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Two anthocyanins, cyanidin-3-�-O-rhamnoside (C3R)

and pelargonidin-3-�-O-rhamnoside (P3R), and querci-

trin (quercetin-3-�-O-rhamnoside), were isolated from

acerola (Malpighia emarginata DC.) fruit. These poly-

phenols were evaluated based on the functional proper-

ties associated with diabetes mellitus or its complica-

tions, that is, on the radical scavenging activity and the

inhibitory effect on both �-glucosidase and advanced

glycation end product (AGE) formation. C3R and

quercitrin revealed strong radical scavenging activity.

While the inhibitory profiles of isolated polyphenols

except quercitrin towards �-glucosidase activity were

low, all polyphenols strongly inhibited AGE formation.

Key words: acerola; polyphenol; diabetes; �-glucosi-

dase; advanced glycation end products

There is growing evidence supporting the observation
that reactive oxygen species and free radicals are
associated with certain diseases such as cancer, athero-
sclerosis, and coronary heart disease, which are so-
called lifestyle-related diseases.1,2) Hence intake of
constituents from foods that have free radical scaveng-
ing activities is considered to be important in preventing
such diseases. In this regard, recently, research on
antioxidants in foods has gained renewed attention.3)

Diabetes mellitus, one of the lifestyle-related diseases,
is characterized by chronic hyperglycemia, which is
associated with increased risk of cardiovascular dis-
eases.4) Inhibiting glucose uptake in the intestines may
help diabetic patients to control the blood glucose level
in the postprandial state. Substances that inhibit amylase
and glycosidases have thus been studied, and some of
them have been developed as drugs to treat diabetes
mellitus.5,6)

Diabetes mellitus can lead to a number of micro-
vascular and macrovascular complications. Recently,

many reports have suggested that these complications
are caused by the formation of advanced glycation end
products (AGEs), which are generally formed through
Amadori-type compounds from proteins and glu-
cose.7–11) AGEs are postulated to be physiological
markers of the Maillard reaction in a biological system.
Formation of AGE has been observed in vivo in several
long-living proteins such as lens crystalline and collagen
affected by diabetes mellitus.9,11) Some radical species
including oxygen are considered to play an important
role in these processes.10) Hence compounds that
scavenge radical species are expected to prevent the
formation of AGEs.

Polyphenols, ubiquitous compounds in plants, are
well known antioxidants, and are thus considered to be
important constituents of the human diet.12–14) There are
many reports indicating that polyphenols are capable not
only of preventing oxidative stress but also of inhibiting
intestinal �-amylase or sucrase.5,15) For these reasons,
polyphenols are attractive compounds for the prevention
of hyperglycemia and AGE formation.

Plants are generally the best natural sources for
antioxidants such as ascorbic acid and/or polyphenols.
In particular, tropical and subtropical plants are consid-
ered to be outstanding in qualities and quantities of
antioxidants due to strong exposure of sunlight. More-
over, some tropical and subtropical foodstuffs have been
shown to have a strong suppressing effect on carcino-
genesis and liver injury.16,17) Therefore, tropical and
subtropical plants may be attractive sources of func-
tional foods beneficial to human health.

Acerola is a fruit found from Central America to
northern South America. It is well known to be one of
the best natural sources of vitamin C, and has become
extremely popular in daily life among those who are
health-conscious. Since acerola is a tropical fruit, it is
expected to contain various functional compounds other
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than vitamin C, such as polyphenols. As for acerola
polyphenols (APs), however, only one compound has
been reported so far. Santini and Huyke18) found that
acerola contains malvidin-3,5-diglucoside (malvin) as
anthocyanin, but its characteristic properties were not
described. Thus information on the structures and
functions of APs are not yet sufficient.

In this study, therefore, we first identified the
structures of APs. Subsequently, we elucidated their
functional properties. As described above, polyphenols
possibly act as antioxidants and �-glucosidase inhib-
itors. For these reasons, the functional properties of APs
associated with diabetes mellitus or its complications
were evaluated in vitro; the antioxidant activities and the
inhibitory effects on both �-glucosidase and AGE
formation.

Materials and Methods

Chemicals. Hypoxanthine (HPX), xanthine oxidase
(XOD), maltose, sucrose, and glucose were purchased
from Wako Pure Chemical Industries (Osaka, Japan).
Rat intestinal acetone powder, bovine serum albumin
(BSA), and aminoguanidine were purchased from Sigma
Chemical (St. Louis, MO). 5,5-Dimethyl-1-pyrroline-N-
oxide (DMPO) was purchased from LABOTEC (Tokyo,
Japan). Quercetin-3-�-O-rhamnoside (quercitrin) was
purchased from Tokyo Kasei Kogyo (Tokyo, Japan).

Samples. Acerola (Malpighia emarginata DC.) was
provided by Nichirei do Brazil Agricola (Recife, Brazil)
and immediately frozen and stored at �35 �C until use.

Isolation of APs. Frozen acerola fruits (5,000 g) were
defrosted followed by removal of the seeds. Then the
edible portion (3,547 g) was homogenized with meth-
anol (7-liter) and extracted with stirring at room
temperature for 1 h to obtain APs. The same procedure
was repeated twice. The resulting extract was filtered,
and the filtrate was concentrated and freeze-dried. The
powder obtained (241.2 g) was dissolved in distilled
water, and the suspended material was removed by
filtration. The resulting extract was chromatographed on
a C18 cartridge column (Sep-Pak Vac; Nihon Waters,
Tokyo, Japan). The adsorbed extract was eluted succes-
sively with 0%, 10%, 20%, 30%, and 100% methanol
containing 0.2% of trifluoroacetic acid (TFA), obtaining
5 fractions (total, 228.25 g; fr. 1, 221.6 g; fr. 2, 3.1 g;
fr. 3, 2.4 g; fr. 4, 0.67 g; fr. 5, 0.48 g). Fr. 3 and fr. 4
containing APs were pooled by concentration to dryness
and subjected to two further steps of column chroma-
tography, as described below.

The pooled fractions, dissolved in 20% acetonitrile
containing 0.1% TFA, were subjected to HPLC
(CBM-10A system; Shimadzu, Kyoto, Japan) using a
10� 250mm C30 column (Develosil RPAQUEOUS-
AR-5; Nomura Chemical, Aichi, Japan). The column
oven was set at 40 �C. The samples were eluted with

20% acetonitrile containing 0.1% TFA at a flow rate of
2.3ml/min with detection at 280 nm. As a result, three
major peaks were obtained, then these three compounds
were isolated.
Finally, the three isolated peak fractions were sepa-

rately dissolved in 43% methanol containing 0.1% TFA,
and each was subjected to HPLC (SCL-10Avp system;
Shimadzu, Kyoto, Japan) and purified further. Column
(10� 250mm; phenomenex LUNA 5 m C18 (2) column;
Phenomenex, Inc., Torrance, CA). The oven was set at
40 �C. The samples were eluted with 43% methanol
containing 0.1% TFA at a flow rate of 2.0ml/min
detected with a photodiode array detector.

Structural identification. NMR spectra were obtained
on a JEOL �-500 or a JEOL GSX-270 spectrometer
(JEOL, Tokyo, Japan). Compounds 1 and 2 were
measured in CD3OD containing 3% TFA-d1,

19) and
compound 3 were in CD3OD. FAB-MS was recorded on
a JEOL DX-303HF spectrometer (JEOL, Tokyo, Japan).
Compound 1. UV–vis �max: 281, 529 nm (MeOH +

0.2% TFA); FAB-MS, m=z 433 [M]þ; 1H NMR
(500MHz, CD3OD + 3% TFA-d1) � 8.87 (s, 1H),
7.91 (dd, J ¼ 8:5, 2.1 Hz, 1H), 7.73 (d, J ¼ 2:1Hz,
1H), 6.93 (d, J ¼ 8:5Hz, 1H), 6.79 (d, J ¼ 1:8Hz, 1H),
6.60 (d, J ¼ 1:8Hz, 1H), 5.70 (d, J ¼ 1:2Hz, 1H), 4.22
(dd, J ¼ 3:4, 1.2 Hz, 1H), 3.90 (dd, J ¼ 9:2, 3.4 Hz,
1H), 3.63 (dd, J ¼ 9:5, 6.1 Hz, 1H), 3.57 (dd, J ¼ 9:5,
9.2Hz, 1H), 1.29 (d, J ¼ 6:1Hz, 3H); 13C NMR (125
MHz, CD3OD + 3% TFA-d1) � 170.5 (C), 163.6 (C),
159.0 (C), 157.4 (C), 155.6 (C), 147.6 (C), 144.6 (C),
135.4 (CH), 127.3 (CH), 121.0 (C), 117.8 (CH), 117.3
(CH), 113.3 (C), 103.4 (CH), 102.6 (CH), 95.1 (CH),
73.2 (CH), 72.3 (CH), 72.1 (CH), 71.6 (CH), 18.0
(CH3).
Compound 2. UV–vis �max: 270, 335, 429, 511 nm

(MeOH + 0.2% TFA); FAB-MS, m=z 417 [M]þ;
1H NMR (500MHz, CD3OD + 3% TFA-d1) � 8.96 (s,
1H), 8.32 (d, J ¼ 8:8Hz, 2H), 7.03 (d, J ¼ 8:8Hz, 2H),
6.89 (s, 1H), 6.64 (s, 1H), 5.73 (d, J ¼ 1:5Hz, 1H), 4.20
(dd, J ¼ 3:4, 1.5 Hz, 1H), 3.87 (dd, J ¼ 9:3, 3.4 Hz,
1H), 3.62 (dd, J ¼ 9:4, 5.8 Hz, 1H), 3.57 (dd, J ¼ 9:4,
9.3Hz, 1H), 1.28 (d, J ¼ 5:8Hz, 3H); 13C NMR (125
MHz, CD3OD + 3% TFA-d1) � 170.7 (C), 166.5 (C),
164.1 (C), 159.1 (C), 157.6 (C), 144.5 (C), 135.9 (CH),
135.0 (CH), 120.7 (C), 118.0 (CH), 113.6 (C), 103.5
(CH), 102.6 (CH), 95.3 (CH), 73.2 (CH), 72.3 (CH),
72.2 (CH), 71.6 (CH), 18.0 (CH3).
Compound 3. UV �max: 257, 351 nm (MeOH); FAB-

MS, m=z 447 ½M� H��; 1H NMR (500MHz, CD3OD)
� 7.34 (d, J ¼ 2:1Hz, 1H), 7.31 (dd, J ¼ 8:2, 2.1 Hz,
1H), 6.91 (d, J ¼ 8:2Hz, 1H), 6.37 (d, J ¼ 2:1Hz, 1H),
6.20 (d, J ¼ 2:1Hz, 1H), 5.35 (d, J ¼ 1:7Hz, 1H), 4.21
(dd, J ¼ 3:3, 1.7 Hz, 1H), 3.74 (dd, J ¼ 9:3, 3.3 Hz,
1H), 3.41 (dd, J ¼ 9:5, 9.3 Hz, 1H), 3.33 (dd, J ¼ 9:5,
6.1Hz, 1H), 0.94 (d, J ¼ 6:1Hz, 3H); 13C NMR (125
MHz, CD3OD) � 179.6 (C), 165.9 (C), 163.2 (C), 159.3
(C), 158.5 (C), 149.8 (C), 146.4 (C), 136.2 (C), 123.0
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(C), 122.9 (CH), 116.9 (CH), 116.4 (CH), 105.9 (C),
103.5 (CH), 99.8 (CH), 94.7 (CH), 73.2 (CH), 72.1
(CH), 72.0 (CH), 71.9 (CH), 17.7 (CH3).

Preparation of crude AP fraction for the bioassay.
Frozen acerola fruit (1,000 g) was defrosted and the
seeds were removed. Then the edible portion was
homogenized with ethanol (2-liter) and extracted with
stirring at room temperature for 1 h to obtain APs. This
procedure was repeated twice. The resulting suspension
was filtered, and the filtrate was concentrated and freeze-
dried under reduced pressure. The powder obtained was
dissolved in distilled water again, and the suspension
was removed by filtration. These extracts were subjected
to a C18 cartridge column (Sep-Pak Vac; Nihon Waters,
Tokyo, Japan), eluted with 100% ethanol containing
10% of acetic acid, and then freeze dried (451mg). The
freeze dried acerola powder was referred to as a crude
AP fraction. It contained 40% of polyphenols as
analyzed by the Folin-Denis method.20)

Antioxidant assay. Antioxidant activity was evaluated
by the scavenging activity of the superoxide anion
radical (O2

�) with an electron spin resonance (ESR)
spectrometer (JEOL JES-FR30; JEOL, Tokyo, Japan).
For O2

� analysis, the following reagents were added in a
test tube in the following order: 65 ml of 2.0 M of DMPO,
50 ml of sample, 50 ml of 2mM HPX, and 50 ml of 0.4
units/ml XOD. All reagents including purified com-
pounds were dissolved in 50mM sodium phosphate
buffer (pH 7.4). The solution was mixed and placed in a
flat ESR cell, and then, exactly 45 s after mixing,
DMPO-O2

� spin adduct was analyzed by ESR spec-
trometry. The ESR settings were as follows: microwave
power 4mW, modulation frequency 100 kHz, modula-
tion width 0.1mT, scan time 2min, response 0.1 s,
magnetic field intensity 335:9� 5mT, and amplitude
100. O2

� scavenging activity was evaluated by calcu-
lating the percentage of signal intensity of DMPO-O2

�

with and without radical scavenger.

Enzyme assay. Rat intestinal acetone powder was
suspended in 9 fold (w/v) of 56mM maleate buffer
(pH 6.0), and homogenized with glass homogenizer in
an ice bath for 15min. After centrifugation at 1000� g

for 10min, the resulting supernatant was diluted with an
equal volume of 56mM maleate buffer (pH 6.0) for
sucrase assay, or in a ratio of 1:19 for maltase assay. The
reaction was started by adding 300 ml of 2% maltose or
sucrose solution and 300 ml of 2mg/ml purified poly-
pehnols or crude APs solution to 300 ml of the intestinal
extracts prepared above, and the mixture was kept at
37 �C for 120min. The reaction was stopped by
immersing the mixture into a boiling water bath for
10min. After centrifugation at 3000� g for 10min, the
glucose content of the resulting supernatant was meas-
ured by HPLC (CBM-10A system; Shimadzu, Kyoto,
Japan) on a 3:0� 150mm NH2 column (Inertsil NH2,

GL Science, Tokyo, Japan) using an RI detector
(Shimadzu RID-6A, Shimadzu). The column oven was
set at room temperature. The samples were eluted with
75% acetonitrile at a flow rate of 1.5ml/min. The
inhibitory effect of �-glucosidase was evaluated by
calculating the percentage of glucose content of the
reacting supernatant with and without inhibitors. The
glucose content was obtained by subtracting the initial
glucose content before reaction.

Evaluation of the inhibitory effect on AGE produc-
tion. One ml of 16mg/ml BSA, 1ml of 4M glucose,
1ml of 67mM sodium phosphate buffer (pH 7.2), and
1ml of 0.3mg/ml purified polyphenols or crude APs
were mixed. All reagents were dissolved in 67mM

phosphate buffer (pH 7.2). AGEs was quantified three
and seven days after incubation of the reaction mixture
at 60 �C, by using a fluorescence spectrometer (RF-
5300PC, Shimadzu; excitation wavelength, 370 nm;
emission wavelength, 440 nm).7) The inhibitory effect
of AGE production was evaluated by calculating the
percentage of fluorescence of reaction mixture with and
without inhibitors.

Statistical analysis. Statview version 5 was used for
statistical analysis (Abacus Concepts, Berkeley, CA).
The one-way ANOVA model fitted by using Tukey for
enzyme assay and inhibition of AGEs production was
used. Significance was determined at P < 0:05.

Results

Isolation and identification of APs
Acerola fruit was extracted with methanol, and the

extracts were further fractionated into five fractions by
C18 cartridge column out of which fr. 3 (eluted with
20% methanol containing 0.2% TFA) and fr. 4 (eluted
with 30% methanol containing 0.2% TFA) were found
to contain polyphenols. Therefore, fr. 3 and fr. 4 were
pooled and further purified, as described under
‘‘Materials and Methods’’, resulting in three polyphenol
compounds (compounds 1–3, Fig. 1). From 1H and
13C NMR measurements, these three compounds were
assumed to be glycosides that contain flavonoidal
structures as aglycon, and the sugar moiety with a
methyl group. From the J values of H100 (J ¼ 1:2 (1), 1.5
(2), 1.7 (3)), these compounds were assumed to be �-
glycosides. Compound 1 contains 1, 2, 4 trisubstituted
(�6.93, 7.73, 7.91 in the 1H NMR) and 1, 2, 3, 5
tetrasubstituted (�6.60, 6.79 in the 1H NMR) benzene. In
the HMBC spectrum, long-range correlation between
H100 (�5.70) in the sugar moiety and C3 (�144.6) was
observed, indicating that the sugar moiety was con-
jugated with aglycon at the C3 position. The 1H and
13C NMR data of compound 2 were quite similar to that
of compound 1, except for chemical shifts due to the B
ring. Coupling between the proton signal at �8.32 (H20

and H60, J ¼ 8:8Hz) and that at �7.03 (H30 and H50,
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J ¼ 8:8Hz) in compound 2 supports the presence of 1,4
disubstituted benzene structure in compound 2. The 1H
and 13C NMR spectra of compound 3 showed good
agreement with those of authentic quercitrin. Long-
range correlation between H100 (�5.35) in the sugar
moiety and C3 (�136.2) in the HMBC spectrum
indicated that the sugar moiety is conjugated with
aglycon at the C3 position.

From these results, these three compounds were
identified as follows: Compound 1, cyanidin-3-�-O-
rhamnoside (C3R); Compound 2, pelargonidin-3-�-O-
rhamnoside (P3R); and Compound 3, quercetin-3-�-O-
rhamnoside (quercitrin, Fig. 2).

Antioxidant activity
The reactive oxygen scavenging activities of the three

purified polyphenols as well as the crude AP fraction
were assessed at concentrations of 0.125–0.5mg/ml by
ESR (Fig. 3). All samples inhibited the generation of
DMPO-O2

� spin adduct, and particularly, C3R and
quercitrin showed strong inhibition on generation.
By changing the concentration of DMPO (from 2.0M

to 0.2 M) to vary the spin trapping rate of O2
� radicals,

the presence of a competitive reaction between crude
APs fraction and O2

� radicals was studied (Fig. 4).3) By
diluting DMPO concentration, the inhibition curve was
shifted to the left, particularly in the low concentration
range of the crude AP fraction, indicating that inhibition
of the crude AP fraction on DMPO-O2

� generation is
due mainly to scavenging O2

� radicals, not to direct
inhibition of xanthine oxidase. The three isolated poly-
phenols also showed the same results (data not shown).

Fig. 1. HPLC Chromatogram for Fra. 3 (eluted with 20% methanol

containing 0.2% TFA).

Acerola fruit was extracted with methanol and the extract was

chromatographed on a C18 cartridge column by eluting with 10%

and 20% methanol with 0.1% TFA successively. The 20% methanol

eluted fraction was subjected to HPLC chromatography. Separation

was made on a 10� 250mm Develosil RPAQUEOUS-AR-5 C30

HPLC column by eluting with 20% acetonitrile containing 0.1%

TFA at a flow rate of 2.3ml/min, with detection at 280 nm.

Fig. 2. Structures of the APs Isolated from Acerola Fruit.

1 cyanidin-3-�-O-rhamnoside, 2 pelargonidin-3-�-O-rhamnoside,

3 quercetin-3-�-O-rhamnoside.

Fig. 3. Inhibitory Effect of Three Isolated Compounds and Crude AP

Fraction on DMPO-O2
� Generation Measured by ESR.

O2
� was produced by reaction between HPX and XOD, and the

O2
� produced was trapped by DMPO (2.0M) to form DMPO-O2

�

spin-adduct. O2
� scavenging activity was evaluated by calculating

the percentage of signal intensity of DMPO-O2
� with and without

radical scavenger. The concentration of the sample was set at 0.125–

0.5mg/ml (C3R: 0.29–1.15mM, P3R: 0.30–1.20mM, quercitrin:

0.28–1.12mM).

Fig. 4. Relationship between Signal Intensities of DMPO-O2
� and

Concentrations of Crude AP Fraction.

The relationship between generation of DMPO-O2
� spin adduct

and concentrations of the crude AP fraction was evaluated in the two

different concentrations of DMPO (from 2.0M to 0.2 M). Results are

the means� SD from two separate experiments.
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Inhibitory effect on �-glucosidase
The inhibitory effects of the three purified polyphe-

nols and crude AP fraction on maltase and sucrase were
evaluated in vitro, and the data are shown in Fig. 5.
Inhibitory effects were found in all samples, but
inhibitory activities were not strong except for querci-
trin. Quercitrin inhibited approximately 60% of maltase
activity and thus was considered to be an effective �-
glucosidase inhibitor.

Inhibitory effect on AGE formation
Figure 6 shows inhibition of AGE production by the

purified polyphenols and crude AP fraction. Amino-
guanidine, a hydrazine-like agent that blocks AGEs
formation by interacting with Amadori-derived prod-
ucts,21) was also used as a positive control. At a
concentration of 0.3mg/ml, all samples exhibited strong

inhibitory effects, and especially, quercitrin showed
higher inhibition than aminoguanidine.

Discussion

Recently, it has been reported that acerola fruit extract
might have anticarcinogenic activity against lung can-
cer,22) and an inhibitory effect on NO production.23)

These effects might have been due to components other
than vitamin C, but the components responsible for
these effects have not been identified. In addition to
vitamin C, acerola is known to contain carotenoids as a
food factor.22) This study presents new information on
the functional components of acerola other than vita-
min C and carotenoids.

As mentioned earlier, it has been reported that acerola
contains malvin as anthocyanin.18) This is inconsistent
with the results of the present study, in where we did not
detect any other anthocyanin but C3R and P3R. This
might be due to the fact that those researchers identified
the pigment only by comparison of physical properties
and the UV/VIS spectra of several pigments.

It should be mentioned that the structures of the three
polyphenols are already known. In particular, quercitrin,
one of the isolated polyphenols, is a well-known
flavonol, and has frequently been implicated in various
physiological effects such as anti-inflammatory activ-
ity24) and antidiarrheic activity.25) Quercitrin has also
been reported to inhibit aldose reductase26) and mono-
amine oxidase.27) Hence quercitrin might be beneficial
for the prevention of diabetic complications such as
cataracts. This study also found that quercitrin showed
high activities in all assays tested. Taken together, it is
reasonable to expect that acerola quercitrin can be used
as an excellent antidiabetic agent.

Anthocyanin pigments are widespread in the plant
kingdom. C3R and P3R have also been reported in
several plants,28–31) but studies on their functional
properties appear to have drawn little attention. In our
study, while C3R showed a strong O2

� scavenging
activity, of the same level as that of quercitrin, the
activity of P3R was lower than that of C3R or quercitrin
(Fig. 3). This result indicates that O2

� scavenging
activity is strongly correlated with the number of OH-
bonds of B-ring in polyphenol.32) On the other hand,
although inhibitory effects on �-glucosidase were
observed in both C3R and P3R, they were much weaker
than that of quercitrin (Fig. 5). In this regard, recently
Matsui et al.33,34) found that �-glucosidase inhibition of
anthocyanins was due to acylated structures, and
similarly, that �-glucosidase inhibition by deacylated
anthocyanins was weaker than that by acylated ones.
Since C3R and P3R are also deacylated anthocyanins,
these inhibitory effects were not expected.

The results concerning the inhibitory effects on AGE
formation, however, showed different tendencies from
O2

� scavenging activity or �-glucosidase inhibition
(Fig. 6). C3R and P3R were both strong inhibitors of

Fig. 5. Inhibitory Effects of Three Isolated Compounds and Crude

AP Fraction on Maltase and Sucrase.

Maltase and sucrase were extracted from rat intestinal acetone

powder, and the extracts were exposed to maltose or sucrose

with and without inhibitors at 37 �C for 120min. Inhibition of �-

glucosidase activity was evaluated by calculating the percentage of

glucose content of the reacting supernatant with and without

inhibitors. The concentrations of the inhibitors were set at 2mg/ml

(C3R: 4.62mM, P3R: 4.79mM, quercitrin: 4.47mM). Results are the

means� SD from five separate experiments. *P < 0:01 in compar-

ison with the other three inhibitors.

Fig. 6. Inhibitory Effects of Three Isolated Compounds and Crude

AP Fraction on AGE Production.

Inhibition of AGE production was assessed by reacting BSA and

glucose with and without inhibitors at 60 �C for 3 and 7 d. AGE

production was quantified by monitoring fluorescence at the

excitation and emission wavelengths of 370 and 440 nm respective-

ly. The concentration of the inhibitors was set at 0.3mg/ml (C3R:

693 mM, P3R: 719mM, quercitrin: 670mM). Results are the means�
SD from five separate experiments. *P < 0:05 in comparison with

aminoguanidine.
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AGE formation as well as quercitrin. Despite not being a
good scavenger of the O2

� radical, P3R strongly
blocked AGE formation. These facts suggest that the
production of radical species like O2

� radical is not
involved in the formation of AGEs. In addition, it is
remarkable that inhibition of AGE formation by the
three isolated compounds, especially quercitrin, was
higher than that by aminoguanidine. In this study, AGEs
were quantified by monitoring fluorescence at the
excitation and emission wavelengths of 370 and
440 nm, and this is probably derived from glycated
lysine-like compounds.7) So the production of these
types of AGEs might be strongly inhibited by isolated
compounds. Nevertheless, AGE is a complicated prod-
uct and it is not possible to monitor all types of AGEs by
a single fluorescent wavelength. Hence it is necessary to
examine the inhibitory effect on the production of the
other types of AGEs further. Moreover, these results are
restricted to data derived from in vitro study, and further
detailed investigations in vivo are needed to substantiate
these observations.

The functional properties of the crude AP fraction
were almost the same level as those of C3R (Fig. 3–6).
These results are probably due to the proportion of
polyphenols in the crude AP fraction. The content of
C3R was about 5–10 fold higher than the other
polyphenols in acerola fruit (data not shown). Therefore,
the functional properties of the crude AP fraction are
perhaps close to those of C3R.

In conclusion, C3R, P3R, and quercitrin were iden-
tified as the constituents of acerola polyphenols for the
first time. This study also showed that the three isolated
purified polyphenols as well as the crude AP fraction
from the fruit possessed O2

� scavenging activity and an
inhibitory effect on both �-glucosidase and AGE
formation by in vitro study. Thus, compounds 1, 2,
and 3 are expected to be beneficial constituents to
prevent diabetes mellitus and its complications.
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Nōgeikagaku Kaishi (in Japanese), 72, 923–931 (1998).
16) Murakami, A., Nakamura, Y., Koshimizu, K., and

Ohigashi, H., Glyceroglycolipids from Citrus hystrix, a
traditional herb in Thailand, potently inhibit the tumor-
promoting activity of 12-O-tetradecanoylphorbol 13-
acetate in mouse skin. J. Agric. Food Chem., 43, 2779–
2783 (1995).

17) Kawagishi, H., Fukumoto, Y., Hatakeyama, M., He, P.,
Arimoto, H., Matsuzawa, T., Arimoto, Y., Suganuma,
H., Inakuma, T., and Sugiyama, K., Liver injury
suppressing compounds from Avocado (Persea ameri-
cana). J. Agric. Food Chem., 49, 2215–2221 (2001).

18) Santini, R. Jr., and Huyke, A., Identification of the
anthocyanin present in the acerola which produces color
changes in the juice on pasteurization and canning. J.
Agr. Univ. Puerto Rico, 40, 171–178 (1956).

19) Yoshida, K., Kondo, T., Kameda, K., Kawakishi, S.,
Lubag, A. J. M., Mendoza, E. M. T., and Goto, T.,
Structures of alatanin A, B and C isolated from edible
purple yam Dioscorea alata. Tetrahedron Lett., 32,
5575–5578 (1991).

20) Kaur, C., and Kapoor, H. C., Anti-oxidant activity and
total phenolic content of some Asian vegetables. Int. J.
Food Sci. Technol., 37, 153–162 (2002).

21) Wilkinson-Berka, J. L., Kelly, D. J., Koerner, S. M.,
Jaworski, K., Davis, B., Thallas, V., and Cooper, M. E.,
ALT-946 and aminoguanidine, inhibitors of advanced
glycation, improve severe nephropathy in the diabetic
transgenic (mREN-2) 27 rat. Diabetes, 51, 3283–3289
(2002).

22) Nagamine, I., Akiyama, T., Kainuma, M., Kumagai, H.,
Satoh, H., Yamada, K., Yano, T., and Sakurai, H., Effect
of acerola cherry extract on cell proliferation and
activation of Ras signal pathway at the promotion stage
of lung tumorigenesis in mice. J. Nutr. Sci. Vitaminol.,
48, 69–72 (2002).

23) Wakabayashi, H., Fukushima, H., Yamada, T., Kawase,
M., Shirataki, Y., Satoh, K., Tobe, T., Hashimoto, K.,
Kurihara, T., Motohashi, N., and Sakagami, H., Inhib-
ition of LPS-stimulated NO production in mouse macro-
phage-like cells by Barbados cherry, a fruit of Malpighia
emarginata DC. Anticancer Res., 23, 3237–3242 (2003).

24) Medina, F. S., Vera, B., Gálvez, J., and Zarzuelo, A.,

Effect of quercitrin on the early stages of hapten induced
colonic inflammation in the rat. Life Sci., 70, 3097–3108
(2002).

25) Galvez, J., Crespo, M. E., Jimenez, J., Suarez, A., and
Zarzuelo, A., Antidiarrheic activity of quercitrin in mice
and rats. J. Pharm. Pharmacol., 45, 157–159 (1993).

26) Lee, H.-S., Inhibitory activity of Cinnamomum cassia
bark-derived component against rat lens aldose reduc-
tase. J. Pharm. Pharm. Sci., 5, 226–230 (2002).

27) Lee, M. H., Lin, R. D., Shen, L. Y., Yang, L. L., Yen, K.
Y., and Hou, W. C., Monoamine oxidase B and free
radical scavenging activities of natural flavonoids in
Melastoma candidum D. Don. J. Agric. Food Chem., 49,
5551–5555 (2001).

28) Chan, H. T. Jr., Kao, J., Tsung, H. C., and Nakayama, T.
O. M., Anthocyanin composition of taro. J. Food Sci.,
42, 19–21 (1977).

29) Bhatla, S. C., and Pant, R. C., Isolation and character-
ization of anthocyanin pigment from phosphorus-defi-
cient maize plants. Curr. Sci., 46, 700–702 (1977).

30) Haque, M. S., Ghoshal, D. N., and Ghoshal, K. K.,
Anthocyanins in Salvia-their significance in species
relationship and evolution. Proc. Indian Natl. Sci. Acad.
B: Biol. Sci., 47, 204–209 (1981).

31) Cambie, R. C., and Ferguson, L. R., Potential functional
foods in the traditional Maori diet.Mutat. Res., 523–524,
109–117 (2003).

32) Noda, Y., Kaneyuki, T., Mori, A., and Packer, L.,
Antioxidant activities of pomegranate fruit extract and
its anthocyanidins: delphinidin, cyanidin, and pelargo-
nidin. J. Agric. Food Chem., 50, 166–171 (2002).

33) Matsui, T., Ueda, T., Oki, T., Sugita, K., Terahara, N.,
and Matsumoto, K., �-glucosidase inhibitory action of
natural acylated anthocyanins. 2. �-glucosidase inhib-
ition by isolated acylated anthocyanins. J. Agric. Food
Chem., 49, 1952–1956 (2001).

34) Matsui, T., Ebuchi, S., Kobayashi, M., Fukui, K., Sugita,
K., Terahara, N., and Matsumoto, K., Anti-hyperglyce-
mic effect of deacylated anthocyanin derived from
Ipomoea batatas cultivar Ayamurasaki can be achieved
though the �-glucosidase inhibitory action. J. Agric.
Food Chem., 50, 7244–7248 (2002).

286 T. HANAMURA et al.


