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Carotenoid metabolites are common plant constituents with significant importance for the flavor and
aroma of fruits. Three new carotenoid derivatives, (2E,4E)-8-hydroxy-2,7-dimethyl-2,4-decadiene-
1,10-dioic acid 1-O-$-pb-glucopyranosyl ester (1), (22,4 E)-8--p-glucopyranosyloxy-2,7-dimethyl-2,4-
decadiene-1,10-dioic acid (3), and 3,9-dihydroxymegastigmast-5-ene-3- O-[5-p-glucopyranosyl-(1—6)]-
pB-p-glucopyranoside (5), as well as three known compounds, have been isolated from the ethanolic
extract of peels of Cydonia vulgaris, the fruit of a shrub belonging to the same family as the apple.
All the compounds were identified by spectroscopic techniques, especially 1D and 2D NMR.
Antioxidant activities of all the isolated metabolites were assessed by measuring their ability to
scavenge DPPH radical and superoxide radical (O,*~) and to induce the reduction of Mo(VI).
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INTRODUCTION first time, from the peels of fruits a€ydoniavulgaris Pers., a
small shrub belonging to the same family as the apple and pear
(Rosaceae)C. vulgaris is the sole member of the genus. It is

a small tree with bright golden yellow pome fruits, when mature.
The fruit of C. yulgaris, known as quince, resembles an apple,
but differs in having many seeds in each carpel. Pomes of
uince, known in Italy agotognaapple, have a hard flesh of
igh flavor, but very acidic, and are largely used for marmalade,
liqueur, jelly, and preserves. It has been reported that the leaves
nd fruits of quince have some positive effects in the medical
eatment of various conditions including cardiovascular dis-

Antioxidants are compounds that protect against oxidation,
or cellular damage caused by free radicals. Plants are an
important source of organic antioxidant chemicals, which are
widely used as ingredients in dietary supplements. These
important additives are utilized for health purposes for the
prevention of pathologies such as cancer, heart disease, diabete%
neurodegenerative processes, ete-4). Fruits and vegetables
are the main sources of dietary antioxidants. In fact, high dietary
intakes of fruits and vegetables are associated with reduced risk%

of cancer and cardiovascular diseaSe John et al. (reported eases, hemorrhoids, bronchial asthma, and cough (12). The

that the effects of the intervention of fruit and vegetable antioxidant and radical scavenging activities of all the pure
consumption, plasma antioxidants, and blood pressure reduce ging P

: : : : metabolites have been evaluated by measuring their capacity
cardiovascular disease in the general population. Paganga et al, ; . .
(7) correlated the major po?yphenollos IDof some 1‘rguitsg and fo scavenge the _Z;ZI|ph(_enyl-1-p|crylhydrazyl rad|c_al (D.F.’PH
vegetables with the antioxidant activities of the extracts. and the superoxide radical {O) and by testing their ability to

Recently we reported the complete characterization of the reduce molybdenum(V1).
organic extracts of the apple cv Annurca, a variety growing in
the southern regions of Ital8). We evaluated the antioxidant
activities of a number of compounds belonging to several classes Fruit Collection and Extraction . C. vulgaris Pers. (synCydonia
of secondary metabolites9€11). In the search for new oblongaMill.) fruits were collected in Durazzano, near Caserta (ltaly),
antioxidant chemicals from food, we have continued the in October 2005 when the fruit had just been harvested. The fruits were
phytochemical study of edible plants growing in southern Italy. sliced, and the peels (3.10 kg) were infused in ethanol (5 L) for 7 days

in thi d d k the isolati " in a refrigerated chamber at € in the dark. After removal of the
n this study we undertook the Isolation, spectroscopic solvent under vacuum, we obtained a crude extract (261.6 g).

analysis, and antioxidant activity determination of six gluco-  General Experimental Procedures.NMR spectra were recorded
sylated carotenoid metabolites, three of them isolated for the at 300 MHz for'H and 75 MHz for’3C on a Varian Mercury 300
Fourier transform NMR spectrometer in gDD, at 25°C. Proton-

*To whom correspondence should be addressed. PhisB@:0823274576.  detected heteronuclear correlations were measured using HSQC
Fax: +39 0823274571. E-mail: antonio.fiorentino@uninaz2.it. (optimized for'Jyc = 140 Hz) and HMBC (optimized fofJuc = 8
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Table 1. NMR Data of Carotenoid Glucosides 1, 3, and 5 in CD;0D?2

1 3 5
position o(13C) O(tH) o(13C) O(*H) o(18C) O(tH)
1 168.7 176.9 38.8
2 125.1 123.0 47.4 1.82,ddd (J=12.1,3.7 and 2.1 Hz)
1.50, ov
3 141.6 7.32,d (J=11.4 Hz) 133.7 6.98,d (J=11.1Hz) 73.3 3.46, m
4 128.5 6.48,dd (J=15.0 and 11.4 Hz) 129.3 6.4,dd (J=15.0and 11.1 Hz) 39.6 2.35,dd (J=15.6 and 4.8)
2.10, ov
5 144.4 6.18, dt (J=15.0, 6.9 and 7.5 Hz) 136.0 5.95, dt (J=15.0, 6.9 and 7.5 Hz) 125.1
6 37.2 2.09, m 32.6 2.05,m 138.5
2.50,m 2.65,m
7 39.9 1.70,m 36.9 1.89,m 255 2.05,m
8 735 3.70,m 83.0 4.03, m 40.6 149, m
9 41.2 2.26,dd (J=15.3 and 9.0 Hz) 38.8 244, m 69.2 3.66, m
2.42,dd (J=15.3 and 3.3 Hz) 2.38,m
10 179.9 180.2 23.2 1.17,d (J=6.0 Hz)
11 15.8 0.90,d (J=6.9Hz) 16.0 0.95,d (J=16.6 Hz) 20.0 1.64,s
12 125 1.93,s 12.9 1.89,s 29.0 1.06, s
13 96.0 5.53,d(J=7.8Hz) 104.2 4.36,d (J=7.8Hz) 30.3 1.07,s
14 73.9 3.15,0b 75.2 3.17,dd (J=8.6 and 7.8 Hz)
15 78.8 3.32,0v 78.0 3.32,0b
1 711 3.30, ov 71.8 3.30,0b 102.2 443,d(J=8.1Hz)
2' 78.0 3.32,0v 78.0 3.30,0b 75.1 3.15,dd (J=8.1and 7.9 Hz)
3 62.3 3.67,dd (J=11.7 and 2.1 Hz) 63.0 3.62,dd (J=12.1and 1.8 Hz) 78.0 3.32,0b
3.80,dd (J=11.7 and 5.6 Hz) 3.80,dd (J=12.1and 5.7 Hz)
4 714 3.32,0b
5 77.9 3.32,0b
6' 69.7 4.12,dd (J=117and 2.1 Hz)
3.81,dd (J=11.7 and 5.4 Hz)
1" 104.8 4.36,d (J=T7.8Hz)
2" 75.1 3.21,dd (J="7.8 Hz)
3" 78.0 3.32,0b
4" 71.6 3.32,0b
5" 77.9 3.32,0b
6" 62.7 3.87,dd (J=12.3and 1.5 Hz)
3.66, ov

aKey: d = doublet; dd = doublet of doublets; dt = doublet of triplets; m = multiplet; ob = obscured by the solvent; ov = overlapped; s = singlet; t = triplet.

Hz). UV spectra were obtained in MeOH solutions on a Perkin-Elmer (8:1:1) to obtain pur® (9.4 mg) and two other fractions. One of these
Lambda 7 spectrophotometer. IR spectra were determined in £HCI fractions was purified by TLC (0.5 mm) eluting with the lower organic
solutions on an FT-IR Perkin-Elmer 1740 spectrophotometer. phase of a CHGIMeOH/H,O (13:7:3) biphasic solution to give pure
Optical rotations were measured on a Perkin-Elmer 343 polarimeter (2E4E)-8-hydroxy-2,7-dimethyl-2,4-decadiene-1,10-dioic aci®-B-
in MeOH solutions. Electrospray mass spectra were recorded using ap-glucopyranosyl esterlj (19.6 mg): colorless oil; UV (MeOH}max
Waters ZQ mass spectrometer (Waters Co., Milford, MA) equipped (nm) (loge¢) 271.0 (4.29); IR (CHG) vmax (cm™) 3685, 2925, 2854,
with an electrospray ionization (ESI) probe operating in positive or 1724, 1604H NMR and3C NMR (CD;OD) seeTable 1; ESI-MS
negative ion mode. The scan range walg80—2000. The Shimadzu ~ m/z427 [M + NaJ', 264 [M — CsH110s + Na]", 247 [M — CgH1206
preparative HPLC apparatus consisted of an LC-10AD pump, an RID- + Na]*; [a]p = —3.3 (c= 0.43, MeOH). Anal. Calcd for GH»gO10:
10A refractive index detectorn and a C-R6A Chromatopac recorder. C, 53.46; H, 6.98. Found: C, 53.71; H, 6.77.
Preparative HPLC was performed using a 2600 mm i.d., 10um, The other fraction, purified on RP-8 HPLC with MeOH/MeCN®

Luna RP-18 (Phenomenex, Torrance, CA) column. Analytical HPLC (8:2:1), gave pure 3-hydroxymegastigmasta-5,7-dien-9-08e/53s-
was performed using 250 4.6 mm i.d., 5um, RP-18 and RP-8 Luna glucopyranoside (4) (2.3 mg).

columns. Analytical TLC was performed on Merck Kieselgel 66:F . )
or RP-18 Fs, plates with a 0.2 mm layer thickness. Spots were Fraction B (237.6 mg), eluted with wat_er, was rechromatographed
visualized by UV light or by spraying with $0/AcOH/H,0 (1:20: on RP-8 by column chromatography eluting with MeOH/MeCb@H
4). The plates were then heated for 5 min at $C0Preparative TLC (8:1:1) to obtain a fragtlon which, purified by TLC (0.5 mm)_ using as
was performed on Merck Kieselgel 6@skplates, with a 0.5 or 1 mm  €luentthe lower organic phase of a Ch@leOH/H,O (13:7:3) biphasic
film thickness. Flash column chromatography (FCC) was performed Solution, furnished 3,9-dihydroxymegastigmast-5-ene-3-@-fflu-
on Merck Kieselgel 60 (230400 mesh) at medium pressure. Column ~ Copyranosyl-(1—6)]-f-glucopyranoside (5) (4.6 mg): UV (MeOH)
chromatography (CC) was performed on Merck Kieselgel 60-(70  4max(nm) (loge) 205.5 (3.5); IR (CHG) vmax (cm™) 3682, 2925, 1728,
240 mesh), Amberlite XAD-4 (Fluka, Buchs, Switzerland), on Sephadex 1609;*H NMR and**C NMR (CD:OD) seeTable 1; ESI-MSm/z559
LH-20 (Pharmacia, Piscataway, NJ). [M + Nal*, 396 [M — CeH1:0s + Na]*, 234 [M — Ci2H2:010 + Nal*;
Organic Extract Fractionation . The ethanolic extract (261.6 g) was ~ [®]o = —2.2 (c= 0.23, MeOH). Anal. Calcd for &H44012: C, 55.96;
dissolved in water (1.0 L) and shaken with EtOAc (1.5 L) to obtain an H. 8.26. Found: C, 56.11; H, 8.19.
organic and an aqueous fraction. The aqueous fraction (8.05 g) was Fraction C, eluted with MeOH/}D (1:4), was rechromatographed
chromatographed on Amberlite XAD-4 eluting with water first (1.5L) on RP-8 by column chromatography eluting with MeOH/MeCbpOH
and then with pure MeOH (2.0 L). The methanolic fraction was (9:1:1) to give compound(15.3 mg) and (3.0 mg). Data for (Z,4E)-
chromatographed on Sephadex LH-20 eluting with water and awater 8-3-p-glucopyranosyloxy-2,7-dimethyl-2,4-decadiene-1,10-dioic acid
methanol solution (1:4) to obtain three fractions, A—C. (3): colorless oil; UV (MeOHY.max (nm) (loge) 264.5 (5.7); IR (CHG)
Fraction A (137.5 mg), eluted with water, was rechromatographed vmax (cm1) 3682, 3595, 2920, 1734, 16041 NMR and 3C NMR
on RP-8 by column chromatography eluting with MeOH/MeCpH (CD;OD) se€Table 1, ESI-MSm/z 427 [M + NaJ", 264 [M — CeH110s
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Figure 1. Chemical structures of C;, carotenoid glucosides 1-3, Cy3 carotenoid glucosides 4 and 5, and C;s carotenoid glucoside 6.

+ Na]*; [a]p = —14.8 (c= 0.15, MeOH). Anal. Calcd for GH2¢010: Enzymatic Hydrolysis of Compound 2. To a solution of pure
C, 53.46; H, 6.98. Found: C, 53.60; H, 6.91. compound2 (4 mg) in acetate buffer (0.5 M, pH 5.0, 5 mL) was
DPPH Radical Scavenging Activity The scavenging activity of ~ added 16 mg of-glucosidase (Sigma, St. Louis, MO). After 24 h at
the metabolites was measured according to the method of Brand-37 °C with stirring, the mixture was extracted with EtOAc (5 mdi
Williams (13). The method was based on the reduction of methanolic 2), dried over NgSQ,, and evaporated in vacuo. The crude extract
DPPH in the presence of a hydrogen-donating antioxidant. consisted of pure aglyco?a: *H NMR (300 MHz, CBOD): ¢ 7.17
DPPH (Fluka) solution showed an absorption band at 517 nm and (1H,d,J=11.7, H-3), 6.45 (1H, dd] = 15.0 and 11.7 Hz, H-4), 6.10
was intensely violet colored. The adsorption and color decreased when(1H: dt.J = 15.0, 7.5, and 7.8 Hz, H-5), 2.07 (1H, m, H-6a), 2.44
DPPH was reduced by an antioxidant compound. The remaining DPPH (1H, m, H-6b), 1.70 (1H, m, H-7), 3.83 (1H, m, H-8), 2.32 (1H, dd,
corresponded inversely to the radical scavenging activity of the = 1°-3and 9.0 Hz, H-9a), 2.51 (1H, d#l=15.3 and 3.6 Hz, H-9D),
antioxidant (14). DPPH(2 mg) was dissolved in 54 mL of MeOH. 0.91 (3H, d,J = 6.9 Hz, H-11), 1.98 (3H, s, H-12J*C NMR (75

The investigated metabolites were prepared by dissolving 0.1 mg of MHz, CD;OD) ¢ 176.2 (C, C-1), 126.4 (C, C-2), 140.0 (CH, C-3),
each compound in 1 mL of MeOH. Then 38 of each solution 128.8 (CH, C-4), 142.6 (CH, C-5), 37.1 (GHC-6), 40.1 (CH, C-7),

containing compound was added to 1.462 mL of DPBélution at 73.0 (CH, C-8), 40.3 (Ckl C-9), 176.9 (C, C-10), 15.8 (GC-11),

room temperaturelb). The absorbance at 517 nm was measured in a 12.7 (CH, C-12).

cuvette at 30 min vs a blank (38. of MeOH in 1.462 mL of DPPK

solution) using a UV-1601 Shimadzu spectrophotometer. The analysisRESULTS AND DISCUSSION

was carried out in triplicate, and the results are expressed in terms of .

the percentage reduction of the initial DPP&tisorption by the test The phytochemical study of the ethanol extract of the peels

compounds. of C. vulgaris led to the isolation of six carotenoid metabolites
Superoxide Radical Scavenging Activity The assay of superoxide  (Figure 1), three of which (13, and5) were isolated for the

radical scavenging activity was based on the capacity of each isolatedfirst time. All the compounds have been identified on the basis

metabolite (0.1 mg/mL) to inhibit the photochemical reduction of of their spectroscopic features.

nitroblue tetrazolium (NBT; Fluka) in the riboflaviflight—NBT system The compounds fror@. vulgaris should be derived from the

(16). Each 3 mL reaction mixture contained 50 mM sodium phosphate oxjdation of carotenoid precursors. Biodegradation of caro-

ggﬁS;g;H ;;2[2163 geMmr:,\ent;;Oqg& (E';_kr‘?'@ :I'gogﬁ;’;”ésgier:is tenoids, due to photooxygenation and autoxidation processes

Rodano, Milano, Italy), 7%M NBT, and 100uL of sample solution. or enzymatic Cleavgge, has been suggested asa pathway giving

The production was followed by monitoring the increase in absorbance fise to the formation Of. a number_ of volatile (_jegra(_jatlon

at 560 nm after 10 min of illumination from a fluorescent lamp. The Products (19). Carotenoid metabolites so obtained include

analysis was carried out in triplicate. fragments containing 12, 13, and 15 carbons. It has been
Evaluation of the Total Antioxidant Activity . Spectrophotometric ~ démonstrated thatignorisoprenoids are important carotenoid-

evaluation of the antioxidant activity through the formation of a related aroma compounds in fruits. For quince fruits a consider-

phosphomolybdenum complex was carried out according to Prieto et able number of & norterpenes have been reported (20).

al. (17). Sample solutions (1Q@L) containing reducing metabolites CompoundL, isolated as a colorless oil, showed a molecular

(0.2mg in 1 mL of dimethyl sulfoxide) were combined in an Eppendorf - formula of GgH»g010, as inferred from ESI-MS analysis, which

tube with 1 mL of reagent solution (0.6 M sulfuric acid, 28 mM sodium  revealed the pseudomolecular ionnatz 427 [M + NaJ*, and

phosphate, and 4 mM ammonium molybdate). The tubes were cappedby the3C NMR spectrum, showing signals of 18 carbons. The

and incubated in a thermal block at 95 for 90 min. After the samples £\ spectrum also showed fragments due to the loss of a

were cooled to room temperature, the absorbance of an aqueous solution b - n -
of each was measured at 820 nm against a blank. The analysis was"49&" moiety am/z264 [M — CeH1105 + NaJ” and 247 [M

carried out in triplicate, and the antioxidant activity is expressed relative CeH1206 + NaJ". ) o _
to that of caffeic acid, an antioxidant substance significantly better than ~ TheH NMR spectrum showed, in the olefinic region, three
a-tocopherol (18). signals atd 7.32, 6.48, and 6.18, whose values suggested the
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presence of two conjugated double bonds; in the aliphatic
region, two diasterotopic methylenes at 2.09/2.50 and
2.26/2.42, a methine as a multiplet at 3.70, and two
methyls as a singlet at 1.93 and a doublet ai 0.90 were
evident. The sugar moiety was confirmed by the presence in
the same spectrum of a doublet @t5.53 = 7.8 Hz),

two doublets of doublets ab 3.80 and 3.67, and other
overlapped protons ranging fromd 3.15 to 6 3.32. The
homonuclear two-dimensional experiments (g-COSY, DQ-
COSY, and TOCSY) revealed correlations between the
olefinic doublet at) 7.32 with the doublet of doublets a1t6.48;

this proton was correlated with the third olefinic protondat
6.18, which showed cross-peaks with the methylenés2a09

and 2.50. Both these protons were correlated with the methine
at 0 3.70, which was, finally, correlated with the methylene
protons atd 2.26 and 2.42.

The3C NMR spectrum showed 18 signals identified, on the
basis of a DEPT experiment, as two methyls, three methylenes,
ten methines, two carboxylic carbonsjat68.7 and 179.9, and
a quaternary olefinic carbon at125.1. The signals of the sugar
moiety were in good accordance with those reported for glucose.
The value of the coupling constant suggestétcanfiguration
for the anomeric carbon. Furthermore, the downfield value of
the anomeric proton and the upfield shift of the corresponding

carbon, in the respective spectra, suggested an ester bont

between the glucose and the aglycon. In fact, the HMBC

experiment showed heterocorrelations between the anomeric

proton and the carboxyl @t 168.7, which was also correlated
with the methine proton at 7.32, bonded to the carbon at
141.6. The proton ak 7.32 was also heterocorrelated with the
tetrasubstituted olefinic carbon, the methines)at28.5 and
144.4. The carboxyl ad 168.7, together with the quaternary
olefinic carbon, showed correlations with the methyl protons
ato 1.93. The proton ab 6.18 (H-5), correlated in the HSQC
experiment to the carbon at144.4, showed heterocorrelations
with the methylene carbon ét37.2 and the methine &t39.9.
This latter signal showed correlations with the doublet methyl
at ¢ 0.90 and with the methylenes at2.26 and 2.42, which
were, finally, correlated to the further carboxyl groupdt79.9.
These data were in accordance with & @iene a,w-diacid
esterificated with a glucose moiety.

Compound2 showed the same molecular formula Bsas
inferred on the basis of thEC NMR spectrum, the ESI-MS
spectrum, which had the pseudomolecular peak/a427 [M
+ NaJ*, and elemental analysis. ThE NMR spectra showed
differences relative to the upfield shift of the anomeric proton
at o 4.34 and the downfield shift of the H-7 and H-8 protons at
0 1.90 and 4.05, respectiveB?C NMR showed the C-8 carbon
ato 82.5, suggesting a different location for the sugar moiety.
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Figure 2. (A) DPPH radical scavenging activity of compounds 1-6. Values
are reported as percentages vs a blank. (B) Superoxide radical scavenging
activity of compounds 1-6. Values are reported as percentages vs a blank.
(C) Evaluation of the antioxidant activity of compounds 1-6 by reduction
of Mo(VI). Values are expressed as caffeic acid equivalents. In all parts,
T = a-tocopherol.

dienic moiety resonated &t 123.0, 133.7, 129.3, and 136.0.
Furthermore, the C-6 carbon was upfield shifted 82.6. These
data were in accordance withzageometry for the C-2/C-3

In fact, the HMBC experiment showed correlations between double bond. Two-dimensional NMR data confirmed the scalar
the C-8 carbon and the anomeric proton and between theconnections of the molecule. In particular, the NOESY experi-
anomeric carbon and the H-8 protonda#.05. The nature of  ment confirmed the hypothesized structure by showing an NOE
the sugar was confirmed by an enzymatic hydrolysis of effect between the H-12 methyl and the H-3 proton.

compound?2 with g-glucosidase. This compound has been
isolated from the plar®ryctanthussp. and reported as a VEGF
receptor binding inhibitor (21).

The new compoun@ has been identified as tteisomer of

Compound4 was identified as 2-glucopyranosyloxy-£-
ionone; the aglycon was previously isolated from the weed
Chenopodium albuni22).

Compound5 showed the molecular formulazg440;2 on

2. Elemental analysis, the ESI-MS spectrum, and#8eNMR the basis of elemental analysis and 83 NMR spectrum,
spectrum indicated the same molecular formulaHgO10, s which showed signals for 25 carbons. The ESI-MS spectrum
the previous compounds. The differences were shown by theshowed the pseudomolecular peakmaiz 559. The!H NMR

IH NMR and 3C NMR chemical shifts. In theH NMR spectrum showed two anomeric doubletsda#.43 and 4.36
spectrum, in fact, the doublet H-3 and the H-5 protons were besides other overlapped protons in the region of the proton
shifted tod 6.98 and 5.95, respectively. Major differences were geminal to oxygen, ranging from 3.15 to 6 4.12. In the
shown in the"*C NMR: the C-2-C-5 carbons of the conjugated  aliphatic part of the spectrum three singlet methyls were
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distinguishable ad 1.64, 1.07, and 1.06, and a doublet methyl LITERATURE CITED
was shown ad 1.17. In the DQ-COSY experiment the doublet
methyl was correlated to the carbinol methiné &.66, which
showed cross-peaks with the methylene protons B#9. The
latter correlated with the methylene protonsda®.05, in the

(1) Radisky, D. C.; Levy, D. D; Littlepage, L. E.; Liu, H.; Nelson,
C. M.; Fata, J. E.; Leake, D.; Godden, E. L.; Albertson, D. G.;
Nieto, M. A.; Werb, Z.; Bissel, M. J. Raclb and reactive oxygen
species mediate MMP-3-induced EMT and genomic instability.

DQ-COSY experiment, and with the carbonsda8.8 (C-1), Nature 2005,436, 123—127.

125.1 (C-5), and 138.5 (C-6), in the HMBC experiment. Inthe  (2) Houstis, N.; Rosen, E. D.; Lander, E. S. Reactive oxygen species
same experiment, the anomeric protod @43 was correlated have a causal role in multiple forms of insulin resistamtature

with the C-3 carbon ad 73.3, and vice versa, the H-3 proton 2006,440, 944—-948.

at o 3.46 was correlated with the anomeric carbom d102.2. (3) Fresquet, F.; Pourageaud, F.; Leblais, V.; Brandes, R. P
The anomeric proton at 4.36 was correlated with the Savineau, J.-P.; Marthan, R.; Muller, B. Role of reactive oxygen

diasterotopic doublet of doublets &#.12 and 3.81, attributed species and gp91phox in endothelial dysfunction of pulmonary

arteries induced by chronic hypoxiBr. J. Pharmacol.2006,
148, 714-723.

(4) Manton, K. G.; Volovik, S.; Kulminski, A. ROS effects on
neurodegeneration in Alzheimer’'s disease and related disor-

to the H-6 protons on the basis of a TOCSY experiment. These
data suggested the presence of;arrterpene bonded, across
the C-3 carbon, with a gentiobiose moiety, and the HMBC

correlations confirmed this hypothesis. ders: On environmental stresses of ionizing radiatioorr.
Compound6 was identified as a (g carotenoid metabolite Alzheimer Res2004,1, 277—293.
that had previously been isolated from quince fruz8)( (5) Hu, F. B.; Willtee, W. C. Optimal diet for prevention of coronary

heart diseasdd AMA, J. Am. Med. Asso2002 288 2569-2578.
(6) John, J. H.; Ziebland, S.; Yudkin, P.; Roe, L. S.; Neil, H. A.
Oxford Fruit and Vegetable Study Group., Effect of fruit and

The metabolites isolated from the ethanolic extract were tested
for their antioxidant activity. Evaluation of antioxidant activity
was performgd using three. different mef[hods. TWO of these vegetable consumption on plasma antioxidant concentrations and
methods estimate the radical scavenging activities of the blood pressure: a randomised controlled tiiancet2002 359
investigated substances against the DPPH radical and the 1969—1974.
superoxide radical; the remaining test evaluates the capacity of (7) paganga, G.; Miller, N.; Rice Evens, C. A. The polyphenolic
the substances to induce the formation of a phosphomolybdenum content of fruit and vegetables and their antioxidant sctivities.

~

complex. The standard used in all the methodsavscopherol, What does a serving constitut€Pee Radical Res1999, 30,
a known natural antioxidant, and the results are reported in 153-62. _ _
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