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Abstract
Polycystic ovarian syndrome (PCOS) is a common endocrine disease in adolescents and women of
childbearing age, also a common cause of female infertility. In recent years, studies have found that the
occurrence of PCOS is related to changes in the intestinal �ora. Trimethylamine N-oxide (TMAO) is an
organic compound produced by intestinal microorganisms. However, the relationship between TMAO and
PCOS remain mostly unexplored. The effects of TMAO on PCOS were assessed in vitro and in vivo. In a
PCOS rat model, plasma TMAO, hormone and PI3K signaling levels were examined. In the process of in
vitro maturation (IVM), immuno�uorescence and confocal microscopy were used to detect the in�uence
of adding different TMAO concentrations to the culture medium on oocytes. The fasting insulin (FINS),
HOMA-IR, luteinizing hormone (LH), LH/follicle-stimulating hormone (FSH) and plasma TMAO levels of
the PCOS rat group were signi�cantly higher than those of the control group. Treatment with the TMAO
inhibitor 3,3-dimethyl-1-butanol (DMB) alleviated metabolic disorder in PCOS rats. In PCOS rats, DMB
improved the PI3K/Akt-related signaling pathway compared to no treatment. In IVM, the mitochondria of
oocytes in the TMAO groups were aggregated and distributed, and mitochondrial membrane potential
and ATP content were decreased. Apoptosis was more severe in the TMAO group than in the control
group. TMAO worsened metabolic dysfunction in a rat model of PCOS and decreased the mitochondrial
function of oocytes in the process of IVM.

1. Introduction
Polycystic ovarian syndrome (PCOS) is a common endocrine disease in adolescents and women of
childbearing age and a common cause of female infertility[1, 2]. Common clinical manifestations include
menstrual disorder, infrequent ovulation, chronic anovulation, hirsutism, hyperandrogenism (HA), insulin
resistance (IR) and polycystic ovarian changes[1, 3, 4]. PCOS is usually diagnosed according to the
Rotterdam criteria, given the presence of at least two of three criteria, clinical or laboratory HA, ovulatory
dysfunction or polycystic ovaries on ultrasound[5]. Long-term complications include type 2 diabetes
mellitus (T2DM), hypertension, cardiovascular disease (CVD), endometrial cancer, etc., and the health and
quality of life of women suffering from PCOS are seriously threatened[6, 7]. With alterations in luteinizing
hormone (LH), follicle-stimulating hormone (FSH), anti-Müllerian hormone (AMH), insulin-like growth
factor (IGF) and androgen levels, PCOS patients may suffer from failure of selection of the dominant
follicle and ovulation as well as an abnormal ovarian cycle[8]

The intestinal �ora is considered to be the “second brain” or “second genome” of humans. It is one of the
most complex microbial communities and includes more than 1000 bacteria and participates in the
coding of more than 3 million nonredundant genes. This number is approximately equal to the total
number of host human cells[9, 10], and through long-term coexistence, low-level exposure of the host to
metabolic and decay products affects the host's important physiological functions, such as metabolism,
immunity and signal transduction pathways[11]. The intestinal �ora and the human body are
interdependent and form a state of dynamic balance that can change with age, diet, and environmental
changes. When the gene expression level of the gut microbiota is relatively low or microbial diversity is
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reduced, the metabolic health of the host may be impaired[11]. Recent studies have found that the
occurrence of PCOS is related to changes in the intestinal �ora[12–14]. Studying changes in the intestinal
�ora and its metabolites related to PCOS may provide new ideas for the pathogenesis and therapeutic
targets of PCOS.

Trimethylamine N-oxide (TMAO) is an organic compound produced by intestinal microorganisms[15]. The
phosphatidylcholine, choline and carnitine in the diet are metabolized to trimethylamine (TMA) under the
action of certain intestinal microorganisms. After being absorbed into the blood, TMA enters the liver
through the portal circulation, where it is found in �avin monooxidase (FMO), and quickly transformed
into TMAO[16]. Studies have found that the occurrence of T2DM is related to an increase in the plasma
TMAO concentration[17]. Oellgaard et al.[18] found that an increase in plasma insulin levels caused by IR
increased FMO3 activity and further increased TMAO serum levels. Studies have also shown that in
atherosclerosis, TMAO upregulates scavenger receptors in macrophages and promotes the accumulation
of cholesterol in macrophages and the formation of foam cells, thereby promoting vascular plaque
through the MAPK and NF-κB pathways and the in�ammatory response[19].

Another study found that TMAO enhances platelet reactivity and increases the risk of thrombosis and has
an adverse effect on cardiovascular function[20, 21]. TMAO is involved in metabolic or in�ammatory
diseases such as CVD, T2DM and thrombosis. According to our latest research, plasma TMAO
concentrations are high in patients suffering from PCOS without hyperandrogenism[22]. Nagy et al.[23]
found that TMAO is present in human follicular �uid and a negative predictor of embryo quality. To date,
however, no studies have directly examined the role of TMAO in mediating metabolic dysfunction in
PCOS. Here, we tested the hypothesis that elevated TMAO contributes to metabolic dysfunction in a rat
model of PCOS and reduces oocyte quality.

2. Materials And Methods

2.1. Ethics statement
All animal experiments were carried out in accordance with the principles and guidelines for the use of
laboratory animals and approved by the Institutional Animal Care and Use Committee of Wuhan Union
Hospital, Tongji medical college, HUST.

2.2. Establishment of rat models
A total of 24 female Sprague–Dawley (SD) rats of speci�c pathogen-free (SPF) degree were purchased
from Beijing Charles River Co., Ltd. The rats (age, 9 weeks; weight, 250–300 g) were randomly arranged to
the control group (n = 8), the PCOS group (n = 8) or the DMB group (n = 8). The PCOS and DMB groups
were given insulin plus hCG to induce a combination of hyperinsulinemia and hyperandrogenism. The
control group was treated with an equal volume of saline. The doses and treatment protocols for insulin
and hCG were described in studies by Poretsky[24] and Zhang[25, 26]. Brie�y, insulin was started at
0.5 IU/day and gradually increased to 6.0 IU/day between the �rst day and the 22nd day to induce
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hyperinsulinemia and IR, and 3.0 IU/day hCG was given to induce hyperandrogenism. Animals were
treated with twice daily subcutaneous injections until the end of the experiment. Rats in the DMB group
received 1.0% 3,3-dimethyl-1-butanol (DMB, an inhibitor of trimethylamine formation, 8 weeks after DMB
treatment, when circulating TMAO levels were reduced in rats) for 8 weeks in drinking water. Vaginal
smears and Pap stains were performed daily since the beginning of modeling to observe changes in
cytology.

2.3. Collection and storage of specimens
After 8 weeks, all rats were fasted for 12 hours for measurements of fasting blood glucose (FBG) and
fasting insulin (FINS). FBG was tested with a blood glucose meter (F. Hoffmann-La Roche Ltd.,
Switzerland), and enzyme-linked immunosorbent assay (ELISA) kits were used for the determination of
FINS (RayBiotech Company, USA). Rats were sacri�ced on the second day after the end of the FBG and
FINS experiments. Blood samples were collected from the abdominal aorta, separated from the serum
(blood was collected in a centrifuge tube, let stand at room temperature for 1 hour for coagulation and
strati�cation, and centrifuged at 3000 rpm for 10 minutes at room temperature, and the supernatant was
removed and transferred to a clean centrifuge tube and stored at -80 °C) and plasma (plasma was
centrifuged in a low-temperature centrifuge at 4 °C and 3000 rpm for 10 minutes, approximately 1 ml of
the upper layer of transparent liquid was absorbed, the tightness was reviewed, and the sample was
placed in a box and stored in an ultra-low-temperature refrigerator at -80 °C) to be tested. The right ovary
was quickly frozen in liquid nitrogen and stored at -80 °C for later analyses, and the left ovary was �xed
using 10% neutral-buffered formaldehyde for further histopathological examinations.

2.4. Determination of plasma TMAO
The plasma TMAO level was detected by Liquid chromatography coupled with triple-quadrupole mass
spectrometry (ACQUITY UPLC H-Class / Xevo G2 TQ-XS MS/MS) for quantitative detection (Metabo-
Pro�le, Shanghai, P. R. China)[27].

2.5. Determination of sex hormones
ELISA kits were used for the determination of testosterone (R&D Systems, USA), FSH (Enzo Company,
USA), LH(Enzo Company, USA), and estrogen (R&D Systems, USA). Then, the LH/FSH ratio and HOMA-IR
index were calculated as follows: [HOMA-IR = FPG (mmol/L) × FINS (mIU/L) / 22.5].

2.6. Western blot analysis
Protein was isolated from frozen ovarian tissues. Protein concentration was determined using the
Bradford method. The protein samples (30 µg per lane) were separated by 10% SDS-PAGE, transferred to
a polyvinylidene �uoride (PVDF) membrane (Millipore, USA), and then blocked with 5% nonfat milk at
room temperature for 1 h. The membrane was incubated overnight at 4 °C with primary antibodies,
including those against PI3K (Cell Signaling Technology, USA), phospho-Akt (Cell Signaling Technology,
USA), Akt (Cell Signaling Technology, USA), IRS (Cell Signaling Technology, USA), and β-actin (GeneTex,
USA). After incubation with goat anti-rabbit IgG H&L (HRP) (Abcam, USA) for 1 h at room temperature, the
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cells were detected with a BioSpectrum 600 Imaging System (USA). The band density was determined
with ImageJ software (National Institutes of Health, Bethesda, MD, USA).

2.7. Oocyte collection of mice and in vitro maturation
For in vitro maturation (IVM), ovaries were collected from six-week-old speci�c pathogen free (SPF)
female mice (20–25 g body weight), purchased from the Beijing Vital River Experimental Animals Centre
(Beijing, China). They received 10 IU of pregnant mare serum gonadotropin (PMSG) (Ningbo Second
Hormone Factory, Zhejiang, China). Forty-eight hours later, mice ovaries were excised, and the COCs were
isolated from the ovary and put into M16 medium. The oocytes were applied in the following
experiments.

During this experiment, TMAO (Sigma, St. Louis, MO, USA) was dissolved and diluted with M16 medium
to a �nal concentration of 10 µM and 100 µM respectively.

2.8. Immuno�uorescent and confocal microscopy
All experiments were performed three times and observed under a laser-scanning confocal �uorescent
microscope (Leica, German). Mito-Tracker Red CMXRos and Mitochondrial membrane potential assay kit
with JC-1 (Beyotime, China) were used to label the mitochondria and measure the mitochondrial
membrane potential (Δψm) of oocytes. Carboxy-H2DCFDA (general oxidative stress indicator) (Thermo,
USA) was applied to determine the ROS level. Annexin-V staining kit (Thermo, USA) was used to evaluate
the apoptosis of the oocytes. Enhanced ATP assay kit (Beyotime, China) was applied in the detection of
semiquantitative ATP levels.

For the quanti�cation of �uorescence intensity, the images from both control and treated oocytes were
acquired by performing the same immunostaining procedure and setting up the same parameters of
confocal microscope. Then ImageJ software was used to measure the �uorescence intensity of region of
interest in the images.

2.9.Statistical analysis
All statistical analyses were performed using STATA (Chicago, IL, USA), ImageJ and GraphPad Prism 6
(GraphPad Software Inc., San Diego, CA, USA). The data are expressed as means ± SDs. A P < 0.05 was
considered signi�cant.

3. Results

3.1. Changes in rat body weight and estrus cycle
The weight gain of rats in the PCOS group and DMB group after modeling was lower than that of rats in
the control group, and the difference was statistically signi�cant (Table 1). After modeling, vaginal
secretion smears showed that all rats in the PCOS group had estrous cycle disturbances and lost
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periodicity, while 5 of 8 in the DMB group had estrous cycle disturbances, and the other 3 rats maintained
normal estrus cycles (Fig. 1).

Table 1
Changes in body weight of rats before and after treatment

  Control PCOS DMB

Start Weight (g) 297.4 ± 18.2 298.3 ± 16.5 296.5 ± 13.5

End Weight (g) 353.0 ± 19.9 347.9 ± 22.0 331.6 ± 17.3

Gain Weigh (g) 55.7 ± 8.08 49.5 ± 10.1 35.5 ± 11.5ab

Data are presented as the mean ± SD. aP < 0.05 versus Control group, bP < 0.05 versus PCOS group

3.2. Changes in ovarian structure
HE staining results showed, the ovaries of the control group and DMB group rats were generally
morphologically regular and the presence of various levels of follicles, and the granular cells were
arranged neatly and completely. In PCOS group, the ovaries showed polycystic changes, multiple cystic
expanded follicles, some oocytes were absent, some atretic follicles were seen, granulosa cell layer
decreased, and stromal cells proliferated. (Fig. 2)

3.3. FBG, FINS, hormones and TMAO
FINS test results showed that the serum insulin level of rats in the PCOS group and DMB group was
higher than that of rats in the control group, but the insulin level of rats in the DMB group was
signi�cantly lower than that of rats in the PCOS group. The HOMA-IR value was calculated according to
the FBG level and FINS level. The rats in the PCOS group had impaired glucose tolerance and decreased
insulin sensitivity, indicating that this group of rats had IR, while the HOMA-IR value did not differ between
the DMB group and the control group. (Table 2)
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Table 2
FBG, hormones and TMAO of rats

  Control PCOS DMB

FBG(mmol/L) 4.38 ± 0.32 4.14 ± 0.32 3.89 ± 0.14ab

FINS(µIU/ml) 14.95 ± 1.87 22.01 ± 4.84a 17.97 ± 2.04a

HOMA-IR 2.91 ± 0.45 4.02 ± 0.74a 3.10 ± 0.33b

FSH(mIU/ml) 1.99 ± 0.67 2.02 ± 0.69 1.95 ± 0.37

LH(mIU/ml) 2.03 ± 0.37 2.56 ± 0.41a 1.84 ± 0.99b

LH/FSH 1.14 ± 0.44 1.43 ± 0.58a 0.94 ± 0.44b

TMAO(µmol/L) 0.72 ± 0.25 1.15 ± 0.16a 0.69 ± 0.19b

Data are presented as the mean ± SD. aP < 0.05 versus Control group, bP < 0.05 versus PCOS group

3.4. AKT phosphorylation level and IR level in rat ovarian
tissue
As shown in Fig. 3, Western blot results showed that the protein expression of PI3K in the ovaries of rats
in the DMB group was signi�cantly higher than that of rats in the PCOS group, while the PCOS group had
obviously reduced p-Akt/Akt levels compared with the control group. Although the PCOS group had a
higher level of IRS protein expression, the difference was not signi�cant.

3.5. Oocyte maturation
COCs were cultured in M16 medium containing two concentrations of TMAO (10 µM and 100 µM) or
without TMAO (control group) for 12–14 hours. We observed that the number of metaphase II oocytes
was signi�cantly lower in medium supplemented with 10 µM TMAO and 100 µM TMAO than in the
control medium. However, in M16 medium supplemented with TMAO, the rate of nuclear maturation was
not signi�cantly different compared to that of the control medium. The effects of TMAO on
spindle/chromosome defects were not signi�cantly different (Fig. 4).

3.6. Content and distribution of mitochondria in oocytes
Our results (Fig. 5) showed that the relative �uorescence intensity of mature oocytes in the TMAO-10 µM
and TMAO-100 µM experimental groups was signi�cantly weaker than that of those in the control group
(P < 0.0001). The mitochondria of oocytes in the control group were evenly distributed, and the
mitochondria of oocytes in the TMAO group were aggregated and distributed, indicating that when the
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concentration of TMAO in the culture medium reached 10 µmol/L, the content of mitochondria in oocytes
decreased, and the distribution appeared abnormal.

3.7. ROS in oocytes
H2DCFDA staining was carried out to determine the ROS levels in oocytes. The results indicated that the
ROS level in oocytes was not signi�cantly higher in the groups treated with 10 µM TMAO and 100 µM
TMAO than in the control group (Fig. 6).

3.8. mitochondrial membrane potential in oocytes
JC-1 was used as a �uorescent probe to quickly and sensitively detect changes in the mitochondrial
membrane potential (ΔΨm) of oocytes. When the mitochondrial membrane potential decreased, JC-1
changed from red �uorescence to green �uorescence. As shown in Fig. 7, the average ratio of red-green
�uorescence in mouse oocytes cultured in vitro for 14 h in medium supplemented with TMAO was
signi�cantly lower than that of oocytes cultured in control medium. Statistical analysis showed that the
mitochondrial membrane potential was lower in the TMAO-100 µM and control groups than in the TMAO-
10 µM group. These results indicate that TMAO reduces the mitochondrial membrane potential of
oocytes and impairs mitochondrial function.

3.9. ATP in oocytes
We collected 30 MII oocytes from each of the 3 groups, used an enhanced ATP detection kit to measure
the chemiluminescence intensity of ATP standard products to obtain a standard curve (R2 = 0.9946), and
calculated the relative control of each sample according to the chemiluminescence intensity of each
sample. The ATP content of oocytes in the TMAO-100 µM group was signi�cantly lower than that in the
control and TMAO-10 µM groups. (Fig. 8)

3.10. Apoptosis
Green �uorescent circles on the oocyte membrane were clearly observed in the oocytes of the
experimental groups, while those in the oocytes of the control group were relatively weak. Statistical
analysis showed that the relative �uorescence intensity of the experimental group was much higher than
that of the control group, and as the concentration of TMAO increased, the �uorescence intensity
increased. (Fig. 9)

4. Discussion
PCOS is a common metabolic disorder in women of childbearing age, and investigating the mechanisms
of PCOS is of great signi�cance. In the PCOS rat experiment, the FINS, HOMA-IR, LH, LH/FSH and plasma
TMAO levels of the PCOS group were signi�cantly higher than those of the control group. Treatment with
the TMAO inhibitor DMB alleviated metabolic disorder in PCOS. Insulin can activate the tyrosine kinase
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domain of the insulin receptor, which phosphorylates the phosphotyrosine residues on the insulin
receptor substrate, activates the PI3K/Akt signaling pathway, and increases the uptake of glucose by
cells. Our study found that the PI3K/Akt signaling pathway was inhibited in PCOS rats and that the
addition of 1% DMB to the drinking water improved the PI3K/Akt-related signaling pathway.

A large number of studies have con�rmed that mitochondria, as an important part of cell metabolism, are
related to obesity, metabolic syndrome, T2DM, and CVDs[28–30]. The latest research shows that a
certain concentration of TMAO can affect mitochondrial function in atherosclerosis. TMAO can cause the
overexpression of succinate dehydrogenase complex subunit B (SDHB) in human umbilical vein
endothelial cells (HUVECs), resulting in damage to the mitochondria and increased levels of ROS, which
promote the apoptosis of vascular endothelial cells and thereby the development of atherosclerotic
lesions[31]. Mitochondrial dysfunction may be related to the IR associated with PCOS (i.e., when
mitochondrial function declines, the oxidation reaction in the cell is weakened, leading to lipid
accumulation and thereby inhibiting insulin signaling[32] and further aggravating the symptoms of PCOS
patients). In this study, we found that the intestinal �ora product TMAO reduced the MII rate of mouse
oocyte maturation in vitro, reduced oocyte mitochondrial content and abnormal distribution, reduced
mitochondrial membrane potential, reduced ATP content, and accelerated the early apoptosis of oocytes.
A decrease in mitochondria in oocytes leads to a decrease in ATP produced by aerobic respiration, and
ATP provides the energy required for cellular activities. Oocytes need a su�cient energy supply during
maturation, so TMAO can reduce the number of and damage to mitochondria, and its function directly
affects the quality of oocytes.

In recent years, more attention has been given to the intestinal �ora, as a mountain of new evidence has
shown that the microbiota plays an in�uential role in human health and disease[19, 33]. The intestinal
�ora is considered “the second brain” or “the second genome” of humans and is one of the most complex
microbial communities, including more than 1000 bacteria, involved in the coding of more than 3 million
nonredundant genes; moreover, its quantity is approximately equal to the total number of host human
cells[9, 10]. The intestinal �ora and the human body are interdependent, forming a state of dynamic
balance that can change with changes in age, diet, environment, etc. Studies have demonstrated that the
occurrence of type II diabetes, PCOS, and Alzheimer’s disease is associated with changes in the intestinal
�ora[34–37]. Other studies signi�ed the discovery and characterization of the gut bacteria-generated
compound TMAO and other gut bacteria-generated compounds that are negatively associated with
multiple diseases, thus providing potential therapeutic goals that improve overall patient health[38–40].
Further research on the role of TMAO may provide new ideas for the diagnosis, monitoring and clinical
treatment of related diseases.

5. Abbreviations
PCOS Polycystic ovary syndrome

TMAO Trimethylamine N-oxide
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TMA Trimethylamine

IVM In vitro maturation

FINS. Fasting insulin

LH Luteinizing hormone

FSH Follicle-stimulating hormone

DMB 3,3-dimethyl-1-butanol

HA Hyperandrogenism

IR Insulin resistance

T2DM Type 2 diabetes mellitus 

CVD Cardiovascular disease

AMH Anti-Müllerian hormone

IGF Insulin-like growth factor

FBG Fasting blood glucose

ELISA Enzyme-linked immunosorbent assay

PVDF Polyvinylidene �uoride

PMSG Pregnant mare serum gonadotropin

ΔΨm Mitochondrial membrane potential

SDHB Succinate dehydrogenase complex subunit B

HUVECs Human umbilical vein endothelial cells
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Figures

Figure 1

Vaginal smears of rats in the DMB group (A) rats with disordered estrus cycle; (B) some rats still have
normal estrous cycles

Figure 1
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Vaginal smears of rats in the DMB group (A) rats with disordered estrus cycle; (B) some rats still have
normal estrous cycles

Figure 2

HE staining of rat ovaries from the (A) control group, (B) PCOS group, (C) DMB group

Figure 2

HE staining of rat ovaries from the (A) control group, (B) PCOS group, (C) DMB group
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Figure 3

(A) Western blot analysis was performed to detect the protein expression levels of PI3K, Akt, p-Akt, and
IRS in different groups of rats; (B-D) analysis of the results corresponding to those shown in (A); the
results were normalized to the internal reference, β-actin; *P < 0.05
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Figure 3

(A) Western blot analysis was performed to detect the protein expression levels of PI3K, Akt, p-Akt, and
IRS in different groups of rats; (B-D) analysis of the results corresponding to those shown in (A); the
results were normalized to the internal reference, β-actin; *P < 0.05
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Figure 4

(A) Difference in the MII rate among different TMAO concentration groups and the control group; *P<0.05;
(B) the morphology and structure of the spindles treated with TMAO were not signi�cantly different from
the untreated spindles; (C) the spindle abnormality rate was not signi�cantly different between the three
groups
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(A) Difference in the MII rate among different TMAO concentration groups and the control group; *P<0.05;
(B) the morphology and structure of the spindles treated with TMAO were not signi�cantly different from
the untreated spindles; (C) the spindle abnormality rate was not signi�cantly different between the three
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Figure 5

The effect of TMAO on the content and distribution of mitochondria in oocytes; (A) The mitochondria of
oocytes in the control group are evenly distributed, whereas the �uorescence intensity of oocytes in the
TMAO-10 μM and TMAO-100 μM experimental groups is weakened, and the mitochondria appear
aggregated and distributed; ( B) Relative �uorescence intensity of oocyte mitochondria, ****P< 0.0001
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The effect of TMAO on the content and distribution of mitochondria in oocytes; (A) The mitochondria of
oocytes in the control group are evenly distributed, whereas the �uorescence intensity of oocytes in the
TMAO-10 μM and TMAO-100 μM experimental groups is weakened, and the mitochondria appear
aggregated and distributed; ( B) Relative �uorescence intensity of oocyte mitochondria, ****P< 0.0001

Figure 6

The effect of TMAO on ROS accumulation in oocytes; (A) the content of ROS was not signi�cantly
different between groups; (B) the relative intensity of ROS �uorescence in each group
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Figure 6

The effect of TMAO on ROS accumulation in oocytes; (A) the content of ROS was not signi�cantly
different between groups; (B) the relative intensity of ROS �uorescence in each group
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Figure 7

The effect of TMAO on the mitochondrial membrane potential of oocytes; (A) the mitochondrial
membrane potential of mouse oocytes; the average ratio of red-green �uorescence in the TMAO-100 μM
group was signi�cantly reduced; (B) the mitochondrial membrane potential decreased signi�cantly in the
TMAO-100 μM group; **P<0.01

Figure 7
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The effect of TMAO on the mitochondrial membrane potential of oocytes; (A) the mitochondrial
membrane potential of mouse oocytes; the average ratio of red-green �uorescence in the TMAO-100 μM
group was signi�cantly reduced; (B) the mitochondrial membrane potential decreased signi�cantly in the
TMAO-100 μM group; **P<0.01

Figure 8

The effect of TMAO on ATP production in oocytes; the ATP content of oocytes in the TMAO-100 μM
group was lower than that of oocytes in the control and TMAO-10 μM groups; **P<0.01, *P<0.05

Figure 8

The effect of TMAO on ATP production in oocytes; the ATP content of oocytes in the TMAO-100 μM
group was lower than that of oocytes in the control and TMAO-10 μM groups; **P<0.01, *P<0.05
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Figure 9

The effect of TMAO on the early apoptosis of mouse oocytes; (A) the rate of early apoptosis in oocytes
from the control group was very low, and the rate of early apoptosis in oocytes from the TMAO groups
was high; the higher the concentration was, the higher the degree of apoptosis; (B) oocyte apoptosis was
signi�cantly increased in the TMAO-100 μM group; ****P< 0.0001, ***P< 0.001
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