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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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MITOFUSIN 1 AS A MARKER FOR EMBRYO QUALITY AND DEVELOPMENT IN 
RELEVANCE TO ICSI OUTCOME IN INFERTILE FEMALES

Rana R. Khalil, Hayder A.L. Mossa, Mufeda A. Jwad.
High Institute for Infertility Diagnosis and Assisted Reproductive Technology, Al-Nahrain University, Baghdad, Iraq.

Abstract.
Background: Mitofusin-1 is one of the membrane profusion 

proteins that is present in the mitochondria wall. It has a role in 
mitochondrial fusion. Deletion of mitochondrial fusion proteins 
in oocytes leads to dynamic defects in mitochondria. Growth of 
implanted and after implantation embryo is an ATP-demanding 
step that involves a range of ATP-consuming events that require 
a small amount of ATP. 

Aim: The study aims to evaluate the mitofusin-1 in the serum 
and follicular fluid as a marker for the evaluation of embryo 
quality, in addition to the pregnancy rate in infertile females 
undergoing ICSI cycles.

Patients and Methods: The cross-section study included 50 
infertile couples who were prospectively recruited according to 
specific criteria at the” High Institute for Infertility Diagnosis 
and Assisted Reproductive Technologies” at AL-Nahrain 
University for one year. all participants have undergone oocyte 
pickup, ICSI, and embryo transfer. Mitofusin-1 levels were 
measured in serum on day 2 of the cycle and in follicular fluid 
on the day of ova pick-up.

Results: Showed important positive relations between 
follicular fluids mitofusin-1 with a total number of embryos (r= 
0.428 & p= 0.002), GI embryos (r= 0.335 & p= 0.017) and GII 
embryos (r= 0.295 & p= 0.038). Out of 50 females, 14 (28.0 
%) females became pregnant according to the results there 
were significantly higher follicular fluids mitofusin-1 levels 
in pregnant females (3.88 ± 1.41 vs. 2.73 ± 1.24 & p=0.007) 
compared to non-pregnant group. Also, the follicular fluids 
mitofusin-1 cut-off value was ≥ 2.89 ng/ml with sensitivity= 
71.4%, specificity = 66.7%, positive predictive value 47.8%, 
negative predictive value 88.9%.

Conclusion: elevated MEN1 levels in the follicular fluid may 
affect positively IVF / ICSI outcomes (embryo quality, and 
pregnancy rate).

Key words. ICSI, infertility, mitofusin-1, pregnancy.
Introduction.

One of the major issues faced by couples during their 
marriage is infertility. It has been noticed by ‘The World Health 
Organization as a major public disease that affects many people. 
Globally, 48 million and 186 million had infertility [1].

Mitochondria has a major role in normal cellular functions 
such as energy generation, calcium homeostasis, signal 
transduction, programmatic cell death, oocyte growth, and early 
embryonic development [2,3]. As research efforts focused on 
the reproductive sciences, Mfn1 and Mfn2 are also involved in 
oogenesis, follicle maturity, and embryo development [4].

The gene mitofusin-1 is located on chromosome 3, the protein 
encoded by this gene is a mediator of mitochondrial fusion. 
This protein interacts with each other to enable mitochondrial 
dynamics [5].

During the development of follicle and embryo, the expression 
of mitofusin-1 is precisely controlled in different steps; an extra 
or lack of mitofusin-1 leads to abnormal mitochondrial function 
and ATP metabolism, also preventing oocyte divisions and 
embryo growth [6]. 
Patients and Methods.

Fifty infertile women were seeking fertility treatment at 
the “High Institute for Infertility Diagnosis and Assisted 
Reproductive Technologies” at Al-Nahrain University. Ages 
were 22 to 42 years old. All participants received written 
informed consent after an explanation of the study procedure. 
On day 1 or 2 cycles, all females had their basal serum hormonal 
level, and the serum sample was taken and kept in a deep freezer 
(-20) to be used for measurement of mitofusin 1 level. Follicular 
fluid samples were taken on the day of oocyte retrieval and 
kept in a deep freezer (-20) to be used for the measurement 
of mitofusin-1 level later on. On day 3 embryo grading and 
embryo transfer were performed. Mitofusin-1 levels were 
measured in follicular fluid and serum by mitofusin-1 ELISA 
kit (Mybiosource /USA). Blood levels of b-hCG were measured 
on the 14th day after embryo transfer. Biochemical pregnancy 
was considered when the serum b-hCG level was > 5 mIU/
mL. Under an inverted microscope at day 1 post-fertilization, 
checking was done for the presence of two pronuclei (PN) then 
incubation of the dish containing the zygotes until day 3. On day 
3 post-transfer, the evaluation of each embryo was performed 
individually under a microscope [7]. 

Grade 1: Top-quality embryos: embryos that contain 4–5 
cells at 44 h and 7 cells or more at 68 h, elastomers that have 
equal size and 10 or less than 10 % fragmentation at 68 h and no 
multinucleation at any time point.

Grade 2: Normally developed embryos: embryos with 6 or 
more than 6 cells at 68 h and 20 or less than 20% fragmentation 
at 68 h.

Grade 3: defined as embryos with or more than 4 cells at 68 h, 
no cleavage arrest (i.e. cleavage must have occurred within the 
last 24 h) and more than 20% fragmentation at 68 hours.
Results.

Correlations between follicular fluids and serum 
mitofusin-1 levels with embryos ICSI outcomes: Correlation 
between follicular fluids and serum mitofusin-1 with embryos 
ICSI outcomes were demonstrated in table 1 and the results also 
showed significant positive correlations between follicular fluids 
mitofusin-1 with total embryos (r=0.428 & p=0.002) (Figure 1), 
GI embryos (r=0.335 & p=0.017) (Figure 1) and GII embryos 
(r=0.295 & p=0.038) (Figure 1); there was also insignificant 
positive correlation with GIII embryos; however there were also 
no significant correlations between serum mitofusin-1 with all 
embryos ICSI outcomes.
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are responsible for maintaining the dynamic balance of 
mitochondrial fusion and fission, thereby ensuring the health 
and functionality of these vital cellular organelles. During 
embryogenesis, when a single cell evolves into a complex 
organism, there is a tremendous need for energy production, 
cellular growth, and differentiation. Mitochondria, known 
as the powerhouses of the cell, are crucial in meeting these 
demands. Mitochondrial profusion proteins, such as mitofusins 
(MFN1 and MFN2) and optic atrophy 1 (OPA1), facilitate the 
fusion of mitochondria, allowing for the exchange of contents, 
mixing of mitochondrial genomes, and restoration of damaged 
mitochondria. This fusion process enables the formation 
of an interconnected mitochondrial network that efficiently 
distributes energy and metabolites throughout the developing 
embryo. Furthermore, mitochondrial fusion plays a pivotal role 
in embryonic stem cell maintenance and differentiation. It has 
been observed that defects in mitochondrial profusion proteins 
can lead to impaired embryonic development, as evidenced by 
studies on knockout animal models. These findings highlight 
the critical role of mitochondrial profusion proteins in ensuring 
the proper development and functioning of embryonic cells. 
Understanding the underlying molecular mechanisms of 
mitochondrial dynamics during embryogenesis can provide 
valuable insights into the aetiology of developmental 
disorders and potentially guide the development of therapeutic 
interventions in the future [8,9]. 

Comparison of follicular fluids and serum mitofusin-1 
levels between pregnant and non-pregnant females: Out 
of 50 females, 14 (28.0 %) females became pregnant (Figure 
2). The comparison of follicular fluids and serum mitofusin-
1between pregnant and non-pregnant females were presented in 
Table 2, according to the results there were significantly higher 
follicular fluids mitofusin-1 levels in pregnant females (3.88 ± 
1.41 vs. 2.73 ± 1.24 & p=0.007), there was also insignificantly 
higher serum mitofusin-1 in pregnant females (11.95 ± 1.16 vs. 
11.73 ± 1.46 & p=0.917).
Discussion.

Mitochondrial profusion proteins are essential players in the 
intricate process of embryonal development. These proteins 

Figure 1. Correlation between follicular fluids mitofusin-1 and total embryo count (A), GI count (B), GII count (C).

Figure 2. Pregnancy rates of patients in the present study.
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A decrease in the level of Mfn1, also known as Mitofusin-1, can 
have significant implications for the mitochondrial dynamic of 
somatic cells in embryos. This phenomenon has been highlighted 
in scientific research, where it has been observed that defects 
in mitochondrial function and embryonic genome initiation 
occur when Mfn1 levels are reduced [10]. The Mitofusin-1 
gene plays a crucial role in controlling mitochondrial function 
and embryonic genome initiation, thereby influencing embryo 
development [11-13]. 

Mitochondria are essential organelles in mammals that 
function as dynamic entities. Their shape and structure are 
maintained through a delicate equilibrium between fusion and 
fission processes. Fusion involves the merging of two or more 
mitochondria, leading to the formation of a larger, interconnected 
network. Fission, on the other hand, is the process by which 
mitochondria divide into smaller units. These two processes 
work in tandem to regulate the size, number, and distribution of 
mitochondria within a cell [8,11].

Mfn1, as a key regulator of mitochondrial fusion, plays a vital 
role in maintaining the balance between fusion and fission. 
When Mfn1 levels decrease, the fusion process is impaired, 
leading to fragmented and dysfunctional mitochondria. This 
disruption in mitochondrial dynamics can have detrimental 
effects on the overall function of somatic cells in embryos [7,8].

The importance of proper mitochondrial dynamics in 
embryonic development cannot be overstated. Mitochondria are 
not only responsible for providing energy to the cell but also play 
a crucial role in various cellular processes, including apoptosis, 
calcium signalling, and reactive oxygen species (ROS) 
production. Dysfunctional mitochondria can compromise these 
essential functions, leading to developmental abnormalities and 
cell death [10,11].

Furthermore, Mfn1 has been shown to be involved in embryonic 
genome initiation, which is the activation of the embryonic 
genome during early development. This process is crucial for 
proper embryo development and cellular differentiation. Mfn1-
mediated mitochondrial function is necessary for the initiation 
and regulation of gene expression during embryogenesis [8]. 

Pregnancy is a complex process involving the growth of 
the fetus and the formation of tissues and organs. Numerous 
studies have highlighted the significance of mitochondria 
in maintaining pregnancy and facilitating neonatal progress 
through the regulation of ATP production, metabolism, and 
hormone production. Mitochondria, often referred to as the 
"powerhouses" of cells, play a crucial role in energy production 
by generating ATP through oxidative phosphorylation. In the 
context of pregnancy, the demand for ATP increases significantly 
to support various processes, including embryonic growth 
and development. The relocation of mitochondria within the 
cytoplasm of the ovum is essential for meeting the ATP demands 
of critical processes such as meiotic progression and chromosome 
segregation [14,15]. Mitochondria are strategically positioned 
near the sites of high energy consumption to ensure an adequate 
supply of ATP. Any abnormalities in mitochondrial function 
can have detrimental effects on the developmental processes 
during pregnancy. Studies have shown that mitochondrial 
abnormalities in oocytes can lead to disrupted meiotic spikes, 
embryonic growth arrest, and sterility in mammals. Meiotic 
spikes are essential for the proper segregation of chromosomes, 
which is crucial for the formation of a healthy embryo. When 
mitochondrial function is compromised, these meiotic spikes 
may be disrupted, leading to chromosomal abnormalities and 
developmental issues. Such abnormalities can result in failed 
implantation, spontaneous abortions, or the birth of offspring 
with genetic disorders [16]. It is evident that mitochondrial 
function plays a vital role in embryonic development and the 
overall success of pregnancy outcomes. Maintaining a healthy 
mitochondrial dynamic is crucial for ensuring proper ATP 
production, metabolic regulation, and hormone synthesis during 
pregnancy. This emphasizes the importance of maintaining a 
healthy lifestyle, including regular exercise, a balanced diet, and 
avoidance of factors that can negatively impact mitochondrial 
function, such as smoking or exposure to environmental toxins 
[17,18].
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