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Introduction

Male infertility contributes to 50% of all infertility cas‑
es. Risk factors for male infertility include: varicocele, 
aging, sexually transmitted diseases, lifestyle factors 
and long‑term or intensive exposure to certain types 
of toxins, chemicals and medications [1]. Estrogen‑like 
and endocrine disrupting (EDs) chemicals that alter 
the normal function of hormones, such as phtha‑
lates, organochlorines and bisphenol A are of par‑
ticular potential concerns. When xenoestrogens enter 
the body they increase the total amount of estrogen 
resulting in a phenomenon called estrogen dominance. 

Xenoestrogens are not biodegradable therefore, they 
are stored in fat cells [2, 3].

Several studies have reported the association of 
exposure to phthalates and bisphenol A with impaired 
semen quality [4, 5]. Bisphenol A (BPA; 4,4’‑(propane‑
2,2‑diyl) diphenol) belongs to the group of diphenyl‑
methane derivatives and bisphenols, with two hydroxy‑
phenyl groups. BPA are non‑persistent EDs mainly used 
as plasticizers, which are widely present in foods. BPA is 
used in food containers (bottles, microwave ovenware, 
and linings for canned foods and beverages) but also 
in non‑food items, including epoxy‑resin based paints, 
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Introduction. the decrease of men’s sperm quality was reported to be related to exposure to xenoestrogens. 
Bisphenol‑A (BPA) is a synthetic xenoestrogen commonly present in our environment, for instance in food 
containers. 
Aim. The aim of this study was to investigate the influence of BPA on human spermatozoa motility. 
Materials and Methods. The effects on spermatozoa of BPA at final concentrations of 10–10, 10–8 and 10–6 
mol/L were studied regarding to the following phenomena: (1) evaluation of sperm motility using computer‑aided 
sperm analysis system providing four parameters: velocity straight linear VSL, cross beat frequency CBF, lateral 
head displacement LHD and homogeneity of progressive movement velocity HPMV, (2) spermatozoa vitality 
(propidium iodide staining), (3) phosphatidylserine membrane translocation (staining with annexin V conjugated 
with fluorescein) and (4) kinetics of intracellular free calcium ions changes (using Fluo-3). 
Results. BPA caused a transient, significant increase of VSL and HPMV at 15 minutes after stimulation. One hour 
incubation of spermatozoa with BPA did not alter cells vitality nor stimulated phosphatidylserine membrane 
translocation, for all three concentrations. BPA in the final concentration of 10–6 mol/L initiated a rapid (observed 
after a few seconds), and transient (resolving after a few minutes) increase of intracellular free calcium ions 
concentration. 
Conclusions. Human spermatozoa can be considered target cells for BPA. BPA significantly modified spermatozoa 
motility. BPA affected spermatozoa involving free calcium ions as second messenger. 
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PVC medical devices, thermal paper and parts of elec‑
tronic devices [2, 6, 7].

Estrogenic effects are mediated by two types of 
intracellular receptors: estrogen receptor 1 (ESR1) and 
estrogen receptor 2 (ESR2). BPA is mainly considered 
as an ESR1 and ESR2 agonist and in that manner has 
significant impact on human cells biology. Previous 
research revealed that it can also act as antagonist of 
the androgen receptor or as agonist of the aryl hydro‑
carbon receptor and other nuclear receptors [8, 9].

the review of available literature demonstrates that 
mature sperm cells are target cells for estrogen action. 
ESR1 and ESR2 presence was confirmed in spermato‑
zoa [10, 11]. It is pointed out that estrogens may influ‑
ence both the capacitation and acrosomal reaction [12, 
13]. BPA is present in woman’s reproductive tracts. It’s 
concentration within the follicular fluid ranges from 1.0 
ng/mL to 2.0 ng/mL [14]. It is assumed that BPA may 
affect the biology of mature sperm cells in woman’s 
reproductive tract and thus influence the fertilization 
process [12]. 

Motility is the basic parameter that enables sperm 
cells to fertilize the egg cell. Motility parameters change 
throughout capacitation in process called hiperactiva‑
tion and influence their biological quality [15]. The aim 
of the study was to investigate whether BPA influences 
sperm motility under in vitro conditions. 

Materials and Methods
Preparation of human spermatozoa
Semen samples obtained from 20 normozoospermic 
men were analyzed according to WHO criteria 2010 
[22]. 3–5 days period of sexual abstinence was required 
prior to obtaining the material. High motility sperm cells 
were isolated with the use of the swim‑up technique 
[23]. Ham’s F‑10 medium served as sperm cell extender. 

Isolated cells were incubated with BFA in final con‑
centrations of 10–10, 10–8 and 10–6 M. Spermatozoa 
motility was noted at 5, 10, 15, 30 and 60 minutes after 
exposure to BPA. Spermatozoa incubated in Ham’s F‑10 
medium were used as controls. Spermatozoa vitality 
and phosphatidylserine membrane translocation were 
assessed at 60 minutes after exposure to BPA. 

Assessment of sperm cells motility
Sperm cells motility was analyzed in human spermato‑
zoa (1 × 105 sperm cells/mL) suspended in Hams F‑10 
medium using a computer‑assisted spermatozoa motil‑
ity analysis system. ten microliters of spermatozoa sus‑
pension was spotted onto a Cell Vision chamber slide, 
producing a specimen with uniform thickness. Images 

were collected at a frequency of 60 frames per second 
using a Pixel‑Link camera. Motility in the microscop‑
ic specimen was assessed in a minimum of 10 differ‑
ent fields for each case, yielding a minimum of 700 
analyzed sperm cells. Acquisition time was 2.08 s; the 
analyzed area was 640 × 470 µm; and the resolving 
power was 0.86 points. All measurements were made 
at a constant, controlled temperature of 24°C. 

the following spermatozoa motility parameters 
were analyzed: (1) velocity straight linear (VSL), (2) 
cross‑beat frequency (CBF), (3) lateral head displace‑
ment (LHD) and (4) homogeneity of progressive move‑
ment velocity (HPMV). these parameters were calcu‑
lated as follows: 
1. VSL was calculated matching the sperm path with 

two sectors (the method involves n sectors where 
n‑1 is the period of observation in seconds). the 
sectors were obtained minimizing total sum, evalu‑
ated for all sectors, of squared distances from the 
sector to sperm mass center. the idea was to avoid 
erratic evaluation of VSL for colliding sperms, often 
found for higher sperm concentrations. 

2. CBF was evaluated using Fourier series calculated 
on basis of distances from sperm mass centers to 
corresponding sectors (see VSL calculation). 

3. LHD was calculated as standard deviation of dis‑
tances from sperm mass center to corresponding 
sectors (see VSL calculation).

4. HPMV was evaluated as standard deviation of dis‑
tances from predicted sperms orthogonal cast on 
corresponding (see VSL calculation) and sperm 
mass center cast. this parameter describes vibra‑
tion of sperm observed at velocity VSL along sperm 
pathway. 

Assessment of sperm cells vitality and phosphati-
dylserine membrane translocation
to determine phosphatidylserine membrane translo‑
cation (PSt) from the inner to the outer layer of the 
plasma membrane, the annexin-V labeled with fluores‑
cein (AnV‑FLUOS) (Molecular Diagnostics, Darmstadt, 
Germany) was used. Simultaneously, to distinguish 
between viable and dead spermatozoa the propidium 
iodide (PI) staining was used, in the final concentra‑
tion 0.125 µg/L (Sigma‑Aldrich, St. Louis, MO). Double 
staining was conducted according to manufacturer’s 
recommendations. 

Flow cytometry
The fluorescence signals of labeled spermatozoa were 
analyzed by flow cytometer FACSCalibur (Becton–
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Dickinson, USA). 10 000 cells were examined for each 
experiment. The fluorescence of An-V-FLUOS and PI 
was excitated by argon laser (488 nm) and emission 
of An‑V‑FLUOS was measured in the FL1 channel (515–
545 nm), while the red fluorescence of PI was detected 
in the FL3 channel (650 nm). All data was collected 
and analyzed using CellQuest Pro software (v.5.2.1) 
(Becton–Dickinson). 

Changes in intracellular free calcium ions level
Fluo‑3 (Molecular Probes; Ex/Em = 488/526 nm) 
was used to study changes in free calcium ions level 
in human sperm cells. Spermatozoa (1 x 106 cells/mL) 
were incubated with 4 µM Fluo‑3 for 45 min at 37°C 
according to the manufacturer’s protocol. For confocal 
microscopy, spermatozoa were immobilized in 1% (w/v) 
agarose and then treated with BPA. Microscopic imag‑
es were used for gating single sperm cells in which flu‑
orescence changes were recorded. Forty images were 
collected (every 10s) and used to study the kinetics of 
intracellular free calcium ions changes. Spermatozoa 
were observed using LSM 510 confocal microscope 
(Zeiss, Jena, Germany) equipped with a Plan Apochro‑
mat 63x/1.4 Oil DIC objective. Sperm cells incubated 
in Ham’s F-10 medium were used as a control for fluo‑
rescence intensity changes. Changes of Ca2+ level were 
examined throughout 400 seconds after exposure to 
BPA, every 10 seconds. Sperm cells vitality was checked 
with saturated potassium chloride solution. 

Statistical analysis
Each variable was tested using the Shapiro‑Wilk W‑test 
for normality. Homogeneity of variance was assessed 
with Levene’s test. Since the distribution of the vari‑
ables was normal and the values were homogeneous in 
variance, all statistical analyses were performed using 
parametric tests. the analysis was made using Statis‑
tica 10 software (StatSoft Inc., tulsa, OK, USA). Data 
were presented as mean ± SD and considered statisti‑
cally significant at P < 0.05.

Ethics Statement
the study protocol was approved by the Institutional 
Review Board of the Poznan University of Medical Sci‑
ences (No 119/09). All the involved patients provided 
written informed consent.

Results
Control group motility
Marked heterogeneity of human sperm cells motil‑
ity parameters was observed (Table 1). No significant 

parameters change (P > 0.05) was observed during 60 
minutes observation. 

Impact of bisfenol A on spermatozoa motility
Velocity Straight Linear
Spermatozoa stimulated with BPA in final concentra‑
tion of 10–10 mol/L and 10–8 mol/L revealed transient, 
statistically significant increase of VSL at 15 minutes 
after stimulation. the VSL values at 30 and 60 minutes 
after stimulation did not significantly differ from con‑
trols. Spermatozoa stimulated with BPA in final concen‑
tration of 10–6 mol/L revealed statistically significant 
(P < 0.05) increase of VSL both at 15 minutes and at 
30 minutes after stimulation (Figure 1A). 

Cross‑Beat Frequency 
No significant CBF changes were observed for all BPA con‑
centrations or times after BPA stimulation (Figure 1B).

Lateral Head Displacement
No significant LHD changes were observed for all BPA 
concentrations or times after BPA stimulation (Figure 1C).

Homogeneity of Progressive Movement Velocity 
Spermatozoa stimulated with BPA in final concentra‑
tion of 10–10 mol/L and 10–8 mol/L revealed transient, 
statistically significant increase of HPMV at 15 minutes 
after stimulation. the VSL values at 30 and 60 minutes 
after stimulation did not significantly differ from con‑
trols (P > 0.05).

Spermatozoa stimulated with BPA in final concen‑
tration of 10–6 mol/L revealed statistically significant 
(P < 0.05) increase of VSL both at 15 minutes and at 
30 minutes after stimulation (Figure 1D). 

Effects of bisphenol-A on sperm vitality and phosphati-
dylserine membrane translocation
Flow cytometry analyses identified four fractions of 
spermatozoa: (1) An‑V‑/PI‑ viable sperm without PSt, 
(2) An‑V+/PI‑ viable sperm with PSt, (3) An‑V‑/PI+ dead 
sperm without PSt and (4) An‑V+/PI+ dead sperm with 
PSt (Figure 2). the sperm cells percentage of each frac‑the sperm cells percentage of each frac‑

Table 1. Control group motility parameters

Mean Minimum Maximum SD
VSL [µm/s] 13.6 2.6 56.7 11.7
CBF [Hz] 7.6 0.5 30.0 7.5
LHD [µm] 0.6 0.2 3.5 0.5

HPMV [µm/s] 1.1 0.2 8.2 0.7
VSL – velocity straight linear, CBF – cross‑beat frequency LHD – lateral head dis‑
placement, HPMV – homogeneity of progressive movement velocity, SD – stand‑
ard deviations
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tion was 81.2 ± 6.1%, 0.4 ± 0.3%, 15.9 ± 5.5% and 
2.4 ± 1.4%, respectively. It did not change after 60 min‑
utes incubation with BPA, for all concentrations used. 

Changes in intracellular free calcium ions level
In spermatozoa isolated with swim‑up technique the 
highest concentration of intracellular free calcium ions 
was observed within the midpiece and distal part of 
head. Stimulation with 10–10 mol/L or 10–8 mol/L BPA 
did not change intracellular free calcium ions level 
(Figure 3). Stimulation with 10–6 mol/L caused a rapid, 

Figure 1. Changes of spermatozoa motility parameters after BPA stimulation. (A) VSL – velocity straight linear, (B) CBF – cross‑beat frequency, (C) LHD 
– lateral head displacement, (D) HPMV – homogeneity of progressive movement velocity

Figure 2. Flow cytometry analysis of spermatozoa vitality and phos‑
phatidylserine membrane translocation in swim‑up selective cells – rep‑
resentative graph. UL (upper left quadrant) – positive propidium iodide 
cells, UR (upper right quadrant) – positive propidium iodide and an‑
nexinV cells,  LL (lower left quadrant) – non stained cells; LR (lower right 
quadrant) – cells positive only to annexin V. FL1-H – fluorescence chan‑
nel 515 – 545 nm, FL3-H – fluorescence channel > 650 nm

Figure 3. Kinetics of free intracellular calcium ions change in human 
spermatozoa stimulated with BPA at 10‑10 mol/L final concentration. Ar‑
rows indicate administration of BPA and KCl

Figure 4. Kinetics of free intracellular calcium ions change in human 
spermatozoa stimulated with BPA at 10‑6 mol/L final concentration. Ar‑
rows indicate administration of BPA and KCl



43Bisphenol A modifies human spermatozoa motility in vitro

transient increase of intracellular free calcium level. the 
reaction was observed at 10 seconds after stimulation 
and lasted a few minutes (Figure 4).

Discussion
Bisphenol A is the synthetic compound that exhibits 
activity similar to 17β‑estradiol (E2). Due to its physico‑
chemical properties it is extensively used in the manu‑
facture of wide variety of common consumer goods. 
the safety of BPA is often disputed. therefore, its usage 
in production process has to be regulated according to 
applicable law [6, 7].

Sperm cells are potential target cells for estrogens 
and xenoestrogens, which may alter their biological 
function. It is established that exogenous 17β‑estradiol 
stimulates hamster’s sperm cells motility. Jin et al. indi‑
cated that different concentrations of 17β‑estradiol 
caused significant increase of all spermatozoa motil‑
ity parameters, excluding the linear index in the group 
of animals treated with high doses of E2. the research 
also revealed that active immunization to E2 decreased 
significantly the sperm cells motility [16].

Available literature demonstrates that also xenoe‑
strogens, including BPA, may influence semen quality 
and its parameters such as sperm motility and velocity 
[17, 18].

Rat sperm cells motility decreased in relation to the 
diet containing health hazardous xenoestrogens such 
as dicofol and mixture of dieldryn, endosulfan, dicofol, 
dichlorvos and permethrin. there were no changes in 
motility after administration of above mentioned com‑
pounds separately [19]. 

It was revealed that genistein and 4‑tert‑octylphe‑
nol affect capacitation and acrosome reaction of boar 
spermatozoa. It turned out that genistein acts similarly 
to estrogen while, in comparison to 4‑tert‑octylphenol, 
its stimulative effect on both above mentioned pro‑
cesses is stronger [20]. 

the correlation between increased level of BPA in 
urine and decreased semen quality was also proven in 
men exposed to BPA in work environment. BPA expo‑
sure resulted in decreased sperm cells count, concen‑
tration, motility and vitality [21].

Described research data is not consistent with 
results obtained in our study. For all the BPA doses we 
observed transient increase of both, velocity straight 
linear and homogeneity of progressive movement 
velocity parameters, which occurred 15 minutes after 
stimulation. We also observed increase of these param‑
eters at 30 minutes after stimulation with the highest 
concentration of BPA (10–6 mol/L). the lateral head 

displacement and cross‑beat frequency values did not 
change significantly with regard to either BPA dose or 
time of incubation. In presented research model sperm 
cells were incubated in estrogen free medium, thus the 
only compound able to mimic estrogen action was BPA. 
therefore, it can be assumed that bisphenol‑A stimu‑
lates spermatozoa motility in a transient way and the 
reaction is dose dependent.

Probably, BPA uses endogenous estrogen signal‑
ing pathway and similarly to 17β‑estradiol modulates 
sperm motility. this may be related to its effects on 
sperm mitochondrial potential, and thus, the produc‑
tion of AtP. It seems probable because of the proven 
midpiece localization of estrogen receptors in human 
sperm. this region of sperm cell is also characteristic 
for exclusive mitochondrial occurrence and mitochon‑
dria are supposedly target organelles for estrogen 
action [10, 22, 23].

there are few studies examining the effects of 
estrogens and xenoestrogens on vitality and apopto‑
sis of mature sperm. In the conducted studies we ana‑
lyzed whether bisphenol‑A affects the vitality and the 
process of phosphatidylserine membrane translocation, 
which is the marker of apoptosis. there were no sig‑
nificant changes in viable sperm cells percentage and 
the percentage of spermatozoa presenting phosphati‑
dylserine membrane translocation, irrespectively to the 
applied doses [24–26]. 

the level of calcium ions, which is one of impor‑
tant factors controlling the process of capacitation and 
acrosome reaction, was also assessed in the present 
study. Unlike somatic cells, spermatozoa have much 
less buffering capacity of Ca2+ in its organelles. that 
is why the proper calcium homeostasis is maintained 
through the system of calcium channels and pumps. 
Calcium ions storage takes place mainly in mitochon‑
dria, acrosome and posterior part of the head [27, 
28]. Stimulation with 17β‑estradiol causes transient 
increase of intracellular free calcium ions level in 
sperm cells [29]. Our research revealed that stimula‑
tion with bisphenol-A at final concentrations 10–10 
mol/L and 10–8 mol/L induced the increase of calcium 
ion levels only in single cells while the concentration 
10–6 mol/L caused rapid, transient, significant increase 
of intracellular free Ca2+ level in the whole population 
of observed cells.

In conclusion, our study along with literature find‑
ings have shown that human spermatozoa are target 
cells for BPA. BPA significantly modified spermatozoa 
motility. BPA affected spermatozoa involving free cal‑
cium ions as second messenger.
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