
Abstract. Background: Little is known regarding the
potentially chemopreventive activity of cyanidin-3-O-‚-
glucopyranoside (Cy-g), the main anthocyanin present in the
juice of pigmented oranges, apart from its antioxidant activity.
After excluding a potential genotoxicity of Cy-g, its ability to
induce apoptosis on transformed and normal T cells was
analysed. In order to delineate the events leading to apoptosis,
the expression of different proteins, known to be involved in
apoptosis, was also measured. Materials and Methods: The
evaluation of genotoxicity was performed by the micronucleus
test. Flow cytometry was used for the analysis of apoptotic cells
and proteins involved in the modulation of apoptosis. Results:
Cy-g was nongenotoxic. Moreover, it induced apoptosis in both
cell systems, modulated by an increase of p53 and bax proteins.
Conclusion: These interesting biological properties should
encourage further studies into the chemopreventive potential of
Cy-g. Nevertheless, its activity in normal T cells underlines the
need for extensive toxicological investigation.

Despite immense efforts devoted to cancer treatment, the

mortality and incidence of cancer are still rising. Cancer is a

dynamic process that involves many complex factors and

results in uncontrolled malignant growth. In animal models,

cancer was described as progressing through three stages

(initiation, promotion and progression) that represent the

progressive transformation of normal cells into highly

aggressive malignant cancer cells (1, 2). Because cancer

develops through a multi-step process, each step may be a

prospective target for reversing or suppressing the process.

A rational approach to control cancer is the design and

development of agents that act on specific molecular and

cellular targets.

A number of natural compounds, with inhibitory effects on

tumorigenesis, have been identified. These compounds include

isothiocyanates, catechins, isoflavones and anthocyanins.

Anthocyanins are glycosides of polyhydroxy and polymethoxy

derivatives of 2-phenylbenzopyrylium or flavylium salts. They

are of great nutritional interest because of the marked daily

intake (180 to 215 mg/day in USA), which is much higher than

the intake (23 mg/day) estimated for other flavonoids (3). Due

to their chemical structure, they are able to react towards

reactive oxygen species in humans and have positive effects in

the treatment of various diseases (4). Cyanidin-3-O-‚-

glucopyranoside (Cy-g) is the main anthocyanin present in the

pigmented oranges, Moro, Sanguinello and Tarocco, typically

grown in Sicily (Italy) (5) as well as in Florida (USA) (6).

There is little information on the potentially chemopreventive

effects of Cy-g. Cy-g has a strong antioxidant ability (4) and is

able to revert human melanoma cells from the proliferating to

the differentiated state (7). The aim of the present study was

first to analyse the ability of Cy-g to induce apoptosis in human

lymphoblastoid Jurkat T cells and to measure the expression

of different proteins known to be involved in the apoptotic

process. However, since selectivity for transformed cells and

absence of genotoxicity for healthy cells are important

requisites for new chemopreventive agents, the apoptosis

induction and genotoxicity of Cy-g on phytohaemoagglutinin

(PHA)-stimulated human T lymphocytes (the healthy

counterpart of Jurkat T cells) were also investigated.

Materials and Methods

Chemicals. Cy-g (CAS registry number 7084-24-4, Polyphenols

Laboratories, Sandnes, Norway) was dissolved in sterile water

acidified (pH 3) with HCl 0.1 N. The solutions were stored in the

dark at 0-4ÆC. The concentrations of Cy-g used were from 3.1 to

200.0 Ìg/ml of cell suspension. The treatment of cultures with Cy-g

did not modify the pH of cultures (data not shown).
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Cells and in vitro culture conditions. Jurkat T leukaemia cells were

maintained in RPMI supplemented with 10% heat-inactivated

foetal bovine serum (Sigma, St. Louis, MO, USA). Blood samples

(20 ml) were obtained from AVIS (Italian Association of

Voluntary Blood Donors). Two healthy, non-smoking males were

recruited; the donors provided written, informed consent for study-

use of samples at the time of donation. We performed two

independent experiments (using two different donors, respectively).

For each subject, treatments were done in duplicate and separate

cultures were set up for each treatment. Human mononuclear cells

were isolated by density gradient centrifugation and, after

depletion of adherent cells on plastic dishes, T lymphocytes were

isolated by erythrocyte rosetting. The erythrocyte rosette-positive

fraction contained <5% monocytes or B lymphocytes, as assessed

by flow cytometric analysis (data not shown). T cells were cultured

in RPMI 1640, containing 10% heat-inactivated foetal bovine

serum and 5 Ìg/ml PHA (Sigma).

Genotoxicity assay. Genotoxicity was assessed by using the

micronucleus (MN) assay. The MN test was performed by adding

cytochalasin B (Sigma; final concentration of 6 Ìg/ml) after 44 h of

culture (8). At the end of the 72-h incubation period, lymphocytes

were fixed with ice-cold methanol:acetic acid (1:1). Fixed cells were

put directly on slides using a cytospin, and stained with May

Grünwald-Giemsa. All slides were coded prior to scoring. The

criteria for scoring micronuclei were as described by Fenech (9).

At least 2000 binucleated lymphocytes were examined per

concentration (two cultures per concentration) for the presence of

one, two or more micronuclei.

Nuclear Division Index. The Nuclear Division Index (NDI), a

measure of cell division kinetics, was calculated by scoring at least

500 cells per sample for the presence of one, two, three or more

nuclei. Nuclear division was not affected by the addition of

cytochalasin B, but cell division was arrested. Cells that underwent

one division had two nuclei and cells that underwent two divisions

had three or four nuclei. Cells that responded to PHA stimulation,

but did not complete one division, had only one nucleus. Cells that

did not undergo mitogen stimulation, as judged by their size and

the density of DNA-positive material, were not included in the

count. The NDI was calculated as follows: NDI=(M1 + 2xM2 +

3xM3 + 4xM4)/N, where M1-M4 indicates the number of cells with

1 to 4 nuclei and N indicates the total number of cells scored

(viable and non-viable).

Evaluation of apoptosis and necrosis by flow cytometry. Cells of

exponentially growing cultures were collected at a time

corresponding to one cell cycle (24 h for Jurkat cells and 48 h for

T lymphocytes). Aliquots of 0.5x106 cells were treated with 100 Ìl

of labelling solution (Annexin-V-Fluos, Boehringer Mannheim,

Mannheim, Germany) containing 2 Ìl annexin V labelling reagent

and 0.1 Ìg propidium iodide (PI; Sigma). Green [annexin 

V-fluorescein isothiocyanate (FITC)] and red (PI uptake)

fluorescence of individual cells were measured with a FACStar+

flow cytometer, using 488 nm excitation, and a 530 nm bandpass

filter for FITC detection and a filter >590 nm for PI detection.

Hence, it was possible to detect non-apoptotic live cells (Annexin

Vnegative – PInegative), early apoptotic cells (Annexin Vposititve –

PInegative), late apoptotic or necrotic cells (Annexin Vpositive –

PIpositive), and late necrotic cells (Annexin Vnegative – PIpositive). For

each sample, 10,000 events were registered.

Flow cytometric evaluation of p53, bcl-2, bax and c-myc proteins.
Under the same exposure conditions described above, 1x106 cells

were fixed and permeabilised by Leucoperm solution A and B

(Serotec, Oxford, UK). They were then incubated with 10 Ìl of

each antibody, i.e. FITC p53 (35 Ìg/ml; Novocastra, Newcastle,

UK) against phosphorylated and non-phosphorylated protein,

FITC bcl-2 (200 Ìg/ml; Serotec) against phosphorylated and non-

phosphorylated protein, FITC c-myc (200 Ìg/ml; Santa Cruz
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Figure 1. ∂ffect of Cy-g on nuclear division index (NDI) and frequency of
micronuclei (MN) in cultured human lymphocytes. The data presented are
averaged from four measures, with error bars denoting standard errors of
the mean.

Figure 2. Fraction of apoptotic cells, as detected in cells treated with Cy-g
at the indicated doses. Cells were removed from treated and untreated
cultures and stained with annexin V-FITC and PI. The data presented are
averaged from four measurements, with error bars denoting standard errors
of the mean.



Biotechnology, Santa Cruz, CA, USA) and bax (200 Ìg/ml; Santa

Cruz Biotechnology) or isotype-matched negative control

(Serotec). For bax analysis, cells were incubated with 10 Ìl of

FITC-labelled secondary antibody (5 Ìg/ml; Serotec). From each

sample, 10,000 cells were analysed and non-specific binding was

excluded by gating around those cells which were labelled by the

isotype-negative control antibodies.

Statistical analysis. Statistical significance of the results was

evaluated using ANOVA, and Dunnet t-test as post test. All 

p values were two-sided. All statistical analyses were performed in

GraphPad Instat version 3.00 for Windows 95, GraphPad software.

Results

The NDI of Cy-g-treated human lymphocyte cultures

showed a gradual dose-dependent decrease (Figure 1),

starting at 50 Ìg/ml, where the NDI decreased by about

7.5%. The NDI continued decreasing up to the 200 Ìg/ml

concentration, where Cy-g reduced the NDI by more than

80%. Since this concentration exhibited more than 60%

toxicity, the analysis of Cy-g genotoxicity was therefore

conducted at concentrations of up to 100 Ìg/ml (Figure 1).

These concentrations of Cy-g had no significant effect on

MN frequency (Figure 1).

Cy-g treatment induced apoptosis both in transformed and

normal T lymphocytes, although at different concentrations.

In Jurkat cells, even the lowest concentration tested (12.5

Ìg/ml) was sufficient to increase the percentage of apoptotic

cells. After treatment with higher doses, the fraction of

apoptotic cells continued to increase, reaching 49.0% at 200.0

Ìg/ml. (Figure 2). Normal T cells were more resistant to Cy-

g-induced apoptosis than Jurkat cells. Treatment with 12.5,

25.0 and 50.0 Ìg/ml Cy-g produced levels of apoptosis similar

to those found in controls (Figure 2). However, the highest

concentrations produced significant increases in apoptosis.

With regard to necrosis induction, Cy-g was also more active

in Jurkat cells than in normal T cells (data not shown). In

Jurkat cells, induction of necrosis started at the concentration

of 25.0 Ìg/ml Cy-g. By comparison, in T cells, a significant

induction of necrosis was reached only at the highest

concentration tested.

Cells treated with the highest concentration of Cy-g

(where the highest induction of apoptosis was recorded)

were also analysed for the levels of proteins involved in

apoptosis. Apoptotic cells were gated – based on their

modified forward- and side-angle light-scatter characteristics

– and proteins were then quantified. Both Jurkat and

normal T-treated cells showed a marked increase in p53 and

bax protein levels, whereas bcl-2 and c-myc levels were

substantially unchanged (Figure 3).

Discussion

To date, there is little information on the potential

chemopreventive effects of Cy-g. The results of the present

investigation indicate a cancer-preventive activity of Cy-g,

which in Jurkat T leukaemia cells enhanced apoptosis

through an increase of p53 and bax proteins. However, it

also showed activity on non-transformed human T

lymphocytes, although at higher concentrations than for

Jurkat cells (100 Ìg/ml versus 12.5 Ìg/ml, respectively).

Moreover, the highest percentage of apoptotic cells

induced in Jurkat cells was substantially greater than that

recorded in normal lymphocytes (4.4-fold versus 1.7-fold

increases with respect to controls). The behavior of Cy-g

on transformed and non-transformed T cells is, therefore,

quantitatively different. Differences in membrane

composition between normal and cancer cells in general

have been described (10). It is possible that these

differences may affect the sensitivity of the cells to Cy-g,

taking into consideration that anthocyanin incorporation

in the plasma membrane is considerably higher than within

the cytosol (11).

P53-mediated apoptosis is activated by DNA damage

(12). Our results indicate that Cy-g is not associated with

DNA damage in human lymphocyte cultures, as assessed

by the MN assay. It can, therefore, not be excluded that

Cy-g induces the formation of micronucleated cells, which

could be eliminated by a completely efficient apoptosis

effector pathway.

The bioavailability, i.e. tissue and cellular concentrations,

of dietary compounds is a determining factor in their cancer-

preventive activity in vivo. For example, compounds such as

curcumin are effective when applied topically to the skin or

administered orally to affect the colon, but are not effective

in internal organs such as the lungs (13).The presence of
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Figure 3. P53, bcl-2, bax and c-myc protein contents following 24-h
culture of Jurkat cells, or 48-h culture of T lymphocytes in the absence or
presence of Cy-g (200 Ìg/ml). The data presented are averaged from four
measurements, with error bars denoting standard errors of the mean.



anthocyanins and anthocyanidins in human and/or rat

plasma, after oral administration of different glycoside forms

of cyanidin glycosides, has been reported (14, 15). Cyanidin-

glycosides are absorbed from the digestive tract into the

blood stream in their intact glycosylated forms (14, 15).

Moreover, it has been demonstrated that, after the ingestion

of 153 mg of anthocyanins, only 0.020-0.050% of the oral

doses was excreted in the urine (16). Diversely, Miyazawa et
al. (17) have reported no amounts of cyanidin were

detectable in rat plasma, liver and human plasma despite

oral administrations of cyanidin-3-glycoside and cyanidin-3,5-

diglycoside, by hypothesising that no hydrolysis of the

glycosidic bond occurs in the gastrointestinal tract. More in-

depth bioavailability studies would facilitate a correlation of

mechanisms determined in vitro with in vivo situations,

increase our understanding of dose-response relationships,

and facilitate extrapolation of the results from animal studies

to human situations.
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