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ABSTRACT
Among plants, the Lycopersicon esculentum (Solanaceae) is the most important for its beneficial effects on health. Several epidemiological studies have shown the benefits of tomato consumption in the cancer and cardiovascular disease
prevention. Tomato products constitute the major source of lycopene, the most potent antioxidant among carotenoids in
vitro. In tomatoes leaves are also present many secondary metabolites including phenolic compounds, phytoalexins,
protease inhibitors and glycoalkaloids who protect against adverse effects of hosts including fungi, bacteria, viruses,
and insects and are involved in host-plant resistance. In this work we evaluated the antiproliferative activity of tomato
leaves extract (var. Paul Robenson) in vitro.
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1. Introduction
The beneficial effects related to consumption of tomato
are due to the presence of many antioxidant compounds
of carotenoids and vitamins family [1]. Tomato contains
carotenoids, ascorbic acid, phenolic compounds and αtocopherol. Tomato carotenoids include: lycopene, lycopene-5, 6-diol, lutein, ζ-, γ-, β-, carotenes, neurosporene,
phytoene and phytofluene. Lycopene protects against
lipids, proteins and DNA, oxidative damage and it is involved in several processes that affect the maintenance of
cells [2], such as the inhibition of cancer cells proliferation [3], the block of cell transformation by reducing the
loss of cancer cells inhibition contact [4,5]. Lycopene
also induces phase II enzymes that help to eliminate carcinogens and toxins [6] and enhances gap junctional
communication [7]. In tomatoes, lycopene is more abundant in the leaves and in the outer part of the mesocarp,
where, following the ripening of the fruit, it replaces the
chlorophyll. In fact, in addition to the edible parts of the
plant, the leaves are used in traditional medicine for their
therapeutic properties. Traditionally, the leaves of chopped tomatoes are applied to the skin as a remedy for in*
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sect bites. In Mozambique the fresh leaves are used against diarrhea, dysentery, gonorrhea, anal irritation and
eyes infections. In Latin America, the tomato leaves are
used as a remedy for buccal candidiasis. In Cuba and
Honduras an infusion of leaves is used as a remedy for
coughs. In Peru, the leaves are crushed to prepare a mixture for the treatment of bone fractures. In Haiti they are
crushed and mixed to obtain a remedy for headaches and
dizziness. Even in Mexico the crushed leaves are used
against eczema and are prepared by an infusion of fresh
leaves and shoots to be used against colds and coughs.
These properties are likely to be linked to alpha-tomatine
[8], contained only in the green part of the plant, with antibiotic, insecticide, insectifuge, fungicide and anti-bacterial properties. The tomato plants biosynthesize glycoalkaloids [9] de-hydrotomatine and alpha-tomatine probably as a defence mechanism against bacteria, fungi, viruses and insects [10]. This study was aimed to evaluate
also the cytotoxic activity of Black Tomato leaves extracts (var. Paul Robenson).

2. Materials and Methods
2.1. Plant Material
The seeds of Black Tomato, Paul Robenson variety, have
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been grown in the experimental field of the Agro Nocerino Sarnese (Campania region, Italy), which showed
the optimal climatic conditions: temperature 25˚C - 30˚C,
good sun exposure and a good system of irrigation. The
collection of leaves (Black Tomato) was carried out in
September when the fruits were fully ripe. The leaves
were collected and transported to the laboratory, separated from the stalk, catalogued and stored in refrigerator
at −80˚C until analysis.

2.2. The Extraction Process
50 g of Black Tomato fresh leaves were frozen for 3
hours at −80˚C. Frozen leaves were crushed and lyophilized for 3 days. After total dried leaves were macerated
in ethanol (96%) at room temperature, until exhaustion.
After 5 days the crude extract were filtered and concentrated in vacuo. The crude ethanol extract (5.0 g) was
dissolved in water (50 ml) (pH 8 - 9), 10 ml of this solution were extracted (CHCl3/H2O) The extraction was repeated until exhaustion and monitored by thin-layer chromatography (TLC) in BAW (n-buthanol-acetic acid-water, 60:25:15) and CHCl3-MeOH-H2O (80:18:2).

2.3. Cell Lines and Culture Conditions
Human embryonic kidney (HEK-293), rat glioma (C6)
and human breast cancer cells were maintained and grown
in adhesion on Petri dishes with DMEM supplemented
with FCS (10%), HEPES (25 mM), penicillin (100 U/mL)
and streptomycin (100 U/mL).

2.4. Cytotoxic Activity
Cytotoxic activity of Black tomato leaves extracts was
tested in vitro by using MTT assay [11] on three cell
lines. HEK-293, MCF-7 and C6 cells were plated on
96-well microtiter plates at the concentration of 3.5 ×
10−4 cells/well and allowed to adhere at 37˚C in 5% CO2
and 95% air for 2 h. Subsequently, the medium was replaced with 50 L of fresh medium and a rate of 75 L of
serial dilution of total extract, hydrophilic extract and
chloroform extract were added, and then the cells were
incubated for 72 h. In some experiments, serial dilutions
of cis-platinum were added for the sole purpose of testing
the susceptibility of our cell lines to cytotoxicity.
Cell viability was assessed through 3-(4,5-dimethyltiazol-2yl)-2,5-phenyl-2H-tetrazolium bromide (MTT)
assay. Briefly, 25 μL of MTT (5 mg/mL) was added and
the cells were incubated for an additional 3 h. Thereafter,
cells were lysed and the dark blue crystals solubilised
with 100 μL of a solution containing 50% (mL/L) N,Ndimethylformamide, 20% (mL/L) sodium dodecyl sulphate (SDS) with an adjusted pH of 4.5. The optical density (OD) of each well was measured with a microplate
spectrophotometer (Titertek Multiskan MCC/340) equCopyright © 2013 SciRes.
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ipped with a 620 nm filter. The viability of each cell line
in response to treatment with tested compounds was calculated as follows:
% dead cells = 100 − (OD treated/OD control) × 100
The cytotoxic activity of each compound was expressed as IC50 (µM) indicating the concentration able to reduce cell viability by 50% (Table 1).

3. Results and Discussion
Cytotoxic activity of hydrophilic and chloroform extracts
of Black Tomato leaves was evaluated by MTT-assay on
three different cell lines: human embryonic kidney
(HEK), rat glioma (C6) and human breast cancer cells
(MCF-7). As reported in Table 1, hydrophilic and chloroform extracts exert a cytotoxic activity comparable to
cis-platin on C6 cells. On the contrary, no significant activity was exerted by total extract on this cell line. No
significant activity was exerted by all three extracts on
MCF-7 and HEK-293 cell lines. Regarding MCF-7, our
data was in agreement with a previous study of Friedman
et al. (1997) who demonstrate that these cells are insensitive to lower concentration of glycoalkaloid contained in
tomato and that lower concentration of the extracts cause
an initial increase in cell growth. As HEK-293 human
cell and not tumor cells, the inactivity of our extract
could be advantageous because there wasn’t cytotoxic
activity. The cytotoxic effect of tomato leaves could be
due to the “sistemin intracellular signalling” [12].
Sistemin is a 18 aminoacid peptide that induces the
synthesis of protease inhibitors by interacting with a cell
surface receptor, SR160 [13]. The interaction of sistemin
with its receptor is the first step of a cascading series of
reactions involving the activation of several processes including: mitogen activated protein kinase (MAPK), alkalinization of extracellular medium, phospholipase, release
of linoleic acid 12-oxo-phytodienoic acid and jasmonic
acid that are converted to strong signals of cellular defense [9]. The precursor Prosistemin, released from cells
at the wound site, is probably processed by proteinase
and is also released from damaged cells. This would allow the spread to neighbouring cells to settle where interaction with its receptors to induce the synthesis of jasmonate. Furthermore, when the jasmonic acid is producTable 1. Cytotoxic activity of black tomato leaves extracts.
Cell lines
Extract
C6

HEK 293

MCF-7

Total

>1

>1

>1

H2O

0.0015

>1

>1

Chloroform

0.0021

>1

>1

Shows the results, expressed as IC50 (µg/ml) values indicating the concentration of each extract that affords cell growth by 50% as compared to control cells.
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Figure 1. Hypothesized mechanism of induced systemic resistance in tomato leaves. Sistemin interacts with its putative receptor thus activating a series of reactions involving the activetion of MAPK, alkalinisation of extracellular medium, phospholipase, linoleic acid and jasmonic acid.

ed and released into the circulation would cause more
prosistemin by proteolytic enzymes that are known to be
induced by jasmonic with a defense system and amplification continues. One of the main sources of jasmonate
in wound sites is linoleic acid produced from the degradation of lipids in membrane cell. This source of jasmonate probably provides an important “site-start” the
signalling of defence alert, following transported to parenchymal cells and trigger a system up-regulation of defence genes, including gene prosistemin (in Solanaceae)
(Figure 1).

4. Conclusion
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Further studies needed to explore these preliminary observations that indicate the involvement of the extracts of
tomato leaves in the reduction of tumour cell proliferation.
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