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Abstract: This review aims to explore the potential role of Mangiferin, a natural bioactive compound,
in skeletal muscle anti-aging, with a particular focus on its effects on glycolysis. As aging progresses,
skeletal muscle mass and function decline, leading to reduced mobility and quality of life. Recently,
Mangiferin has garnered attention for its antioxidant, anti-inflammatory, and metabolic regulatory
properties. This article will summarize the bioactivity of Mangiferin, its protective mechanisms in
skeletal muscle, its role in the anti-aging process, and its impact on glycolysis, providing a theoretical
foundation and practical guidance for future research.
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1. Introduction

Skeletal muscle aging is a significant concern for public health, particularly as populations around
the world continue to age. The decline in skeletal muscle mass and function, also known as sarcopenia,
contributes to frailty and various health issues, including metabolic diseases and decreased quality of
life in older adults!!l. This age-related muscle deterioration is characterized by a loss of muscle fibers,
changes in muscle composition, and a reduced capacity for regeneration!?l. As the global population
aged over 60 is expected to reach 1.4 billion by 2030, understanding the mechanisms behind skeletal
muscle aging is critical for developing interventions to improve healthspan alongside lifespan!®.

Glycolysis plays a pivotal role in energy metabolism, particularly in skeletal muscle, where it
provides the necessary ATP for muscle contraction and recovery®l. In aging muscles, glycolytic
pathways may become dysregulated, leading to impaired energy production and contributing to muscle
weakness and atrophy™). This metabolic shift towards reduced glycolytic activity can exacerbate the
effects of aging on muscle function, emphasizing the need for research into how to maintain or restore
glycolytic efficiency in older adults.

Mangiferin, a bioactive compound derived from Mangifera indica (mango), has garnered attention
for its potential health benefits, including antioxidant, anti-inflammatory, and muscle-protective
propertiesPl. Recent studies have indicated that mangiferin may enhance energy metabolism and
promote muscle health, making it a promising candidate for addressing age-related muscle decline!®!.
Given its diverse biological activities and potential to influence metabolic pathways, investigating the
effects of mangiferin on skeletal muscle aging and glycolysis is of significant importance.

The purpose of this review is to explore the relationship between skeletal muscle aging, energy
metabolism with a focus on glycolysis, and the therapeutic potential of mangiferin. By synthesizing
current knowledge and identifying gaps in research, we aim to highlight the significance of these areas
for developing effective strategies to combat sarcopenia and improve the health of aging populations.
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2. Effect of mangiferin on anti-aging of skeletal muscle
2.1 Chemical Structure and Sources of Mangiferin

2.1.1 Chemical Properties of Mangiferin

Mangiferin, a naturally occurring glucosylxanthone, is predominantly found in the mango plant
(Mangifera indica) and exhibits a complex chemical structure characterized by its xanthone core and
multiple hydroxyl groups. This molecular configuration contributes to its diverse biological activities,
including antioxidant, anti-inflammatory, and anticancer properties. The structural formula of
mangiferin is Ci17H3011, featuring a unique arrangement that enhances its solubility and bioavailability.
However, its low aqueous solubility poses significant challenges for therapeutic applications. Recent
studies have focused on enhancing the solubility of mangiferin through glycosylation, which has shown
to significantly increase its water solubility and bioactivity. For instance, the transglycosylation of
mangiferin using cyclodextrin glycosyltransferase resulted in derivatives with solubility improved by
over 5,000 times compared to the parent compound, while also retaining or enhancing its antioxidant
capacity!’l. Such modifications not only improve the pharmacokinetic properties of mangiferin but also
expand its potential applications in both food and pharmaceutical industries.

2.1.2 Natural Sources and Extraction Methods of Mangiferin

Mangiferin is primarily extracted from the bark, leaves, and fruits of Mangifera indica, as well as
from other plants in the Anacardiaceae family. Traditional extraction methods often involve solvent
extraction, which can be inefficient and time-consuming. Recent advancements have introduced more
effective techniques such as high-speed counter-current chromatography (HSCCC) and supercritical
antisolvent (SAS) methods, which enhance the yield and purity of mangiferin. For instance, HSCCC
has been utilized to isolate mangiferin glycosides with purities exceeding 99%, demonstrating its
efficacy in purifying bioactive compounds from complex mixtures®]. Moreover, enzymatic methods
employing recombinant maltogenic amylase have been shown to facilitate the glycosylation of
mangiferin, yielding derivatives with significantly enhanced solubility and biological activity®. These
innovative extraction and modification techniques not only improve the availability of mangiferin but
also pave the way for its incorporation into various therapeutic and nutraceutical formulations,
highlighting its significance as a valuable bioactive compound in modern medicine.

2.2 Bioactivity of Mangiferin

2.2.1 Antioxidant Activity

Mangiferin, a polyphenolic xanthone glycoside primarily derived from mango (Mangifera indica L.)
leaves, exhibits significant antioxidant properties, which are crucial for mitigating oxidative stress and
related diseases. Various studies have demonstrated that mangiferin can scavenge free radicals, thereby
preventing cellular damage caused by oxidative stress. For instance, the antioxidant activity of
mangiferin has been evaluated using several methods, including DPPH and ABTS assays, which
measure the ability of a compound to neutralize free radicals. The results indicate that mangiferin’s
structure, particularly the presence of multiple hydroxyl groups, enhances its radical scavenging
capacity, making it a potent natural antioxidant. Additionally, mangiferin has been shown to upregulate
endogenous antioxidant enzymes, such as superoxide dismutase and catalase, further supporting its role
in cellular defense mechanisms against oxidative damagel®. Furthermore, its ability to modulate
oxidative stress pathways suggests potential therapeutic applications in conditions associated with
oxidative stress, such as neurodegenerative diseases and cardiovascular disorders.

2.2.2 Anti-inflammatory Activity

The anti-inflammatory properties of mangiferin are well-documented and contribute to its
therapeutic potential. Mangiferin has been shown to inhibit the production of pro-inflammatory
cytokines and mediators such as TNF-a, IL-1pB, and nitric oxide in various cell models, indicating its
capability to modulate inflammatory responses. For example, studies have revealed that mangiferin can
suppress the activation of NF-kB, a key transcription factor involved in inflammatory processes,
thereby reducing the expression of inflammatory genes!'”. Additionally, mangiferin's action on
macrophages has demonstrated its efficacy in attenuating inflammation by inhibiting the expression of
COX-2 and iNOS, which are crucial for the inflammatory response. The mechanisms underlying these
effects include the modulation of signaling pathways that regulate inflammation, such as MAPK and
PI3K/Akt pathways. This multifaceted approach to controlling inflammation highlights mangiferin's
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potential as a therapeutic agent in treating inflammatory diseases, including arthritis and cardiovascular
diseases!'.

2.2.3 Metabolic Regulation

Mangiferin also plays a significant role in metabolic regulation, particularly in glucose metabolism
and lipid homeostasis. Research indicates that mangiferin can enhance insulin sensitivity and improve
glucose uptake in skeletal muscle cells, which is beneficial for managing conditions such as diabetes.
The underlying mechanism involves the activation of the AMPK pathway, which is crucial for energy
homeostasis and metabolic regulation®. Furthermore, mangiferin has been reported to exert
lipid-lowering effects by modulating lipid metabolism pathways, reducing triglyceride accumulation in
the liver, and promoting fatty acid oxidation. This dual action of mangiferin in regulating both glucose
and lipid metabolism positions it as a promising candidate for developing functional foods and
nutraceuticals aimed at preventing and managing metabolic disorders such as obesity and type 2
diabetes!'?. The ongoing research into the metabolic effects of mangiferin emphasizes its potential
utility in clinical settings, particularly in the context of metabolic syndrome and related diseases.

2.3 Biological Mechanisms of Skeletal Muscle Aging

Skeletal muscle aging, often referred to as sarcopenia, is characterized by a progressive decline in
muscle mass and function, significantly impacting the quality of life in older adults. This phenomenon
is not merely a consequence of aging but results from a complex interplay of biological mechanisms.
The decline in skeletal muscle mass is primarily driven by an imbalance between muscle protein
synthesis and degradation, influenced by factors such as hormonal changes, inflammation, and
oxidative stress. Mitochondrial dysfunction is another critical aspect, as impaired mitochondrial
function leads to decreased energy production and increased oxidative stress, further exacerbating
muscle atrophy. Research indicates that the accumulation of pro-inflammatory cytokines, such as
TNF-0, plays a significant role in promoting muscle degradation pathways, including the
ubiquitin-proteasome system and autophagy, which are vital for muscle protein turnover!!3!4,
Additionally, the role of microRNAs in regulating gene expression related to muscle growth and
differentiation is emerging as a crucial area of study, offering potential therapeutic targets for mitigating
the effects of aging on skeletal musclel'>19],

2.3.1 Causes of Skeletal Muscle Mass Reduction

The reduction of skeletal muscle mass in aging individuals is a multifaceted issue influenced by
various factors. One primary cause is the decrease in physical activity levels, which is often observed
as people age. Sedentary lifestyles lead to muscle disuse, contributing to atrophy and loss of muscle
fibers, particularly type II fibers, which are essential for strength and power!!”). Furthermore, hormonal
changes, including decreased levels of anabolic hormones like testosterone and growth hormone, play a
significant role in muscle mass reduction!'®], The presence of chronic low-grade inflammation, often
termed "inflammaging," is another critical contributor, as it promotes catabolic processes that lead to
muscle breakdown!'l, Additionally, mitochondrial dysfunction, characterized by reduced mitochondrial
biogenesis and increased oxidative stress, has been implicated in the pathogenesis of sarcopenia, as it
affects energy metabolism and contributes to muscle fiber degeneration'*?%, Lastly, nutritional
deficiencies, particularly in protein intake and essential micronutrients, can exacerbate muscle loss,
highlighting the importance of dietary interventions in combating sarcopenial?!l.

2.3.2 Factors Influencing Skeletal Muscle Dysfunction

Skeletal muscle dysfunction in aging is influenced by a myriad of factors that interact in complex
ways. One significant factor is the decline in neuromuscular function, which affects the ability of the
nervous system to effectively stimulate muscle contraction®?!. This decline is often exacerbated by
conditions such as diabetes and cardiovascular diseases, which further impair muscle performance and
regeneration. Additionally, the role of systemic inflammation cannot be overlooked; elevated levels of
inflammatory markers are associated with muscle wasting and weakness, contributing to a cycle of
dysfunction®]. Oxidative stress, resulting from an imbalance between reactive oxygen species
production and antioxidant defenses, significantly impacts muscle health by promoting cellular damage
and impairing muscle regeneration?. Furthermore, changes in the extracellular matrix and muscle
satellite cell function during aging hinder the muscle's ability to repair and regenerate, leading to a
decline in muscle mass and strength>*2%), Understanding these factors is crucial for developing targeted
interventions aimed at preserving muscle function and mitigating the impact of aging on skeletal
muscle health.
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2.4 The Protective Effects of Mangiferin on Skeletal Muscle

2.4.1 Promoting Muscle Cell Proliferation and Differentiation

Mangiferin, a polyphenolic compound derived from mangoes, has been shown to exert significant
effects on muscle cell proliferation and differentiation. Recent studies indicate that mangiferin can
enhance the proliferation of myoblasts, which are critical for muscle regeneration and repair. This is
particularly important in the context of muscle injuries, where the regeneration of muscle fibers is
necessary for recovery. For instance, research has demonstrated that mangiferin stimulates the
expression of key myogenic regulatory factors, such as MyoD and Myogenin, which are essential for
myoblast differentiation and muscle fiber formation. Furthermore, mangiferin has been found to
activate signaling pathways that promote cell cycle progression, thereby facilitating the transition of
myoblasts from a quiescent state to an actively proliferating state. This mechanism not only supports
muscle growth but also contributes to the overall health of skeletal muscle by maintaining an
appropriate balance between cell proliferation and differentiation, which is crucial for muscle
homeostasis and function!?27].

2.4.2 Reducing Muscle Atrophy and Injury

Mangiferin also demonstrates protective effects against muscle atrophy and injury, conditions that
can severely impair muscle function. Muscle atrophy can result from various factors, including disuse,
aging, and chronic diseases. Studies have shown that mangiferin can mitigate the effects of oxidative
stress, a major contributor to muscle degradation. By acting as an antioxidant, mangiferin reduces the
levels of reactive oxygen species (ROS) that can damage muscle fibers and promote atrophy.
Additionally, mangiferin has been observed to downregulate the expression of muscle-specific E3
ubiquitin ligases, such as Atrogin-1 and MuRF1, which are involved in the proteolytic degradation of
muscle proteins. This action helps to preserve muscle mass and function in conditions that typically
lead to muscle wasting. Moreover, in models of muscle injury, mangiferin has been shown to enhance
the repair processes by promoting satellite cell activation and proliferation, thereby facilitating muscle
regeneration and reducing the extent of damage!®%”],

2.4.3 Improving Muscle Function and Strength

The functional benefits of mangiferin extend to the enhancement of muscle strength and overall
performance. Research indicates that mangiferin supplementation can lead to improvements in muscle
strength and endurance, making it a potential therapeutic agent for conditions characterized by muscle
weakness. The compound has been linked to the increased synthesis of contractile proteins, which are
crucial for muscle function. Additionally, mangiferin may enhance mitochondrial biogenesis and
function within muscle cells, contributing to improved energy metabolism and endurance capacity. This
is particularly relevant for athletes and individuals engaged in physical training, as enhanced muscle
function and strength can lead to better performance outcomes. Furthermore, studies suggest that
mangiferin can improve neuromuscular transmission, thereby enhancing muscle contraction efficiency.
Collectively, these effects position mangiferin as a promising natural compound for supporting muscle
health and function, particularly in populations at risk for muscle-related disorders3%3!1,

2.5 The Effects of Mangiferin on Glycolysis

2.5.1 Overview of Glycolytic Pathway

Glycolysis is a fundamental metabolic pathway that converts glucose into pyruvate, generating ATP
and NADH in the process. This pathway occurs in the cytoplasm and consists of ten enzymatic
reactions that can be grouped into two phases: the energy investment phase and the energy payoff phase.
In the energy investment phase, two ATP molecules are consumed to phosphorylate glucose and its
derivatives. The energy payoff phase produces four ATP molecules, resulting in a net gain of two ATP
molecules per glucose molecule. Glycolysis is crucial for cellular energy production and is tightly
regulated by various factors, including substrate availability, hormonal signals, and energy demands of
the cell. Dysregulation of glycolysis is implicated in numerous metabolic disorders, including obesity,
diabetes, and cancer*2.

2.5.2 The Regulatory Role of Mangiferin in Carbohydrate Metabolism

Mangiferin, a polyphenolic compound found in mangoes, has been shown to exert beneficial effects
on glucose metabolism. Studies indicate that mangiferin can enhance insulin sensitivity and glucose
uptake in skeletal muscle cells, thereby promoting glycolysis. The mechanism underlying this effect
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may involve the modulation of key glycolytic enzymes and signaling pathways, such as the PI3K-AKT
pathway, which is crucial for insulin signaling!**!. Additionally, mangiferin has been reported to reduce
oxidative stress and inflammation, further supporting its role in improving metabolic health®l. By
enhancing glycolytic activity, mangiferin may help maintain energy homeostasis and mitigate the risk
of metabolic diseases.

2.5.3 The Relationship Between Glycolysis and Skeletal Muscle Function

Skeletal muscle relies heavily on glycolysis for energy, especially during high-intensity exercise
when oxygen availability is limited. The ability of skeletal muscle to efficiently utilize glucose through
glycolysis is crucial for maintaining muscle performance and endurance. Impairments in glycolytic
function can lead to muscle fatigue and decreased physical performance, commonly observed in
conditions such as diabetes and obesity!*3. Recent research highlights the importance of glycolysis in
muscle regeneration and adaptation to exercise, suggesting that compounds like mangiferin, which
enhance glycolytic activity, could play a significant role in improving muscle function and overall
metabolic health®¢l. Therefore, the potential of mangiferin as a therapeutic agent in enhancing
glycolysis and promoting skeletal muscle health warrants further investigation.

3. Conclusion

In recent years, the role of mangiferin as a promising agent in combating skeletal muscle aging has
garnered significant attention within the scientific community. This review highlights the multifaceted
benefits of mangiferin, particularly its influence on glycolysis and muscle metabolism, positioning it as
a potential therapeutic candidate in the realm of age-related muscle degeneration. The antioxidant and
anti-inflammatory properties of mangiferin not only enhance muscle function but also mitigate the
oxidative stress that contributes to aging. These findings underscore the importance of further exploring
mangiferin’s mechanisms of action, which could lead to novel interventions aimed at preserving
skeletal muscle integrity in older populations.

Moreover, the impact of mangiferin on glycolytic pathways is particularly noteworthy. By
promoting efficient energy metabolism, mangiferin facilitates the maintenance of muscle mass and
function, which are crucial for overall health and quality of life in aging individuals. As such, the
implications of these findings extend beyond basic science, suggesting potential clinical applications
ranging from dietary supplementation to pharmacological interventions targeting muscle wasting
conditions.

However, it is imperative to recognize the variability in research outcomes regarding mangiferin's
effectiveness. Differences in study design, dosages, and research methodologies can lead to disparate
conclusions, which necessitates a balanced interpretation of the existing literature. Future studies
should aim to standardize these parameters to provide clearer insights into the optimal use of
mangiferin for muscle health. Additionally, exploring synergistic effects with other compounds and
understanding the long-term impacts of mangiferin supplementation will be crucial for developing
comprehensive treatment strategies.

In summary, while the current body of evidence supports the beneficial role of mangiferin in
skeletal muscle anti-aging, ongoing research is essential to fully elucidate its potential. A collaborative
approach, integrating insights from various fields such as pharmacology, nutrition, and gerontology,
will enhance our understanding and enable the translation of these findings into clinical practice. By
fostering a multidisciplinary dialogue, we can pave the way for innovative solutions to address muscle
aging and improve the overall well-being of the elderly population.
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