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Abstract: Atopic Dermatitis (AD) is a common inflammatory skin disease characterized primarily 

by its chronic and recurrent nature. This has a significant impact on productivity and human lon-

gevity. Dysbiosis of gut flora has been demonstrated to be significantly associated with the progres-

sion of AD. In our previous research, Lactobacillus rhamnosus RL5-H3-005 (RL) and Pediococcus acidi-

lactici RP-H3-006 (RP) hold the potential to reduce the risk of AD in offspring via gut-mammary axis 

during the pregnancy and lactation period. Based on our previous work, this study aims to further 

investigate the effects of kynurenine (KYN), a metabolite of RL and RP, on AD mice induced by 2,4-

dinitrofluorobenzene (DNFB). In this study, we discovered that supplementing KYN in AD mice 

effectively alleviates the pathological symptoms of atopic dermatitis and further improves the levels 

of SCFAs in their intestines. Further research indicates that KYN's therapeutic effects on AD are 

primarily manifested in the reduction of secretory immunoglobulin A (sIgA), immunoglobulin E 

(IgE), interleukin-4 (IL-4), IL-5, IL-13, and thymic stromal lymphopoietin (TSLP) levels in mice, 

while also repairing the intestinal barrier function of AD mice. Overall, the metabolites KYN of 

probiotics RL and RP can regulate the levels of SCFAs in mice, potentially improving the symptoms 

of AD mice through the gut-skin axis.  

Keywords: gut microbiota; atopic dermatitis (AD); oxidant stress; tryptophan metabolism 

 

1. Introduction 

Atopic dermatitis (AD) represents a significant global health challenge, which is characterized 

by dry skin, eczema-like rashes, intense itching, redness, and scaling [1]. The disease is characterized 

by a chronic course and high recurrence rate, severely impacting the productivity and quality of life 

of patients [2]. Clinical data indicates that the prevalence of AD in infants and young children ranges 

from 10% to 15%, placing a substantial burden on the affected children and their families [3]. As un-

derstanding of the gut-skin axis expands, an increasing number of studies are exploring the potential 

for alleviating AD via modulation of the gut microbiota [4,5]. The gut-skin axis plays an important role 

in modulating immune responses, enhancing nutrient absorption, and influencing hormonal balance 
[6]. Furthermore, the intestinal barrier integrity that relies on the expression of tight junction proteins, 

is crucial for maintaining intestinal homeostasis, and its disruption triggers immune responses, exac-

erbating AD [7,8].  

The immune-inflammatory response is the primary driver of the pathogenesis of AD [9,10]. In 

contrast to a healthy state, the balance between T helper 1 (Th1) and Th2 immune responses is dis-

rupted in AD patients, accompanied by an imbalance in their immune regulatory factors. They pro-

mote the secretion of alarm proteins, such as thymic stromal lymphopoietin (TSLP), when allergens 

penetrate the skin barrier, thereby activating dendritic cells and innate lymphoid cells [11–13]. The acti-

vation of dendritic cells and innate lymphoid cells induces the secretion of IL-5 and IL-13, which in 
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turn activates Th2 cells [14–16]. Th2 cells activation increases the production of cytokines (e.g. IL-4, IL-

5, and IL-13), which simultaneously induce the secretion of immunoglobulin E (IgE) that exhibits a 

high affinity for basophil granulocytes and mast cells [17,18]. Tryptophan metabolism has been impli-

cated in the development of various diseases [19,20]. Current studies indicate that tryptophan metabolic 

pathway is involved in the treatment of Alzheimer's disease [21], inflammatory bowel disease [22], per-

iodontal inflammation [23], food allergies [24], and depression [25]. Increased degradation of the 

kynurenine pathway leads to reduced serum tryptophan levels in patients with chronic inflammatory 

diseases. Tryptophan metabolites exhibit anti-inflammatory effects, thereby enhancing the immune 

function of these patients [20,26]. Under a black rice diet, the levels of intestinal metabolites, e.g. indole-

3-lactic acid and indole were significantly increased in mice. These metabolites stimulate the aryl 

hydrocarbon receptor (AHR) pathway, inhibiting colorectal cancer CRC cell proliferation and colo-

rectal tumorigenesis [27]. 

Our previous study showed that Lactobacillus rhamnosus (RL) and Pediococcus acidilactici (RP) had 

the potential to modulate immune responses and gut microbiota, contributing to the amelioration of 

AD and asthma symptoms in mouse models [8,28]. Moreover, both RL and RP exerted anti-inflamma-

tory effects by regulating intestinal inflammatory infiltration, levels of pro-inflammatory factors, and 

oxidative stress [29]. However, the precise mechanisms by which microbial metabolites contribute to 

the treatment of AD remain poorly understood. To further explore the effect of microbial metabolites 

on AD, the effects of RL and RP on tryptophan metabolism were assessed, and a pivotal tryptophan 

metabolite kynurenine (KYN) was identified. To evaluate the effect of KYN on AD, KYN was admin-

istered to AD mice induced by DNFB, and its preventive effect was measured through ear thickness, 

inflammatory infiltration, and cytokine levels. Additionally, the composition of short chain fatty acids 

(SCFAs) and the integrity of the intestinal barrier were assessed. Consequently, this study aims to 

demonstrate that KYN play a critical role in the mitigation of AD. 

2. Methods and Materials 

2.1. Sources of Probiotics 

L. rhamnosus (RL-H3-005) and P. acidilactici (RP-H3-006) are derived from the feces of healthy 

infants and are patented strains of our research group. They were retrieved from the -80°C freezer, 

activated and passaged, then cultured in MRS broth medium (Hope Bio-Technology Co., Ltd., Qing-

dao, China) at 37°C for 24 hours.  

2.2. Animal Experimentation 

Female BALB/c mice (six weeks old, SPF) were provided by Changsheng Biotechnology Co., 

Ltd. (Liaoning, China). All mice were housed in an IVC system, with the temperature maintained at 

20±2°C, humidity at 50±5%, and a 12-hour light/dark cycle. All animal experimental procedures 

strictly adhered to the guidelines of the National Committee for the Management of Laboratory An-

imals and were approved by the Animal Ethics Committee of Dalian Polytechnic University (No. 

DLPU2024025). At the end of the mice experiment, blood samples were obtained from eye socket 

after isoflurane anesthesia. All mice were enthanasized via cervical dislocation, and organs and tis-

sues were collected immediately for further analysis. 

After one-week of adaptation, mice were divided into six groups (n = 5/group): the control group 

(CON), model group (AD), RL treatment group (RL), RP treatment group (RP), KYN treatment group 

(KYN), and positive control group (Y). Mice in the CON group were orally gavaged with 200 μL of 

PBS as a negative control, while the RL, RP and Y groups were given 1 x 109 CFU of RL, RP, or 

L.rhamnosus MP108 (200 μL), respectively. Mice in the KYN group was orally gavaged with 200μL of 

KYN solution (10 μg/mL). After one week, except for the CON group, the other groups were treated 

with 0.5% DNFB on the ears, followed by additional treatments with 0.2% DNFB at four-days inter-

vals for four times. Mice were sacrificed following the final treatment (Figure 1). 
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Figure 1. Diagram of the animal study design. 

2.3. Thickness and Weight of Ear Tissue  

The thickness of mouse ears was measured using a micrometer in the range of 0-25 mm (Mi-

tutoyo, Shanghai, China) before killing the mice. After sacrificeing the mice, a piece of ear plate with 

a diameter of 6 mm was excised from the mice and weighed.  

2.4. Histological Analysis  

The resulting ear tissue was fixed in 10% paraformaldehyde (Solarbio, Beijing, China) , dehy-

drated, paraffin-embedded, and cut into 5-μm sections. The sections were stained with hematoxy-

lin/eosin (HE) and toluidine blue to evaluate histological changes and mast cell infiltration. Jin Zhi-

yuan Biotechnology Co., Ltd. (Shenyang, Liaoning Province, China) conducted tissue staining and 

performed histological analysis using an optical microscope (Nikon Eclipse Ci, Tokyo, Japan).  

2.5. Determination of Biochemical Index 

Serum was separated by centrifugation at 1000 × g for 20 min at 4°C using a microcentrifuge 

(Thermo Fisher, Waltham, MA, ). Ileum tissues were weighed and homogenized in ice-cold PBS at a 

1:9 (w/v) ratio. The resulting homogenates were centrifuged at 600 × g, 4°C for 10 min, and then the 

levels of sIgA in the homogenates were measured using kits. Additionally, the levels of IL-4, IL-5, IL-

13, IgE, and TSLP in the serum were quantified using ELISA kits. 

2.6. RT-PCR 

Total RNA was extracted from ileum and ear tissue homogenates using Trizol reagent (Sangon, 

Shanghai, China). RNA concentration and purity were assessed using a NanoDrop spectrophotome-

ter (Thermo Fisher, Waltham, MA, USA). Complementary DNA (cDNA) was synthesized using the 

KR118 reverse transcription kit (Tiangen, Beijing, China). Quantitative analysis of target gene expres-

sion was performed using a real-time PCR system with the SuperReal PreMix Plus Kit (Takara, Bei-

jing, China) and gene-specific primers (Table S1). Relative quantification of target genes was calcu-

lated using the 2-ΔΔCT method, with GAPDH serving as the internal control. 

2.7. SCFAs Analysis  

SCFAs levels in fecal samples was conducted following a previously established method. 100 

mg of mouse faeces were treated with 50% dilute sulfuric acid followed by the addition of an internal 

standard (2-methylbutyric acid) and ether. After vortexing, centrifugation, and purification, the re-

sulting extracts were subjected to GC-MS analysis with an Agilent 7890/5975 system equipped with 
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a VFWAXms capillary column. The parameters of MS were 70 eV electron ionization and a scan range 

of M/z 30-300(2.5 min solvent delay). The unknown SCFA concentration was finally determined by 

linear regression using the generated standard curve. 

2.8. Statistical Analysis  

Data are expressed as mean ± SEM. Statistical analyses were performed using GraphPad Prism 

(La Jolla, CA, USA). Differences among groups were evaluated by one-way ANOVA, followed by 

Tukey’s multiple comparisons test. A p-value <0.05 was considered statistically significant. Sample 

size estimation was conducted using G*Power software (Heinrich Heine University, Germany). *p < 

0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. ns indicates no significant difference.  

3. Results 

3.1. RL and RP Influenced the Metabolites in AD Mice 

As shown in Figure 2A, significant separations in the microbial communities were observed 

among the CON, AD, RL, and RP groups. The microbiota treated with RL was most similar to the 

CON group, while both RL and RP treatment groups differed from the AD group, showing no sig-

nificant consistency. Procrustes analysis integrating microbiome and metabolome data to assess the 

similarity between the two omics layers. Each pair of connected points represents a sample’s micro-

biome (black) and metabolome (grey) profiles. In both comparisons, there was no significant con-

sistency, indicating that after RL and RP treatments, both the microbiota and metabolism underwent 

significant changes compared to those in the AD-state mice (Figure 2B,C). The volcano plot revealed 

that the treatment group significantly upregulated the metabolite KYN, which is associated with in-

flammation and immune regulation (Figure 4A). The relative abundance of selected metabolites or 

pathway-related compounds across different groups revealed that the treatment group exhibited sig-

nificant differences from the AD group in metabolites associated with gut health, anti-inflammatory 

function, and immune function (Figure 4B–F) [30,31]. All of the above demonstrates that KYN plays a 

significant role in the treatment of AD in mice. Based on this, we will continue to explore the thera-

peutic mechanisms of KYN in AD mice in subsequent research. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: Posted: 22 April 2025 doi:10.20944/preprints202504.1759.v1

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

https://doi.org/10.20944/preprints202504.1759.v1
http://creativecommons.org/licenses/by/4.0/


5 of 15 

 

Figure 2. Effects of RL and RP on the microbiome and metabolism of Ad mice. (A) Principal Coordinate Analysis 

(PCoA) based on Bray–Curtis distances. Procrustes analysis integrating microbiome and metabolome data to 

assess the similarity between (B) AD vs. RL comparison (M² = 0.514, p = 0.3); (C) AD vs. RL comparison (M² = 

0.514, p = 0.1). 
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Figure 3. Tryptophan metabolism ko00380 pathway in AD mice after RL and RP treatment. 

 

Figure 4. Differential metabolite analysis and pathway-specific changes among treatment group. (A) Volcano 

plot illustrating differential metabolites between the AD and RL groups. (B) KEGG pathway enrichment of bu-

tanoate metabolism-associated compounds. (C) Differential abundance of compounds involved in tryptophan 

metabolism. (D) Expression of bile acid-related metabolites. (E) Alteration in levels of histidine metabolism-as-

sociated compounds. (F) Changes in linoleic acid metabolism among groups. 

3.2. KYN Ameliorated the Pathological Symptoms in AD Mice 

Mice in the CON group exhibited normal tissue architecture, whereas those in the AD group 

displayed pronounced ear thickening, erythema, scabbing, and severe tissue contraction (Figure 5A). 

In contrast, KYN treatment visibly alleviated ear edema and hyperemia. Histopathological examina-

tion revealed extensive inflammatory cell infiltration, irregular epidermal hyperplasia, and pro-

nounced dermal keratinization in the AD group. Treatment with RL and RP significantly attenuated 

DNFB-induced dermal and epidermal thickening and markedly reduced inflammatory cell infiltra-

tion (Figure 6A). Furthermore, ear thickness and weight were significantly decreased in the KYN-

treated group (Figure 5B, C), indicating that both KYN and the probiotic strains RL and RP effectively 

mitigate the pathological features associated with AD in mice.  
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Figure 5. Improvement of the pathological state of AD mice by Kyn. (A) The external appearance of the mice 

ear. (B) Mice ear thickness. (C) Mice ear weight. Each value was expressed as mean ± SEM (n = 5). *p < 0.05; **p < 

0.01; ***p < 0.001; ****p < 0.0001vs AD group. 
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Figure 6. Improvement of the pathological state of AD mice by KYN. (A, B) Representative images of ear tissue 

stained with H&E and toluidine blue., scale bar = 100 μm. 

3.3. KYN Regulates slgA and Cytokine Levels 

SlgA is a crucial antibody in the human body, playing a significant role in intestinal immunity. 

Through experimental data analysis, we discovered that there was no difference in sIgA levels in the 

ileum of mice between the CON group and the AD group. However, both the KY and Y treatment 

groups significantly increased the sIgA content in the ileum of AD mice(Figure 7A). Additionally, the 

levels of IgE, TSLP, IL-4, IL-5, and IL-13 in the AD group were significantly elevated compared to the 

control group, while the level of IL-10 was reduced (Figure 7B-F). Unlike the AD group, KYN signif-

icantly decreased the levels of IgE, TSLP, IL-4, IL-5, and IL-13 in the serum of AD mice and increased 

the level of IL-10.  
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Figure 7. The effect of KYN on the level of sIgA in the ileum (A) and IgE (B), TSLP (C), IL-4 (D), IL-5 (E), and IL-

13 (F) in the serum. Each value was expressed as mean ± SEM (n = 5). *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 

0.0001vs. AD group. 

3.4. KYN Ameliorated the Intestinal Barrier Function in AD Mice 

The integrity of the intestinal barrier largely influences an individual's health, so we measured 

the mRNA expression of ZO-1, Occludin and Claudin-2 in mice (Figure 8A-C) . Compared with the 

CON group, the levels of Zo-1 and Occludin in the AD group did not differ significantly, while the 

level of Claudin-2 increased significantly. Compared with the AD group, L 5 and L 6 increased the 

expression of ZO-1 and decreased the level of Claudin-2. KYN significantly decreased the expression 

of Claudin-2, and slightly increased the expression of Zo-1 and Occludin. It indicates that KYN can 

improve the intestinal barrier function to a certain extent, which helps to pass through the intestine 

and then affect the subsequent function. 
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Figure 8. Effect of KYN on intestinal barrier and inflammatory response. The mRNA levels of ZO-1 (A), Occludin 

(B), and Cauldin-2 (C) in the ileum tissues, and the levels of IL-5 (D), IL-10 (E), and IL-13 (F) in the ear tissues. 

Each value was expressed as mean ± SEM (n = 5). *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001vs. AD group. 

3.5. KYN Suppressed Aberrant Immune Response in the Ear Tissues 

At the mRNA level, the IL-13 mRNA expression in the AD group was significantly elevated 

compared to the control group, whereas no significant differences were observed in IL-5 and IL-10. 

Conversely, treatment with KYN reduced the IL-13 levels in AD mice, without significantly affecting 

IL-5 and IL-10 (Figure 8D-F). This demonstrates that KYN has a significant effect in terms of anti-

inflammatory action.  

3.6. KYN Elevate SCFAs Levels in AD Mice 

Quantitative analysis revealed significantly diminished concentrations of six SCFAs in the ce-

cum of mice subjected to DSS treatment, relative to the control group (Figure 9). Following CIPs ad-

ministration, diverse SCFAs exhibited varying degrees of elevation, with notable increases in acetic, 

propionic, butyric, and valeric acids. These findings suggest that CIPs attenuate colitis, in part, by 

modulating the levels of short-chain fatty acids. 
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Figure 9. KYN improves short-chain fatty acids (SCFAs) levels in AD mice. Concentrations of (A) acetic acid, (B) 

propionic acid, (C) butyric acid, (D) isobutyric acid, (E) valeric acid, and (F) isovaleric acid. Each value was 

expressed as mean ± SEM (n = 5). *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001vs. AD group. 

4. Discussion 

AD is a common chronic inflammatory skin disorder. Current standard treatments primarily 

involve corticosteroids, immunosuppressants, and other pharmacological agents[32–34]. However, 

these therapies often fail to achieve sustained remission. Prolonged use is frequently associated with 

drug dependency, increased healthcare costs, and adverse side effects. As a multifactorial condition, 

AD is influenced by various environmental factors and is characterized by dysbiosis not only of the 

gut microbiota but also of the cutaneous microbial community[35–38]. Clinical data indicate that the 

tryptophan metabolic pathway contributes to alleviating symptoms of AD[39]. This study explores the 

therapeutic potential of kynurenine (KYN), a metabolite identified from RL and RP metabolic pro-

files, in mitigating symptoms of atopic dermatitis (AD) in mice. The findings demonstrate that KYN 

exhibits immunomodulatory properties and contributes to the restoration of intestinal barrier func-

tion. In AD-like mice, impaired skin barrier integrity and heightened inflammatory cell infiltration 

are observed, driven by dysregulated immune responses. As a result, AD is characterized by pro-

nounced skin inflammation and exaggerated Th2-mediated immune activity during the acute 

phase[40].  

Our results are well aligned with and extend previous findings on the role of the gut microbiota 

and its metabolites in immune-mediated skin disorders. The concept of the gut-skin axis, a bidirec-

tional communication network linking gut microbiota and skin homeostasis, is increasingly recog-

nized in dermatological research[41,42]. Dysbiosis in gut microbiota composition has been implicated 

in the initiation and exacerbation of AD, where reduced microbial diversity and depletion of benefi-

cial commensals contribute to systemic inflammation and skin barrier dysfunction[43–45]. Importantly, 

the tryptophan metabolic pathway has emerged as a critical immunometabolic axis in chronic inflam-

matory diseases. Tryptophan, an essential amino acid, can be metabolized into several bioactive com-

pounds, including kynurenine, indole derivatives, and serotonin[46,47]. Among these, kynurenine has 

been shown to suppress pro-inflammatory responses and promote immune tolerance via activation 

of the aryl hydrocarbon receptor (AhR), modulation of regulatory T cell populations, and inhibition 

of effector T cell activation[48–50]. Our findings echo this body of work and demonstrate that exogenous 

KYN can recapitulate many of the beneficial effects attributed to probiotic supplementation, 
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suggesting that microbial metabolites may be central effectors of host-microbiota interactions. Fur-

thermore, the immunological results—particularly the suppression of IL-4, IL-5, IL-13, TSLP, and 

IgE—indicate that KYN effectively mitigates the Th2-skewed immune response, which is a hallmark 

of AD pathophysiology. Notably, increased levels of IL-10 in KYN-treated mice support the notion 

that KYN may promote a more tolerogenic immune environment, possibly via enhancement of reg-

ulatory T cells or AhR-mediated pathways. These findings are consistent with previous observations 

in allergic asthma and food allergy models, where tryptophan metabolites reduced disease severity 

and inflammatory cytokine production. In addition to its immunoregulatory effects, KYN also ex-

erted a notable impact on intestinal barrier integrity, as reflected by increased mRNA levels of ZO-1 

and Occludin and decreased Claudin-2 expression in the ileum. These proteins are essential compo-

nents of the tight junction complex and are responsible for maintaining selective permeability of the 

intestinal epithelium. Disruption of these junctions permits translocation of microbial products into 

systemic circulation, triggering systemic inflammation and exacerbating AD symptoms. Our findings 

suggest that KYN reinforces gut barrier function, thereby limiting systemic immune activation and 

contributing to symptom relief in AD. The elevated SCFA levels observed in KYN-treated mice pro-

vide further mechanistic insight into its therapeutic efficacy. SCFAs, particularly butyrate, propio-

nate, and acetate, are key microbial metabolites known to modulate host immunity, maintain epithe-

lial barrier function, and suppress inflammatory signaling[50–52]. Butyrate, for example, has been 

shown to enhance tight junction protein expression, increase mucin production, and induce Treg dif-

ferentiation. By promoting SCFA production, KYN may indirectly support a gut microenvironment 

conducive to immune homeostasis and barrier protection. This synergistic effect between microbial 

and metabolic pathways underscores the systemic nature of KYN's actions and highlights the poten-

tial for metabolic reprogramming in treating inflammatory diseases. 

While our study offers valuable insights, several limitations must be acknowledged. First, alt-

hough KYN administration effectively ameliorated AD symptoms in a murine model, the translation 

of these findings to human subjects remains speculative. Human clinical trials are essential to confirm 

safety, dosing, and efficacy. Second, the mechanism of action underlying KYN’s effects remains in-

completely understood. While Aryl Hydrocarbon Receptor activation is a plausible pathway, further 

experiments involving receptor antagonists, gene knockouts, or transcriptomic profiling are needed 

to confirm the exact molecular targets. Third, the study focused on a single microbial metabolite, 

whereas probiotic strains produce a broad spectrum of metabolites that may act synergistically. It is 

possible that other co-metabolites derived from RL and RP contribute to the observed therapeutic 

benefits. Lastly, the impact of KYN on the skin microbiota, another key player in the gut-skin axis, 

was not assessed in this study and warrants future investigation. This research supports the growing 

paradigm that microbial metabolites act as key mediators in host-microbe interactions and have far-

reaching effects on distant organs through systemic circulation. The identification of KYN as a potent 

postbiotic agent capable of mitigating AD symptoms opens up exciting possibilities for microbiota-

targeted therapies in dermatology. Compared to live probiotic administration, postbiotic approaches 

offer greater stability, lower risk of translocation, and the potential for precision medicine by selecting 

specific metabolites based on individual host or microbiome profiles. Future studies should further 

investigate the translational potential of these finding by evaluating the effects of KYN in human 

subjects with AD and examining its interactions with host genetics, diet, and microbiome composi-

tion. Additionally, co-administration strategies involving KYN and SCFA precursors or synergistic 

probiotics may yield enhanced therapeutic efficacy. Systems biology approaches, including inte-

grated multi-omics analyses and machine learning models, could further elucidate the complex in-

teractions between microbial metabolites, immune signaling, and skin health. 

5. Conclusion 

This study demonstrates that KYN, a metabolite of RL and RP, possesses the potential to mod-

ulate immune responses and short-chain fatty acids, thereby contributing to the amelioration of AD. 

It provides preliminary evidence that KYN may exert preventive effects on AD through the 
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regulation of short-chain fatty acids. However, further mechanistic studies need to be continued. The 

mechanism of KYN through the gut-skin axis warrants further investigation, including its impact on 

the gut microbiota, the relationship between microbial metabolites and the gut microbiota, and 

whether KYN induces specific changes in the skin microbiota of AD patients. 
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