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Abstract

The aim of the present study was to investigate the effects of eicosapentaenoic acid (EPA) supplementation during in vitro
maturation (IVM) of bovine oocytes. The concentrations tested in all experiments were 1 nM, 1mM, and 1mM EPA. The
effect of EPA was evaluated on cumulus-oocyte complexes (COC) by oocyte maturation (cumulus expansion area and oocyte
nuclear maturation), genotoxicity [single cell gel electrophoresis (SCGE)], and cytotoxicity (apoptosis, viability, and MTT
assays) end points. The maturation parameters were affected by exposure of COC to different EPA concentrations in the IVM
medium. Cumulus expansion area increased in the presence of 1 nM EPA (P< 0.05) whereas addition of 1 nM EPA (P< 0.05)
decreased cumulus expansion after 24 h of IVM.Moreover, thematuration rate significantly decreased when 1mMof EPAwas
assayed (P< 0.001). EPA at 1 nM induced genotoxic and cytotoxic effects on bovine cumulus cells (CC) and primary DNA
lesions (P< 0.001). A significant increase in the frequency of apoptotic (P< 0.01) and necrotic (P< 0.001) cells was observed
after 24 h of treatment with 1 nM, 1mM, and 1mM EPA. Mitochondrial activity was altered with 1mM EPA (P< 0.001). We
inferred that optimal oocyte quality was partially dependent on the presence of adequate EPA concentrations; EPA could be
beneficial to improve oocyte quality in the maturation process, because low concentration tested (1 nM EPA) improved
cumulus expansion.
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Introduction

Fatty acids are classified into saturated, monounsaturated,
and polyunsaturated fatty acids (PUFA). Since mammals,
including humans, are unable to synthesize n-3 and n-6
PUFAs, they are considered essential nutrients because they
must be incorporated with the diet (Simopoulos, 1989).

Several reports indicate that PUFAs play an important role
in male and female reproduction (Trujillo and Broughton,
1995;Wathes et al., 2007; Aardema et al., 2011; Liu et al., 2015;
Veshkini et al., 2015). EPA is a n-3 fatty acid available in
marine organisms. EPA has been shown to offer protection
against coronary disease, thrombosis, ischemic brain injury,
scalis dermatitis, and some inflammatory disease (Takeuchi

et al., 1989; Yerram et al., 1989). However, little is known
about their importance in oocyte and embryo physiology.
Oocyte lipids are used as energy source and also contribute
with energy requirements of fertilization, cell differentiation,
andpreimplantation embryos (Amri et al., 1994;Wathes et al.,
2007). Furthermore, oocyte lipids may participate not only in
fertilizationbut also in the subsequent cell differentiation. The
content of PUFAs in oocytes can affect maturation,
cryopreservation, and subsequent developmental compe-
tence. Kim et al. (2001) demonstrated that oocyte lipids are
available to be used as energy source for maturation and that
serum lipids added to in vitromaturation (IVM)medium are
incorporated into the cytoplasm during IVM. Moreover,
changes in the fatty acid composition of bovine oocytes
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improved oocyte maturation and cryopreservation (Kim
et al., 2001). Indeed, PUFAs act as mediators in a series of
processes, such as cell membrane fluidity, intracellular
signaling, and susceptibility to oxidative damage in several
reproductive tissues (Wathes et al., 2007).

Bovine oocyte IVM medium supplemented with PUFAs
altered oocyte meiosis and subsequent early embryo
development (Marei et al., 2010). Knowledge of the fatty
acids having beneficial effects for oocyte and embryo
development may allow the feeding of diets rich in certain
fatty acid(s) to enhance fertility. Further, the supply of lipids
as substrates during IVM could impact in the earliest stages
of embryo development.

Successful reproduction depends on the capacity of an
ovulated oocyte to undergo fertilization and on the
subsequent embryo and fetal development. It also requires
the coordinated and stepwise growth of the oocyte and its
companion somatic cells into the ovarian follicle (Dunning
et al., 2014). Evidence in the literature indicates that lipid
metabolism in the bovine cumulus-oocyte complex (COC)
influences subsequent oocyte developmental potential.
Oocytes and CC contain lipid droplets, but their role during
oocyte maturation is not fully understood (Dunning et al.,
2014).

Genotoxicity and cytotoxicity studies have been con-
ducted to test numerous compounds using several end
points on different test systems (Anchordoquy et al., 2014;
Nikoloff et al., 2016; Ruiz de Arcaute et al., 2016). Numerous
works have shown that the use of CC and oocyte in vitro for
genotoxic and cytotoxic evaluation is a valuable and good
tool for the rapid and sensitive detection of effect induced by
various compound (Anguita et al., 2007; Chung et al., 2007).
Furthermore, single cell gel electrophoresis (SCGE), apo-
ptosis, and MTT assay are test used to indicate COC quality
(Li et al., 2009; Osman et al., 2013; Aziz et al., 2014). Since
few studies have reported the effects of eicosapentaenoic acid
(EPA; an n-3 PUFA from fish oil) on bovine oocyte and CC,
the aim of this study was to evaluate the influence of EPA
supplementation during bovine IVM on CC expansion and
oocyte nuclear maturation. Furthermore, we evaluated
biomarkers such as SCGE, and apoptosis and viability
assays in COC to characterize the genotoxicity and
cytotoxicity exerted by EPA.

Materials and methods

Reagents and media

All reagents for media preparation were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). FSH was
purchased from Bioniche (Belleville, Ontario, Canada).
Bicarbonate-buffered TCM-199 with Earle’s salts supple-
mented with 10% fetal calf serum (FCS) was used as

maturation medium in all experiments. EPA (CAS 10417-
94-4)was obtained fromCaymanChemical (Ellsworth,USA).
Annexin V-FITC was purchased from Biosourse Interna-
tional, Inc. (USA). 3(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) (CAS 57360-69-7) and
propidium iodide (PI) (CAS 25535-16-4) were purchased
from Sigma Chemical Co. Ethanol (ETOH) was purchased
from Merck KGaA (Darmstadt, Germany). Bleomycin
(Blocamycin1) was kindly provided by Gador S.A. (Buenos
Aires, Argentina).

Oocytes and experimental design

Bovine ovaries were obtained from an abattoir and trans-
ported to the laboratory in sterile NaCl solution (9 g/L) with
antibiotics at 37�C within 3 h of slaughter. The ovaries were
pooled regardless of the estrous cycle stage of donors. COC
were aspirated from follicles (3–8mm) using an 18-G needle.
We only selected cumulus-intact oocytes with an evenly
granulated cytoplasm using a low-power (20–30�) stereo-
microscope.

The methodological design for all tests was as follows:
COC were treated with three different EPA concentrations
(1 nM, 1mM, and 1mM). Dose selection was based on
previous studies (Bartl et al., 2014; Dendel�e et al., 2014).
Prior to use, EPAwas dissolved in ETOH and stored as stock
solution at �20�C. EPA concentrations were prepared
freshly from the stock solution and then diluted with the
appropriate volumes of the adequate culture medium (TCM
199). COC were matured for 24 h as described above.
Thereafter, nuclear maturation and the genotoxic and
cytotoxic effect of EPA were evaluated using 80 COC per
treatment for IVM. Replicates of experiments (3–5) were
performed on different days, with separate COC batches
each day. Negative (untreated CC and solvent vehicle cells)
and positive controls were run simultaneously with EPA-
treated COC. A negative control (untreated cells), a solvent
control (cells treated with the concentration of ETOH to
dilute the EPA)were used in all genotoxicity and cytotoxicity
assays to verify that the solvent does not damage the system.
Positive control (we used 5% ETOH for MTT and apoptosis
and 1mg/mL BLM for SCGE and viability) to validate the
effectiveness of the tests in our system. The same batches of
culture medium, serum, and reagents were used throughout
the study.

In vitro maturation

Oocyes were washed twice in TCM-199 buffered with
15mM Hepes and containing 10% (v/v) FCS and twice in
IVM medium. Groups of 10 COC were transferred into
50mL of IVM medium under mineral oil (Squibb, USA)
preequilibrated in a CO2 incubator. COC were cultured in
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IVM medium for 24 h at 39�C in 5% CO2 in air with
saturated humidity.

Analysis of cumulus expansion area

Cumulus expansion was measured in each COC after IVM
using a computerized image-digitizing system with Image
ProPlus1 3.1 to measure irregular areas. System units were
transformed to mm2 by calibration with a Maklert
chamber. For comparison, each COC area was measured
before IVM. Results were expressed as the mean of
averaging all COC expansion values within each experi-
mental group.

Analysis of oocyte nuclear maturation

After IVM, oocytes were placed in TCM-199mediumþ0.2%
hyaluronidase at room temperature, and then pipetted to
remove CC. Oocyte nuclear maturation was assessed by
mounting and staining the denuded oocytes with Hoechst
33342, a fluorescent DNA-specific dye. Oocytes were then
examined under an epifluorescence microscope Olympus
BX40 (Olympus, Tokyo, Japan) equipped with an appropri-
ate filter combination, and classified as germinal vesicle
(GV), metaphase I (MI), or metaphase IIþpolar body
(MIIþ PB) stage of maturation process (Izadyar et al., 1997;
Suss et al., 1998). Oocytes with abnormal or no chromatin
configuration were classified as degenerates (D). Results
were expressed as oocyte percentages with different status of
nuclear maturation.

SCGE assay for DNA damage analysis

SCGE is a simple, sensitive, and fast procedure to detect
primary DNA damages in any eukaryotic cell type (Møller,
2006). After IVM, 10 oocytes from each treatment were
stripped of surrounding CC by repeated pipetting with a
narrow-bore glass pipette in TCM-199 buffered with
HEPES. CC were washed three times in PBS containing
5% FCS. Complete cell disruption was achieved by repeated
aspiration using a narrow-bore pipette. Normal-melting
agarose 0.5% (180mL) was transferred onto 100% ETOH
precleaned slides and placed at 37�C for 20–30min.
Afterwards, 30mL of CC samples were resuspended in
150mL of 0.5% low-melting agarose, covered with a
coverslip, and placed at 4�C for 10min. SCGE was
performed according to the alkaline procedure described
by Singh et al. (1988) with slight modifications. The slides
were immersed overnight at 4�C in fresh lysis solution in
darkness [1% sodium sarcosinate, 2.5m NaCl, 100mm
Na2EDTA, 10mm Tris, pH 10.0, 1% Triton X-100, and 10%
dimethyl sulfoxide (DMSO)]. Then, slides were placed in
electrophoresis buffer (1mmNa2EDTA, 300mmNaOH) for

20min at 4�C for cellular DNA unwinding, followed by
electrophoresis in the same buffer and temperature for
20min at 25V and 250mA (0.8V/cm). Finally, the slides
were neutralized with a 0.4m Tris–HCl solution, pH 7.5.
Slides were stained with 1/1000SYBR Green I solution
(Molecular Probes; Eugene, OR, USA) (Olive, 1999). Scoring
was performed at 400� magnification using an Olympus
BX40 fluorescence microscope equipped with a 515–560 nm
excitation filter. The extent of DNA damage was quantified
by the length of DNA migration, which was visually
determined in 200 randomly selected and non overlapping
cells per replicate. DNA damage was classified into four
classes (0–I, undamaged; II, minimum damage; III, medium
damage; IV, maximum damage), as previously reported by
CavaSs and K€onen (2007). Results are expressed as the mean
number of damaged nucleoids (sum of classes II, III, and IV)
and the mean comet score for each treatment group.
Additionally, genetic damage index (GDI) for each test
compound was determined with the formula GDI¼ [(I)þ 2
(II)þ 3(III)þ 4(IV)]/N(0–IV), where 0–IV represents the
nucleoid type, and N0–NIV represents the total number of
nucleoids scored (Pitarque et al., 1999).

FDA/Trypan blue assay for the viability analysis

Viability was analyzed with the fluorescein diacetate (FDA)/
trypan blue assay (Hoppe and Bavister, 1984). CC
suspensions from each treatment were incubated for
10min at 37�C in PBS with 2.5mg/L FDA and 2.5 g/L
trypan blue. Then, CCwere washed in PBS and observed in a
NikonOptiphot epifluorescencemicroscope with a 409 fluor
objective (Nikon, Tokyo, Japan) equipped with a 330–
490 nm excitation filter and a 420–520 nm emission filter at
200� magnification. Live cells are visible in green
fluorescence, whereas dead cells show a characteristic blue
staining under white light. At least 500 cells were counted
per experimental point, and results were expressed as the
percentage of viable cells among all cells.

Annexin V affinity assay for apoptosis analysis

The assay was based on annexin V fluorescein isothiocyanate
(FITC) binding ability to expose phosphatidylserine, an
early indicator of apoptosis (van Engeland et al., 1998). Ten
oocytes from each treatment were denuded and CC
suspensions were washed in PBS, resuspended in 250mL
of 1� binding buffer (10mm Hepes, 140mm NaCl, and
2.5mm CaCl2), and exposed to annexin 2mL V-FITC for
15min at room temperature in the dark. Afterwards, cells
were washed with binding buffer and 2mL PI (stock
solution, 10mg/mL) was added to each sample. Samples
were analyzed under an epifluorescent microscope Olympus
BX40 equipped with an appropriate filter combination. CC
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were classified following the criteria reported by Pl€asier et al.
(1999) as alive (annexinV negative/PI negative), early-
apoptotic (annexinV positive/PI negative), late-apoptotic
(annexinV positive/PI positive), and necrotic cells (annexin
V negative/PI positive). Each experiment was repeated three
times and samples were performed in duplicate for each
experimental point. The percentage of stained CC was
determined by counting 100 cells per coverslip in at least
four different fields (LourenSco et al., 2014). Results were
expressed as the mean percentage of alive, early-apoptotic,
late-apoptotic, and necrotic cells.

MTT assay for mitochondrial activity analysis

The MTT assay is used to determine the respiratory activity
of the mitochondrial succinate–tetrazolium reductase
system, which converts the yellow tetrazolium salt into a
blue formazan dye (Robb et al., 1990). The MTT assay was
performed following the protocol ofWu et al. (2013). Briefly,
1� 104 CC/well were cultured in TCM-199 on 96-well
microplates for 4 days until the cells were nearly confluent.
The culture medium was removed, and cells were treated
with 1 nM, 1mM, and 1mM EPA dissolved in 100mL TCM-
199 for 24 h. ETOHwas used as positive and vehicle control.
Then,MTTwas added to each well at a final concentration of
0.25mg/mL, and incubated at 37�C for 3 h. Afterwards
100mL DMSO were added to dissolve the formazan blue
crystals. Measurement of absorbance was performed at
490 nm with a microplate spectrophotometer (Biotek
Instruments, Inc., Bedfordshire, United Kingdom). Data
were normalized to control culture measurements that were
considered 100% cell survival. Results were expressed as
mean percentage of mitochondrial activity from three
independent experiments.

Statistical analyses

Cumulus expansion area was analyzed with linear models
using SAS PROC MIXED (SAS Institute, Cary, NC, USA).
Cumulus area before IVM (T0) was used as covariate to
analyze cumulus expansion after 24 h of IVM.

SCGE data were compared by applying one-way ANOVA
using Statgraphics 5.1 Plus software. Variables were tested
for normality with the Kolmogorov–Smirnov test, and
homogeneity of variances between groups was verified by
the Levene test. Pairwise comparisons between different
groups were analyzed with the post hoc least significant
difference test. Differences in GDI, viability, oocyte nuclear
maturation, and apoptosis between treated and control
groups were evaluated by x2 test. The two-tailed Student’s t-
test was used to compareMTT data. The level of significance
was P� 0.05 unless indicated otherwise.

Results

Analysis of cumulus expansion area

Results of cumulus expansion area from COC exposed to
different EPA concentrations during 24-h IVM are
presented in Figure 1A. Figure 1A shows immature COC
T0 (mean� S.E. of COC used for the experiment) and
mature COC T24 (control and treatments with EPA after
24 h). No significant differences were observed in COC T0
expansion area (P> 0.05). Cumulus expansion was not
altered when COC were matured with 1mM EPA, as
compared with the negative control after 24-h IVM
(P> 0.05). However, cumulus expansion increased when
COC were matured with 1 nM EPA for 24 h as compared
with control values (P< 0.001), whereas it decreased after
addition of 1mM EPA to the IVM medium (P< 0.001). We
did not observe statistical differences before (T0) and after
(T24 h) IVM in COC treated with 1mM EPA, thus
suggesting that 1mM EPA suppresses cumulus expansion
during IVM. Overall, this assay demonstrated that cumulus
expansion was enhanced by 1 nM EPA as compared with the
other tested EPA concentrations. The use of 0.1% ETOH as a
solvent control did not show detrimental effects on CC
expansion (P> 0.05) (Figure 1A).

Analysis of oocyte nuclear maturation

Oocytes matured with 1 nM and 1mM EPA resulted in
58.23% and 60.00% nuclear maturation rate, respectively,
which were not significantly different with respect to the
control group (65.98%). Maturation rate significantly
decreased when 1mM EPA was assayed (P< 0.001). One
millimolar EPA increased the frequency of GV, MI, and D
(P< 0.001), whereas it caused the reduction in the rate of
oocytes inMIIþPBwith respect to control values (P< 0.001;
Figure 1B).

The regression analysis demonstrated that the maturation
rate directly correlated with EPA concentration (R¼ 0.98;
P< 0.05). The use of 0.1% ETOH as a solvent control did not
show detrimental effects on nuclear maturation status
(P> 0.05) (Figure 1B).

SCGE assay for DNA damage analysis

Figure 2A present the data of the SCGE assay from CC
exposed during 24 h to different EPA concentrations. ETOH
treatment (solvent control) did not alter the frequency of
damaged nucleoids compared with the negative control
(P> 0.05). Bleomycin (1mg/mL; positive control) induced
an increase in the frequency of damaged cells when
compared to the negative control (P< 0.001). The frequency
of damaged CCwas higher in the presence of 1 nMEPA than
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in the negative controls (P< 0.001). However, the frequency
of DNA damage was not significantly increased when CC
were exposed to 1mM and 1mM EPA (P> 0.05; Figure 2A).
The GDI values were (negative control: 0.18; solvent control:

0.21; 1 nM EPA: 0.43; 1mM EPA: 0.16; 1mM EPA: 0.16;
positive control: 0.92). Increase of GDIwas observed in COC
maturated in presence of positive control and 1 nM EPA
(P< 0.001).

Figure 1 Effect of eicosapentaenoic acid (EPA) in in vitro maturation of bovine COC. Bovine COCwere matured in vitro in mediumwith (a) IVM
(Control); (b) 0.1% ETOH (ethanol, solvent control);(c) 1 nM EPA; (d) 1mM EPA; and (e) 1mM EPA during 24 h of IVM. (A) Cumulus expansion area
measured in COC treated with EPA during IVM. Data are expressed as means� SEM. White bar: T0 (means� SEM to immature COC used in all
experiments); Black bars: T24 (COC matured for 24 h); (B) Effect of EPA on nuclear status of bovine COC matured in vitro. After IVM, oocyte nuclear
maturation was assessed with Hoechst 33342 and classified in GV (germinal vesicle), MI (metaphase I), and MIIþ PB (metaphase IIþpolar body) stage of
maturation process. Oocytes with abnormal chromatin configuration were classified as D (degenerate). All values for bovine oocytes are expressed as
mean� SEM. (A) a–cBars with different letters differ (P< 0.05). (B) a–bBars with different letters in the same category differ (P< 0.05).

Figure 2 Effect of eicosapentaenoic acid (EPA) in in vitro maturation of bovine COC. Bovine COCwere matured in vitro in mediumwith (a) IVM
medium alone (Control); (b) 0.1% ethanol as a solvent control; (c) 1 nM EPA; (d) 1mM EPA; (e) 1mM EPA during 24 h of IVM. (A) DNA damaged in CC
were evaluated by SCGE in four replicates. The extent of DNA damage was quantified by the length of DNA migration (Comet), which was visually
determined in 200 randomly selected and non-overlapping cells per replicate. DNA damage was classified into four classes: 0–I (undamaged); II
(minimum damage); III (medium damage); and V (maximum damage). Results are expressed as mean of DNA damage (sum of classes II, III, and IV).
Bleomycin (1mg/mL) as used as a Positive control of SCGE assay; (B) viability was analyzed with the fluorescein diacetate/trypan blue assay. Live CC are
visible in green fluorescence and dead CC in blue. At least 500 cells were counted per experimental point. Results are presented as mean� SEM.
Bleomycin (1mg/mL) as used as a positive control of viability assay; (C) apoptosis was evaluated by Annexin V-FITC–Propidium iodide (PI). CC were
classified as Alive (annexin V negative/PI negative); early-apoptotic (annexin V positive/PI negative); late-apoptotic (annexin V positive/PI positive); and
necrotic cells (annexin V negative/PI positive). Results are expressed as percentage asmean of apoptotic cells� SEM: early apoptoticþlate apoptotic. Each
experiment was repeated three times and samples were performed in duplicate for each experimental point. The percentage of stained CC was
determined by counting 100 cells per coverslip in at least four different fields. Ethanol (5%) was used as a positive control of apoptosis; (D) mitochondrial
activity was evaluated byMTT assay. Results are expressed as means� SEM of mitochondrial activity from three independent experiments. Ethanol (5%)
as used as a positive control of MTT assay. a–cBars with different letters differ (P< 0.05).
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FDA/Trypan blue assay for the viability analysis

Concerning CC viability assay, no significant alterations
were found in CC treated with 1 nM and 1mM EPA
compared to controls (P> 0.05). On the other hand, cell
viability decreased in CC treated with 1mM EPA (P< 0.05)
(Figure 2B).

Annexin V affinity assay for apoptosis analysis

Data of apoptosis detection by annexin V affinity assay of CC
after 24 h of exposure to EPA are presented in Figure 2C.
ETOH treatment (solvent control) did not alter the
frequency of apoptotic cells compared with the negative
control (P> 0.05). The positive control modified the
frequency of apoptotic cells (P< 0.001). Results revealed
an enhancement of apoptotic cells when COC were treated
with 1mM and 1mM EPA (P< 0.01) due to an increased
frequency of late apoptotic cells (data not shown)
(P< 0.001). Also 1mM EPA modified the frequency of
living cells (P< 0.001) compared to control values (data not
shown). Induction of apoptosis was not observed in COC
treated with the lowest EPA concentration tested, although
we observed that 1 nM EPA induced a significant alteration
in the frequency of late apoptotic cells (P> 0.001) (data not
shown). In addition, an increase in the frequency of necrotic
cells was observed (P< 0.001) regardless of the EPA
concentration tested (negative control: 3.33%; solvent
control: 1.67%; 1 nM EPA: 9.87%; 1mM EPA: 6.76%;
1mM EPA: 19.66%; positive control: 18.00%).

MTT assay for mitochondrial activity analysis

The alterations in cell energetic metabolism induced by EPA
are summarized in Figure 2D. The positive control produced
a significant toxicity in CC cells as compared with the
negative controls (P< 0.001). ETOH treatment (solvent
control) did not modify CC viability with respect to control
values. Cellular metabolism was inhibited when CC were
exposed to 1mM EPA (P< 0.001). Conversely, no statistical
alteration in mitochondrial activity was observed when CC
were exposed to 1 nM and 1mM EPA (P> 0.05).

Discussion

Recent studies strongly suggest that lipids have metabolic
functions during oocyte maturation, fertilization, and early
embryonic development (Adamiak et al., 2006;Wathes et al.,
2007; Aardema et al., 2011; Lapa et al., 2011). Indeed, the
maturation process fully depends on the ability of oocytes to
acquire the potential to develop until the blastocyst stage
(Sturmey et al., 2009; Dunning et al., 2014). In the present
study, we evaluated the effect of EPA, PUFA derived from

fish oil, during bovine oocyte IVM by analyzing cumulus
expansion and nuclear maturation status. Additionally,
SCGE, viability, apoptosis, and MTT assay were further
evaluated to determine whether treatment with EPA could
induce genotoxicity and cytotoxicity effects on bovine COC.

Our results demonstrated that all the maturation
parameters evaluated in this study were affected by exposure
to different EPA concentrations. Cumulus expansion area
increased in the presence of 1 nM EPA, whereas addition of
1mM EPA decreased cumulus expansion after 24-h IVM.
Moreover, the maturation rate significantly decreased when
1mM EPA was assayed. Available data about the effect of
EPA on bovine COC in vitro is scarce. So far, only Marquez
et al. (2007) have reported the effect of EPA on bovine oocyte
during IVM. These authors observed that 10 and 100mM
EPA supplementation did not influence oocyte nuclear
maturation. Our results were similar to the findings of
Marquez et al. (2007) when we evaluated 1mM EPA.
However, addition of 1 nM EPA during IVM of bovine COC
was beneficial since it increased the cumulus expansion area.
In contrast, 1mM EPA decreased cumulus expansion area
and altered maturation rates. CC expansion is an important
marker for oocyte maturation; inhibition of CC expansion
was shown to be independent of nuclear maturation but
essential for fertilization and embryo development in cattle
(Chen et al., 1990; Gutnisky et al., 2007; Wrenzycki and
Stinshoff, 2013). The hyaluronic acid production by CC is
essential for CC expansion, but it also plays a crucial role for
oocyte maturation and further blastocyst development
(Marei et al., 2012).

Another purpose of this work was to investigate the in
vitro genotoxicity effect exerted by EPA on bovine COC.We
used the comet assay to analyze DNA damage in CC
incubated with EPA. The assay is simple, sensitive, and
represents a fast procedure to detect genotoxicity in any
eukaryotic cell type after xenobiotic exposure. It is usually
used to both identify and quantify short-lived DNA damage
(Brendler-Schwaab et al., 2005; Møller, 2006). We demon-
strated that EPA only induced primary DNA lesions at 1 nM,
but not at 1mM and 1mM EPA concentrations after 24 h of
treatment. This observation might indicate that decreased
DNA damage, as shown by a reduction in the comet tail,
could be related to several aspects of cell cytotoxicity. We
should take into account that cell damage evaluation of CC
incubated with 1mM and 1mM EPA could be limited by
dead cells, leaving only a reduced proportion of cells to be
included in the comet score.

In the present study, apoptosis was detected by the
Annexin V-FITC assay. Our current observations reveal that
EPA induced a significant increase in the frequency of
apoptotic and necrotic cells after 24 h of treatment consistent
with SCGE data. However, 1mM and 1mM EPA induced a
strong increase in the level of early and late apoptosis,
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whereas 1 nM increased only the frequency of late apoptotic
cells. The close contact between CC and oocyte through gap
junctions allows the bidirectional interchange of molecules
(Sofie, 2002). Consequently, the apoptotic process in CC
alters oocyte quality, and subsequent embryo development
in vitro may be affected. These somatic cells play an
important role in regulating nucleus and cytoplasm oocyte
maturation (Sofie, 2002), as well as in protecting oocytes
against oxidative stress (Tatemoto et al., 2000). Our findings
are in agreement with the genotoxic profile shown in other
cellular systems. In human cell lines A375, A2058, and G361
exposed to 100mM EPA, the fatty acid decreased cellular
proliferation (Zajdel et al., 2013). These results are consistent
with those reported by Meng et al. (2013) showing that EPA
at 25, 50, 75, 100, 125, 150, and 175mM resulted in a
significant decrease of cell viability in RWPE-1 and PC-3 cells
whencomparedwith the control group. In contrast, Bartl et al.
(2014) confirmed that PUFAs enhanced cell viability in PC12
cells in a concentration range of 10 pM to 1mM.

TheMTT assay is routinely employed in cytotocity studies
to detect the metabolic reduction of MTT by the enzyme
mitochondrial succinate dehydrogenase in formazan. CC
incubated with 1mM EPA resulted in a reduction of
mitochondrial activity; however, no alteration in cell
viability was observed with 1mM and 1mM EPA. In
previous studies, Sarabi et al. (2014) demonstrated that
100mM EPA did not induce cell death using the MTT assay
in human THP-1 cells. Additional studies are needed to
investigate the mechanism by which 1mM EPA affects
mitochondrial activity.

To our knowledge, we have conducted the first genotoxic
and cytotoxic evaluation of the fatty acid EPA in bovine
oocyte and CC during IVM. As stated previously, our results
revealed that EPA induced genotoxicity and cytotoxicity in
bovine COC. The ability of PUFAs to induce genotoxicity
and cytotoxicity could be attributed to the increased
susceptibility to lipid peroxidation. PUFAs are an easy
target to be damaged by free radicals and generate lipid
peroxides that are very toxic to cell health. The formation of
ROS after peroxidation of long chain PUFAs has been
proposed as the primary mechanism of DNA and proteins
damage. Also, aldehyde lipid peroxidation products cause
mutations and genomic instability, leading to uncontrolled
proliferation or cell death (Das, 2011; Santos and Schulze,
2012). Previous works suggest that the effect of fatty acids on
in vitro systems partially depends on the concentration, the
fatty acid and the cell type used in the study (Meng et al.,
2013; Zajdel et al., 2013). Our results are in agreement with
this suggestion because CC were more affected with the
highest EPA concentration in all the tests performed in this
work. Furthermore, our studies highlight the importance of
employingmultiple assays for characterizer the effect of EPA
on bovine COC in vitro.

Conclusions

In conclusion, the present results indicate that EPA induced
a genotoxic and cytotoxic effect and that such effect
depended on the concentration tested, at least in our study
model. However, EPA may be beneficial to improve oocyte
quality in thematuration process, because low concentration
tested in our study could improve the cumulus expansion.
Further studies are needed to understand whether oocyte or
CC lipid content may indeed be a biomarker of competence
and, more importantly, whether lipid content physiological
or in vitro alterations in COC may impact on subsequent
embryo development.
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