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Abstract
An inadequate uterine environment is believed to promote embryonic mortality and to result in
reproductive failure. We conducted global endometrial gene expression analyses in fertile and subfertile
cows to investigate the cause of reproductive failure. The gene expression pattern differed between fertile
and subfertile cows; subfertile cows showed a greater number of highly expressed genes than the fertile
cows. In particular, the genes encoding ribosomal proteins and mitochondrial oxidative phosphorylation
were found among the more highly expressed genes in subfertile cows. The mitochondrial DNA copy
number was signi�cantly higher in the endometrium of subfertile cows, whereas the ATP content did not
differ between fertile and subfertile cows. Quantitative RT-PCR analysis demonstrated that the expression
of BCL2L13 was signi�cantly lower in subfertile cows than that in fertile cows. These results suggest that
cellular senescence occurs in the endometrium and causes poor-quality mitochondria to accumulate
there by reducing mitophagy in subfertile cows. Administration of resveratrol into the uteri of subfertile
cows partially increased endometrial BCL2L13 mRNA levels, decreased mitochondrial DNA copy
numbers, and allowed for conception following embryo transfer. Collectively, these results suggest that
decreased mitophagy in the endometrium of subfertile cows may contribute to infertility.

Introduction
Decreased reproductive e�ciency in cattle, often caused by poor fertility and prolonged calving intervals,
reduces the pro�tability of the cattle industry and decelerates genetic progress. Low fertility is caused by
variety of external and internal factors1. In addition, as these factors are very complicated, it is di�cult to
delineate the effects of each individual factor on reproductive function. Previous reports have shown that
fertilization rates following arti�cial insemination (AI) in cattle is over 90%2, suggesting that embryonic
death is the main cause of reproductive failures. Several studies have shown that most embryonic deaths
occur around the pregnancy recognition period3-6. The critical period for embryo death is 7 days after
insemination7 because during this period, the embryo migrates from the oviduct to the uterus, and the
environment surrounding the embryo changes dramatically7. Previously, we showed that embryos
transferred into the uterus die immediately prior to reaching the pregnancy recognition period8,
suggesting that the uterine environment during embryo transfer strongly in�uences embryo viability.

An optimal environment for embryonic development in the uterus is created by the endometrium. The
endometrium synthesizes and secretes histotroph into the uterine lumen9, 10, which is a complex mixture
of enzymes, growth factors, cytokines, lymphokines, hormones, transport proteins, nutrients, and
exosomes. Such uterine luminal �uid is essential for survival and growth11-15, and its composition differs
between fertile and subfertile cows7, 16. During the estrous cycle, endometrial epidermal growth factor
concentrations in repeat breeder (RB) cows differ from those in fertile cows16 and total protein levels in
uterine �ushings from RB cows during the 6–8-day period after insemination were signi�cantly lower
than those in fertile cows7. Additionally, the gene expression patterns in the endometrium of cows have
been associated with an optimal uterine environment. Forde et al. revealed that circulating progesterone
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(P4) concentrations in the �rst few days after estrus may in�uence endometrial gene expression in cyclic

heifers 17-19 and, ultimately, the ability of the uterus to support conceptus development18. Therefore, we
hypothesized that a functional disorder of the endometrium could lead to early embryonic death and
infertility.

Several studies have examined endometrial gene expression in cows with differing fertility 6, 20-24, but any
association of endometrial gene expression patterns with functional disorders that cause embryo
mortality is still unknown. In the present study, we conducted a global endometrial gene expression
analysis on day 7 of the estrous cycle to clarify the differences between fertile and subfertile cows and
determine the cause of an inadequate uterine environment for embryo survival and subfertility in cows.

Results
Endometrial gene expression pro�les and plasma P4 concentrations of fertile and subfertile cows

Plasma P4 concentrations on days 0, 5 and 7 did not differ between fertile and subfertile cows (Fig. 1a).
Hierarchical cluster analysis of microarray data divided fertile cows into one cluster and subfertile cows
into a second cluster (Fig. 1b). Overall, 814 genes were differentially expressed (> 2-fold difference, P <
0.05). Of these, 717 were more highly expressed in the endometrium of subfertile cows and the remaining
97 genes were more highly expressed in the endometrium of fertile cows. In particular, the expression
levels of the mitochondrial DNA genes 12S and 16S rRNA in subfertile cows were remarkably high (Table
1). Hierarchical cluster analysis of the expression levels of mitochondrial DNA genes, such as for
ribosomal RNAs and complexes I–V, similarly divided cows into two clusters based on fertility. Expression
levels of nearly all mitochondrial DNA genes (Fig. 1c) and nuclear genes encoding mitochondrial proteins
(Fig. 1d) in subfertile cows were higher than those in fertile cows. GO analysis of 717 of the genes
expressed more highly in subfertile cows than in fertile cows identi�ed 20 enriched biological processes
(P < 0.05; Table 2). The majority of the 20 terms were related to ribosomal components and biogenesis.

Mitochondrial DNA copy number, ATP content, and SIRT1,PGC-1a,and BCL2L13mRNA expression in the
endometrium of fertile and subfertile cows

To measure any changes to mitochondrial biogenesis and degradation, we determined the mitochondrial
DNA copy number, ATP content, and expression pro�les of genes associated with mitochondrial
biosynthesis and degradation in subfertile and fertile cows. The mitochondrial DNA copy number,
calculated as the expression ratio of mitochondria to SOX2 in the endometrium, was signi�cantly higher
in subfertile cows than in fertile cows (P < 0.05, Fig. 2a). However, the ATP content of the endometrium
did not differ between fertile and subfertile cows (Fig. 2b). Quantitative RT-PCR (qRT-PCR) analysis
showed that expression of sirtuin 1 (SIRT1) and BCL2-like 13 (BCL2L13) mRNAs was signi�cantly lower
in subfertile cows than in fertile cows (P < 0.05, Fig. 3a and c). Peroxisome proliferator-activated receptor
gamma coactivator 1-alpha (PGC-1a) mRNA expression was also lower in the endometrial tissues of
subfertile cows than in fertile cows, although the difference was not signi�cant (Fig. 3b, P = 0.08).
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Effect of resveratrol administration on SIRT1 and BCL2L13 mRNA expressions, mitochondrial DNA copy
number in the endometrium, and pregnancy rate after embryo transfer in subfertile cows

Administration of resveratrol (100 µM) resulted in a non-signi�cant elevation of BCL2L13 mRNA levels,
although SIRT1 mRNA levels were unaffected (Fig. 4). Mitochondrial DNA copy number in the
endometrium of subfertile cows decreased non-signi�cantly following resveratrol administration.
BCL2L13 mRNA expression levels and mitochondrial DNA copy number in subfertile cows administered
resveratrol were between the values observed for fertile and subfertile cows. Following embryo transfer
(ET), two out of �ve subfertile animals treated with resveratrol conceived, but none of the �ve subfertile
cows that received the vehicle conceived (Table 3). In cows that were not classi�ed by fertility, the
pregnancy rates after ET in cows administered resveratrol and vehicle were 75.0% and 40.0%,
respectively. There was a signi�cant difference (P < 0.05) in the pregnancy rate between groups (Table 3).

Discussion
In the present study, global gene expression analysis revealed that endometrial genes were differentially
expressed in fertile and subfertile cows. Interestingly, a larger number of genes were more highly
expressed in subfertile cows than in fertile cows. Moreover, the expression of mitochondrial DNA genes
was higher in subfertile cows than in fertile cows. Consistent with these results, the mitochondrial DNA
copy number in the endometrium was higher in subfertile cows than in fertile cows. Because the number
and quality of mitochondria are maintained by the balance between mitochondrial biogenesis and
exclusion25, 26, a disturbed balance might result in an increased mitochondrial copy number in the
endometrium of subfertile cows. Several studies have demonstrated that mitochondrial biogenesis is
regulated, at least in part, by PGC-1a27. In addition, members of the mammalian sirtuin family (SIRT1–7)
act predominantly as nicotinamide adenine dinucleotide (NAD)-dependent deacetylases and promote
mitochondrial biogenesis through PGC-1a activation28. The present study has demonstrated that SIRT1
and PGC-1a expression levels are lower in the endometrium of subfertile cows than in fertile cows, but
that PGC-1a expression is not signi�cantly different. Thus, the high mitochondrial DNA copy number in
the endometrium of subfertile cows suggests that a decrease in capacity for mitochondrial exclusion
occurred rather than an increase in mitochondrial biogenesis.

Mitochondrial exclusion from cells is controlled by mitophagy-selective autophagy of mitochondria.
Mitophagy is believed to be an important mechanism for mitochondrial quality control because it
eliminates damaged mitochondria29-32, and defects in mitophagy are implicated in the development of
neurodegenerative disease33, heart failure34, cancer35, and aging36. To date, several autophagy-related
genes (Atg) that encode the molecular machinery for mitophagy have been identi�ed. In yeast, Atg32, a
mitochondrial outer membrane protein, is indispensable for mitophagy, because it recruits the canonical
autophagic machinery to mitochondria through its interaction with Atg8 and Atg1137, 38. Murakawa et al.
demonstrated that BCL2-like protein 13 (BCL2L13) is a functional homolog of Atg32, and is involved in
mitochondrial fragmentation as well as mitophagy in mammalian cells39. In the present study, BCL2L13
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mRNA expression was lower in subfertile cows than in fertile cows, suggesting that their capacity for
mitophagy was reduced. Considering the similar ATP content and the higher mitochondrial DNA copy
number in subfertile cows relative to fertile cows, damaged mitochondria accumulate in the endometrium
due to reduced mitophagy activity.

Mitochondrial accumulation has been shown to occur in senescent cells40, 41. Moreover, it has been
proposed that the accumulated mitochondria during cell senescence are dysfunctional 42. In senescent
cells, mitophagy activity is reduced in studies in vitro43 and in vivo44. Taken together, it is possible that
cellular senescence occurs in the endometrium of subfertile cows. In addition, in this study, many
ribosomal protein genes, which are mainly associated with ribosomal components and biogenesis, were
found to be highly expressed in subfertile cows. An increase in ribosomal biogenesis is one feature of
senescent cells45,46. Most of the ribosomal protein genes were demonstrated to be upregulated in
senescence cells induced by SETD8 depletion45. During cell senescence, acceleration of ribosomal RNA
transcription and delay in ribosomal RNA processing leads to increased nucleolar RNA content46. The
subfertile cows in this study expressed a larger number of nuclear genes, and more highly, than fertile
cows. Additionally, the genes encoding mitochondrial oxidative phosphorylation (OXPHOS) were
remarkably highly expressed in the endometrium of subfertile cows. Increased mitochondrial OXPHOS
activity is another feature of cellular senescence47-51. From these results, we speculated that cellular
senescence occurs in the endometrium and causes attenuation of mitophagy activity in subfertile cows.

Resveratrol, a small polyphenolic compound with antioxidant properties52, has been shown to accelerate
mitophagy53. In our study, BCL2L13 mRNA expression slightly increased and the mitochondrial DNA copy
number slightly decreased in subfertile cows following resveratrol administration, each reaching a point
between the values observed for fertile and subfertile cows, although the effects were not signi�cant.
These results suggest that resveratrol could increase mitophagy activity in subfertile cows, but not to the
level seen in fertile cows. In the present study, the conception rate after ET in cows administered
resveratrol was signi�cantly higher than that in cows treated with vehicle. Notably, based on the
conception rate of subfertile cows, two out of �ve subfertile animals treated with resveratrol—but none of
the �ve subfertile cows who received the vehicle—conceived after ET. Considering the effects of
resveratrol, it is possible that mitophagy malfunction in the endometrium is a cause of inadequate uterine
environments for embryonic survival in cows. However, the small sample size diminishes the capacity of
the study to claim any bene�t in favor of resveratrol. Larger and well-designed studies are needed to
further evaluate the clinical relevance of this drug on improving reproductive outcomes in subfertile cows.

Our results show increased gene expression in subfertile cows, in contrast to the result of previous global
transcriptional analyses performed on day 7 of the estrous cycle21, 22. Additionally, the selection of genes
suggested to be associated with fertility21, 22, did not differ between fertile and subfertile cows in this
experiment (Fig S1). These discrepancies between studies might be caused by differences in the biopsy
method—uterine biopsy forceps or cytobrush21—or animal model22 used, although the exact reason has
not been clari�ed. The major cells obtained by each biopsy method would also be different, which might
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explain the varied observed results. Since stromal cells, glandular epithelial cells, and luminal epithelial
cells were contained in the biopsy samples of this study (Fig. S2), further studies are required to elucidate
which types of endometrial cells exhibit altered mitophagy activity.

Endometrial gene expression has been demonstrated to be altered by circulating P4 levels in the

immediate post-ovulation period in heifers17-19. However, circulating P4 levels do not explain differential
gene expression in the endometrium of fertile and subfertile cows, because plasma P4 concentrations on
days 0, 5, and 7 did not differ between groups in this study. In addition, we showed that the gene
expression pattern was similar in bovine endometria at 60.1 ± 4.0 and 388.9 ± 8.2 days after parturition,
and only four genes—PGFSII, GPNMB, ATP6V0D2, AMICA1—were differentially expressed. Although the
term after calving differed between fertile and subfertile cows in this experiment, our results indicate that
it would not affect gene expression in the endometrium of cows. Factors that result in differential
expression of fertility-associated endometrial genes should be investigated further.

In summary, this study demonstrated that the gene expression pattern in the endometrium differed
between fertile and subfertile cows. Among them, the genes encoding ribosomal proteins and
mitochondrial OXPHOS were contained in highly expressed genes in subfertile cows. In subfertile cows,
the endometrial mitochondrial DNA copy number was signi�cantly higher, but the ATP content was not
different that in fertile cows. Moreover, endometrial BCL2L13 mRNA levels were signi�cantly lower in
subfertile cows than in fertile cows. These results suggest that cellular senescence occurs in the
endometrium and causes poor-quality mitochondria to accumulate there by reducing mitophagy in
subfertile cows. Additionally, administration of resveratrol into the uteri may improve the uterine
environment by accelerating mitophagy activity in the endometrium and consequently promoting fertility.

Methods
Animals

A total of 139 female multiparous cows were used in this study. The cows were classi�ed as fertile or
subfertile according to their reproductive records. Fertile cows were de�ned as those that experienced
pregnancy within three attempts of embryo transfer (ET) or arti�cial insemination (AI) before biopsy.
Subfertile cows were de�ned as those that failed to conceive following three consecutive ETs or AIs, had
no detectable abnormalities in their genital tracts, and had apparently normal estrous cycles. During
microarray analysis, fertile and subfertile cows were selected based on stricter criteria. Among fertile
cows, those that became pregnant following the �rst ET in the cycles following endometrial biopsy
sample collection were de�ned in the microarray analysis as fertile cows. Among subfertile cows, those
that failed to conceive following three consecutive ETs after biopsy without detectable abnormalities in
their genital tracts and with apparently normal estrous cycles were de�ned in the microarray analysis as
subfertile cows. Information on age, body weight, body condition score, and parity of experimental
animals is shown in Table S1. All cows were fed a grass silage-based diet ad libitum. All experimental
procedures involving animals were approved by the Committee for the Care and Use of Experimental
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Animals at NARO (Permission number: 15112008). all methods were conducted according to the relevant
guidelines and regulations. All experiments were conducted in according to ARRIVE guidelines.

Experiment 1. Comparison of global gene expression and function in endometria of fertile and subfertile
cows

The day of standing estrous was de�ned as day 0. On day 7, several endometrial tissues were obtained
from the uterine horn, ipsilateral to the corpus luteum, using uterine biopsy forceps (Integra LifeSciences
Corporation; Plainsboro, NJ, USA) in each cow. Three or four biopsy sections, composed of stromal cells,
glandular epithelial cells, and luminal epithelial cells (Fig. S2), from each cow were mixed and
immediately frozen in liquid nitrogen or suspended in QIAzol reagent (Qiagen; Tokyo, Japan), then stored
at -80°C until analysis.

RNA extraction and microarray analysis

Total RNA was extracted from endometrial samples using the RNeasy Plus Universal Mini Kit (Qiagen)
according to the manufacturer’s instructions. Total RNA quality and quantity were con�rmed using a
2100 Bioanalyzer (Agilent Technologies; Santa Clara, CA, USA) and NanoDrop ND-1000 (Thermo Fisher
Scienti�c; Waltham, MA, USA), respectively. Samples with an RNA integrity number exceeding 6.6. were
used for the microarray analysis. Microarray analysis was performed according to the procedure
described previously54. Samples were labeled using a Quick Amp Labeling Kit, One-Color (Agilent
Technologies) in the presence of cyanine-3 (Cy3)-CTP, according to the manufacturer's protocol. For
microarray hybridization, 1650 ng of Cy3-labeled cRNA was fragmented and hybridized to a bovine
4×44K microarray slide (Agilent Technologies; 023647) at 65 °C for 17 h. Slides were scanned using the
Agilent G2505C DNA microarray scanner, and background Cy3 signals were corrected using the Agilent
Feature Extraction software (version 10.5.1.1). Data were analyzed using GeneSpring GX software
(ver.14.9). The raw signal intensity of all probes was subjected to 75th percentile normalization, and the
baseline was transformed to the median of all samples. The parameter values for experimental groups
were set as "fertile" and "subfertile" cows. Probes were �ltered based on their signal intensity values (cut-
off < 20%), �ag values (detected or not detected), and coe�cient variation (% CV < 50%). For hierarchical
clustering analysis, we used the Euclidean distance and average linkage with the relative expression
values. Genes that were differentially expressed in fertile and subfertile cows were identi�ed by a
threshold of a > 2-fold change and P < 0.05 by an unpaired t-test. The microarray data were deposited in
the Gene Expression Omnibus (GEO) database (accession number GSE107741).

Blood sampling and progesterone assay

Blood samples were collected on days 0, 5, and 7 for analysis of plasma P4 concentration. Plasma was
separated by centrifugation (4 °C, 1500 g, 30 min) and stored at –30 °C until further analysis. Plasma P4

concentrations were determined using a double-antibody enzyme immunoassay, as described
previously8. The assay sensitivity was 0.1 ng/mL for 100 µL plasma samples; therefore, a sample
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yielding a signal below this threshold was assigned a value of 0.1 ng/mL. The intra- and inter-assay
coe�cients of variation were 5.1% at 6.3 ng/mL and 8.5% at 6.2 ng/mL, respectively.

Assessment of mitochondrial DNA copy number

The mitochondrial DNA copy number in the endometrial biopsies was determined by quantitative PCR
(qPCR) analysis within 2 months of DNA extraction. DNA was extracted from the endometrial biopsies
using the DNeasy Blood & Tissue Kit (Qiagen) according to the manufacturer’s instructions. qPCR was
performed using the Mx4000 Multiplex Quantitative PCR system (Agilent Technologies) as preciously
described55. The primer sequences for mitochondria and SOX2 are listed in Table S2. Each reaction
mixture consisted of DNA, forward and reverse primers, Brilliant II SYBR® Master Mix (Agilent
Technologies), and nuclease-free water in a total reaction volume of 20 µL. PCR was performed under the
following conditions: 95 °C for 10 min, 40 cycles of 95 °C for 30 s, 63 °C (mitochondria) or 58 °C (SOX2)
for 30 s, and 72 °C for 90 s. SYBR Green �uorescence was measured at the end of each extension step.
Serial dilutions of a plasmid containing PCR products of the mitochondria and SOX2 genes were used as
standards. Mitochondrial DNA copy number per gene was assessed as the expression ratio of
mitochondria to SOX2, since SOX2 is a single-locus gene.

ATP assay

The ATP content of endometrial biopsies was assessed by measuring the luminescence generated in an
ATP-dependent luciferin-luciferase bioluminescence assay (ATP Assay Kit. TOYO B-Net; Tokyo, Japan)
according to the manufacturer’s protocol. Samples were homogenized in buffer (0.25 M sucrose 10 mM
HEPES-NaOH, pH 7.4), and the luminescence of the supernatant was measured in duplicate using a
LB96V Microplate Luminometer (Berthold Technologies; Wildberg, Germany). The ATP content per
milligram of the sample was calculated based on the measured values.

Quanti�cation of SIRT1, PGC-1a, and BCL2L13 mRNA expression

Total RNA was extracted from endometrial samples using the RNeasy Plus Universal Mini Kit (Qiagen)
according to the manufacturer’s instructions. Single-stranded cDNA was synthesized from 1 µg of RNA
using SuperScript II Reverse Transcriptase (Invitrogen) with an oligo-dT12-18 primer according to the
manufacturer’s instructions. qRT-PCR analysis was performed as described above. Primer sequences for
SIRT1,PGC-1a, BCL2L13, and GAPDH are listed in Table S2. Thermocycling conditions were 95 °C for 10
min, followed by 40 cycles of 95 °C for 30 s, 60 °C for 30 s, and 72 °C for 90 s. Serial dilutions of
plasmids containing PCR products of each gene were used as standards. For each gene, its expression
was normalized to GAPDH expression to adjust for any variation in the qRT-PCR.

Microarray analysis of the bovine endometrium following parturition

Endometrial tissues from ten female cows were collected twice from each individual at 42–86 (mean
60.1 ± 4.0) and 343–436 (mean 388.9 ± 8.2) days after parturition. During each period, 7 days after
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estrus, endometrial tissue from the uterine horn ipsilateral to the corpus luteum (CL) was obtained using
uterine biopsy forceps. RNA extraction and microarray analysis of samples with an RNA integrity number
greater than 7.5 were performed as described above. Microarray data were deposited in the GEO
database (accession number GSE107742).

Experiment 2. Effect of resveratrol administration on the gene expression and pregnancy rate following
embryo transfer in subfertile cows

In subfertile cows, each uterine horn was injected with 25 mL of resveratrol (100 µM; Sigma-Aldrich; St
Louis, MO, USA) on day 1; endometrial tissue from the uterine horn, ipsilateral to the CL, was biopsied on
day 7. Additionally, to assess the effect of resveratrol on fertility, 25 mL of resveratrol (100 µM) was
injected into each uterine horn on day 1, and embryo transfer to a recipient cow was performed on day 7.

Embryo transfer

Embryos were collected nonsurgically from superovulating Japanese Black cattle on day 7 after standing
estrus, as described previously56. Embryos classi�ed as grade 1 or 2 blastocysts according to the IETS
manual57 were cryopreserved using ethylene glycol as a cryoprotectant58. Day 7 embryos were thawed in
a 25°C water bath, and each embryo was cultured in modi�ed synthetic oviduct �uid supplemented with
1.5 mM glucose and 5% FBS at 38.5°C in 5% CO2, 5% O2, and 90% N2 to con�rm viability. After 6–12 h of
culture, the quality of each viable embryo was reevaluated, and only grade 1 or 2 embryos were
transferred to a uterine horn, ipsilateral to the CL, of recipient cows. Pregnancy was con�rmed by
transrectal ultrasonography 30–80 days after standing estrus.

Statistical analysis

Statistical analyses were conducted using JMP 9.0 software (SAS Institute Inc.; Cary, NC, USA).
Statistically signi�cant differences (P < 0.05) between fertile and subfertile cows in mitochondrial DNA
copy number, ATP content of endometrial biopsies, and SIRT1, PGC-1a, and BCL2L13 mRNA expression
were examined by Student’s t-test. Plasma P4 concentrations in fertile and subfertile cows on days 0, 5,
and 7 were analyzed for each day by Student’s t-test. Statistically signi�cant differences (P < 0.05) in the
mRNA expression of SIRT1 and BCL2L13 between fertile, subfertile, and resveratrol-treated subfertile
cows were determined by one-way ANOVA, followed by the Tukey HSD test.

Data availability

The datasets used in the current study are available from the corresponding author upon reasonable
request.
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Figure 1

Plasma P4 concentrations and global gene expression pro�les in the endometrium of fertile and
subfertile cows. (a) Plasma P4 concentrations on days 0, 5, and 7 in fertile and subfertile cows. (b) Heat
map of all genes in fertile and subfertile cows. Hierarchical clustering of microarray data classi�ed cows
into two major clusters. (c) Heat maps of genes encoded by mitochondrial DNA and (d) nuclear genes
encoding mitochondrial proteins in fertile and subfertile cows.
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Figure 2

Mitochondrial DNA copy number and ATP content in the endometrium of fertile and subfertile cows. (a)
Comparison of mitochondrial DNA copy number determined by qPCR analysis and (b) ATP content per
milligram of biopsied endometrium from fertile cows and subfertile cows. Values represent means ±
SEM. Data were analyzed using Student’s t-test. *Signi�cant difference compared to fertile cows (P <
0.05).

Figure 3
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SIRT1, PGC-1α, and BCL2L13 mRNA expressions in the endometrium of fertile and subfertile cows. (a)
Comparison of relative mRNA expression of SIRT1, (b) PGC-1α, and (c) BCL2L13 determined by qRT-PCR
analysis of endometrial biopsies from fertile and subfertile cows. Values are means ± SEM. Data were
analyzed using Student’s t-test. *Signi�cant difference compared to fertile cows (P < 0.05).

Figure 4

SIRT1 and BCL2L13 mRNA expressions and mitochondrial DNA copy number in the endometrium of
fertile cows, subfertile cows and subfertile cows with resveratrol. (a) Comparison of relative mRNA
expression of SIRT1 and (b) BCL2L13 determined by qRT-PCR analysis and (c) mitochondrial DNA copy
number by qPCR analysis of endometrial biopsies from fertile cows, subfertile cows, and subfertile cows
administered resveratrol (100 µM, Subfertile+Res). Values are means ± SEM. Values with different letters
indicate signi�cant differences (P < 0.05, one-way ANOVA followed by Tukey’s post-hoc tests).
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