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Fenoxaprop-ethyl affects mouse oocyte quality
and the underlying mechanisms
Ya-Ting He,a Lei-Lei Yang,a Yong Zhao,a Wei Shen,a Shen Yina*

and Qing-Yuan Suna,b*

ABSTRACT

BACKGROUND: Fenoxaprop-ethyl (FE) is an active ingredient of commercially available herbicide formulations. Its overuse
has caused much damage to the environment, livestock breeding, agricultural crops and humans. However, little is known
about the effects of FE exposure on female reproductive health and the mechanisms underlying those effects. In this study,
we investigated the toxic effects of FE on oocyte quality and their underlying mechanisms in mice fed a diet containing FE.

RESULTS: Ovary weight and numbers of oocytes were reduced in FE-treated mice. Moreover, oocyte quality was seriously
impaired, as shown by the reduced rate of first polar body extrusion and fertilization ability in vivo. In FE-treated mice, oocytes
presented reduced actin expression and abnormal meiotic spindle morphology, which indicate that cytoskeletal integrality
is disrupted. Also, FE induced mitochondrial dysfunction, reflected by the accumulation of reactive oxygen species (ROS),
apoptosis and autophagy, as revealed by fluorescent staining analysis and real-time polymerase chain reaction (qPCR). Finally,
FE led to changes in epigenetic modifications such as histone H3K27me3 and H3K9me2 in oocytes.

CONCLUSIONS: Our results indicate that FE has adverse effects on oocyte quality as assessed by maturation and fertilization
potential, due to disrupted cytoskeletal integrality, and mitochondrial dysfunction leading to ROS accumulation, apoptosis
and autophagy.
© 2018 Society of Chemical Industry

Supporting information may be found in the online version of this article.
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1 INTRODUCTION
Herbicides are intensively used in modern agriculture to enhance
food production. Fenoxaprop-ethyl (FE) is an active ingredient
of commercially available herbicide formulations. It has been
synthesized by Hoechst AG (Germany) since 1982 for the control
of weeds in wheat, rice, and broad-leafed crops.1,2 Unfortunately,
its indiscriminate use has damaged the environment and even
humans. Mammals are exposed to FE through the food chain, and
it might harm their fertility or reproduction.3,4

It is generally accepted that female mammals are born with a
finite number of oocytes contained within the primordial follicles.
Proper oocyte development is crucial for female fertility.5 At the
metaphase of meiosis I (MI), meiotic spindle forms in the central
oocyte and chromosomes segregate to extrude the first polar
body, which is essential for fertilization.6–8 Actin filaments are the
main way by which the meiotic spindle is pushed into the cortex of
the oocytes to ensure asymmetric cell division, leading the polar
body to retain most maternal components in the egg for early
embryo development. After spindle movement, actin filaments
form a contractile ring to initiate cytokinesis, and the first meiosis
is completed after polar body extrusion.9 The immature oocyte is
surrounded by cumulus cells that support oocyte development
by providing essential nutrients, participate in the maintenance
of meiotic arrest, suppress global transcriptional activity, and
regulate meiotic and cytoplasmic maturation of the oocyte.10,11

Mitochondria are one of the most abundant organelles in the
oocyte and have many cellular functions including ATP produc-
tion, oxidative stress and apoptosis.12,13 Both oxidative stress
and apoptosis have reverse effects on oocyte maturation and
early embryo development. Generally, oxidative stress indicates
an imbalance between the systemic generation of reactive oxy-
gen species (ROS) and the capability of the biological system to
detoxify reactive intermediates or repair existing damage. In the
reproductive system, ROS are mainly generated within the folli-
cle and ovulation also produces ROS.14 Localization of mitochon-
dria inside the oocyte is also associated with its developmental
competence.15

Epigenetic changes including DNA methylation, histone
post-translational modifications, and histone variant exchanges
are susceptible to environmental factors. Histone modifications in
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Figure 1. Fenoxaprop-ethyl (FE) reduces oocyte numbers and impairs oocyte maturation and fertilization potential. (a) In FE-treated mice, ovaries were
significantly smaller and the numbers of oocytes were significantly reduced compared with those in control mice. (b) The rate of first polar body extrusion
significantly decreased after FE treatment. The black arrow indicates the MII stage oocyte with the first polar body and white arrow indicates the immature
oocyte. Bar = 100𝜇m. (c) The rate of two pronuclei significantly decreased after FE treatment. The black arrow indicates the fertilized egg with two
pronuclei and white arrow indicates the unfertilized oocyte. Bar = 100𝜇m. *P < 0.05, **P < 0.01, ***P < 0.001.

oocytes are associated with cellular processes including meiosis
and mitosis. Epigenetic markers (such as DNA and histone methy-
lation patterns) have a specific distribution that may also be linked
to early embryonic development.16,17

In this study, we explored the effects of FE on mouse oocyte
quality and the mechanisms underlying these effects in vivo. Our
results show that FE exposure could lead to declining maturation
and fertilization potential caused by low-quality oocytes with
disrupted cytoskeletal integrality and mitochondrial dysfunction.
Also, FE exposure induced epigenetic modifications in mouse
oocytes. These results provide new evidence of the reproductive
toxicity of FE on oocyte quality in vivo.

2 MATERIALS AND METHODS
2.1 Animals and feeding regimens
All procedures with mice were conducted according to the
Animal Research Institute Committee guidelines of Qingdao

Agricultural University, China. The experimental protocols were
approved by Qingdao Agricultural University Animal Research
Institute Committee. Three-week-old female ICR mice weighting
between 20 and 22 g were housed in a temperature-controlled
room with appropriate dark–light cycles and fed a regular diet
for 30 days. During oocyte collection, mice were treated humanely
and with regard to the alleviation of suffering.

2.2 FE oral administration
For in vivo experiments, mice were randomly assigned to two
groups (40 per group). FE (Sigma-Aldrich, St. Louis, MO, USA)
was dissolved in corn germ oil and intragastrically administered.
Mice were weighed every day using an S-234 scale (Technical
Advantages, Beijing, China). The acceptable daily intake of FE was
0 mg kg−1 day−1 (control group) and 315 mg kg−1 day−1 (FE-group)
for 30 days in accordance with previous work.18 This dose has been
recorded as the toxic effect level in mice.
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Figure 2. Fenoxaprop-ethyl (FE) exposure affects actin filament and spin-
dle morphology in MII oocytes. (a) Actin expression significantly decreased
in MII oocytes after FE treatment. Red (actin); blue (DNA). (b) Actin fluores-
cence intensities in both the membrane and cytoplasm were significantly
reduced in FE treatment oocytes. Bar = 25𝜇m, **P < 0.01. (c) FE exposure
affected spindle morphology in MII oocytes. Green (𝛼-tubulin); blue (DNA).
(d) The rate of abnormal spindle formation significantly increased after FE
treatment. Bar = 10 𝜇m, *P < 0.05.

2.3 Oocytes collection and culture
Germinal vesicle intact oocytes were harvested from the ovaries
of intragastic-administered mice, and cultured in M16 medium
for the maturation assay in vitro. Oocytes at the second metaphase
of meiosis (MII) were harvested from intragastric-administered
mice. Oocytes were collected from the oviducts 13 h after 8 IU
human Chorionic Gonadotropin (hCG) injection with 48 h super-
ovulation by 8 IU Pregnant Mare Serum Gonadotropin (PMSG).
Cumulus cells were removed by repeated pipetting with 1 mg
mL−1 hyaluronidase and collected for the mRNA expression assay.
Denuded oocytes were used for the next mitochondria-related
assay and immunofluorescent staining.

2.4 Fertilization ability assay
Female mice were caged with male mice 2–4 h after 8 IU hCG injec-
tion with 48 h intraperitoneal injection of 8 IU PMSG. Zygotes were
harvested from oviducts 23 h after hCG injection. The presence
of two pronuclei was regarded as successful fertilization.

2.5 Immunofluorescent staining
Denuded oocytes were fixed in 4% paraformaldehyde for 30 min
and permeabilized in phosphate-buffered saline (PBS) with 0.5%
Triton X-100 for 20 min at room temperature. After being
blocked in PBS with 1% bovine serum albumin (BSA) for 1 h,
oocytes were incubated with different primary antibodies at 4 ∘C
overnight. Next day after washing, oocytes were incubated
with an appropriate secondary antibody for 1 h at room tem-
perature. DAPI (Beyotime Institute of Biotechnology, Shanghai,
China) was used to stain DNA for 15 min. Finally, oocytes were
mounted on a glass slide with a DABCO drop. Representative
images were captured by laser scanning confocal microscope
(Leica TCS SP5 II, Wentzler, Germany). At least three replicates

were performed and > 20 oocytes were observed for each group.
Primary antibodies include mouse monoclonal anti-𝛼-tubulin
FITC antibody (1:500, Santa Cruz Biotechnology, Dallas, TX, USA),
TRITC-conjugated Phalloidin (1:1000, AAT Bioquest, Sunnyvale, CA,
USA), rabbit polyclonal anti-H3K9me2 antibody (1:200, Bioworld
Technology Inc., St. Louis Park, MN, USA), and rabbit monoclonal
anti-H3K27me3 antibody (1:200, Sangon Biotech, Shanghai,
China).

2.6 ROS generation detection
To determine the amount of ROS generated, mature oocytes
(MII) were processed using the Reactive Oxygen Species Assay
Kit (Beyotime Institute of Biotechnology). Oocytes were incubated
with probe at 37 ∘C for 30 min, followed by washing, and then
mounted onto glass slides and observed under a laser scanning
confocal microscope (Leica TCS SP5, Mannheim, Germany) using
the same scan parameters for all measurements.

2.7 Annexin-V staining
For the apoptosis assay, oocytes were exposed to acid M2 for 5 s
to remove the zona pellucida. After washing, zona pellucida-free
oocytes were stained with an Annexin V–FITC Apoptosis Kit (Bey-
otime Institute of Biotechnology). A laser scanning confocal micro-
scope was used to detect fluorescence signals at the membrane,
which were regarded as early-stage apoptosis.

2.8 Fluorescence intensity analysis
Fluorescence intensity was assessed using Image J software.
Control and treated oocytes were mounted on the same glass
slide, and the same parameters were used to normalize across
replicates. The average fluorescence intensity per unit area
within the region of interest (ROI) was examined. Independent
measurements with identically sized ROIs were made for the
cells.

2.9 Mitochondria distribution
MitoTracker Deep Red (Invitrogen, Carlsbad, CA, USA) was used
to stain mitochondria. Oocytes were incubated with pre-warmed
staining solution for 30 min at 37 ∘C. After rinsing three times
for 5 min each, oocytes were observed under a laser-scanning
confocal microscope. At least 25 oocytes from each sample were
observed.

2.10 RNA purification and real-time polymerase chain
reaction
Total RNA was extracted from cumulus cells by using an EZ-10 Spin
Column Total RNA Isolation Kit (Sangon Biotech). First-strand cDNA
was synthesized using HiScript II Q RT SuperMix (Vazyme Biotech
Co. Ltd, Nanjing, China). Real-time PCR (qPCR) was performed by
using AceQ qPCR SYBR Green Master Mix (Vazyme Biotech Co.
Ltd). Three samples were assessed for each gene of interest, and
𝛽-actin was used as a control gene. Relative expression levels to
𝛽-actin were calculated by the 2−ΔΔCt method.19 The primers used
are listed in Table S1.

2.11 Statistical analysis
All experiments were conducted at least three times. Results are
presented at means ± SEM and analyzed by one-way analysis
of variance (ANOVA) with SPSS software (IBM, Armonk, NY, USA).
A P-value < 0.05 was considered statistically significant.
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Figure 3. Fenoxaprop-ethyl (FE) affects mitochondria distribution and the mRNA expression of respiratory chain-related genes. (a) Representative images
of homogenous, perinuclear and cluster mitochondrial distribution in MII oocytes. Mitochondria signals (red) and DNA (blue). Bar = 25𝜇m. (b) Relative
mRNA expression of mitochondria-encoded genes in cumulus cells of MII oocytes. mtDNA fragment, Polg A, CytB, COX1, ND2 and ND4 were significantly
reduced after FE treatment. *P < 0.05, **P < 0.01, ****P < 0.0001.

3 RESULTS
3.1 FE reduces oocyte numbers and impairs oocyte
maturation and fertilization potential
First, we examined the effects of FE exposure on the quan-
tity and quality of oocytes in vivo. Average ovary weight
(0.009932 ± 0.0006756 g) in the FE group was significantly less
than in the control group (0.01368 ± 0.0009119 g, P < 0.05,
Fig. 1a). In addition, the number of oocytes obtained from the
FE group (55 ± 1) was significantly reduced compared with the
control group (83 ± 1; P < 0.01, Fig. 1a, right). We then investi-
gated the oocyte maturation and fertilization rates, two critical
criteria for oocyte quality. After culturing for 12 h in vitro, the first
polar body extrusion of oocytes from FE-treated mice was signif-
icantly reduced (55.17 ± 3.36%, n = 225) compared with controls
(76.87 ± 0.22%, n = 329, P < 0.01; Fig. 1b). The percentage of
dead oocytes in the FE-treated group was significantly increased
(11.4 ± 3.4%) compared with the control group (3.73 ± 1.97%).
Matured oocyte quality was directly assessed from the fertilization
ability, as evidenced by the formation of two pronuclei (Fig. 1c,
black arrow). In the FE-treated group, the rate of two pronu-
clei significantly decreased compared with the control group
(52.08 ± 7.53 vs 90.15 ± 2.63; P < 0.001; Fig. 1c). These results
indicate that FE exposure could significantly reduce the quantity
and quality of matured oocytes.

3.2 FE reduces actin expression and disrupts meiotic
spindle morphology
Meiotic maturation of the oocyte is closely related to cytoskeletal
integrality, especially actin and spindle assembly. In MII oocytes

after FE treatment, actin fluorescence intensities at the plasma
membrane and in the cytoplasm were significantly lower than
in control oocytes (Fig. 2a). Quantitative analysis indicated that
actin expression after FE treatment was significantly reduced com-
pared with the control group (Fig. 2b). Regarding spindle assem-
bly, typical normal and abnormal spindles are shown in Fig. 2(c).
The proportion of abnormal spindles in the FE group was signif-
icantly greater than in the control group (Fig. 2d). These results
indicate that FE could reduce actin expression and disrupt mei-
otic spindle morphology, which would cause meiotic arrest in the
oocyte.

3.3 FE disrupts mitochondrial distribution and reduces
mRNA expression of respiratory chain-related genes
The mitochondrion is an important organelle in oocyte matura-
tion and its dysfunction could compromise oocyte meiosis and fer-
tilization. Therefore, we investigated mitochondrial distribution
and function in MII mouse oocytes using superovulation. As shown
in Fig. 3(a), typical images show an homogenous distribution, per-
inuclear distribution and cluster distribution, respectively. The rate
of homogeneous distribution in the FE treatment group was sig-
nificantly different from that in the control group. To further con-
firm whether FE could cause mitochondrial dysfunction, we per-
formed qPCR to evaluate the mRNA expression of genes related to
the mitochondrial respiratory chain in cumulus cells of MII oocytes
after superovulation. Also, we chose a unique fragment sequence
from mitochondrial genome DNA (mtDNA) to detect the number
of mitochondria. As shown in Fig. 3(b), mtDNA fragments signifi-
cantly decreased in the FE-treated group, indicating that the num-
ber of mitochondria reduced. Also, the mRNA expression levels of

wileyonlinelibrary.com/journal/ps © 2018 Society of Chemical Industry Pest Manag Sci (2018)
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Figure 4. Fenoxaprop-ethyl (FE) affects reactive oxygen species (ROS) generation and the mRNA expression of oxidative stress-related genes. (a) ROS
signals (green) significantly increased in MII oocytes after FE treatment. Bar =50𝜇m. (b) Average relative fluorescence intensity of ROS significantly
increased after FE treatment. (c) Relative mRNA expressions of oxidative stress-related genes in cumulus cells of MII oocytes. Cat, Sod2, Sod1, PRDX2,
PRDX6 and GPX1 significantly increased after FE treatment. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

PolgA, ND2, CytB, COX1 and ND4 were significantly reduced in the
FE-treated group. These results suggest that FE disrupted mito-
chondrial distribution and reduced the expression of respiratory
chain-related genes, which could disturb oxidative stress.

3.4 FE induces reactive ROS generation
Mitochondrial dysfunction is related to the ROS level, therefore we
investigated the ROS level in MII oocytes by fluorescent analysis. As
shown in Fig. 4(a), fluorescent signals of ROS in FE-treated oocytes
were significantly higher than in control oocytes, as supported by
fluorescence intensity analysis (Fig. 4b). In addition, we explored

whether there was any antioxidative stress in response to ROS
generation in cumulus cells of MII oocytes. Using qPCR, the mRNA
expression levels of genes encoding antioxidant enzymes, includ-
ing Cat, Sod2, Sod1, PRDX2, PRDX6 and Gpx1, were significantly
increased in the FE-treated group compared with the control
group (Fig. 4c). These data indicate that FE could induce oxidative
stress.

3.5 FE induces apoptosis and autophagy
If oxidative stress increases too far beyond the ability of antiox-
idative stress, it will induce programmed cell death, such as

Pest Manag Sci (2018) © 2018 Society of Chemical Industry wileyonlinelibrary.com/journal/ps



www.soci.org Y-T He et al.

Figure 5. Fenoxaprop-ethyl (FE) induces apoptosis and autophagy. (a) FE induced early-stage apoptosis (green signals) in MII oocytes. Only oocytes in early
apoptosis could exhibit the green fluorescence on the membrane. Bar =25𝜇m. (b) The early apoptosis rate significantly increased in the FE-treated group.
(c) Relative mRNA expressions of autophagy-related genes in cumulus cells of MII oocytes. ATG3, AGT7, mTOR, ATG5 and LAMP2 significantly increased
after FE treatment. *P < 0.05, **P < 0.01, ***P < 0.001.

apoptosis and autophagy. Following Annexin-V staining, green flu-
orescent signals were detected on the membrane in FE-treated
MII oocytes (Fig. 5a), which indicated that the MII oocytes initi-
ated early apoptosis. The percentage of early apoptotic oocytes
significantly increased in the FE-treated group compared with the
control group (41.05 ± 1.70% vs 17.83 ± 3.09%; P < 0.001; Fig. 5b).
In cumulus cells of MII oocytes, the qPCR results showed that the
mRNA expression levels of autophagy-related genes, including
ATG3, ATG5, mTOR, ATG7 and LAMP2, significantly increased com-
pared with those in the control group (Fig. 5c). All these results
indicated that FE could cause apoptosis and autophagy accompa-
nied by markedly increased ROS levels.

3.6 FE reduces histone methylation levels in mouse oocytes
We next examined the possible toxic effects on epigenetic mod-
ification in mouse MII oocytes, including methylation 2 of lysine
residue 9 of histone 3 (H3K9me2) and methylation 3 of lysine
residue 27 of histone 3 (H3K27me3). Compared with those
in control oocytes, the fluorescence intensities of H3K9me2
and H3K27me3 in FE-treated oocytes were significantly reduced
(Fig. 6a,c). Quantitative analysis showed that there were significant
differences in the mean fluorescence intensity of H3K9me2 and
H3K27me3 between control and FE-treated oocytes (Fig. 6b,d).
These results showed that FE could affect the epigenetic modifi-
cation in mouse oocytes.

4 DISCUSSION
In this study, we investigated the toxic effects of FE on mouse
oocytes and the mechanisms underlying these effects in

vivo by assessing oocyte quality, cytoskeletal integrality,
mitochondria-related oxidative stress, apoptosis and autophagy,
and epigenetic modification.

Our results showed that feeding mice a FE-contaminated diet
could significantly reduce ovary size and the number of oocytes
obtained from ovaries (Fig. 1a). We focused on FE’s effects on the
quality of mouse oocytes, which is directly assessed by oocyte mat-
uration and fertilization ability.20 Meiotic maturation of oocytes
includes nuclear maturation and cytoplasmic maturation. Our
results showed that FE could significantly reduce the rate of first
polar body extrusion (Fig. 1b), which is a symbol of nuclear matu-
ration. Also, FE could significantly reduce the fertilization, probably
due to a decrease in cytoplasmic quality as indicated by disrupted
distribution of mitochondria and actin filaments, as well as ROS
accumulation.

We further investigated possible mechanisms involving the
cytoskeleton and mitochondria, both of which are considered
critical for successful nuclear and cytoplasmic maturation of the
oocyte and embryonic development.21–23 Cytoskeletal integral-
ity, especially spindle assembly and actin organization, is con-
sidered critical for successful oocyte maturation. Actin filaments,
part of the cytoskeleton, play significant roles, for example in cell
shape maintenance and the transport of molecular substances.8,24

F-actin can guide the spindle to move to the cortex correctly, and
so is essential for spindle assembly.25,26 Aberrant spindle assembly
could result in meiotic arrest in oocytes. In our study, actin expres-
sion was significantly reduced and aberrant spindle assembly was
significantly increased after FE treatment (Fig. 2). The results indi-
cated that FE could disrupt cytoskeletal integrality causing matu-
ration failure in the mouse oocyte.

wileyonlinelibrary.com/journal/ps © 2018 Society of Chemical Industry Pest Manag Sci (2018)



Fenoxaprop-ethyl affects mouse oocyte quality www.soci.org

Figure 6. Fenoxaprop-ethyl (FE) affects histone methylation in MII oocytes. (a) Immunofluorescent staining for H3K9me2 in MII oocytes. Red (H3K9me2),
blue (chromatin). (b) Average H3K9me2 fluorescence intensity significantly decreased after FE treatment. (c) Immunofluorescent staining for H3K27me3
in MII oocyte. Red (H3K9me2), blue (chromatin). (d) Average H3K27me3 fluorescence intensity significantly decreased after FE treatment. Bar = 10 𝜇m.
*P < 0.05.

Mitochondria have very important roles in meiotic maturation
and fertilization.27 Unsuccessful migration of mitochondria to the
inner cytoplasm is involved in failed cytoplasmic maturation.28

During the maturation of mouse oocytes, mitochondria were
translocated homogeneously from the perinuclear area to the
cytoplasm.29 Our results showed that in FE-treated oocytes,
homogeneously located mitochondria were significantly reduced
(Fig. 3a). In cumulus cells, reduced mtDNA copy numbers (Fig. 3b,
mtDNA fragment) mean that the numbers of mitochondria sig-
nificantly decrease after FE treatment. The mRNA expression of
PolgA, ND2, CytB, COX1 and ND4 significantly decreased after FE
exposure (Fig. 3b). Cumulus cells have a key role in the matu-
ration of oocytes, and in the quality of oocyte and embryonic
development because most metabolites and energy are provided
by cumulus cells.7 Polg is a nuclear gene that encodes a DNA
polymerase enzyme related to copy number in mtDNA replication
and correction repair. mtDNA is regulated and controlled by Polg
subunit A (PolgA). ND2 and ND4 encode the core proteins neces-
sary for catalyzing NADH dehydrogenation and electron transfer
to ubiquinone. CytB and Cox1 have roles in aerobic metabolism
and the respiratory chain involved in ATP function. These results
revealed that FE exposure could disrupt mitochondrial functions,
which ultimately affected cytoplasmic maturation of the oocyte.

Mitochondria also have important roles in ROS generation.
Oxidative stress can inhibit germinal vesicle breakdown, and mei-
otic spindle assembly and function during oocyte maturation.30,31

Additionally, increased ROS generation can alter several redox
pathways and may ultimately result in apoptosis among oocytes
and embryos.32 Our results showed that FE could induce excessive
ROS generation in MII oocytes (Fig. 4a,b), which also contributes to
reduced fertilization ability. Also, in cumulus cells of MII oocytes,

the mRNA expression of Cat, Sod2, Sod1, PRDX2, PRDX6 and Gpx1
was significantly increased after FE exposure (Fig. 4c). These results
revealed that FE could induce mitochondrial dysfunction and ROS
accumulation, which may trigger further cell injury such as apop-
tosis and autophagy.

Apoptosis is a process of programmed cell death that occurs in
multicellular organisms. In mice, immature oocytes are thought
to be a manifestation of apoptosis, cell death, oxidative stress
and mutation of specific genes.31,33 Mitochondrial dysfunction
could cause mitochondria-mediated apoptosis in oocytes because
excess ROS accumulation could trigger or accelerate cell death.
We suggest that mitochondrial dysfunction caused by FE could
induce apoptosis. As expected, strong early apoptosis signals were
observed in FE-treated oocytes on Annexin-V staining (Fig. 5a),
and the early apoptotic rate significantly increased (Fig. 5b). Pre-
vious studies indicate that different levels of autophagy have
different influences on oocyte maturation.34 ATG3, ATG5, ATG7,
LAMP2 and mTOR are biochemical markers of autophagy, and
an increase or decrease in their expression marks the differ-
ent levels of autophagy.34 When autophagy occurs, cells activate
self-protection mechanisms and reduce autophagy. So, expres-
sion of mTOR will increase to inhibit autophagy. In our study, the
mRNA expression level of ATG3, ATG5, ATG7, LAMP2 and mTOR
increased significantly in cumulus cells indicating that FE could
induce autophagy (Fig. 5c). Therefore, our study showed that FE
exposure could cause excess ROS generation to trigger apoptosis
and autophagy, which ultimately affects oocyte maturation.

Histone modifications are important epigenetic modifications.35

It has been suggested that in meiosis, histone modifications play a
crucial role in oocyte development in mammals and delayed matu-
ration progression, or even oocyte aging, may be due to disruption
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of histone modifications.36,37 In our study, the H3K9me2 level sig-
nificantly decreased indicating that FE might affect the chromatin
configuration in the oocyte. Methylation of H3K27 as an epigenetic
marker is closely related to transcriptional repression. Our results
show that FE significantly reduced H3K27me3 expression (Fig. 6),
which suggests that FE might alter the transcriptional activity of
the oocyte genome.

In conclusion, our results indicated that FE exposure could
affect oocyte quality as assessed by maturation and fertilization
potential, due to disrupted cytoskeletal integrality and mitochon-
drial dysfunction leading to ROS accumulation, apoptosis and
autophagy.
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