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Results  High-dose F7 suppressed tumour frequency by 
58 % (P < 0.001), tumour incidence by 24 % (P < 0.05), 
and lengthened latency by 8 days (P > 0.05) in comparison 
with the control rats, whereas lower dose of F7 was less 
effective. Histopathological analysis of tumours showed 
significant decrease in the ratio of high-/low-grade carci-
nomas after high-dose F7 treatment. Immunohistochemical 
analysis of rat carcinoma cells in vivo found a significant 
increase in caspase-3 expression and significant decrease 
in Bcl-2, Ki67, and VEGFR-2 expression in the high-
dose group. Both doses demonstrated significant positive 
effects on plasma lipid metabolism in rats. F7 significantly 
decreased survival of MCF-7 cells in vitro in MTT assay 
by dose- and time-dependent manner compared to control. 
F7 prevented cell cycle progression by significant enrich-
ment in G1 cell populations. Incubation with F7 showed 

Abstract 
Purpose  Fruit and vegetable intake is inversely cor-
related with cancer; thus, it is proposed that an extract of 
phytochemicals as present in whole fruits, vegetables, or 
grains may have anti-carcinogenic properties. Thus, the 
anti-tumour effects of fruit peel polyphenols (Flavin7) in 
the chemoprevention of N-methyl-N-nitrosourea-induced 
mammary carcinogenesis in female rats were evaluated.
Methods  Lyophilized substance of Flavin7 (F7) was 
administered at two concentrations of 0.3 and 3 % through 
diet. The experiment was terminated 14  weeks after car-
cinogen administration, and mammary tumours were 
removed and prepared for histopathological and immuno-
histochemical analysis. In addition, using an in vitro cyto-
toxicity assay, apoptosis and proliferation after F7 treat-
ment in human breast adenocarcinoma (MCF-7) cells were 
performed.
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	 pec@jfmed.uniba.sk

1	 Department of Medical Biology, Jessenius Faculty 
of Medicine, Comenius University, Malá Hora 4,  
036 01 Martin, Slovakia

2	 Department of Medical Biochemistry, Comenius University, 
Martin, Slovakia

3	 Department of Pharmacology, Faculty of Medicine,  
P. J. Šafárik University, Tr. SNP 1, 040 01 Kosice, Slovakia

4	 International Clinical Research Center, St. Anne’s University 
Hospital, Masaryk University, Pekarska 53, 656 91 Brno, 
Czech Republic

5	 Department of Pathology, St. Elisabeth Oncology Institute, 
Slovak Medical University, Heydukova 10, 812 50 Bratislava, 
Slovakia

6	 Department of Anatomy, Comenius University,  
Martin, Slovakia

7	 The Centre for Chronic Disease Prevention and Management 
(CCDPM), Western CHRE, Victoria University, St Albans, 
Australia

8	 Department of Histology and Embryology,  
Comenius University, Martin, Slovakia

9	 Department of Animal Physiology, Institute of Biological 
and Ecological Sciences, Faculty of Science, P. J. Šafárik 
University, Moyzesova 11, 040 01 Kosice, Slovakia

10	 Department of Biology and Ecology, Faculty of Education, 
Catholic University in Ružomberok, Hrabovská cesta 1,  
034 01 Ružomberok, Slovakia

http://crossmark.crossref.org/dialog/?doi=10.1007/s00394-015-0910-5&domain=pdf


	 Eur J Nutr

1 3

significant increase in the percentage of annexin V-/PI-pos-
itive MCF-7 cells and DNA fragmentation.
Conclusions  Our results reveal a substantial tumour-
suppressive effect of F7 in the breast cancer model. We 
propose that the effects of phytochemicals present in this 
fruit extract are responsible for observed potent anti-cancer 
activities.

Keywords  Mammary carcinogenesis · Rat · 
Fruit polyphenols · Angiogenesis · Apoptosis · Cell 
proliferation · MCF-7

Abbreviations
BrdU	� 5-Bromo-20-deoxyuridine
FCM	� Flow cytometry analysis
FLAV 0.3/FLAV 3	� Experimental group with dietary-

administered Flavin7 in a concentra-
tion of 0.3 and 3 %

F7	� Flavin7
HG	� High grade
LDL	� Low-density lipoprotein
LG	� Low grade
MCF-7	� Human adenocarcinoma cell lines, 

oestrogen receptor-positive
MDA-MB-231	� Human breast adenocarcinoma cell 

line, oestrogen receptor-negative
NMU	� N-methyl-N-nitrosourea
p.o.	� Per os
VEGF	� Vascular endothelial growth factor
VEGFR-2	� Vascular endothelial growth factor 

receptor-2
VLDL	� Very low-density lipoprotein

Introduction

The consumption of non-nutrient bioactive plant com-
ponents in fruit, vegetables, grains, and other plant foods 
is associated with a decrease in the risk of major chronic 
diseases [1–3]. There are many studies, suggesting that 
phytochemicals display many beneficial biological roles, 
e.g. anti-tumour, neuroprotective, anti-allergic, and anti-
aggregatory effects [4]. The mechanisms of action of 
phytochemicals may involve an ability to target multiple 
molecular pathways in carcinogenesis (e.g. proliferation, 
apoptosis, angiogenesis, inflammation, and cell infiltration) 
without eliciting undesirable side effects in cells. Due to 
promising epidemiological, preclinical, and clinical results, 
a number of phytochemicals and whole plant foods serve as 
candidates for development of anti-cancer agents.

The substance Flavin7® (F7) is a nutritional supple-
ment frequently taken by cancer patients during radiation 
therapy or chemotherapy mainly in Central Europe and 

Canada. F7 is a lyophilized mixture of peels from seven 
fruits—red grape, blackberry, blackcurrant and redcurrant, 
black cherry, elderberry, plum, and blackthorn—with high 
concentration of polyphenols (2.77 % from total amount). 
F7 contains a high concentration of the following flavo-
noids—myricetin, quercetin, kaempferol, rutin, isorham-
netine, catechin, epicatechin, malvidin-3-glucoside, caffeic 
acid, chrysin, galangin, apigenin, fisetin, luteolin, morin—
as well as several anthocyanidins and stilbene resveratrol 
(trans-form, cis-form, and glycosides) (Vita Crystal Ltd., 
Budapest, Hungary). Regular consumption of flavonoids 
in humans led to a significant decrease in the incidence 
of different neoplasia including breast cancer [5–7]. In 
preclinical research, flavonoids suppressed mammary car-
cinogenesis in vitro and in vivo [8, 9]. The important role 
of flavonoids as growth inhibitors on different cancer cell 
lines by induction of G1 cell cycle arrest [10], G2/M arrest, 
and apoptosis [11] was demonstrated. Flavonoids may have 
anti-angiogenesis activity via inhibitory effects on cell pro-
liferation, cell migration, cell adhesion, and tube formation 
[12]. However, a key question remains whether a purified 
phytochemical has the same anti-carcinogenic effects as the 
whole functional food containing the same phytochemical 
in the mixture with other phytochemicals.

The main aim of this study was to evaluate the preven-
tive effects of long-term F7 administration in a model of 
N-methyl-N-nitrosourea (NMU)-induced mammary car-
cinogenesis in female rats. As well, the mechanism of 
action after F7 treatment was determined in vivo. A his-
topathological analysis of carcinomas was performed to 
determine whether F7 effected the differentiation and prog-
nosis of the tumours. The effects of F7 on parameters of 
oxidative damage in the cell and on plasma lipid metabo-
lism in animals after long-term treatment were determined. 
Moreover, an in vitro study with cytotoxicity data, param-
eters of apoptosis and proliferation in human adenocar-
cinoma cell lines (MCF-7) after F7 treatment were also 
performed.

Materials and methods

The experiment was approved by the Ethical Commission 
of the Jessenius Faculty of Medicine of Comenius Uni-
versity (Protocol No. EK1125/2012) and by the State Vet-
erinary and Food Administration of the Slovak Republic 
(Accreditation No. Ro-1759/11-221).

Animals and induction of mammary carcinogenesis, 
design of experiment

Female rats of the Sprague–Dawley strain (Charles River 
Laboratories, Sulzfeld, Germany) aged 31–35  days were 
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used in the experiment. The animals were adapted to stand-
ard vivarium conditions with temperature 23 ± 2 °C, rela-
tive humidity 40–60  %, artificial regimen (L/D 12:12  h). 
During the experiment, the animals were fed the Ssniff diet 
(Soest, Germany) and water ad libitum. Mammary carcino-
genesis was induced by NMU (Sigma, Deisenhofen, Ger-
many) administered intraperitoneally in one dose of 50 mg/
kg body weight on average on the 42nd post-natal day.

Chemoprevention with Flavin7 (Vita Crystal Ltd., Buda-
pest, Hungary; fruit origin—Central Europe) began 1 week 
before carcinogen administration and lasted until the end of 
the experiment (14 weeks after NMU administration). Lyo-
philized substance F7 was administered in the diet at two 
concentrations of 3 g/kg (0.3 %) and 30 g/kg (3 %). Ani-
mals were randomly assigned to one of three experimental 
groups: group 1—control group without chemoprevention; 
group 2—chemoprevention with F7 at a concentration of 
0.3 % (FLAV 0.3); and group 3—chemoprevention with F7 
at a concentration of 3 % (FLAV 3). Each group consisted 
of 25 animals. The lower dose of F7 in this experiment was 
based on the maximal clinical dose (approx. 6 g). In gen-
eral, rats demonstrate different pharmacokinetics and phar-
macodynamics of many drugs compared to humans; there-
fore, it was necessary to use high doses of F7 to prove its 
potential anti-neoplastic effect in this experiment (the aver-
age daily dose of F7 per rat was 57.51 mg in lower dose 
and 587.7 mg in higher dose). The animals were weighed 
and palpated weekly in order to register the presence, 
number, location, and size of each palpable tumour. Food 
intake per cage during 24 h was monitored in the 7th and 
13th week of the experiment; the measurements were taken 
four times (twice in each week). The F7 doses per animal 
and day were calculated in accordance with the amount of 
chow consumed. In the last (14th) week of the experiment, 
the animals were quickly decapitated, the blood from each 
animal was collected, mammary tumours were excised, 
and the tumour size was recorded. Macroscopic changes 
in selected organs (liver, spleen, kidney, stomach, intestine, 
and lung) were evaluated at autopsy.

Histopathological and immunohistochemical analysis 
of rat tumours

A tissue sample of each mammary tumour was routinely 
formalin-fixed and paraffin-embedded. The tumours were 
classified according to the criteria for the classification of 
rat mammary tumours [13]. The additional parameter—
grade of invasive carcinomas—was used. Tumour samples 
were divided into low-grade (LG) and high-grade (HG) 
carcinomas. The criteria for categorization (solidization, 
cell atypia, mitotic activity index, and necrosis) were cho-
sen according to the standard diagnostic method of classifi-
cation. HG carcinomas were considered to be tumours with 

≥2 positive criteria; LG carcinomas were tumours with 
≤1 positive criterion. Serum lipid parameters were evalu-
ated using an Olympus AU640 (Olympus Optical, Tokyo, 
Japan) automatic biochemical analyser.

The paraffin block with the most representative tumour 
area of each mammary tumour was chosen for immuno-
histochemical analysis. The detection of selected proteins 
was carried out by indirect immunohistochemical method 
on whole paraffin sections, utilizing commercially avail-
able rat-specific antibodies (Santa Cruz Biotechnology, 
Paso Robles, CA, USA; Dako, Glostrup, Denmark; Bioss, 
Woburn, MA, USA). After deparaffinization, endogenous 
peroxidase activity was blocked by incubation with 0.3 % 
hydrogen peroxide in methanol for 30 min. Sections were 
pretreated in a microwave generator for 15 min in 10 mM 
citrate buffer (pH 6.0) and incubated with the primary 
antibody in PBS containing 1 % BSA, for 60 min at room 
temperature. The primary antibodies were visualized by a 
secondary staining system (EnVision, Dual Link System-
HRP, cat. No. K4061, Dako North America, Carpinteria, 
CA, USA) using diaminobenzidine tetrahydrochloride 
(DAB) as a substrate. The sections were counterstained 
with haematoxylin, dehydrated, and mounted in Canadian 
balsam. Negative controls included omission of primary 
antibody. Immunohistochemically, detected antigen expres-
sion was evaluated by precise morphometric method. Sec-
tions were screened, and digital images of microscopic 
views at magnifications of 200× were taken with an 
Olympus Evolt E-420 installed in an Olympus BX41  N 
microscope. Expression of VEGF and caspase-3 was ana-
lysed in the cytoplasm of tumour cells. Bax and Bcl-2 are 
membrane-associated oncoproteins. Ki67 was detected 
within the nucleus. Receptors for VEGF were observed 
in the cell membrane. Expression of proteins was quanti-
fied as the average percentage of antigen-positive area in 
standard fields (0.5655 mm2) of tumour hotspot areas. Mor-
phometric analysis of the digital images was done using 
QuickPhoto Micro software, version 2.3 (Promicra, Prague, 
Czech Republic). The antigen-positive area was evaluated 
by phase analysis with standard thresholds for weak, mild, 
and strong intensities of immunoreactivity. The values of 
protein expression were compared between treated (FLAV 
0.3 and FLAV 3) and non-treated (control) tumour cells of 
female rats; at least 60 images for one protein were ana-
lysed (in total 360 images for six proteins).

Homogenization, fluorescence assay of oxidative protein 
damage and ELISA method for antioxidant enzyme 
and 3‑nitrotyrosine levels evaluation

For fluorescence-based determination of the parameters 
reflecting oxidative protein damage, the dissected cancer 
tissue was homogenized in five volumes of homogenization 
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buffer (100 mM Tris, 1 mM EDTA, 0.1 % Triton-100) and 
protease inhibitor cocktail (Sigma-Aldrich, Germany, pH 
7.4), and supernatant obtained by following centrifuga-
tion (10,000×g, 4 °C, 10 min.) was collected and stored at 
−80 °C until further use. The protein content in homogen-
ates was estimated by Bradford assay using bovine serum 
albumin as a standard. The relative levels of dityrosine 
and conjugates of lipid peroxidation products with lysine 
were estimated by measuring the intensities of their natural 
fluorescence [14]. Intensity of dityrosine fluorescence was 
measured at λex = 325 nm (slit = 5 nm) and λem = 410 nm 
(slit = 10 nm) for solution containing 50 μg of homogenate 
proteins per 1 ml of buffer (50 mM KH2PO3/K2HPO3, pH 
7.0; 10 mM KCl). Relative level of conjugates of lipid per-
oxidation products with lysine was estimated as intensity 
of fluorescence measured at λex =  365  nm (slit =  5  nm) 
and λem = 440 nm (slit = 10 nm) for solution containing 
50 μg of homogenate proteins per 1 ml of buffer (50 mM 
KH2PO3/K2HPO3, pH 7.0; 10 mM KCl). All measurements 
were taken on spectrofluorometer PerkinElmer LS-55.

The effect of F7 on relative levels of antioxidant 
enzymes and 3-nitrotyrosine levels was measured by indi-
rect ELISA method. Microtiter plate wells (Maxisorp, 
Sigma-Aldrich) were coated for 2  h at room temperature 
with 100 µl of homogenate of mammary carcinoma tissues 
at 50 µg/ml in buffer, pH 7.6. After coating the antigen to 
microplate, the coating solution was removed and the plate 
was washed twice in PBS. The solutions or washes were 
removed by flicking the plate over a sink. The remaining 
protein-binding sites were blocked in the coated wells by 
adding blocking buffer (5  % BSA in PBS) for 30  min at 
room temperature. The primary antibodies against 3-nitro-
tyrosine (1:2500, PNK: sc-55256, Santa Cruz), manganese 
superoxide dismutase Mn-SOD (1:5000, SOD-2, A-2: 
sc-133134, Santa Cruz), glutathion reductase (1:2500, 
H-120: sc-32886, Santa Cruz), or catalase (1:5000, N-17: 
sc-34280, Santa Cruz) in blocking buffer were added and 
incubated overnight at 4  °C. The plate was washed three 
times with PBS and blocked with blocking buffer for 30 
min. at room temperature. The appropriate secondary alka-
line phosphatase-conjugated antibodies (1:5000, Novex, 
England) were added and incubated for 1 h at room tem-
perature. The plate was washed three times with PBS fol-
lowing with addition of a chromogenic substrate solution 
(5 mM 4-nitrophenyl phosphate, 0.05 mM MgCl2 in PBS). 
After sufficient yellow colour development, we added stop 
solution (2 M NaOH) to the wells and read at 405 nm.

Anti‑proliferative activity: tumour cell lines 
and cytotoxicity assay

MCF-7 (human breast adenocarcinoma, oestrogen receptor-
positive), MDA-MB-231 (human breast adenocarcinoma 

cell lines derived from metastatic site, oestrogen receptor-
negative), and 3T3 fibroblasts (non-cancerous cell line) 
were routinely maintained in Dulbecco’s modified Eagle’s 
medium with Glutamax-I and sodium pyruvate supple-
mented with 10 % foetal calf serum, penicillin (100 IU/ml), 
and streptomycin (100 μg/ml, all from Invitrogen, Carls-
bad, CA, USA). The cells (obtained from ECACC, Porton 
Down, Salisbury, UK) were maintained under standard tis-
sue culture conditions of 37  °C, 95  % air/5  % CO2. Cell 
viability, estimated by trypan blue exclusion, was >95  % 
before each experiment.

The cytotoxic effects of F7 were determined using col-
orimetric microculture assay with the MTT end-point [15]. 
Briefly, 3 × 103 cells were plated per well in 96-well poly-
styrene microplates (Sarstedt, Nümbrecht, Germany) in the 
culture medium containing tested compound at final con-
centrations of 0.05–0.2  mg/ml. After 72  h of incubation, 
10 µl of MTT (5 mg/ml) (Sigma, Germany) was added to 
each well. After an additional 4 h, during which insoluble 
formazan was produced, 100  µl of 10  % sodium dodecyl 
sulphate was added to each well and another 12  h were 
allowed for the formazan to dissolve. The absorbance was 
measured at 540 nm using the automated uQuant™ Univer-
sal Microplate Spectrophotometer (BioTek, Winooski, VT, 
USA). The blank-corrected absorbance of the control wells 
was taken as 100  %, and the results were expressed as a 
percentage of the control. All experiments were performed 
in triplicate.

Analysis of cell cycle

For flow cytometric analysis of the cell cycle, floating and 
adherent cells were harvested together 24, 48, and 72  h 
after treatment (150 µg/ml), washed in cold PBS, fixed in 
cold 70  % ethanol, and kept at −20  °C overnight. Prior 
to analysis, cells were washed twice in PBS, resuspended 
in staining solution (final concentration of 0.1  % Triton 
X-100, 0.5  mg/ml ribonuclease A, and 0.025  mg/ml pro-
pidium iodide—PI), incubated in the dark at RT for 30 min 
and analysed using a FACSCalibur flow cytometer (Bec-
ton–Dickinson, San Jose, CA, USA).

Annexin V/PI staining

Early stage/phase of apoptosis was analysed using the 
annexin V/propidium iodide apoptosis kit (BD Bio-
sciences Pharmingen, San Diego, CA, USA)—accord-
ing to the manufacturer’s recommendation. MCF-7 cells 
were harvested 24, 48, and 72 h after treatment (150 µg/
ml) and stained with annexin V-FITC in binding buffer 
for 15  min, washed, stained with propidium iodide 
for 5  min, and analysed using a BD FACSCalibur flow 
cytometer.



Eur J Nutr	

1 3

DAPI staining

Final apoptosis morphology was evaluated by fluorescence 
microscopy. MCF-7 cells grown on cover slips for 24, 48, 
and 72 h after treatment (150 µg/ml) were fixed with 2 % 
paraformaldehyde for 20  min. at 4  °C. After incubation, 
the cells were washed briefly with PBS and incubated at 
room temperature with SlowFade® Gold anti-fade reagent 
with 4′,6-diaminidino-2-phenylindole, dihydrochloride 
(DAPI) (Invitrogen, USA) for nuclear visualization. The 
slides were analysed using fluorescence microscope Leica 
DMI6000 B (Leica Microsystems, Inc., Bannockburn, IL, 
USA) and evaluated as percentages of cells with a frag-
mented nucleus from a minimum of 300 cells.

DNA fragmentation assay

MCF-7 cells were harvested (24, 48, and 72 h after treat-
ment) and lysed in a lysis buffer containing 10  mmol/l 
EDTA, 0.5  % Triton X-100. Proteinase K (1  mg/ml) was 
added, and cells were incubated at 37 °C for 1 h followed 
by 10-min incubation at 70  °C. RNase (200 μg/ml) was 
added, and cells were incubated for 1 h at 37 °C. Samples 
were transferred to 2 % agarose gel and run with 40 V for 
3 h. DNA fragments were visualized by a UV illuminator.

Statistical analysis

Statistical analyses were conducted using GraphPad Prism, 
version 5.01 (GraphPad Software, La Jolla, CA, USA). 
The Mann–Whitney and Kruskal–Wallis tests and one-way 
analysis of variance were the statistical methods used in 
data evaluation. P values of 0.05 or less were considered 
statistically significant. Tumour volume was calculated 
according to the formula: V = π .(S1)

2
· S2/12 (S1, S2 are 

tumour diameters; S1 < S2).

Results

Rat mammary carcinogenesis

F7 inhibited rat mammary carcinogenesis in a dose-dependent 
manner. In the FLAV 3 group, an apparent decrease in tumour 
frequency (the most sensitive parameter of rat breast cancer 
model) by 58 % (P = 0.0002), decrease in incidence by 24 % 
(P =  0.041), and lengthening of tumour latency by 8  days 
(P =  0.12) were observed compared to control. The FLAV 
3 group also showed a tendency to decrease tumour volume. 
Average tumour volume significantly correlated (r =  0.020, 
P =  0.329) with the treatment efficacy (tumour frequency) 
in the FLAV 3 group. In the FLAV 0.3 group, a decrease in 
tumour frequency by 28 % was observed (P = 0.054, Table 1).

Pathology of rat tumours

The most frequently occurring lesions in all experimental 
groups were mixed papillary/cribriform and cribriform/
papillary carcinomas, and cribriform carcinomas. A signifi-
cant shift in the rate of poorly differentiated (high grade, 
HG) and well-differentiated (low grade, LG) mammary 
carcinomas after the treatment with F7 in higher dose was 
found [control group: 30/48 (HG/LG); FLAV 0.3: 16/41 
(P = 0.23 vs control); FLAV 3: 7/29 (P = 0.049 vs con-
trol)]. A significant positive correlation between histologi-
cal grade and tumour volume (r =  0.46; P =  0.004) was 
also observed. A histopathological classification of all 
mammary tumours is summarized in Table 2.

Immunohistochemical evaluation of rat tumours

Figures 1 and 2 represent the immunohistochemical anal-
ysis of rat mammary tumour cells. In the FLAV 3 group, 
caspase-3 expression increase by 45 % (P =  0.0003) and 
Bcl-2 expression decrease by 26.5  % (P  =  0.03) were 
observed compared to control. A tendency to increase Bax 
expression (by 4.5 and 10 % vs control) in treated groups 
was observed. Dose-dependent decrease in Ki67 expression 
in tumour cells of both treated groups by 15 % (P > 0.05) 
and 28 % (P = 0.042) was found. VEGFR-2 significantly 
decreased by 29 % (P = 0.0006) in cells treated with higher 
F7 dose compared to control. No changes in VEGF expres-
sion in treated carcinoma cells (Figs. 1, 2) were observed 
compared to the control cells.

Oxidative damage of proteins, antioxidant enzymes, 
and 3‑nitrotyrosine levels

The higher dose of F7 in the diet appeared to reduce dity-
rosine levels (by 15 %, P > 0.05) when compared to control 
(Fig. 3a). F7 supplementation in diet had no effect on level 
of conjugates of lysine with the products of lipid peroxida-
tion. F7 also appeared to decrease the relative 3-nitrotyros-
ine levels (a product of tyrosine nitration) by 32 % (FLAV 
0.3) and by 28  % (FLAV 3) in comparison with control 
(P > 0.05, Fig. 3b).

ELISA and western blot analysis were used to inves-
tigate the expression of the enzymes with anti-oxidative 
capacity. The both methods showed that supplementation of 
F7 in the diet in any of the tested parameters had no signifi-
cant effect on the expression of superoxide dismutase type 
2, catalase, and glutathione reductase (data not shown).

In vitro analysis in MCF‑7 cells

F7 significantly inhibited metabolic activity and viabil-
ity of the MCF-7 and MDA-MB-231 cells by a dose- and 
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time-dependent manner as detected by MTT assay (P < 0.05, 
P < 0.01, P < 0.001, Fig. 4). 3T3 fibroblast non-cancerous 
control cell lines showed only minimal effect after high-dose 
F7 treatment. For further in vitro studies in MCF-7 cells, we 
selected concentration of 150 µg/ml.

Significant enrichment in G0/G1 (24, 48, and 72 h) and 
occurrence of sub-G0 population (72  h) were observed 
after F7 treatment (150 µg/ml), as compared with untreated 
cells. As a consequence, a significant reduction in the S 
and G2/M phase cell population was observed (P  <  0.01; 
P < 0.05, respectively, Table 3).

Analysis of phosphatidylserine externalization, shortly 
(24 h) after F7 incubation, showed the significant increase 

in the percentage of annexin V-positive MCF-7 cells. 
Simultaneously, percentage of annexin V-/PI-positive cells 
increase from 2.4 % (untreated cells) to 15.4 % (F7-treated 
cells after 72-h incubation, Table 4).

The nuclear morphological changes of MCF-7 cells 
were analysed using DAPI staining. F7 at concentration 
of 150  µg/ml significantly increased percentage of cells 
with condensed chromatin after 48 and 72  h of incuba-
tion (P < 0.05, P < 0.01, Fig. 5a). Furthermore, as shown 
in Fig.  5b, treatment with F7 at the same concentration 
resulted in the formation of DNA fragments (characteristic 
ladder pattern).

Side effects in animals

Compared to the control animals, F7 at higher dose signifi-
cantly decreased serum levels of triacylglycerols and VLDL 
cholesterol by 20.5 %. F7 in lower dose significantly reduced 
serum total cholesterol levels by 13.5 % (data not shown). 
Compared to control animals, there was no difference in 
final body weight. Animals from both treated groups exhib-
ited a significant increase in food intake by approximately 
2.5 g compared to control. The phytotherapy was well toler-
ated by animals (in both doses); no macroscopic changes due 
to F7 administration in the selected organs (e.g. liver steato-
sis, hepato/splenomegaly, ovarian cysts, gastritis, and appar-
ent hematopoietic disorders) were observed.

Discussion

A plethora of plant products are commercially available 
as dietary supplements. However, only limited data about 

Table 1   Effects of fruit peel polyphenols (Flavin7) in N-methyl-N-nitrosourea-induced mammary carcinogenesis in female Sprague–Dawley 
rats at the end of experiment

CONT control group, FLAV 0.3 group with administered F7 at a concentration of 3 g/kg in diet (0.3 %), FLAV 3 group with administered F7 at a 
concentration of 30 g/kg in diet (3 %)

* Data are expressed as mean ± SEM

** Data are expressed as a sum of volumes per group. Values in brackets are calculated as %-ual deviation from the 100 % of non-influenced 
control group (with exception of latency). Significantly different
a  P < 0.001 versus CONT
b  P < 0.02 versus FLAV 0.3
c  P < 0.05 versus CONT

Group CONT FLAV 0.3 FLAV 3

All animals/tumour bearing animals 25/25 25/23 25/19

Tumour frequency per group* 3.40 ± 0.39 2.44 ± 0.29 (−28 %) 1.44 ± 0.28 (−58 %)a,b

Tumour incidence (%) 100.0 92.0 (−8 %) 76.0 (−24 %)c

Tumour latency (days)* 66.64 ± 3.38 70.91 ± 3.12 (+4 days) 74.42 ± 3.44 (+8 days)a

Average tumour volume (cm3)* 0.63 ± 0.11 0.67 ± 0.17 (+6 %) 0.54 ± 0.16 (−14 %)

Cumulative tumour volume (cm3)** 49.69 36.82 (−26 %) 20.00 (−60 %)

Table 2   Histopathological classification and number of mammary 
tumours

Dominant type in mixed tumours is the first in order

Type: invasive carcinoma (C cribriform, P papillary, CO comedo), 
IDP intraductal proliferation

Mammary tumours CONT FLAV 0.3 FLAV 3

Malignant lesions

P, C 28 29 9

C, P 26 16 12

C 19 11 14

C, CO 7 2 –

P 3 3 –

P, C, CO 1 – –

C, P, CO 1 – 1

Precancerous lesion

IDP 1 – –

Total number 85 61 36
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their efficacy and mechanism of action are known. Well-
defined animal studies demonstrate high validity model 
for the anti-carcinogenic evaluation of possible new drugs. 
In this regard, we have evaluated the effects of fruit peel 
polyphenols (constituents of F7) in a well-established 
mammary carcinoma model in female rats. In this study, 
dietary-administered F7 significantly inhibited rat mam-
mary carcinomas in a dose-dependent manner. F7 is a com-
mercial source of phytochemicals, especially flavonoids 
and stilbenoid resveratrol, which play an important role 
in carcinogenesis [8, 9]. We believe that the additive and 
synergistic effects of many flavonoids present in F7 were 
responsible for its potent anti-carcinogenic effects in this 
study, as we previously shown that resveratrol administered 
alone did not show any tumour-suppressive activities in 
rat mammary carcinogenesis [16, 17]. It remains unknown 
whether a purified phytochemical has the same anti-carci-
nogenic effects as the whole plant-based food or mixture 
of foods [18]. A number of papers have been published 
regarding the role of resveratrol in cardiovascular protec-
tion, chemoprevention, and anti-ageing agent [19]. One of 
the main phenolic compounds in F7 is resveratrol. Based 
on the analysis of the manufacturer (Vita Crystal Ltd., 
Budapest, Hungary), lyophilized F7 consists of 0.014  % 
of resveratrol alone and 2.77 % of total polyphenol. Using 
the daily pellet food consumption, the daily doses of res-
veratrol per rat in treated groups were 8 μg (FLAV 0.3) and 
82.3 μg (FLAV 3), or daily total polyphenol consumption 
per rat was 1.6 and 16.3  mg, respectively. In our recent 
study (using the same model), resveratrol administered 

alone (p.o.) in a daily dose of approximately 27 mg per rat 
did not present any effects on rat mammary carcinogenesis 
when compared to control [16]. In our earlier study, simi-
lar results without any effect of resveratrol in rat mammary 
carcinogenesis (daily dose of 2  mg/rat, dietary adminis-
tration) were found [17]. The lack of in vivo efficacy of 
resveratrol alone was also reported by others [20]. In our 
recent study, mixture of carotenoids and flavonoids present 
in Chlorella pyrenoidosa (concentration of 3 % in the diet) 
has caused distinct reduction in tumour frequency by 61 % 
and significantly lengthened tumour latency by 12.5 days in 
comparison with the control [21]. Young barley leaf powder 
(0.3 % in the diet), rich in many flavonoids, demonstrated 
37  % reduction in tumour frequency using the same rat 
model (Kubatka et al. submitted manuscript). Distinct dif-
ferences in our results using single phytochemical or mix-
ture of phytochemicals in whole foods propose that the sin-
gle phytochemical (e.g. resveratrol in relatively high dose) 
cannot replace the combination of natural phytochemical 
mixture in fruits (e.g. several polyphenols in relatively low 
dose, such as that in F7).

Carcinogenesis is a process characterized by reduced 
apoptosis and uncontrolled proliferation. There are many 
experimental data that prove that different phytochemicals 
are involved in the induction of programmed cell death and 
in the inhibition of proliferation. Activation of caspases 
is recognized as a key element in the apoptotic process. 
Caspase-3 has been implicated as an “effector” caspase 
associated with the initiation of the cell death. Moreover, 
apoptosis regulator proteins, e.g. pro-apoptotic Bax or anti-
apoptotic Bcl-2, are important parameters of programmed 
cell death. There is evidence that flavonoids effectively trig-
ger the activation of caspase-3 [22, 23] or increase the Bax/
Bcl-2 ratio [24] in cancer cell lines. Our study indicates 
that F7 in higher dose significantly increased caspase-3 
expression in rat mammary tumour cells. These findings 
are similar to our previous results reporting the pro-apop-
totic effects of young barley characterized by the increased 
expression of both “executioner” caspases—caspase-3 and 
caspase-7—in rat mammary carcinoma cells (Kubatka 
et al. submitted manuscript). In addition, higher dose of F7 
significantly increased the Bax/bcl-2 pro-apoptotic ratio 
in rat mammary carcinoma cells in this in vivo study. To 
confirm whether F7 could induce cellular changes leading 
to cell death on MCF-7 cell line, we performed annexin V/
PI staining. This method detects an early stage of apoptosis 
and combined staining with PI detects a late stage of apop-
tosis or necrosis. Moreover, analysis of final morphology 
changes (nuclei condensations and DNA fragmentation) 
confirmed pro-apoptotic potential of F7 in MCF-7 cells.

Recent in vitro and in vivo studies on various cell lines 
have shown that flavonoids have growth inhibitory poten-
tial [25, 26]. Ki67 is considered a good tumour marker, 
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Fig. 1   Immunohistochemical evaluation of caspase-3, Bax, Bcl-2, 
Ki67, VEGF, and VEGFR-2 expression in rat mammary carcinoma 
cells after the treatment with F7 in two doses. Data are expressed as 
mean ± SEM. Significantly different, *P < 0.05, ***P < 0.001 versus 
CONT, +++P < 0.001 versus FLAV0.3. Figure represents the expres-
sion of proteins quantified as the average percentage of antigen-pos-
itive area in standard fields (0.5655  mm2) of tumour hotspot areas. 
The values of protein expression were compared between treated 
(FLAV 0.3, FLAV 3) and non-treated (control) carcinoma cells of rat 
females; at least 60 images for one protein were analysed
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which is strictly associated with cell proliferation [27]. In 
this study, we observed a significant decrease in the expres-
sion of Ki67 in rat mammary carcinoma cells in vivo from 
the group with higher F7 dose compared to control. Mix-
ture of flavonoids demonstrated anti-proliferative effects 
also in our previous study—young barley significantly 
reduced Ki67 expression in rat mammary carcinoma cells 
in vivo (Kubatka et  al. submitted manuscript). In our 

parallel in vitro study performed in human breast adeno-
carcinoma cells (MCF-7 and MDA-MB-231), F7 signifi-
cantly decreased (in a dose- and time-dependent manner) 
metabolic activity and viability of this cell lines in MTT 
assay. F7 treatment showed minimal effect on 3T3 fibro-
blasts used as non-cancerous cell control. Regarding the 
oestrogen receptor positivity/negativity (ER+, ER−), we 
demonstrated that ER+ MCF-7 cells were more sensitive 

Fig. 2   Representative images of caspase-3, Bax, Bcl-2, Ki67, VEGF, 
and VEGFR-2 expression in rat mammary carcinoma cells after the 
treatment with F7 in two doses using the immunohistochemical anal-
ysis. Images were selected according to results summarized in Fig. 1. 
For detection polyclonal caspase-3 antibody (Bioss, Woburn, USA), 

polyclonal Bax and Bcl-2 antibody (Santa Cruz Biotechnology, Paso 
Robles, CA, USA), monoclonal Ki67 antibody (Dako, Glostrup, Den-
mark), monoclonal VEGF, and VEGFR-2 antibodies (Santa Cruz Bio-
technology, Paso Robles, CA, USA) were used; final magnifications: 
×200
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to F7 treatment as ER− MDA-MB-231 cells. We suggested 
that the presence of oestrogen receptor could be one fac-
tor associated with cell growth inhibition after F7 dietary 
supplementation. Our results showed that F7 treatment neg-
atively affected cell metabolism that can lead to cell pro-
liferation changes. Moreover, to evaluate the effect of F7 
treatment on MCF-7 cell cycle progression, we performed 
flow cytometry analysis on cells treated with 150  µg/ml 
F7 for 24, 48, and 72 h. Our results suggest that F7 could 

prevent cell cycle progression and lead to inhibition of pro-
liferation in MCF-7 cells.

Angiogenesis, which involves a complex cascade of 
events, is a good target for cancer chemoprevention. The 
VEGF-kinase ligand/receptor signalling system plays a key 
role in angiogenesis. Recent in vivo studies showed that fla-
vonoids could inhibit breast cancer growth and neoangio-
genesis accompanying with suppressed VEGF/VEGFR-2 
signalling [28, 29]. In accordance with these results, fla-
vonoids present in F7 significantly decreased expression 
of VEGFR-2 in this study. Mojžiš et al. [30] found that F7 
could prevent tumour formation by inhibiting angiogen-
esis through the suppression of endothelial cell motility, 
proliferation, and tube formation in human umbilical vein 
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Fig. 3   Effect of F7 on dityrosines a and 3-nitrotyrosine b levels as 
markers of cell damage and oxidative stress in mammary cancer tis-
sue. The mammary carcinoma tissues were homogenized, and inten-
sities of natural fluorescence signals reflecting the levels of dityros-
ines, respectively, levels of 3-nitrotyrosine using indirect ELISA 
method were measured. Data are presented as a mean ± SEM. One-
way analysis of variance was first carried out to test for the differ-
ences between groups. Between individual groups, comparisons were 
made using a Student–Newman–Keuls multiple comparisons test. A 
value of P < 0.05 was considered to be statistically significant

Fig. 4   MTT assay showing the percentage of viable MCF-7, MDA-
MB-231, and 3T3 cells after 72-h incubation with F7 at 0.05–0.2 mg/
ml concentrations. MTT is a membrane permeable dye, which is 
metabolized to dark blue crystals of formazan by mitochondrial dehy-
drogenases of living cells. After lysis of the cell and solubilization of 
the formazan crystals, the absorbance was measured at 540 nm using 
the automated uQuant™ Universal Microplate Spectrophotometer. 
The blank-corrected absorbance of the control wells was taken as 
100 %, and the results were expressed as a percentage of the control. 
Data are expressed as means. Data were obtained from three inde-
pendent replicate experiments with at least three wells per treatment 
group in each individual replicate. Significantly different, *P < 0.05, 
**P < 0.01, ***P < 0.001 versus control cells (untreated)

Table 3   Flow cytometric analysis of cell cycle distribution in MCF-7 cells treated with Flavin7 (in %)

Cells were treated with F7 (150 μg/ml) for 24, 48, and 72 h. The distribution of cell cycle was assessed by flow cytometry. Each value is the 
mean ± SD of three independent experiments

Significantly different, * P < 0.05, ** P < 0.01 versus untreated cells (control); F7 Flavin7 (150 µg/ml); sub-G0/G1 fraction of cells identified as 
apoptotic population

Treatment Time (h) Sub-G0/G1 G0/G1 S G2/M

Control 0.18 ± 0.09 62.69 ± 1.50 17.36 ± 1.31 19.76 ± 2.21

F7 24 1.94 ± 1.13 70.93 ± 2.29* 14.30 ± 1.44 12.83 ± 1.66*

F7 48 2.89 ± 1.03 73.67 ± 2.21** 9.73 ± 1.13* 13.71 ± 1.34*

F7 72 5.95 ± 1.84* 76.63 ± 3.20** 8.28 ± 1.45** 9.72 ± 1.76**
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endothelial cells (HUVECs). In the same study, F7 reduced 
MMP-9 (matrix metalloproteinase) and MMP-2 activity 
in HUVECs (MMP is supposed to have major regulatory 
role in tumour invasion and angiogenesis). Wide spectrum 
of phytochemicals present in plant-derived products may 
interfere with several processes involved in cancer angio-
genesis; therefore further research on the benefits of phyto-
pharmaceuticals is warranted.

Since free radicals are considered to play an important 
role during the etiopathogenesis of cancer [31], the puta-
tive effect of fruit peel polyphenols supplementation in 
diet on the products of oxidative damage of proteins and 
the expression of enzymes with anti-oxidative activity were 
evaluated. Supplementation of the diet with F7 at higher 
dose was linked with the tendency to decrease dityrosine 
levels. Dityrosines specifically reflect the oxidative damage 
of proteins by free radicals [32]. Our results suggest that 
molecular constituents of fruit peel polyphenols may sup-
port the anti-oxidative capacity of the cells. The expression 
levels of the anti-oxidative enzymes such as manganese 
superoxide dismutase, catalase, and glutathione reductase 
remained unchanged, suggesting that these constituents are 
most probably the molecular scavengers.

The results of this experiment showed significant anti-
tumour effects of fruit peel polyphenols (from F7) in rat 

mammary carcinogenesis. The results obtained suggested 
significant pro-apoptotic, anti-proliferative, and anti-angi-
ogenic effects of F7 in rat mammary tumour cells in vivo 
and significant pro-apoptotic and anti-proliferative effects 
in human breast adenocarcinoma cells in vitro. Moreo-
ver, F7 demonstrated significant positive effect on plasma 
lipids in rats. Despite the optimistic results from preclini-
cal research, epidemiologic studies have not provided suf-
ficient evidence regarding cancer preventing activities of 
phytochemicals and/or plant-derived whole foods. Future 
studies, especially carefully designed and mechanism-
based animal studies, may facilitate better understanding 
of the potential health benefits of dietary phytopharma-
ceuticals. Moreover, the dosing of phytopharmaceuticals 
in oncology patients will depend solely on the results from 
clinical research. Based on our results with F7, it can be 
concluded that daily consumption of fruits could be benefi-
cial for the prevention of breast cancer and cardiovascular 
disease.
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cells, *P < 0.05, **P < 0.01. b 
DNA fragmentation of MCF-7 
cells after incubation with 
150 μM μg/ml of F7 for 24, 48, 
and 72 h. C control (untreated 
cells)
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