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Bisphenol a impacts cardiomyocyte differentiation in 
vitro by modulating cardiac protein expression

aBStraCt

introduction: Bisphenol a (Bpa) is an environmental toxin commonly found in plastics and is 
able to mimic the actions of endogenous steroid hormones. Bpa binds and activates intracel-
lular estrogen receptors (eRα and eRβ) and estrogen related receptor γ (eRRγ), all of which are 
present in cardiomyocytes. however, it is unclear how Bpa impacts the heart. We hypothesized 
that Bpa modulates the expression of proteins regulating cardiac structure, energy and calcium 
homeostasis during cardiomyocyte differentiation in vitro. Methods: We differentiated h9C2 cells 
into cardiomyocytes in hormone-replete (Rm) or hormone-depleted (hD) media. We co-treated 
the cells with graded amounts of Bpa and pure anti-estrogen ICI 182,780, which blocks eRα 
and eRβ activity. Immunoblotting measured the expression of the structural protein β-myosin 
heavy chain (βmhC), calcium homeostasis protein sarcoendoplasmic reticulum calcium aTpase 
(seRCa2a), and the cardiac energy-producing protein creatine kinase (CK). results: expression 
of these proteins was hormone-dependent during cardiomyocyte differentiation, with expression 
highest in Rm media after 72 or 96 hours of differentiation. adding 10-8 m Bpa to hD media 
increased cardiac structural (βmhC), energy (CK), and calcium homeostasis (seRCa2a) protein 
expression. Conversely, 10-7 m Bpa added to Rm media decreased protein expression. Co-
treatment with ICI 182,780 reduced Bpa-mediated induction of seRCa2a and CK expression 
in hD media. discussion: Bpa modulates cardiac structure, calcium and energy homeostasis 
protein expression during cardiomyocyte differention in vitro. moreover, the data suggest that 
Bpa mediates these changes in protein expression through activation of cardiomyocyte eRα, 
eRβ, or eRRγ.
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intrOdUCtiOn

Bisphenol A (BPA) is a known endocrine disruptor prevalent 
in the environment. Endocrine disruptors are environmental 
chemicals that can mimic the action of endogenous steroid hor-
mones with some shown to alter reproductive tissue development 
(1). BPA is a component of polycarbonates and other plastics, and 
can leach into stored foods and drinks. BPA is one of the most 
common chemicals used in industry today and has the potential to 
become a major environmental toxin (2). Recent measurements 
indicate that greater than 92% of people have detectable levels 
of BPA in urine, indicating continued and chronic exposure (3). 
In 2008, BPA was judged by Health Canada to be a substance 
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that may be entering the environment in quantities sufficient to 
constitute a danger to Canadians’ health (4). The daily exposure in 
Canada, mostly through diet, is estimated to be 0.67 μg/kgBW/
day for adults, between 0.8 and 2.27 μg/kgBW/day for children 
and 0.92 to 4.3 μg/kgBW/day for infants up to 18 months old (4).  

Studies have shown that when pregnant rodents were treated with 
low dosages of BPA, amounts commonly found in human blood 
and tissue, BPA entered the rodent placenta, accumulated in the 
fetus, and altered reproductive and non-reproductive tissues 
(1). BPA has been shown to impact the development of both 
the male and female reproductive tracts in developing fetuses 
(1). Chronic exposure to BPA from conception is therefore a 
widely-prevalent phenomenon. Researchers have shown that 
BPA acts in a manner similar to sex hormones, and modulates 
protein expression by binding estrogen receptor α (ERα) and 
estrogen receptor β (ERβ) (5). The activated ERs then activate 
ER-dependent target transcription (6).  Alternatively, studies 
have also shown that BPA behaves as an endocrine disruptor by 
binding estrogen related receptor γ (ERRγ) (7). Finally, BPA 
also inhibits the activity of the thyroid hormone triiodothyro-
nine (T3) (8). 
 
It is well known that men and women develop heart disease dif-
ferently. Sex hormone activation is thought to play an important 
role in determining cardiac structure and function, and could 
account for differences between men and women in developing 
heart disease, though this is largely unresolved (9). Cardiomyo-
cytes express androgen receptors (ARs), ERα, ERβ, and ERRγ 
(10). Consequently, cardiomyocytes can respond to steroid hor-
mones, and thus can also respond to environmental endocrine 
disruptors such as BPA. Although the impact of BPA on vari-
ous mammalian tissues is well documented, little is known about 
the effects of this endocrine disruptor on the heart structure and 
function during development. In particular, BPA’s possible effects 
on cardiomyocyte development are largely unexplored and unre-
solved. Cardiac differentiation requires expression of structural 
proteins involved in contraction, such as β-myosin heavy chain 
(βMHC); calcium homeostasis proteins that are also involved in 
the control of contraction, such as sarcoendoplasmic reticulum 
calcium ATPase (SERCA2a); and proteins involved in cardiac-
specific energy production, such as creatine kinase (CK). 

We hypothesize that BPA modulates the expression of cardiac 
structural, energy and calcium homeostasis proteins during car-
diomyocyte differentiation in vitro. 

Model and experiMental plan
We used H9C2 cells in our experiments. This permanent cell line 
is derived from rat cardiac ventricular tissue (11), and can be dif-
ferentiated into a cardiomyocyte lineage in vitro. We measured 

the expression of cardiomyocyte structural (βMHC), energy (CK) 
and calcium homeostasis (SERCA2a) proteins. 
 
To test our hypothesis, we cultured H9C2 cells in hormone-re-
plete (RM) and hormone-depleted (HD) media, and determined 
the conditions for optimal differentiation. To test the influence of 
BPA on differentiation and protein expression, we added graded 
amounts of BPA to RM and HD media. To test the mechanism 
of BPA action, we treated cells with both BPA and pure anti-
estrogen ICI 182,780, which binds both ERα and ERβ with high 
affinity and blocks putative ER activity. 
 
We expect expression of these important cardiac proteins to rise 
as differentiation progresses in cells treated with hormone-replete 
media. We also expect lower protein expression in cells treated 
with hormone-deficient media, compared with cells treated in 
hormone-replete media, since we hypothesize that sex hormones 
modulate gene expression during cardiomyocyte differentiation. 
We also anticipate increased expression of cardiac-specific pro-
teins in cells treated with both BPA and hormone-deficient me-
dia, compared with hormone-deficient controls lacking BPA, as 
we expect BPA to bind and activate ERs or ERRγ. If BPA does 
indeed bind the ERs, we anticipate that the effects of BPA on 
protein expression will be reversed back to control levels when 
ICI 182,780 is added to cells in culture.

MethOdS

Cell CulTuRe
H9C2 cells were plated in 60 mm cell culture dishes and cul-
tured in Dulbecco’s Modified Eagle Medium (DMEM). Penicillin, 
streptomycin, and 10% Fetal Calf Serum (FCS) were added (all 
from Invitrogen). At 90-95% confluency, the media was changed 
to differentiation media. Hormone-replete differentiation media 
(RM) contained DMEM, 1% FCS and antibiotics. Hormone-de-
ficient differentiation media (HD) contained phenol-free DMEM, 
1% charcoal stripped-FCS and antibiotics. 10-8 M Retinoic Acid 
(RA) (Sigma-Aldrich) was added daily to induce cardiac differ-
entiation. Media were changed every 48 hours for all experiments. 

pRoTeIn IsolaTIon anD ImmunoBloT analYsIs
Cells were homogenized in SDS lysis buffer containing 62.5mM 
Tris pH 6.8, 2% weight/volume SDS, 10% glycerol, 50 mM di-
thiothreitol and 0.01% w/v bromophenol blue. Proteins were 
separated using 8% SDS-polyacrylamide gel at 80 mV, and then 
transferred to a Immobilon P blotting membrane (Millipore) at 
90 mV for 2 hours at 4 ºC using a wet transfer apparatus. 

The membranes were stained with Ponceau S, and then blocked 
with 10% TBS-T (βMHC, CK) or 10% PBS-T (SERCA2a) in 
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milk for 1 hour. Membranes were then incubated overnight at 4 
ºC in 5% TBS-T or PBS-T milk containing primary antibody. 
βMHC primary antibody (MF-20 culture supernatant) was di-
luted 1:10, SERCA2a antibody (Santa Cruz) 1:100 and CK an-
tibody (Sigma-Aldrich) was diluted 1:1000. 

Membranes were then washed 3 x 15 minutes in TBS-T or PBS-
T, and incubated for 2 hours at room temperature in 5% TBS-T 
or PBS-T milk containing horseradish-peroxidase coupled sec-
ondary antibody. Anti-mouse secondary antibody (Pierce) was 
used for βMHC (1:10000 dilution) and Creatine Kinase (1:8000 
dilution). Anti-goat secondary antibody (Pierce) was used for 
SERCA2a (1:5000). After incubation, membranes were washed 
3 x 15 minutes in TBS-T or PBS-T. We then performed chemi-
luminescent detection of specific binding, following the manu-
facturer’s instructions (Pierce, Rockford IL). We then normal-
ized protein levels using the bands obtained from the loading 
control gels (discussed below). 

loaDIng ConTRol FoR ImmunoBloT analYsIs
For immunoblot analysis, 25 μL of homogenate was loaded in 
each well. For a loading control, protein samples separated on 8% 
SDS-Polyacrylamide gels were stained with Coomassie Brilliant 
Blue 250 to visualize bands. We quantified bands to compare the 
relative amounts of protein loaded in each well, and all experi-
mental results were normalized to these values. 

sTaTIsTICal analYsIs
Normalized and vehicle-corrected values for relative protein 
expression are shown in Figures 1 to 3. Paired t test was used 
to compare relative protein expressions when needed. Values of 
P<0.05 were considered statistically significant. 

reSUltS

expeRImenT 1: DIFFeRenTIaTIon TIme CouRse FoR 
h9C2 Cells In hoRmone-RepleTe anD hoRmone-
DepleTeD meDIa
To test the impact of sex hormones on the expression of car-
diac structural (βMHC), energy (CK) and calcium homeostasis 
(SERCA2a) proteins during the time course of cardiomyocyte 
differentiation, a first experiment (Experiment 1) was performed 
in which protein expression was measured using immunoblot-
ting at 24, 48, 72, and 96 hour intervals after the change to dif-
ferentiation media (Fig. 1) in HD and RM. 

βMHC expression increased with time in RM as the H9C2 cells 
differentiated into cardiomyocytes (RM 72: P <0.002, RM 96: 
P<0.04 compared with RM 24). Also, the RM 72 and RM 96 
treated cells showed higher βMHC expression than HD treated 

pRoTeIn Rm 24     Rm 48     Rm 72     Rm 96      hD 24     hD 48     hD 72    hD 96

βmhC

! 1.00          1.22       8.82         9.89          0.59       0.74        0.75       0.28

CK

! 1.00         0.88        1.39         1.40         0.71        0.75        0.90       0.85

seRCa2a

! 1.00        0.99         0.93        1.53         0.78        0.59        0.48       0.36

loaDIng

!

Fig. 1. Differentiation Time Course for H9C2 cells cultured in hormone-
replete (RM) media and hormone-depleted (HD) media. Daily additions 
of retinoic acid induced cardiomyocyte differentiation. Cells were harvested 
after 24, 48, 72, or 96 hours. Relative protein expression (βMHC, CK, SER-
CA2a) was measured using immunoblotting. Relative protein expression, 
quantified using ImageJ software and normalized to Coomassie-stained gel 
used as loading control, is shown below each immunoblot (values in arbi-
trary units). These values are averages taken from all repeats conducted.  The 
loading control is shown below the data for the proteins.

cells (P < 0.002 at 72 hours, P < 0.035 at 96 hours). We observed
a similar pattern when the expression of SERCA2a and CK was 
measured. We observed higher SERCA2a and CK expression in 
RM treated samples than in HD treated samples, though this 
difference in expression was less pronounced than what was ob-
served with βMHC. During the differentiation time course for 
RM treated cells, SERCA2a expression appeared to be highest 
after 96 hours, and CK expression appeared to be stronger after 
both 72 and 96 hours. 

expeRImenT 2: eFFeCTs oF Bpa on CaRDIomYoCYTe 
pRoTeIn expRessIon In h9C2 Cells CulTuReD In 
Rm anD hD meDIa
To test the hypothesis that BPA modulates the expression of car-
diomyocyte structural, energy and calcium homeostasis proteins, 
we performed a second experiment to compare protein expres-
sion in H9C2 cells treated with BPA with control groups not 
treated with the endocrine disruptor. Cells in the control group 
were differentiated in RM or HD media alone, while cells in the 
experimental groups had 10-7 M or 10-8 M BPA in methanol 
(MeOH) added to the culture at the time of differentiation in-
duction. Controls for both types of media were treated with an 
equal volume of MeOH only. Cells were harvested after 72 or 96 
hours. Results are shown in Fig. 2.

When 10-7 M BPA was added to RM media for 72 hours, ex-
pression of the structural protein βMHC was decreased (P<0.03) 
compared with the RM 72 MeOH control. However, when 10-8 
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!meDIa TYpe: Rm Rm Rm Rm Rm Rm hD hD hD hD hD

DIFFeRenTIaTIon 
TIme (hRs):    

72 72 72 96 96 96 72 72 72 96 96

meoh: + - - + - - + - - + -

10-7 m Bpa: - + - - + - - + - - -

10-8 m Bpa: - - + - - + - - + - +

! !

meDIa TYpe: Rm Rm Rm Rm Rm Rm hD hD hD hD hD

DIFFeRenTIaTIon 
TIme (hRs):    

72 72 72 96 96 96 72 72 72 96 96

meoh: + - - + - - + - - + -

10-7 m Bpa: - + - - + - - + - - -

10-8 m Bpa: - - + - - + - - + - +

meDIa TYpe: Rm Rm Rm Rm Rm Rm hD hD hD hD hD

DIFFeRenTIaTIon 
TIme (hRs):    

72 72 72 96 96 96 72 72 72 96 96

meoh: + - - + - - + - - + -

10-7 m Bpa: - + - - + - - + - - -

10-8 m Bpa: - - + - - + - - + - +

!

!

!

! !

loading

controlS:

meDIa TYpe: Rm Rm Rm Rm Rm Rm hD hD hD hD hD

DIFFeRenTIaTIon 
TIme (hRs):    

72 72 72 96 96 96 72 72 72 96 96

5 ul meoh: + - - + - - + - - + -

10-7 m Bpa: - + - - + - - + - - -

10-8 m Bpa: - - + - - + - - + - +

!

Fig. 2. Impact of Bisphenol A on Cardiomyocyte Differentation. H9C2 cells cultured in hormone-replete (RM) media and hormone-depleted (HD) media; 
cells were treated with 10-7 M BPA, 10-8 M BPA, or MeOH (controls). Daily additions of retinoic acid induced cardiomyocyte differentiation. Cells were 
harvested after 72 or 96 hours. Relative protein expression (βMHC, CK, SERCA2a) was measured using immunoblotting. For each protein, immunoblots 
are shown along with a graphical representation of relative protein expression, quantified using ImageJ software and normalized to Coomassie-stained gel 
used as loading control. The gel used as a loading control for all 4 proteins is shown below the data for the proteins. The immunoblot images for βMHC and 
SERCA2a show a 1 minute film exposure for RM samples, and a 5 minute film exposure of the same gel for HD samples. Error bars are shown for βMHC 
and SERCA2a, for which replicates were performed.

LEGEND RegulaR meDIa (Rm)                                hoRmone-DepleTeD meDIa (hD)

BIsphenol a (Bpa) 10-7 m                        BIsphenol a (Bpa) 10-8 m 

             

!

!

!

!
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M BPA was added to HD media for 72 hours, βMHC expres-
sion was increased (P<0.05) when compared with the HD 72 
MeOH control. 

CK is a protein involved in energy production. When the expres-
sion of CK was measured, expression increased when cells were 
treated with 10-8 M BPA in HD media for 72 hours, compared 
with the HD 72 MeOH control. For cells cultured in RM media 
for 96 hours, 10-7 M BPA treatment decreased CK expression 
compared to the RM 96 MeOH control.  

The calcium homeostasis protein SERCA2a showed decreased 
expression in RM media at 96 hours when treated with 10-7 M 
BPA, though the difference was not statistically significant. Cells 
treated in RM media for 72 hours showed increased expression 
when treated with 10-8 M BPA (P<0.053). Additionally, treat-
ing cells in HD media for 96 hours with 10-8 M BPA caused a 
significant increase (P<0.05) in SERCA2a expression compared 
to HD 96 MeOH controls.  

expeRImenT 3: TReaTmenT WITh Bpa anD anTI-
esTRogen ICI 182,780
Finally, to investigate whether BPA modulates cardiomyocyte 
protein expression by binding to ERs, we performed a third ex-
periment. H9C2 cells differentiated in RM or HD media for 
72 hours, with both 10-8 M BPA and pure anti-estrogen ICI 
182,780 (10-6 M or 10-8 M) in DMSO, were compared with two 
sets of controls: cells treated with BPA alone, and cells treated 
with media lacking both BPA and ICI 182,780. Controls were 
treated with MeOH, DMSO, or both to account for any possible 
effects the solvents may have on the cells. Immunoblot results are 
shown in Fig. 3. We concentrated on SERCA2a and CK expres-
sion as these were the most strongly influenced by BPA induc-
tion in Experiment 2. Statistical analysis was not performed. 

Treatment with BPA and ICI 182,780 (10-6 M and 10-8 M) 
reduced SERCA2a expression in HD treated cells when com-
pared with both HD 72 BPA 10-8 M and HD 72 controls, most 
particularly when 10-8 M ICI 182,780 was added. However, the 
inclusion of ICI 182,780 treatment increased SERCA2a expres-
sion in RM treated cells when compared with both RM 72 BPA 
10-8 M and RM 72 controls. A similar trend was observed with 
CK in RM treated cells, with highest expression in cells treated 
with ICI 182,780 10-6 M. Treatment with BPA and ICI 182,780 
also appeared to reduce CK expression in HD treated cells when 
compared with both HD 72 BPA 10-8 M and HD 72 controls.  

pRoTeIn

CK

1.00         1.39       1.93       1.15     1.01     1.03     0.67     0.72

seRCa2a

1.00         3.48       6.19       6.66     0.73     0.99     0.50     0.03

loaDIng

Fig. 3. H9C2 cells cultured in hormone-replete (RM) media and hormone-
depleted (HD) media; cells were treated with 10-8 M BPA + 10-6 M ICI, 
10-8 M BPA + 10-8 M ICI, 10-8 M BPA + DMSO, or DMSO + MeOH 
(controls). Daily additions of retinoic acid induced cardiomyocyte differ-
entiation. Cells were harvested after 72 hours. Relative protein expression 
(CK, SERCA2a) was measured using immunoblotting. Relative protein 
expression, quantified using ImageJ software and normalized to Coomassie-
stained gel used as loading control, is shown below each immunoblot (values 
in arbitrary units). Values shown were obtained from one experimental trial. 
The loading control is shown below the data for the proteins.

meDIa TYpe Rm Rm Rm Rm hD hD hD hD

DIFFeRenTIaTIon 
TIme (hRs)

72 72 72 72 72 72 72 72

meoh + - - - + - - -

Dmso + + - - + + - -

10-8 m Bpa - + + + - + + +

10-6 m ICI 182,780 - - + - - - + -

10-8 m ICI 182,780 - - - + - - - +

!

!

!

diSCUSSiOn

Our H9C2 cell culture system is an effective model to measure 
changes in cardiac structural, energy and calcium homeostasis 
protein expression during cardiomyocyte differentiation, and of-
fers an appropriate basis for our experiments. In particular, since 
treatment with BPA produced noticeable and quantifiable effects 
on protein expression patterns detected through immunoblot-
ting, our cell culture model could be useful for future research 
exploring the effects of endocrine disruptors on cardiomyocyte 
protein expression.

Our results from Experiment 1 show that cells differentiated 
in the presence of hormones in RM have increased expression 
of βMHC, SERCA2a and CK during the later stages of the 
time course experiment, suggesting that H9C2 cells have dif-
ferentiated into cardiomyocytes by this point. As we expected, 
HD treated cells show lower cardiac protein expression, likely 
due to incomplete differentiation. This result confirms that the 
expression of important cardiac proteins is hormone-dependent 
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during cardiomyocyte differentiation, and is consistent with our 
hypothesis that sex hormones play a role in modulating cardiac 
gene expression. However, HD media contains reduced estrogen, 
progesterone, androgen, glucorticoid, thyroid hormone and cor-
tisol. It is unclear if all or only one of these factors contributes 
to cardiac differentiation. Further experimentation must be con-
ducted to confirm our belief that changes in sex hormone levels 
specifically contribute to the observed differences in protein ex-
pression between RM and HD treated cells. 

Our results in Experiment 2 strongly support our hypothesis 
that BPA modulates cardiac protein expression in cardiomyo-
cytes in vitro. Differentiation in HD media with 10-8 M BPA, 
a concentration detectable in human urine (12), for 72 hours 
caused considerable increases in the expression of the structural 
protein βMHC and the cardiac energy-producing protein CK, 
compared to HD controls. We observed the same trend with the 
calcium homeostasis protein SERCA2a, except the increased 
expression in HD media due to BPA treatment was most pro-
nounced after 96 hours of differentiation. These results show that 
BPA modulates the expression of cardiac structural, energy and 
calcium homeostasis proteins in differentiating cardiomyocytes. 
Furthermore, these results are consistent with our hypothesis 
that BPA influences cardiac protein expression by binding and 
activating ERs or ERRγ. BPA could be binding cardiomyocyte 
ERRγ and activating ERRγ-driven transcription, as demonstrat-
ed in previous studies (13). ERRγ is thought to exclusively drive 
the transcription of proteins involved in metabolism and energy 
production (14); however, our results show that BPA modulates 
the expression of cardiac structural and calcium homeostasis 
proteins as well. This suggests that BPA may also be activating 
cardiomyocyte ERs, which would then bind genomic DNA to 
regulate transcription.

Additionally, treating cells with 10-7 M BPA in RM media for 
72 or 96 hours noticeably decreased βMHC, SERCA2a and CK 
expression compared to RM controls in Experiment 2. It is pos-
sible that the higher concentration of BPA was toxic, causing 
decreased ER- and/or ERRγ-driven transcription of cardiac pro-
teins. This is consistent with the notion that BPA is an estrogen-
like compound, as it is well known that steroid hormones func-
tion optimally in a non-monotonic fashion (15). This means that 
a low concentration can appear to be more toxic than a higher 
concentration and vice versa. BPA was effective and modulated 
cardiac protein expression even in hormone-replete media with 
all other factors for differentiation present. This suggests that in-
gested BPA might affect cardiac differentiation in vivo. 

In Experiment 3, cells were treated with the anti-estrogen ICI 
182,780 and BPA. The results we obtained provide further in-
sight on the possible mechanisms of BPA action.  If BPA func-

tions by activating ERs, we expect ICI 182,780 to block the ERs 
and reverse the changes in protein expression caused by adding 
10-8 M BPA. In HD media, ICI 182,780 appeared to drive SER-
CA2a and CK expression to even lower levels than those of the 
controls, or when BPA alone was added to the HD media. This 
trend suggests that BPA could be modulating SERCA2a and 
CK transcription by activating ERs. Further experiments should 
treat cells with a wider range of ICI 182,780 concentrations. The 
same experiment should also be repeated using other anti-estro-
gens that block putative ER activity, to test whether they impact 
results in a similar manner as ICI 182,780.

Our research shows that cardiac protein expression during dif-
ferentiation is steroid hormone-dependent, and that BPA mod-
ulates cardiac protein expression in cardiomyocytes in vitro. 
Future research must be conducted to further understand the 
mechanisms by which sex hormones and BPA modulate cardiac 
gene expression. First, we plan to treat cells with higher or lower 
doses of BPA to identify concentrations at which the estrog-
enizing effects of BPA are most strongly seen. To identify the 
main receptor through which BPA functions, the genes encod-
ing ERRγ, ERα and ERβ receptors in H9C2 cells can be over-
expressed and under-expressed using our cell culture model. An 
siRNA approach can be employed to downregulate the expres-
sion of these same proteins. We can then measure changes in 
protein expression in BPA-treated cells as receptor expression 
is varied. We also plan to test whether performing mutagenesis 
on the consensus binding elements for ERα, ERβ and ERRγ in 
the promoters of cardiac target genes, such as SERCA2a, sig-
nificantly impacts BPA function in H9C2 cells. Additionally, 
chromatin immunoprecipitation (ChIP) can be used to assay for 
ER receptor-DNA binding interactions at SERCA2a or other 
gene promoters when cells are treated with BPA. Finally, an out-
standing question is whether BPA regulates transcription epige-
netically in cardiomyocytes, in a manner similar to sex hormones 
(16). Sodium bisulfite analysis can be used to sequence possible 
DNA methylations in CpG islands upstream of genes encoding 
cardiac proteins after BPA treatment.

The results of our study offer valuable insight into the impacts of 
sex hormones and endocrine disruptors on cardiac tissue. Given 
the exposure of pregnant women, children and adults to BPA on 
a daily basis, further research on the impact of BPA on the car-
diovascular system is of major importance to public health. The 
ability of the environmental toxin BPA to impact the heart by 
functioning as an estrogenizing compound makes it an impor-
tant target for future research, which could lead to a greater un-
derstanding of how sex hormones and environmental endocrine 
disruptors influence the development of heart disease. 

V. swami and l.e. Chalifour
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