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AHHOTAUHA :
llenb: [TpoBecTH aHAIN3 POJIH MUTOXOH/IPUAIEHOM nucYHKIUY B IaTOTeHe3e

SKEHCKODO OecIIous, H3YYUTh COBpeMEHHbIE TIOZXO/DI K IUATHOCTHUKE U TePaIuU
NAHHOM MaTOJIOHH, & TAKXKe OIPE/IEIUTD mepcrieKTHBHbIE MHHOBAIHOHHBIE METO-
bl KOPPEKIHH MHTOXOHAPHATBHON JHCOYHKIUH AJIA yIyIIIEHUsA PEPOAYKTHB-

HBIX HCXO/0B. :
MaTepHanbl H METOfbl. BrimosiHeH 0030p HayIHBIX nyOJIMKaLuH, IPe/ICTaBIeH-

HBIX B 3JIEKTPOHHBIX 0a3ax JaHHBIX PubMed, Google Scholar u eLibrary, ony6iu-
KOBaHHBIX 710 SHBapsA 2025 roga. OT60p HCTOYHUKOB IIPOBOANJICA B COOTBETCTBIH
¢ npurnunamu PRISMA. 13 178 HalineHHbIX nybnukanui (64 u3 PubMed, 25 u3
Google Scholar u 41 u3 eLibrary) ObUIH HCK/TIOUEHbI AyOJIMKATHI U CTaThbU 0€3 M0JI-
HOTO TEKCTa. B OKOHUATETBHBIH 0630p BKJIIOYEHHI 48 Harbosiee peJIeBAaHTHBIX pa-
60T, pacCMaTPUBAIOLIUX B3aUMOCBA3b MUTOXOHIPHAILHON JUCPYHKIIUU U JKEHC-
KOTO GEeCILIONHS, a TAKXKE COBPEMEHHbIE TepalleBTHYeCKUe CTPAaTErHH.
PesynbTaThl. AHAIN3 JAHHBIX I0KA3aJl, YTO MUTOXOH/(PUAIbHAA AUCHYHKIIUA
ArpaeT KJI0YEBYIO POJIb B CHIDKEHHH KayecTBa OOLUTOB, HAPYIIEHHUH OBYJIAIUY U
cHUKeHHH (bepTHAbHOCTH. JJOKa3aHo, YTO MyTallM¥ MHUTOXOHApHaibHOU THK

(mtDNA), sHepreTudeckuii eUIUT U OKCUJATUBHBIM CTPECC OKA3bIBAIOT HETa-
THBHOE BJIUSHHE Ha CTAOMJILHOCTh T€HOMA OOLMTOB M MX CIIOCOOHOCTD K OILJIOZOT-

BOPEHMIO. BKJII0UeH e B TepaIMI0 aHTHOKCUAAHTOB (K09H3UM Q10, MEJIAaTOHHH, Pec-
BepaTpoJI), MUTOXOHIpHaIbHOM 3aMeaomed Tepanuu (MRT) u agepHoro nepe-
HOCA JIEMOHCTPHUPYET IMEPCIEKTHBHOCTh B BOCCTAHOBJIEHUY MUTOXOH/IPHUAJIbHBIX
GYHKIHMHA U YIYYIIeHUH PEIPOAYKTUBHBIX UCXO0/I0B Y KEHIIUH C OeCIIoAueM.

3annoyeHue. IpeacraBieHHbIN 0030 IOAYEPKUBAET, YTO MUTOXOHIPHAIbHAS
TUCOYHKINA ABJIAETCA BAXKHBIM IIaTOTEeHETUYECKUM (PaKTOPOM KEHCKOT0 OeCIio-
nus. CoppeMeHHble ”HHOBAIlMOHHBIE IIOAXOAbI, HallpaBJIeHHbIE HA KOPPEKIIHIO MU-
TOXOH/IpDUAJIbHBIX HapYIIeHUY, OTKPHIBAIOT HOBBIE IIEPCIIEKTUBELI B JIEUeHUH Oec-
TJIOJIAA ¥ TIOBBIIIEHUH 3 (PEKTUBHOCTU BCIIOMOTaTEJIbHBIX PENPOAYKTHBHBIX TEX-
Hos1oruy. OHaKO /11 IIOJIHOIIEHHOTO BHEIPEHUS TAHHBIX METOZ0B B KJIMHUYEC-
KYI0 IIPaKTHKY HE0DOX0IMMBI laJIbHENIIINe UCCIeJ0BAHISA, HAlIPABJIEHHbIE HA OI|EH-
Ky uX 0e3011aCHOCTH U I0JITOCPOYHOM 3(D(HEKTUBHOCTH.

Hnr4yeBble CNoBa: sxeHcKoe Gecryioe; MUTOXOHAPHAIbHAS JUCHYHKIUS; OK-

CH/IATHBHBIM CTPECC; BCIIOMOTATe/IbHBIE PENIPOAYKTUBHBIE TEXHOJIOTHH, MUTOXOH-
JpUabHasa Tepanus.
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Avollar bepushtligi patogenezida mitoxondrial
disfunksiya: zamonaviy konsepsiyalar
va innovatsion terapevtik yondashuvlar

(adabiyotlar sharhi)

Shukurov F. 1., Irgashev 0.5., Axundjanova F.G.
Toshkent tibbiyot akademiyasi, Reproduktiv tibbiyot va genetika instituti,
Toshkent, 0'zbekiston
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Annotatsiya

Magsad: Ayollar bepushtligi patogenezida mitoxondrial disfunksiyaning o‘rnini
tahlil gilish, ushbu kasallikni tashxislash va davolash bo‘yicha zamonaviy yondashuv-
larni o'rganish, shuningdek, reproduktiv natijalarni yaxshilash uchun mitoxondri-
al disfunksiyani korreksiya qilishning istigbolli innovatsion usullarini aniglash.

Material va usullar: 2025-yil yanvar oyiga qadar PubMed, Google Scholar va
eLibrary elektron ma’lumotlar bazalarida chop etilgan ilmiy magqolalar tahlil gilin-
di. Manbalar PRISMA tamoyillariga muvofiq tanlab olindi. 178 ta topilgan maqola-
lardan (PubMed — 64, Google Scholar — 25, eLibrary — 41) dublikatsiyalar va to‘liq
mainga ega bolmagan maqolalar chiqarib tashlandi. Yakuniy tahlilga 48 ta eng
muhim va dolzarb ishlar kiritildi, ular mitoxondrial disfunksiya va ayollar bepusht-
ligi o‘rtasidagi bog‘liglik hamda zamonaviy terapevtik yondashuvlarni yoritadi.

Natijalar: Tadqgiqotlar natijalari shuni ko‘rsatadiki, mitoxondrial disfunksiya tu-
xum hujayra sifatining pasayishi, ovulyatsiya buzilishlari va fertilitetning kama-
vishiga olib keladi. Mitoxondrial DNK (mtDNA) mutatsiyalari, energetik kamchilik
va oksidativ stress tuxum hujayra genomining barqarorligi va uning uruglanish
gobilivatiga salbiy ta’sir ko‘rsatishi aniglangan. Antioksidant terapiya (koenzim Q10,
melatonin, resveratrol), mitoxondrial almashtirish terapiyasi (MRT) va yadroviy
transfer usullarining qo‘llanilishi mitoxondriya faoliyatini tiklash va ayollar bepusht-
ligi bilan bogliq reproduktiv muammolarni hal gilishda istigbolli yechimlar sifati-
da tavsiya etiladi.

Xulosa: Ushbu adabiyotlar sharhi shuni ko‘rsatadiki, mitoxondrial disfunksiya
ayollar bepushtligining muhim patogenetik omillaridan biri hisoblanadi. Mitoxon-
drial disfunksiyani korreksiya qilishga yo‘naltirilgan zamonaviy innovatsion usul-
lar bepushtlikni davolash va yordamchi reproduktiv texnologiyalarning samarador-
ligini oshirishda katta imkoniyatlar yaratadi. Biroq ushbu usullarni klinik amali-
yotga joriy etishdan oldin ularning xavfsizligi va uzoq muddatli samaradorligini

baholash bo‘yicha qo‘shimcha tadgiqotlar talab etiladi.
Kalit so‘zlar: ayollar bepushtligi; mitoxondrial disfunksiya; oksidativ stress; yor-

damchi reproduktiv texnologiyalar; mitoxondrial terapiya.
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of female infertility: modern concepts

and innovative therapeutic approaches
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Objective: To analyze the role of mitochondrial dysfunction in the pathogenesis suffer fr
of female infertility, examine modern approaches to diagnosis and treatment, and viability
: identify promising innovative strategies for correcting mitochondrial dysfunction  Age-re
g to improve reproductive outcomes. Inoocyte
Materials and Methods: A review of scientific publications indexed in the elec- and resis,
tronic databases PubMed, Google Scholar, and eLibrary was conducted covering mitochond
articles published until January 2025. Source selection was performed in accor- YRIproving
dance with PRISMA guidelines. Out of 178 initially identified articles (64 from ; F’}S]t"”_”g ¥
PubMed, 25 from Google Scholar, and 41 from eLibrary), duplicates and publica- ao ;TC?,‘E.:J
tions without full-text access were excluded. The final review included 48 most rel- inﬁfu ding m it:
3 evant studies addressing the relationship between mitochondrial dysfunction and therapy, and
o female infertility, as well as modern therapeutic approaches.

Results: Data analysis demonstrated that mitochondrial dysfunction plays a key Key Function
. role in reducing oocyte quality, disrupting ovulation, and d ecreasing fertility. It has Mitochondri:
been established that mitochondrial DNA (mtDNA) mutations, energy deficiency, production and 1
and oxidative stress negatively affect oocyte genomic stability and fertilization po- Their primary fu
tential. The inclusion of antioxidant therapy (coenzyme Q1o, melatonin, resvera- 1. Energy s

trol), mitochondrial replacement therapy (MRT), and nuclear transfer has shown phosphorylation
promising results in restoring mitochondrial function and improving reproductive required for oocyte

outcomes in women with infertility.

Conclusion: This review highlights that mitochondrial dysfunction is a signifi-
cant pathogenetic factor in female infertility. Modern innovative a pproaches aimed

at correcting mitqchondn'al dysfunction offer new perspectives for infertility treat-
ment and enhancing the effectiveness of assisted reproductive technologies. How-
ever, further research is needed to assess the safety

and long-term efficacy of these
methods before they can be fully integrated into cli

b e _ nical practice.
Keywords: female infertility; mitochondria] dysfunction; oxidative stress; assisted

reproductive technologies; mitochondrial therapy.
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The objective of this literature review is to examine the
role of mitochondrial dysfunction in female infertility,
analyze its significance in the pathogenesis of the cc{ndz tion,
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that mitochondrial dysfunction in oocytes hasa d eh:ime.ma\
impact on their quality and fertilization pn\.emm.\ .[_\5].
Mitochondria play a crucial role in the metabolic activity of
oocvtes. ATP, produced by mitochondria, is essential for

ovulation, oocyte maturation, and the fertilization process
with spermatozoa {161,

Mitochondrial DNA (mtDNA) mutations can disrupt

normal oocyte function, leading to abnormal embryonic

~— development. These mutations can be detected through
\ specialized mitochondrial diagnostic techniques [17].
Oxidative stress signmficantly affects mitochondrial function,

reducing ATP production in oocytes. As a result, oocytes

suffer from energy deficiency, which negatively impacts their
viability and reproductive potential [18].
Age-related mitochondrial changes contribute to a decline

i oocyte quality. With aging, mtDNA mutations accumulate,
and resistance to oxidative stress decreases, impairing
mitochondrial function in oocytes [19]. Given these findings,
improving mitochondrial function is a critical aspect of
restoring reproductive health and treating infertility. The
following section will explore innovative therapeutic
approaches aimed at enhancing mitochondrial activity,

including mitochondrial restoration techniques, antioxidant
therapy, and mitochondrial donation strategies.

Key Functions of Mitochondria in Oocytes

Mitochondria are vital organelles responsible for energy
production and maintaining metabolic homeostasis in cells.
Their primary functions include:

1. Energy supply (ATP production) - Oxidative
phosphorylation in mitochondria generates the energy
required for oocyte function and maturation.

2. Regulation of oxidative stress - Mitochondria
modulate the levels of reactive oxygen species (ROS)

ensuring cellular antioxidant defense mechanisms.

3. Control of apoptosis (programmed cell death) -

)

Mitochondria regulate the elimination of improperly

developed or damaged oocytes.

4. Storage and transmission of genetic information —
miDNA is maternally inherited and plays a crucial role in

determining oocyte quality and reproductive success [20].

Understanding the role of mitochondrial function in
oocyte development and fertilization is essential for

advancing infertility treatments. The next section will provide

netic stability [ 7]. an in-depth analysis of therapeutic strategies designed to
| DNA (mtDNA) restore mitochondrial activity and improve reproductive
f mitochondna to outcomes.

.in oocyte quality :
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ultimately resulting in infertility [21].
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Oxidative stress is a process in which an excessive

accumulation of reactive oxygen species (ROS) damages cells
and mitochondria. This phenomenon can significantly reduce

Oxidative stress damages mitochondrial membranes

DNA damage and mitochondrial dysfunction are
, accelerating oocyte

* Dysfunction of the antioxidant defense system

- 0 N ‘ .}1 'f A
b d'v vl Ol S o el o I." “'f "'3. Sr R W oaw .‘-\Q » h"-"" ._","“" ' “Q.

Repraductive Medicing and Genetics® 44

weakens the protection against oxidative stress, leading to
impaired oocyte function.

To mitigate oxidative stress, antioxidant therapy is

utilized, including compounds such as vitamin C, vitamin E,
coenzyme Q10, and resveratrol [23].

Mitochondrial DNA (mtDNA) and its Susceptibility
to Oxidative Damage

Unlike nuclear DNA, mitochondrial DNA lacks a robust

protective mechanism and is more vulnerable to oxidative
stress [24)].

* mtDNA mutations impair energy production in
oocytes.

* Age-related changes in mtDNA contribute to a decline
in ovarian reserve and oocyte quality. '

¢ C(Clonal mtDNA mutations weaken mitochondrial

function in oocytes, leading to abnormal embryonic
development [25].

Among emerging therapeutic strategies, mitochondrial
transfer technology and mitochondrial donation are being

explored as effective methods to combat infertility [26].
Mitochondrial Bioenergetics and Its Role
in Oocyte Development

One of the primary functions of mitochondria is to
generate ATP, which is essential for oocyte maturation and
development. Energy deficiency is a major consequence of
mitochondrial dysfunction, disrupting normal oocyte growth
[27]. Reduced energy resources slow metabolic processes in
oocytes, negatively impacting embryonic development [28].

* Mitochondrial bioenergetic dysfunction lowers oocyte

fertilization potential, reducing the success rate of in vitro
fertilization (IVF).

* Nutraceutical and pharmacological therapies aimed
at enhancing mitochondrial activity show promise in

improving oocyte quality and reproductive outcomes [29].

By restoring mitochondrial function through innovative
therapeutic approaches, infertility treatments can be

significantly improved, offering new prospects for
reproductive medicine.

Female infertility is currently one of the most pressing
medical and biological issues worldwide, with an incidence
rate of 10-15% [29]. Reproductive health disorders,
particularly a decline in oocyte quality and ovarian
dysfunction, are often associated with mitochondrial
dysfunction [32]. Mitochondria serve as the primary source
of energy within cells, and their proper function is essential
for maintaining the physiological activity of oocytes [3].

Consequently, mitochondrial dysfunction is now considered
one of the key pathogenetic mechanisms of infertility.
According to the World Health Organization, every tenth
woman of reproductive age faces infertility [31]. The primary
causes of this condition include endocrine disorders, genetic
factors, environmental influences, and metabolic diseases 151

Furthermore, contemporary research confirms the impact
of mitochondrial dysfunction on oocyte quality,

demonstrating its critical role in ovulation and fertilization
potential [28].

Mitochondria are the principal organelles responsible for
energy metabolism in oocytes, and their optimal function
ensures normal oocyte development and genetic stability [7].
Studies have shown that mitochondrial DNA (mtDNA)
mutations and the heightened sensitivity of mitochondria to
oxidative stress contribute to the decline in oocyte quality
18]. Thus, mitochondrial dysfunction not only leads to energy
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a\\\ate Female infertility is currently one of the most pressing Key Functions of Mljochondria in ﬂocytes.
A ¢ medical and biological issues worldwide, with an incidence Mitochondria are vital organelles responsible f.or. energy
rate of 10-15% [29]. Reproductive health disorders, production and maintaining metabolic homeostasis in cells.
particularly a decline in oocyte quality and ovarian Their primary functions include: ' T
Methog dysfunction, are often associated with mitochondrial 1. Energy supply (ATP prpductmn] - Oxidative
\Qity ang dysfunction {32]. Mitochondria serve as the primary source phosphorylation in mitochondria generates the energy
of energy within cells, and their proper function is essential ~ required for oocyte function ar}d maturation. |
MOunt of for maintaining the physiological activity of oocytes [3). 2. Regulation of oxidatlye stress - Mlt.ochondrla
Ondrjy X Consequently, mitochondrial dysfunction is now considered modulate the levels of reactive oxygen species (ROS),
one of the key pathogenetic mechanisms of infertility. ensuring cellular antioxidant defense mechanisms.
Q0N -y, According to the World Health Organization, every tenth 3. Control of apoptosis (programmed cell death) -

¢ ROS i woman of reproductive age faces infertility [31]. The primary Mitochondria regulate the elimination of improperly
a causes of this condition include endocrine disorders, genetic developed or damaged oocytes.

Methoq factors, environmental influences, and metabolic diseases (5. 4. St.orage and trqnsmi;sion of genetic infoymation’—-
ATTObie and Furthermore, contemporary research confirms the impact of mtDNA 1s maternally inherited and play§ a crucial role in
mitochondrial dysfunction on oocyte quality, demonstrating ts determining oocyte quality and reproductive success [20].
critical role in ovulation and fertilization potential [28). Understanding the role of mitochondrial function in
Mitochondria are the principal organelles responsible for oocyte development and fertilization is essential for
1 1 ig entify energy metabolism in oocytes, and their optimal fgpction advgncing infertility. treatments. Thg next section will. provide
leletions ensures normal oocyte development and genetic stability [7]. an 1n-depth analysis of therapeutic strategies deSIgned. to
» and Studies have shown that mitochondrial DNA (mtDNA) restore mitochondrial activity and improve reproductive
1 Se iencip mutations and the heightened sensiti.vityf of mitochon(.lria to outcomes. : : .
| 'ast: seps &%e;r oxidative stress contribute to the decline in oocyte quality [8]. Modern Diagnostic Approaches for Mitochondrial

Thus, mitochondrial dysfunction not only leads to energy

, deficiencies in oocytes but also negatively affects their genetic
S€ar.  ndicateg stability [o].
€gaT v affects The objective of this literature review is to examine the
role of mitochondrial dysfunction in female infertility,
analyze its significance in the pathogenesis of the condition,
and explore innovative therapeutic approaches aimed at

correcting this issue. The review focuses on modern
1ondriz. Function molecular-biological research and clinical applications,

assessing the impact of mitochondria on oocyte function and
cent dves used to reproductive health [10].

yotential, allowing

Dystunction in Female Infertility

Currently, extensive research is being conducted on
innovative therapeutic strategies aimed at restoring
mitochondrial function to correct female infertility. The

following section provides a detailed overview of these
therapeutic approaches.

Diagnostic Methods for Mitochondrial

Dysfunction in Infertility

Several advanced diagnostic techniques have been
developed to assess mitochondrial dysfunction and
infertility-related conditions. These methods help evaluate
the energy status, metabolism, and genetic structure of

n 0o g
2en ¢« loped to

>.

naged mitochondna. Mitnchond.r'!a and Their Role in Oocyte Function oocytes and other reproductive cells.

— Evaluates oxygen and Infertility . Biochemical Analyses

actron transport chain Mitochondria serve as the primary energy source for Blochemical tests serve as the primary diagnostic method
normal oocyte development and function. Research indicates for evaluating mitochondrial energy production capacity and

yehondrial Analysis 'ghat nﬁtochon.drial dysfunction m oog:ytes has a detrimental 1dentifying metabolic abnormalities.

wamines the structure impact on their quality and femhz.atlon potential [15]. | * ATP Level Measurement — Assessing the amount of

s luding the * Mitochondria play a crucial role in the metabolic adenosine triphosphate (ATP) produced by mitochondria is

1o.ndna, mEncinG activity of oocytes. ATP, produced by mitochondria, is crucial for determining oocyte quality.

cristae. Tdentifies essential for ovulation, oocyte maturation, and the * Reactive Oxygen Species (ROS) Quantification — This

1ot AnalY§1S — 10¢ (23], fertilization process with spermatozoa [16). test measures oxidative stress levels, as excessive ROS is a

r metabolic actvity ¢ Mitochondrial DNA (mtDNA) mutations can disrupt

key indicator of mitochondrial dysfunction.
normal oocyte function, leading to abnormal embryonic * Lactate and Pyruvate Analysis — This method is

: development. These mutations can be detected through essential for evaluating the balance between aerobic and
Metabolism Anal)’(s}‘é MS) specialized mitochondrial diagnostic techniques [17). anaerobic metabolism [30].

3s Spectrometry ( - ¢ Oxidative stress significantly affects mitochondrial
ce (NMR) Spectroscom{ 1 function, reducing ATP production in oocytes. As a result,

gnosing Infertility

- lar fluid: or . . Molecular-Genetic Analysis
Jocytes and follicu 1uates oocytes suffer from energy def1c1er}cy, which negatively Molecular-genetic techniques are used to 1dentify
quencing - E.va otes impacts their \nablhty.and reprqductwe potential .[18]. mitochondrial DNA (mtDNA) mutations. deletions, and
criptional changesino * Age-related nntgchonginal c}langes contribute to a replication disorders:

decline in oocyte Q\I?ﬂlty. With aging, mtDNA mutations * Polymerase Chain Reaction (PCR) and Sequencing -
al Microscopy .+ oring of ?ﬁ“ﬁ‘;}l&ti}:ni rezls.talr}ce to 0x1'dative stress decreases, Detects mitochondrial DNA mutations and assesses their
Jbles real-time my?trelé p & Mitochondrial function in oocytes [19]. impact on oocyte quality.
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