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ABSTRACT 

Background: Aging is a biological process characterized by progressive compositional and functional alterations in the 

gut microbiota. Akkermansia muciniphila, a commensal bacterium of the human intestine, has been shown to confer 

significant metabolic and health benefits, particularly in the context of aging-associated physiological decline. 

Objective: The primary objective of this study was to further evaluate the potential anti-aging effects of pasteurized 

Akkermansia muciniphila AKK ONE using aged zebrafish models. 

Methods: Three aging models were established in zebrafish through exposure to aluminum chloride hexahydrate, D-

galactose, and hydrogen peroxide, respectively. Behavioral and physiological parameters were assessed, including light-

dark transition time difference, total locomotor distance, movement distance within the blue region, telomere length, 

relative expression of the spns1 gene, and survival rate. 

Results: Administration of pasteurized AKK ONE significantly improved mobility as indicated by enhanced light-dark 

transition time difference and increased total moving distance. Additionally, after pasteurized AKK ONE treatment, the 

moving distance in the blue region of aged zebrafish rose compared to that of the normal control group, showing 

substantial improvements in learning and memory. At the epigenetic level, both telomere length and the relative 
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expression of the spns1 gene were significantly improved after administration of pasteurized AKK ONE. Noteworthy is 

the increased survival rate in the pasteurized AKK ONE group. 

Conclusions: Pasteurized AKK ONE effectively ameliorated aging-related phenotypes in aspects of mobility, cognition, 

and epigenetics, and remarkably increased lifespan in aged zebrafish models. 

Keywords: pasteurized Akkermansia muciniphila AKK ONE, zebrafish, lifespan, aging, mobility, cognition, telomere, spns1 

gene. 

Graphical Abstract: Pasteurized Akkermansia muciniphila AKK ONE improves aging-related phenotypes and increases 

lifespan in zebrafish models 

©FFC 2025. This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 License 

(http://creativecommons.org/licenses/by/4.0) 

INTRODUCTION 

The gastrointestinal (GI) tract of vertebrates is a highly 

dynamic and complex ecosystem harboring a vast and 

diverse microbial community. Among these 

microorganisms, bacteria reaching densities of up to 1014 

CFU/g wet feces in humans have been the most widely 

explored. While the majority of gut bacteria reside freely 

in the intestinal lumen, only a limited subset colonizes 

the mucus layer of the GI tract and can utilize mucin as 

its sole carbon and nitrogen source [1]. The mucus layer, 

which lies in close proximity to the intestinal epithelial 

cells, serves as a critical protective barrier that shields the 

host from microbial invasion and from potentially 

harmful gut-derived metabolites [1]. Given its strategic 

location and protective function, the mucus layer plays a 

pivotal role in maintaining intestinal homeostasis.  

Although important, Akkermansia muciniphila is 

one of the few bacteria that thrive in the mucus layer. 

This decides the critical role of Akkermansia muciniphila 

in the host-microbe interactions. Akkermansia 

muciniphila has been the most widely studied in 

metabolic diseases, e.g., obesity and diabetes, and has 

shown promising effects on weight gain, lipid levels, 

energy expenditure, GLP-1 regulation, glucose 

intolerance, and insulin sensitivity [2–9]. Interestingly, 

pasteurized Akkermansia muciniphila showed similar or 

even more notable improvements in overweight- and 

obesity-related outcomes compared with viable 
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Akkermansia muciniphila [2]. 

Metabolic dysbiosis is linked to the aging process, 

and therefore, Akkermansia muciniphila might be an 

interesting target for senile resistance. This hypothesis is 

further supported by a review that found elevated levels 

of Akkermansia in healthy centenarians [10]. Belzer et al. 

used accelerated aging Ercc1−/Δ7 mice orally 

supplemented with Akkermansia muciniphila for ten 

weeks (2×108 CFU/time, three times per week) and found 

that such long-term Akkermansia intervention 

substantially rescued the colonic mucus layer by 

increasing its thickness about 3-fold [11]. Additionally, 

Chen et al. observed a relation between depleted 

Akkermansia muciniphila and impaired plasma L-arginine 

metabolic homeostasis in mice [12]. Supplementing the 

outer membrane protein Amuc_1100 for six months 

restored L-arginine dysbiosis and further rehabilitated 

the cognitive lesion in aging mice [12]. Notably, a modest 

lifespan extension was observed in progeroid mice after 

oral supplementation with Akkermansia muciniphila 

(2×108 CFU/time, three times per week) starting at 12 

weeks of age and continuing until death [13], providing 

direct anti-aging evidence for Akkermansia muciniphila.  

Akkermansia muciniphila AKK ONE, first isolated 

from a healthy Chinese athlete, has been investigated for 

its therapeutic potential in both dextran sulfate sodium 

DSS-induced ulcerative colitis and high-fat diet-induced 

hypercholesterolemia mouse models [14, 15]. In colitic 

mice, AKK ONE effectively restored intestinal barrier 

integrity by upregulating the relative expression of tight 

junction proteins and significantly reducing pro-

inflammatory cytokine levels [14]. Furthermore, in 

hypercholesterolemic mice, oral administration of AKK 

ONE markedly decreased plasma total cholesterol, 

triglycerides, and low-density lipoprotein cholesterol, 

while simultaneously modulating the composition of the 

gut microbiota [15]. Given that chronic inflammation and 

gut microbiota dysbiosis are recognized as two of the 

fourteen major hallmarks of aging [16], these findings 

suggest that AKK ONE may confer potential anti-aging 

benefits to the host.  

However, the anti-aging mechanisms of AKK ONE 

remain insufficiently characterized. Therefore, the 

present study aims to elucidate the effects of pasteurized 

AKK ONE on mobility, cognitive performance, epigenetic 

markers, and survival rates in aged zebrafish models. 

MATERIALS AND METHODS 

Zebrafish: Zebrafish (Danio rerio) were selected as the 

experimental model due to their high degree of genetic, 

anatomical, and physiological similarity to humans. 

Approximately 70% of human genes have at least one 

ortholog in the zebrafish genome, a level of conservation 

comparable to that observed between humans and mice 

(approximately 80%) [17]. In addition to genetic 

homology, zebrafish share key anatomical, histological, 

and physiological features with humans, particularly in 

the nervous, metabolic, and gastrointestinal systems. 

These characteristics, together with their rapid 

development, transparency during early life stages, cost-

effectiveness, and suitability for large-scale 

experimentation, make zebrafish an established and 

powerful model organism. Consequently, zebrafish are 

widely used to investigate developmental, mental, 

neurological, and metabolic disorders, as well as to study 

systemic interactions between the brain and peripheral 

organs, including aging-related processes [17–20]. 

Zebrafish (wild type; AB strain) used in this study 

were housed in water at 28℃ with conductivities 

between 450 and 550 μS/cm, pH between 6.5 and 8.5, 

and water hardness ranging from 50 to 100 mg/L CaCO3, 

which met the criteria of AAALAC (No. 001458). The study 

was performed under animal experiment license SYXK 

(ZHE) 2022-0004. The ethics approval No. of the 
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Institutional Animal Care and Use Committee is IACUC-

2025-11816-01. 

The preparation of AKK ONE: Akkermansia muciniphila 

AKK ONE was cultivated as previously described [14]. 

After harvest, AKK ONE was pasteurized at 80℃ for 30 

min before freeze-drying. Freeze-dried AKK ONE (2000 

colony-forming units/g) was then stored at room 

temperature before use.  

Determining maximum tolerated concentrations 

(MTCs) of AKK ONE: Mortality assays were conducted to 

determine the maximum tolerated concentration (MTC) 

of pasteurized AKK ONE. The MTC was defined as the 

highest administered dose resulting in a mortality rate of 

no more than 5%, as previously established [21]. Only 

concentrations equal to or below the MTC were used in 

subsequent experiments. In detail, five different doses 

(i.e., 125, 250, 500, 1000, and 2000 μg/mL) of AKK ONE 

were assessed in MTC tests. Thirty zebrafish were 

contained in each group and were treated with different 

concentrations of AKK ONE. 

AlCl3-treated zebrafish model with mobility 

impairments: AlCl3 was used to induce motility 

impairments, as described previously [22]. Zebrafish 

aged 4-day post-fertilization (dpf) was divided into 6 

groups (N=30/group), including normal control (without 

AlCl3 treatment and without any interventions), model 

control (with AlCl3 but without any interventions), 

positive control (with AlCl3 and with donepezil 

hydrochloride intervention at 3.33 μg/mL; donepezil 

hydrochloride is an acetylcholinesterase inhibitor 

primarily used in treating Alzheimer disease), AKK ONE 

groups (with AlCl3 and with AKK ONE intervention at 

suitable concentrations as suggested by MTC tests). 

Zebrafish were simultaneously treated with AlCl3, 

donepezil hydrochloride, and AKK ONE for 1 day. Ten 

zebrafish in each group were randomly selected for the 

light-transition time difference test, and another 10 

zebrafish in each group were randomly chosen for the 

total moving distance test in 30 min, which was measured 

by the zebrafish behavior system (Zebra Lab 3.22.3.31, 

Viewpoint, France). 

D-galactose-treated zebrafish model with cognitive

impairments: Zebrafish aged 3 dpf were divided into 6 

groups as described (N=30/group). Instead of using AlCl3, 

D-galactose (CAS 59-23-4, Aladdin) was used, along with

stirring, to induce cognitive impairments [23]. Zebrafish 

were treated with D-galactose, 200 μg/mL of ginseng 

(used as a positive control), and AKK ONE for consecutive 

2 days. Six zebrafish in each group were randomly 

selected for the blue region test (zebrafish prefer the 

blue region as previously reported [24]). In detail, the 

zebrafish was placed in the middle of 4 regions named 

yellow, red, green, and blue, respectively. The distance 

traveled in these 4 regions was recorded, and the 

percentage of the distance in the blue region was 

analyzed.  

H2O2-treated zebrafish model with epigenetic 

impairments and shortened lifespan: Zebrafish at 6 

hours post-fertilization (hpf) were randomly assigned to 

six experimental groups, as previously delineated. 

Hydrogen peroxide (H2O2 ) was used to induce oxidative 

stress, resulting in aging-related phenotypes, including 

epigenetic impairments (including telomere length and 

relative expression of spns1 gene) and reduced lifespan 

[25]. Resveratrol (CAS 501-36-0, Macklin) at a 

concentration of 10 μg/mL served as the positive control. 

Telomere length and relative expression of the 

spns1 gene were measured daily for consecutive 6 days, 

in triplicate with N=30 zebrafish in each group. A 
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universal genomic DNA extraction kit (Lot No. 2ZAP14, 

KeFeiTe) and a universal RNA extraction kit (Lot No. 

TL643-03C, Onrew) were used to isolate total DNA and 

RNA of zebrafish, respectively. The concentration and 

purity of DNA and RNA were determined by a UV-visible 

spectrophotometer (Nanodrop2000, Thermo).  

Telomere length was measured and presented as 

telomere-to-single dio2 copy gene (T/S) ratio. Primer 

sequences (1) dio2 gene, forward 5'-

TGGCTTCTTCTCCAACTGCC-3', reverse 5'-

GAGCAGCTTCGCCCAATTTC-3' (2) telo gene, forward 5'-

CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT-3, 

reverse 5'-GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT-3.  

A FastKing cDNA kit (Lot No. X1213, TIANGEN) was 

used to generate 20 μL cDNA from 2 μg RNA, before 

measuring the relative expression of the spns1 gene to the 

reference β-actin gene. Primer sequences (1) spns1 gene, 

forward 5'-TGCACGGTTCGATTCAAGTCT-3', reverse 5'-

GACATCACTGCTGGAAAATGC-3' (2) β-actin, forward 

5'-TCGAGCAGGAGATGGGAACC-3', reverse 5'-

CTCGTGGATACCGCAAGATTC-3'.  

As for lifespan, we measured the survival rates of 

zebrafish aged between 0 and 14 dpf. 

Statistical analyses: Data analyses and visualization were 

performed in GraphPad Prism 8.0.2, using Wilcoxon tests 

to compare groups, with p<0.05 indicating statistical 

significance. 

RESULTS 

MTCs of AKK ONE in aged zebrafish model: MTCs of AKK 

ONE were 2000, 250, and 1000 μg/mL in AlCl3, D-

galactose, and H2O2-treated models, respectively (Table 

1). The MTC was lowest under D-galactose treatment, 

likely due to stirring in this model. Based on MTCs, we 

selected 250, 500, and 1000 μg/mL of AKK ONE for the 

AlCl3 and H2O2 models, and 62.5, 125, and 250 μg/mL 

for the D-galactose model in the following experiments. 

      Table 1. MTCs in aged zebrafish models. 

AlCl3 model D-galactose model H2O2 model 

Group Mortality rates Group Mortality rates Group Mortality rates 

Normal control 0% (0/30) Normal control 0% (0/30) Normal control 0% (0/30) 

AlCl3 0% (0/30) D-galactose 0% (0/30) H2O2 0% (0/30) 

125 0% (0/30) 125 0% (0/30) 125 0% (0/30) 

250 0% (0/30) 250 0% (0/30) 250 0% (0/30) 

500 0% (0/30) 500 100% (30/30) 500 0% (0/30) 

1000 0% (0/30) 1000 100% (30/30) 1000 0% (0/30) 

2000 0% (0/30) 2000 100% (30/30) 2000 100% (30/30) 

AKK ONE improved mobility phenotypes of aged 

zebrafish: Pasteurized AKK ONE (i.e., 250, 500, and 1000 

μg/mL) significantly increased the light-dark transition 

time difference and total moving dance in AlCl3-treated 

models (Figure 1), suggesting improvements in mobility 

phenotypes of aged zebrafish. Notably, AKK ONE at a 

concentration of 1000 μg/mL restored both the light-dark 

transition time difference and the total moving distance 

to normal levels, whereas this was not observed at the 

other two concentrations. Moreover, effectiveness was 

comparable between AKK ONE and the positive control 

using donepezil hydrochloride. 
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Figure 1. Mobility phenotypes of aged zebrafish. A, light-dark transition time difference. B, total moving distance in 30 min. 

C, the moving trajectory in 30 min. Ten zebrafish in each group were randomly selected for the light-transition time difference test, and 

another 10 zebrafish in each group were randomly chosen to test the total moving distance in 30 min. Different letters indicate statistical 

significance between groups. 

AKK ONE improved cognitive phenotype of aged 

zebrafish: Only the highest dose of pasteurized AKK ONE 

(250 μg/mL), as well as the positive control of using 

ginseng, significantly restored the percent of moving 

distance in the blue region (Figure 2). No differences in 

the percent of moving distance in the blue region were 

observed among the AKK ONE (250 μg/mL), the ginseng 

group, and the normal control. 
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Figure 2. Cognitive phenotype of aged zebrafish. A, the moving trajectory in yellow, red, green, and blue regions. B, the 

percentage of moving distance in the blue region. Six of the 30 zebrafish in each group were randomly selected for the test. 

Different letters indicate statistical significance between groups. 

AKK ONE improved epigenetic phenotypes of aged 

zebrafish: Pasteurized AKK ONE at both concentrations 

of 500 and 1000 μg/mL significantly recovered the 

telomere length to a normal level, while neither the 

lowest level of AKK ONE (250 μg/mL) nor resveratrol 

exhibited improvements on telomere length (Figure 3A). 

As for the relative expression of the spns1 gene, an 

enhanced outcome was observed only at the highest AKK 

ONE level (1000 μg/mL; Figure 3B).  
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Figure 3. Epigenetic phenotype of aged zebrafish. A, telomere length. B, the relative expression of the spns1 gene. These 

two tests were performed in triplicate, with N=30 zebrafish per group each time. Each dot represents the result in one of 

the triplicates. Different letters indicate statistical significance between groups. 

AKK ONE increased lifespan in aged zebrafish: All three 

studied levels of pasteurized AKK ONE (i.e., 250, 500, and 

1000 μg/mL) significantly increased the survival rates of 

zebrafish at the age of 14 dpf after H2O2 treatment 

(Figure 4). Remarkably, AKK ONE at a concentration of 

1000 μg/mL showed approximately a 50% increase in 

survival rate at 14 dpf compared with the H2O2 control. 

Figure 4. Survival curves of aged zebrafish. A percent survival rate from the age of 0 to 14 dpf. B, Survival rates of zebrafish 

at the age of 14 dpf. Each group consisted of 60 zebrafish. Different letters indicate statistical significance between groups. 

DISCUSSION 

The present study provides insight into the anti-aging 

effects of the next-generation probiotic Akkermansia 

muciniphila AKK ONE in zebrafish models. AlCl3, D-

galactose, and H2O2 caused aging phenotypes in mobility, 

cognition, and epigenetics, and shortened the lifespan of 

zebrafish, whereas pasteurized AKK ONE significantly 

restored these aging hallmarks. In detail, AKK ONE 

increased the light-dark transition time difference, total 

moving distance, the percentage of moving distance in 

the blue region, telomere length, the relative expression 

of the spns1 gene, and survival rates, suggesting a 
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promising strategy for using AKK ONE as an anti-aging 

biological therapy in dietary supplements. Importantly, 

this research aligns with steps 1 to 3 of a comprehensive 

17-step process proposed by the Functional Food Center

for the clear definition and categorization of functional 

foods. Specifically, step 1 defines the anti-aging goal of 

pasteurized AKK ONE, step 2 determines its anti-aging 

effects, and step 3 establishes the effective dose of 

pasteurized AKK ONE [26]. 

In parallel with previous research that used 

Akkermansia muciniphila or its metabolites as 

interventions [11–13, 27], this study demonstrated 

general benefits of an Akkermansia muciniphila strain, 

AKK ONE, in improving aging phenotypes in zebrafish. 

However, direct comparisons between studies were 

largely limited because most relevant studies were 

performed in mice [11–13]. Regardless of the use of 

different animal models, progeroid mice receiving oral 

gavage of Akkermansia muciniphila exhibited a modest 

5% extension of lifespan [13], which is in line with our 

findings of an increased survival rate in H2O2-treated 

zebrafish with AKK ONE intervention. Such 

improvements in lifespan in aging-accelerated mice were 

accompanied by a significantly thicker gut mucus layer, 

suggesting an enhanced mucosal barrier function [11, 

13].  

In addition to extending lifespan, Akkermansia 

muciniphila and its outer membrane proteins may also 

benefit learning and memory ability. As a highly 

abundant outer membrane protein of Akkermansia 

muciniphila, Amuc_1100 exhibited resistance to 

pasteurization temperature [28]. Earlier findings show its 

role in improving metabolic diseases [28], while recent 

evidence supports its ability to regulate tryptophan 

metabolism and emotional and behavioral outcomes 

[29–32]. Supplementing naturally aged mice with 

Amuc_1100 significantly reduced latency to the target, 

indicating ameliorations on cognitive decline and 

impairment [12]. Similarly, in our study, we observed 

improved cognitive function, as indicated by a higher 

percentage of movement in the blue region. This was 

consistent with the results reported by Qu et al., who 

found that Akkermansia muciniphila increased total 

moving distance and decreased latency time, as 

measured by the T test, in aged zebrafish [27]. In terms 

of cognitive capacity, our study also found improved 

sensory and motor skills following AKK ONE 

administration.  

Anti-aging effects of AKK ONE may be attributed to 

restored telomere length and elevated spns1 gene 

expression, both of which were observed in our study. It 

has been well accepted that lengthening telomeres and 

activating telomerase (i.e., a nuclear enzyme that 

maintains telomere length) improve metabolic health, 

preserve neuronal survival and cognitive function, and 

therefore extend lifespan and delay aging [33]. Spns1, 

encoded by the spns1 gene, is a lysosomal transporter 

that regulates the efflux of lysophospholipids (i.e., a 

bioactive lipid mediator responsible for cell signaling, 

growth, and migration) from the lysosome to the cytosol 

[34, 35]. Lysosomal dysfunction is strongly associated 

with cellular senescence and the loss of regenerative 

ability in stem cells, especially in neural stem cells [36, 

37]. Activating lysosomal functions assisted neural stem 

cells in clearing unwilling aging-related protein 

aggregates and reaching a more youthful state [37]. 

Although the exploration of Akkermansia 

muciniphila in aging is still in its early stages, some pilot 

studies have pointed to potential mechanisms by which 

Akkermansia muciniphila-derived products interact with 

host immune signals [2]. For example, a novel tripeptide 

composed of arginine, lysine, and histidine, which is 

present in the cell membrane of Akkermansia 

muciniphila, has been shown to activate Toll-like 

receptor 4 (TLR4), thereby regulating inflammatory 

responses [38]. Additionally, ornithine lipids have been 

found to increase interleukin-10 (IL-10) production, 
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which may contribute to anti-inflammatory effects [39]. 

Furthermore, aminoacyl tRNA synthetases (AmTARS) 

have been shown to promote IL-10 upregulation by 

activating TLR2 [40]. These findings highlight the complex 

interplay between Akkermansia muciniphila and host 

immune signaling, though further research is needed to 

fully understand their implications in the context of 

aging. 

Several limitations of the present study should be 

acknowledged:  

(1) Rather than using AlCl3, D-galactose, or H2O2 to

trigger an aged model, a naturally aged model

is preferred.

(2) Exploring the gut barrier and intestinal tight

junctions may support a better understanding

of AKK ONE on its potential anti-aging effects.

(3) Further analysis of spns1 and lysosomal

functions might provide insight into novel

mechanisms of AKK ONE in mitigating neuronal

aging.

(4) Despite the widespread use of zebrafish

models in exploring human diseases and

disorders, it is important to recognize the

limitations of zebrafish as a model organism.

These limitations include genomic duplications,

which may limit the accuracy of disease and

disorder modeling; the absence of sex

chromosomes, which can hinder studies of sex-

specific traits; and difficulties in translating

dosages between zebrafish and humans.

(5) When formulating a mature anti-aging dietary

supplement, it is crucial to consider the

potential synergistic effects of AKK ONE with

other anti-aging herbal extracts, such as Panax

ginseng, Ganoderma lucidum, and Polygonati

rhizome, as well as minerals known for their

anti-aging benefits, as previously reported [41–

45].

Supplementation with pasteurized AKK ONE 

improved aging phenotypes in mobility, cognition, and 

epigenetics, and lengthened lifespan in AlCl3-, D-

galactose-, or H2O2-induced aged zebrafish models. 

These findings suggest that pasteurized AKK ONE is a 

promising anti-aging biological therapy that can be 

further used in dietary supplements. 

CONCLUSIONS 

Supplementation with pasteurized Akkermansia 

muciniphila AKK ONE in aged zebrafish significantly 

improved multiple aging-related phenotypes, including 

enhanced functional mobility, improved cognitive 

performance, restored telomere length, normalized 

spns1 expression, and notably increased survival rates, 

indicating an extension of lifespan. These results 

highlight the potential of pasteurized AKK ONE as a 

functional ingredient for the development of novel anti-

aging dietary supplements. Nevertheless, carefully 

designed preclinical studies and clinical trials are required 

to further validate its efficacy, safety, and underlying 

mechanisms of action.  

Abbreviations: GI, gastrointestinal; AKK ONE, 

Akkermansia muciniphila AKK ONE; MTC, maximum 

tolerated concentration; dpf, day post-fertilization; hpf, 

hour post-fertilization; IL-10, interleukin-10; AmTARS, 

aminoacyl tRNA synthetases. 
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