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Purpose: Frozen embryos transfer (ET) may improve the live-birth and reduce rates of 
ovarian hyperstimulation in polycystic ovary syndrome (PCOS) patients. Morphological 
criteria are the classical way for embryo selection, yet recently, many biochemical and 
genetic markers have been developed. This study aimed to compare fresh and frozen ET 
using the mtDNA/gDNA ratio of embryo secretome and the possibility of using this ratio as 
a predictive marker of PCOS pregnancy rate.
Subjects and Methods: One hundred PCOS patients undergoing IVF were chosen accord
ing to Rotterdam criteria and divided into two groups. Group I (50 with fresh ET), group II 
(50 with frozen ET), and otherwise 33 apparently healthy women as a control group with 
fresh ET. We then carried out absolute quantification of embryo culture media mtDNA and 
gDNA by real-time PCR.
Results: mtDNA/gDNA ratio was significantly low in PCOS embryo culture media in 
comparison with control. Additionally, while the mtDNA/gDNA ratio was significantly 
high in pregnant PCOS embryo culture media, it was high, though not statistically signifi
cant, in the fresh ET than frozen ET group. mtDNA/gDNA ratio sensitivity and specificity in 
PCOS embryo culture media as a predictive value of pregnancy rate were (86% and 96%, 
respectively).
Conclusion: mtDNA/gDNA ratio measurement in PCOS embryo culture media is a novel 
marker that can be clinically applied as a predictive value of the quality of the morpholo
gically good embryo.
Keywords: frozen embryos transfer, fresh embryos transfer, mtDNA, polycystic ovary 
syndrome

Introduction
PCOS is the most common endocrinopathy disorder of women of reproductive 
age. It is characterized by hyperandrogenism, ovulatory dysfunction, and poly
cystic ovaries.1 Anovulation is one of the major causes of infertility as only 
7–18% of PCOS patients are ovulatory.2 Assisted reproductive technology is 
used to improve pregnancy rates. It involves monitoring and stimulating the 
patient’s ovulatory process to obtain the gametes which can be fertilized in- 
vitro. After fertilization, morphologically sound good embryos are transferred 
into the uterine cavity.3
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Infertile women with PCOS may have the needed 
number of retrieved oocytes in IVF cycles; however, 
most of these oocytes have poor quality.4 Additionally, 
Ovarian Hyperstimulation Syndrome (OHSS) is consid
ered one of the most serious complications of IVF.5 It 
was reported that controlled ovarian stimulation is asso
ciated with deleterious effects on endometrial receptivity 
due to high levels of estrogen and progesterone during the 
follicular phase compared to natural cycles.6 The risk of 
OHSS is, reportedly, increased after the transfer of fresh 
embryo and pregnancy occurrence in cycles with ovarian 
stimulation.7 However, transferring frozen-thawed 
embryos in unstimulated cycles eliminates the risks of 
OHSS and, subsequently, increases pregnancy rates8 

Many studies have compared clinical outcomes between 
fresh and frozen ET strategies. Nonetheless, the efficiency 
and safety of these two methods remain unclear. While 
Chen et al9 and Coates et al10 studies reported a significant 
increase in the live birth rate in the frozen ET group. Also, 
some studies showed that the freeze-all strategy increases 
pregnancy rates and minimizes the risk of OHSS.11,12 

While, another study showed a lower live birth rate in 
frozen ET cycles when compared to fresh cycles due to 
freeze-thaw process-related embryo damage.13

Although non-invasive evaluation of embryo viability 
is, ideally, based on morphologic and morphometric grad
ing systems, they are affected by the variability of indivi
dual judgment.14 Embryo morphology does not reflect 
functional status, as 30–50% of morphologically good 
embryos might be chromosomally abnormal.15 Analysis 
of metabolic parameters in embryo culture media is used 
as non-invasive embryo selection methods, such as glu
cose, lactate, pyruvate, amino acids, and oxygen 
consumption.16

mtDNA is a double-stranded circular DNA molecule of 
approximately 16.5 kb that encodes 13 subunits of the 
respiratory chain complexes, which use oxidative phos
phorylation for the production of ATP in the cell.17 This 
genome also includes 2 rRNAs, 22 tRNAs that are needed 
for mitochondrial protein synthesis. This in addition to 
a non-coding region, D-loop, which consists of 1122 
base pairs acting as a promoter of mtDNA, and contains 
essential transcription and replication elements.18 mtDNA 
is not transmitted in a pattern of Mendelian inheritance, an 
oocyte cytoplasm passes it from one generation to the 
next.19 Mutations in the non-coding region, D-loop, may 
have a direct, or indirect role in inducing repeated preg
nancy loss.20 Thus, mtDNA/gDNA ratio in the embryo 

secretome, with morphological grading, can be used as 
a non-invasive, early biomarker for the identification of 
viable embryos.21

The purpose of this study is to Quantify mtDNA/ 
gDNA ratio at embryo culture media as non-invasive 
markers of pregnancy rate in PCOS patients and compare 
this ratio with the control group. Furthermore, this study 
aims to compare the mtDNA/gDNA ratio in fresh and 
frozen samples of embryo culture media of PCOS patients’ 
undergoing IVF and to calculate the specificity and sensi
tivity of this ratio as a biochemical marker of good embryo 
quality.

Subjects and Methods
Ethical Approval
This study was carried out in accordance with the 
Declaration of Helsinki for experiments involving humans, 
and its protocol was reviewed and approved by Al-Azhar 
University Faculty of Pharmacy (Girls) Institutional 
Review Board (approval no. 134). Written informed con
sent was submitted by all subjects when they were 
enrolled. The clinical trial registration NCT03820167.

Subjects
This study included 100 PCOS women who were diag
nosed according to Rotterdam criteria and had two of the 
following: clinical and/or biochemical hyperandrogenism, 
oligo-ovulation or anovulation and polycystic ovaries (the 
presence of 12 or more follicles measuring between 2 and 
9 mm in diameter and/or an increased ovarian volume of 
greater than 10 cm3 at least in one ovary).22 They were 
scheduled for ICSI (Intracytoplasmic Sperm Injection) and 
were chosen according to a strict selection criterion: 
Inclusion criteria included age (20–35 yrs.), BMI ≤25 to 
eliminate hormonal dysregulation of obesity, Nulligravida, 
and primary infertility. Exclusion criteria: known medical 
problems like diabetes mellitus, hypertension, cardiac, 
hepatic, or renal problems, special habits of medical 
importance as smoking and other endocrinopathies.

Patients were classified into two groups: group I (50 
PCOS women with fresh ET strategy), and group II (50 
PCOS women with frozen ET strategy), and otherwise 33 
healthy women undergoing IVF due to unexplained infer
tility. All samples were collected in 2018–2019 from 
Ganna Center for Invitro Fertilization, Giza, Cairo. 
PCOS patients with high risk for OHSS (estradiol >4000 
pg/mL) were scheduled for frozen ET whereas patients 
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with lower risk (estradiol <4000 pg/mL) were scheduled 
for fresh ET and a group of two morphologically good 
embryos are chosen for fresh ET and the remaining mor
phologically good embryos were frozen in day 3.

In vitro Fertilization Protocol, Embryo 
Culture, and Medium Collection
All included subjects received an antagonist protocol. This 
protocol included ovarian stimulation by recombinant FSH 
(r-FSH) (Gonal f, Merk, UK) and HMG (Merional, IBSA, 
Switzerland). The ovarian response to stimulation was 
monitored by quantifying serum estradiol levels. The ovar
ian stimulation length was 13.45±0.12 days and the total 
gonadotropin dose was 1930.7±31.08 IU/l (mean±SEM). 
When at least three Graffian follicles reached 18 mm in 
mean diameter, ovulation dual trigger therapy was used in 
fresh embryo transferred group which included adminis
tration of gonadotropin agonist trigger (0.1 mg sc 
(Decapeptyl; Ipsen S.P.A., Milan, Italy)) and injection of 
hCG (Choriomon, IBSA, Switzerland) (5000 IU/l). While 
in the frozen embryo transferred group, the ovulation was 
triggered by the administration of decapeptyl only. The 
estradiol level at ovulation triggering was measured. 
Transvaginal oocyte retrieval (oocyte pick-up) was 
initiated 34–36 hours following ovulation triggering. 
Retrieved oocytes were rinsed, graded, and placed in the 
clinic’s routine retrieval media for incubation and fertiliza
tion using the ICSI method. Day 3 ET was chosen in fresh 
ET as transferring embryo at day 5 may not provide any 
additional benefit as regards to clinical pregnancy rate.23 

Embryos scheduled for freezing were cryopreserved by the 
verification method using liquid nitrogen (open system) 
for less than 1 year. Day 4 ET was chosen in frozen ET: 
frozen day 3 embryos were thawed 1 day before transfer 
and left to cleave in the incubator then only two morpho
logically good embryos were chosen for ET on day 4. The 
embryo scoring system was used to choose the morpholo
gically good embryos as following: (a) embryos of grade 
two (≥5 cells, blastomeres of equal size, and less than 30% 
cytoplasmic fragmentation) according to cleavage stage 
scoring system were chosen for day 3 ET in fresh ET 
group and (b) embryos of incomplete compaction (some 
of the blastomeres are distinct as individual cells while 
other areas as amorphous mass) were chosen for day 4 ET 
in frozen ET group.24

The media of fresh and frozen embryos (20 μL) were 
immediately collected into sterile, DNA-, DNase-, RNase-, 

Polymerase Chain Reaction (PCR) inhibitors-free tubes 
(Eppendorf, Hamburg, Germany) and stored at –20°C 
until nucleic acid purification. Appropriate precautions 
were taken to prevent contamination of samples by extra
neous cells or DNA. During each experimental step, 
laboratory personnel wore gloves and coat, and physical 
isolation was guaranteed by working in clean air hoods.

DNA Extraction and Purification
DNA was concentrated and purified from embryo culture 
media using a spin column-based method (GeneJET™ 
Genomic DNA Purification Kitcat#K0722) 
(ThermoScientific, California) according to the manufac
turer’s instructions. The reagent was adjusted to compen
sate for the reduced volume of the culture medium sample.

Preparation of Standard for Absolute 
Quantification
DNA isolated from control samples was used for the 
amplification of mitochondrial and nuclear genes with 
appropriate primers hMito for mtDNA and hB2M for 
gDNA.25

The reaction mixture was prepared by adding 10 μL of 
QuantiTect SYBR Green PCR Master Mix, 0.5 μL of 
forward, 0.5 μL reverse primer (0.5 µM of each), and 
4μL RNase-free H2O. Then, we added 1–2 μL of DNA 
template (1 µg of DNA). We performed PCR, using 
Thermal cycler (Applied Biosystem Step One PlusTM), 
with an initial denaturation at 95°C for 5 min (1 cycle), 
followed by denaturation at 95°C for 10 s, annealing at 60° 
C for 30 s, and extension 40°C for 30s. The PCR products 
were visualized by electrophoresing on a 2% agarose gel. 
The bands were excised and DNA was purified and eluted 
in 20–30 μL of elution buffer. The concentration of each 
PCR product was determined by using the Nano-Drop and 
copy number per 1 μL calculated as follows:

For hMito: Copy number = C × 7.18 × 10 9/μL, (1)
For hB2M: Copy number = C × 4.87 × 10 9/μL, (2)

where C = concentration of DNA in ng/μL.
The value of 7.18×10 9 is derived using the following 

formula: Avogadro’s constant (6.02×10 23)/PCR product 
size (127 bp for hMito) × molecular weight of ds DNA 
(660 Da/bp) and the value of 4.87×10 9 is derived using 
the following formula: Avogadro’s constant (6.02 × 10 23)/ 
PCR product size (187 bp for hB2M) × molecular weight 
of ds DNA (660 Da/bp).
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The PCR product was diluted into six serial dilutions to 
prepare a stock solution of each of hMito and hB2M PCR 
products.

Real-Time Quantitative PCR
Using QuantiTect SYBR Green PCR Kit (Qiagen) the 
template DNA was prepared, and the dilution standards 
were used for qPCR to determine the amount of mtDNA 
and nuclear DNA in the sample. The threshold values were 
plotted against concentration (Supplementary Figure 1).

Detection of DNA Fragmentation
Apoptotic DNA fragmentation was analyzed using agarose 
gel electrophoresis and DNA laddering assay to exclude 
samples with a high apoptotic rate. Apoptotic cells are 
characterized by chromatin cleavage and nucleosome- 
sized (200-bp) and multiples thereof (400, 800, etc.) 
DNA fragments formation.

Statistical Analyses
The sample size was estimated by MedCalc Statistical 
Software version 12.4 (MedCalc Software bvba, Ostend, 
Belgium; 2013). All data were revised for completeness 
and accuracy, and pre-coded data were entered on the 
computer using the Statistical Package of Social Science 
software program, version 22 (SPSS) to be statistically 
analyzed. Data were summarized using (Mean and SEM 
for quantitative variables, Number, and percent for quali
tative variable), comparison between quantitative variables 
was done using independent t-test for normally distributed 
quantitative variables and nonparametric Mann–Whitney 
tests for non-normally distributed quantitative variables, 
and Receiver Operator Characteristic curve (ROC) was 
used to find out the best cut off and validity of certain 
variable. P-value of less than or equal to 0.05 is considered 
significant.

Bioinformatics Study
Bioinformatics study of microarray data set available on 
the public database Gene Expression Omnibus (GEO) 
repository (accession number: GSE5850) was used to 
investigate the activity of mitochondrial genes in PCOS 
oocytes compared to control.26

Results
Baseline Characteristics
The age (mean ± SEM) of the control group was 26.52 
±0.35 years, while in PCOS patients it was 26.97±0.22 
years. The BMI (mean ± SEM) of the control group was 
23.45±0.29 kg/m2 while in PCOS patients it was 23.16 
±0.16 kg/m2. There was no significant difference between 
the groups regarding the distribution of age and BMI. The 
hormonal profile of control and PCOS women was mea
sured and is listed in (Table 1).

The number of days of stimulation and induction dose 
showed no significant difference between control and 
PCOS groups. Additionally, the number of mature, ferti
lized, and good embryos for transfer showed no significant 
difference between control and PCOS groups. However, 
the number of retrieved oocytes was significantly higher in 
PCOS compared to the control group (Table 2).

mtDNA/gDNA Ratio and Clinical 
Pregnancy Rate
The clinical pregnancy rate was assessed 4 weeks after ET 
by detection of intrauterine gestational sac using transva
ginal ultrasound (Figure 1).

The control group showed non-statistically significant 
higher pregnancy rates than the PCOS, frozen ET, and 
fresh ET with mean ± SEM (0.55±0.09, 0.44±0.05, 0.48 
±0.07, and 0.40±0.07, respectively). Also, the frozen ET 
group showed non-statistically significant higher preg
nancy rates than the fresh embryo group (P=0.43).

Table 1 Comparison Between Control and PCOS Women

Mean ±SEM Control (N=33) PCOS Women (N=100) P-value

LH (mlU/mL) 4.2±0.17 7.3±0.12 <0.0001***

FSH (mlU/mL) 7.5±0.19 5.6±0.09 <0.0001***

LH/FSH ratio 0.57±0.03 1.4±0.03 <0.0001***
Estradiol (pg/mL) 49.8±1.06 61.7±0.78 <0.0001***

Note: ***P<0.001.
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mtDNA/gDNA ratio is statistically compared in clin
ical pregnancy positive and clinical pregnancy negative 
group as presented in (Figure 2).

Measurement of mtDNA/gDNA ratio in all subjects 
showed that the clinical pregnancy positive group is signifi
cantly higher than the clinical pregnancy negative group (276.3 
±20.42 versus 74.39±12.96, respectively, ***P<0.0001), and is 
significantly higher in the control group (447.3±22.99 versus 
275.8±25.22, respectively, ***P<0.001). It is also significantly 

higher in the frozen ET group (95.95±9.94 versus 27.09±3.98, 
respectively, ***P<0.0001). This ratio at clinically pregnant 
patients of the fresh ET group is significantly higher than 
clinically pregnant negative group (340.78±18.28 versus 
33.49±3.6, respectively, ***P<0.0001).

ROC curve is assisted to evaluate the predictive value of 
the mtDNA/gDNA ratio in embryo culture media for clinical 
pregnancy rate in the control group and PCOS group 
(Figure 3).

Table 2 Characteristic Data of Ovarian Stimulation Protocol and Ovarian Response to Stimulation

Mean±SEM Control (N=33) PCOS Women (N=100) P value

Fresh ET 
(N=50)

Frozen ET (N=50)

Number of days of stimulation 13.12±0.19 13.45±0.12 0.15

13.2±0.16 13.7±0.16 >0.05*

Total dose of induction (IU/l) 1872.7±24.17 1930.7±31.08 0.14

1842.9±52.7 2018.5±28.5 >0.05*

Number of oocytes retrieved 14.18±0.24 17.4±0.3 >0.0001***

17.46±0.44 17.4±0.42 0.92

Number of mature oocytes 10.24±0.28 10.57±0.19 0.36

10.58±0.27 10.56±0.26 0.96

Number of fertilized oocytes 8.94±0.26 9.3±0.18 0.31

9.3±0.23 9.3±0.29 1.0

Number of good embryos for transfer 6.4±0.22 6.4±0.17 0.99

6.26±0.21 6.58±0.26 0.37

Notes: *P≤0.05 and ***P<0.001.

Figure 1 Bar graphs comparing clinical pregnancy rate in the studied groups. (Mann–Whitney U-test for unpaired non-parametric data).
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Fresh versus Frozen ET Groups
mtDNA/gDNA ratio (Figure 4) and severe OHSS rate 
(Figure 5) were compared between the studied groups. 
mtDNA/gDNA ratio of the control group is significantly 
higher than the PCOS, frozen, and fresh ET group with 
mean ± SEM (369.34±22.53, 108.3±12.82 60.14±7.16, 
and 156.41±22.78, respectively, ***P<0.0001). Also, it 
was high, though not statistically significant, in the fresh 
ET than frozen ET group (P=0.06).

Severe OHSS rate is high, though not statistically sig
nificant, in the fresh ET group than the frozen ET group 
(0.10±0.04 versus 0.04±0.03, respectively, P=0.24).

The linear regression showed that mtDNA/gDNA ratio 
in embryo culture media was inversely proportional to 
basal LH and LH/FSH (Figure 6) of the PCOS group 
with r2 (0.5685 and 0.3166, respectively, ***P<0.0001).

DNA Fragmentation
No fragmentation was detected in all samples included in 
the study (showed no ladder pattern of 180–200 bp) thus 
did not have a high rate of apoptosis.

Bioinformatics Study
Data set (GSE5850) analysis was performed to get the 
relation between mitochondrial activity and the successful 

IVF. Differentially expressed genes were detected having 
corrected P-value ≤ 0.05 (Bonferroni correction). Per our 
analysis, the expression of mitochondrial genes in six 
normal and six PCOS oocytes found eight genes that 
were significantly dysregulated that involved in the 
mtDNA transcription and translation, oxidative phosphor
ylation activity, and ATP generation in PCOS oocytes. 
These results explain the low embryo quality and preg
nancy rate in the PCOS group than control (Table 3).

Discussion
In routine IVF practices, embryo selection is mainly based 
on morphological criteria examined by light microscopy.27 

However, the morphologically good embryos do not indi
cate good functional status as 30–50% of these embryos 
might be genetically abnormal.28 Preimplantation genetic 
assessment requires embryo cell biopsy which is a highly 
invasive method and requires highly skilled personnel.29 

Recent studies reported that embryo releases its genetic 
material in culture media so genetic analysis of this media 
can be used as a non-invasive assessment of embryo 
quality.21 The fertilization ability of an oocyte and quality 
of the resulting embryo is dependent on its ATP content.30

In the present study, the release of both mitochondrial 
and genomic DNA has been demonstrated in the culture 
media of embryos. It was observed that mtDNA/gDNA 

Figure 2 Bar graphs comparing mtDNA/gDNA ratio of embryo culture media regarding clinical pregnancy rate in different groups. (Mann–Whitney U-test for unpaired non- 
parametric data). ***P<0.001.
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ratio reflects embryo quality and correlates with pregnancy 
rate, as this ratio was significantly higher in the pregnant 
group in comparison to the non-pregnant group (276.3 
±20.42 versus 74.39±12.96, respectively, ***P<0.0001) 
(Figure 2).

Our observations go hand in hand with the literature 
review, which reported that an embryo is permeable to 

DNA as it is surrounded by a highly porous membrane 
(zona pellucida) that allows the migration of dsDNA 
particles.31 Previous studies found that only 37% of ana
lyzed embryo culture media samples contain gDNA while 
almost all of them had mtDNA in a higher concentration 
due to its cytoplasmic localization, which indicates that 
the presence of DNA in the media does not always repre
sent apoptosis or necrosis.32 “mtDNA bottleneck theory” 
stated that the total amount of maternally inherited 
mtDNA in the oocytes split between blastomeres during 
each division so that high mtDNA oocyte content is asso
ciated with better embryo development and 
implantation.33 It is believed that mtDNA content in 
oocytes increases during oogenesis and rapidly decreases 
in embryo cell development, without any mtDNA 
replication.34 It was also reported that euploid embryos 
with low viability and implantation potential contain 
a high amount of mtDNA.35 Therefore, embryos with 
low quality are known to have a high cytoplasmic content 
of mtDNA, increased gDNA degradation over time, and 
they release a small amount of mtDNA in the embryo 
culture media and keep most of the oocyte-derived 
mtDNA to support embryo development. So, embryo cul
ture media mtDNA/gDNA ratio can reflect the overall 
embryonic mtDNA content and subsequently embryo 
quality.36

PCOS is an endocrine-metabolic disorder associated 
with an imbalance between extra- and intra-ovarian factors 
that negatively affect oocyte maturation and embryonic 
development.4 Hypersecretion of LH during the follicular 
phase may inhibit FSH function resulting in premature 
granulosa cell lutelization and premature oocyte matura
tion by inhibition of oocyte maturation inhibitors that 
impair embryo quality.37

Our results also revealed that mtDNA/gDNA ratio was 
significantly lower in PCOS when compared to the control 
group in embryo culture media (***P<0.0001) (Figure 4). 
This observation may reflect lower embryo quality in 
PCOS patients and lower chances of achieving pregnancy. 
Therefore, extensive research should be directed toward 
improving the pregnancy rates in PCOS by evaluating the 
different strategies as the freeze-all policy which was 
targeted in our study.

Reduced mtDNA/gDNA ratio may reflect poor mito
chondrial antioxidant activity that may lead to cell apop
tosis. Embryos that successfully develop into blastocysts 
exhibited a significantly higher mtDNA/gDNA ratio in the 
culture medium compared with those that arrest.21

Figure 3 ROC curve of mtDNA/gDNA ratio: (A) Healthy control group under
going IVF: area under the curve (AUC)= 0.89 [0.76–1.0], cutoff value= 386.29 with 
sensitivity=83% and specificity= 100%. (B) PCOS group undergoing IVF: area under 
the curve (AUC)= 0.97 [0.94–0.99], cutoff value= 68.59 with sensitivity= 86%and 
specificity= 96%.
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The data set (GSE5850) analysis showed changes in 
the expression of mitochondrial genes involved in the 
mtDNA transcription and translation, oxidative phosphor
ylation activity, and ATP generation in PCOS oocytes. In 
our analysis, RHEB gene was significantly upregulated 
while ATP5B, NADK2, NRF1, TFAM, POLRM, 
TFB2M, and MTRF1 genes were significantly downregu
lated (Table 3).

TFAM is thought to enhance transcription by interac
tion with POLMT and NRF-1, NRF-2. Low levels of 

mitochondrial TFAM are associated with mtDNA deple
tion in mice during embryonic stages.38

Mitochondrial ATP synthase synthesizes ATP from 
ADP in the mitochondrial matrix using the energy pro
vided by the proton electrochemical gradient.39 

Dysregulation in the expression of genes encoding 
ATP synthase subunits affects the amount of ATP pro
duction which is essential for embryo viability.

Interactions between PGC-1α and NRF1 increase the 
transcription of nuclear genome-encoded genes for elec
tron transport chain proteins.40 PGC-1α/NRF1 also 
increases the transcription of TFAM and the promotion 
of transcription of the mitochondrial genome-encoded 
genes.41 In PCOS oocytes, downregulation of the NRF1 
gene decreases the nuclear expression of mtDNA tran
scription factors includes TFAM, TFB2M, and POLRMT 
that are found to be downregulated in PCOS oocytes, 
which subsequently decrease the production of respiratory 
subunits encoded by mtDNA.

RHEB is a mitochondrial autophagic receptor that 
contributes to the mitochondrial autophagy. Thus, 
Dysregulation of this gene affects RHEB -dependent 
mitophagy that maintains optimal mitchondrial energy 
production which is essential for embryo viability.42

Our study shows that pregnancy rate in the frozen ET 
group was not significantly higher than fresh ET. 

Figure 4 Bar graphs comparing mtDNA/gDNA ratio of embryo culture media in different studied groups. (Mann–Whitney U-test for unpaired non-parametric data). 
***P<0.001.

Figure 5 Bar graphs comparing severe OHSS rate in fresh and frozen ET groups.
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Moreover, the rate of OHSS cases associated with fresh 
ET was higher than frozen ET candidates, yet this differ
ence was not statistically significant.

Indeed, in vitro fertilization success is dependent on 
several factors such as the number of embryos transferred, 
the quality of each embryo transferred, the integrity of the 
endometrium, and endometrial receptivity.43 Controlled 
ovarian stimulation has been found to create a negative 
effect on endometrium receptivity rather than on oocyte 
quality.44 This effect is due to the presence of elevation in 
serum progesterone and estrogen levels during the follicu
lar phase.45 Estrogen elevation is combined with LH secre
tion that stimulates progesterone production and inhibits 

ovulation. Additionally, elevated estrogen upregulates pro
gesterone receptors in the endometrium compared to the 
natural cycle that increases the maturation of the 
endometrium.46 Embryo cryopreservation has become 
a common clinical IVF practice. It helps in decreasing 
the number of embryos transferred and the risks related 
to OHSS.47 Roque and collaborators reported that the 
frozen ET group showed significantly higher IVF out
comes compared to the fresh ET group.7 The ongoing 
pregnancy rate in the frozen ET strategy was higher but 
not significant in comparison to fresh ET protocol.9

On the other hand, the freeze-thaw process lowers the 
embryonic viability of animal embryos (Bos indicus) as it 

Figure 6 The linear regression of mtDNA/gDNA ratio and (A) basal LH level of the PCOS group, (B) basal LH/FSH of the PCOS group.
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increases levels of ROS and cell apoptosis.48 A study 
reported that in frozen semen, the concentration of free 
radicals increases.49 The freezing process causes the 
hypothermia-hypoxia phenomenon, which is characterized 
by the reduction of ATP levels and is associated with the 
decoupling of the internal mitochondrial membrane. This 
causes an increase in oxygen levels and subsequent eleva
tion of superoxide free radical level, which promote the 
formation of hydrogen peroxide and hydroxide free 
radical.50

To summarize, the mtDNA/gDNA ratio in embryo cul
ture media of PCOS women undergoing IVF is significantly 
higher with pregnancy. Thus, it presents a possible predic
tive marker for non-invasive evaluation of the quality of 
morphologically good embryos and pregnancy rate (sensi
tivity 86%and specificity 96%) (Figure 3). Furthermore, in 
fresh embryo culture media, mtDNA/gDNA ratio is higher, 
though not statistically significant, in comparison with the 
frozen embryo. This is probably because of the freezing and 
thawing that causes an increase in oxidative stress in the 
media which may affect the embryo viability.

Conclusion
Our data show that mtDNA/gDNA ratio in embryo culture 
media can be used as a useful marker of good embryo 
quality and subsequently higher pregnancy rate.
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