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Introduction

ABSTRACT. It was supposed, that xylene as environmental contaminant and
chia (Salvia hispanica L.) as a medicinal plant may affect ovarian cell functions,
and that chia seed extract could modify the potentially adverse effect of xylene.
So, the aim of our investigation was to study the effect of xylene, extract of
chia seed and their combination on bovine ovarian cell functions (proliferation,
apoptosis and secretory activity) in vitro. Proliferation, apoptosis and the
release of hormones (insulin-like growth factor 1 (IGF-1), progesterone and
testosterone) were analysed with the use of either immunocytochemistry or
EIA/RIA. It was observed, that xylene when given alone stimulated proliferation
and did not influence the apoptosis. Furthermore, xylene inhibited release of
progesterone and testosterone but did not change the release of IGF-1. Chia seed
extract inhibited proliferation, apoptosis and the release of IGF-1, progesterone
and testosterone. Moreover, chia seed extract suppressed the stimulatory
effect of xylene on proliferation, and added together stimulated apoptosis. The
simultaneous addition of chia seed extract and xylene stimulated IGF-1 release
and inhibited the release of progesterone, but not testosterone. The obtained
results prove a direct effect of both xylene and chia seed extract on bovine
ovarian cell proliferation, apoptosis and secretory activity. Moreover, it is the first
study in which chia seed extract was able to suppress xylene effect on ovarian
cell proliferation. However, it prevented only from one xylene effect among five
analysed suggesting that chia seed extract could not be potentially useful for
natural prevention of all negative effects of xylene on reproduction.

place (Taskinen et al., 1994). In rats xylene decreased
plasma progesterone level, but not the release of this

Exposure to xylene is associated with dysfunc-
tions in mammalian growth, development, immune
system, metabolism, respiratory and other functions.
Xylene might negatively affect the reproduction sys-
tem, particularly in females. However, there are only
few reports demonstrating its effect on reproduction
(Sirotkin et al., 2012). It was stated that xylene was
able to increase the incidence of spontaneous abor-
tions among workers exposed to xylene at the work

hormone by ovaries (Ungvary et al., 1981). On the
other hand, the negative influence of xylene on re-
production was observed in in vivo experiments. The
mechanisms of xylene action on reproductive sys-
tems (gonadal cell proliferation, apoptosis and hor-
mones release) in vitro have not been studied yet.

It is known, that some effects of stress on ovar-
ian functions could be prevented or neutralized by
some plants containing antioxidants and other adap-
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togenes (Huang and Chen, 2008; Liang and Yin,
2010), phytohormones and growth factors (Sirotkin,
2010, 2011). Among such plants is chia (Salvia his-
panica L.), which seeds are currently popular func-
tional food. Chia seeds consumption can affect a num-
ber of physiological processes including reproduction.
In the literature, the abilities of chia seed extract to
suppress ovarian cell functions by inhibiting porcine
and rabbit ovarian cell proliferation (accumulation of
proliferation marker — proliferating cell nuclear anti-
gen (PCNA)), to promote apoptosis (accumulation of
apoptosis marker — Bcl-2-associated X protein (Bax))
and to cause alteration in the production of progester-
one, testosterone and leptin release have been reported
(Sirotkin et al., 2015). It is not excluded, that chia seed
extract may not only affect basic ovarian cell func-
tions, but it may also modify and prevent potentially
adverse effect of xylene on reproduction and fertility.
Chia seeds contain phytoestrogens and other
molecules which can prevent the stress-induced path-
ological changes in the ovary (Sirotkin and Harrath,
2014). The analysis of the available literature shows
that the action of either xylene or chia seed extract on
basic ovarian functions has not been properly studied
yet, whilst the ability of chia seed extract to modify
the action of environmental contaminant on ovarian
cells has not been previously examined. Therefore,
the aim of the present in vitro experiment was to ex-
amine the effect of xylene, extract of chia seed and
their combination on proliferation, apoptosis and se-
cretory activity of bovine ovarian granulosa cells.

Material and methods

Preparation, processing and culture of
ovarian granulosa cells

Ovaries of Holstein cows aged 3-5 years at
a follicular stage of the oestrous cycle were obtained
at slaughterhouses of Research Institute of Animal
Production in Nitra (Slovakia) and in Stara Myjava
(Slovakia).

The ovaries were individually stored in a thermos
with a physiological solution at room temperature
and processed within 6 h from the slaughter. Ovar-
ian granulosa cells were isolated from follicles by the
method of aspiration with syringe. After aspiration
and cells isolation, the granulosa cells were washed
in sterile DMEM/F12 1:1 medium (BioWhittaker™;
Lonza, Verviers, Belgium), resuspended in the same
medium supplemented with 10% foetal calf serum
(South America Origin; Biowest, Nuaillé¢, France)
and 1% antibiotic-antimycotic (with 10 000 units
penicillin, 10 mg streptomycin and 25 pg ampho-

tericin B per ml, sterile-filtered, BioReagent, suitable
for cell culture) solution (Sigma-Aldrich, St. Louis,
MO, USA, A5955-100 ml). Cells were counted us-
ing Buerker’s chamber and their concentration was
adjusted to the required volume (10° cells - mI™! me-
dium). The cell suspension was diluted with culture
medium, and cells were cultured at 37.5 °C and in
5% CO, in 24-well culture plates (1 ml of suspension
per well, Nunc™, Roskilde, Denmark) for RIA anal-
ysis or in 16-well chamber slides (200 pl per well,
Nunc Inc., International, Naperville, IL, USA) for
immunocytochemistry. After 4 days of culture when
the cells formed a continuous monolayer (75%), the
medium was replaced with fresh medium with 10%
foetal calf serum, 1% antibiotic-antimycotic and chia
seed extract or/and xylene were added. As a result
such groups were obtained: 1. control group without
chia seed extract (milled seeds extracted for 1 day
in DMSO - dimethyl sulfoxide, 99.9%) (country of
origin Bolivia, packed Helpful, Dubnica nad Vahom,
Slovakia), 2. three groups with chia seed extract ad-
dition (1, 10 and 100 ng - ml™"), 3. negative control
group with the addition of 99% mixture of ortho-,
metha- or para-xylene (20 ng - ml™") (Carolina Bio-
logical Supply Company, Burlinghton, NC, USA)
but without chia seed extract, 4. three groups with
the simultaneous addition of 99% mixture of ortho-,
metha- or para-xylene (20 ng - ml™') and chia seed
extract (1, 10 and 100 ng - ml ). After 48-hour incu-
bation, the medium from culture plates was removed
via syringe and stored at —70 °C until further analy-
sis with EIA/RIA. A monolayer of cells on chamber-
slides was fixed with 4% paraformaldehyde in phos-
phate buffered saline (PBS) for 10 min and stored at
+4 °C until immunocytochemistry analysis.

Immunocytochemical analysis

The presence of markers of proliferation (PCNA)
and apoptosis (Bax) was detected by immunocyto-
chemistry (Osborn and Isenberg, 1994).

After washing and fixation, the cells were incu-
bated in blocking solution (1% goat serum (Santa
Cruz Biotechnology Inc., Dallas, TX, USA) in PBS)
at room temperature for 1 h to block non-specific
binding of the antiserum. The cells were incubated at
the presence of monoclonal antibodies against either
PCNA (dilution 1:500 in PBS; cat. no. sc-25280) or
Bax (dilution 1:500 in PBS; cat. no. sc-23959, Santa
Cruz Biotechnology Inc., Dallas, TX, USA). After 1 h
of incubation at room temperature, cells were incu-
bated with a secondary swine anti-mouse IgG (dilu-
tion 1:1000; cat. no. sc—2031, Santa Cruz Biotechnol-
ogy Inc., Dallas, TX, USA) labelled with horseradish
peroxidase (HRP; Servac, Prague, Czech Republic)
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for 1 h. Positive signals were visualized by staining
with 3,3’-diaminobenzidine (DAB) (K3468) substrate
(Roche Diagnostics GmbH, Mannheim, Germany)
for 1 h. After DAB staining, the cells on the cham-
ber slides were washed in PBS, and then covered with
a drop of glycergel — fixation medium (DAKO, Glos-
trup, Denmark), and then cover slip was attached to
a microslide. The presence and localization of PCNA
and Bax positive cells was proved on the basis of
HRP-DAB (brown staining). Cells processed without
the primary antibody were used as negative control.
A ratio of HRP-DAB-stained cells to the total cell
number was calculated.

Immunoassay

Concentrations of IGF-1, progesterone and
testosterone were determined in 25—-100 pl samples
of incubation medium by enzyme immunoassay
(EIA)/radio immunoassay (RIA). The used methods
were previously validated for use in culture medium
by using antisera against steroids produced in the
Institute of Animal Science, Neustadt (Germany).
Progesterone concentrations were measured by using
EIA as described previously by Prakash et al. (1987).
Rabbit antiserum against progesterone was obtained
from Research Institute for Animal Production,
Schoonoord (the Netherlands). It cross—reacted
<0.1% with 17p—oestradiol, dihydrotestosterone,
testosterone and 17B-hydroxyprogesterone. Sensi-
tivity was 12.5 pg - ml™'. Inter- and intra-assay
coefficients of variation did not exceed 3.3% and
3.0%, respectively. Testosterone was assayed using
EIA according to Miinster (1989). Sensitivity was
10 pg - ml™". The antiserum cross-reacted <96% with
dihydrotestosterone, <3% with androstenedione,
<0.01% with progesterone and oestradiol, <0.02%
with cortisol and <0.001% with corticosterone.
Inter- and intra-assay coefficients of variation were
12.3% and 6.8%, respectively. Concentration of
IGF-1 was determined after extraction with acid-
ethanol solution (87.5% of ethanol +12.5% 2N HCl,
v/v) using RIA method as described previously by
Makarevich and Sirotkin (1999). Sensitivity was
3 pg - ml'l Inter- and intra-assay coefficients of
variation did notexceed 3.4% and 8.2%, respectively.

Statistical analysis

The number of independent repetitions for im-
munocytochemistry experiments was three and the
number of EIA/RIA repetitions was four. In these
independent experiments, each experimental group
was represented by four culture wells for EIA/RIA
or one chamber slide well for immunocytochemistry.
The proportions of cells containing specific immuno-

reactivity were calculated from inspection of at least
1000 cells per chamber. Assays of hormone levels in
the incubation media were performed in duplicate.
The samples intended for EIA/RIA or immunocyto-
chemistry were processed separately. The rates of sub-
stance secretion were calculated per ng/10° cells/day.
Differences between examined groups were eval-
uated using two-way analysis of variance (ANOVA)
followed by Dunnett’s post-hoc test with the use of
statistical software Sigma Plot 11.0 (Systat Software,
Erkrath, Germany). In the results section only the
comparison between selected groups has been pre-
sented: 1. difference between cells cultured without
and with chia seed extract addition at 3 different levels
without xylene, 2. difference between cells cultured
with or without xylene for each chia seed extract dose
separately, 3. difference between cell cultured with-
out and with chia seed extract addition at 3 different
levels with simultaneous xylene addition. Values are
presented as mean =+ standard error of mean (SEM).
Differences were considered significant at P < 0.05.

Results

Proliferation

Xylene (20 ng - ml™") when given alone stimu-
lated proliferation of bovine ovarian cell, whilst chia
seed extract at a dose of 100 ng - ml™! inhibited it.
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Figure 1. Effect of xylene, chia seed extract and their combina-
tion on proliferation (accumulation of proliferating cell nuclear an-
tigen (PCNA)) in cultured bovine ovarian granulosa cells. Results
were expressed as the mean + SEM of at least 3 independent
experiments with 1 well per each treatment in each experiment;
a — effect of chia (significant difference (P < 0.05) between cells cul-
tured without and with chia seed extract addition at 3 different levels
without xylene), b — effect of xylene (significant difference (P < 0.05)
between cells cultured with or without xylene for each chia dose sepa-
rately), ¢ — effect of chia seed extract at simultaneous xylene presence
(significant difference (P < 0.05) between cell cultured with and without
chia seed extract addition at 3 different levels with simultaneous xy-
lene addition); effect of xylene alone (20 ng - mi™") is displayed for chia
seed extract dose at 0 ng - ml™!
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Moreover, when given together with xylene, chia seed
extract (100 ng - ml™") significantly (P < 0.05) sup-
pressed the stimulatory effect of xylene on prolifera-
tion (Figure 1).

Apoptosis

Xylene (20 ng - ml™') when given alone did not
influence apoptosis whilst chia seed extract (at a dose
10and 100 ng - ml™!, butnot at 1 ng - ml™") inhibited it.
However, xylene and chia seed extract (at a dose 1 and
10 ng - ml™!, but not at 100 ng - ml™") given together
stimulated apoptosis (Figure 2).
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Figure 2. Effect of xylene, chia seed extract and their combination on
apoptosis (accumulation of Bax) in cultured bovine ovarian granulosa
cells. Results were expressed as the mean + SEM of at least 3 inde-
pendent experiments with 1 well per each treatment in each experi-
ment; abc — see Figure 1

Hormone release

IGF-1. Xylene (20 ng - ml™") did not affect the
release of IGF-1 whilst chia seed extract (1 and
10 ng - ml™") inhibited it. However, chia seed extract
(100 ng - ml™") and xylene given together stimulated
IGF-1 release from bovine ovarian cells (Figure 3).

Progesterone. Both xylene (20 ng - ml™') and
chia seed extract (10 and 100 ng - ml™") when used
separately inhibited release of progesterone from
bovine ovarian cells. Moreover, when chia seed
extract was added at a dose of 100 ng - ml™! together
with xylene these two compounds caused more
pronounced inhibitory effect (Figure 4).

Testosterone. Both xylene (20 ng - ml™') and
chia seed extract (at all examined doses) when
given separately inhibited testosterone release from
bovine ovarian cells. Moreover the same inhibitory
effect was observed when chia seed extract (at all
used doses) was added simultaneously with xylene
(Figure 5).
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Figure 3. Effect of xylene, chia seed extract and their combination
on release of IGF-1 by cultured bovine ovarian granulosa cells. Re-
sults were expressed as the mean £ SEM of at least 3 independent
experiments with 4 replicate wells per each treatment in each experi-
ment; abc - see Figure 1
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Figure 4. Effect of xylene, chia seed extract and their combination
on release of progesterone by cultured bovine ovarian granulosa
cells. Results were expressed as the mean £ SEM of at least 3
independent experiments with 4 replicate wells per each treatment
in each experiment; abc — see Figure 1
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Figure 5. Effect of xylene, chia seed extract and their combination on
release of testosterone by cultured bovine ovarian granulosa cells.
Results were expressed as the mean + SEM of at least 3 indepen-
dent experiments with 4 replicate wells per each treatment in each
experiment; abc — see Figure 1
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Discussion

The obtained results showed, that xylene addition
stimulated proliferation, but not apoptosis of bovine
ovarian granulosa cells. Moreover, the inhibitory
effect of xylene on the release of progesterone and
testosterone was observed. These observations are
in line with previous data reported by Ungvary et al.
(1981) concerning the inhibitory action of xylene on
blood progesterone level in rats. Our observations are
the first to present the ability of xylene to promote
ovarian cell proliferation but not apoptosis. Since
PCNA is a marker of S-phase of mitosis (Connolly
and Bogdanfty, 1993), it might be supposed, that
xylene targets this phase of the cell cycle. We are the
first who observed the effect of xylene on ovarian
testosterone release, as well as on bovine ovarian
cells at all. Since progesterone and testosterone
are commonly known promoters of ovarian cell
differentiation, ovarian folliculo- and luteogenesis
(Sirotkin, 2010), it is possible, that xylene can disrupt
these processes via suppression of these steroid
hormones release. Moreover, both progesterone and
testosterone are the known regulators of ovarian cell
proliferation (Sirotkin, 2010), therefore it cannot be
excluded that xylene influences proliferation affecting
these steroid hormone output. The stimulatory
action of xylene on ovarian cell proliferation and its
inhibitory effect on steroidogenesis can explain the
adverse action of this environmental contaminant on
fecundity observed previously (Ungvary et al., 1981;
Sirotkin et al., 2012). Furthermore, the stimulatory
action of xylene on cell proliferation observed in
our experiments could explain the ability of xylene
to induce malignant transformations which are
characterized by increased cell divisions (Arp et al.,
1983; Sirotkin et al., 2012). These direct effects of
xylene on ovarian cells observed in our and previous
studies should be taken into account when not only
laboratory and farm animals but also humans are
exposed to this contaminant.

In our experiments chia seed extract inhibited
proliferation, apoptosis and the release of IGF-1, pro-
gesterone and testosterone by cultured bovine granu-
losa cells. These results are partially consistent with
the report of Sirotkin et al. (2015) on cultured rabbit
ovarian fragments and porcine granulose cells, who
observed that chia seed extract was able to suppress
the ovarian cell functions by inhibiting the accumula-
tion of PCNA and Bax, and decreasing the release of
IGF-1, progesterone and testosterone. Different pat-
terns of influence of chia seed extract on apoptosis
observed here and previously can be caused by using

different animal models and possible species-specific
differences in chia seed extract action on ovarian cell
apoptosis. Moreover, our and previous observations
suggest the positive influence and potential useful-
ness of chia seed extract on control of reproductive
functions in different farm animals.

Mechanisms/mediators of chia seed extract effect
require further studies. Till now there are no literature
data concerning chia seed extract impact on mutual
relationship between progesterone, testosterone, pro-
liferation and apoptosis. Nevertheless, it might be hy-
pothesized, that IGF-1 might be one of the mediators
involved in this process. IGF-1 is known promoter
of ovarian cell proliferation and steroidogenesis, and
suppressor of their apoptosis (Sirotkin, 2010). There-
fore it is possible, that the inhibitory action of chia
seed extract on ovarian cell proliferation and steroi-
dogenesis are due to its inhibitory action on IGF-1
production.

Chia seed contains phytoestrogens such as quer-
cetin (Reyes-Caudillo et al., 2008; Ixtaina et al.,
2011), which can inhibit human cell proliferation
in vitro (Kim et al., 2002) and in vivo (Steiner and
Pound, 2003). Our data of the up-regulation of pro-
liferation and apoptosis by chia seed extract is in line
with the observations of Stochmalova et al. (2013),
who found, that quercetin had similar decreasing ef-
fects on porcine ovarian functions as chia seed ex-
tract. These data suggest that the down-regulation
of ovarian cell proliferation and apoptosis may be
caused by the presence of this phytoestrogen in ex-
amined chia seed extract.

The suppressive effect of chia seed extract on
bovine ovarian cell functions observed in our experi-
ment indicates that consumption of chia seed may
have potentialy negative effect on farm animals re-
productive functions. It cannot be excluded, that chia
may be used in the regulation of animal reproduction
including fertility and treatment of reproductive dis-
orders, but this hypothesis requires validation with
adequate in vivo studies.

Some negative effects of stress exerted on ovarian
functions could be prevented or neutralized by some
plants containing antioxidants and other adaptogens
(Ungvary et al., 1981; Liang and Yin, 2010). We hy-
pothesized, that chia seed containing these molecules
may be used to modify/reverse some xylene effects
on ovarian functions including fertility.

In our experiments chia seed extract was able to
reduce the stimulatory xylene effect on proliferation,
however xylene and chia seed extract given together
increased apoptosis and release of IGF-1 and inten-
sify the inhibition of progesterone secretion in cul-
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tured ovarian granulosa cells. No cumulative effect of
xylene and chia seed extract was observed on release
of testosterone.

In the literature, there is no information about the
protective effects of chia seed against the action of
xylene or other environmental contaminants. There-
fore, our observations represent the first evidence
that chia seed can be a plant protector of ovarian
cells against toxic influence of xylene on ovarian
cell proliferation (accumulation of PCNA). Mecha-
nism of such protective effect require further eluci-
dation, but the ability of chia seed extract to prevent
proliferative effect of xylene observed in our experi-
ments might be explained by its inhibitory influence
on the release of IGF-1, promoter of cell division
(see above). On the other hand, chia seed extract
was able to suppress only one effect of xylene,
negatively influencing other examined factors (e.g.,
apoptosis or progesterone release) when it was used
simultaneously with xylene. It suggests that chia
seed extract could not be potentially useful as natu-
ral protector against negative effect of xylene on the
ovarian cell functions other than proliferation.

Conclusions

Direct effect of both xylene and chia seed ex-
tract on bovine ovarian cell proliferation, apoptosis
and secretory activity was observed. Xylene can be
promoter of ovarian cell proliferation and inhibitor
of steroidogenesis. Chia seed extract was a suppres-
sor of all analysed ovarian functions. Moreover, it
was found for the first time that chia seed extract is
able to suppress xylene effect on ovarian cell pro-
liferation. On the other hand, chia seed extract used
simultaneously with xylene negatively influence
other examined factors (e.g., apoptosis or proges-
terone release). This may suggest that chia seed ex-
tract could not be potentially useful as natural pro-
tector against negative effect of xylene on animal
production.
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