International Journal of Frontiers in Medicine
ISSN 2706-6819 Vol.8, Issue 2: 45-49, DOI: 10.25236/1JFM.2026.080205

The Mechanism of Fungal Secondary Metabolites in
Regulating Intestinal Microecology and Their
Health-Sociological Implications

Yao Song
College of Life Science, Capital Normal University, 100048, Beijing, China

Abstract: This article aims to explore the multidimensional mechanisms of fungal secondary
metabolites in the regulation of gut microbiota and the resulting changes in health concepts. The study
adopts a theoretical analysis approach, integrating microbial chemistry, ecological interaction models,
and health sociology perspectives to systematically sort out how the chemical diversity of fungal
metabolites selectively perturbs the microbial community structure, thereby affecting the host's immune,
metabolic, and neuroendocrine functions. Analysis shows that these metabolites are not primarily used
for sterilization, but rather guide the evolution of microecology towards a high resilience state through
low-intensity, multi-target chemical signals, and reshape health as a dynamic balance rather than a
static disease-free cognitive framework in this process. Further research reveals that the discourse of
micro ecological intervention has penetrated into the fields of consumption, policy, and daily practice,
repositioning individuals as active managers of the body's ecology, thereby promoting the formation of
a new health ethics centered on symbiosis, collaboration, and self-regulation. This theoretical
construction expands the understanding of the tripartite interaction between fungi, microbiota, and
host, providing a sociological entry point for reflecting on responsibility allocation and knowledge
power in contemporary health governance.
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1. Introduction

At the intersection of contemporary life sciences and health research, gut microbiota is increasingly
regarded as a key hub connecting the environment, metabolism, and immune system [1]. Its structural
stability and functional dynamism not only affect an individual's physiological state, but also play an
indispensable role in the occurrence of chronic diseases, mental health, and even the aging process.
Traditional research often focuses on the composition and function of bacterial communities, while
fungi, as a small but functionally significant member of the gut microbiome, have long been
marginalized in their role [2]. With the development of metagenomics and metabolomics technologies,
fungal secondary metabolites have gradually entered the research field and become a new entry point
for understanding the host microbe interaction mechanism [3]. These low molecular weight compounds
synthesized by filamentous fungi or yeast in the non growth stage cover various chemical types such as
polyketones, terpenes, alkaloids, cyclic peptides, and sphingolipids [4]. They have a wide range of
biological activities such as antibacterial, anti-inflammatory, and immune regulation, which may
indirectly affect host health by regulating the structure of the microbiota [5]. Some fungal metabolites,
such as ceramide precursors or short chain fatty acid derivatives, have been shown to participate in the
regulation of host cell signaling pathways, thereby affecting metabolic homeostasis and neuroendocrine
function.

The current research on fungal secondary metabolites mainly remains at the level of drug
development or in vitro activity verification, lacking a systematic theoretical construction of their
dynamic mechanisms of action in complex microecological systems [6]. Especially in the highly
heterogeneous and dynamically balanced microenvironment of the intestine, there is no unified
explanatory framework for how fungal metabolites form a multi-level interaction network with bacteria,
archaea, and host cells [7]. This knowledge gap limits the precision of micro ecological intervention
strategies and hinders the possibility of re understanding the concept of "health" from a socio-cultural
perspective. The perspective of health sociology emphasizes that the evolution of medical knowledge
often accompanies the social construction process of health concepts. When microecological
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intervention shifts from sterilization to bacterial regulation, from a single target to system balance, the
public's understanding of disease causes, treatment methods, and even bodily autonomy is also
reconstructed. Fungal secondary metabolites, as potential microecological regulators, are quietly
driving the formation of a new health discourse centered on symbiosis, synergy, and ecological
resilience through their scientific narrative.

This article aims to go beyond the traditional pharmacological paradigm and construct an integrated
theoretical framework from four dimensions: chemical diversity, microecological response mechanisms,
host regulatory pathways, and social construction logic. To reveal the deep role of fungal secondary
metabolites in the regulation of intestinal microbiota and explore their sociological implications in the
transformation of health concepts. This attempt helps bridge the gap between theory and practice,
providing a conceptual foundation for the ethical design and public communication of future micro
ecological intervention policies.

2. Chemical diversity and biological activity basis of fungal secondary metabolites

Fungal secondary metabolites originate from their complex secondary metabolic network, with
highly diverse chemical structures, mainly including polyketones, non ribosomal peptides, terpenes,
alkaloids, and hybrid natural products. These compounds are not essential for fungal growth, but play a
crucial role in environmental adaptation, interspecific competition, and the establishment of symbiotic
relationships. Its structural complexity endows it with a wide spectrum of biological activities, such as
antimicrobial, anti-tumor, immune regulation, and signal transduction regulation functions [8]. Partial
metabolites can mediate chemical communication between microorganisms at low concentrations,
thereby affecting the composition and functional pattern of the entire microbial community. This
chemical diversity forms the material basis for the interaction between fungi and gut microbiota,
providing a potential molecular toolbox for subsequent regulation of host physiology.

3. The response mechanism of gut microbiota structure to fungal metabolites

The response mechanism of gut microbiota structure to fungal secondary metabolites is reflected in
a multi-level and dynamic interaction process. The core lies in how metabolites disrupt the balance of
the original microbial community through chemical signals and induce functional recombination.
Fungal metabolites do not act on the gut microbiota in a broad-spectrum bactericidal manner, but rather
selectively inhibit or activate specific bacterial groups, thereby altering the topology and metabolic
output of the microbial network [9]. Partial fungal derived sphingolipid molecules can be recognized
by host intestinal epithelial cells, triggering immune regulatory pathways and further feedback to the
microbiota structure, forming a tripartite loop of metabolites, microbiota, and host. The response of gut
microbiota to fungal metabolites is highly individual dependent, shaped by factors such as host genetic
background, dietary structure, and past antibiotic exposure. Under steady-state conditions, low
concentrations of metabolites may only cause brief functional fluctuations; In a state of dysbiosis, the
same substance may trigger significant ecological niche rearrangement and even facilitate the
establishment of a new steady state.

The impact of fungal metabolites on microecology is not unidirectional, but rather guides the
system towards a more resilient state through multi-target, low-intensity sustained disturbances. The
regulatory tendencies and potential pathways of four typical fungal secondary metabolites on key gut
microbiota groups are summarized in Table 1.

Table 1 Regulatory Tendencies of Fungal Metabolites on Gut Microbiota (Source: Adapted from [6])

Metabolite Targeted Microbial Regulatory Potential Mechanism of Action
Category Groups (Genus Level) Direction
Polyketide Escherichia, Klebsiella Inhibition Disrupting cell membrane
Derivatives integrity, reducing LPS synthesis
Non-ribosomal Bifidobacterium Promotion Providing nitrogen source
Cyclic Peptides precursors, enhancing glycolytic
activity
Sesquiterpene Clostridium cluster Promotion | Activating butyrate synthase gene
Lactones XIVa expression
Sphingosine Base Akkermansia Bidirectional | Feedback mechanism mediated
Analogues Regulation by host IL-22 levels
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4. The regulatory pathway of metabolite microbiota interaction on host physiological functions

The regulatory pathway of metabolite microbiota interaction on host physiological functions is not a
non-linear causal chain, but a dynamic network woven together by chemical signals, microbial
metabolic outputs, and host receptor systems. Fungal secondary metabolites first act on bacterial
communities in the intestinal lumen, altering their metabolic profile and indirectly affecting core
physiological processes such as host immunity, neuroendocrine, and energy metabolism. For example,
when a certain type of polyketide derivative inhibits Gram negative bacteria that produce
lipopolysaccharides (LPS), the endotoxin load in the circulatory system decreases, which can alleviate
the chronic activation state of Kupffer cells in the liver and improve insulin sensitivity. At the same
time, the promoted butyrate producing bacteria enhance the expression of tight junction proteins in the
intestinal epithelium, not only improving barrier function, but also stimulating the differentiation of
regulatory T cells, forming a local immune tolerance microenvironment. Some fungal metabolites can
directly cross the intestinal epithelium or be taken up by M cells, bind to nuclear receptors in host cells,
and regulate the transcription levels of detoxifying enzymes and inflammatory factors. This dual
mechanism of direct and indirect action makes fungal metabolites a key mediator connecting
exogenous chemical signals and maintaining internal homeostasis. Metabolites of the microbiota, such
as short chain fatty acids, secondary bile acids, and tryptophan derivatives, undergo changes in
concentration and proportion under the intervention of fungal metabolites, which further act on the
central nervous system through the vagus nerve or blood circulation, affecting emotional and cognitive
functions.

Table 2 Host Physiological Responses to Metabolite-Microbiota Interactions (Source.: Adapted from

[8])
Interaction Pattern Host Response Change Potential Molecular
Indicators Trend Mediators
Polyketide inhibition of Serum TNF-a, IL-6 Decrease Reduced TLR4/NF-xB
LPS-producing bacteria levels pathway activity
Cyclic peptide promotion of | Colonic Foxp3*Treg Increase HDAC inhibition and
butyrate-producing bacteria proportion GPR109A activation
proliferation
Sphingolipid analogue Plasma BDNF, Fluctuating Enhanced vagus nerve
regulation of Akkermansia 5-HIAA Increase afferent activity and
abundance concentrations tryptophan hydroxylase
activity

The response characteristics and potential molecular mediators of host key physiological indicators
under three typical interaction modes are shown in Table 2. Fungal metabolites can systematically
regulate the host's metabolic homeostasis, immune tension, and neurochemical environment by
reshaping the functional output of the microbiota. The intensity and duration of their effects depend on
the initial microbiota configuration and host genetic background. The complexity of this regulatory
pathway suggests that future micro ecological intervention strategies need to go beyond single
component supplementation and shift towards precise guidance of the overall dynamics of metabolic
networks.

5. Changes of health concept and social construction logic from the perspective of
microecological intervention

The rise of microecological intervention not only marks the deep transformation of biomedical
paradigm, but also reflects the reconstruction process of health concept in contemporary society.
Traditional medicine has long regarded microorganisms as pathogens, emphasizing the logic of
confrontation between clearance and defense. However, the microecological perspective turns to
symbiosis, balance and system resilience, and advocates maintaining health through regulation rather
than elimination. As a potential regulator in this new paradigm, the scientific narrative of fungal
secondary metabolites is quietly pushing the public's understanding of body, disease and treatment to
shift. Health is no longer regarded as a static disease-free state, but a dynamic ecological coordination
ability. This concept change is embedded in a wider social and cultural context and has become the
core issue of health sociology. With the help of consumer market and media discourse, intestinal health
has gradually evolved from a technical term to a symbol of daily practice, and prebiotics, metazoans
and natural metabolites have been given moral colors, such as purity, naturalness and self-control. This
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discourse construction reshapes the individual's health responsibility ethics, and also blurs the boundary
between medical intervention and lifestyle choice. The popularization of microecological knowledge is
not evenly distributed, and its acceptance is deeply influenced by education level, media contact habits
and cultural cognitive framework, which leads to the hidden generation of new health inequality.

Subject Positioning Implicit Value Orientation
Health Consumption ||:> Rational Consumers and ﬂ:> Self-discipline Proactivit Scientific
Market Self-Managers ~diselp ¥ Literacy
‘ "Natural Regulation" ‘ ‘ "Precise Maintenance" ‘ ‘ "Microbiota Balance"
. . Responsible Citizens and I[::> Collective Well- Cost-
Public Health Policy ||:> Risk Preventers being effectiveness
Social Field ‘ "Microecological Resilience" ‘ ‘ "Early Intervention Window" ‘
Social Media Science Awakened Individuals and E> Self-awareness Inner
Popularization Body Explorers N Harmony
‘ "Secrets of the Gut-Brain Axis" ‘ ‘ "Your Microbiota Determines You"
Clinical Support ||:> Collaborative Decision- E> Doctor-Patient Non-
Context Making Participants Co-governance confrontational
‘ "Supportive Regulation” ‘ ‘ "Ecological Support Therapy" ‘

Figure 1 Social Representation of Microecological Health Discourse

The presentation characteristics of micro-ecological intervention discourse in different social fields
and its corresponding subject positioning strategy are shown in Figure 1. Micro-ecological health
concept internalizes health governance into a daily ethical practice by metaphor of the body as an
ecosystem, endowing individuals with the role of gardeners and emphasizing the responsibility of
continuous care and fine regulation. This kind of construction logic not only releases individual
initiative, but also may aggravate the moral responsibility of the unbalanced person. Therefore, the
microecological intervention path represented by fungal metabolites is far beyond the technical level,
and it is actually a deep consultation on body sovereignty, scientific authority and social norms.

6. Conclusions

The role of fungal secondary metabolites in intestinal microecological regulation is far from being
covered by traditional pharmacology, and its significance lies in opening a life intervention logic with
ecological relationship as the core. Through theoretical integration, this paper shows that these natural
compounds with diverse structures indirectly shape the immune homeostasis, metabolic efficiency and
neurochemical environment of the host by selectively regulating the abundance and functional output
of bacterial groups, forming a nonlinear regulation path of chemical signals, bacterial recombination
and physiological response. This mechanism emphasizes the integrity and dynamic adaptability of the
system, and challenges the antagonistic medical paradigm characterized by single target and powerful
inhibition.

The far-reaching influence is reflected in the social and cultural level. With the spread of
microecological knowledge, health is gradually constructed as an ecological balance state that needs to
be maintained continuously, rather than a pathological absence defined only by the medical system.
Individuals are endowed with the role of body gardener, and assume the responsibility of fine-tuning
the internal flora through diet, supplements and lifestyle. This concept is commercialized as a symbol
of self-discipline and scientific literacy in the consumer market, transformed into a cost-benefit logic of
giving priority to prevention in the context of public health, and evolved into a narrative of
self-exploration and internal harmony in social media. However, this empowerment is accompanied by
hidden risks-when health is regarded as an optimized ecosystem, those groups that are difficult to
implement "precise conservation" due to social structural restrictions may face new moral accusations
and health inequality. Therefore, the real value of the microecological intervention path represented by
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fungal metabolites lies not only in the biological activity itself, but also in prompting the society to
rethink the responsibility boundary of health, the degree of democratization of scientific knowledge and
the ethical connotation of the symbiotic relationship between people and microorganisms.
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