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Symphony of the gut microbiota
and endocannabinoidome:

a molecular and

functional perspective

Yang Wang, Jing Guo, Zhigin Mao and Ying Chen*

Department of Pediatric Gastroenterology, Shengjing Hospital of China Medical University, Shenyang,
Liaoning, China

This review examines the impact of interactions between the gut microbiota and
the endocannabinoidome (eCBome) on health and disease, highlighting their
significance for physiological and pathological processes. We identify key
research gaps and challenges to advance the field. The review discusses the
role of dietary patterns and physical activity in regulating these interactions. It
also explores the complex nature of these interactions in conditions such as
inflammatory bowel disease (IBD), depression, anxiety, Alzheimer's disease (AD),
and metabolic disorders. This analysis evaluates their contributions to disease
onset and progression, and examines the molecular mechanisms and signaling
pathways involved. From this, we provide forward-looking perspectives on future
research directions, advocating for a more nuanced understanding of the gut
microbiota—eCBome axis. We anticipate that future research will integrate gut
microbiota—endocannabinoidome interactions into therapeutic strategies for a
broad range of diseases.
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Introduction

The gut microbiota, consisting of approximately 100 trillion microorganisms, colonizes
the intestines at birth and dynamically adapts to environmental factors. The microbiota
includes not only bacteria but also viruses, fungi, archaea, and eukaryotes, together forming
our “second genome” (Bickhed et al., 2005). Seven major bacterial phyla play crucial roles
in the gut, with Firmicutes and Bacteroidetes being the most dominant. Firmicutes, which
are primarily Gram-positive bacteria, and Bacteroidetes, composed mainly of Gram-
negative anaerobes, are key players in maintaining gut health. A balance between these
phyla is essential for maintaining gut health (Islam et al., 2022).

The gut is divided into four sections: the duodenum, jejunum, ileum, and colon. Each
section has distinct microbial densities and compositions. The duodenum has the lowest
bacterial density, predominantly consisting of Firmicutes and Actinobacteria. In contrast,
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the colon, with the highest bacterial density, is dominated by
Firmicutes and Bacteroidetes. Key colon genera include
Bacteroides, Bifidobacterium, and Lactobacillus (Hollister et al.,
2014). The gut microbiota influences host health on multiple levels,
such as metabolism, immune protection, structural integrity, and
neural regulation (Adak and Khan, 2019). Through host
interactions, these microbes regulate physiological processes and
are indispensable for maintaining overall health.

The endocannabinoid system (ECS) is a complex network
composed primarily of the endocannabinoid molecules
anandamide (AEA) and 2-arachidonoylglycerol (2-AG), along
with their corresponding cannabinoid receptors 1 and 2 (CB1 and
CB2). The system also includes key enzymes like N-acyl-
phosphatidylethanolamine-specific phospholipase D-like and
diacylglycerol lipases o and f3, as well as degradative enzymes like
fatty acid amide hydrolase (FAAH) and monoacylglycerol lipase.
AEA and 2-AG belong to the N-acylethanolamine (NAE) and
monoacylglycerol (MAG) families, respectively. The ECS plays
critical roles in regulating processes such as pain perception,
appetite, and mood regulation (TantiMonaco et al, 2014; Lowe
et al., 2021).

Ongoing research has expanded the ECS into a broader system,
the endocannabinoidome (eCBome), which includes additional
lipid mediators and receptors. These include molecules such as
palmitoylethanolamide (PEA), oleoylethanolamide (OEA),
stearoylethanolamide, linoleoylethanolamide (LEA), N-
docosahexaenoylethanolamine, 2-oleoylglycerol (2-OG), 2-
palmitoyl-glycerol, 2-linoleoyl-glycerol, and others. These
molecules share biosynthetic and metabolic pathways with AEA
and 2-AG, enhancing endocannabinoid activity via the “entourage
effect” (Mock et al., 2023; Castonguay-Paradis et al., 2020; Anand
et al, 2022). Additionally, these mediators interact with various
channels and receptors, including transient receptor potential
(TRP) channels, orphan G protein-coupled receptors (orphan
GPRs), and peroxisome proliferator-activated receptors o and 7y
(PPAR0 and ) (Di Marzo, 2018). The eCBome plays a crucial role
in cellular signaling and physiological regulation (Figure 1).

Abbreviations: ECS, endocannabinoid system; AEA, anandamide; 2-AG, 2-
arachidonoylglycerol; CB1, cannabinoid receptor 1; CB2, cannabinoid receptor
2; NAPE-PLD, N-acyl-phosphatidylethanolamine-specific phospholipase D-like;
DAGL, the sn-1 selective diacylglycerol lipases; FAAH, fatty acid amide
hydrolase; MAGL, monoacylglycerol lipase; NAEs, N-acylethanolamines;
MAGs, monoacylglycerols; eCBome, endocannabinoidome; PEA,
palmitoylethanolamide; OEA, oleoylethanolamide; SEA, stearoylethanolamide;
LEA, linoleoylethanolamide; DHEA, N-docosahexaenoylethanolamine; 2-OG, 2-
oleoylglycerol; 2-PG, 2-palmitoyl-glycerol; 2-LG, 2-linoleoyl-glycerol; TRP,
ransient receptor potential; GPRs, G protein-coupled receptors; PPAR,
peroxisome proliferator-activated receptors; OlAla, N-oleoylalanine; HFHS,
high-fat high-sugar; TRPV1+, transient receptor potential vanilloid 1+; SCFA,
short-chain fatty acid; A. muciniphila, Akkermansia muciniphila; OMVs, Outer
Membrane Vesicles; IBD, inflammatory bowel disease; ASD, autism spectrum
disorders; eCBs, endocannabinoids; AD, Alzheimer’s disease; AUD, alcohol

use disorder.
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Recent studies highlight strong gut microbiota—eCBome
associations. Germ-free (GF) mice exhibit significant changes in
the expression of eCBome components such as CB1, GPR18,
GPR55, and PPARo. These changes vary across different gut
regions compared to conventionally housed mice. Additionally,
AEA and 2-AG levels in the brain show age- and sex-related
variations. These changes were partially reversed in GF mice
through fecal microbiota transplantation, reinstating normal
eCBome function (Manca et al., 2020a; Manca et al, 2020b).
Human studies also report correlations between eCBome plasma
components and gut bacterial genera, particularly those involved in
maintaining gut barrier integrity. Specifically, AEA and related N-
acylethanolamine plasma levels are positively correlated with
Faecalibacterium and Akkermansia, but negatively correlated with
Bifidobacterium. Conversely, 2-AG and other monoacylglycerols
are positively correlated with Parabacteroides and Odoribacter, and
negatively correlated with Prevotella (Ortiz-Alvarez et al., 2022).
AEA has been shown to reverse dysbiosis in the gut and lungs in
conditions like acute respiratory distress syndrome, promoting
beneficial short-chain fatty acid (SCFA)-producing bacteria and
reducing inflammation in both the gut and lungs (Sultan
et al,, 2021).

Despite recent advances, our understanding of gut microbiota-
eCBome interactions remains limited. Research is constrained by
differences between animal models and human physiology,
inconsistencies in health and disease models, and insufficient
mechanistic exploration. Additionally, many studies focus solely
on particular health or disease states, overlooking the dynamic
interactions between the microbiota and the eCBome across
different physiological and pathological contexts. The exploration
of these mechanisms is often superficial, with detailed molecular
mechanisms inadequately elucidated. These limitations hinder our
comprehensive understanding of how interactions between the gut
microbiota and the eCBome impact host health.

Therefore, in this review, we systematically summarize the
complex interactions between the gut microbiota and the
eCBome, to provide a thorough evaluation of existing research
and a critical analysis of knowledge gaps in the literature (Figure 2).
By synthesizing current findings, this review not only lays
theoretical foundations for a deeper understanding of the
interactions between the eCBome and the gut microbiota, but
also provides valuable scientific insights for future
research directions.

Dietary influences on the eCBome
and the gut microbiota

Dietary habits have a rapid and direct impact on the human gut
microbiota and the eCBome (Bourdeau-Julien et al., 2023).
Research has shown that overall dietary patterns influence gut
microbiota composition and eCBome mediator levels more
strongly than individual macronutrient intake. Foods like
vegetables, refined grains, and olive oil are key factors that affect
circulating NAE levels. This specific dietary pattern is also
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FIGURE 1

The figure provides a comprehensive overview of the endocannabinoidome, including both the classical endocannabinoid system and its extended
network of molecules and receptors, such as CB1, CB2, GPR55, and PPARs. Endocannabinoids like AEA and 2-AG bind to these receptors, regulating
neural and immune signaling pathways through the activation of G-proteincoupled receptors and the modulation of second messengers such as
cAMP and Ca2+. Additionally, the figure illustrates the synthesis and degradation mechanisms of endocannabinoids and related lipid molecules,

highlighting their broad regulatory roles in various physiological processes.

associated with the relative abundance of Clostridiaceae,
Peptostreptococcaceae, and Veillonellaceae families in the gut
microbiota (Castonguay-Paradis et al., 2023). These findings
suggest that dietary patterns may regulate eCBome mediator
activity by altering gut microbiota composition, thereby
influencing host health. However, current research often focuses
on short-term effects, with long-term effects and underlying
mechanisms remaining inadequately explored. Furthermore, the
generalizability of these findings across different populations still
needs validation.

A high-fat diet significantly alters the gut microbiota and
modulates eCBome function through complex interactions with
specific bacterial populations. The impact of different dietary fat
types on the gut microbiota and eCBome varies notably. For example,
a diet high in olive oil reduces Lachnospiraceae_UCG006 abundance
while increasing Parasutterella and Faecalibaculum levels. These
microbial changes may influence host metabolism through
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metabolic pathway reprogramming. N-oleoylalanine, an
endocannabinoid analog, increases Akkermansia and
Marvinbryantia abundance in high-lard diets, which is associated
with metabolic improvements and shows potential for weight
management (Forte et al., 2023). High-fat diets also affect eCBome
and gut microbiota in ways modulated by other dietary components,
such as proteins. High-fat diets increase CB1 receptor expression and
triglyceride accumulation while decreasing gut microbiota diversity.
This is accompanied by increased Firmicutes abundance and
decreased levels of Deferribacteres and Verrucomicrobia.
Additionally, protein intake from beef and chicken exacerbates
these eftects (Tjaz et al., 2020).

The impact of a high-fat high-sugar (HFHS) diet on the gut
microbiota and the eCBome is complex and dynamic. In the short
term, an HFHS diet leads to a rapid decrease in gut microbiota
diversity, especially in the cecum, with notable reductions in
Barnesiella and Eubacterium abundance, and increased
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The figure illustrates the complex signaling pathways between the gut microbiota and the endocannabinoidome, highlighting how these interactions
are regulated by various lifestyle factors. This interplay significantly impacts the host's metabolic, immune, and neural functions. Such mechanisms

may play a crucial role in the development of various diseases.

Clostridium sensu stricto levels. This diversity loss appears to
recover over time, likely due to microbiota restructuring. An
HFHS diet also significantly alters eCBome mediator levels in the
ileum and plasma. For instance, AEA levels in the ileum rise
significantly within 10 days, while PEA and OEA levels decrease
early on, with PEA returning to normal by day 56. In plasma, AEA
and 2-AG levels increase significantly at days 10 and 21, but
decrease sharply by day 56, while OEA, 2-OG, and omega-3-
derived eCBome mediators generally decrease. These changes are
closely associated with decreased FAAH enzyme expression and
variations in Adlercreutzia and Barnesiella abundance (Lacroix
2019). Thus, an HFHS diet regulates eCBome function
through changes in relevant metabolic enzyme expression and

et al.,

microbiota composition. Additionally, a selenium-rich diet
provides anti-inflammatory effects under the HFHS diet,
mitigating metabolic disturbances by modulating eCBome
mediator levels and improving gut microbiota composition
(Agudelo et al., 2022). Overall, the effects of an HFHS diet on the
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eCBome and gut microbiota are complex, underscoring the
importance of exploring their regulatory mechanisms and long-
term health impacts.

The Mediterranean diet, characterized by abundant vegetables,
fruits, legumes, nuts, whole grains, fish, and monounsaturated fatty
acids, significantly alters eCBome mediator levels in the short term.
Research indicates that this dietary pattern notably increases NAE
and 2-MAG levels derived from ®-3 fatty acids and oleic acid,
which positively affect metabolic health (Castonguay-Paradis et al.,
2020). The diet is also associated with increased relative
Christensenellaceae abundance in the gut and may be negatively
2018),
suggesting regulatory effects on the gut microbiota. However, a

correlated with obesity risk (Garcia-Mantrana et al.,

study by Castonguay-Paradis et al. found that Christensenellaceae
abundance was positively correlated with whole grain intake but
negatively correlated with LEA and PEA plasma levels. This effect
was not significant after adjusting for fat quality (Castonguay-

Paradis et al.,, 2023). Thus, the relationship between the

frontiersin.org


https://doi.org/10.3389/fcimb.2025.1566290
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Wang et al.

Mediterranean diet and the gut microbiota may be more complex
than currently understood, potentially influenced by multiple
factors, including dietary components and individual metabolic
states. Transitioning from a standard to a Mediterranean diet
decreases 2-AG plasma levels and increases OEA and PEA levels,
along with an increase in the beneficial bacterium Akkermansia
muciniphila(A. muciniphila) (Tagliamonte et al., 2021). These
changes suggest that the Mediterranean diet may influence overall
health by modulating eCBome mediator levels and improving gut
microbiota composition.

Furthermore, some studies suggest that interactions between
certain microbiota and eCBome mediators may occur independently
of dietary factors. For instance, the Peptostreptococcaceae and
Veillonellaceae families showed positive correlations with multiple
NAEs, while the Akkermansiaceae family was negatively correlated
with 2-MAGs. These relationships remained significant even after
adjusting for fat quality (Castonguay-Paradis et al., 2020), indicating
that gut microbiota influences the eCBome system through
mechanisms independent of diet. Consequently, the complex
interactions between the gut microbiota and the eCBome system
require further investigation to elucidate their specific mechanisms
and provide a theoretical basis for personalized dietary interventions.
This could lead to more precise health management strategies.

Interactions between exercise,
eCBome, and the gut microbiota

Regular physical activity is widely recommended in
contemporary health research as an effective strategy for reducing
disease burden. For example, the World Health Organization
suggests engaging in 150 minutes of moderate-intensity physical
activity per week to maintain overall health (Bull et al., 2020). Rojas-
Valverde et al. found that regular exercise promoted gut microbiota
diversity and stability. It also increased the abundance of specific
bacterial species, especially those linked to butyrate production.
These changes were not significantly influenced by diet, age, weight,
fat percentage, energy intake, or fiber intake (Estaki et al., 2016;
Munukka et al., 2018; Rojas-Valverde et al., 2023).

The eCBome undergoes significant changes during physical
activity. Prolonged high-intensity exercise can induce “runner’s
high,” a state associated with the release of eCBome mediators.
This release contributes to feelings of euphoria and satisfaction. The
gut microbiota influences this phenomenon, as metabolites
produced by gut microbes stimulate sensory neurons expressing
CB1 receptors. These neurons transmit exercise signals to the brain,
enhancing dopamine levels and improving exercise performance
(Dohnalova et al, 2022). Additionally, exercise may increase
endogenous cannabinoid levels. This could shift the gut
microbiota toward bacteria that produce short-chain fatty acids
(SCFAs), thus boosting SCFA production without dietary changes
(Vijay et al., 2021). These interactions between the gut microbiota
and the eCBome help explain how exercise can benefit
overall health.
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The role of eCBome-gut microbiota
interactions in gastrointestinal
disorders

A. muciniphila is a key bacterium in regulating intestinal barrier
function. Studies with the CB1 receptor antagonist (SR141716A)
have shown that this antagonist improves colonic barrier function
and increases A. muciniphila abundance (Mehrpouya-Bahrami
et al, 2017). This suggests a potential interaction between A.
muciniphila and the CB1 receptor. The receptor may influence A.
muciniphila abundance by modulating the intestinal
microenvironment. A. muciniphila’s impact on intestinal barrier
function involves complex regulation of CB1 and CB2 receptors, as
well as PPAR pathways. In studies using a human colorectal
adenocarcinoma cell line, active A. muciniphila and its outer
membrane vesicles significantly inhibited CB1 and CB2 receptor
mRNA expression at high concentrations. Conversely, inactivated
A. muciniphila increased receptor expression at medium to low
concentrations. Notably, FAAH expression was significantly
upregulated under all experimental conditions, and PPAR
expression was also increased under various interventions
(Ghaderi et al., 2022).The contrasting effects of active and
inactivated A. muciniphila suggest that its regulatory mechanisms
may vary depending on bacterial state and dosage, possibly
involving specific cellular signaling pathways or metabolic
products. Further research is needed to clarify these mechanisms
and better define A. muciniphila’s roles in different
inflammatory environments.

PEA, a member of the eCBome, exhibits significant anti-
inflammatory, antioxidant, and immunomodulatory effects in
various gastrointestinal diseases (Brankovic et al., 2024). Research
has shown that PEA reduces high-fat diet-induced dysbiosis by
increasing beneficial bacteria like Bifidobacterium, Oscillospiraceae,
and the butyrate-producing bacterium Turicibacter sanguinis. This
helps reduce inflammation and improves mucosal barrier integrity
(Pirozzi et al., 2023). PEA’s anti-inflammatory effects are mediated
through PPARo. activation, which reduces inflammatory mediator
release. By inhibiting T-helper 1 and T-helper 17 cell inflammatory
responses, increasing interleukin-22 production, and promoting
antimicrobial peptide synthesis (e.g., ct-defensins), PEA regulates
small intestinal microbiota composition, including Bacteroidetes,
Proteobacteria, Firmicutes, and Actinobacteria. These actions
contribute to maintaining gut microbiota health and influencing
the intestinal microenvironment (Salzman et al., 2010; Manoharan
etal., 2016). However, the specific mechanisms underlying PEA and
PPAR0o’s interactions with the gut microbiota and their effects
under various pathological conditions need further investigation.

In a study using an inflammatory bowel disease (IBD) model,
certain NAEs like LEA and AEA promoted the growth of IBD-
associated species such as Escherichia coli and Ruminococcus
gnavus, while inhibiting IBD-depleted species like Bacteroides
cellulosilyticus and Fibrobacter succinogenes. Conversely, PEA
had minimal effects on these species. In ex vivo experiments with
intestinal microbiota, specific NAE combinations were shown to
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shift the microbial community from a healthy to an IBD-like state
(Fornelos et al., 2020). These findings are based on associative
studies, which have not yet established direct causal relationships
between elevated NAE levels and microbial community changes.

Interactions between endogenous cannabinoids and microbial
metabolites are becoming clearer. Butyrate, a primary energy source
for colonocytes, alleviates inflammation by regulating inflammatory
pathways, inhibiting T-helper 17 cells, and increasing regulatory T
cell proportions. This highlights the important role of SCFAs in
intestinal health. Exercise studies have found positive correlations
between AEA and SCFA-producing bacteria like Bifidobacteria,
Coprococcus 3, and Enterococcus faecalis, with a particularly
strong correlation with butyrate. This suggests that SCFA’s anti-
inflammatory effects may be partially mediated through the ECS
(Vijay et al., 2021). However, specific mechanisms require thorough
investigation. Additionally, Faecalibacterium prausnitzii, a butyrate-
producing bacterium, significantly increased expression of tight
junction proteins (zonula occludens-1 and occludin) and
upregulated various PPAR subtypes via its exosomes (Moosavi
et al,, 2020). Future research should explore how the ECS regulates
F. prausnitzii metabolites and assess their impact on host
inflammatory responses, particularly the effects of ECS deficiency
or overexpression on F. prausnitzii functionality and SCFA
production, to better understand interactions between these factors.

Visceral hypersensitivity is a common feature in functional
gastrointestinal disorders and IBD. Early studies suggested that oral
Lactobacillus acidophilus administration to rodents might alleviate
visceral pain by upregulating CB2 receptor expression (Rousseaux
et al., 2007). Later research by Aguilera et al. supported this, showing
that antibiotic treatment increased Lactobacillus abundance,
upregulated CB2 receptor expression, and reduced visceral pain
(Aguilera et al,, 2015). However, these findings may be confounded
by the complex effects of antibiotics on the gut microbiota, and
clinical trials have produced inconsistent results (Ringel-Kulka et al.,
2014). This variability highlights the need for future research to
explore specific regulatory mechanisms of L. acidophilus on CB2
receptors and to validate these actions in clinical trials.

The interactions between the eCBome and the gut microbiota
are crucial for maintaining intestinal health, particularly in
regulating intestinal barrier function and managing related
diseases. Although current research provides valuable insights,
many mechanisms remain unclear, especially regarding the
interactions between NAEs and the microbiota, as well as the
regulation of SCFAs. Future research should focus on establishing
causal relationships between the eCBome and the microbiota, and
assessing the clinical implications of these findings, particularly in
the context of various pathological conditions.

The eCBome and the gut microbiota
in neurobehavioral and emotional
regulation

The eCBome plays essential roles in regulating neurobehavioral
function, emotions, and stress responses through its interactions
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with the hypothalamic-pituitary-adrenal (HPA) axis, the vagus
nerve, and neurotransmitter-hormone regulation along the gut-
brain axis (Gunther et al., 2024). Research has shown that
antibiotic-induced dysbiosis leads to depressive-like behaviors and
social deficits in mice, which are closely associated with reduced gut
microbiota diversity and increased abundance of phyla such as
Proteobacteria and Actinobacteria (Guida et al., 2018). Probiotic
supplementation not only restored the gut microbiota balance but
also alleviated depressive symptoms by modulating the levels of N-
arachidonoylserotonin, N-oleoylserotonin, and AEA in the
jejunum. Additionally, chronic mild stress models have shown
that depressive-like behavior and impaired neurogenesis can be
transmitted between mice via fecal microbiota transplantation,
accompanied by 2-AG precursor deficiency in serum, reduced
hippocampal 2-AG levels, and disruption of CBl-mammalian
target of rapamycin (mTOR) signaling. Lactobacillus plantarum
supplementation also restored these neurotransmitter levels and
improved depressive-like behaviors (Chevalier et al., 2020). While
these animal studies have provided valuable insights into the
interactions between the eCBome and gut microbiota in mental
disorders, differences in probiotic species and their mechanisms
require further clinical validation.

The TwinsUK human cohort study identified a negative
correlation between gut microbiota diversity and PEA levels, as
well as depressive symptoms. Specific microbial genera, such as
Blautia and Dorea, showed associations with PEA levels and
depressive symptoms (Minichino et al., 2021). However,
individual variability and the detailed mechanisms need
further investigation.

In autism spectrum disorders (ASD), interactions between the
eCBome and the gut microbiota show significant therapeutic
potential. PEA has been shown to reverse autism-like behaviors
in animal models, potentially by ameliorating gut microbiota
dysbiosis (Cristiano et al., 2018). Butyrate and propionate are also
implicated in ASD regulation. Butyrate may reduce key
endocannabinoid (eCB) synthesis, via AEA and 2-AG, by
influencing cannabinoid synthesis and degradation enzyme levels
in intestinal epithelial cells. This aligns with the recorded eCB
reductions in children with ASD (Karhson et al., 2018; Aran et al,,
2019; Hwang et al., 2021). Moreover, increased propionate-
producing bacteria may be linked to ASD-like behaviors. CB1
receptor antagonism altered gut microbiota composition and
enhanced propionate production, which was associated with
changes in ASD symptoms (Mehrpouya-Bahrami et al., 2017).
Although these studies provide valuable insights, further clinical
validation is required to assess their applicability and effectiveness.

Neuropathological changes and cognitive impairments associated
with Alzheimer’s Disease (AD) and alcohol use disorder (AUD) may
be influenced by interactions between the gut microbiota and the ECS.
eCBs, particularly AEA, can increase intestinal permeability, leading to
a “leaky gut” and allowing endotoxins, such as lipopolysaccharide
(LPS), to enter the bloodstream. This can trigger chronic central
nervous system inflammation through the vagus nerve and gut
endocrine signals, potentially exacerbating AD progression (Cani
et al, 2016). In AD patients’ brain tissue, excessive CB2 receptor
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and FAAH expression was associated with amyloid 8 deposition. CB1
receptor activation may exert neuroprotective effects by reducing
amyloid B deposition and tau phosphorylation (Benito et al., 2003;
Esposito et al., 2006). In a mouse model of cognitive impairment
induced by chronic neuropathic pain, both gut microbiota and ECS
dysregulation were closely related to cognitive deficits, with diurnal
variations (Hua et al., 2021; He et al., 2024). The detrimental effects of
alcohol on intestinal permeability and microbiota may impact the
brain and behavior through neurological and inflammatory pathways.
This can promote relapse, addictive behaviors, and cognitive,
emotional, and behavioral issues related to AUD. The ECS may
exert protective effects by regulating intestinal permeability and the
microbiota, and plays a critical role in alcohol-induced gut
inflammation (Karoly et al., 2020).

Interactions between the gut
microbiota and the eCBome in
metabolic disorders

The eCBome plays key roles in regulating energy metabolism and
impacts multiple organs, including the brain, liver, adipose tissue,
muscle, and pancreas. This regulation affects gastrointestinal function,
inflammatory responses, appetite, satiety, and postprandial blood
glucose levels. Several studies have emphasized the importance of
eCBome and gut microbiota interactions, particularly in the context of
obesity and related metabolic disorders (Di Marzo et al., 2008; Izzo
et al., 2009; Piomelli, 2013; DiPatrizio and Piomelli, 2015).

In obesity and diabetes genetic models, specific changes in
eCBome molecules have been linked to gut bacterial interactions. In
genetically obese mice, elevated OEA levels in the liver were
associated with dysregulated fat metabolism. In contrast, genetically
diabetic mice showed reduced 2-OG levels in subcutaneous fat and
decreased AEA levels in visceral fat, indicating metabolic
disturbances. Gut microbiota analyses revealed correlations between
Clostridium sensu stricto 1 in the gut and metabolic molecules in
adipose tissue, suggesting the microbiota’s influence on the eCBome
(Suriano et al., 2022). Research in obese women also found that
capsaicin, an eCBome analog, improved body composition and
metabolic health by increasing Clostridia and Flavonifractor
abundance in the gut (Manca et al., 2021).

In diet-induced obesity mouse models, interactions between the gut
microbiota and ECS were observed. ECS activation promoted
adipogenesis, while the Gram-negative bacterial metabolite LPS
affected fat metabolism by inducing adipogenesis through CBl
receptor blockade, which may have indirectly contributed to
atherosclerosis (Muccioli et al., 2010; Moludi et al., 2018). Probiotic
and prebiotic interventions improved gut microbiota balance and
positively impacted cardiovascular risk factors, possibly through
modulating CB2 receptor expression (Liu et al, 2023). In diabetic
mouse models induced by a high-fat, high-sugar diet combined with
streptozotocin, gut microbiota imbalance and abnormal ECS activation,
particularly through CBI receptors, were closely associated with
metabolic disorders and cognitive impairments (Hussein et al., 2022).
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Overall, the eCBome plays a vital role in regulating energy
balance across different organs, influencing gastrointestinal
function and metabolic processes. The gut microbiota also
significantly impacts energy metabolism through its metabolites
and regulatory effects on the eCBome. While these interactions have
been extensively studied, many underlying mechanisms remain
unclear. Further research is needed to address how the microbiota
regulates eCBome functions, whether these effects apply to different
individuals, and the long-term outcomes of such interventions.
These questions should be explored in basic research and larger-
scale, long-term clinical studies.

Molecular mechanisms and future
directions for eCBome-gut
microbiota interactions

Recent functional metagenomics research identified
commenda-mide, a long-chain N-acylamide with GPR activity
encoded by the human microbiota, suggesting structural
convergence between human signaling molecules (e.g., ¢CBs) and
microbiota-encoded metabolites (Cohen et al., 2015). Specifically,
N-acylamide synthase genes are enriched in symbiotic bacteria, and
the lipids they encode interact with GPRs in a manner similar to
eCBs. Chang et al. reported that Eubacterium rectale produces OEA
by catalyzing the conjugation of oleic acid and ethanolamine via its
endogenous biosynthetic gene cluster (Chang et al, 2021).
Conversely, the impact of the eCBome on the gut microbiota also
warrants further exploration. For instance, 2-AG not only directly
inhibits pathogen virulence programs and reduces infection
severity, but also antagonizes bacterial quorum-sensing receptor
E, preventing activation of the pathogen type III secretion system
and interfering with pathogen survival and proliferation, thus
providing effective resistance against gut infections caused by
Enterobacteriaceae pathogens (Ellermann et al., 2020).

Limitations

While growing evidence suggests that interactions between the
gut microbiota and the eCBome are influenced by various lifestyle
factors and disease models, the precise molecular mechanisms
behind these interactions remain unclear. Most studies to date
have focused on observational phenotypes and correlation analyses,
which do not provide direct evidence of causality. As a result, these
studies limit our comprehensive understanding of the molecular
mechanisms involved. Current disease models are often limited by
small sample sizes and focus on specific diseases or populations.
Consequently, findings often lack generalizability across diverse
disease types and broader populations. Variations in research
methodologies—such as experimental design, sample sources,
technological platforms, and data analysis techniques—have led
to heterogeneous results, complicating the comparison of findings
across studies. Future research should expand sample sizes to

frontiersin.org


https://doi.org/10.3389/fcimb.2025.1566290
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Wang et al.

include more diverse disease types and populations while
standardizing methodologies to improve result comparability.

Future directions

Future research should move from broad correlational studies
to more detailed mechanistic investigations aimed at clarifying the
molecular interactions between the microbiota and the eCBome.
This includes exploring how microbiota and its metabolites
influence eCBome functions and identifying the associated
signaling pathways and enzyme systems. High-throughput
sequencing technologies, such as metagenomic sequencing,
should be employed to identify the microbiota. These
technologies can also be used to identify its metabolites. These
findings can be supported by mass spectrometry and nuclear
magnetic resonance technologies to analyze the regulatory effects
of these metabolites on the eCBome. Furthermore, transcriptomics
and proteomics can help identify signaling pathways and enzymes,
with subsequent validation in cell-based assays or animal models.
Additionally, investigating changes in microbiota—eCBome
interactions under different disease conditions, using disease
models and clinical samples, could provide more clinically
relevant data. Integrating data from various technological
approaches, combined with microbiology, pharmacology, and
bioinformatics, will advance this field, enhance reproducibility
and reliability, and provide new theoretical and practical
foundations for disease prevention, diagnosis, and treatment.

Author contributions

YW: Writing - original draft. JG: Writing - review & editing.
ZM: Writing - review & editing. YC: Writing — review & editing.

References

Adak, A., and Khan, M. R. (2019). An insight into gut microbiota and its
functionalities. Cell Mol. Life Sci. 76, 473-493. doi: 10.1007/s00018-018-2943-4

Agudelo, F. A. G, Leblanc, N., Bourdeau-Julien, I, St-Arnaud, G., Lacroix, S., Martin,
C., et al. (2022). Impact of selenium on the intestinal microbiome-eCBome axis in the
context of diet-related metabolic health in mice. Front. Immunol. 13. doi: 10.3389/
fimmu.2022.1028412

Aguilera, M., Cerda-Cuéllar, M., and Martinez, V. (2015). Antibiotic-induced
dysbiosis alters host-bacterial interactions and leads to colonic sensory and motor
changes in mice. Gut Microbes 6, 10-23. doi: 10.4161/19490976.2014.990790

Anand, U., Pacchetti, B., Anand, P., and Sodergren, M. H. (2022). The
endocannabinoid analgesic entourage effect: investigations in cultured DRG neurons.
J. Pain Res. 15, 3493-3507. doi: 10.2147/JPR.S378876

Aran, A, Eylon, M., Harel, M., Polianski, L., Nemirovski, A., Tepper, S., et al. (2019).
Lower circulating endocannabinoid levels in children with autism spectrum disorder.
Mol. Autism. 10, 2. doi: 10.1186/s13229-019-0256-6

Bickhed, F,, Ley, R. E., Sonnenburg, J. L., Peterson, D. A., and Gordon, J. I. (2005).
Host-bacterial mutualism in the human intestine. Sci. 307, 1915-1920. doi: 10.1126/
science.1104816

Benito, C., Ntez, E., Tolon, R. M., Carrier, E. J., Rabano, A., Hillard, C. J., et al.
(2003). Cannabinoid CB2 receptors and fatty acid amide hydrolase are selectively
overexpressed in neuritic plaque-associated glia in Alzheimer’s disease brains. J.
Neurosci. 23, 11136-11141. doi: 10.1523/]NEUROSCI.23-35-11136.2003

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2025.1566290

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Acknowledgments

We thank International Science Editing (http://

www.internationalscienceediting.com) for editing this manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Bourdeau-Julien, I., Castonguay-Paradis, S., Rochefort, G., Perron, J., Lamarche, B.,
Flamand, N,, et al. (2023). The diet rapidly and differentially affects the gut microbiota
and host lipid mediators in a healthy population. Microbiome. 11, 26. doi: 10.1186/
540168-023-01469-2

Brankovi¢, M., Gmizi¢, T., Duki¢, M., Zdravkovic, M., Daskalovi¢, B., Mrda, D., et al.
(2024). Therapeutic potential of palmitoylethanolamide in gastrointestinal disorders.
Antioxidants (Basel). 13, 600. doi: 10.3390/antiox13050600

Bull, F. C., Al-Ansari, S. S., Biddle, S., Borodulin, K., Buman, M. P., Cardon, G., et al.
(2020). World Health Organization 2020 guidelines on physical activity and sedentary
behaviour. Br. J. Sports Med. 54, 1451-1462. doi: 10.1136/bjsports-2020-102955

Cani, P. D., Plovier, H,, Hul, M. V., Geurts, L., Delzenne, N. M., Druart, C., et al.
(2016). Endocannabinoids-at the crossroads between the gut microbiota and host
metabolism. Nat. Rev. Endocrinol. 12, 133-143. doi: 10.1038/nrendo.2015.211

Castonguay-Paradis, S., Lacroix, S., Rochefort, G., Parent, L., Perron, J., Martin, C.,
et al. (2020). Dietary fatty acid intake and gut microbiota determine circulating
endocannabinoidome signaling beyond the effect of body fat. Sci. Rep. 10, 15975.
doi: 10.1038/s41598-020-72861-3

Castonguay-Paradis, S., Perron, J., Flamand, N., Lamarche, B., Raymond, F., Di Marzo, V.,
et al. (2023). Dietary food patterns as determinants of the gut microbiome-
endocannabinoidome axis in humans. Sci. Rep. 13, 15702. doi: 10.1038/s41598-023-41650-z

Chang, F. Y, Siuti, P, Laurent, S., Williams, T., Glassey, E., Sailer, A. W, et al. (2021).
Gut-inhabiting Clostridia build human GPCR ligands by conjugating

frontiersin.org


http://www.internationalscienceediting.com
http://www.internationalscienceediting.com
https://doi.org/10.1007/s00018-018-2943-4
https://doi.org/10.3389/fimmu.2022.1028412
https://doi.org/10.3389/fimmu.2022.1028412
https://doi.org/10.4161/19490976.2014.990790
https://doi.org/10.2147/JPR.S378876
https://doi.org/10.1186/s13229-019-0256-6
https://doi.org/10.1126/science.1104816
https://doi.org/10.1126/science.1104816
https://doi.org/10.1523/JNEUROSCI.23-35-11136.2003
https://doi.org/10.1186/s40168-023-01469-2
https://doi.org/10.1186/s40168-023-01469-2
https://doi.org/10.3390/antiox13050600
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1038/nrendo.2015.211
https://doi.org/10.1038/s41598-020-72861-3
https://doi.org/10.1038/s41598-023-41650-z
https://doi.org/10.3389/fcimb.2025.1566290
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Wang et al.

neurotransmitters with diet- and human-derived fatty acids. Nat. Microbiol. 6, 792
805. doi: 10.1038/s41564-021-00887-y

Chevalier, G., Siopi, E., Guenin-Macg, L., Pascal, M., Laval, T, Rifflet, A., et al. (2020).
Effect of gut microbiota on depressive-like behaviors in mice is mediated by the
endocannabinoid system. Nat. Commun. 11, 6363. doi: 10.1038/s41467-020-19931-2

Cohen, L. J., Kang, H. S., Chu, J., Huang, Y. H., Gordon, E. A,, Reddy, B. V., et al.
(2015). Functional metagenomic discovery of bacterial effectors in the human
microbiome and isolation of commendamide, a GPCR G2A/132 agonist. Proc. Natl.
Acad. Sci. U.S.A. 112, E4834. doi: 10.1073/pnas.1508737112

Cristiano, C., Pirozzi, C., Coretti, L., Cavaliere, G., Lama, A., Russo, R., et al. (2018).
Palmitoylethanolamide counteracts autistic-like behaviours in BTBR T+tf/] mice:
contribution of central and peripheral mechanisms. Brain Behav. Immun. 74, 166—
175. doi: 10.1016/j.bbi.2018.09.003

Di Marzo, V. (2018). New approaches and challenges to targeting the endocannabinoid
system. Nat. Rev. Drug Discovery 17, 623-639. doi: 10.1038/nrd.2018.115

Di Marzo, V., Capasso, R., Matias, I., Aviello, G., Petrosino, S., Borrelli, F., et al.
(2008). The role of endocannabinoids in the regulation of gastric emptying: alterations
in mice fed a high-fat diet. Br. J. Pharmacol. 153, 1272-1280. doi: 10.1038/
5j.bjp.0707682

DiPatrizio, N. V., and Piomelli, D. (2015). Intestinal lipid-derived signals that sense
dietary fat. J. Clin. Invest. 125, 891-898. doi: 10.1172/JCI76302

Dohnalova, L., Lundgren, P., Carty, J. R. E., Goldstein, N., Wenski, S. L., Nanudorn,
P, et al. (2022). A microbiome-dependent gut-brain pathway regulates motivation for
exercise. Nature. 612, 739-747. doi: 10.1038/s41586-022-05525-2

Ellermann, M., Pacheco, A. R, Jimenez, A. G., Russell, R. M., Cuesta, S., Kumar, A.,
et al. (2020). Endocannabinoids inhibit the induction of virulence in enteric pathogens.
Cell. 183, 650-665.€15. doi: 10.1016/j.cell.2020.09.022

Esposito, G., Filippis, D. D., Steardo, L., Scuderi, C., Savani, C., Cuomo, V., et al.
(2006). CBI receptor selective activation inhibits -amyloid-induced iNOS protein
expression in C6 cells and subsequently blunts tau protein hyperphosphorylation in co-
cultured neurons. Neurosci. Lett. 404, 342-346. doi: 10.1016/j.neulet.2006.06.012

Estaki, M., Pither, J., Baumeister, P., Little, J. P., Gill, S. K., Ghosh, S., et al. (2016).
Cardiorespiratory fitness as a predictor of intestinal microbial diversity and distinct
metagenomic functions. Microbiome. 4, 42. doi: 10.1186/s40168-016-0189-7

Fornelos, N., Franzosa, E. A., Bishai, J., Annand, J. W., Oka, A., Lloyd-Price, J., et al.
(2020). Growth effects of N-acylethanolamines on gut bacteria reflect altered bacterial
abundances in inflammatory bowel disease. Nat. Microbiol. 5, 486-497. doi: 10.1038/
541564-019-0655-7

Forte, N., Roussel, C., Marfella, B., Lauritano, A., Villano, R., Di Leonibus, E., et al.
(2023). Olive oil-derived endocannabinoid-like mediators inhibit palatabl e food-
induced reward and obesity. Commun. Biol. 6, 959. doi: 10.1038/s42003-023-05295-y

Garcia-Mantrana, I, Selma-Royo, M., Alcantara, C., and Collado, M. C. (2018). Shifts
on gut microbiota associated to Mediterranean diet adherence and specific dietary
intakes on general adult population. Front. Microbiol. 9. doi: 10.3389/fmicb.2018.00890

Ghaderi, F., Sotoodehnejadnematalahi, F., Hajebrahimi, Z., Fateh, A., and Siadat, S.
D. (2022). Effects of active, inactive, and derivatives of Akkermansia muciniphila on the
expression of the endocannabinoid system and PPARs genes. Sci. Rep. 12, 10031.
doi: 10.1038/541598-022-13840-8

Guida, F., Turco, F., Iannotta, M., Gregorio, D. D., Palumbo, I., Sarnelli, G., et al.
(2018). Antibiotic-induced microbiota perturbation causes gut endocannabinoidome
changes, hippocampal neuroglial reorganization and depression in mice. Brain Behav.
Immun. 67, 230-245. doi: 10.1016/j.bbi.2017.09.001

Gunther, R. S,, Farrell, M. B., and Banks, K. P. (2024). Got the munchies for an egg
sandwich? The effects of cannabis on bowel motility and beyond. J. Nucl. Med. Technol.
52, 8-14. doi: 10.2967/jnmt.123.266816

He, Z., Liu, Y., Li, Z., Sun, T., Li, Z., Liu, C,, et al. (2024). Gut microbiota-mediated
alterations of hippocampal CBIR regulating the diurnal variation of cognitive
impairment induced by hepatic ischemia-reperfusion injury in mice. Neurochem.
Res. 49, 2165-2178. doi: 10.1007/s11064-024-04182-0

Hollister, E. B., Gao, C., and Versalovic, J. (2014). Compositional and functional
features of the gastrointestinal microbiome and their effects on human health.
Gastroenterology. 146, 1449-1458. doi: 10.1053/j.gastro.2014.01.052

Hua, D, Li, S, Li, S., Wang, X., Wang, Y., Xie, Z,, et al. (2021). Gut microbiome and
plasma metabolome signatures in middle-aged mice with cognitive dysfunction
induced by chronic neuropathic pain. Front. Mol. Neurosci. 14. doi: 10.3389/
fnmol.2021.806700

Hussein, H. M., Elyamany, M. F., Rashed, L. A, and Sallam, N. A. (2022). Vitamin D
mitigates diabetes-associated metabolic and cognitive dysfunction by modulating gut
microbiota and colonic cannabinoid receptor 1. Eur. J. Pharm. Sci. 170, 106105.
doi: 10.1016/j.¢jps.2021.106105

Hwang, L Y., Kim, H. R, Sotto, R. D., and Chang, M. W. (2021). Engineered
probiotics modulate the endocannabinoid system. Biotechnol. Notes. 2, 33-38.
doi: 10.1016/j.biotno.2021.08.001

Tjaz, M. U., Ahmad, M. L, Hussain, M., Khan, I. A, and Li, C. (2020). Meat protein in
high-fat diet induces adipogenesis and dyslipidemia by altering gut microbiota and
endocannabinoid dysregulation in the adipose tissue of mice. J. Agric. Food Chem. 68,
3933-3946. doi: 10.1021/acs.jafc.0c00017

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2025.1566290

Islam, M. R,, Arthur, S., Haynes, J., Butts, M. R, Nepal, N., and Sundaram, U. (2022).
The role of gut microbiota and metabolites in obesity-associated chronic
gastrointestinal disorders. Nutrients. 14, 624. doi: 10.3390/nu14030624

Izzo, A. A, Piscitelli, F., Capasso, R., Aviello, G., Romano, B., Borrelli, F., et al. (2009).
Peripheral endocannabinoid dysregulation in obesity: relation to intestinal motility and
energy processing induced by food deprivation and re-feeding. Br. J. Pharmacol. 158,
451-461. doi: 10.1111/j.1476-5381.2009.00183.x

Karhson, D. S., Krasinska, K. M., Dallaire, J. A,, Libove, R. A, Phillips, ]. M., Chien,
A. S, et al. (2018). Plasma anandamide concentrations are lower in children with
autism spectrum disorder. Mol. Autism. 9, 18. doi: 10.1186/s13229-018-0203-y

Karoly, H. C., Mueller, R. L., Bidwell, L. C., and Hutchison, K. E. (2020).
Cannabinoids and the microbiota-gut-brain axis: emerging effects of cannabidiol and
potential applications to alcohol use disorders. Alcohol Clin. Exp. Res. 44, 340-353.
doi: 10.1111/acer.14256

Lacroix, S., Pechereau, F., Leblanc, N., Boubertakh, B., Houde, A., Martin, C., et al. (2019).
Rapid and concomitant gut microbiota and endocannabinoidome response to diet-induced
obesity in mice. mSystems. 4 (6), €00407-19. doi: 10.1128/mSystems.00407-19

Liu, M., Tandorost, A., Moludi, J., and Dey, P. (2023). Prebiotics plus probiotics may
favorably impact on gut permeability, endocannabinoid receptors, and inflammatory
biomarkers in patients with coronary artery diseases: A clinical trial. Food Sci. Nutr. 12,
1207-1217. doi: 10.1002/fsn3.3835

Lowe, H., Toyang, N., Steele, B., Bryant, J., and Ngwa, W. (2021). The
endocannabinoid system: a potential target for the treatment of various diseases. Int.
J. Mol. Sci. 22, 9472. doi: 10.3390/ijms22179472

Manca, C., Boubertakh, B., Leblanc, N., Deschénes, T., Lacroix, S., Martin, C., et al.
(2020a). Germ-free mice exhibit profound gut microbiota-dependent alterations of
intestinal endocannabinoidome signaling. J. Lipid Res. 61, 70-85. doi: 10.1194/
jlr. RA119000424

Manca, C., Lacroix, S., Pérusse, F., Flamand, N., Chagnon, Y., Drapeau, V., et al.
(2021). Oral capsaicinoid administration alters the plasma endocannabinoidome and
fecal microbiota of reproductive-aged women living with overweight and obesity.
Biomedicines. 9 (9), 1246. doi: 10.3390/biomedicines9091246

Manca, C., Shen, M., Boubertakh, B., Martin, C., Flamand, N,, Silvestri, C., et al.
(2020b). Alterations of brain endocannabinoidome signaling in germ-free mice.
Biochim. Biophys. Acta Mol. Cell Biol. Lipids. 1865, 158786. doi: 10.1016/
j.bbalip.2020.158786

Manoharan, I, Suryawanshi, A., Hong, Y., Ranganathan, P., Shanmugam, A.,
Ahmad, S., et al. (2016). Homeostatic PPARo signaling limits inflammatory
responses to commensal microbiota in the intestine. J. Immunol. 196, 4739-4749.
doi: 10.4049/jimmunol.1501489

Mehrpouya-Bahrami, P., Chitrala, K. N., Ganewatta, M. S., Tang, C., Murphy, E. A,,
Enos, R. T, et al. (2017). Blockade of CBI cannabinoid receptor alters gut microbiota
and attenuates inflammation and diet-induced obesity. Sci. Rep. 7, 15645. doi: 10.1038/
s41598-017-15154-6

Minichino, A., Jackson, M. A., Francesconi, M., Steves, C. J., Menni, C., Burnet, P. W.
J., et al. (2021). Endocannabinoid system mediates the association between gut-
microbial diversity and anhedonia/amotivation in a general population cohort. Mol.
Psychiatry 26, 6269-6276. doi: 10.1038/s41380-021-01147-5

Mock, E. D., Gagestein, B., and Stelt, M. V. D. (2023). Anandamide and other N-
acylethanolamines: A class of signaling lipids with therapeutic opportunities. Prog.
Lipid Res. 89, 101194. doi: 10.1016/j.plipres.2022.101194

Moludi, J., Alizadeh, M., Yagin, N. L., Pasdar, Y., Nachvak, S. M., Abdollahzad, H.,
et al. (2018). New insights on atherosclerosis: A cross-talk between endocannabinoid
systems with gut microbiota. J. Cardiovasc. Thorac. Res. 10, 129-137. doi: 10.15171/
jevtr.2018.21

Moosavi, S. M., Akhavan Sepahi, A., Mousavi, S. F., Vaziri, F.,, and Siadat, S. D.
(2020). The effect of Faecalibacterium prausnitzii and its extracellular vesicles on the
permeability of intestinal epithelial cells and expression of PPARs and ANGPTL4 in the
Caco-2 cell culture model. . Diabetes Metab. Disord. 19, 1061-1069. doi: 10.1007/
540200-020-00605-1

Muccioli, G. G., Naslain, D., Bickhed, F., Reigstad, C. S., Lambert, D. M., Delzenne,
N. M,, et al. (2010). The endocannabinoid system links gut microbiota to adipogenesis.
Mol. Syst. Biol. 6, 392. doi: 10.1038/msb.2010.46

Munukka, E., Ahtiainen, J. P., Puigbo, P., Jalkanen, S., Pahkala, K., Keskitalo, A., et al.
(2018). Six-week endurance exercise alters gut metagenome that is not reflected in
systemic metabolism in overweight women. Front. Microbiol. 9, 2143. doi: 10.3389/
fmicb.2018.02323

Ortiz-Alvarez, L., Xu, H., Di, X., Kohler, 1., Osuna-Prieto, F. J., Acosta, F. M., et al.
(2022). Plasma levels of endocannabinoids and their analogues are related to specific
fecal bacterial genera in young adults: role in gut barrier integrity. Nutrients. 14 (10),
2143. doi: 10.3390/nu14102143

Piomelli, D. (2013). A fatty gut feeling. Trends Endocrinol. Metab. 24, 332-341.
doi: 10.1016/j.tem.2013.03.001

Pirozzi, C., Coretti, L., Opallo, N., Bove, M., Annunziata, C., Comella, F., et al. (2023).
Palmitoylethanolamide counteracts high-fat diet-induced gut dysfunction by
reprogramming microbiota composition and affecting tryptophan metabolism. Front.
Nutr. 10. doi: 10.3389/fnut.2023.1143004

frontiersin.org


https://doi.org/10.1038/s41564-021-00887-y
https://doi.org/10.1038/s41467-020-19931-2
https://doi.org/10.1073/pnas.1508737112
https://doi.org/10.1016/j.bbi.2018.09.003
https://doi.org/10.1038/nrd.2018.115
https://doi.org/10.1038/sj.bjp.0707682
https://doi.org/10.1038/sj.bjp.0707682
https://doi.org/10.1172/JCI76302
https://doi.org/10.1038/s41586-022-05525-z
https://doi.org/10.1016/j.cell.2020.09.022
https://doi.org/10.1016/j.neulet.2006.06.012
https://doi.org/10.1186/s40168-016-0189-7
https://doi.org/10.1038/s41564-019-0655-7
https://doi.org/10.1038/s41564-019-0655-7
https://doi.org/10.1038/s42003-023-05295-y
https://doi.org/10.3389/fmicb.2018.00890
https://doi.org/10.1038/s41598-022-13840-8
https://doi.org/10.1016/j.bbi.2017.09.001
https://doi.org/10.2967/jnmt.123.266816
https://doi.org/10.1007/s11064-024-04182-0
https://doi.org/10.1053/j.gastro.2014.01.052
https://doi.org/10.3389/fnmol.2021.806700
https://doi.org/10.3389/fnmol.2021.806700
https://doi.org/10.1016/j.ejps.2021.106105
https://doi.org/10.1016/j.biotno.2021.08.001
https://doi.org/10.1021/acs.jafc.0c00017
https://doi.org/10.3390/nu14030624
https://doi.org/10.1111/j.1476-5381.2009.00183.x
https://doi.org/10.1186/s13229-018-0203-y
https://doi.org/10.1111/acer.14256
https://doi.org/10.1128/mSystems.00407-19
https://doi.org/10.1002/fsn3.3835
https://doi.org/10.3390/ijms22179472
https://doi.org/10.1194/jlr.RA119000424
https://doi.org/10.1194/jlr.RA119000424
https://doi.org/10.3390/biomedicines9091246
https://doi.org/10.1016/j.bbalip.2020.158786
https://doi.org/10.1016/j.bbalip.2020.158786
https://doi.org/10.4049/jimmunol.1501489
https://doi.org/10.1038/s41598-017-15154-6
https://doi.org/10.1038/s41598-017-15154-6
https://doi.org/10.1038/s41380-021-01147-5
https://doi.org/10.1016/j.plipres.2022.101194
https://doi.org/10.15171/jcvtr.2018.21
https://doi.org/10.15171/jcvtr.2018.21
https://doi.org/10.1007/s40200-020-00605-1
https://doi.org/10.1007/s40200-020-00605-1
https://doi.org/10.1038/msb.2010.46
https://doi.org/10.3389/fmicb.2018.02323
https://doi.org/10.3389/fmicb.2018.02323
https://doi.org/10.3390/nu14102143
https://doi.org/10.1016/j.tem.2013.03.001
https://doi.org/10.3389/fnut.2023.1143004
https://doi.org/10.3389/fcimb.2025.1566290
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Wang et al.

Ringel-Kulka, T., Goldsmith, J. R., Carroll, I. M., Barros, S. P., Jobin, C., and Ringel,
Y. (2014). Lactobacillus acidophilus NCFM affects colonic mucosal opioid receptor
expression in patients with functional abdominal pain - a randomized clinical study.
Aliment Pharmacol. Ther. 40, 200-207. doi: 10.1111/apt.12800

Rojas-Valverde, D., Bonilla, D. A., Gomez-Miranda, L. M., Calleja-Nuiez, J. J., Arias,
N., and Martinez-Guardado, I. (2023). Examining the interaction between exercise, gut
microbiota, and neurodegeneration: future research directions. Biomedicines. 11, 2267.
doi: 10.3390/biomedicines11082267

Rousseaux, C., Thuru, X, Gelot, A., Barnich, N., Neut, C., Dubuquoy, L., et al. (2007).
Lactobacillus acidophilus modulates intestinal pain and induces opioid and
cannabinoid receptors. Nat. Med. 13, 35-37. doi: 10.1038/nm1521

Salzman, N. H., Hung, K., Haribhai, D., Chu, H., Karlsson-Sjoberg, J., Amir, E., et al.
(2010). Enteric defensins are essential regulators of intestinal microbial ecology. Nat.
Immunol. 11, 76-83. doi: 10.1038/ni.1825

Sultan, M., Wilson, K., Abdulla, O. A., Busbee, P. B., Hall, A., Carter, T., et al. (2021).
Endocannabinoid anandamide attenuates acute respiratory distress syndrome through

Frontiers in Cellular and Infection Microbiology

10

10.3389/fcimb.2025.1566290

modulation of microbiome in the gut-lung axis. Cells. 10, 3305. doi: 10.3390/
cells10123305

Suriano, F., Manca, C., Flamand, N., Depommier, C., Hul, M. V., Delzenne, N. M.,
et al. (2022). Exploring the endocannabinoidome in genetically obese (Ob/Ob) and
diabetic (Db/Db) mice: Links with inflammation and gut microbiota. Biochim. Biophys.
Acta Mol. Cell Biol. Lipids. 1867, 159056. doi: 10.1016/j.bbalip.2021.159056

Tagliamonte, S., Laiola, M., Ferracane, R., Vitale, M., Gallo, M. A., Meslier, V., et al.
(2021). Mediterranean diet consumption affects the endocannabinoid system in
overweight and obese subjects: possible links with gut microbiome, insulin resistance
and inflammation. Eur. J. Nutr. 60, 3703-3716. doi: 10.1007/s00394-021-02538-8

TantiMonaco, M., Ceci, R., Sabatini, S., Catani, M. V., Rossi, A., Gasperi, V., et al.
(2014). Physical activity and the endocannabinoid system: an overview. Cell Mol. Life
Sci. 71, 2681-2698. doi: 10.1007/s00018-014-1575-6

Vijay, A., Kouraki, A., Gohir, S., Turnbull, ], Kelly, A., Chapman, V., et al. (2021).
The anti-inflammatory effect of bacterial short chain fatty acids is partially mediated by
endocannabinoids. Gut Microbes 13, 1997559. doi: 10.1080/19490976.2021.1997559

frontiersin.org


https://doi.org/10.1111/apt.12800
https://doi.org/10.3390/biomedicines11082267
https://doi.org/10.1038/nm1521
https://doi.org/10.1038/ni.1825
https://doi.org/10.3390/cells10123305
https://doi.org/10.3390/cells10123305
https://doi.org/10.1016/j.bbalip.2021.159056
https://doi.org/10.1007/s00394-021-02538-8
https://doi.org/10.1007/s00018-014-1575-6
https://doi.org/10.1080/19490976.2021.1997559
https://doi.org/10.3389/fcimb.2025.1566290
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Symphony of the gut microbiota and endocannabinoidome: a molecular and functional perspective
	Introduction
	Dietary influences on the eCBome and the gut microbiota
	Interactions between exercise, eCBome, and the gut microbiota
	The role of eCBome-gut microbiota interactions in gastrointestinal disorders
	The eCBome and the gut microbiota in neurobehavioral and emotional regulation
	Interactions between the gut microbiota and the eCBome in metabolic disorders
	Molecular mechanisms and future directions for eCBome-gut microbiota interactions
	Limitations
	Future directions
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


