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Summary

Animal fertility depends on several environmental factors, including nutrition and the
food sources consumed, to obtain essential vitamins, minerals, and other elements. Changes in
nutrient intake directly affect the functioning of the reproductive system. The mitochondria are
some of the most important organelles in any mammalian organ, including the ovary. These
unique structures are responsible for meeting the energy needs of cells by being involved in
metabolic processes, and they also possess mitochondrial DNA (mtDNA). The number and
function of mtDNA decline with age in various tissues, including the ovaries. It is known that
certain nutrients can influence mitochondrial function. Nutrient deficiencies reflect metabolic
processes that take place in mitochondria. However, the mitochondrial mechanisms that
contribute to ovarian aging and infertility are not fully understood. This article aims to
summarize key evidence and current knowledge regarding the impact of dietary sources on
mitochondrial function in the ovary, as well as to identify potential strategies for extending
reproductive longevity and improving fertility.
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Introduction

Nutrition is a major source of energy for the body and a means of obtaining vital
substances, such as vitamins and minerals. Changes in nutritional resources affect reproductive
processes (Bindari et al., 2013). For example, reduced nutrient intake leads to declining ovarian
function in ovarian cancer (Crane et al., 2014). One important component of all cells that is
directly related to an individual's diet is the mitochondria, also known as the nuclear
headquarters of cells. This unique double-membrane organelle is involved in metabolic
processes such as oxidative phosphorylation and metabolic regulation (McBride et al., 2006).

Mitochondria are essential for producing adenosine triphosphate (ATP) and meeting the energy
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needs of cells. The number of mitochondria in a cell can vary greatly depending on its activity
level and energy needs. ATP is produced in mitochondria by oxidative phosphorylation using
five complexes of the electron transport chain (St John, 2007; Singh and Costello, 2009).
Mitochondria play an important role in follicle development and growth as they have a large
energy requirement. Another very important feature of mitochondria is that they are inherited
from the mother (Podolak et al., 2022). Another very important feature of mitochondria
possesses their own DNA (mtDNA) that encodes certain proteins in the respiratory chains,
enzymes and control the electron transport apparatus. In mtDNA, 37 genes have been found
that encode certain 13 proteins that are directly involved in oxidative phosphorylation, the
remaining proteins are encoded by nuclear DNA (Chiang et al., 2020). These proteins that are
encoded by mtDNA are of great importance for the development of oocytes and future embryos,
as DNA changes such as deletions and point mutations can directly poison mtDNA and disrupt
fertility and early embryogenesis (Wei & Kao, 2000; Chiang et al., 2020; Podolak et al., 2022).
In the process of oocyte development and growth, the number of mitochondria and mtDNA
copy number increases and reaches very high values (May-Panloup et al., 2007). As the mother
ages-or more specifically as the ovaries age-the quality of oocytes deteriorates, which is an
indication that the quality and quantity of mitochondria also deteriorates (Miiller-Hocker et al.,
1996; Ju et al., 2024). As we age, the changes that occur in the ovary have a direct impact on
mtDNA, since the ovary has a high energy consumption (Wei & Kao, 2000; Alberts et al., 2007;
May-Panloup et al., 2016).

Another very important point in reproductive biology is pregnancy and early embryo
development. In these two important events, energy consumption increases due to the dynamics
of early embryo development (Rodriguez-Cano et al., 2020). Mitochondria play a major role in
metabolic processes at many levels and there are multiple physiological changes in pregnancies
that depend on nutrient intake (Rodriguez-Cano et al., 2020; Hsu & Tain, 2019; Langley-Evans,
2015). The importance of mitochondria in energy production and their presence in tissues with
high energy requirements is based on a certain balance that is largely dependent on nutrient
intake before and during pregnancy (Rodriguez-Cano et al., 2020).

The aim of this review is to provide a brief overview of nutrients that reflect over
mitochondrial functions as a key site of energy transformation in the ovarian structure.

Nutrients and mitochondria

Nutrition is an important source of vitamins and minerals that are of particular

importance to any individual. Nutritional resources appear as a direct factor that influences the
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reproductive system. Fertility can be improved through short-term changes in the quality and
quantity of food consumed. In reproductive biology, these changes in dietary intake are referred
to as "focused feeding." This approach aims to optimize energy balance, which is essential for
the development and growth of eggs. Research shows that dietary patterns, especially those
high in fat, affect not only maternal health, but also egg quality and mitochondrial integrity in
female offspring. This study synthesizes these findings by focusing on the mechanistic
pathways involved in mitochondrial adaptations due to dietary influences. With reduced
nutrient intake, ovarian functions decline and wait for better conditions (Georgiev & Petrov,
1994; Martin & Kadokawa, 2006; Ahmadi et al., 2025).

The ovary is a dynamic structure that, under the influence of sex hormones, undergoes
cyclical changes. As a result, eggs are released for subsequent fertilization. Female gonads are
characterized by high energy consumption caused by the development and growth of oocytes.
To satisfy its energy needs during egg growth and development, the number of mitochondria
increases.

Mitochondria are double-membrane organelles localized in nearly all cells that are
involved in many processes. Their primary role is to produce energy and participate in processes
that require high energy. They play an important role in metabolic processes by producing
adenosine triphosphate (ATP), which is associated with cell signalling, differentiation, and
death (Wesselink et al., 2019; Borcherding & Brestoff, 2023). However, many factors can affect
mitochondrial function, such as free radicals and oxidative stress. Under normal conditions, the
production of reactive oxygen species (ROS) is balanced, and there is no risk of mitochondrial
damage. However, in conditions of oxidative stress in ovary, it's found that mitochondrial
dysfunction disrupts the bi-directional interaction between oocytes and GCs, hindering cell
growth and development (Wang et al., 2024). Excessive ROS production can damage not only
the mitochondrial membrane, and mitochondrial DNA (mtDNA), resulting in cell damage and
subsequent cell death. Damage to mtDNA can result in ROS-induced release of ROS, which
lead to damage to the electron transport chain. This process is known as "mitochondrial
catastrophe” (Indo et al., 2007; Galley, 2011). Mitochondrial catastrophe occurs because
MtDNA encodes proteins that play an important role in the electron transport system of
mitochondrial membranes (DiMauro & Schon, 2006). Mitochondria almost always perform a
metabolic function directly related to the input of nutrients. However, their function depends

on the input of nutrients and their conversion into cellular energy.
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Nutrients are a diverse array of vitamins and minerals that affect cells and mitochondria
in specific ways. Numerous studies have demonstrated that certain elements have beneficial

effects on mitochondria (Fig. 1).

Figure 1. Major nutrients with beneficial effects on mitochondrial function (Garcia-Garcia et
al., 2020)

Studies have shown that high-fat dietary patterns increase lipid peroxidation and
oxidative stress, disrupting normal mitochondrial function and cellular homeostasis (Wen et al.,
2024). These stressors can lead to mitochondrial dysfunction, which is characterized by
impaired ATP production. ATP is critical for oocyte maturation and follicular development
(Gonnella et al., 2022). The accumulation of reactive oxygen species (ROS) under these
conditions can exacerbate mitochondrial dysfunction further and contribute to poor oocyte
quality (Cox et al., 2021). Some additives, for example, carnitine, a non-proteinogenic amino
acid, play a crucial role in many energy metabolism pathways as a regulator of lipid
metabolism, B-oxidation and antioxidant capabilities of oocytes. L-carnitine functions as a
cofactor for the translocation of long-chain fatty acids from the cytosol to the mitochondria and
can suppress ROS action (Placidi et al., 2022). L-carnitine improved nuclear maturation,
augmented the quantity of active mitochondria in pig oocytes, diminished intracellular lipids,
and facilitated preimplantation development of bovine blastocysts (Paczkowski et al., 2013).

Foods that favourably affect mitochondrial function are rich in B-complex vitamins,
vitamin E, vitamin C, melatonin, and other nutrients (Wesselink et al., 2019; Yan et al., 2022).
In a study of rat diets, Bishop and Evans discovered "factor X," which was later named vitamin
E and was found to have a beneficial effect on reproduction (Evans &Bishop, 1922). Numerous

subsequent studies have examined vitamin E, proving it to be an antioxidant that strongly
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influences oxidative factors (Kagan & Tyurina, 1998). Vitamin E is a general term for eight
naturally occurring homologs: four tocopherols and four tocotrienols. Vitamin E is fat-soluble
and known for its strong antioxidant properties (Zingg, 2007). One of the most basic isomers
of vitamin E is a-tocopherol, which is primarily isolated from sunflower and olive oils.
Tocopherols from the four isomeric forms are mainly isolated from oils of various origins used
in the food industry. Vitamin E has been found to have a beneficial effect on fertility in female
mice. In a study conducted at the IBIR-BAS, 45 female BALB/C mice were given vitamin E
supplementation. An increase in the concentration of vitamin E, in the form of a-tocopherol
acetate, was recorded while the level of tocopherol decreased. Based on these results, it can be
concluded that the mice absorbed the vitamin and that it positively affects fertility. Of all the
vitamin E homologues, o-tocopherol is the most active. When vitamin absorption was

monitored, the presence of vitamin E in the blood serum was detected by gas chromatography
(Fig. 2).
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Figure 2. Chromatogram and mass spectrogram of blood serum from pooled samples of
animals receiving vitamin E supplementation (Mladenova et al., 2017).

Vitamin C (ascorbic acid) is a water-soluble, low-molecular-weight compound
belonging to the simple carbohydrates. It is directly distributed and interacts synchronously

with vitamin E. Ascorbate reduces and regenerates one of the main homologues of vitamin E
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(a-tocopherol) from its oxidative form (a-tocopheroxyl radical). This results in the inhibition
of lipid peroxidation. Vitamin C is essential for cell growth, collagen production, and immune
system function. It is also known for its antioxidant properties and ability to fight free radicals.
Scientific literature shows that ascorbic acid protects against oxidative cell damage
(Lykkesfeldt et al., 2010; Lykkesfeldt et al., 2014). Mitochondria play a major role in metabolic
processes, actively participating in the metabolism and processing of important metabolic
intermediates. The relationship between vitamin C and mitochondria is such that, due to its
antioxidant properties, the vitamin inhibits ROS levels, which are crucial for mitochondrial
function (Gonzalez et al., 2010; Carew & Huang, 2002). The B-complex vitamins are a
heterogeneous group of vitamins based on their water solubility and binding to coenzymes. All
vitamins of the group originate from plant sources. The exception is B-12, which is of animal
origin; it is produced by bacteria and isolated from foods of animal origin (Kennedy, 2016; Ali
et al., 2022). One crucial time of B vitamin intake is during pregnancy and lactation, a period
during which the requirements are increased. Foods rich in B-complex vitamins include meat,
eggs, fish, nuts, avocados, and a range of plant foods (Hanna et al., 2022).

A number of studies have shown that dietary patterns, especially high-fat diets, affect
not only maternal health, but also egg quality and mitochondrial integrity in female offspring.
This response is based on the mechanistic pathways involved in mitochondrial adaptations due
to dietary influences. Maternal consumption of an obesogenic diet has been shown to adversely
affect ovarian function in offspring, particularly with respect to mitochondrial development and
function. Aiken et al. (2015) reported that high-fat maternal diets can lead to reduced ovarian
reserve and mitochondrial biogenesis dysregulation in young females. Offspring exposed to
such diets often have altered mitochondrial morphology and function, which can have long-
term consequences throughout their reproductive lives (Xhonneux et al., 2024; Di Berardino et
al., 2024). These scientific findings suggest that dietary modulation may mitigate the adverse

effects of poor nutritional status on mitochondrial health.

Conclusion

Nutrients play a key role in the life of organisms and their cells. The body can function
adequately by acquiring and absorbing nutrients. Fertility is an important aspect of an
organism's function and the preservation of offspring. The relationship between diet,
mitochondrial function, and ovarian health is multifaceted and underscores the significance of

maternal nutrition in reproductive outcomes. Researching the molecular mechanisms that link
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nutrient intake to mitochondrial dynamics and oxidative stress is essential for developing
effective strategies to improve reproductive health amid increasing hormonal issues associated
with declining fertility.

Reproductive medicine must be aware of the role of mitochondria on female fertility
and reproductive technology to ensure a better clinical practice. But food improvement and
understand them, can be part of future alternatives and also will have a place evoke a for

infertility treatment.
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