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Featured Application

Mushroom-derived compounds with antiglycation activity have great potential for future use in
health and disease prevention. Standardised extracts or purified fractions could be developed into
nutraceuticals and functional foods aimed at limiting the accumulation of AGEs and reducing
complications associated with diabetes, cardiovascular disease, neurodegeneration, and ageing.
Their natural origin, safety, and sustainability make mushrooms suitable candidates for preventive
nutrition and healthy ageing strategies.In addition to dietary applications, mushroom bioactives can
serve as a template for new drugs or as a complement to current anti-diabetic and anti-ageing
therapies. Topical formulations enriched with mushroom-derived antioxidants and antiglycating
agents could also be explored for skin health and anti-ageing products. Advances in biotechnology
and large-scale cultivation will further support the cost-effective production of these compounds,
and promote their integration into the food, medicine and cosmetics industries. Overall, fungal-based
antiglycating agents represent a promising natural alternative to synthetic inhibitors that could find
wide application in the future.

Abstract

Mushrooms have long been valued not only as food but also for their medicinal properties, especially
in Eastern European traditional medicine. Species such as Inonotus obliquus, Fomitopsis officinalis,
Piptoporus betulinus and Fomes fomentarius have been used to treat gastrointestinal problems, cancers,
respiratory ailments and more. Modern research confirms their diverse pharmacological effects,
including antitumor, immunomodulatory, antioxidant, antiviral, antibacterial and antidiabetic
activities. In addition, mushrooms are widely incorporated into functional foods and nutraceuticals
that promote health. Their sustainable cultivation, efficient use of agricultural residues, rapid growth
cycles and resilience to environmental stressors make them an environmentally friendly source of
food and pharmaceuticals. This review focuses on the potential of fungi to inhibit advanced glycation
end products (AGEs)—harmful compounds formed through the non-enzymatic binding of sugars to
proteins, lipids or nucleic acids. AGEs are strongly associated with the progression of chronic
diseases such as diabetes, cardiovascular disorders, neurodegeneration and aging. Natural AGE
inhibitors from mushrooms represent a promising therapeutic alternative to synthetic agents, as they
may offer broader mechanisms of action with fewer adverse effects.

Keywords: mushrooms; advanced glycation end products; AGEs; natural AGE inhibitors;
antiglycation activity

1. Introduction

Many mushrooms have not only been prized as a valuable food for thousands of years, but also
have exceptional medicinal properties and have long been used in traditional medicine [1].
Throughout history, mushrooms have played an important role in the treatment of diseases affecting
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the rural populations of Eastern Europe, with Inonotus obliquus, Fomitopsis officinalis, Piptoporus
betulinus and Fomes fomentarius being the most commonly used [2-7]. These species were used in the
treatment of gastrointestinal diseases, various cancers, bronchitis, asthma, night sweats, etc. In
addition to the current evaluation of the nutritional value of numerous mushrooms, their
pharmacological acceptability and properties are also being investigated. They represent a large, still
largely untapped source of new, effective pharmaceutical preparations that are important for modern
medicine. Recent studies have demonstrated the antitumor, immunomodulatory, antioxidant,
antiviral, antibacterial, antiparasitic, antifungal, detoxifying, hepatoprotective and antidiabetic
effects of mushrooms [8-13]. In addition to their medicinal effects, mushrooms are also used as novel
products such as dietary supplements, functional foods, nutraceuticals, mycopharmaceuticals and
designer foods that promote health through the daily consumption of mushrooms [14]. In addition
to their nutritional and health benefits, mushrooms are also a sustainable source of food and high-
quality substances. Firstly, they are very efficient at utilizing waste products, and unlike traditional
crops, which require large amounts of land, water and other resources to grow, they can be grown in
a controlled, contained environment using waste products such as sawdust, straw and agricultural
by-products. In addition, the growth cycle of mushrooms is short, so they can be grown all year
round, and because they grow in a controlled environment, they are less susceptible to weather-
related crop failures and traditional production.

Glycation is a non-enzymatic process of binding sugars to proteins, lipids and nucleic acids that
leads to the formation of advanced glycation end products (AGEs) [15,16]. These compounds play a
key role in the development of numerous chronic diseases, including diabetes, cardiovascular
disease, neurodegenerative disorders and accelerated aging. The identification of compounds that
can inhibit the formation of AGEs represents an important therapeutic strategy to mitigate the
deleterious effects of these compounds [17]. Such inhibitors offer the potential to prevent or slow the
progression of age-related diseases and the debilitating complications associated with diabetes [18].
In the search for such therapeutic agents, natural products have emerged as particularly promising
alternatives to synthetic inhibitors, primarily due to their potentially more favorable safety profile
and often multiple mechanisms of action. This focus on natural inhibitors addresses existing concerns
regarding the side effects of certain synthetic AGE inhibitors. Therefore, the investigation of
mushrooms as a rich source of various natural compounds warrants a thorough exploration of their
potential to provide safe and effective AGE inhibitors.

The aim of this work was to summarize the research on the AGE-inhibitory effect of mushrooms
and their extracts and to highlight their potential as a rich source of natural compounds capable of
inhibiting the formation of AGEs, thus offering therapeutic promise for the treatment of AGEs-related
diseases, especially diabetes and age-related diseases.

2. Advanced Glycation End-Products (AGEs) and Inhibition Strategies

Advanced glycation end products (AGEs) are a heterogeneous group of compounds formed in
non-enzymatic reactions between proteins and reducing sugars or lipids [15,16]. AGEs accumulate
in vivo and activate several signaling pathways that are closely associated with the onset and
progression of various diseases and pathological conditions, including diabetes, atherosclerosis,
neuropathy, nephropathy, wound healing and Alzheimer’s disease. Decades of research have shown
that AGEs are the end product of a process that begins under hyperglycemic conditions with a
reaction between sugars and their autoxidation products and amino groups of biomolecules. The
process of AGE formation can be divided into two basic steps; in the first, carbonyl groups of sugars
react reversibly with free amino groups of proteins and nucleic acids, forming unstable Schiff bases
(Figure 1). Within a few weeks, they are converted intermolecularly into relatively stable Amadori
products, which are referred to as early glycation products. In the second step, a small proportion of
the Amadori products are converted directly into AGEs by irreversible oxidation or hydrolysis. The
remaining Amadori products can be converted into active a- dicarbonyl compounds such as glyoxal
(GO), methylglyoxal (MGO) and 3-deoxyglucosone (3-DG) in dehydration, oxidation or cyclization
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reactions. Reactive a-dicarbonyl compounds, also known as AGE precursors, bind covalently to
proteins to form stable AGEs. As a result, AGEs cause various protein modifications such as intra-
and intermolecular linkages and fragmentation, leading to a change in their activity, denaturation,
and irreversible damage [19].
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Figure 1. AGE formation.

In addition, the autoxidation of glucose, the oxidative cleavage of Schiff bases and lipid
peroxidation can produce dicarbonyl compounds that cause the formation of AGEs. Furthermore,
glycation has been shown to contribute to oxidative stress as AGEs interact with their receptor
(RAGE), leading to increased production of reactive oxygen species (ROS) that accelerate AGE
formation. Consequently, under hyperglycemic conditions and in a state of oxidative stress, there is
a disruption of the spatial organization of biomolecules, aggregation, and the development of
glycation-related diseases. To date, more than 20 types of AGEs have been identified, which are
categorized into four groups: (i) non-cross-linked, non-fluorescent; (ii) cross-linked, non-fluorescent;
(iif) non-cross-linked, fluorescent; and (iv) cross-linked, fluorescent, which provide a good basis for
measuring total AGEs [20,21] (Figure 2).
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Figure 2. Classification of advanced glycation end products according to their chemical characteristics.

Several strategies have been developed to inhibit the formation of AGEs, targeting different
stages of the glycation process [22]. One known mechanism is carbonyl scavenging, in which certain
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compounds scavenge the reactive carbonyl intermediates such as GO, MGO and 3-DG, which are
precursors of AGEs [23]. Examples of synthetic compounds that utilize this mechanism include
aminoguanidine and pyridoxamine. Other approaches focus on inhibiting early glycation reactions
by inhibiting the initial formation of Schiff bases and Amadori products or by inhibiting the advanced
glycation reactions, thereby blocking the conversion of Amadori products into AGEs.

Antioxidant mechanisms also play a critical role in the inhibition of AGEs, as oxidative stress is
known to contribute significantly to AGE formation [21]. Natural antioxidants such as vitamin C and
quercetin have demonstrated the ability to prevent AGE formation through their free radical
scavenging properties [24]. Other strategies include masking lysine residues on proteins that are
primary sites for glycation, lowering blood glucose levels to reduce the availability of reactive
sugars,and chelation of metal ions, as certain metal ions can catalyze the formation of AGEs [21,25].
Understanding these various mechanisms is fundamental to classifying how mushroom-derived
compounds exert their anti-AGE effects and appreciating their potential therapeutic value.

In addition to inhibiting the formation of AGEs, some compounds known as AGE-breakers can
directly break the cross-links that have already formed between proteins due to glycation. Examples
of such compounds are Alagebrium (ALT-711) [26] and its related analogs. Furthermore, in vitro
studies have shown that rosmarinic acid has the potential to break existing AGE cross-links [27].
While the focus of this work is on AGE inhibition, the possibility that certain mushroom derived
compounds also have AGE-breaking activity would represent a significant therapeutic advantage, as
they could potentially reverse some of the damage already caused by glycation.

The landscape of AGE inhibitors includes both natural and synthetic compounds. Synthetic
inhibitors such as aminoguanidine have demonstrated efficacy in preclinical studies, but their clinical
use has been limited by significant side effects [21]. This has led to a growing interest in natural
products, including plant extracts and various phytochemicals, as potential sources of safer and
equally effective AGE inhibitors with different mechanisms of action [17]. Well-known examples of
natural AGE inhibitors include resveratrol [28] and curcumin [29]. Numerous bioactive molecules
(Figure 3) prevent or treat various pathological conditions in humans, and many plant extracts, their
fractions or pure components have been thoroughly investigated as AGE inhibitors [30-34].

This increasing focus on natural sources emphasizes the need to thoroughly investigate
mushrooms, which are known to produce a wide range of bioactive compounds, for their potential
to contribute to the development of safe and effective anti-AGE therapies.
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Figure 3. AGE inhibitors derived from natural sources.

3. Mushrooms as a Potential Source of Natural AGE Inhibitors

Mushrooms represent a rich and largely unexploited reservoir of various bioactive metabolites
comprising a broad spectrum of chemical classes such as polysaccharides, proteins, peptides,
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terpenoids, phenolic compounds, alkaloids, vitamins, and minerals [35]. These compounds are
responsible for a broad spectrum of pharmacological activities, including significant antioxidant,
anti-inflammatory, antidiabetic, anticancer, and immunomodulatory effects. The sheer diversity of
chemical entities present in mushrooms greatly increases the likelihood of discovering novel
molecules with potent antiglycation properties. Consequently, the systematic screening of different
fungal species and their extracts represents a promising and largely unexplored opportunity for the
identification of natural AGE inhibitors.

Numerous research studies have documented the significant antioxidant properties of
numerous fungal compounds, particularly polysaccharides and phenolic compounds [35]. Since
oxidative stressis a critical factor in both the formation of AGEs and the mediation of their deleterious
effects, the inherent antioxidant capacity of mushrooms strongly suggests their potential to mitigate
the formation of AGEs and their downstream consequences. By effectively scavenging free radicals
and reducing overall oxidative stress, mushroom-derived antioxidants may indirectly inhibit the
glycation process [22]. This well-established link between antioxidant activity and AGE inhibition
provides a compelling rationale for focusing research efforts on mushrooms as a valuable source of
anti-AGE compounds.

In addition, many species of mushrooms have long been used in traditional medicine to treat
conditions such as diabetes and various age-related ailments [36]. This ethnomedicinal tradition
provides valuable initial evidence of their potential efficacy in the treatment of diseases in which the
accumulation of AGEs is an important factor. The traditional use of these mushrooms for related
health problems can serve as a guide for modern scientific research by highlighting specific species
that are particularly rich in anti-AGE compounds. This intersection of traditional knowledge and
modern scientific research offers a promising avenue for the discovery of new therapeutic agents.

Recent research has further expanded the potential of mushrooms by demonstrating that
combinations of different mushroom species can exhibit synergistic effects, enhancing their overall
anti-glycation and antioxidant capacity beyond what would be expected from the simple sum of their
individual activities [37]. This synergy is particularly potent at lower concentrations of mushroom
extracts, highlighting the complex and beneficial interactions between their diverse bioactive
compounds, such as phenolics, tannins, and flavonoids. This finding underscores the advantage of
consuming a variety of mushrooms or using multi-mushroom formulations to maximize health
benefits.

4. Specific Mushroom Species and Their AGE-Inhibiting Properties

Several species of fungi have been investigated for their potential to inhibit the formation of
AGEs and promising results have been obtained (Table 1). The study of Lignosus rhinocerus (tiger’s
milk mushroom) has shown that a medium molecular weight (MMW) fraction obtained from the
sclerotia of Lignosus rhinocerus has significant antiglycation activity [38]. This fraction was found to
specifically inhibit the formation of the major AGEs, namely Ne-(carboxymethyl)lysine (CML) and
pentosidine. It is noteworthy that the ICso value of this MMW fraction for the inhibition of AGEs is
remarkably low at 0.001 mg/ml, almost 520 times lower than that of the positive control,
aminoguanidine hydrochloride. The observed anti-glycation activity can be attributed, at least in
part, to the potent free radical scavenging activity of superoxide anions of the MMW fraction.
Furthermore, the identification of genes encoding glyoxalase I in L. rhinocerus suggests an additional
mechanism by which this fungus may inhibit the formation of AGEs, namely by detoxifying
methylglyoxal, an important precursor of various AGEs. These results make L. rhinocerus a
particularly promising source of potent AGE inhibitors with activity against specific AGE types,
possibly acting via both antioxidant and carbonyl detoxification pathways.

Polysaccharides isolated from the mycelium of Ganoderma capense, species that is widely used,
especially in Asia, have shown both antiglycation and antiradical activities in in vitro studies [39]. In
particular, the GC70 fraction of these polysaccharides showed significant potential to inhibit AGE
formation in a manner that was both time- and dose-dependent. In addition, these polysaccharides
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showed concentration-dependent scavenging abilities against both DPPH and hydroxyl radicals. The
dual activity of G. capense polysaccharides, namely direct inhibition of AGE formation and free radical
scavenging, is particularly beneficial given the intertwining of oxidative stress and glycation in
disease processes.

Ganoderma lucidum (reishi mushroom) has yielded an anti-oxidative proteoglycan named FYGL
that exhibits significant anti-glycation activity [40]. This compound inhibits glycation at every stage
of the process and suppresses glycoxidation, likely due to its strong antioxidative capacity and its
ability to form complexes with target proteins like bovine serum albumin. In vivo studies have
confirmed that FYGL can alleviate postprandial hyperglycemia in diabetic mice and reduce AGE
accumulation and vascular injury in diabetic rats. FYGL also demonstrates inhibitory effects on a-
glucosidase activity, which helps slow carbohydrate metabolism and reduce postprandial
hyperglycemia. This dual action against both glycation and glucose absorption makes FYGL a
particularly promising compound for diabetes management.

Research indicates that polysaccharide AAP-2S extracted from Auricularia auricula (wood ear
fungus) significantly inhibits the formation of AGEs during both short- and long-term glycosylation
processes [41]. This polysaccharide has been shown to reduce oxidative damage to proteins and
preserve important protein sulfhydryl groups. In addition, it reduces the carbonylation of proteins
and prevents structural changes in proteins caused by glycation. Furthermore, AAP-2S also exhibits
metal chelating capabilities. The mechanism of action may involve modulation of the RAGE/TGF-
B/NOX4 pathway, possibly attenuating glycosylation and improving cell fibrosis. In addition,
hydrolysates of polysaccharides from Auricularia auricula-judae also improve glucose absorption in
HepG2 cells and extend the lifespan of Caenorhabditis elegans under conditions of high sugar stress
[42].

Pleurotus ostreatus (oyster mushroom) is known to contain various phenolic compounds that
have been reported to have an antiglycative function. A methanolic extract of Pleurotus ostreatus was
found to have high phenolic and flavonoid content and excellent antioxidant capacity [43]. Fraction
F4 of this extract showed strong in vitro inhibition of fructose-mediated hemoglobin as well as BSA
protein glycation. In addition, this fraction showed fructosamine and protein carbonylation
inhibition and reduced protein aggregation and fluorescence intensity associated with AGEs.

A polyphenol-rich decoction (CPD) of Inonotus obliquus (Chaga mushroom) has been shown to
inhibit glycation of albumin and collagen gel three to four times more effectively than the known
AGE inhibitor aminoguanidine [44]. In addition, CPD exhibits significant intracellular antioxidant
effects. Chaga mushroom is known to contain high levels of various antioxidants as well as proteins,
minerals, fiber and vitamins [45].

Polysaccharides obtained from water extracts of Pholiota nameko, nutritious mushroom
originating in Japan, can significantly inhibit the production of AGEs in vitro and increase the
reduced cell viability and growth rate caused by glycation stress [46]. The antiglycation effect
originates from their excellent antioxidant activity and ROS scavenging ability.

Extracts from the edible mushroom Lactarius deterrimus used separately and in combination of
chestnut Castanea sativa extracts inhibited protein glycation and AGE formation in vitro, and reduced
non-enzymatic glycosylation in diabetic rats in vivo through inhibition of CML-mediated RAGE/NF-
kB activation and enzymatic O-GlcNAcylation in liver and kidney tissues [47].

Phellinus linteus has shown strong potential as a natural inhibitor of AGEs due to the presence
of various bioactive compounds [48]. Among its phenolic constituents, one compound from the
fruiting body has demonstrated exceptional efficacy in inhibiting protein cross-linking at the final
stage of glycation, performing even better than aminoguanidine. Additionally, the mushroom
contains potent antioxidants such as hispidin and ergothioneine, which help mitigate oxidative
stress—a key driver of AGE formation—and thus indirectly reduce AGE accumulation. Furthermore,
polysaccharides extracted from P. linteus have been found to lower blood glucose levels and improve
insulin sensitivity in diabetic models. This glycemic control reduces the availability of sugars that
participate in glycation reactions, contributing further to the inhibition of AGE formation [49].
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Ergothioneine is an unusual amino acid derivative found in various mushrooms that has been
patented for use as an anti-glycation agent [50]. This compound acts as a powerful antioxidant and
may protect proteins from glycation damage through its free radical scavenging properties. Although
the patent focuses on topical application for reducing skin protein glycation, ergothioneine’s
mechanism suggests potential benefits for systemic glycation processes as well.

A study by Sun et al. (2015) presents a detailed investigation of the antiglycation properties of
two novel polysaccharide fractions (BSP-1b and BSP-2b) purified from the mushroom Boletus snicus
[51]. The researchers thoroughly characterised the polysaccharides, finding that BSP-2b had a higher
molecular weight (128.74 kDa) and a more complex monosaccharide composition, including a
significant uronic acid content, compared to BSP-1b (59.21 kDa). In a bovine serum albumin (BSA)-
glucose glycation model, both fractions showed significant, dose-dependent inhibition of AGE
formation at all stages of the glycation process (initial, intermediate, and final). Notably, BSP-2b
consistently exhibited stronger antiglycation activity than BSP-1b. The authors attributed this greater
efficacy to the higher molecular weight and increased uronic acid content of BSP-2b, suggesting that
these structural features are critical for its potent activity. This study identifies Boletus snicus as a
promising source of antiglycative agents and highlights the importance of polysaccharide structure
in determining bioactivity.

A crucial aspect for the practical application of mushroom-based AGE inhibitors is their stability
during processing. A study on Agaricus bisporus and Pleurotus ostreatus demonstrated that UV-B
irradiation, a common method to enhance Vitamin D, content, significantly reduced the overall
antioxidant capacity of the mushrooms. However, the antiglycation activity of both the water-soluble
and ethanol-insoluble fractions was fully retained after irradiation [52]. This finding underscores that
the bioactive compounds responsible for inhibiting AGE formation in these commercially vital
species are remarkably stable, highlighting their potential for use in processed functional foods and
nutraceuticals without losing efficacy.

Table 1. Antiglycation activities of mushroom species.

Mushroom Active Fraction/ Proposed Ref
Species Compound(s) Mechanism(s) )
Lignosus rhinocerus Mfg;?;?&ﬁw; ™ Inhibition .of CML and. pentosidine, super(.)x.ide anion 38]
. radical scavenging, glyoxalase I activity
fraction
Inhibition of AGE
Ganoderma capense Polysaccharides formation, DPPH and [39]
(GC70 fraction) hydroxyl radical
scavenging
Inhibits glycation at every stage; suppresses
Ganoderma lucidum FYGL proteoglycan glycoxidation; forms protective complexes with [40]
proteins
Inhibition of AGE
formation,
attenuation of
oxidative damage,
Auricularia auricula Polysaccharides preservation of [41,42]
sulfhydryl groups,
metal chelation,
RAGE/TGEF-/NOX4
pathway modulation
Methanolic extract Inhibitim? of glycat.ed
. hemoglobin formation,
(Fraction F4), fructosamine, protein
Pleurotus ostreatus phenolic and ’ . [43]
flavonoid carbonyls, Protem
compounds aggregation,

fluorescent AGEs,
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antioxidant activity
Inhibition of albumin
d coll 1
. Polyphenol decoction and co agen 8¢
Inonotus obliquus glycation, [44]
(CPD) .
intracellular
antioxidant activity
Pholiota nameko Polysaccharides Antioxidant activity and ROS scavenging ability [46]
. Reduction of the RAGE/NF-xB activation, reduction of
. , 50% ethanolic . . . 1
Lactarius deterrimus extract enzymatic O-GlcNAcylation, reduction of oxidative  [47]
stress
Phenolic compounds,
. ) . Carbonyl t ing, f dical ing, metaboli
Phellinus linteus polysaccharides, arbony?t trapping, tree ra 1C.a scavenging, metabotic [48,49]
L regulation
ergothioneine
Various mushrooms Ergothioneine Antioxidant activity; free radical scavenging [50]
Boletus snicus Polysaccharl.des Activity Correléted w1th' hlg}:’l molecular weight and [51]
(BSP-2b fraction) high uronic acid content
Water-soluble and

Agaricus bisporus, aterrsobie an Retention of activity post-UV irradiation suggests the

ethanol-insoluble . . [52]
Pleurotus ostreatus fractions involvement of stable, non-phenolic compounds

Beyond the activity of individual species, the strategic combination of common edible
mushrooms has emerged as a promising approach to boost anti-glycation effects. A comprehensive
study evaluating pairwise combinations of Agaricus bisporus, Lentinula edodes, Flammulina velutipes,
Pleurotus ostreatus, and Pleurotus eryngii revealed that specific mixtures can produce synergistic
interactions [37]. Interestingly, the study also found that these synergistic effects were most
pronounced at lower extract concentrations, while higher concentrations often led to antagonistic
interactions. This suggests that the balance and ratio of bioactive compounds are critical for achieving
optimal functional benefits. The anti-glycation activity of these mushroom combinations showed a
significant positive correlation with their total phenolic content and radical scavenging capacity
(DPPH assay), reinforcing the role of polyphenols as primary agents against AGE formation.

5. Mechanisms of Action of Mushroom-Derived AGE Inhibitors

The fungal species identified in the previous section exert their AGE-inhibitory effects through
a variety of mechanisms that reflect the different chemical nature of their bioactive compounds
(Figure 4).

@
Covering the glycation sites of proteins ( “NH,

Scavening oxidative free radicals HO'H H,O
0A s T i tive dicarbonyl d =
g (89 rapping active dicarbonyl compoun so/ 0-@

Chelating metal ions  Fe?* C
=™ 's
Modulating signal transduction pathways W

Figure 4. Main mechanisms of action of mushroom-derived AGE inhibitors.
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5.1. Antioxidant Activity

A primary mechanism by which mushrooms combat AGE formation is their potent antioxidant
activity. Since oxidative stress contributes to both the formation and deleterious effects of AGEs, the
ability of mushroom-derived compounds to scavenge free radicals and reduce oxidative stress is
critical. For example, the antiglycation activity of the MMW fraction from Lignosus rhinocerus is
associated with its strong ability to scavenge superoxide anion radicals [38]. Similarly, the
polysaccharides from Ganoderma capense show scavenging abilities against both DPPH and hydroxyl
radicals [39]. Antiglycation activity of Pholiota nameko is also attributed to antioxidant activity of
constitutive polysaccharides [46]. The high phenolic and flavonoid content in Pleurotus ostreatus
contributes to its excellent antioxidant capacity, which is likely involved in its anti-glycation effect
[43]. The polyphenol decoction from Inonotus obliquus also shows significant intracellular antioxidant
activity, which contributes to its ability to inhibit glycation [44].

5.2. Scavenging of Carbonyl

Another important mechanism is the scavenging of reactive carbonyl species, which are
important intermediates in the formation of AGEs. While direct evidence for scavenging of carbonyl
species by specific fungal compounds is limited, the presence of glyoxalase I-related genes in Lignosus
rhinocerus suggests an ability to detoxify methylglyoxal, a major reactive carbonyl compound [38].
This enzymatic detoxification effectively reduces the pool of reactive carbonyl compounds available
for the formation of AGEs.

5.3. Interfering with the Glycation Process

Compounds derived from fungi can also interfere with the glycation process at various stages.
Degraded polysaccharides from Auricularia auricula inhibit AGE formation in both the early and
advanced stages of glycation [41]. The methanolic extract of Pleurotus ostreatus inhibits the formation
of glycated hemoglobin (an early glycation product), fructosamine (an intermediate product), and
protein carbonyl (associated with advanced glycation) [43]. The polyphenol decoction from Inonotus
obliquus effectively inhibits the glycation of albumin and collagen, suggesting an intervention in a
fundamental level of protein modification by sugars [44]. The proteoglycan FYGL isolated from
Ganoderma lucidum has been shown to inhibit glycation at multiple stages and suppress glycoxidation,
possibly through formation of complexes with target proteins that protect vulnerable amino acid
residues [40]. These compounds can prevent the initial attachment of reducing sugars to proteins or
interrupt subsequent rearrangement reactions that lead to AGE formation.

5.4. Modulation of Signal Transduction Pathways

Some mushroom-derived compounds may exert their anti-AGE effects by modulating relevant
cellular signaling pathways. For example, Auricularia auricula polysaccharides, can attenuate
glycosylation and improve cell fibrosis by modulating the RAGE/TGF-3/NOX4 signaling pathway
[41]. Similarly, Lactarius deterrimus extracts disrupt the cycle of CML-induced RAGE/NF-«B pathway
activation by reducing protein glycation and CML formation. The RAGE signaling pathway is a key
mediator of the inflammatory and deleterious effects of AGEs, and its modulation may represent an
important therapeutic strategy.

5.5. Metal-Ion Chelation

The ability of Auricularia auricula polysaccharides to chelate metal ions [41] may also contribute
to their anti-AGE activity, as certain metal ions can catalyze the glycation process and the formation
of reactive oxygen species involved in AGE production. By sequestering these metal ions, the
polysaccharides may help to reduce the rate of AGE formation.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1682.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 December 2025 d0i:10.20944/preprints202512.1682.v1

10 of 16

5.6. Synergistic Interactions

The beneficial effects of mushroom-derived compounds can be amplified through synergistic
interactions when different species are combined. These interactions are not merely additive; the
combined effect exceeds the sum of individual effects, likely due to complementary mechanisms of
action [37]. For instance, the potent synergy observed in mixtures containing Flammulina velutipes
(rich in phenolics) with Agaricus bisporus or Lentinula edodes may arise from the interplay between
different phenolic profiles, flavonoids, and tannins. Such combinations can enhance free radical
scavenging, improve metal chelation, and more effectively interfere at multiple stages of the glycation
pathway simultaneously. This multi-targeted approach, facilitated by synergy, represents a powerful
strategy for inhibiting AGE formation.

5.7. The Critical Role of Molecular Weight and Uronic Acid Content

A comparative study of two polysaccharide fractions from Boletus snicus (BSP-1b and BSP-2b)
shows a clear correlation between structural features and antiglycation efficacy. The authors
demonstrated that the polysaccharide fraction with higher molecular weight and higher uronic acid
content (BSP-2b) exhibited significantly stronger inhibitory activity at all stages of glycation
compared to the fraction with lower molecular weight and less uronic acid (BSP-1b) [51]. BSP-2b was
more effective at inhibiting the formation of Amadori products in the initial stage, scavenging
reactive dicarbonyl compounds in the intermediate stage, and preventing the formation of
fluorescent AGEs in the final stage. Although the authors noted that the precise mechanistic details
require further investigation, the results strongly suggest that molecular weight and, most notably,
uronic acid content are critical structural features that directly enhance a polysaccharide’s ability to
inhibit AGE formation. This direct comparison within the same species highlights that the
antiglycation activity of polysaccharides is not generic but is highly dependent on these specific
structural characteristics.

5.8. Role of Stable, High-Molecular-Weight Compounds

The resilience of antiglycation compounds to processing stresses provides valuable mechanistic
insights. Research on UV-irradiated Agaricus bisporus and Pleurotus ostreatus showed that their
antiglycation activity remained intact despite a reduction in general antioxidant power [52]. This
stability indicates that the primary antiglycative agents are likely high-molecular-weight
polysaccharides or glycoproteins, which operate through robust mechanisms such as carbonyl
trapping and metal chelation. These mechanisms are not easily compromised by photo-oxidation,
unlike the activity of more labile, low-molecular-weight phenolic antioxidants. The stability of these
compounds further confirms their suitability for development into reliable therapeutic formulations.

6. Evidence from Research Studies

The antiglycation properties of the identified fungal species are supported by various in vitro
and in vivo studies. In vitro studies, usually performed in the laboratory, allow direct evaluation of
the ability of mushroom extracts or isolated compounds to inhibit AGE formation under controlled
conditions.

For example, the potent antiglycation activity of the MMW fraction from Lignosus rhinocerus was
demonstrated in a human serum albumin-glucose system, where it significantly inhibited the
formation of CML and pentosidine [38]. Similarly, the polysaccharides of Ganoderma capense showed
significant anti-glycation activity in vitro using non-enzymatic glycation reaction assays [39]. The
degraded polysaccharides of Auricularia auricula judae were also effective in inhibiting AGE formation
in vitro in both short-term and long-term glycosylation experiments [42]. Furthermore, the
methanolic extract of Pleurotus ostreatus and its fraction F4 showed significant in vitro inhibitory
effects on the formation of glycated hemoglobin, fructosamine and protein carbonyls [43]. The
polyphenol decoction of Chaga mushroom also showed strong in vitro antiglycation activity against
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albumin and collagen [44]. Furthermore, the study on Boletus snicus demonstrated that its purified
polysaccharide fraction BSP-2b effectively inhibited AGE formation across all three stages of
glycation (initial, intermediate, and final) in a BSA-glucose model [51]. Similarly, research on UV-
irradiated Agaricus bisporus and Pleurotus ostreatus confirmed that their antiglycation activity in the
BSA-fructose system remained stable despite processing, highlighting the robustness of the active
compounds [52].

Several in vivo studies have demonstrated the potential of mushrooms to inhibit the formation
and accumulation of AGEs, particularly in diabetic animal models. For instance, Ganoderma lucidum
has been shown to significantly reduce AGE accumulation in diabetic rats through the action of a
proteoglycan called FYGL [40]. This compound not only inhibited glycation at various stages but also
alleviated vascular injury and postprandial hyperglycemia. Its mechanism involves strong
antioxidant activity and the inhibition of a-glucosidase, which helps regulate blood glucose levels
and reduces the substrate availability for glycation. Similarly, polysaccharides extracted from
Auricularia auricula have shown protective effects in vivo by reducing oxidative protein damage and
preserving essential protein structures in the context of high sugar stress. These effects were also
associated with the modulation of the RAGE/TGF-/NOX4 signaling pathway, suggesting a
molecular basis for the observed antiglycation activity [41]. Another in vivo study involving Lactarius
deterrimus, particularly in combination with chestnut (Castanea sativa) extracts, demonstrated that
these mushrooms could reduce protein glycation and AGE formation in diabetic rats [47]. The
treatment inhibited the activation of the RAGE/NF-kB inflammatory pathway and also affected
enzymatic O-GlcNAcylation in the liver and kidneys, processes that are typically dysregulated in
diabetes.

Collectively, these studies provide compelling in vivo evidence that mushroom-derived
compounds can effectively inhibit AGE formation and its associated pathologies through antioxidant
effects, improved glucose metabolism, and suppression of glycation-related signaling pathways.
Nevertheless, further research specifically designed to evaluate the AGE inhibitory effects of these
fungal species and their isolated compounds in vivo is warranted to fully validate their therapeutic
potential.

7. Potential Applications and Future Directions

The findings presented in this review highlight the significant potential of several fungal species
as a source of natural compounds that can inhibit the formation of AGEs. Given the known role of
AGE:s in the development of numerous chronic diseases, including diabetes, cardiovascular disease
and neurodegenerative disorders, these mushroom-derived inhibitors hold promise for a variety of
therapeutic applications. One of the most immediate applications is in the treatment of diabetes and
its complications. The accelerated formation of AGEs in diabetic patients contributes significantly to
the development of micro- and macrovascular complications. Mushroom extracts and isolated
compounds, particularly from Lignosus rhinocerus, Ganoderma capense and Auricularia auricula, which
have shown potent antiglycation activity in vitro, could be explored as complementary therapies to
conventional antidiabetic treatments. Their ability to inhibit the formation of specific AGEs such as
CML and pentosidine, together with their antioxidant properties, could help to reduce the burden of
diabetic complications.

In addition, the potential of fungal compounds in attenuating age-related diseases is worth
mentioning. The accumulation of AGE is a hallmark of the aging process and contributes to tissue
damage and loss of function. The antioxidant and antiglycative properties of mushrooms such as
Pleurotus ostreatus and Inonotus obliqguus suggest that they may slow down the aging process and
prevent or delay the onset of age-related disorders. The neuroprotective potential of some of these
mushrooms, which has been pointed out in other studies [53], supports their investigation in the
context of neurodegenerative diseases in which AGEs play a role.

The possibility of incorporating mushroom extracts or isolated compounds into functional
foods and nutraceuticals is also worth considering. The relatively safe profile generally associated
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with edible and medicinal mushrooms makes them attractive candidates for dietary interventions
aimed at preventing the accumulation of AGEs and promoting overall health. For example, the
degraded polysaccharides from Auricularia auricula, which have shown promising anti-AGE effects,
may be developed as food additives. Also, the discovery of synergistic anti-glycation effects in
mushroom combinations opens exciting new avenues for developing functional foods and
nutraceuticals. Instead of relying on single-species extracts, future products could be formulated
using optimized blends of mushrooms to achieve greater efficacy at lower doses. This approach
aligns with dietary patterns that emphasize diversity and could lead to more potent preventive
strategies. Furthermore, the stability of antiglycation compounds in mushrooms like Agaricus bisporus
and Pleurotus ostreatus during UV processing, combined with the potent activity of polysaccharides
from species like Boletus snicus, makes them particularly suitable candidates for the development of
standardized nutraceuticals and processed functional foods.

Future research should focus on several key areas to further explore the therapeutic potential of
mushroom-derived AGE inhibitors. Isolation and characterization of the specific bioactive
compounds responsible for the observed anti-glycation activity are crucial. Once identified, their
exact mechanisms of action need to be elucidated at the molecular level. This includes the question
of whether they act as carbonyl scavengers, intervene in certain phases of glycation, modulate
signaling pathways or have AGE-breaking capabilities.

Preclinical studies using in vivo models of diabetes, aging and other AGE-related diseases are
essential to verify the efficacy and safety of these compounds. Such studies should evaluate the effects
of mushroom extracts or isolated compounds on AGE levels in various tissues and organs and their
ability to prevent or ameliorate disease progression.

Finally, human clinical trials are needed to translate the promising preclinical results into
effective therapeutic interventions. These trials should demonstrate the safety and efficacy of fungal
AGE inhibitors in the treatment of AGE-related diseases and to improve patient outcomes. Exploring
potential synergistic effects by combining different mushroom extracts or compounds with
conventional therapies could also be a valuable avenue for future research.

8. Conclusions

Analysis of the available research shows that mushrooms are a promising source of natural
compounds that can inhibit the formation of advanced glycation end products (AGEs). Several
species of fungi, including Lignosus rhinocerus, Ganoderma capense, Auricularia auricula, Pleurotus
ostreatus, Boletus snicus and Inonotus obliquus, have shown significant anti-glycation activity in vitro,
often associated with their high content of polysaccharides and phenolic compounds with potent
antioxidant properties. Proposed mechanisms of action include scavenging reactive oxygen species
and reactive carbonyl intermediates, interfering with different phases of the glycation process, and
modulating relevant cellular signaling pathways. While in vitro studies provide strong evidence of
their potential, further research, especially in vivo and clinical studies, are needed to fully validate
their therapeutic efficacy in the treatment of AGE-related diseases.

Nonetheless, the results highlight the potential of fungi as a valuable resource for the
development of safe and effective natural AGE inhibitors, offering a promising avenue for the
prevention and treatment of a wide range of chronic diseases associated with aging and metabolic
disorders.
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