
Abstract. Background: Phytoestrogens have controversial
effects on hormone-dependent tumors. Herein we
investigated the effects of parsley root extract (PCE) on DNA
synthesis performance, metabolic activity and cytotoxicity in
malignant and benign breast cells. Materials and Methods:
The PCE was prepared and analyzed by mass spectrometry.
MCF7 and MCF12A cells were incubated with various
concentrations of PCE and analyzed for DNA synthesis
performance, metabolic activity and cytotoxicity by BrdU
proliferation, MTT and LDH assays, respectively. Results:
PCE was found to contain a substantial ratio of lignans. At
a concentration range of 0.01 μg/ml-100 μg/ml the LDH
assay analysis showed no significant cytotoxicity of PCE in
both cell lines. However, at 500 μg/ml PCE’s cytotoxicity
was well over 70% of total cell population in both cell lines.
According to the BrdU proliferation assay analysis, PCE
demonstrated significant DNA synthesis inhibition of up to
80% at concentrations of 10, 50, 100 and 500 μg/ml in both
cell lines. Based on the MTT assay analysis, only at a
concentration of 500 μg/ml, PCE demonstrated a statistically
significant inhibition of cellular metabolic activity of 63% in
MCF7 and 75% in MCF12A of their respective normal
capacity. Conclusion: PCE showed antiproliferative effects
in MCF7 and MCF12A cells. Further investigation is
required to determine whether this effect can be solely
attributed to its phytoestrogens.

Breast cancer, alongside bronchial and colorectal cancer, is
one of three most commonly diagnosed cancers in women.
It accounts for almost one third of all cancers diagnosed in
women (1). The most prevalent type of breast cancer (65%)
is estrogen (ER) and progesterone (PR) receptor-positive (2).
For all patients diagnosed with hormone receptor positive
breast cancer, endocrine therapy is recommended either with
tamoxifen, a selective estrogen receptor antagonist (SERM)
or with an aromatase inhibitor, depending on the menopausal
status and comorbidities. Although endocrine therapy has led
to a considerable decline in breast cancer mortality,
endocrine resistance often causes disease progression,
leading to metastasis with a poor 5-year relative survival
outcome (23%) (3).

Phytoestrogens are a group of plant-derived polyphenolic
compounds, their chemical structures resemble that of
estrogen (4). Due to their molecular structures these
compounds can bind and interact with human ER and PR
resulting in both estrogen and anti-estrogen effects (5, 6).
Because phytoestrogens are abundant in human and animal
food sources, it has been suggested that they can influence
hormone-dependent cancers. Besides interacting with ER and
PR, phytoestrogens may contribute to low cancer risk by
inhibiting aromatase enzymatic activity, decreasing CYP19
gene expression in human tissues (7) and by other
biochemical actions identified that lead to tumor suppression
and inhibition of neovascularization (8, 9). Moreover,
phytoestrogens have been applied as an alternative to
hormone replacement therapy. In menopausal women,
besides improving the cardiovascular system, the lipid and
bone metabolism, they also positively affect major symptoms
such as hot flushes and mood swings (10, 11).

Parsley root (Petroselinum crispum) is a perennial and
herbaceous plant. It originated in the Mediterranean region
and is cultivated as a dietary and medicinal plant. Parsley root
is used in traditional and folklore medicines for digestive
disorders, kidney and liver problems, menstrual irregularities
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and for detoxification. It contains a substantial amount of
vitamin C and constitutes as a good source of iron, potassium,
calcium, manganese and folic acid (12, 13). The active
compounds identified in Petroselinum crispum are phenolic
compounds, flavonoids (particularly apigenin, apiin and 6-
acetylapiin) and essential oils – mainly myristicin and apiol
(14). Also notable are the photosensitizing furocoumarines
bergapten and isoimperatorin in the root that increase the
photosensitivity of the skin and are associated with an
increased incidence of malignant melanoma (15).

Research on the presence of phytoestrogens in parsley root
has attracted little attention. Only the research team led by
M. Yoshikawa demonstrated that the methanolic extract from
the aerial parts of Petroselinum crispum showed potent
estrogenic activity, which was equal to that of isoflavone
glycosides from soybean. In addition, they demonstrated that
the methanolic extract of parsley, apiin and apigenin restored
the uterus weight in ovariectomized mice when orally
administered for seven consecutive days (16).

Due to the interesting characteristics of parsley root
described above, the current in vitro study aims to identify
the molecular chemical composition of parsley root extract
(PCE) by mass spectrometry and to evaluate the potential
phytoestrogen effects of PCE in terms of DNA synthesis
performance (BrdU proliferation assay), metabolic activity
(MTT assay) and cytotoxicity (LDH assay) on MCF7
breast cancer and MCF12A benign breast cell lines.
Furthermore, the receptor status of MCF7 and MCF12A
cells will be determined by immunohistochemical staining
of ERα, ERβ and PR. 

Materials and Methods
Origin of the PCE. The parsley root (Petroselinum crispum subsp.
tuberosum) was grown, harvested and obtained commercially in
2011 in Mecklenburg-Western Pomerania, at vegetable farming
Hofer Neubrandenburg. 

Preparation of the PCE. The lignan-isolations were prepared as
previously described (17-18). Deep frozen (–20˚C) parsley root 
(40 g) was cut into pieces of 5 mm. The pieces were ground in a
mortar with liquid nitrogen and extracted under reflux with 360 ml
methanol (methanol 99.5%; Roth, Karlsruhe, Germany) in a water
bath at 75˚C. The extract was suspended in 10 ml of distilled water
and partitioned with 16 ml ethyl acetate (five times) to give on
drying an ethyl acetate soluble residue. After cooling the sample,
the larger components were removed twice by using a folded filter
(diameter: 185 mm; Schleicher und Schuell GmbH, Dassel,
Germany). The solution was then evaporated in a 100 ml round
bottom flask using a rotational damper (VV2011, Heidolph
Instruments GmbH & Co.KG, Schwabach, Germany) under uniform
reduction of pressure from 350 mbar to approximately 100 mbar.
Adhering extract to the wall of the round bottomed flask was
removed with 10 ml distilled water and then dissolved in an
ultrasonic bath (Ultrasonics (300/H); Omnilab, Bremen, Germany)
and extracted 5 times with 16 ml ethyl acetate (99.5%; Roth,

Karlsruhe, Germany) in a 50 ml Falcon tube. This process leads to
significant phase separation into a lower, denser phase (water
phase), and an upper phase (lipid phase, containing lignans). The
upper phase was carefully aspirated by a pasteur pipette and
transferred to a 50 ml round bottomed flask. The sample was again
evaporated in a rotational evaporator at 45˚C, under a uniform
decrease in pressure from 400 mbar to about 250 mbar. The
evaporated extract was dried overnight using a desiccator (with
dried silica). To determine the net weight of the extract, the
difference of the tare of the round bottom flask and the weight of
the flask with dried extract was made (MC1 Analytic scale AC120S;
Sartorius GmbH, Göttingen, Germany). The extract was stored
protected from light in a refrigerator at 4˚C.

In order to verify the previously reported increased phytoestrogen
concentration in PCE the molecular–chemical composition of the
extract was further analyzed by pyrolysis-field ionization mass
spectrometry by using a LCQ-Advantage (Thermo Finnigan’s city
& state). The peaks were identified by ion trap technology on ESI
mode. The source voltage was set at 4.5 kV while the mass
detection range was 150-2000 amu.

Creation of different PCE concentrations. After determining the
weight of the extract it was dissolved with 96% ethanol (Roth,
Karlsruhe, Germany) in an ultrasonic bath (Ultrasonics (300/H);
Omnilab, Bremen, Germany) and the concentration of 100 mg/ml was
determined (stock solution). For the following test series, 7 dilutions
(excl. the stock solution) were set at the concentrations of 50,000 -
10,000 - 5,000 - 1,000 - 100 - 10 - 1 μg/ml. The extract was then
further diluted, 1:100 giving the final concentrations 500 - 100 - 50 -
10 - 1 - 0.1 to 0.01 μg/ml. The dilutions were frozen at –85˚C.

Cell lines. The ER-positive, malignant breast cancer cell line MCF7
and the ER-positive, benign breast cell line MCF12A were used.
Both cell lines were obtained commercially from the American Type
Culture Collection (ATCC) and for further use in 1.5 ml culture
medium (PAA, Germany) + 10% DMSO + 20% fetal calf serum
(fetal bovine serum, Biochrom, Germany) stored at –180˚C. 

Cell culture. After slow thawing, the cryopreserved cells were washed
by 5 ml cell type-specific medium. For MCF7 cells, DMEM, high
Glucose 4.5g (PAA, Germany), for MCF12A, Ham’s F12 medium
(PAA Germany) were used. For this, the cell suspension was carefully
pipetted into 15 ml tubes and diluted with 5 ml culture medium. After
vortexing and subsequent centrifugation for 5 min at 1000 rpm
(centrifuge Universal 320R Hettich Zentrifugen, Gemany), the
supernatant was discarded. The cells were re-suspended in 5 ml culture
medium, transferred to 25-cm2 cell culture flasks (Biochrom,
Germany) and incubated at 37˚C, 5% CO2 for 2-3 days. At a
confluence rate of 80%, the medium was changed and the cells were
splitted in a larger culture flask (75 cm2, 150 cm2, Biochrom,
Germany). The cells were rinsed with phosphate buffered saline (PbS:
Dulbecco’s PbS powdered buffer, without Ca & Mg, PAA, Germany)
to remove the upper layer of protein on the cells which would prevent
an effective engagement of the trypsin before incubating them with
trypsin (10%, trypsin EDTA, PAA, Germany) for 5 min at 37˚C. The
reaction was stopped by adding DMEM (DMEM High Glucose (4,5g)
+L-glutamin; without phenol red, PAA, Germany). The complete
detachment of the cells was monitored by light microscopy. Following
centrifugation for 5 min at 1000 rpm, the supernatant was discharged
and cells were re-suspended in 5 ml cell-specific medium. For MCF7,

ANTICANCER RESEARCH 37: 95-102 (2017)

96



10% FKS, (PAA, Germany), for MCF12A, 10% Horseserum,
(SIGMA, Germany) were used. Penicillin/Streptomycin 0.2% (PAA,
Germany) and Amphotericin B 0.5% (PAA, Germany) were added to
both cell lines.

Cell counting. Despite the fact that cell proliferation depends on the
cell concentration and that cells need contact with neighboring cells
in order to grow, when cell count is elevated nutrient shortages
occur that may lead to apoptosis. The optimal cell concentration,
determined by previous studies was set at 5×105 cells/ml (19). Most
cell vitality assays that allow cell count determination are based on
the change in membrane permeability of dead cells. Vital cells are
impermeable for dyes such as trypan blue. Therefore, only the
colorless cells are counted in phase contrast microscopy. To cell
count, 20 μl of the cell suspension were diluted with 340 μl of cell
culture medium and then combined with 20 μl trypan blue
(corresponding dilution 1:20). To avoid trypan blue staining of
intact cells, prompt counting was done. For this, about 20 μl of the
probe was added to both sides of a Bürker cell counting chamber.
Counting was done under a phase contrast microscope at a
magnification of 100×.

General and statistical considerations. In all tests, a positive control
(17β-estradiol, E2) and a negative control (tamoxifen, TAM) were
carried along with the extract in different concentrations levels.
Preliminary tests done using the same workgroup yielded optimal
concentrations for E2: 10–9 mol/l and TAM: 10–4 mol/l. All
calculations of the results were performed using Microsoft Excel
considering the standard deviation. Statistical analysis was
performed using the t-test. Each observation with p<0.05 was
considered as statistically significant.

Measurement of cytotoxicity by LDH assay. The LDH assay (Roche,
Mannheim, Germany) was performed in accordance with the
manufacturer’s instructions. Best results were achieved after
incubation of treated cells (5×105 cells/ml) for 24 h in the absence
(controls: TAM, E2) or the presence of PCE at different
concentrations. Maximum LDH release (high control) was
determined by incubating cells with Triton X-100 at 1% final
concentration (Ferak, Berlin, Germany). Untreated cells were used
to determine spontaneous LDH release (low control). After
incubation, cells were gently centrifuged for 5 min 1,000 rpm.
Subsequently, cell-free supernatants were carefully removed and
transferred into a new 96-well microplate. Supernatants were mixed
1:1 with freshly prepared reaction mixture and incubated protected
from light for 30 min at room temperature. The principle of the
assay is based on a LDH/diaphorase coupled reaction with creation
of a red colored formazan. Absorbance of the color was measured
at 490 nm (620 nm wave length was used as a reference).

Proliferation measurement: MTT assay. Cell proliferation was
analyzed using an MTT-kit according to the instructions of the
manufacturer (Roche, Germany). After incubation of treated cells
(5×105 cells/ml) for 24 h in the absence (controls: TAM, E2, N2)
or presence of PCE at different concentrations, MTT labelled
reagent was added to each well in a final concentration of 0.5
mg/ml. Subsequently, cells were incubated under culture conditions
for 4 h. During this time the metabolic active cells transformed the
yellow tetrazolium salt MTT to purple colored formazan crystals.
After addition of the solubilization solution the plates were
incubated overnight in a humidified atmosphere at 37˚C. With a
microplate reader (Model 680, Bio-Rad, Hercules, CA, USA) the
color intensity was measured at 570 nm using a reference wave
length of 650 nm. 

BrdU proliferation-assay. Cell proliferation was analyzed with a 5-
bromo-2’-deoxy-uridine (BrdU) labelling and detection kit (Roche,
Germany) according to the instructions of the manufacturer. MCF7
and MCF12A cells (5×105 cells/ml) were grown in 96-well tissue
culture plates for 24 h in the absence (controls: TAM, E2, N2) or
presence of PCE at different concentrations. After labelling with
BrdU for 3 h, the cells were fixed and BrdU incorporation into
DNA was measured by an ELISA technique. Cellular proliferation
inhibition is expressed in relation to controls (100%)±SD.

Immunohistochemical staining for the ERα, ERβ and PR. For
immuno-detection of the steroid receptors ERα, ERβ and PR, the
Vectastain R Elite ABC-kit (Vector Laboratories, USA) was used
according to manufacturer’s protocol. The slides were first air dried,
rinsed in PBS for 5 min and then incubated with the ABC normal
serum for 60 min in a humidified environment. The slides were then
washed again and incubated with the respective primary antibodies.
Salient features of the antibodies used are presented in Table I. The
slides were then incubated with the diluted biotinylated secondary
antibody (30 min), followed by incubation with the ABC reagent
(30 min) and the ABC substrate (15 min). A single wash (PBS, 5
min) was applied between steps. Finally, the slides were
counterstained with Mayer’s acidic hematoxylin (30 sec), rinsed
with water and covered with Aquatex.

Results 

Immunohistochemistry. Expression of ERα, ERβ and PR
receptors was evaluated in MCF7 and MCF12A cells (Figure
1). A negative control measurement was carried out in which
instead of the primary antibody only secondary antibodies
were added to show possible non-specific fluorescence
signals. In both cell lines secondary antibodies were
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Table I. Salient features of the antibodies used in the present study. 

Antibody/Source                                                       Origin                                  Dilution in PBS                           Incubation                       Temperature

Anti – ERα, (Dako, Germany)                     Mouse monoclonal                                1:150                                          1h                                      RT
Anti – ERβ, (Serotec, Germany)                  Mouse monoclonal                                1:600                                         O/N                                    4˚C
Anti – PR, (Dako, Germany)                         Mouse monoclonal                                 1:50                                           1h                                      RT

O/N: Overnight, RT: room temperature.



negative, ruling out non-specific fluorescence signals. ERα
demonstrated the strongest expression in both cell lines. ERβ
and PR were less pronounced and comparable in intensity.
MCF12A cells expressed lower levels of all receptors tested
compared to MCF7 cells, which can be due to the benign
nature of MCF12A and its lower metabolic activity and
growth rate.

LDH cytotoxicity assay. The lactate dehydrogenase assay
(LDH assay) indicates non-specific cytotoxic effects of the
given extract that are measurable by enzymatic reactions of
LDH. LDH is a cytosolic enzyme that is released from dead
cells, making its concentration suitable as a quantitative
indicator of cell death. As a positive control and to establish
a reference value, cells were incubated with 1% Triton X-
100, resulting in complete cell death. LDH activity in these
controls was, therefore, set at 100%. Figure 2 shows that no
significant cytotoxicity was observed at concentrations of
0.01 μg/ml to 100 μg/ml. Also estradiol (E2) did not cause
significant cytotoxicity. However, significant cytotoxicity
(p<0.01) was caused by PCE at the concentration of 500
μg/ml in up to 80% of the cells of both cell lines (MCF7:
74.9±36.6%, MCF12A: 81.5%±14.7%), which is
approximately equivalent to the effect observed with TAM
(MCF7: 69.6%±22.6%, MCF12A: 98.7%±1.7, p<0.01).

DNA synthesis performance: BrdU proliferation assay. The
bromodeoxiuridine (BrdU) proliferation assay provides
insights into the DNA synthetic capacity of cells, making it a
suitable marker for cell proliferation. During the DNA
synthesis phase of the mitotic cycle, cells build the added base
analogue BrdU into their genome. An antibody directed
against BrdU catalyzes a colour reaction whose intensity

directly correlates with the synthetic capacity of the cells. As
a reference value, the negative control (N2, ethanol/DMSO)
was set at 100%. Figure 3 compares proliferation rates of
MCF7 and MCF12A cell lines incubated with the respective
extract concentrations. PCE showed less pronounced
antiproliferative effects in MCF12A cultures compared to
MCF7, as more significant results were obtained using MCF7
cells. At PCE concentrations of 0.01, 0.1 and 1 μg/ml, little
growth inhibition of MCF12A cells (max. 15%, at PCE 
0.1 μg/ml: 85.5%±5.6%, p<0.01) was demonstrated. At the
concentrations of 50 and 100 μg/ml the antiproliferative effect
of PCE in MCF12A intensified, and statistical significance
was demonstrated (50 μg/ml: 56.7%±13.8%, p<0.01,
100μg/ml: 61.1%±14%, p=0.01). At 500 μg/ml extract
concentration, significant inhibition of proliferation of 84.5%
was noted (15.5%±11.7%, p=0.01) in MCF12A cells. In
MCF7 cells, the PCE concentration of 0.01 μg/ml caused,
compared to the concentrations of 1 and 0.1 μg/ml an
increased, although not significant inhibition of cell
proliferation of approximately 40% (61.77%±13.0%, p=0.08).
Statistical significant inhibitions over 40% were demonstrated
in MCF7 cells at the concentration levels of 10, 50, 100 and
500 μg/ml. The strongest inhibition of proliferation in MFC7
cells of approximately 80% was observed at a PCE
concentration of 100 μg/ml (19%±2.7%, p<0.01). 

Cellular metabolic activity: MTT cell viability assay.
Metabolically-active cells have high activity of the
mitochondrial enzyme succinate dehydrogenase, whose
catalytic activity can be measured directly by a color
reaction. High color intensities indicate increased
metabolism and cell viability. As a reference value, the
negative control N2 was set to 100%. In MFC7 and
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Figure 1. Expression of hormone receptors in cell culture systems (MCF7 & MCF12A) used for the study.



MCF12A cell lines, both inhibitory and proliferative effects
of PCE were demonstrated. At PCE concentration levels of
0.01 μg/ml to 10 μg/ml, weak effects in both cell lines were
observed (Figure 4). Generally, metabolic activity was lower
in MCF12A cells than in MCF7 cells, except at PCE
concentration of 100 μg/ml (MCF12A: 155.7%±6.3%,
p<0.01, MCF7: 144.9%±34.5%, p<0.01). Nevertheless,
statistically significant results were found for all MCF12A
concentrations, in contrast to MCF7 cells, were increased

metabolism and significant results were achieved only at
concentration levels of 100 μg/ml (proliferative effect,
144.9%±34.5%, p<0.01) and 500 μg/ml (inhibitory effect,
37.0%±9.3%, p<0.01). Strong, significant inhibition of cell
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Figure 2. LDH test of the PCE (μg/ml) on MCF7 and MCF12A cells for
the assessment of cytotoxicity. Values are given as a percentage of the
triton control (100%). *Marks values below the significance level of
α=5%.

Figure 4. MTT cell viability assay of the PCE at different concentrations
(μg/ml) on MCF7 and MCF12A cellscfor the assessment of cellular
metabolic activity. Values are given as a percentage of negative control
2 (N2). *Marks values below the significance level of α=5%.

Figure 3. BrdU proliferation test of the PCE in different concentrations
(μg/ml) on MCF7 and MCF12A cells for the assessment of cell
proliferation. Values are given as a percentage of negative control 2
(N2). *Marks values below the significance level of α=5%.

Figure 5. Comparison of the main classes of organic extract components
between untreated parsley root (PW) and a parsley root extract (PWE,
100 mg/ml, according to Luyengi et al.). The mean values are shown
from 3 measurements, expressed as a percentage of the total ion
intensity (TI). LIPID=Alkanes, alkenes, aldehydes, alcohols, fatty acids,
n-alkyl esters, waxes, fats; NCOMP=N-containing compounds;
ISOPR=isoprenoid compounds (sterols, terpenes, carotenoids);
PEPTI=peptides and free amino acids; LOWMW=low molecular weight
compounds m/z 15 to 56; POLYPH=other polyphenols (suberin, cutin,
stilbene, tannins, etc.).



growth and metabolic activity was demonstrated in both cell
lines at PCE concentration of 500 μg/ml, 37.0%±9.3%
(p<0.01), cell viability for MCF7 cells and 24.4%±4% (p<0.01)
for MCF12A cells. No influence on cell viability was observed
by E2. However, Tamoxifen caused significant cytotoxicity and
thus reduced metabolic activity in both cell lines (MCF7:
3.8%±0.9%, p<0.01, MCF12A: -14.0%±5.4%, p<0.01).

Pyrolysis/FI mass spectrometry. The results from pyrolysis
mass spectrometry were compared with masses of different
substance classes from public databases. In Figure 5 the
main categories identified are presented with the respective
percentage of the substance class from the total ion intensity.
Untreated parsley root (PC) showed high carbohydrate and
lipid fractions (18.6% and 12.3% respectively). Peptides and
free amino acids are represented with 8.1%, as the third
largest group. The extraction process caused a shift of the
respective proportions of substances classes, resulting in less
carbohydrates (2.1%), more lipids (18.2%) and more
isoprenoids (14.1%) in PCE compared to PC. Together, the
fractions monolignols, lignin dimers, lignans, flavones,
isoflavones and other polyphenols (PHLM, LDIM, LIGNA,
FLAVO, ISOFL, POLYO) represent the group of
phytoestrogens (PC: 17%; PCE: 16.6%).

Discussion

In this study we demonstrated that PCE has cytotoxic,
inhibitory and anti-proliferative effects on cultures of both
the benign MCF12A and cancer-derived MCF7 cell lines.
The BrdU proliferation assay was used as the main method
to detect inhibitory or stimulatory effects of PCE. To verify
its accuracy, a LDH assay was performed to determine
cytotoxicity. In both cell lines and at all PCE concentration
levels with the notable exception of 500 μg/ml, no
substantial increase in LDH activity was observed. In
combination with the BrdU assay, these results suggest
antiproliferative effects of PCE not related to cytotoxicity.

So far, the exact cytotoxic effects of PCE remain
unknown. However, according to Dorman et al. it is likely
that at high concentrations, toxicity is not mediated by
caspase 3 apoptosis pathways but by strong pro-oxidative
effects (20). Other possible apoptosis pathways are intrinsic
signal molecules (cytochrome c, p53, p21) which can be
activated by isoflavones, such as genistein (21, 22), apigenin
(23) and lignans (24).

The BrdU assay showed little to no effect of PCE in both
cell lines at low concentrations, but at higher concentrations
(≥10 μg/ml) the following strong inhibitory effects: a reduction
of cell proliferation by 42% in MCF12A (at 50 μg/ml) and by
80% in MCF7 cell lines (at 100 μg/ml). In further studies the
effect of PCE at the given different concentrations on
ERα/ERβ/PR expression and the assessment by

immunocytochemistry could clarify whether it is likely that
MCF12A as a benign cell line is less sensitive to possible anti-
estrogenic properties of PCE due to a decreased receptor
expression compared with malignant MCF7 cells.

A stronger inhibition was demonstrated in MCF12A cells at
the concentration of 500 μg/ml, attributable to increased
cytotoxicity and the associated cell loss. Paradoxically, in
MCF7 cells PCE demonstrated a weaker inhibition of cell
proliferation at 500 μg/ml than at 100 μg/ml, despite cell death
rates of up to 75%. Accordingly, the remaining intact cells
(25%) would have to operate at a higher synthesis performance
than, in this case, 90% of the cells at a PCE concentration of
100 μg/ml. Similar results were obtained by Moorghen et al.
(25). They concluded that a higher proliferation rate
compensates the cells under apoptosis (secondary effect).
However, the low MTT assay values contradict this
assumption. At a PCE concentration of 500 μg/ml, when high
cytotoxicity was reported, low metabolic activity in both cell
lines (max. 37%) was registered.

Interestingly, in MCF12A and MCF7 cells that
demonstrated an inhibition of proliferation at the PCE
concentrations of 100 μg/ml and 50 μg/ml, excessive
metabolic activities were reported (max. 155% in MCF12A
cells or max. 145% in MCF7 cells). A potential explanation is
the already mentioned compensatory secondary effect which
was also reported by Abarzua et al. in MCF7 cell lines with
similar values (26). Moreover, in the E2 control no stimulatory
effect on MCF7 cells was observed. Therefore, PCE-induced
enhancement of viability at 100 and 50 μg/ml is probably not
related to an ER-mediated process. Other possibilities that
increase cellular viability at 100 and 50 μg/ml could be the
activation of protective or resistance pathways (elimination of
the active compounds by MDR transporters, metabolic
detoxification, activation of alternative metabolic pathways).
At low PCE concentrations (10 μg/ml-0.01 μg/ml) no eminent
metabolic changes were visible, matching the weakly altered
proliferation status of the MCF7 and MCF12A cells.

Only one other study investigating the phytoestrogen
effects of Petroselinum crispum on MCF7 cell lines exists
(16) where the influence of parsley leaf extracts and other
isolates on MCF7 breast cancer cell lines was investigated.
The methanol extract showed progesterone-like properties
associated with increased proliferation rates of up to 156%
(at a concentration of 10 μg/ml). However, the cell
proliferation was not measured by BrdU but only with the
MTT assay. It reported similar MTT values (155% at a
concentration of 100 μg/ml in MCF12A cell cultures).
However, it remains unclear to what extent the cellular
metabolic activity is linked with the proliferation rate.

In all assays, estrogen was used as a positive control. In
both cell lines it demonstrated no significant cytotoxicity and
proliferation compared with the negative control. Previous
works using the same cell lines demonstrated similar results
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(27, 28). It is likely that both receptor subtypes (ERα/ERβ)
are activated by E2, whereby ERβ intracellularly suppresses
the proliferative effect of ERα. Thus the ratio of the
expression of ERα/ERβ would be decisive for the different
proliferation patterns of the cells. Immunohistochemistry
analysis showed that both ERα and ERβ are present on cells
(Figure 1). Looking at the images, it is evident that the ERβ
expression is weaker but likely strong enough to inhibit ERα
mediated cell proliferation. 

TAM, which was used as a negative control is a SERM
used for the treatment of hormone-sensitive breast cancer for
already more than twenty years. It acts as a competitive
inhibitor or partial agonist on the ER. On breast cancer cell
lines it has an inhibitory effect (29). Correspondingly, a high
cytotoxicity and a low metabolism and proliferation were
observed in both cell lines treated with TAM.

Previous results demonstrated that PCE has anti-
carcinogenic properties. The question of whether and to what
extent phytoestrogens are involved cannot be answered
precisely. For this reason, mass spectrometry was performed
which provided information on the different extract
components. In order to determine the efficiency of the
extraction method used based on the Luyengi et al. study, a
sample of 5 mg raw material (PC) was analyzed in addition
to the extract sample.

Mass spectrometry of PCE and PC demonstrated a loss of
carbohydrates, monolignols, and nitrogen-containing
compounds as well as free amino acids in PCE compared to
PC. Except for the monolignols these compounds are not
probable constitutes of phytoestrogens. An increase in
concentration was registered in the groups of lipids,
isoprenoids, lignindimeres, lignans and other polyphenols.
Particularly the latter three groups are known to have
phytoestrogen activity. This leads to a total sum of 16.6%
phytoestrogen compounds in the PCE. The isoprenoids group
contains sterols such as cholesterol (animal) and ergosterol
(fungi/protozoa). Other metabolites can form steroids or
steroid hormones like estradiol. It seems likely that
isoprenoids may have estrogenic activity. Further, non-
estrogenic effects can be found in the group of lipids: free
fatty acids inhibit cell proliferation through activation of
peroxisome proliferator-activated receptors PPARα and
PPARγ, which bind as transcription factors to the promoters
of retinoid X receptors, regulating the expression of various
genes (30, 31). In MCF7 breast cancer cells, PPARγ
counteracts the transcription factor NFĸB, inducing the
promoter of p53 to drive apoptosis (32). Also, the group the
alkyl esters cytotoxic effects have been assigned: n-alkyl
ester as a basic component of the (methyl) acrylates have
lipophilic side groups that mediate cytotoxicity (33). Due to
the overall high percentage of lipids (18.2%) in PCE it
cannot be ruled out that phytoestrogens exhibit little or no
influence on its overall effect. Therefore, in further studies,

lipopolysaccharide could be used as an additional control
substance to demonstrate the extent to which lipids are
involved in the observed effects.

So far, few studies have been conducted with extracts of
Petroselinum crispum. Differently to our study, Yoshikawa
et al. used a methanol extract of the leaves, but not of the
root (16). By means of high pressure liquid chromatography
various fractions were separated and subsequently detected
by electron impact mass spectrometry. Ten individual
substances were identified, of which five possess proven
anti-estrogenic properties: apigetrin, apiin, diosmetin,
kaempferol, 6-acetylapiin (all from the group of flavone
glycosides, which also include the strong growth inhibitors
genistin and daidzein). Furthermore, an increase in uterine
weight of ovariectomized mice fed with the parsley leave
extract was observed, which suggests progesterone like
growth-promoting effect.

This work proved that PCE causes anti-carcinogenic effects
on MCF7/MCF12A cell lines. Growth inhibitory potency of
parsley root extract (PCE) on MCF7 mammary tumor cells at
non-toxic concentrations (up to 100 μg/ml) was reported.
Complementary observation of a less marked inhibition on
related MCF12A benign cells suggests an ER-mediated
process. Whether this apparent anti-carcinogenic effect of PCE
can be solely attributed to its phytoestrogens requires
complementary investigations. As a possible approach to
determining the role of hormone receptor mediated cell
response, PCE could be tested on malignant and benign ER-
negative cells (e.g. BT-20/MCF-10A). Additional control
substances to assess the lipid signal pathway, such as
lipopolysaccharide could demonstrate the extent to which
lipids are involved in the effects observed. Furthermore,
fractional chromatography could provide information of the
individual substances and their impact on breast cancer cell
lines. Cytotoxicity could be evaluated in detail by
immunohistochemistry or RTQ-PCR quantification apoptosis
induced markers like, p53, p21, BCL2 and Caspase 8/9. Other
extraction methods besides the ones used (17) could probably
create qualitatively improved extracts (e.g., water extraction,
resuspension of the dry extract in various solvents).
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