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This study aimed to examine the ameliorating effect of Lactobacillus plantarum (LP) KFY02 on low-fiber diet-induced constipation in mice. LP-KFY02 was isolated from the natural fermented yogurt in Korla of Xinjiang. The mice with low-fiber diet-induced constipation in experimental groups were administered 1 × 109 CFU/kg LP-KFY02 (KFY02H) and 1 × 108 CFU/kg LP-KFY02 (KFY02L). After LP-KFY02 treatment with constipation mice, the mice fecal water content, intestinal transit ability and defecation time of constipated mice were improved. The mice fecal flora diversity, abundance and structure of the intestinal flora were regulated to the balanced state. The mice serum levels of gut motility related neuroendocrine factors have been increased, the intestinal mucosal barrier function and gut motility related gene expression were regulated in mice colon tissues. At the same time, the mice colon tissue damage were improved. These parameters in the KFY02H group were close to the normal group. These results suggested that LP-KFY02 could be considered as a potential probiotic to help alleviate low-fiber diet-induced constipation. They also provided a theoretical basis for the study of probiotics to relieve constipation by regulating intestinal flora.
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Introduction

Constipation is a high-incidence disease worldwide, the increasing global prevalence of the symptoms of constipation adversely affects the quality of life of symptomatic patients (1). With the acceleration of people’s life rhythm, the changes in dietary structure and habits, the influence of social and physiological factors, the incidence of constipation continues to increase every year. Insufficient dietary fiber in the diet is one of the leading causes of constipation (2). Constipation is divided into functional constipation (FC), irritable bowel syndrome with constipation, opioid-induced constipation, and functional defecation disorder. Among these, the prevalence of FC is the highest (3).

FC is intractable constipation characterized by colonic dysfunction and conduction abnormalities resulting in weakened intestinal transit capacity. It can even cause a series of serious complications (4). The research on the pathogenesis and mechanism of FC has gradually increased in recent years, including abnormalities in brain–gut peptides, intestinal flora, interstitial cells of Cajal, and mental factors (5).

The traditional treatment of constipation is mainly use osmotic and secretory laxatives, this method is often unable to effectively cure constipation, the abuse of laxatives will damage the colon nervous system and make constipation more serious (6). The mechanism of intestinal motility changes based on the interaction between the gut microbiota and the enteroendocrine system, and the intestinal immune system has received extensive attention (7). A large number of studies have shown that gut microbiota plays a key role in gut health. The microbiota affects various pathophysiological activities of the host. Establishing and maintaining a beneficial balance between the gut microbiota and the human body is necessary for normal bowel function (8). At the same time, studies have shown that the distribution of intestinal flora in low fiber diet-induced constipation patients is significantly different from that in the normal population, mainly manifested in the decrease in the abundance of common beneficial bacteria (Bifidobacterium, Lactobacillus, and so on) and the increase in the abundance of potential pathogenic bacteria (Enterococcus, Enterobacteriaceae, and so on) (9). It is clinically recommended to improve the composition of intestinal flora using probiotics to relieve constipation (10). The main mechanisms are as follows: (1) Probiotics help to regulate the balance of intestinal flora. The intestinal flora can produce a series of metabolites, including bile acids, short-chain fatty acids, hydrogen sulfide, and methane. These products affect intestinal motility by acting on the intestinal wall (11). (2) The gut microbiota is involved in the production of neuroendocrine factors and gastrointestinal hormones, including motilin (MTL), substance P (SP), gastrin (GAS), vasoactive intestinal peptide (VIP), and 5-hydroxytryptamine (5-HT). Neuroendocrine factors work with the nervous system to regulate the movement, secretion and absorption of digestive organs (12). At the same time, the gut microbiota also interacts with the enteric nervous system and enteric neurotransmitters. Among them, glial cell line–derived neurotrophic factor (GDNF) has an important effect on the innervation of colonic myometrium and the function of ganglion cells (13). Transient receptor potential vanilloid 1 (TRPV1) can regulate intestinal motility by mediating 5-HT release (14). (3) The intestinal mucosa is exposed to a large number of antigens and gut microbiota, and intestinal immune homeostasis depends on the synergistic interaction of gut microbiota, intestinal epithelial cells and gut-associated lymphoid tissue (GALT). Among them, the tight junction protein plays a key role in the normal function of the intestinal mucosal barrier, including claudin and occluding (15). C-kit is a specific marker of interstitial cells of Cajal (ICC), and stem cell factor (SCF) is the ligand of c-kit, the decreased expression of the them will have a certain impact on the growth and development of ICC, which is closely related to gastrointestinal diseases (16). At the same time, mediators released by colonic immune cells regulate various digestive functions. Therefore, the disturbance of the colonic immune system can lead to the abnormal reaction of intestinal contents, and this mechanism is also considered to be an important cause of colonic motility disorders (17). Therefore, improving constipation via changing the composition of gut microbes by probiotics is one of the effective ways. However, the development of safe and effective probiotics is still an urgent issue to be addressed.

The Xinjiang Uygur Autonomous Region is located in the frontier area of southwestern China, and the livestock industry is the local pillar industry. Many ethnic minorities reside in Xinjiang, and most of them have the habit of drinking dairy products. Their homemade natural fermented yogurt is one of the most common dairy products (18). Natural fermented foods mostly use natural inoculation. The fermentation process is a relatively open system, involving a wide variety of microorganisms. The dynamic changes in microorganisms are also very complex. A relatively stable flora and ecological environment have been gradually formed, and the selection has retained abundant and excellent microbial resources during the long-term fermentation and domestication process (19).

Therefore, this study explored the improvement effect of lactic acid bacteria isolated from Xinjiang natural fermented yogurt on a low-fiber diet-induced constipation model. Based on the findings of this study, we will explore safe and effective microbial resources that can improve constipation and provide research data support for methods to improve FC by regulating intestinal flora disturbance.



Materials and methods


Experimental strain

The experimental strain Lactobacillus plantarum (LP) KFY02 was isolated from the natural fermented yogurt in Korla of Xinjiang Uygur Autonomous Region. The strain was preserved at the China General Microbiological Culture Collection Center (CGMCC, Beijing, China) with a preservation number CGMCC no. 15638. Lactobacillus delbrueckii subsp. Bulgaricus NQ2508 (LB) was obtained from the China Center of Industrial Culture Collection (preservation number: CICC 6047).



Animal experiment design

Fifty 6-week-old male Institute of Cancer Research (ICR) mice were obtained from the Chongqing Medical University, Chongqing, China [SCXK (YU) 2017-0001]. The mice were raised in a climate-controlled room (temperature 25 ± 2°C, relative humidity 50 ± 5%) on a 12 h light/dark cycle (lights on at 7 a.m.) with ad libitum access to standard chow and water. After 7 days of adaptive feeding, the mice were randomly and equally divided into five groups: normal, model, positive control, KFY02H group: high-dose LP-KFY02, KFY02L group: low-dose LP-KFY02, with 10 mice per group (five mice per cage). The experimental procedure is shown in Figure 1. The mice in the normal group were fed a standard diet. The other groups were fed a low-fiber diet containing 41.5% corn starch, 24.5% milk casein, 10.0% sucrose, 10.0% dextrin, 7.0% mineral mixture, 6.0% corn oil, and 1.0% vitamin mixture. The experimental period was 5 weeks. In the normal group, a standard diet was given continuously for 5 weeks. From the 22nd day, the mice were dosed daily by gavage with distilled water for 14 days. In the model group, a low-fiber diet was continuously given for 5 weeks. From the 22nd day, the mice were given distilled water by gavage each day for 14 days. In the experimental group, a low-fiber diet was continuously given during the experimental period. From the 22nd day, the mice in the KFY02H group were administered 1 × 109 CFU/kg LP-KFY02, the mice in the KFY02L group were administered 1 × 108 CFU/kg LP-KFY02, and the mice in the positive control group were administered 1 × 109 CFU/kg LB per day for 14 days. During the experiment, the mice body weight were recorded per week.
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FIGURE 1
Implementation process of animal experiment in this study.


On the 35th day, all mice were fasted for 16 h and then given activated carbon solution (10 mL/kg BW). In each group, five mice were observed to record the time of the first black stool, and the remaining five mice were used to measure the gastrointestinal transit rate. The gastrointestinal transit rate of activated charcoal was calculated according to the following equation:

Gastrointestinal transit rate (%) = (activated carbon pushes the distance in the small intestine/total length of small intestine) × 100%

For measuring mice fecal water content, the fresh mice stools were collected and weighed on 22nd and 35th day, and the dry weight was obtained by drying fresh stools in an oven at 70°C for 48 h. The mice fecal water content was calculated according to the following equation:

Fecal water content (%) = [(fresh feces weight - dry feces weight)/fresh feces weight] × 100%

For microbial analysis, the fresh mice feces were collected in individual sterile eppendorf tubes on 35th day, then stored at –80°C for further deoxyribonucleic acid (DNA) extraction.

At the end of the experiment, the mice were sacrificed by cervical dislocation. The blood from the mice were centrifuged at 4°C and 4,000 rpm for 10 min to collect the serum. The colon tissues were collected and stored at –80°C for further experiments.



Deoxyribonucleic acid extraction, polymerase chain reaction amplification, and sequencing

Genomic DNA of mice feces were extracted using a FastPrep DNA extraction kit (QBIOGENE, United States), and the extracted genomic DNA was detected by 1% agarose gel electrophoresis. The polymerase chain reaction (PCR) amplification and sequencing region was 338F_806R, and the amplification primers used universal primers (338F/806R) of the 16S rRNA gene V3–V4 region. The primer sequences were 338F (5′-ACTCCTACGGGAGGCAGCAG-3′) and 806R (5′-GGACTACHVGGGTWTCTAAT-3′). PCR formal experiments used a TransGen AP221-02: TransStart Fastpfu DNA Polymerase, 20-μL reaction system. Reaction conditions: 95°C, 10 min, 95°C, 15 s, 58°C, 30 s, 72°C, 30 s, 40 cycles. DNA extraction, PCR amplification, and sequencing were done in collaboration with Shanghai Majorbio Bio-pharm Technology Co., Ltd. The 16S rRNA sequence data were analyzed using the QIIME2-pipeline on the Majorbio Cloud Platform.1



Detection of the serum levels of motilin, substance P, gastrin, vasoactive intestinal peptide, and 5-hydroxytryptamine

The serum levels of MTL, SP, gastrin, VIP, and 5-HT were quantified using ELISA kits following the manufacturer’s protocols (Shanghai Meilian Biotechnology Company, Shanghai, China).



Histological evaluation

A portion of mice colon tissues were cut and immersed in 10% formalin solution. Paraffin-embedded sections were made and stained with hematoxylin and eosin in collaboration with Wuhan Servicebio Technology Co., Ltd. The histological sections were observed under a biological microscope (BX43; Olympus, Japan).



Quantitative polymerase chain reaction

Total RNA was extracted from colon tissues, and the RNA concentration and purity were determined. According to the instructions of a Revert Aid First Strand cDNA synthesis kit (Thermo Fisher Scientific, Inc., United States), the RNA was reverse transcribed into cDNA and then amplified using a Real-Time PCR System (Step One Plus Real-Time PCR System, Thermo Fisher Scientific, Inc.). The relative mRNA expression of each target gene SCF, c-kit, transient receptor potential vanilloid 1 (TRPV1), glial cell line–derived neurotrophic factor (GDNF), claudin-1, and occludin were calculated using the formula 2–ΔΔCT method with GAPDH as the internal reference gene (Thermo Fisher Scientific, Waltham, MA, United States; Table 1).


TABLE 1    Primer sequences used in this study.
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Statistical analysis

Data were presented as the mean ± standard deviation. The SPSS 19.0 software (SPSS Institute Inc., IL, United States) was used to conduct the analysis. Differences between the mean values for individual groups were assessed with a one-way analysis of variance and Duncan’s multiple range tests. A p < 0.05 indicated a statistically significant difference.



Results


Body weight changes of mice

In order to evaluate the effect of LP-KFY02 on the body weight change of constipated mice, the mice body weight were measured per week (Figure 2A). The body weight of mice in each group gradually increased during the experimental period. However, the body weight of low-fiber diet-induced constipated mice were significantly lower than the normal mice (p < 0.05). Among them, the body weight of mice in the model group was significantly lower than the KFY02H group, KFY02L group, and the LB group (p < 0.05).
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FIGURE 2
Effect of LP-KFY02 on constipation in mice. (A) Body weight; (B) fecal water content; (C) the time of the first black stool; (D) gastrointestinal transit rate. Data are means ± standard deviations. a– eDifferent superscript letters within a column correspond to significant differences (p < 0.05). LB: mice administered with 1 × 109 CFU/kg LB, KFY02H: mice administered with 1 × 109 CFU/kg LP-KFY02, KFY02L: mice administered with 1 × 108 CFU/kg LP-KFY02.




Fecal parameters of mice

The fecal water content can evaluate whether the mice constipation model is successfully induced. Dry stools are common in constipated patients. An increase in fecal water content indicates an increase in intestinal peristalsis, thereby relieving the symptoms of constipation. As shown in Figure 2B, on 22nd day of constipation induction, the fecal water content of mice in the model group, LB group and KFY02H group, KFY02L group decreased to varying degrees, which was significantly lower than the normal group (p < 0.05), indicating that the constipation model was successfully established. On 35th day of constipation induction, after gavage with LP-KFY02, the fecal water content of mice increased significantly compared with the model group (p < 0.05).

The excretion time of the first black stool in mice is also one of the important indicators for judging the intestinal peristalsis ability of constipated mice. Excessive time to first black stool indicates severe constipation symptoms. As shown in Figure 2C, the excretion time of the first black stool in the normal group, model group, LB group, KFY02H group, and KFY02L group were 74.8 ± 6.26, 209.8 ± 10.62, 172.6.17 ± 10.74, 157.2 ± 7.92, and 171.4 ± 12.50 min, respectively. The time of the first black stool in the KFY02H group was significantly less than the model group, which was closer to the normal group compared with the LB group and KFY02L group (p < 0.05).



Gastrointestinal transit ability of mice

The gastrointestinal transit rate can directly reflect the intestinal motility. In Figure 2D, the gastrointestinal transit rate in the normal group, model group, LB group, KFY02H group, and KFY02L group were 96.73 ± 2.97, 53.70 ± 2.53, 69.52 ± 5.18, 70.05 ± 2.46, and 59.65 ± 4.33%, respectively. The gastrointestinal transit rate of the KFY02H group, KFY02L group significantly increased compared with the model group (p < 0.05), KFY02H group was close to the LB group, which indicating that LP-KFY02 can promote intestinal motility.



Effect of Lactobacillus plantarum-KFY02 on the microbial diversity in mice feces

The alpha diversity in mice feces was shown in Table 2. Among these, the observed species index (sobs index) and chao index show community richness, the shannon index and simpson index show bacterial diversity, the coverage data shows community coverage. The normal group, the groups treated with LP-KFY02 and LB had higher community richness and bacterial diversity significantly compared with the model group (p < 0.05). At the same time, the sobs index, chao index, and shannon index were significantly higher in the KFY02H group compared with the other groups (p < 0.05). The simpson index of KFY02H group was 0.04 ± 0.01, which was significantly decreased compared with the other groups (p < 0.05). The alpha diversity results showed the higher community richness and bacterial diversity of constipated mice feces in the KFY02H group.


TABLE 2    The alpha diversity in mice feces.
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The beta diversity was determined via principal component analysis (PCA). In Figure 3, the cluster of the KFY02H group was similar to the normal group but relatively separated from the other groups, indicating that the diversity of gut microbiota in constipated mice reverted to normal after high-dose LP-KFY02 treatment. These results indicated that LP-KFY02 changed the feces microbiota, the fecal flora diversity and abundance in the KFY02H group was similar to the normal group.
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FIGURE 3
Principal component analysis (PCA) of mice feces. Each colored symbol represents the composition of fecal microbiota of one mice. LB: mice administered with 1 × 109 CFU/kg LB, KFY02H: mice administered with 1 × 109 CFU/kg LP-KFY02, KFY02L: mice administered with 1 × 108 CFU/kg LP-KFY02.




Effect of Lactobacillus plantarum-KFY02 on the relative abundance of microbiota in mice feces

The composition of the gut microbiota flora at the phyla level and genus level were explored. As shown in Figure 4A, the most dominant phyla in the five groups were Firmicutes and Bacteroidetes, followed by Actinobacteria, Proteobacteria, Desulfobacterota, Spirochaetota, Deferribacteres, Patescibacteria, and Campilobacterota. Following the statistical results, in the model group, the Firmicutes abundance increased significantly, the Bacteroidetes abundance decreased significantly compared with the other groups (p < 0.05). However, in KFY02H group, the Firmicutes abundance decreased significantly, the Bacteroidetes abundance increased significantly compared with the model group, the LB group and the KFY02L group (p < 0.05), which is close to the normal group.
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FIGURE 4
Effect of LP-KFY02 on gut microbiota of constipation mice. (A) Mice feces bacterial communities at the phylum level and statistical analysis; (B) mice feces bacterial communities at the genus level and statistical analysis; *0.01 < p ≤ 0.05, **0.001 < p ≤ 0.01, ***p ≤ 0.001; LB: mice administered with 1 × 109 CFU/kg LB, KFY02H: mice administered with 1 × 109 CFU/kg LP-KFY02, KFY02L: mice administered with 1 × 108 CFU/kg LP-KFY02.


The composition of the gut microbiota flora at the genus level in the five groups is shown in Figure 4B. Compared with the model group, the Lactobacillus, norank_f_Muribaculaceae, and Bacteroidetes abundance significantly increased in the KFY02H group (p < 0.05), which is close to the normal group. These results indicated that composition of the gut microbiota flora in the KFY02H group was similar to the normal group. Therefore, LP-KFY02 maintained the gut microbiota of mice to a balanced state.



Effect of Lactobacillus plantarum-KFY02 on mice serum levels of neuroendocrine factors and gastrointestinal hormones

As shown in Table 3, the levels of gastrointestinal motility–related neurotransmitter MTL, SP, GAS, VIP, and 5-HT significantly decreased in the model group (p < 0.05). After treatment with LP-KFY02 and LB, the serum levels of MTL, SP, GAS, VIP, and 5-HT increased significantly, which were close to the level in the normal group (p < 0.05). The levels in KFY02H group were the closest to those in the normal group.


TABLE 3    Serum levels of MTL, SP, GAS, VIP, and 5-HT in mice.
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Histological evaluation of the mice colon tissues

As shown in Figure 5, the mice colonic structure was intact and the mucosal glands were arranged regularly in the normal group. However, the mice mucosal pathology showed obvious rupture of the muscle layer, destruction of the colon structure, and infiltration of inflammatory cells in the model group. After gavage with LP-KFY02 and LB, the pathological changes and the infiltration of inflammatory cells in the mice colon tissues improved. According to the histological observation, the recovery effect in the KFY02H group on colon tissue was better than that in the KFY02L group, which was close to that in the normal group.
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FIGURE 5
Pathological assessment of H&E-stained mice colon sections; magnification 200×.




mRNA expression levels of stem cell factor, c-kit, transient receptor potential vanilloid 1, glial cell line–derived neurotrophic factor, claudin-1, and occludin in the mice colon tissues

We also evaluated the mRNA expression levels of SCF, c-kit, TRPV1, GDNF, claudin-1, and occludin. Figure 6 shows that the expression of SCF, c-Kit, GDNF, claudin-1, and occludin was upregulated in the colon tissue of mice with constipation (p < 0.05). In contrast, the expression levels of these markers were downregulated in the model group. Also, the expression of TRPV-1 was downregulated in the KFY02H group, KFY02L group compared with the model group (p < 0.05). The mRNA expression levels in the KFY02H group was similar to that in the normal group.
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FIGURE 6
mRNA expression levels of SCF, c-kit, TRPV1, GDNF, claudin-1, and occludin in the mice colon tissues. Data are means ± standard deviations. a– eDifferent superscript letters within a column correspond to significant differences (p < 0.05). LB: mice administered with 1 × 109 CFU/kg LB, KFY02H: mice administered with 1 × 109 CFU/kg LP-KFY02, KFY02L: mice administered with 1 × 108 CFU/kg LP-KFY02.





Discussion

The pathogenesis of FC is mainly due to abnormal defecation dynamics, decreased intestinal smooth muscle tension and weakened peristalsis, mechanical obstruction of intestinal peristalsis, and insufficient intake of water and cellulose (20). The lack of dietary fiber and insufficient water in the diet are some of the most important factors for constipation (2). The continuous exploration of the pathophysiological mechanism of FC and the in-depth study of the intestinal microecology showed the imbalance of intestinal flora as one of the pathogeneses of FC (21). Clinical studies have shown that a low-fiber diet destroys the gut microbiota, and improving the intestinal flora through the intake of probiotics is one of the important ways to relieve FC (22). Many studies suggested that specific probiotics helped reduce bowel transit time. Recent research found that Bifidobacterium bifidum G9-1 (23) and Lactobacillus rhamnosus strains relieved loperamide-induced constipation (24). At the same time, the effect of Bifidobacterium animalis subsp. lactis MN-Gup on the alleviation of constipation in BALB/c mice and humans have been determined (25). The mechanism of probiotics in the treatment of FC has the following three points:


1.Probiotics can regulate intestinal flora in a beneficial direction. Probiotic metabolites also affect gut motility.



The composition of gut microbiota was significantly different in patients with FC compared with healthy people in terms of quantity and type. Studies showed that the application of probiotics to patients with FC could directly supplement the insufficiency of their intestinal beneficial bacteria and improve the problem of intestinal flora imbalance (26).

At the same time, the products of bacterial fermentation in the gut also affect gut motility (27). Probiotics can produce various organic acids such as short-chain fatty acids and bile acids through metabolism (8). The organic acids act on the intestinal wall to reduce the pH in the intestinal tract and regulate gastrointestinal motility and gastrointestinal function (28). Among these, Lactobacillus can decompose oligosaccharides in the intestinal tract; produce organic acids such as butyric acid, acetic acid, propionic acid, and so forth; improve intestinal peristalsis; reduce defecation time; and produce a large amount of volatile fatty acids, which can inhibit the excess of aerobic harmful bacteria, thereby regulating the balance of intestinal flora (29). Other products of gut microbiota fermentation include methane and hydrogen. Methane, as a neuromuscular transmitter, also affects gut motility (26). In addition, chemotactic peptides produced by gut flora, such as formyl-methionyl-leucyl-phenylalanine, stimulate the enteric nervous system, and primary afferents (30).

In our study, after LP-KFY02 treatment, fecal water content, intestinal transit ability and defecation time of constipated mice were improved, the structure of the intestinal flora had also been improved. In particular the mice fecal flora diversity and abundance in the KFY02H group were similar to the normal group. At the same time, the results indicated that composition of the gut microbiota flora in the KFY02H group was similar to the normal group. Therefore, LP-KFY02 maintained the gut microbiota of mice to a balanced state. We considered that favorable intestinal flora environment mediated by LP-KFY02 can relieve constipation by improving intestinal motility, increasing fecal water content, and enhancing intestinal transit ability.


2.Gut microbiota can influence the production of neuroendocrine factors and gastrointestinal hormones, thereby regulating intestinal motility.



Many studies showed that the brain–gut axis was considered to be a key way of interconnecting the nervous system and the gut, and played an important role in the pathogenesis of FC (31). The digestive system is innervated by connections to the central nervous system and the enteric nervous system within the walls of the gastrointestinal tract, which work in concert with the central nervous system reflex and command centers and the neural pathways that control digestive function through the sympathetic ganglia (32).

Enteroendocrine cells (EECs) are specialized epithelial cells distributed in the gastrointestinal mucosal cells. Although their total number is less than 1% of the total intestinal epithelial cells, it is an important carrier to maintain the normal function of the brain–gut axis, and the polypeptide secreted by EEC is a key intermediate transmitter (33). These polypeptides have dual functions of neurotransmitter conduction and hormone secretion. Their main role is to regulate gastrointestinal motility and secretion by transmitting information between central nervous system, enteric nervous system, and gastrointestinal effector cells, thereby realizing the interaction between the brain and the gut (34). The polypeptides mainly include MTL (MTL can contract the gastric body and antrum, relax the pylorus, and play a major role in promoting gastric emptying during the interdigestive period), GAS (GAS can be increased by mechanical or chemical stimulation, thereby increasing sphincter tone and promoting gastrointestinal motility), SP (the main role of SP is to strengthen intestinal smooth muscle contraction, peristalsis, and gastric emptying, and it is the main excitatory neurotransmitter in the regulation of gastrointestinal motility) (35), VIP (VIP is both a gastrointestinal hormone and an inhibitory neurotransmitter, which decreases smooth muscle diastole and visceral resistance), 5-HT (under pathological stimuli or stress, 5-HT is released by enterochromaffin cells to induce peristalsis reflex), and so forth (36).

In the present study, our data showed that LP-KFY02 helped mice with constipation in restoring these neurotransmitter levels to normal that helped relieve constipation. The KFY02H group showed a more pronounced effect. We considered that favorable intestinal flora state mediated by LP-KFY02 influenced the production of neuroendocrine factors and gastrointestinal hormones through the brain-gut axis, thereby regulating intestinal motility.


3.Probiotics affect the intestinal mucosal immune system.



The intestinal mucosal barrier mainly refers to the digestive tract barrier composed of the constantly renewed intestinal epithelial cells as the structural basis (37). The intestinal mucosal barrier is the first barrier between the intestinal lumen and the internal environment of microorganisms, and its high selective permeability ensures the dynamic balance of the exchange of substances in the internal and external environments of the body (38). Studies showed that patients with FC had increased numbers of CD3 +, CD4 +, CD8 +, and CD25 + T cells, accompanied by lymphocyte proliferation and increased intestinal permeability, indicating that these patients had the activation of the immune system and inflammation of the intestinal mucosa reaction (39). Other studies showed that patients with constipation had an increased number of intestinal mucosal immune cells, such as mast cells and lymphocytes (40). Activated immune cells release many inflammatory cytokines and neurotransmitters, which in turn disrupt the intestinal mucosal barrier and trigger abnormalities in intestinal sensation and motility (26). At the same time, the intestinal bacterial imbalance can activate the mucosal immune response, promote the release of inflammatory cytokines, and aggravate the destruction of the intestinal mucosal barrier (26). Claudin is the most important indicator for maintaining the intestinal mucosal mechanical barrier (41). C-kit is mainly expressed on the interstitial cells of the Cajal (ICC) surface, and its main function is to regulate cell proliferation and differentiation. ICC plays an important role in the propagation of gastrointestinal electrical activity and the signal transduction of gastrointestinal neurotransmitters (42). A series of signal transduction pathways can be induced after the specific binding of SCF to c-kit. The SCF/c-kit signaling pathway is related to the depletion of ICCs, and the morphological and structural damage of ICCs in colon tissue leads to a decrease in the expression levels of SCF and c-kit (43). TRPV1 is widely distributed in the sensory neurons, mucosal layer, submucosa layer, and muscular layer of the intestine. It is involved in the regulation of intestinal movement, secretion, and visceral pain sensation (44). GDNF in the gastrointestinal tract is mainly distributed in the muscularis mucosa. Its expression level in colon tissue is significantly higher than that in other gastrointestinal tract tissues, which has an important impact on the distribution of nerves in the colonic muscularis and the function of ganglion cells. GDNF can protect the function of the intestinal mucosal barrier by promoting the proliferation and maturation of intestinal epithelial cells, inhibiting the apoptosis of intestinal epithelial cells, and strengthening the junction between intestinal epithelial cells (45).

Our results showed that LP-KFY02 enhanced the intestinal mucosal barrier function in various ways: (1) After LP-KFY0 treatment the mRNA expression of claudin-1 and occludin were significantly upregulated, thereby regulating tight junctions between intestinal epithelial cells, (2) Through histopathological sections we observed that LP-KFY02 maintained the integrity of gut structure, which avoided constipation induced intestinal barrier damage and intestinal inflammation. (3) Our results also showed that after LP-KFY02 treatment, mRNA expression of SCF, c-Kit, GDNF were significantly upregulated and TRPV1 expression was downregulated significantly (p < 0.05), especially in the KFY02H group, which was similar to that in the normal groups. The expression of these genes is associated with the maintenance of intestinal mucosal barrier function and the regulation of intestinal motility. So we considered that favorable intestinal flora environment mediated by LP-KFY02 avoided the activation of mucosal immune responses and the release of inflammatory cytokines, thereby avoiding intestinal sensory and motor abnormalities caused by impaired intestinal mucosal barrier.



Conclusion

In summary, we studied amelioration effect of LP-KFY02 on low-fiber diet-induced constipation in mice. After LP-KFY02 treatment with constipation mice, the mice fecal water content, intestinal transit ability and defecation time of constipated mice were improved. The mice fecal flora diversity, abundance and structure of the intestinal flora were regulated to the balanced state. The mice serum levels of gut motility related neuroendocrine factors have been increased, the intestinal mucosal barrier function and gut motility related gene expression were regulated in mice colon tissues. At the same time, the mice colon tissue damage were improved. These parameters in the KFY02H group were close to the normal group. These results suggested that LP-KFY02 could be considered as a potential probiotic to help alleviate low-fiber diet-induced constipation. They also provided a theoretical basis for the study of probiotics to relieve constipation by regulating intestinal flora.



Data availability statement

The original contributions presented in this study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



Ethics statement

This animal study was reviewed and approved by the Ethics Committee of Chongqing Collaborative Innovation Center for Functional Food.



Author contributions

RY and XZ performed the majority of the experiments and wrote the manuscript. TL and RX contributed to the data analysis. ZY designed and supervised the study and checked the final manuscript. All authors read and approved the final manuscript.



Funding

This research was funded by the National Natural Science Foundation of China (31871823).



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.



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.


Footnotes

1     www.majorbio.com


References

1. Daniali M, Nikfar S, Abdollahi M. An overview of interventions for constipation in adults. Expert Rev Gastroent. (2020) 14:721–32. doi: 10.1080/17474124.2020.1781617

2. Gill SK, Rossi M, Bajka B, Whelan K. Dietary fibre in gastrointestinal health and disease. Nat Rev Gastroenterol Hepatol. (2021) 18:101–16. doi: 10.1038/s41575-020-00375-4

3. Yoshida T, Uchino S, Sasabuchi Y. Epidemiology of constipation in critically ill patients and its impact on in-hospital mortality: A retrospective observational study. J Anesth. (2022) 36:349–58. doi: 10.1007/s00540-022-03050-x

4. Barberio B, Judge C, Savarino EV, Ford AC. Global prevalence of functional constipation according to the Rome criteria: A systematic review and meta-analysis. Lancet Gastroenterol Hepatol. (2021) 6:638–48. doi: 10.1016/s2468-1253(21)00111-4

5. Dimidi E, Mark Scott S, Whelan K. Probiotics and constipation: Mechanisms of action, evidence for effectiveness and utilisation by patients and healthcare professionals. Proc Nutr Soc. (2020) 79:147–57. doi: 10.1017/s0029665119000934

6. Camilleri M, Brandler J. Refractory constipation: How to evaluate and treat. Gastroenterol Clin North Am. (2020) 49:623–42. doi: 10.1016/j.gtc.2020.05.002

7. Ohkusa T, Koido S, Nishikawa Y, Sato N. Gut microbiota and chronic constipation: A review and update. Front Med (Lausanne). (2019) 6:19. doi: 10.3389/fmed.2019.00019

8. Markowiak-Kope P, Liewska K. The effect of probiotics on the production of short-chain fatty acids by human intestinal microbiome. Nutrients. (2020) 12:1107. doi: 10.3390/nu12041107

9. Ceresola ER, Ferrarese R, Preti A, Canducci F. Targeting patients’ microbiota with probiotics and natural fibers in adults and children with constipation. Eur Rev Med Pharmacol Sci. (2018) 22:7045–57. doi: 10.26355/eurrev_201810_16177

10. Vriesman MH, Koppen IJN, Camilleri M, Di Lorenzo C, Benninga MA. Management of functional constipation in children and adults. Nat Rev Gastroenterol Hepatol. (2020) 17:21–39. doi: 10.1038/s41575-019-0222-y

11. Kim SK, Guevarra RB, Kim YT, Kwon J, Kim H, Cho JH, et al. Role of probiotics in human gut microbiome-associated diseases. J Microbiol Biotechnol. (2019) 29:1335–40. doi: 10.4014/jmb.1906.06064

12. Dinan TG, Cryan JF. The microbiome-gut-brain axis in health and disease. Gastroenterol Clin North Am. (2017) 46:77–89. doi: 10.1016/j.gtc.2016.09.007

13. Morel L, Domingues O, Zimmer J, Michel T. Revisiting the role of neurotrophic factors in inflammation. Cells. (2020) 9:865. doi: 10.3390/cells9040865

14. Deng F, Zhao BC, Yang X, Lin ZB, Sun QS, Wang YF, et al. The gut microbiota metabolite capsiate promotes Gpx4 expression by activating TRPV1 to inhibit intestinal ischemia reperfusion-induced ferroptosis. Gut Microbes. (2021) 13:1–21. doi: 10.1080/19490976.2021.1902719

15. Pickard JM, Zeng MY, Caruso R, Núñez G. Gut microbiota: Role in pathogen colonization, immune responses, and inflammatory disease. Immunol Rev. (2017) 279:70–89. doi: 10.1111/imr.12567

16. Xue H, Wang FY, Kang Q, Tang XD. c-Kit mutation reduce intestinal epithelial cell proliferation and migration, but not influence intestinal permeability stimulated by lipopolysaccharide. Acta Histochem. (2018) 120:534–41. doi: 10.1016/j.acthis.2018.05.012

17. Xie T, Jin F, Jia X, Mao H, Xu Y, Zhang S. High cellulose diet promotes intestinal motility through regulating intestinal immune homeostasis and serotonin biosynthesis. Biol Chem. (2022) 403:279–92. doi: 10.1515/hsz-2021-0216

18. Pan Y, Wang H, Tan F, Yi R, Zhao X. Lactobacillus plantarum KFY02 enhances the prevention of CCl4-induced liver injury by transforming geniposide into genipin to increase the antioxidant capacity of mice. J Funct Foods. (2020) 73:104128. doi: 10.1016/j.jff.2020.104128

19. Kok CR, Hutkins R. Yogurt and other fermented foods as sources of health promoting bacteria. Nutr Rev. (2018) 76:4–15. doi: 10.1093/nutrit/nuy056

20. Naseer M, Poola S, Uraz S, Tahan V. Therapeutic effects of prebiotics on constipation: A schematic review. Curr Clin Pharmacol. (2020) 15:207–15. doi: 10.2174/1574884715666200212125035

21. Parthasarathy G, Chen J, Chen X, Chia N, O’Connor HM, Wolf PG, et al. Relationship between microbiota of the colonic mucosa vs feces and symptoms, colonic transit, and methane production in female patients with chronic constipation. Gastroenterology. (2016) 150:367–79. doi: 10.1053/j.gastro.2015.10.005

22. Gomes D, Morais MB. Gut microbiota and probiotics in children and adolescents with constipation: A systematic review. Rev Paul Pediatr. (2020) 38:e2018123. doi: 10.1590/1984-0462/2020/38/2018123

23. Makizaki Y, Uemoto T, Yokota H, Yamamoto M, Tanaka Y, Ohno H. Improvement of loperamide-induced slow transit constipation by Bifidobacterium bifidum G9-1 is mediated by the correction of butyrate production and neurotransmitter profile due to improvement in dysbiosis. PLoS One. (2021) 16:e0248584. doi: 10.1371/journal.pone.0248584

24. Wang G, Yang S, Sun S, Si Q, Wang L, Zhang Q, et al. Lactobacillus rhamnosus strains relieve loperamide-induced constipation via different pathways independent of short-chain fatty acids. Front Cell Infect Microbiol. (2020) 10:423.

25. Wang R, Sun J, Li G, Zhang M, Niu T, Kang X, et al. Effect of Bifidobacterium animalis subsp. lactis MN-Gup on constipation and the composition of gut microbiota. Benef Microbes. (2021) 12:31–42. doi: 10.3920/bm2020.0023

26. Eirini D, Stephanos C, Fragkos KC, Scott SM, Kevin W. The effect of probiotics on functional constipation in adults: A systematic review and meta-analysis of randomized controlled trials. Am J Clin Nutr. (2018) 100:1075–84.

27. Dimidi E, Christodoulides S, Scott SM, Whelan K. Mechanisms of action of probiotics and the gastrointestinal microbiota on gut motility and constipation. Adv Nutr. (2017) 8:484–94. doi: 10.3945/an.116.014407

28. Eswaran S, Muir J, Chey WD. Fiber and functional gastrointestinal disorders. Am J Gastroenterol. (2013) 108:718–27. doi: 10.1038/ajg.2013.63

29. Deng Y, Li M, Mei L, Cong LM, Liu Y, Zhang BB, et al. Manipulation of intestinal dysbiosis by a bacterial mixture ameliorates loperamide-induced constipation in rats. Benef Microbes. (2018) 9:453–64. doi: 10.3920/bm2017.0062

30. Wang JK, Yao SK. Roles of gut microbiota and metabolites in pathogenesis of functional constipation. Evid Based Complement Alternat Med. (2021) 2021:5560310. doi: 10.1155/2021/5560310

31. Jin X, Guan Y, Bai H, Liu Y, Lv X. Effects of sEA on slow transit constipation through the microbiota-gut-brain axis in rats. Evid Based Complement Alternat Med. (2020) 2020:8828846. doi: 10.1155/2020/8828846

32. Mayer EA, Tillisch K, Gupta A. Gut/brain axis and the microbiota. J Clin Invest. (2015) 125:926–38. doi: 10.1172/JCI76304

33. Martin CR, Osadchiy V, Kalani A, Mayer EA. The brain-gut-microbiome axis. Cell Mol Gastroenterol Hepatol. (2018) 6:133–48. doi: 10.1016/j.jcmgh.2018.04.003

34. Foster JA, McVey Neufeld KA. Gut-brain axis: how the microbiome influences anxiety and depression. Trends Neurosci. (2013) 36:305–12. doi: 10.1016/j.tins.2013.01.005

35. Carabotti M, Scirocco A, Maselli MA, Severi C. The gut-brain axis: Interactions between enteric microbiota, central and enteric nervous systems. Ann Gastroenterol. (2015) 28:203–9. doi: 10.1101/gad.985002

36. Sharkey KA, Wiley JW. The role of the endocannabinoid system in the brain-gut axis. Gastroenterology. (2016) 151:252–66. doi: 10.1053/j.gastro.2016.04.015

37. Chen H, Mao X, He J, Yu B, Huang Z, Yu J, et al. Dietary fibre affects intestinal mucosal barrier function and regulates intestinal bacteria in weaning piglets. Br J Nutr. (2013) 110:1837–48. doi: 10.1017/S0007114513001293

38. Liu Q, Yu Z, Tian F, Zhao J, Zhang H, Zhai Q, et al. Surface components and metabolites of probiotics for regulation of intestinal epithelial barrier. Microb Cell Fact. (2020) 19:23. doi: 10.1186/s12934-020-1289-4

39. Huang Y, Chen QY, Jiang J, Feng XB, Ling NI, Shi YF, et al. The changes of system immune function in patients with refractory functional constipation. Parenteral Enter Nutri. (2015) 22:56–66. doi: 10.16151/j.1007-810x.2015.06.006

40. Bashashati M, Moossavi S, Cremon C, Barbaro MR, Moraveji S, Talmon G, et al. Colonic immune cells in irritable bowel syndrome: A systematic review and meta-analysis. Neurogastroenterol Motil. (2018) 30:13192. doi: 10.1111/nmo.13192

41. Patel RM, Myers LS, Kurundkar AR, Maheshwari A, Nusrat A, Lin PW. Probiotic bacteria induce maturation of intestinal claudin 3 expression and barrier function. Am J Pathol. (2012) 180:626–35. doi: 10.1016/j.ajpath.2011.10.025

42. Zhang X, Zheng FJ, Zhang Z. Therapeutic effect of Cistanche deserticola on defecation in senile constipation rat model through stem cell factor/C-kit signaling pathway. World J Gastroenterol. (2021) 27:5392–403. doi: 10.3748/wjg.v27.i32.5392

43. Huo M. Role of SCF/c-Kit signaling pathway in the pathogenesis of cathartic colon. World Chin J Digestol. (2013) 21:809. doi: 10.11569/wcjd.v21.i9.809

44. Hellstrm PM, Roos S, Nilsson K, Stanisz A, Kunze W. Translational studies of Lactobacillus gasseri effects on Trpv1 and motility, and therapeutic value in women with chronic constipation. Gastroenterology. (2019) 156:221. doi: 10.1016/S0016-5085(19)37350-0

45. Meir M, Kannapin F, Diefenbacher M, Ghoreishi Y, Kollmann C, Flemming S, et al. Intestinal epithelial barrier maturation by enteric glial cells is GDNF-dependent. Int J Mol Sci. (2021) 22:1887. doi: 10.3390/ijms22041887



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Amelioration effect of Lactobacillus plantarum KFY02 on low-fiber diet-induced constipation in mice by regulating gut microbiota



		Introduction



		Materials and methods



		Experimental strain



		Animal experiment design



		Deoxyribonucleic acid extraction, polymerase chain reaction amplification, and sequencing



		Detection of the serum levels of motilin, substance P, gastrin, vasoactive intestinal peptide, and 5-hydroxytryptamine



		Histological evaluation



		Quantitative polymerase chain reaction







		Statistical analysis



		Results



		Body weight changes of mice



		Fecal parameters of mice



		Gastrointestinal transit ability of mice



		Effect of Lactobacillus plantarum-KFY02 on the microbial diversity in mice feces



		Effect of Lactobacillus plantarum-KFY02 on the relative abundance of microbiota in mice feces



		Effect of Lactobacillus plantarum-KFY02 on mice serum levels of neuroendocrine factors and gastrointestinal hormones



		Histological evaluation of the mice colon tissues



		mRNA expression levels of stem cell factor, c-kit, transient receptor potential vanilloid 1, glial cell line–derived neurotrophic factor, claudin-1, and occludin in the mice colon tissues







		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Footnotes



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

Amelioration effect of
Lactobacillus plantarum KFY02
on low-fiber diet-induced
constipation in mice by
regulating gut microbiota












OPS/images/logo.jpg
P frontiers | Frontiers in Nutrition







OPS/images/fnut-09-938869-g001.jpg
The animal experimental procedure

| Day 35 \

O —

A
)
|
‘ Day 1 \ i Normal Distilled water +Standard diet
: i [ Model| Distilled water =
Standard diet Normal i KFYo2H!| 1 X 10° CFU/kg LP-KFY0?2 s S
Model | | KFYO02L| 1 x 108 CFU/kg LP-KFY02
Low-fiber diet KFY02H ; LB| 1 x 10° CFU/kg LB

KFYO02L 1
LB v






OPS/images/fnut-09-938869-g002.jpg
KFY02H KFY

<F]
R
-
z d .
) )
~— ) =
= > I8, [~
() > S
(5] ) ——
» a o
) » s
- =
2 .
= Q 7
_la. < w
o = R
<P} D ()
= &
7
S
Qo

g o S 2
C3nEE
(=)
Z 2 =l M 4
) =
rl
> =
o 72}
= 2
o
= -
& =
o 7
> %
=
N
< =
@ -
@ S -
= : 3
m 03 S
g £ a
&
<F]
% =
= o
3 o E
) (=)
% Vd
000000
0000000 \ (— \ () Vo)
2222222 o ol
(3) q (uru) joo w





OPS/images/fnut-09-938869-g003.jpg
5
wm
=
(o R
& [
C >
o 3
< ¢
O
(ol

® Nomal

A Model
LB

B KFYO02H

WV KFYO2L

ot
S 0 R B R B B B R R B EEEEEREEJE B BB BB BB J ) & » = LA B B B B B B B B B B B B B A B R B R B B B B R B B B B B R B R N J

T T
-10 -8

-12

14

—

oq......'.....-........ _‘l

1
wn
i

20
15~
10 -

5
-10 -
-15 -
-20 -

(%1571 1)20d

PC1(14.06%)





OPS/images/fnut-09-938869-g004.jpg
0.9

0.8 4

0.7 -

0.6 ~

0.5+

0.4+

Relative abundance

0.3+

0.2

0.1

Normal

. Firmicutes . Racteroidota

Relative abundance

Normel

[l Lactobacillus

[l ook [ Munisaculaceas

[l Candidatus_Artkromitus

B Bacillus

[l Bacteroides

© wchssiied f Lachrespiracea
B Lachnospimaceae_NK<A136_group
B nchssified ¢ Bacilli

B Psychrobacter

Community barplot analysis

Model LB KFYO02H
Samples
. Actinobacteriota . Protechacteria . Desulfobacterota . Spirochsenta . Patescibacteria

Community barplot analysis

Model

B Corynehecterium

B ncrank £ norank_o_ Chstridiz_UCG-014
B Alloprevotella

.Tn:mncru

B Staphylbcoccus

. nerank_f__Oscilbspiraceae

B Desul fovibrio

B Candidatas_Saccharimonas

[l Alistipes

LB KFY02H

Samples

B inclassified_f_Osalbspiraceae

[ Parabactercides

. Enterothabdus

1 Ewacterium_xylanophilum_grcup

B Helizobacter

B Prevotellaczac_UCG001

B Jeotgaliceccus

B rorank ¢ _momnk_o__ Clestridia_vzdinBB6)_groun

B rorank_©_Lachnospimceae

.( ampildbacterot

KFY02L

.nll'l-.,‘h

KFY02L

P Rikenella

B Cokdextribacter

. norank_f__Ruminococcaceas
B Roseburia

[ Oscillibacter

B Facklzmia

.ul‘)cﬁ

Firmicutes

Bacteroidota

Actinobacteriota

Proteobacteria

Spirochaetota

Desulfobacterota

Patescibacteria

One-way ANOVA bar plot

=
1

-

:

i

i

#==k 0. 0001652

= 0.003741

** (0.002216

=k 0. 00002479

% 0. 0002946

Lactobacillus

norank_f Muribaculaceae

Candidatus_Arthromitus

Bacillus

Bacteroides

unclassified f_Lachnospiraceae

Lachnospiraceae_NK4A136_group

Mean proportions (%)

One-way ANOVA bar plot

* 0.01597

=% (.0003313

*  0.01558

¥ 0.0111

%%k (.0005831

=% 0.0001721

sk 0. 0002877

Mean proportions(%)

anfead

anyead

B Normal
)0 de
B
E=KFY02H
EFY02L

ElNormal
E\(0de]
B
EEIKFY02H
Y021





OPS/images/fnut-09-938869-g005.jpg





OPS/images/fnut-09-938869-g006.jpg
c-Kit

SCF

\\\\

\

GDNF

000000
—_

o (o) o0 (Vo) - (o | | — w W % B B B =
— — uorssaadx?

uorssa.xdx?

TRPV1

Claudin-1
e
mlll
rmal  Model LB

T N O R TN QO o~ O W T e N - O
- v -





OPS/images/cross.jpg
@ Check for updates.





OPS/images/fnut-09-938869-t001.jpg
Gene name

Sequence

SCF

c-kit

TRPV1

GDNF

Claudin-1

Occludin

GAPDH

Forward: 5'-TCAGGGACTACGCTGCGAAAG-3
Reverse: 5'-AAGAGCTGGCAGACCGACTCA-3
Forward: 5'-CATAGCCCAGGTAAAGCACAAT-3'
Reverse: 5'-GAACACTCCAGAATCGTCAACTC-3'
Forward: 5'-AGCGAGTTCAAAGACCCAGA-3'
Reverse: 5'-TTCTCCACCAAGAGGGTCAC-3
Forward: 5'-TTTTATTCAAGCCACCATC-3
Reverse: 5'-AGCCCAAACCCAAGTCA-3
Forward: 5'-TTCTGGGAGGTGTCCTACTT-3'
Reverse: 5'-AGGTGTTGGCTTGGGATAAG-3’
Forward: 5'- TAGTGTAGGCTACCCTTATGGAG -3/
Reverse: 5'-ATGCCCAGGATAGCACTCAC-3’
Forward: 5'-AGGTCGGTGTGAACGGATTTG-3'
Reverse: 5'-GGGGTCGTTGATGGCAACA-3’






OPS/images/fnut-09-938869-t002.jpg
Group

Normal
Model
LB
KFY02H
KFY02L

Sobs

716.86 + 224.52°
111.57 £ 55.54¢
50371 % 192.42°
720.86 % 13144
304.86 & 196.94°

Data are means = standard deviations.
a~*Different superscript letters within a column correspond to significant differences (p < 0.05). LB: mice administered with 1 x 10° CFU/kg LB, KEY02H: mice administered with 1 x 10° CFU/kg
LP-KFY02, KFY02L: mice administered with 1 x 10° CFU/kg LP-KFY02.

Chao

752,06 + 23547
11615 £57.31¢
51665 % 198.97°
754.89 % 135,11
313.99 £ 197.63

Shannon

409 +1.20°
174 £036°
3,60 % 1.02¢
4384029
2291204

Simpson

010+0.18
030+0.10°
0.10 £0.09°
0,04 £0.01°
031£024

Coverage

0.99926
0.99989
0.99966
0.99930
099972





OPS/images/fnut-09-938869-t003.jpg
Group MTL (pg/mL) SP (pg/mL) GAS (pg/mL) VIP (pg/mL) 5-HT (pg/mL)

Normal 55.83 % 0.94° 79.33 £ 259 8124 +4.09° 22824172 2114 +0.83*
Model 28,01 +0.74° 2457 +0.42° 2437 £ 1.88° 6531219 10.63 £ 1.96°
LB 49.03 £0.99" 69.08 £ 3.76° 69.87 £ 3.38 1631+ 179 17.70 £ 0.62¢
KFY02H 44.60 £ 0.43¢ 7161 £ 1.72° 62.83 +2.48° 16.49 £ 1.18° 18.69 % 1.01°
KFY02L 3374+ 060¢ 5338 £0.70¢ 47.12 £ 2.48% 10.57 £ 024" 14.18 % 0.474

Data are means = standard deviations.
a~*Different superscript letters within a column correspond to significant differences (p < 0.05). LB: mice administered with 1 x 10° CFU/kg LB, KEY02H: mice administered with 1 x 10° CFU/kg
LP-KFY02, KFY02L: mice administered with 1 x 10° CFU/kg LP-KFY02.





