupling constants. These are attributedabsorptions indicate the presence of a longer conjugated system.
to H-15, H-11, and H-15, respectively, which showransdouble In contrast with compountdl, the IR spectrum showed the presence
bond coupling (averagé= 14.5 Hz) and a three-bondCH—CH of a single absorption in the region of conjugated carbonyl groups
coupling (averagd = 11.6 Hz). H-4 resonates as a broad singlet (1702 cnt?). The strong band at 3448 chindicates the presence
ato 5.91 (1H, br s) as a consequence of the long-range coupling of a non-hydrogen-bonded hydroxyl group. The molecular formula
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Figure 4. Selected NOESY and HMBC correlations in compound
2.

of compound was confirmed to be £H4,0, by the HRMS (FAB),
showing a [M]" peak atm/z 478.3084.

The!H and!3C resonances in the 1- and 2-D NMR spectra of
were assigned in a way similar to thoseloThe NMR data (Tables
1 and 2) of the polyene part of ditaxi)(were close to those of
1, but additional vinylic proton and carbon signals were observed.
In the alyphatic region of théH NMR spectrum, apart from the
singlets due to the methyl groups, only four signals were present:
two doublets ad 1.40 (1H, d,J = 11.5 Hz) and 1.70 (1H, dl =
13.2 Hz), corresponding to trendoH-2a and H-4x with a large
geminal coupling, and, as expected, the coupling with the bridge-
head proton H-3 was absent. The signals attributed texbel-23
and H-4 at6 1.79 (1H, dddJ = 11.5, 5.6, 2.2 Hz) and 2.10 (1H,
ddd,J = 12.9, 6.3, 2.2 Hz), respectively, consisted of a double

“iMiez-Robles et al.

which is bearing the hydroxyl group. Couplings between H7 (
5.74) and H-8 § 6.46) with C-6 ¢ 95.8) as well as a correlation
between the latter with the singlets@0.91 andd 1.49 assigned

to methyl groups Me-17, Me-16, and Me-18, respectively, con-
firmed the connectivity of the groups around C-6 (Figure 4).

Comparison of the specific rotation of the new apocarotenoids
(1 and?2) with those of related molecul®sallowed us to suggest
that their absolute configuration is as depicted in Figures 1 and 3,
respectively.

Results of an antiradical activity assay showed that the extract
and compound4 and 2 have antioxidant activity comparable to
that of astaxanthin at concentrations of 150 and iZBDand 150
uM f-carotene (Figure 5). Antiradical activity increased as the test
concentration increased from 1%0/1 to 1050 M for all caro-
tenoids assayed(= 0.88,p < 0.001 by Pearson correlation). As
expected, lycopene showed higher activity than the other carotenoids
tested, except for astaxanthin, at 1508 (52%). Lycopene,
because of its high number of conjugated dienes, is the most potent
singlet oxygen quencher among the natural caroteriéiisThe
relative singlet oxygen quenching ability of a given carotenoid is
based on the number of conjugated double bonds, and the terminal
ionone ring of3-carotene (and related carotenoids) has no effect.
Apocarotenoid? has eight conjugated double bonds, wHilbas
only six; therefore it was not surprising to find higher antioxidant

doublet of doublets each. The largest coupling is ascribed to the activity for 2. f-Carotene (150@M) showed an antiradical activity

geminal coupling, while the medium coupling is due to the coupling
of these protons with the bridgehead H-3. The smallest coupling is
the result of theV coupling between H{2and H-43, as shown in

the COSY spectrum. Therefore, the doublet of doublets 447

(1H, dd,J = 6.3, 5.6 Hz) corresponded to H-3. Its chemical shift

is consistent with a proton bonded to a carbon of an ether group.

In the vinylic region of théH and!H—!H COSY spectra o2 (Table

similar to that of lycopene (36%%2 Compoundsl (21%) and2
(12%), as well as the extract (18%), have an even poorer scavenging
ability than s-carotene and lycopene. Among the carotenoids of
D. heteranthacompound? has the highest activity, followed by
the extract and finalljt (p = 0.05). The in vivo biological properties

of the carotenoids may be much more related to the products of
the interaction of carotenoids with oxidant stress, that is, breakdown

1), the signals of the side-chain protons appear with the expectedproducts such as apocarotenoids and retintiétsApocarotenoids

coupling in accordance with the number of their adjacent protons.

from D. heteranthacould be a good source of antioxidants for

Some of them appear as slightly broadened, resulting from the consumers.

allylic or dienylic couplings. The lower field shift of the H-1€ignal

The protection oD. heteranthaextracts against DNA oxidative

(6 7.29) indicated the bonding site of the closest conjugated double damage was assessed in rat lymphocytes using the Comet assay.

bond to the methoxycarbonyl group. On the other hand, high-field
shifts of vinylic C-7 and H-7 are due to the fact that this carbon is
attached to the Spbridgehead C-6.

Characteristic correlations observed in the NOESY and HMBC
experiments are shown in Figure 4. It is interesting to notice that
in the NOESY spectra a correlation is found between H-7etb

The viability of blood cells in all the samples was found to be in
the range 9695% (data not shown). The results of the Comet assay
showed that the extract and compouddsd2 have antigenotoxic
activity. The Table 3 shows that lymphocytes exposed to hydrogen
peroxide and without treatment (active compoundd dfieterantha
showed a significant increase in all the parameters of the Comet

Me-16 and Me-18, suggesting a conformational preference of the assay. Heteranthin and ditaxin at 100® lead to a significant

polyene chain around the C-6/C-7 bond, in which H-7 is oriented
downward and the double bond upwasginto the oxa bridge. The
exoposition of Me-17 was also established by its NOE correlation
with proton H-23. In the HMBC spectrum, H4# (6 2.10) showed

a C—H two-bond correlation with the quaternary C-& §0.1),

decrease in bO,-induced DNA oxidative damage, while 5001
showed lower protection (Table 3). Thus, both active compounds
of D. heteranthaprotected the lymphocyte blood cells from the
genotoxic damage in a dose-dependent manner. In recent years,
attention has been focused on whether naturally occurring com-
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Figure 5.

Antiradical activity of D. heteranthacarotenoid extract, heteranthif)( and ditaxin ) as compared to carotenoid standards.
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Table 3. Protection against Oxidative DNA Damage Effect of
Ditaxin, Heteranthin, an®. heteranthaSeed Extract by Comet
Assay at Different Concentratiohs

tailmoment  tail moment
sample cauda olive tail length
H>0, 2467+ 1.30 15.69t0.65 37.14+1.42
control 0.65+ 0.12 0.864+ 0.11 5.96t 0.59
extr/1000uM 6.19+ 1.18 4,52+ 0.68 16.58+ 1.98
extr/500uM 7.37+1.21 5.63+-0.78  17.58+ 2.15
ditaxin/1000uM 12.274+1.32 8.21+0.74  28.15+1.90
ditaxin/500uM 18.80+ 1.57 11.58+ 0.82  35.944+1.39
heteranthin/1002M 6.24+ 0.90 4.40+0.55 20.93+1.99
heteranthin/50@M 17.024+1.79 10.78:1.35 34.13+2.01

aData represent meah SE of each group.
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petroleum ether, 1:3); IR (KBr) 1704, 1665, 1543, 1434, 1289, 1233,
1200, 971 cm*; 'H NMR (300 MHz, CDC}) and**C NMR (75.4 MHz,
CDCls), see Tables 1 and 2; MS (70 eV) 394(M.00), 362 (12), 347
(10), 291 (9), 257 (14), 225 (79), 197 (68), 171 (36), 159 (78), 133
(39), 105 (21), 91 (16), 83 (9); HRMS (FAB, M (mNBA) calcd for
Co6H3405 394.2508, found 394.2504.

Methyl 34,66-epoxy-38-hydroxy-4,5-dihydro-8'-apo-e-caroten-8-
oate (2) (ditaxin): orange, amorphous powdee]p3 —117.0 (CHC,
¢ 0.02); UV—vis (acetonefmaxnm (loge) 227 (5.39), 280 (5.20), 322
(5.04), 396 (4.94), 418 (4.93), 459 (4.78)0.52 (EtO/petroleum ether,
1:1); mp 155-156°C (EtO/petroleum ether, 1:3); IR (Gi€l,) 3448,
1702, 1611, 1433, 1385, 1290, 1273, 1232, 1192, 1102, 966; ékh
NMR (300 MHz, CDC}) and*3C NMR (75.4 MHz, CDCJ), see Tables
1 and 2; MS (70 eV) 478 (Ni 6), 398 (9), 277 (35), 221 (29), 197
(22), 181 (46), 135 (30), 95 (23), 91 (30), 43 (100); HRMS (FAB,
M) (MNBA) calcd for GiH1,04 478.3083, found 478.3084.

pounds can modify the oxidant, mutagenic, and carcinogenic effects  Antiradical Activity. The antioxidant activities were determined
of some toxicants. Some natural compounds such as quercetinusing DPPHas a free radicaf® A 300 4L portion of extract,1, 2, or
astaxanthin, and tocopherol have antioxidant and antigenotoxic IT0lox (150-1500 uM in MeOH), or lycopene,f-carotene, or

activities in different kinds of cell3>26

In summary, we isolated two new C-26 and C-30 apocarotenoids
heteranthin 1) and ditaxin 2), from the hexane-soluble fraction
of the seeds oD. heterantha Compoundsl and 2 exhibited
moderate activity in a DPPHadical scavenging assay and protected
the lymphocyte blood cells from genotoxic damage in a dose-
dependent manner.

Experimental Section
General Experimental ProceduresMelting points were obtained

on an electrothermal melting point apparatus and were uncorrected.

Optical rotations were measured on a Perkin-Elmer 241 digital
polarimeter at 20C. UV spectra were obtained on a Hewlett-Packard

8453 spectrometer. IR spectra were recorded on a Perkin-Elmer
Spectrum 2000 Optica FTIR. NMR spectra were recorded on a Varian

Mercury 300 spectrometer at 300 MHz f4 and at 75.4 MHz for

13C, using TMS as internal standard. Mass spectra and HRMS were

performed using a Hewlett-Packard 5985-B and a JEOL JMS-AX 505
HA in electron impact (El) at 70 eV and fast-atom bombardment (FAB)
modes, respectively.

Plant Material. D. heteranthaZucc. was collected in Totatiche,
Jalisco, Mexico, in October 2000. A voucher specimen of the plant is
deposited at the Herbarium of the Instituto de Bata of the
Universidad de Guadalajara (IBUG), Jalisco, Mexico (No. 168056).

Extraction and Isolation. The seeds were dehulled manually, and
endosperm was ground in a Thomas Wiley 3383-L10 mill and flour

astaxanthin (1561500uM in Et,O) was added to a 1% 75 mm assay
tube containing 3 mL of freshly prepared DPHdlution (150«M) in
' MeOH. The tubes were vigorously vortex mixed, covered, and left in
the dark at room temperature-20 °C). After 60 min, the absorbance
at 520 nm was measured on a spectrophotometer (Cintra 6 GBC,
England). The degree of discoloration of the solution indicates the
scavenging efficiency of the added substance. All experiments were
performed in triplicate.
Antioxidant activity defined as percent discoloration of DPPH
solution was calculated by the following equatin:

ARA =100x (1— AsamplgAconll’OD

where ARA= antioxidant activity Asampic= absorbance of sample after

60 min, andAcnro = absorbance of control (absence of sample) after
60 min. Data of antioxidant activity were subjected to means com-
parison by Tukey's test and Pearson correlation according to the statistic
program JMP v. 3.0.

Antigenotoxic Activity. Peripheral blood mononuclear cells (PMNC)
were isolated from 10 mL samples of whole rat blood, collected into
lithium heparin tubes as previously descri#feBriefly, blood was
transferred to clean tubes, where an equal volume of cold PBS (pH
7.4) was added and mixed. The buffy coat/PBS mixture was carefully
layered onto 3 mL of FICOL histopaque 1077, and after centrifugation
at 275 and 4°C for 20 min, the serum/PBS was aspirated and the
PMNC transferred into a clean tube and washed twice with PBS (pH
7.4) by spinning at 189for 10 min. Cold PBS was added to the pellet,
to a final concentration of X 10 cells/mL. The cell viability was

was obtained. It was sieved through a number 20 mesh. Hexane (100counted and checked by trypan blue stairih@ells used in the
mL) was added to 10 g of the ground endosperm, and the mixture was genotoxicity assay always exceeded 90% viability.

held under constant agitation for 15 min at room temperature under a

nitrogen atmosphere, protected from light. The mixture was filtered

DMSO was used as vehicle for delivering the extracts. The solvents
were not found to be toxic to the cells at the concentration used (5%).

through Whatman 40 paper, and the residue was extracted a second The antigenotoxic effect of seed extracts toward lymphocytes was

time. The solvent was evaporated under vacuum4Q °C so that the
oil mixed with the pigment could be recovered. To eliminate the fat,

determined by incubating cell suspensions (0.9 mL) with or without
seed extracts (0.1 mL) at 3T for 30 min and after KD, to a final

the oleoresin was dissolved in acetone in a 1:10 ratio and frozen at concentration of 1 mM at 37C for 10 min. Positive controls were

—78°C2 Then it was filtered under vacuum using Whatman 40 filter
paper that retained solid fat particles. To carry out the transfer of

pigments from acetone to petroleum ether, the filtrate was placed in a

separatory funnel that contained a mixture eOHand petroleum ether
and then washed several times withQH until the acetone was
completely eliminated. The organic layer was driedf8@;), and then

N2 was bubbled into the liquid until the solvent was completely
evaporated.

After removing the solvent, the residue was purified by openx2.5
50 cm column chromatography over Merck (7734) silica gel (200
400 mesh) eluting with E©/petroleum ether, 1:3 v/v, to give seven
fractions. Analytical thin-layer chromatography was carried out by using
E. Merck silica gel 60 s4 coated 0.25 plates. The two major fractions
(fractions 4 and 5) were crystallized separately with a mixture gDEt

prepared by adding 40 to the cell suspension and negative controls
using lymphocytes without any treatment.

The Comet assay was performed under alkaline conditions according
to the method of Singh et &.Briefly, 100 uL of cell suspension was
mixed in low melting point agarose in phosphate-buffered saline, pH
7.4, and immediately pipetted onto a glass slide precoated with a layer
of normal melting point agarose. The agarose was maintained@t 4
for 5 min to solidify. The third layer of low melting point agarose was
added and maintained at’€ for 5 min. The slides were immersed in
lysing solution (2.5 M NaCl, 100 mM N&EDTA, 10 mM Tris, pH 10,

1% sodium sarcocinate, 1% Triton X-100, and 10% DMSO) ac4
for 1 h and then placed in a horizontal gel electrophoresis tank
containing 300 mM NaOH and 1 mM MaDTA for 40 min before
electrophoresis was performed for 15 min using 25 V and 300 mA.

petroleum ether, 1:3, and reprecipitated twice from the same mixture The slides were washed with neutralizing buffer (400 mM Tris buffer,

of solvents, to afford the new natural products.

Methyl 3-oxo-12-apo-e-caroten-12-oate (1) (heteranthin):yellow,
amorphous powderp]|?%, —669.8 (CHCY, ¢ 0.06); UV—vis (acetone)
Amax NM (log €) 237 (5.44), 283 (5.20), 323 (5.02), 359 (4.76), 405
(4.42); R 0.65 (EtO/petroleum ether, 1:1); mp 12022 °C (EtO/

pH 7.5) and then stained with etidium bromide.

Slides were placed in a dark humidified chamber &C4o prevent
drying of the gel until analysis. Slides were scored using an image
analysis system (Meta Systems, Altlussheim, Germany) attached to a
fluorescence microscope (Leica, Germany) equipped with appropriate
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filters. The microscope was connected to a computer through a charge- (11) Bthm, V.; Puspitasari-Nienaber, N. L.; Ferruzzi, M. G.; Schwartz,

coupled device (CCD) camera to transport images to software (Comet

Imager) for analysis. The final magnification was 400’he parameters

studied for the cells were the olive tail moment (arbitrary units), tail

moment (arbitrary units), and tail length (migration of the DNA from

the nucleusym). The image analysis software automatically generated
the olive tail moment and the tail moment. Images from 50 cells were

analyzed.

The data presented are mearSE of four values and were analyzed
using one-way ANOVA (SAS program). In all cagesalues less than
0.05 were considered significant when compared to controls.
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Note Added after ASAP Publication. The wrong graphic

appears for Figure 2 in the version posted on July 22, 2006. The
correct Figure 2 appears in the version posted on August 3, 2006.

In addition, corrections appear in refs 17, 18, and 27.
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