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Abstract
Ovarian cancer is one of the major causes of death in women. Parabens are a class of chemicals widely used as
preservatives in cosmetic and pharmaceutical products, they mimic estrogens, which are known to play a role in the
development of different cancers in women. The Aim of this study was to investigate the proliferative effects of
Methyl Paraben (MP) and Propyl Paraben (PP) on human ovarian adenocarcinoma C13 cell line.C13 cell line grown
in phenol red-free RPMI 1640, supplemented with 10% NCS, were exposed to either 0-100 µM of estradiol (E)or
tamoxifen (T). After 5 days, the number of live cells in each well (12 well plate) was counted using trypan blue
assay to obtain the EC50 or LC50 of E and T using the regression fitness analysis on GraphPad Prism© software. The
acquired EC50 for E was used for MP and PP exposure, alone or in a co-treatment with LC50 of T to investigate their
effects on C13 growth curve.LC50 and EC50 of T and E were 3.125 µg/ml and 12.5 µg/ml, respectively. In a coadministration of these two, T showed to be a good cell growth inhibitor for the first 9 days, when the proliferative
effect of estrogenic compounds lead to cell mitosis. Parabens showed estradiol pattern boost in cell growth for the
first 8 days, but had more sustained and powerful proliferative effect compared to estradiol with a 300% increase in
cell number on day 10. In co-administration with T, MP and E reversed T inhibitory effects from the beginning with
MP boosting cell proliferation up to 500% on day 10.Both MP and PP showed delayed proliferative effects much
stronger than E on C13 cells. MP was the most potent growth stimulating paraben on C13 cells with a rank order of
MP>PP>E. It is concluded that parabens are much toxic in human than thought before, but with a delayed toxicity
pattern. More investigation on chronic uses of paraben containing products is required for the safety measurement of
these compounds.
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carboxyphenylsulfate) and excreted, their use
remains controversial since low concentrations
of parabens have been isolated from breast
cancer tumors [7-8]. In a number of in vitro
studies, parabens have proven to able to bind to
the estrogen receptors and activate genes
controlled by these receptors and therefore
stimulate cell growth and proliferation [9].
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the estrogenic receptors of a human ovarian

ED50 and LC50 of these compounds on C13 cell

adenocarcinoma cell line, C13, that contains

line, the cells were exposed to eight different

estrogenic receptors [15, 16]. An estrogenic

concentrations (0, 1.56, 3.125, 6.25, 12.5, 25, 50

receptor inducer and also some blockers have

& 100 µg/ml) of either 17β-Estradiol and/or

also been used to confirm the interactive nature

Tamoxifen in the cell culture media for 5

of parabens with these receptors in C13 cell line.

days.Trypan Blue dye assay was used to
evaluate the cell proliferation following the
exposure to these compounds.

2. Materials & Method:
2.1. Reagents

After 24 hours of cell propagation in new
media, 17β-Estradiol, Methyl Paraben and

Phenolred- free RPMI 1640 cell culture
media was obtained from Sigma Chemical Co.

Propyl

Paraben

(at

the

concentration

of

Neonatal Calf serum (NCS, heat inactivated),

12.5µg/ml equal to the ED50 for 17β-Estradiol)

penicillin, streptomycin, and trypsin EDTA were

were added to the C13 cells media seeded in 12-

obtained from Gibco Company, Germany.17β-

well culture plates at a density of 15 × 103 cells
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per well, while Tamoxifen (LC50=3.125 µg/ml)

from Darupakhsh pharmaceutical factory, Iran.

was added to the cells seeded in 12-well culture

Methylparaben&propylparabenwere dissolved in

plates at a density of 25 × 103 cells per well. The

absolute ethanol, before use.

exposure time was assigned for 24 hours after
which the culture medium was replaced with

2.2. Cell Culture

fresh media and cells were incubated for 12

C13 human ovarian adenocarcinoma cell line

days. To evaluate the blocking effects of

(ATCC, USA) was routinely cultured in

Tamoxifen on this cell line, tamoxifenwas added

phenolred- free RPMI 1640 supplemented with

to the growth media for 24 h after cells

10% heat-inactivated NCS, 100 IU/ml of

incubation.The culture medium was replaced

penicillin and 100 μg of streptomycin. The cells

with fresh media without Tamoxifen and cells

were incubated in a humidified atmosphere with

were incubated for another 12 days before the

5% CO2 at 37°C.

trypan blue assay. To find out the effects of
these compounds in isolated or co-administered

2.3. Cell Growth Assay the and Chemical Effects

models, living cells in 3 wells of every

The C13 cells treated with 17β-Estradiol

experiment were counted using trypan Blue dye

were seeded in 12-well culture plates at a

exclusion every day for 12 days after treatments.

density of 15 × 103 cells per well, while the C13
cells treated with Tamoxifen were seeded at a
densityof 25 × 103 cells per well. To obtain the
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Figure 1. Cell growth curve of human ovarian adenocarcinoma cells after 24h of exposure to Tamoxifen and 17βEstradiol by Trypan Blue staining assay. Cells were seeded in 12 well plates at a density of 25×10 3 cells for
treatment with different concentrations of Tamoxifen and at a density of 15×10 3 cells for treatment with different
concentrations of 17β-Estradiol up to 5 days. LD50 of Tamoxifen and ED50 of 17β-Estradiol were calculated to be
3.125µg/ml and 12.5 µg/ml (T= Tamoxifen; E= 17β-Estradiol.).

2.4. Statistical Analysis

demonstrated that methyl paraben has the

The regression fitness analysis on GraphPad

strongest proliferating effects among these

©

Prism software was used for the assessment of

compounds.

EC50 and LC50 of Estradiol and Tamoxifen on

The effects of continuous exposure of C13 cells

C13 cell line. All graphs were plotted using

to the Tamoxifen, with or without the three other

©

GraphPad Prism software.

compounds of estradiol, methyl paraben and
propyl paraben have been presented in Fig. 3.
The results show the inhibiting inhibory effect of

3. Results and Discussion
As is shown in Fig. 1, the LC50 of

Tamoxifen on stimulation by estradiol, MP and

Tamoxifen on C13 cell line (seeded at a density

PPwhen

of 25×103 cells/well) for 5 days was calculated

tamoxifen.

the

cells

were

co-treated

with

to be 3.125 µg/ml. The EC50 of Estradiol on
C13 cell line (seeded at a density of 15×103

4. Conclusion

cells/well) at the same condition seeded in 12

As it has been shown in the figure 2 of the

well plates for 5 days was calculated to be equal

result section estradiol, propyl and methyl

to 12.5 µg/ml.

parabens do stimulate the C13 cells for a faster

Fig. 2 represents the growth curve of C13

growth and proliferation in particular for the first

cell line after 24 h of exposure to Estradiol,

8 days after exposure. To prove that this

Tamoxifen,

MethylParaben&PropylParaben.

stimulatory effect is through the estrogenic

The results represent the growth stimulating

receptors, the cells were co-treated with

effects

and

Tamoxifen in which the effect of these

propylparaben compared to the control. It is also

compounds was diminished. However, it is

of

estradiol,

methyparaben

39

Chemometrics in Simultaneous Spectrophotometric Determination

Figure 2. Cell growth curve of human ovarian adenocarcinoma cells after 24h of treatment with different
compounds by Trypan Blue staining assay. Cells were seeded in 12 well plates at a density of 25×10 3 cells for
treatment with Tamoxifen (LD50= 3.125µg/ml) and at a density of 15×103 cells for treatment with 17β-Estradiol,
PP and MP (ED50=12.5µg/ml). The cells were counted at different days in triplicates up to 12 days. Results are
represented as mean ±SE from 3 wells (Control= Untreated, E= 17β- Estradiol, MP= MethylParaben, PP=
PropylParaben).

Figure 3. Cell growth curve of human ovarian adenocarcinoma cells after 24h of co-treatment with different
compounds by Trypan Blue staining. Cells were seeded in 12 well plates at a density of 15×10 3 cells for cotreatment of Tamoxifen (LD50= 3.125µg/ml) with 17β-Estradiol, PP and MP (ED50=12.5µg/ml). The cells were
counted each day in triplicates up to 12 days. Results are represented as mean ±SE from 3 wells (Control=
Untreated, E= 17β- Estradiol, MP= MethylParaben, PP= PropylParaben).

important to note that the inhibitory effects of

stimulatory effect is especially dramatic and

Tamoxifen is very much limited to about first 9

significant when cells are exposed to estradiol

days after which the cells escape and the

and methylparaben. The inhibitory effect of

proliferation rate increases. This escaping

Tamoxifen is seen in all treatments until the 9th

behavior

day after exposure but this inhibitory effect

from

the

estrogenic

receptor
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