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ABSTRACT

To increase the knowledge about the biological properties of tomatoes, the antioxidant and antiproliferative activities of
extracts of nine cultivars of Lycopersicon esculentum, as well as their chemical composition, were studied. The highest
antioxidant capacity has been revealed in San Marzano Cirio 3 and Pomodoro Giallo cultivars, both in hydrophilic and
lipophilic fractions, while San Marzano, Corbarino di Corbara, and Pomodoro Giallo exhibited the best radical scavenger
activity in methanolic fraction. As regards the antiproliferative activity, the median inhibition concentrations of the lipophilic
extracts ranged from 272.3 (Pomodoro Giallo) to 364.4 (Corbarino di Corbara) mg dried extract L on Hep-G2 and from
324.6 (San Marzano Cirio 3) to 455.4 (Nero di Sicilia) on Caco-2. The methanolic extracts were more active on Caco-2
than Hep-G2, while the hydrophilic extracts were not active. These biological properties could be ascribed to the identified
carotenoids and phenolic acids as well as to a pull of minor compounds exerting their synergistic effect.

Key words: Lycopersicon esculentum, antioxidant properties, antiproliferative activity, colon adenocarcinoma cells,
hepatocyte carcinoma cells.
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INTRODUCTION

Tomatoes (Lycopersicon esculentum L.) are the second most widespread vegetable crops all over the world [1]. It is
widely cultivated in Mediterranean countries, especially Spain and Italy [2]. Nowadays, among vegetables, tomato has a
fundamental role in the so-called “Mediterranean Diet” and its consumption has been increasing not only for the richness
in tomato-based food products [1,3] but also for the richness in bioactive compounds known for their beneficial effects on
human health [4-6]. Several studies showed that the consumption in daily diet of tomatoes, either as fresh fruits or in
processed products, decreases the risk for heart diseases, some kinds of cancer and other chronic diseases [7-10]. These
beneficial effects of tomatoes on health are due to their high content in antioxidant metabolites such as carotenoids,
flavonoids, vitamins and tocopherols [4,11,12].
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In particular, the antioxidant properties of L. esculentum are mainly due to the abundance of polyphenols and carotenoids
in peel, pulp and seeds of tomato fruits. Previous studies showed that the main polyphenols found in tomatoes are
flavonoids (quercetin, kaempferol and naringenin) and hydroxycinnamic acids (caffeic, chlorogenic, ferulic and p-cumaric
acids) [3,11] while the main carotenoid is lycopene (80-90% of total carotenoid content) [13]. Lycopene shows many
biological properties such as free radical scavenging activity, an important role in several metabolic pathways (induction of
cell-to-cell communications and modulation of immune systems), and a strong antiproliferative activity against prostate,
epithelial and lung cancers [12,14,15]. However, the richness in bioactive compounds of tomatoes depends on the kind of
cultivar, cultivation conditions as soil fertilization, biotic and abiotic transformations, temperature, light and fruit ripeness
[4,12,16,17].

Since the most of the studies concerns the several biological properties of tomato metabolites, the aim of this study was to
increase the knowledge about the biological properties of whole tomato fruit. For this purpose, the antioxidant and
antiproliferative activities of three different extracts (hydrophilic, methanolic and lipophilic) as well as the partial chemical
composition of lipophilic and methanolic fractions were evaluated in nine ltalian tomato cultivars. The antioxidant activity
was determined using DMPD, DPPH and ABTS decolouration methods, while the antiproliferative activity was tested on
two tumoral cell lines, the p-53 and p-450 expressed Hep-G2 (hepatocyte carcinoma) and the enterocytes morphologically
characterized Caco-2 (colon adenocarcinoma) by using the MTT assay

MATERIAL AND METHODS

1. Materials

Roswell Park Memorial Institute medium (RPMI 1640), Dulbecco’s modified Eagle's medium phenol red-free (DMEM),
fetal bovine serum (FBS), HEPES, L-Glutamine, penicillin/streptomycin (10000 U/mL) and non-essential amino acids
(NEAA, 100X) were supplied by Lonza Bio Whittaker (Verviers, Belgium). Dimethyl sulfoxide (DMSO) was supplied by
Carlo Erba (Cornaredo, Milan). Acetone (HPLC grade) was supplied by Merck (Darmstadt, Germany). 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) was from Fluka (Buchs, Switzerland). N,N-Dimethyl-p-phenylenediamine (DMPD), 2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) as the crystallized diammonium salt, analytical-grade solvents and [-
carotene, lycopene, hydroxycinnamic acid (caffeic, chlorogenic, ferulic and p-coumaric) standards, 2-propanol, 3-(4,5-
dimethylthiazol-2-yl)-2,5diphenyl-tetrazolium bromide (MTT) were purchased from Sigma Chemical Co. (Milano, Italy).

2. Cultivars

The cultivars San Marzano, San Marzano Cirio 3, Corbarino di Corbara, Corbarino di Nocera, Nero di Sicilia were grown in
experimental fields of Nocera Inferiore (40,74325° N, 14,63957° E), Campania region, Italy, while Pomodoro Giallo,
Superpomodoro, Black Tomato and Corbarino di Accadia were grown in an experimental field named “Vado Cannata”
located in Accadia (Foggia, South of Italy). Seeds of tomato hybrids were germinated at the end of March. 45-day old
tomato seedlings were transplanted in the Vado Cannata and Nocera Inferiore fields and grown following traditional
agronomic techniques. Sampling of fruits was performed in August at the maximum of ripening stage. Samples were taken
to the laboratory and kept at — 20 °C until analysis.

3. Sample preparation

Samples were homogenized in a blender and centrifuged at 13848 g for 20 min. The hydrophilic fractions (supernatants)
and pellets were collected separately and kept for analysis. Pellets were divided in two aliquots and extracted separately
with methanol (methanolic fraction) and diethyl ether (lipophilic fraction) with the aim to extract polyphenols and
carotenoids, respectively. Then, the extracts were filtered and concentrated in a rotary evaporator in vacuum and dried
under Na.

4. Antioxidant assays

The antioxidant activity of the three fractions was assessed using the DMPD, DPPH and ABTS methods for the
hydrophilic, methanolic and lipophilic fraction respectively. These assays are based on the capacity of the different
components to scavenge the DMPD and ABTS radical cations (DMPD™ and ABTS™, respectively) and DPPH radical [18-
20]. The antioxidant capacity was expressed as radical percentage inhibition, calculated by the following formula:

Abs (%) = (1- Abs¢/ Absg) x 100
where Absg and Abs; were the absorbance before and after the addition of sample, respectively.

All the experiments were carried out in triplicate. In particular, DMPD assay was carried out on undiluted hydrophilic
fractions (T.Q.) and 1:2, 1:5, 1:10 dilutions. ABTS and DPPH assays were performed on crude extracts (T.Q., 20 mg mL™)
and its dilutions 1:2; 1:5; 1:10.

5. Determination of polyphenol and carotenoids contents

The total polyphenol content was assessed by using the Folin—Ciocalteau colorimetric method [21]. Absorbance was
measured at 765 nm (DU spectrophotometer, Beckman Coulter, Brea, CA, USA) and quantification was based on the
standard curve generated with quercetin.
The lycopene and 0O-carotene content was evaluated by means of HPLC analysis (see below). The fractions
corresponding to the identified carotenoids were collected, dried and weighted. All determinations were carried out in
triplicates.
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6. HPLC analysis

Lipophilic and methanolic extracts were analysed by reversed-phase High-Performance-Liquid-Chromatography (HPLC)
to evaluate the chromatographic profile of polyphenolic compounds and of the two major carotenoids, lycopene and 0-
carotene. HPLC experiments were performed using a Shimadzu LC 6A with UV-VIS detector SPD 10A VP, CR 3A
recorder, system controller SCL 10A VP, and Chemstation integration software Class—VP 5.0, using with a Kromasil 100A
Cig column, 5 Om, 250 x 10 mm (Phenomenex). Lipophilic and methanolic extracts were dissolved in 2 mL of HPLC grade
dichloromethane and methanol, respectively, and filtered with 0,22 Om PTFE syringe filter. HPLC analysis of lipophilic
extracts was performed by using the following chromatographic conditions: gradient elution with acetone (A) and water
(B), 25%/75% v/v, A/IB for 15 min, 5%/95% A/B for 12 min, 100% B for 5 min and return to starting condition in 5 min
before next injection; flow rate, 3 mL/min; wave length of UV detector, 450 nm, sensitivity adjusted to 0.04 AUFS at room
temperature. HPLC analysis of methanolic extracts was performed by using the following chromatographic conditions:
gradient elution, 90:10 to 70:30, v/v, A/B (A was 0.3% of trifluoroacetic acid in water and B was acetonitrile), linear
gradient changed over a period of 10 min and return to starting condition in 10 min before next injection; flow rate, 4
mL/min; the run time was 50 min, UV detector 320 nm, sensitivity adjusted to 0.04 AUFS at room temperature [22].

7. Cell line Culture

Human hepatoma Hep-G2 and human colon adenocarcinoma (Caco-2) cells were grown in culture medium, consisted of
RPMI with 10% fetal bovine serum (FBS), 2% HEPES, 2% L-Glutamine, and 1% penicillin/streptomycin (10000 U/mL). For
Caco-2 cell line, 1% non-essential amino acids (NEAA, 100X) was added to the culture medium, according to Olejnik and
others (2003) [23]. Cells were cultured in T-75-cm? tissue culture flasks in humidified atmosphere of 95% air plus 5% CO,
37°C incubator.

8. MTT assay

The antiproliferative activity of tomato extracts against the human cancer cell lines was tested using the tetrazolium dye
colorimetric test (MTT assay) according to Parrella and others (2014) [24]. Briefly, when the cells are at 80%—-90% of
confluence, they are collected and counted with trypan blue solution. Cells (1 x 104/well) are seeded in quadruplicate in
100 uL of DMEM/well in 96-well microplates. After 24-h incubation at 37 °C, the medium is removed and replaced with 200
pL of different concentrations of tomato extracts solved in DMEM. The plates are then incubated for 72 h at 37 °C. Each
plate had negative control wells containing the cell growth medium.

After 72 h, 20puL of yellow MTT solution (5 mg mL'l) is added to each well and the cells further incubated for 4 h at 37°C.
Then the purple formazan crystals obtained by mitochondrial reduction of MTT are dissolved with 100 yL of 2-Propanol.
The absorbance was recorded at 590 nm using the Ultra Multifunctional Micro plate Reader (TECAN). Cell viability rate
was calculated as (compound absorbance — control absorbance) / control absorbance x 100. The concentration inhibiting
the 50% cell growth rate (ICsp) was calculated as 100 — cell viability rate.

9. Statistical Analysis

The results of the MTT assay, expressed as the mean values with their standard errors, were from three independent
experiments. Statistical significances were calculated by One-way ANOVA and Dunnett’s multiple comparison test in order
to obtain the ICso values using GraphPad Prism 5.0 software. Differences were considered significant at p < 0.05.

RESULTS
1. Antioxidant properties, polyphenol contents and HPLC analysis
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The yield of extracts obtained from the nine different cultivars is reported in Table 1.

Table 1. Total yield of all tomato extracts.

Hydrophilic Methanolic Lipophilic

Tomato cultivar . a a a
fractions (mL) extracts (g) extracts (g)

San Marzano 402 15.0 0.585
San Marzano Cirio 3 452 10.0 0.439
Corbarino di Corbara 375 15.0 0.739
Corbarino di Nocera 392 13.0 0.480

Nero di Sicilia 420 13.0 0.670

Pomodoro Giallo 403 24.0 0.250
Superpomodoro 407 16.0 0.459

Black Tomato 516 13.0 0.263

Corbarino di Accadia 345 16.0 0.223

®The values are reported as mL or g Kg'1 of fresh sample weight

Data showing the antioxidant activity of hydrophilic, methanolic and lipophilic fractions of all tomato cultivars are reported

in Fig. 1. The antioxidant activity of hydrophilic fractions, calculated as percent inhibition of DMPD™" radical cation, was
similar in all tested samples (inhibition percentage ~60% at maximum amount tested, 5 0L, T.Q.). San Marzano Cirio 3

cultivar showed the highest activity (64.7%). Concerning the lipophilic extracts, percent inhibition of ABTS ™" radical cation
ranged from 79.0 to 100.0%. The highest antioxidant activity was registered for San Marzano Cirio 3 and Pomodoro Giallo
cultivars,for which the inhibition percentage was complete (100%) even at the 1:2 dilution.
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Figure 1. Antioxidant activity of hydrophilic, methanolic and lipophilic of different cultivars, evaluated
by using DMPD, DPPH and ABTS methods, respectively. TQ represents undiluted solutions.

ABTS Y tacical cthon

QZIZIIIIZZZIZZTIZ
F ST TTT T TS ry,

e O T L T
CC T O T T T TR

o iahition

¢ O T o o e

As regards the methanolic fraction, San Marzano, Corbarino di Corbara and Pomodoro Giallo revealed the best
antioxidant activity, showing a percentage of DPPH radical scavenger activity of 49.8, 49.4 and 38.0%, respectively, at the
maximum amount tested (TQ, 20 mg mL'l).

These data were confirmed by the analysis of the polyphenolic contents, measured by Folin—Ciocalteau’s method: the
cultivar Corbarino di Corbara exhibited the highest total phenols content (830.5 mmol eq quercetin Kg'l) followed by
Corbarino di Nocera (649.0), Pomodoro Giallo (474.0) and San Marzano (448.0) (Table 2).
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Table 2. Carotenoid and polyphenols contents and hydroxycinnamic acids identified in tomato

extracts.
Lipophilic extract Methanolic extract
Tomato cultivars Lycopene | [i-carotene Polyphenol content Identified hydroxycinnamic acids
(9)? (9)? (mmol eq quercetin)?
San Marzano 0.27 0.16 448.0 Cumaric acid
San Marzano Cirio 3 0.87 0.07 51.5 Chlorogenic acid, caffeic acid
Corbarino di Corbara 0.35 0.31 830.5 Chlorogenic acid
Corbarino di Nocera 0.14 0.06 649.0 Chlorogenic acid,a((::zii(;feic acid, cumaric
Nero di Sicilia 0.43 0.08 64.0 Caffeic acid, ferulic acid
Superpomodoro 0.39 0.06 200.0 n.d.
Corbarino di Accadia 0.17 0.13 2925 Chlorogenic acid, caffeic acid
Pomodoro Giallo n.d. 0.05 474.0 Caffeic acid
Black Tomato 0.29 0.08 240.0 Chlorogenic acid, caffeic acid

®The values are reported as g (carotenoids) and mmol eq quercetin (polyphenols) Kg™ of fresh product; n.d. not detected

The chromatographic profile of lipophilic extracts of the most representative cultivars, san Marzano Cirio 3, Corbarino di
Accadia and Pomodoro Giallo, determined by HPLC-UV/Vis method, is shown in Fig. 2. The content of lycopene and O-
carotene was calculated in all tomato varieties, except for Pomodoro Giallo in which only [ -carotene was identified (Table
2). Other unidentified compounds were present in the lipophilic extract. San Marzano Ciro 3 exhibited the highest lycopene
content (0.87 g Kg™ FW), while Corbarino di Corbara showed the highest [ -carotene content (0.31 g Kg™ FW). The high
lycopene content in San Marzano Cirio 3 could be correlated to the highest antioxidant activity exerted by its lipophilic

extract (100% ABTS™ inhibition). On the contrary, Pomodoro Giallo showed a high antioxidant activity in lipophilic extract

(100% ABTS™ inhibition) but lycopene was not detected and [I-carotene content was the lowest (0.05 g Kg™* FW) among
all cultivars. These results suggested a synergistic effect of a pull of carotenoids in the evaluation of the antioxidant activity
and they were in agree with those reported by other authors [25,26].

San Marzano Cirio 2

IR

RIRE>

Carbarino ol Accadia

Fomodoro Giallo

Figure 2. Chromatographic profile of lipophilic extracts of San Marzano Cirio 3, Corbarino di Accadia
and Pomodoro Giallo cultivars. Lycopene and U-carotene were identified by comparison with

standards.
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The chemical differences in polyphenolic profile, in particular in hydroxycinnamic acids, among the different tomato
varieties, were finally obtained through the analysis and characterization of the methanolic extracts by HPLC-UV/Vis
(Table 2). According to Gomez-Romero and others (2010) [16] who found the hydroxycinnamic acids and their derivates
as the most abundant metabolites identified in methanolic fractions of all the tomato cultivars tested, in all our samples one
or more hydroxycinnamic acids have been well identified. Corbarino di Nocera contained three phenolic acids such as
chlorogenic, caffeic, and p-coumaric acids. On the contrary, in Corbarino di Corbara cultivar only chlorogenic acid was
detected, and ferulic acid was identified in Nero di Sicilia but not in the other cultivars. These results might suggest that
genotypic factors as well as soil composition could influence the biosynthesis of polyphenols.

2. Antiproliferative activity

The antiproliferative activity of nine cultivars of L. esculentum hydrophilic, methanolic and lipophilic extracts was evaluated
in Hep-G2 and Caco-2, using the MTT assay. The results are collected in Figures 3-5. All extracts inhibited Hep-G2 and
Caco-2 cell proliferation in a dose-response dependent manner. The results showed that among the tomato fractions
tested, the lipophilic extracts had the most evident decrease in cell viability in both the cancer cell lines (Fig. 3) although
the lowest concentrations tested (10 and 50 mg L ) were not statistically different from the control (data not shown). For
higher concentrations (125, 250 and 500 mg L ) as the cell viability decreased, the statistically significant dlfference
increased for all cultivars with the strongest difference (***p<0,0001) at the highest concentration tested (500 mg L™). The
methanolic extracts (Fig. 4) were less active than lipophilic extracts showing the first antiproliferation effects at 500 mg L™
in both cell lines except for Corbarino di Nocera that i in Caco-2 showed the first significant effect at 1000 mg L™. For the
hydrophilic extracts (Fig.5), tested up to 1500 mg L™, a higher cell viability compared to the other extracts was shown
espeually on Hep-G2 cells. Interestingly, a S|gn|f|cant antiproliferative activity (* p<0.05) was observed on Caco-2 at 10
mg L™ for San Marzano Cirio 3, Nero di Sicilia and Black Tomato and for Corbarino di Corbara and Corbarino di Accadia
at 100 mg L™. For all samples tested, the median effective concentration able to inhibit cell proliferation by 50% (ICso) was
estlmated The ICso values of the lipophilic extracts ranged from 272.3 (Pomodoro Giallo) to 364.4 (Corbarino di Corbara)
mg L™ on Hep-G2 (Table 3) while on Caco-2 (Table 4) ranged from 324.6 (San Marzano Cirio 3) to 455.4 (Nero di Sicilia)
showing the lowest ICsp values compared to the other extracts. In particular, I|poph|I|c extracts were the only samples able
to induce a median inhibition of Hep-G2 cell growth when tested up to 500 mg L™, On Caco-2 the estimation of ICso was
not possible up to 1500 mg L™ only for the hydrophilic extracts while for the methanollc fractions, the ICsp values were
higher than 1200 mg L. Considering the evaluation of the proliferative inhibition percentages, the most active cultivars of
methanolic extracts were Pomodoro Giallo (81%), San Marzano Cirio 3 (78%) and San Marzano (67%) at the highest
concentration tested on Caco-2 while on Hep-G2, the percentages reached a maximum of 37%. Furthermore, the cultivar
Pomodoro Giallo and San Marzano Cirio 3 were the most active also for the lipophilic extracts on both cell lines at 500 mg
L™. Indeed, Pomodoro Giallo reached percentages equal to 87% and 86% in Hep-G2 and Caco-2, respectively, while San
Marzano Cirio 3 reached 88% (Hep-G2) and 81% (Caco-2).
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Figure 3. Cell viability, expressed in percentage, of the concentrations of tomato lipophilic extracts of
the nine cultivars tested on Hep-G2 and Caco-2 cell lines. Results are expressed as means * standard
error of three independent experiments. Only the statistical different concentrations are reported in
the graph. Significant differences from the negative control (NC) are highlighted by asterisks (ANOVA,
Dunnett’s test - *p< 0.05; **p< 0.001; ***p< 0.0001).
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Figure 4. Cell viability, expressed in percentage, of different concentrations of tomato methanolic
extracts of the nine cultivars tested on Hep-G2 and Caco-2 cell lines. Results are expressed as means
+ standard error of three independent experiments. Only the statistical different concentrations are
reported in the graph. Significant differences from the negative control (NC) are highlighted by
asterisks (ANOVA, Dunnett’s test - *p< 0.05; **p< 0.001; ***p< 0.0001).
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Figure 5. Cell viability, expressed in percentage, of different concentrations of tomato hydrophilic
extracts of the nine cultivars tested on Hep-G2 and Caco-2 cell lines. Results are expressed as means
* standard error of three independent experiments. Significant differences from the negative control
(NC) are highlighted by asterisks (ANOVA, Dunnett’s test - *p< 0.05; **p< 0.001; ***p< 0.0001).
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Table 3. 1C5o (Mg L'l) values, with confidence limits (95% probability, in brackets), of hydrophilic,
methanolic and lipophilic extracts of nine cultivars of Lycopersicon esculentum in Hep-G2.

Hydrophilic extracts Methanolic extracts Lipophilic extracts

330.5
San Marzano
(276.8 — 394.7)
322.4
San Marzano Cirio 3
(267.7 — 359.5)
364.4
Corbarino di Corbara
(295.9 — 448.6)
347.1
Corbarino di Nocera
(278.3 — 433.0)
336.2
Nero di Sicilia >1500@ >1500®
(286.7 — 394.3)
272.3
Pomodoro Giallo
(244.2-303.5)
343.8
Superpomodoro
(291.3 - 405.8)
303.9
Black Tomato
(254.7-362.6)
343.2
Corbarino di Accadia
(293.7 — 401.9)

(a) Maximum concentration tested.

Table 4. ICso (mg L™) values, with confidence limits (95% probability, in brackets), of hydrophilic,
methanolic and lipophilic extracts of nine cultivars of Lycopersicon esculentum in Caco-2.

Hydrophilic extracts Methanolic extracts Lipophilic extracts
San Marzano 1304 425.9
(1168 — 1455) (382.2-474.5)
San Marzano Cirio 3 1222 324.6
(1077 — 1387) (277.7 - 379.5)
Corbarino di Corbara 1329 399.1
(1191 - 1482) (350.3 — 454.7)
. . 1456 434.0
Corbarino di Nocera
(1083 — 1409) (382.0 — 493.1)
1447 455.4
N di Sicili >
ero disiciia 1500(a) (1227 — 1707) (327.9 — 605.1)
1307 332.0
Pomodoro Giallo
(1169 — 1354) (283.0 — 389.3)
Superpomodoro 1221 338.0
perp (1027 — 1451) (266.1 — 429.4)
1320 420.0
Black Tomato
(1160 — 1503) (347.7 — 507.5)
. . . 1352 355.8
Corbarino di Accadia
inod ! (1162 — 1572) (283.2 — 447.1)

(a) Maximum concentration tested

DISCUSSION

All cultivars displayed a considerable antioxidant activity linked to the hydrophilic fractions as well as to the lipophilic
fractions in which the most representative carotenoids, lycopene and O-carotene, were present. Between these two types
of extracts, the lipophilic fractions were more active than the hydrophilic fractions, in particular the cultivars which had the
most remarkable antioxidant capacity were San Marzano Cirio 3 and Pomodoro Giallo. These results disagree with those
found in the study of Kotikova and others (2011) [27] who demonstrated that the hydrophilic extracts of eight tomato
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varieties, cultivated in an experimental field of Czech Republic, showed a more significant impact on total antioxidant
activity (83%) than the lipophilic fractions. Moreover, the antioxidant activity of lipophilic extracts could not be ascribed only
to the major carotenoids, lycopene and [O-carotene, but a synergic activity exerted by a pull of compounds present in
lipophilic extract of tomato.

As regards methanolic fractions, San Marzano, Corbarino di Corbara and Pomodoro Giallo revealed the highest
antioxidant activity. Our results agree with a previous study where the seed methanolic fraction of San Marzano showed
the highest antioxidant activity, inhibiting the DPPH radical of 68% at the maximum concentration tested (20 mg mL‘l) [28].

All cultivars, except Pomodoro Giallo, showed the presence of lycopene and [J-carotene, in a different ratio, probably
depending on the genotype and environmental conditions [29-31]. Considering the antiproliferative activity, the lipophilic
extracts, rich in carotenoids, showed the highest antiproliferative activity. Indeed, several studies highlighted the in vitro
antiproliferative activity of carotenoids, especially lycopene, against different tumoral cell lines. Salman and others (2007)
showed that lycopene induced a significant dose-dependent antiproliferative effect on K562 (human erythroleukemia),
HuCC (human colon carcinoma) cell lines and on Raji (a prototype of Burkitt lymphoma cell line) [32]. Furthermore, these
carotenoid compounds were able to inhibit cell proliferation arresting the cell cycle in different phases by apoptosis, in
breast, colon and prostate cell lines [33]. In a recent study, conducted by Takeshima and others (2014), lycopene
exhibited growth inhibitory activities against three different human breast cancer (MCF-7, SK-BR-3 and MDA-MB-468) cell
lines, with the highest antiproliferative activity observed in MDA-MB-468 [34]. Moreover, epidemiological studies
highlighted the association between the higher dietary intake of lycopene and the lower risk of developing prostate cancer
[35,36].

As regards the acid phenols profile, caffeic and chlorogenic acids were the most representative hydroxicinnamic acids in
the analyzed cultivars. The potential inhibitory effects of phenolic acids on cancer cell proliferation is discussed in several
scientific papers [37-39]. Caffeic acid showed a remarkable anticancer effect in fibrosarcome (HT-1080) cell line. Indeed,
caffeic acid significantly decreased the percentage of cell viability in HT-1080 cells, alterating mitochondrial membrane
potential and increasing the oxidative DNA damage.37 Moreover, in a study conducted by Puagpraphant and others
(2011), caffeic acid inhibited matrix metalloproteinase-9 (MMP-9) activity, involved in cancer metastasis and anti-
inflammatory activities [40]. Similarly, chlorogenic acid exhibited a strong cytotoxicity and induced apoptosis in U937,
human leukemia cells, through a caspase-dependent pathway [39].

The health benefits of tomato in chronic degenerative diseases are still debated. However, our results underline the
biological activities due to the whole tomato, probably obtained by the synergistic effects of single compounds present in
the fruit. Indeed, Zanfini and others (2010) demonstrated that the tomato compound mixtures showed a higher antioxidant
activity than single molecules. In particular, the best synergistic interactions were observed when lycopene and (-
carotene, singularly, were mixed with a-tocopherol or lutein [25]. Moreover, Liu and others (2008) showed the synergistic
effects of lycopene-a-tocopherol and B-carotene mixtures [26]. Basically, the activity of single molecules seems to be
higher when they are assumed in their natural matrix than as supplement in diet [41,42].

In the present paper, the biological activities of different Italian tomato cultivars showed that the most interesting cultivars,
in terms of antioxidant and antiproliferative effects, were San Marzano Cirio 3 and Pomodoro Giallo. These activities could
be ascribed to the pull of carotenoids and phenol acids (hydroxycinnamic acids) found in tomato extracts. It is clear that
possible synergistic effects of these single bioactive compounds are able to exert human healthy properties so that, the
whole tomato rather than single isolated compounds consumption could be advisable in daily diet.
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