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Identification and Antiradical Properties of Anthocyanins in
Fruits of Viburnum dilatatum Thunb.
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The fruit of Viburnum dilatatum Thunb., called gamazumi, has been shown to prevent oxidative injury
in rats given gamazumi crude extract (GCE). Therefore, phenolic compounds in GCE were purified
by Sephadex LH-20 column chromatography and preparative high-performance liquid chromatography.
Two major anthocyanins were isolated, and their structures were determined by NMR, liquid
chromatography/electrospray ionization mass spectrometry/MS and sugar analysis as cyanidin 3-O-
(2-O-p-b-xylopyranosyl)--p-glucopyranoside, namely, cyanidin 3-sambubioside (1) and that of cyanidin
3-0O-f-p-glucopyranoside, namely, kuromanin (I1). This is the first identification of these compounds
in V. dilatatum fruits, which contain | and Il at 141.3 and 4.5 ug/g of fresh fruit, respectively. By the
electron spin resonance method, the superoxide anion radical scavenging activities (ICsp) of | and Il
were 17.3 and 69.6 «M, and their activities on hydroxyl radicals were 4.3 and 53.2 mM. As a positive
control, the activities of ascorbic acid were 74.2 uM on superoxide anion radicals and 3.0 mM on
hydroxyl radicals. Our results suggest that these anthocyanins having radical scavenging properties
may be key compounds contributing to the antioxidant activity and physiological effects of V. dilatatum
fruits.

KEYWORDS: Viburnum dilatatum Thunb. (gamazumi, snowball tree); cyanidin 3-  O-(2-O-f-p-xylopyrano-
syl)-p- b-glucopyranoside (cyanidin 3-sambubioside); cyanidin 3- O-f3-p-glucopyranoside (cyanidin 3-glu-
coside); radical scavenging activity

INTRODUCTION Anthocyanins are common plant pigments and are largely

Viburnum dilatatuniThunb., called gamazumi, belonging to  responsible for the brilliant orange, pink, scarlet, red, violet,
the plant family of Caprifoliaceae, is widely distributed in Japan. and blue colors of the flower petals and fruits of higher plants
The fruit has a dark red color and is edible, used by some of (7). They belong to the widespread class of phenolic compounds
the population as a spice in wines and pickles, but is not collectively named flavonoids but differ structurally from other
developed commercially. Recently, the squeezed juic¥.of  flavonoids, except for flavan-3-ols, and do not have a carbonyl
dilatatum fruits began to be manufactured in the town of group inthe C-ring. Recently, anthocyanins have attracted much
Sannohe. The physiological activities of GCE have been interest as functional compounds for coloring fo&l §) and
examined in vivo, and a preventive effect on oxidative injury as potent agents against oxidative strégs-(3). The increasing
was found in rats subjected to stress (1). The results stronglynumber of reports on the physiological activities of anthocyanins
suggested that ingestion of GCE may contribute to reducing are a good indication that considerable progress is being made
the consumption of antioxidant enzymes. In addition, the in this field. Numerous products of bilberry have been com-
antioxidant components of GCE exert a direct or supplementary mercialized on the basis of its antioxidant propertigs$, (L5).
protective action on rat2}. More study of the constituents of  This preventive benefit of anthocyanins and natural sources
GCE is required to elucidate the functional components. containing them has resulted in much interest from the botanical
Although the existence of quercetin, kaempferol, and several supplement industry in manufacturing products.

anthocyanins inV. dilatatumfruit has been reported (3—6), Therefore, it was necessary to identify the anthocyanins and
active compounds for antioxidant have not yet been investigated 1 - phenolic compounds iN(. dilatatum fruit in order to

in this fruit. elucidate the physiological activities of this fruit and to increase
* To whom correspondence should be addressed. Tel: 81-17-739-9676.the additional value of its products. In this study, we have

FazrcA 81-17_-|7%j9-9":3_1|3-R E-mail:hiVéai@aomori-tech-QO-jp. determined the structures of anthocyanins that appear to be
*o%?ggranBlrJ:\}\%usgsce:gﬁpan?/hter' functional components inv. dilatatum fruit. The radical
8 Aomori University of Health and Welfare. scavenging activities of isolated anthocyanins were evaluated
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for one part of the elucidation of the antioxidant properties and Taple 1. Radical Scavenging Activities (ICso) of Crude Fractions from

physiological functions of this fruit. GCE
superoxide anion hydroxyl radical

MATERIALS AND METHODS fraction radical («g/mL) (mg/mL)

Chemicals.DTPA (Dojindo Laboratories Co., Kumamoto, Japan), GCE 2.1x108 21.8
DMPO (Labotec Co., Tokyo, Japan), hypoxanthine (Sigma Chemical H;0 187.6 230.7
Co., St. Louis, MO), xanthine oxidase from buttermilk (Sigma Chemical éggj" me:ﬂano: g;g 22

. -(+)- ic acid (Tokyo Kasei K ., Tok 6 methano : :
Co.) andL-(+)-ascorbic acid (Tokyo Kasei Kogyo Co., Tokyo, Japan) 100% methanol 6743 370

were used for electron spin resonance (ESR). The highest available
grade of each reagent was used. Sephadex LH-20 resin was obtained
from Sigma Chemical Co. All other reagents and solvents used in this ]
study were analytical or high-performance liquid chromatography 0 M/z2000. The mass spectrometer was programmed to obtain the
(HPLC) grade. MS and MS/MS spectra using a collision energy of 35.

Preparation of Anthocyanins from V. dilatatum Fruit. V. dilatatum 3. Sugar Analysis.Isolated anthocyanins were hydrolyzed with 4
fruits were harvested in the town of Sannohe and were squeezed toN nydrochloric acid at 100C for 2 h, and then, they were evaporated.
obtain juice with a juice extractor without addition of water or any After pyridylamination of the sugar fractions, they were analyzed on
other material. The GCE was obtained from the squeezed juite of ~HPLC by the method of Hasd ). The pyridylamination was carried
dilatatumby filtration through cloth, according to our previous method Ot With the model 4000 Takara Palstation kit (Takara CO'_’ Kyoto,
(1). The yield of freeze-dried GCE was 50.4 g/kg of fresh fruits. The Japan).. The HPLC analytical conditions were as follows: pump,
content of total phenolic compounds in GCE was 53.0 mg/g of gallic L-6200; column, 150 mnx 4.6 mm i.d. Palpak Type A (Takara Co.);
acid equivalent by the FolinDenis method (12). The GCE was column temperature, 65C; mobile phase, 0.7 M borate buffer (pH
concentrated with a rotary evaporator at8for loading onto a 700 9.0) containing 10% acetonitrile; flow rate, 0.3 mL/min; detection,
mm x 25 mm i.d. Sephadex LH-20 column. The Sephadex LH-20 fluorescence at 380 nm emission by 310 nm excitation with a F-1050
column was eluted stepwise with,®, 20, 60, and 100% methanol. fluorescent detector (Hitachi Ltd.). In this analysis, commersigligars,

All solvents contained 0.1 N hydrochloric acid to ensure the stability €XCePt for.-rhamnose and-fucose, were used as standards.
of anthocyanins. The 20% methanol fraction was concentrated at 35 4. Radical Scavenging AssaySuperoxide anion radical scavenging
°C and was used for isolation of anthocyanins from GCE by HPLC. activity was measured by a modification of the procedure described

HPLC for Isolation and Quantification of Anthocyanins. Analyti- by Noda e.t al. (17). .Super.omde anion radicals were generated by a
cal HPLC, using a D-7100S pump (Hitachi Ltd., Tokyo, Japan) was hypoxanthine—xanthine oxidase reaction. Into a glass test tuhd, 30

performed on a 250 mm 4.6 mm i.d. Capcell Pak §AG120 column of 4.5 M DMPO, 50uL of 5 mM hypoxanthine, 2quL of 9.6 mM

(Shiseido Co. Ltd., Tokyo, Japan) with solvent A (5% formic acid) DT(TA’ S04l Oédsadmpli solu(tjion, a(?d 5QL_ of Od4 U/ImL _xagthFizne
and solvent B (acetonitrile) under gradient elution at a flow rate of 1.0 oxidase were agded In that order and were iImmediately mixed. Reagents

mL/min. The pigments were analyzed under the following conditions: were ,diSSONEd in 100 mM phosphate bqﬁer (pH 7.4) prepared with
a linear gradient from 2 to 45% of solvent B in solvent A for 60 min. deionized water. Samples were diluted with 100 mM phosphate buffer

Anthocyanins were monitored at 500 nm with a L-7450 photodiode (pH_7_.4). Measur_ement_ of the ESR spectrum was started at 30 s_after
array detector (Hitachi Ltd., Tokyo, Japan). addition of xanthine oxidase. The ESR spectra were obtained with a

. . . . JES-FR30 free radical monitor (JEOL Ltd.) under the following
onF;rez%%riEr\i gan?rxV:tz aCLa;S(Z:gI(I) g:E]E(AHC';?gg'é‘;?d%vﬁa(ssﬁgzgged conditions: power, 4 mW; center field, 335.6 mT; sweep widt,
Co. Ltd.) at a flow rate of 4 mL/min under the following conditions mT; modulation frequency, 9.4 GHz; modulation width, 7B sweep

. - . - time, 1 min; time constant, 0.1 s; and amplification, 200. The spectra
with solvent A (5% formic acid) and solvent B (methanol): a linear : - - :
: - - re normal ng mangan n internal standard.
gradient from 15 to 40% of solvent B in solvent A for 60 min. The were normalized using manganese oxide as an internal standard

collected anthocyanins were monitored at 500 nm with a L-4208-UV traHyi(:l rogL;ﬁ?'ﬁzllé)c ?éig%r:g atgt';/r:g f\g’I?oswmeaSrL:)r:ed dt?ze tTr?tosgm
vis spectrophotometer (Hitachi Ltd.). pping q 9 gp :

e . . . glass test tube, 20L of 0.9 M DMPO, 37.5uL of 40 mM iron(ll)
Quantification of anthocyanins was accomplished under the analytical sulfate, 37.5.L of 1 mM DTPA, 30uL of sample solution, and 74L

conditions described above. Each sample was injected in triplicate, andof 1 mM hydrogen peroxide were added in that order and mixed
the linear standard calibration curvesX 0.9997) were generated by \1oaqrement of the ESR spectrum was started 30 s after addition of

injection Of_ four;oncentraj[ions in the range of 1 and.&(of purified hydrogen peroxide. The spectrum measurement conditions were as
anthocyanins without an internal standard. The recoveries of antho- follows: power, 4 mW: center field, 335.5 mT; sweep wid#6 mT:

cyanins at 1 and 20g were over 90%. _ modulation frequency, 9.4 GHz; modulation width, 0.32 mT; sweep
Identification of Anthocyanins in V. dilatatum Fruit. 1. NMR time, 1 min; time constant, 0.1 s; and amplification, 20.

Analysis. The structlure of purified anthoc;l/anlns from GCE was  after measurement of all spectra in triplicate, the inhibition values

determined by NMR*H NMR (600 MHz) and**C NMR (150 MHz) of samples at each concentration were calculated from the ratio of

spectra were measured on a JNM A-600 instrument (JEOL Ltd., Tokyo, ragical signal with or without each sample. The radical scavenging

Japan). The purified samples were dissolved in methancbntaining activity was calculated as the median inhibitory concentrationofIC
tetramethylsilane as an internal standard. from the correlation between each mean inhibition value and sample
2. LC/Electrspray lonization (ESI)-MS/MS Analysis. LC/ESI- concentration.

MS/MS analyses were performed on a LCQ Advantage ion trap mass

spectrometer equipped with an ESI interface, Xcalibur operating

software (ThermoElectron Co., San Jose, CA), and Nanospace SI-II RESULTS AND DISCUSSION

semimicro HPLC system (Shiseido Co. Ltd.). The column used was a  Yields and Radical Scavenging Activities of Crude Ex-
150 mm>x 2.0 mm i.d. Capcell Pak £UG120 (Shiseido Co. Ltd) at — tracts from V. dilatatum Fruit. The yields of the HO, 20, 60,

a flow rate of 0.2 mL/min under the following conditions with solvent and 100% methanol fractions through the Sephadex LH-20
A (1% formic acid) and solvent B (methanol): a linear gradient from column chromatography were 9.7 g, 173 mg, 109 mg, and 36
5 to 70% of solvent B in solvent A for 60 min. Anthocyanins were mg from 10 g of GCE. The median,inhibitor),/ Concent,rations

detected by absorption at 500 nm. The ESI parameters were as ) . .
follows: sheath gas () flow rate, 2.5 L/min; auxiliary gas (3 flow (ICs0) of these fractions as the superoxide anion and hydroxyl

rate, 0.4 L/min; ion spray voltage, 5 kV; capillary temperature, 290 radical scavenging activities are shownTable 1. On both
°C; capillary voltage, 10 V; tube lens offset, 55 V. The ion trap mass radicals, the strongest activity was found in the 60% methanol
spectrometer was operated in positive ion mode scanning im0 fraction, and secondary activity was found in the 20% methanol
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Figure 1. HPLC chromatogram of anthocyanins in the 20% methanol i
fraction obtained from V. dilatatum fruits. Analytical conditions were
described in the text. o 20 40 &0 80 100 120 140

Retention time (min)

Figure 2. HPLC chromatograms of 2-aminopyridine derivatives: (A)
standard mixture of sugars; (B) sugar fraction of hydrolyzed compound I.
GalNAc, N-acetyl-D-galactosamine; Rha, L-rhamnose; Xyl, b-xylose;
GlcNAc, N-acetyl-p-glucosamine; Rib, p-ribose; Glc, p-glucose; Man,
p-mannose; Fuc, L-fucose. Analytical conditions were described in the
text.

fraction. The HO fraction was the largest amount in GCE, but
its radical scavenging activities were weaker than the 20 and
60% methanol fractions. Therefore, the 20 and 60% methanol
fractions were selected for HPLC analysis.

Identification and Content of Anthocyanins in V. dilatatum
Fruit. Each fraction was analyzed by HPLC under gradient
conditions with 5% formic acid and acetonitrile as mobile
phases. The HPLC profile of the 20% methanol fraction showed 14416 2. 1H (600 MHz) and 13C (150 MHz) NMR Spectroscopic Data
three peaks of anthocyanins, which had the absorption maximumsor Compounds | and 11 (in CD;0D)?
in the range of 500 and 510 nm, at retention times of 26.9

(compoundill), 27.6 (compoundl), and 39.9 min Figure 1). compound | compound |l
Among other peaks, two major peaks were also detected in the atom dc on(Jin Hz) on(Jin Hz)
60% methanol fraction. Therefore, the major peak pattern, Cyanidin
detected by absorption at 500 nm, was the same in the 20 and 2 163.91
60% methanol fractions. However, the anthocyanin peak was 3 145.24
small in the HO and 100% methanol fractions having lower ‘5‘ igggg 8.81 s 8.98 s
radical scavenging activities than those of 20 and 60% methanol ¢ 10332 6.55 d(L9) 6.65 d(L8)
fractions. 7 170.21

Further isolation of the anthocyanins from GCE was per- 8 9508  6.79 d(19) 6.89 s
formed by preparative HPLC under the gradient conditions of 13 ﬁ';gg
5% formic acid/methanol. This procedure allowedndll to 1 12114
be separated and obtained in pure form. Then, the anthocyanins o 11934  7.89 d(22) 8.06 d(24)
were subjected to structural analysis by LC/ESI-MS/MS spec- 3 147.04
trometry, NMR spectroscopy, and sugar analytical HPLC. 4 155.79

A mass number ofm/z581 [M]* was found in the LC/ESI- 2, ﬁ;'% g'?g dd(éz(i'Q% 5) ;'gg gg'?‘;
MS spectrum of, and a mass number ofi/z287 was obtained ' ' o ' '
in the MS/MS spectrum. It was expected that tnéz 287 L 10142 SIi;.)O'ﬂ'Gluco%yE%’)s'de Q) 5.40 408
showed [aglyconé]of cyanidin and these mass spectra indicated 2 8159  3.95 dd (1.2, 11.) 388 dd(3.0,96)
| as a cyanidin diglycoside. TH#l NMR spectrum suggested 3 7969 359 m 381  dd(5.4,3.6)
that! had cyanidin as an aglycone. Furthermore, tHékand 4 7069 351 d(11.4) 3.60 m
13C NMR spectra also suggested that it was a cyanidin eg é;gg ggg dd ﬁ?ﬁ'o) iZ g‘d‘ Egg ggg
dingCOSide (fTabLe 2)0-|f tained by hdrone veced P a7 dd(108,72 3%  d(30)

e sugar fraction df, obtained by hydrolysis, was subjecte "

to pyridylamination 16) and then analyzed by HPLC. The 1 105.59 4,790ﬁ Xylomg?%s)yl ®
sugars ofl were determined to be glucose and xylose by 2 75.67 3.19 dd (9.0, 9.6)
comparison with authentic compound&dure 2). The binding 3 7920 381 t(9.0)
site of position 1 of glucose on position 3 of the aglycone was 5;‘ 2328 g?g dd (4r2 6.5)
derived from the HMBC spectrum df The rather high field 5b ' 307 dd (unresorved)
position (4.70 ppmJ = 7.8 Hz) of the anomeric proton of
xylose indicated a sugassugar linkage. This linkage, in which a Abbreviations: s, singlet; d, doublet; dd, double doublet; m, multiplet; t, triplet.

position 2 of glucose is bound to position 1 of xylose, was also

confirmed by observation of the HMBC spectrum. The assigned

NMR data are summarized ifable 2. These results indicate  matographies (45), compoundl was assigned as cyanidin
that the structure of compoundis cyanidin 3-O-(2-O-f- 3-sambubioside from NMR, MS, MS/MS, and sugar analysis
xylopyranosyl)-fgp-glucopyranoside, namely, cyanidin 3-sam- data in detail.

bubioside (Figure 3). This compound has been identified in  The summarized assignmentsf NMR spectroscopic data
Sambucus nigra(18, 19), Sambucus canadens{20), and of compoundll is shown inTable 1. ThelH NMR spectrum
Sambucus ebulugl). All 6y values ofl shifted to high field of Il was similar to that of, except for the portion relating to

in 0.1-0.2 ppm as compared to those of cyanidin 3-sambubio- the sugars. This compound also appeared to have cyanidin as
side in S. canadensi$20). Although other papers deal with an aglycone but was a monoglycoside. The coupling constants
anthocyanin spectrum iiburnumspecies using paper chro- of the anomeric protons @& 7.8 Hz) indicated the sugar to be
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Compound 1T

Figure 3. Structures of cyanidin 3-sambubioside (I) and cyanidin
3-glucoside (II).

Table 3. ICsp Value of Radical Scavenging Activities of Compounds |
and Il by ESR

superoxide anion radical hydroxyl radical

ug/mL uM mg/mL mM
| 10.1 17.3 25 4.3
I 31.3 69.6 23.9 53.2
ascorbic acid 13.1 74.2 0.5 3.0

the g-form of glucose. In the LC/ESI-MS/MS analysis bf

the MS spectrum showed a masswZ449 [M]*, and the MS/

MS spectrum showed a massofz 287 [aglycone]; these mass
units are indicative of cyanidin hexose. From these results, the
chemical structure ofi was confirmed as cyanidin @-3-p-
glucopyranoside, namely, kuromanin or cyanidin 3-glucoside
Il (Figure 3). The MS/MS spectrum df corresponded to that
of the commercial authentic compound. Kuromanin is widely
distributed in edible plants. Identification of the minor antho-
cyanin is under way.

Kim et al.

Cyanidin 3-sambubioside, compouihdhas been found in
several varieties dbambucu$l18—21). However, little has been
published regarding the antioxidant potencies of the purified
anthocyanin. Kuromanin has been extensively examined for its
physiological functions and is known to have strong antioxidant
activity (11,22). It has also been reported that cyanidin-based
anthocyanins are effective quenchers of free radi@gs Noda
et al. @4) suggested that delphinidin, cyanidin, or pelargonidin
directly scavenged superoxide anion radicals, not via inhibition
of enzymes, whereas they indirectly scavenged hydroxyl radicals
by chelating with ferrous ion in the hydroxyl radical generation
system. We also found that the yield of DMPQOH spin
adducts with each sample concentration shifted with the change
of DMPO concentration in a dose-dependent manner (data not
shown). Therefore, compountandll are suggested to directly
scavenge superoxide anion radicals. Whereas, direct scavenging
actions ofl andIl on hydroxyl radicals were uncertain, because
the dose-dependent yield of DMP@H with the change of
DMPO concentration was not found.

These results suggest that compounithe main anthocyanin
in the fruit of V. dilatatum, contributes most to the antiradical
effect of GCE by its direct radical scavenging activity and,
together with the previous study, indicate that anthocyanins may
play an important role as antioxidants under physiological
conditions. The phenolic compounds other than anthocyanins
in V. dilatatumfruit are currently being purified and identified.

ABBREVIATIONS USED

GCE, gamazumi crude extract; DMPO, 5,5-dimethyl-1-
pyrroline-N-oxide; DTPA, diethylenetriaming;N,N’,N"",N"-
pentaacetic acid.
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