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Abstract

Background: Breast cancer is the second leading cause of cancer death in women. The natural chemopreventive agent phenyl ethyl
isothiocyanate (PEI) has been shown to inhibit cell growth in cancer cells. This natural antioxidant compound is derived primarily
from watercress (Rorripa Nasturtium Aquaticum).
Objectives: The objective of this original paper is to study the inhibitory effects of different concentrations of watercress hydroal-
coholic extract on growth inhibition of breast cancer and normal cells.
Methods: In this experimental study, Watercress (Rorripa Nasturtium Aquaticum) plant were collected from Nour, Mazandaran, Iran
and dried. Then the hydroalcoholic extract were obtained from dried specimen. MDA-MB-231 breast cancer cells have been treated
with different concentrations of watercress extract (0 - 2 mg/mL) and after 24, 48, and 72 hours of incubation, cell viability test was
performed through MTT Assay to investigate the inhibitory effect of watercress extract on cancer cells. The same test has been per-
formed on Fibroblasts cells (HF2FF cell line) to investigate the effect of this extract on normal cells. Statistical analysis was performed
using one-way analysis of variance (ANOVA method) followed by post hoc Tukey’s multiple comparisons test in SPSS 16 software.
Results: The mean values of MDA-MB-231 cells viability treated with different concentrations of watercress extract have meaning-
ful differences and the mean value of cell viability has been decreased meaningfully (P < 0.05) when the extract concentration is
increased. The same analysis on Fibroblast cells represented that the mean values of cell viability in different groups don’t have a
meaningful difference (P < 0.05).
Conclusions: It is concluded that watercress (RorripaNasturtiumAquaticum) suppressed development of human MDA-MB-231 breast
cancer cells in a concentration dependent manner and it had not any meaningful impact on normal cells.
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1. Background

According to the recent researches of American cancer
society, breast cancer is the most common cancer among
American women after skin cancer and it is the second
leading cause of cancer death in women, exceeded only by
lung cancer. About 1 in 8 (12%) women in the US will develop
invasive breast cancer during their lifetime [1]. In recent
years, breast cancer has been increased in Iran and is now
ranked as the first among cancers diagnosed in women [2].
According to the latest statistics announced by the health
ministry of Iran, 27 people per hundred thousand women
are diagnosed with breast cancer. So, breast cancer has an
enormous impact on the health of women and remains a
major public health concern across the world and also in
Iran [3].

Chemotherapy and Radiotherapy are two popular
treatment methods for breast cancer. But, these methods
are costly and they have some destructive side effects on

human body [4-7]. Therefore, requirement for an efficient,
low cost, and less dangerous method is sensed. Plants have
been used as medicines during centuries and they were
safe and low cost alternatives as medications.

1.1. Watercress (Rorripa Nasturtium Aquaticum)

Watercress usually thrives near spring waters, rooted
in gravel washed over by clear running water. Watercress
is classified in Plantae kingdom, Magnoliophyta phylum,
Magnoliopsida class, Capparales order, and Cruciferae fam-
ily. This plant’s preference for slightly alkaline conditions
made the southern England ideal for its cultivation, but to-
day it is cultivated all around the world. Watercress has
been eaten for several thousand years and multiple reme-
dial applications are assigned to it during centuries. It has
been suggested as an anti-baldness measure by Romans
and Anglo-Saxons, as a pure food for ascetic hermits in Ire-
land, and as a mental stimulant helping decision making
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in ancient Iran and the Persian king Xerxes made his troops
eat it [8, 9]. Figure 1 represents the watercress plant.

Figure 1. Watercress (Rorripa Nasturtium Aquaticum) plant

Watercress is low in fat and calories (70 mg and 11 kcal
per 100 g of raw plant, respectively) while it is a rich source
of protein, minerals (e.g. Calcium, Potassium, Phosphorus,
Sodium, Magnesium, Iron, and Zinc), and vitamins (e.g. Vi-
tamin A, Vitamin K, Vitamin C, Vitamin B, Vitamin E, Thi-
amin, Niacin, and Riboflavin) [10].

Watercress is the richest source of the natural antioxi-
dant compound, Phenyl Ethyl Isothiocyanate (PEI), being
able to stop the function of a protein called Hypoxia In-
ducible Factor (HIF) playing a vital role in cancer develop-
ment [11]. Cancer cells develop if they obtain enough oxy-
gen and nutrients to maintain the growth. Since tumors
develop rapidly, they run out of their existing blood sup-
ply. Hence, they try to send out signals to the surrounding
normal tissues to grow new blood vessels into the tumor
to supply oxygen and nutrients required by cancer cells.
This work is done by HIF protein which has an important
role in angiogenesis in tumors. It has been shown in labo-
ratory that PEI turns off the HIF by changing the function
of a second protein called 4EBP and prevent from cancer
development [12, 13].

It is also denoted that PEI of watercress can prevent
from cell growth through increasing Cisplatin which is
one of the most important anticancer drugs used in the

treatment of human tumors [14]. Furthermore, it is con-
cluded that the PEI existing in watercress extract increases
apoptosis as a result of inhibiting cyclooxygenase and
angiogenesis in cancer cells. In fact, cyclooxygenase in-
hibitors decrease angiogenesis for cancer cells and conse-
quently, prevent from cancer development [15]. The capa-
bility of PEI in metalloproteinase-9 (MMP-9) activity inhi-
bition which leads to stop the invasion potential of cancer
cells in in-vitro environment has been investigated [16].

2. Objectives

The main objective of this paper is to investigate the
effect of different designated concentrations of watercress
hydroalcoholic extract (0 - 2 mg/mL) on breast cancer and
normal cell lines through cell viability test (MTT assay).

3. Methods

Materials which have been used in this experimental
study along with scientific methods employed to achieve
the results, are described in the following sections.

3.1. Watercress Extract

Watercress (Rorripa Nasturtium Aquaticum) plant mate-
rials have been collected over a two-month period (Novem-
ber - December 2014) from countryside of Nour, Mazan-
daran, Iran. The specimens were washed with distilled
water and then dried naturally in a dry and dark place
with room temperature for about one month. The shadow-
dried samples were then pulverized, and 30 g of the
ground plant material was subjected to hydroalcoholic ex-
traction with 150 mL of 70% ethanol and 150 mL of water by
using Soxhalet apparatus (Duran, A.K. 250, Germany) to ob-
tain a solid viscous dark green mass in Plant Biology Lab of
Payame Noor University (PNU) of Babol, Mazandaran, Iran.
The obtained extract was then passed through the filter pa-
per (Whatman, Germany) three times to detach the solid
particles. Finally a 0.2 nanometer filter is used to sterilize
the extract. Seven different concentrations of the water-
cress hydroalcoholic extract (0.03125 - 2 mg/mL) have been
created.

3.2. Cell Culture

The human breast cancer cells (MDA-MB-231 cell line)
and Fibroblast cells of human skin (HF2FF cell line) were
purchased from Pasteur Institute of Iran, Tehran, Iran.
MDA-MB-231 cells were cultured at 37°C, 5% CO2 in Roswell
Park Memorial Institute (RPMI 1640) medium (ATOCEL,
Australia) supplemented with 10% FBS (Fetal Bovine Serum,
ATOCEL, Australia) and 1% penicillin and streptomycin.
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HF2FF cells were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM, ATOCEL, Australia) including 10% FBS and
1% antibiotics (penicillin and streptomycin).

3.3. Chemicals

MTT (3, (4, 5-dimethylthiazol-2-yl) 2, 5-diphenyl-
tetrazolium bromide) was purchased from Sigma, Ger-
many. The MTT which used for MDA-MB-231 cells, was
dissolved at a concentration of 5 mg/mL in RPMI 1640 (and
DMEM for Fibroblast cells) at room temperature and the
solution was further sterilized by filtration and stored
at 4°C in a dark bottle equipped with a tight cap. It was
prepared freshly each month.

3.4. Cell Viability Test

Cell Viability test was performed as previously de-
scribed in [ ]. In brief, MDA-MB-231 and HF2FF cells were
seeded at a density of and cells/well in a 96-well plate. MDA-
MB-231 cells have been divided into eight and seven groups,
respectively. MDA-MB-231 and HF2FF cells were treated with
0 - 2 mg/mL and 0 - 1 mg/mL concentrations of watercress
hydroalcoholic extract, respectively. The groups with 0
mg/mL are control groups (one group for each cell line)
were not treated with watercress extract. After 24, 48, and
72 hours of incubation, the cell viability was determined.
50 and 200 µL (for MDA-MB-231 and HF2FF cells, respec-
tively) of the 5 mg/ml stock solution of MTT were added
to each well, and after 3 h of incubation at 37°C, 100 and
700 µL (for MDA-MB-231 and HF2FF cells, respectively) of
the extraction buffer (Isopropanoic Acid) were added and
the optical densities at 570 nm wavelength and 37°C, were
measured using a 96-well Elisa Reader (Biotek, ELx800, Ger-
many), employing the extraction buffer as the blank. The
quantity of Formazan (directly proportional to the num-
ber of viable cells) is measured by recording changes in op-
tical absorbance. When cells die, they lose the ability to
convert MTT into Formazan, thus color formation serves as
a useful and convenient marker of only the viable cells [17].

3.5. Statistical Analysis

The results of cell viability test were expressed as mean
standard error of mean (± SEM). All data were done with
the statistical package for social sciences (SPSS 16 for Win-
dows). The results were analyzed using the one-way anal-
ysis of variance (ANOVA method) followed by post hoc
Tukey’s multiple comparisons test for comparing different
treatment groups. Statistical significance was set at P <
0.05. The results of the statistical analysis along with corre-
sponding graphs will be represented in the following sec-
tion.

4. Results

4.1. Breast Cancer Cells

According to the ANOVA test, the mean values of cell vi-
ability in MDA-MB-231 cells treated with different concen-
trations of watercress extract have meaningful differences.
It is observed that the mean value of cell viability has been
decreased meaningfully (P < 0.05) when the extract con-
centration was increased. Furthermore, it is observed that
the cell viability in 48 and 72 hours after treatment has
been decreased with respect to 24 and 48 hours, respec-
tively. The least cell viability has been obtained at high-
est concentrations of watercress extract (i.e. 2 mg/mL) af-
ter 72 hours of incubation. Figures 2 and 3 illustrate the
mean cell viability of MDA-MB-231 cells with respect to dif-
ferent concentrations of extract and hours after treatment,
respectively. Figure 4 depicts the MDA-MB-231 cells under
the microscope after 72 hours of incubation.

4.2. Fibroblast Cells

ANOVA test is also performed on results of MTT assay on
Fibroblast cells (HF2FF cell line) and it is observed that the
mean values of cell viability in cells treated with different
concentrations of watercress hydroalcoholic extract, don’t
have a meaningful difference (P < 0.05). It is perceived that
the cell viability in 48 and 72 hours of incubation have been
increased meaningfully with respect to 24 and 48 hours, re-
spectively. Figures 5 and 6 illustrate these results, graphi-
cally. Figure 7 depicts the HF2FF cells under the microscope
after 72 hours of incubation.

5. Discussion

This study investigated the impact of different concen-
tration of watercress (Rorripa Nasturtium Aquaticum) hy-
droalcoholic extract on MDA-MB-231 (breast cancer) and
HF2FF (Fibroblast) cell lines at 24, 48, and 72 hours after
treatment. The results of cell viability test through MTT as-
say demonstrate that hydroalcoholic extract of watercress
(Rorripa Nasturtium Aquaticum) suppressed the growth
of human MDA-MB-231 breast cancer cells in a concentra-
tion dependent manner. It is observed that watercress ex-
tract had not any meaningful impact on normal cells via-
bility.

According to the increasing risk of breast cancer en-
tire the world, various methods such as chemotherapy,
hormone-therapy, radiotherapy, and surgery have been
proposed which may lead some unpleasant effects. For ex-
ample, chemotherapy yields to blood cells decrease and
hair loss, hormone-therapy may lead to blood coagulation
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Figure 2. MDA-MB-231 Cell Viability With Respect to Different Concentrations (0 - 2 mg/mL) of Watercress Extract
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Figure 3. MDA-MB-231 Cell Viability With Respect to Hours of Incubation After Treatment With Watercress Extract
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Figure 4. MDA-MB-231 Cells After 72 hours of Incubation Treated With Concentrations of: a) 0 mg/mL (control group), b) 0.03125 mg/mL, c) 0.0625 mg/mL, d) 0.125 mg/mL, e)
0.250 mg/mL, f) 0.5 mg/mL, g) 1 mg/mL and h) 2 mg/mL
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Figure 5. HF2FF Cell Viability With Respect to Different Concentrations (0 - 1 mg/mL) of Watercress Extract
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Figure 6. HF2FF Cell Viability With Respect to Hours of Incubation After Treatment With Watercress Extract

Figure 7. HF2FF Cells After 72 Hours of Incubation Treated With Concentrations of: a) 0 mg/mL (Control Group), b) 0.03125 mg/mL, c) 0.0625 mg/mL, d) 0.125 mg/mL, e) 0.250
mg/mL, f) 0.5 mg/mL and g) 1 mg/mL

and cervical cancer, radiotherapy can make genetic dam-
age on normal cells, and surgery may impose mental syn-
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drome after Mastectomy. Therefore, the need to an effec-
tive method with less side effects is really serious and must
be considered by researchers.

Since a good drug is a drug having low and continuous
impact on cancer cells and it has the least effect on normal
cells, we can classify the watercress in the group of appro-
priate cancer prevention agents which have the least side
effect on normal cells. The cancer inhibitory effects of wa-
tercress observed in this study may contribute to the sup-
pression of carcinogenesis by diets rich in cruciferous veg-
etables (e.g. watercress) which are safe, low cost and simple
human chemopreventives.

Footnote

Authors’ Contribution: Neda Fallah designed the study,
analyzed the data and wrote the article. Soheila Ebrahimi
guided this article. All authors read and approved the final
manuscript.
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