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A B S T R A C T   

This study aims to investigate the effect of Sishen Pill on the characteristics of gut mucosal 
microbiota in diarrhea mice with deficiency kidney-yang syndrome. Fifteen Kunming male mice 
were randomly divided into Normal control group (C), Model self-healing group (X) and Sishen 
Pill group (S), with 5 mice/cages. Hematoxylin eosin (HE) staining was used to observe the 
kidney structure. Serum Na+-K+-ATP-ase and Ca2+-Mg2+-ATP-ase were detected by enzyme- 
linked immunosorbent assay (ELISA), Analysis of intestinal mucosal flora using third- 
generation high-throughput sequencing. The relative abundance results in the three groups 
revealed that the dominant bacterial genera: Lactobacillus, Muribaculum and Candidatus-Arthro
mitus; bacterial species: Lactobacillus johnsonii, Lactobacillus reuteri, Lactobacillus murinus, and 
Lactobacillus intestinalis, and differences in the presence of major microbiota between the X and S 
groups. A positive correlation between Lactobacillus johnsonii and both Ca2+-Mg2+-ATP-ase and 
Na+-K+-ATP-ase was found via correlation analysis. Sishen Pill also changed the manufacture of 
other secondary metabolites, as well as the metabolism of carbohydrates, glycans, energy, lipids, 
and other amino acids, and xenobiotics biodegradation and metabolism. In conclusion, Sishen Pill 
improved kidney structure, energy metabolism and the diversity and structure of intestinal 
mucosal flora. In addition, Lactobacillus johnsonii may be a characteristic species of Sishen Pill in 
treating diarrhea with kidney-yang deficiency syndrome.   

1. Introduction 

Sishen Pill is a classical typical prescription in traditional Chinese medicine (TCM) [1,2]. The prescription is based on Semen 
psoraleae and Semen myristicae, which are used to balance the spleen and kidney; Fructus evodiae expel cold, and Schisandra chi
nensis to astringent; ginger and jujube to harmonize the spleen and stomach, which are used together to restore kidney and spleen, 
reconstruction of intestinal mucosal flora to treat diarrhea [3–5]. However, the exact mechanism has not been fully elucidated. 
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The phyla Bacteroides and Firmicutes, as well as to a lesser extent the phyla Actinobacteria, Proteobacteria, Clostridium, and 
Verruciformes, dominate the intestinal flora of healthy adults. These organisms aid the body to maintain a relative balance and defend 
against infection by foreign pathogens [6]. In general, the body’s intestinal mucosal flora in a dynamic equilibrium state, and the 
intricate interaction with the intestinal epithelial barrier and the local immune system aids in maintaining homeostasis and encour
aging the proper growth of the intestinal tract [7]. Disturbance of the intestinal mucosal flora can harm intestinal mucosal cells, impair 
the effectiveness of the intestinal mucosal flora barrier, obliterate the mechanical and immune barriers of the intestinal mucosa, and 
result in a variety of gastrointestinal illnesses, including diarrhea and inflammatory bowel disease [8,9]. Traditional Chinese medicine 
(TCM) is multi-component, multi-target, and multi-modal in illness prevention and treatment, and as one of its main targets, the 
intestinal mucosal flora, interacts intricately and extensively with TCM [10] Studies using 16S amplicon sequencing to investigate the 
efficacy mechanisms of TCM and their constituents using intestinal flora as an entry route have also demonstrated that intestinal flora 
can respond to, mediate, and play a critical part in TCM against illnesses [11,12]. 

Based on the aforementioned investigations, we have put forth the hypothesis that Sishen Pill might be useful in treating diarrhea 
with kidney-yang deficiency syndrome by modulating the makeup and structure of intestinal mucosal flora. In order to find microbial 
markers that respond to the pharmacology of Sishen Pill and to evaluate the effectiveness of Sishen Pill on kidney-yang deficiency 
syndrome diarrhea from the perspective of the intestine, the study was to further investigate the effect of Sishen Pill on the intestinal 
mucosa microbial community during the treatment of diarrhea with kidney-yang deficiency syndrome diarrhea in mice by using 16S 
rRNA high-throughput sequencing . The experimental flow chart is shown in Fig. 1. 

2. Materials and methods 

2.1. Animal 

Fifteen SPF-grade male Kunming mice, 4 weeks old, 18–22 g. Purchased from Hunan Slex Experimental Co Ltd. (license number: 
ZS-202105110016). All mice were kept in the Hunan University of Chinese Medicine’s Experimental Animal Center (room temper
ature 23–25 ◦C, relative humidity 50–70%, and 12 h of light/darkness). All animal experiments were carried out in accordance with 
the guidelines approved by the Experimental Animal Management and Use Committee of Hunan University of Chinese Medicine 
(license number: SYXK[Xiang] 2019-0009). Animal experiments were approved by the Animal Ethics and Welfare Committee of 
Hunan University of Chinese Medicine (LLBH-202106120002) [13]. 

2.2. Medicine 

We created an adenine suspension with a 5 mg/mL concentration by dilution with saline (Changsha Yaer Biological Co., Ltd., 
EZ2811A135). Folium senna decoction (Anhui Puren Herbal Beverage, 2005302) is prepared as follows: soaked in water for 20 min, 
boiled, and then placed over civil heat for 20 min. Once it has boiled, switch to civil heat for 20 min. After that, the medicinal liquid 
was filtered through gauze, the dregs were given a suitable amount of water, and the filtrate was prepared in the same manner. The two 
decoctions were then combined, amplified to a concentration of 1 g/mL, and stored at 4 ◦C refrigerator . The ingredients and dosage for 
the Sishen Pill decotion were prepared in accordance with the pharmacy textbook [14] and included Psoralea corylifolia L. (No: 
HY21012201), Myristica fragrans Houtt. (No: Xiang 20160111), Euodia rutaecarpa (Juss.) Benth. (No: 2020082804), Schisandra chi
nensis (Turcz.) Baill. (No: HY21020304), Ziziphus jujuba Mill. (No: 2103120082), Zingiber officinale Rose. (No: 170903), and all Chinese 
herbal decoction from Hunan Junhao Chinese Herbal Medicine Science and Trade Co., Ltd. 

2.3. Reagent Kits 

Na+-K+-ATP-ase ELISA Kit (Jiangsu Jingmei Biotechnology Co., LTD, number: JM-11845M1). Ca2+-Mg2+-ATP-ase ELISA Kit 
(Jiangsu Jingmei Biotechnology Co., LTD, number: JM-12156M1). 

Fig. 1. Experimental flow chart.  
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2.4. Grouping and modeling of animals 

Fifteen SPF-grade Kunming mice were fed adaptably for 3 d before being randomly assigned to Normal control group (C), Model 
self-healing group (X) and Sishen Pill group (S) using the random number table method, 5 mice/group, 5 mice/cage. Adenine sus
pension was gavaged to mice in groups X and S once daily for 14 d at a dose of 50 mg/(kg•d), 0.4 mL/each. From the 8th day, The X 
group was given Folium senna decoction by orogastric, 10 g/(kg•d), 0.4 mL/each, once/d for 7 d. Group C received the same amount of 
sterile water at the same time. The experimental mice in the X group terminated the experimental intervention after successful 
modeling and went back to drinking regular water. The S group mice were given the equivalent doses of human and mouse body 
surface area at a ratio of 5 g/(kg•d), 0.35 mL/each, 2 times/d for 7 d. The C group was gavaged with the same volume of sterile water as 
group X, 2 times/d for 7 d [15–17]. 

2.5. General behavioural observations 

Throughout the modeling period, keep track of changes in the mice’s body weight, food and water consumption, fecal features, 
mental state, activity, and physical symptoms [18]. 

2.6. Model evaluation criteria 

The diagnostic criteria for macroscopic symptoms in mice with kidney-yang deficiency syndrome diarrhea were: dilute feces, or 
incomplete pellets, cold extremities, curved and arched back, decreased appetite and body weight, and depression. These symptoms 
were based on the clinical manifestations of kidney-yang deficiency syndrome diarrhea as well as pertinent references [19,20]. A solid 
foundation for model evaluation was offered based on macroscopic sign presentations and histological sections of the kidneys. 

2.7. Pathological sectioning 

The kidney tissues were dissected under aseptic conditions to remove any nodular tissue. The kidney tissues were then embedded in 
paraffin, fixed in 4% paraformaldehyde solution, dehydrated in gradient ethanol, transparent in xylene, stained with HE, and 
examined under light microscopy for histopathological changes in the kidney. 

2.8. ELISA analysis 

Whole blood specimens (0.7–1.5 mL) were collected from 1 cage (5 mice) in each group using plain serum tubes (red cap hoover 
blood collection tubes), centrifuged at 3000 r/min for 10 min to separate the serum, and the sample was packed into sterile centrifuge 
tubes. The ELISA blood samples were left at room temperature for 30 min. The blood samples used in the ELISA test were left at room 
temperature for 30 min. The serum was separated after centrifugation at 3000 r/min for 10 min, and the test substance was then placed 
into sterilized centrifuge tubes. To set up the plate layout, add samples, add enzymes, incubate, wash the plate, develop color, stop the 
reaction, and use machine detection, adhere to the instructions provided in the ELISA kit [21]. 

2.9. 16S rRNA gene high throughput sequencing 

After the experiment, the mice were executed by cervical dislocation. The mice’s abdominal cavity was opened, and the small 
intestine was taken out under aseptic circumstances. The intestinal mucosa was scraped off and collected on sterile coverslips after the 
small intestine was sliced along its long axis, cleaned with saline, and dried on filter paper [22]. For the purpose of identifying the 
intestinal mucosal flora, the samples were placed in 1.5 mL sanitized centrifuge tubes, given numbers and weights, and then kept in a 
− 80 ◦C freezer. Using a bacterial DNA kit, total genomic DNA samples were isolated from the intestinal mucosa samples (OMEGA, 
USA). Thermo Fisher Scientific’s NanoDrop NC2000 spectrophotometer and agarose gel electrophoresis were used to measure the 
quantity and quality of the isolated DNA. For the study of bacterial PCR results, the forward primer 27F 
(5′-AGAGAGTTTGATCMTGGCTCAG-3′) and the reverse primer 1492R (5′-GGACTACHVGGGTWTCTAAT-3′) were employed. The 
16SrRNA gene was amplified to a length that was nearly full. Q5 high-fidelity DNA polymerase was used in the polymerase chain 
reaction (PCR) to amplify the 16S rRNA gene (New England BioLabs, USA). Electrophoresis on 2% agarose gel was used to identify the 
PCR results, and the Axygen® AxyPrep DNA Gel Extraction Kit was used to purify them. The recovered PCR amplification products 
were quantified fluorescently using the Quant-it PicoGreen dsDNA Detection Kit. Samples were blended in proportion to each sample’s 
required sequencing based on the findings of the fluorescence quantification. Paiseno Biological Co., LTD carried out the sequencing 
(Shanghai, China) [23]. 

2.10. Bioinformatics and statistical analysis 

High-throughput 16S rRNA sequencing was used to examine the gut mucosal microbiota, and sequences with similarity more than 
97% were assigned to an OTU [24]. To test the depth of the sequencing and assess the quality of sequence data, species accumulation 
curves and dilution curves were utilized. Chao1 and Observed species indexes measure community abundance. Simpson and Shannon 
indices measure community diversity, and higher index values denote more community abundance and variety. Beta diversity analysis 
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examined the similarity of community structure among different samples. The community data structure was organically broken down 
using principal coordinate analysis (PCoA), non-metric multidimensional scaling (NMDS), and cluster analysis. To see how the samples 
varied from one another, the samples were ranked by Ordination Linear discriminant analysis Effect Size (LEfSe) [25] and receiver 
operating characteristic curve (ROC) detected groups with differences in intestinal mucosal abundance and identified potential bio
markers [26,27]. Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt) was used to perform 
functional unit PCoA and Kyoto Encyclopedia of Genes and Genomes (KEGG) database analysis for prediction of colony function. The 
relationship between biochemical markers and intestinal mucosal flora was investigated using Scatter plot of Spearman correlation 
coefficient. 

Fig. 2. Behavioral changes in mice. (a) Mental state of mice in the C group. (b) Mental state of mice in the X group. (c) Mental state of t mice in the S 
group. (d) Feces of mice in the C group. (e) Feces of mice in the X group. (f) Feces of the mice in the S group. (g) HE staining sections of kidney tissue. 
(h) Energy metabolism analysis in mice. C: Control group (n = 5); X: Model self-healing group (n = 5); S: Sishen Pill group (n = 5). The values were 
expressed as mean ± standard deviation. 
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The data collected from each group were reported as mean standard deviation using SPSS 21.00 program for statistical analysis. 
One-way ANOVA was employed and the Tukey HSD method was utilized for multiple comparisons between groups if the data from the 
three groups fit the normal distribution and the variance was chi-square. Wilcoxon rank sum test was applied if the data did not follow 
a normal distribution and the variances were not homogeneous. P < 0.05 indicates a statistical difference, P < 0.01 indicates a very 
strong statistical difference, otherwise there was no statistical significance [28]. 

3. Results 

3.1. Behavioral, kidney structure, energy metabolism changed in mice 

The mice in the C group displayed normal mental status, autonomous behaviors, smooth fur, and responsiveness (Fig. 2 a, d). Poor 
mental health, thin and dull fur, and loose and unformed feces were also characteristics of the X group (Fig. 2 b, e). The mice in the S 
group gradually resumed their regular behavior and formed feces (Fig. 2 c, f). 

In Fig. 2 g, the kidney units of the C group showed normal structural morphology and no abnormal pathological symptoms, whereas 
the X group had glomerular thylakoid hyperplasia, interstitial edema and congestion, inflammatory cell aggregation, tubular dilatation 
of varied degrees, lumen enlargement, and tubular wall degradation and edema. The fact that the S group kidney structure tended to be 

Fig. 3. Sequencing data quality assessment and OTU counts of intestinal mucosal flora. (a) Dilution curves of Chao1. (b) Dilution curves of 
Observed_species. (c) Dilution curves of Simspon. (d) Dilution curves of Shannon. (e) Species accumulation curves. (f) Venn diagram. (g) Distri
bution curves of OTU class abundance. C: Control group (n = 5); X: Model self-healing group (n = 5); S: Sishen Pill group (n = 5). 
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normal, with intact structure and tight cell organization, compared to the X group, suggests that Sishen Pill had a promoting effect on 
the recovery of kidney structure in mice. 

Fig. 2 h demonstrates that the S group had stronger Na+-K+-ATP-ase and Ca2+-Mg2+-ATP-ase activities than the X group (P > 0.05; 
P > 0.05). Compared to the C group, the S group Na+-K+-ATP-ase activity reduced while the Ca2+-Mg2+-ATP-ase activity increased (P 
> 0.05; P > 0.05). The outcomes suggested that Sishen Pill treatment improved energy metabolism in diarrhea mice with kidney-yang 
deficiency syndrome diarrhea. 

3.2. Intestinal mucosal flora in mice sequencing data quality assessment and OTU count 

The dilution curve initially showed an inflection point, then the curve flattened with increasing sequencing depth and reached a 
plateau, showing that the sequencing depth of the three sets of samples was reasonable enough to cover the majority of biological 
species and the species richness of the test samples was sufficient for further research (Fig. 3 a-d). The species accumulation curve is 
shown in Fig. 3 e. The number of detected species increased significantly as sample size was increased, and the curve was relatively 
steep. However, after a certain point, further increases in sample size stopped yielding new species detections, and the curve flattened, 
indicating that the sample size was adequate to reflect the richness of the community. 

The OTU Venn diagram was used to assess the uncommon or common OTUs found in various sample groups and to show how 
similar and distinct the samples were at OTU level. In this experiment, sequences with similarity more than 97% were classified into 
one OTU. After removing rare OTUs and leveling the data from the sampling process, an abundance matrix with 715 OTUs was ob
tained for the examination of microbial diversity makeup. There were 387 OTUs in the S group, 303 OTUs in the C group, and 307 
OTUs in the X group. Approximately 12.59% (90/715) OTUs were shared by the three groups, and the characteristic OTUs in groups 
the C, X, and S group accounted for 20.28% (145/715), 22.24% (159/715), and 27.27% (195/715) (Fig. 3 f). Further investigation 
revealed that group C shared 102 and 146 OTUs with groups X and S, respectively. The aforementioned findings demonstrated that the 
S group had a larger microbiological richness than the X group, comparable to the C group, and established a distinction from the X 
group. This indicated that Sishen Pill intervention altered microbial population of intestine mucosa in diarrhea mice with kidney-yang 
deficiency syndrome. 

After that, we used abundance log2 values to create rank abundance distribution curves to examine the community structure of 
each group intestinal mucosal flora (Fig. 3 g). The species richness and resource distribution can be inferred from the rank abundance 
distribution curves. For each sample, the OTU level and abundance are shown by the horizontal and vertical coordinates, respectively. 
They stand for variations in the relative abundance of OTUs among the three groups. There are more OTUs in the sample the longer fold 
line is. The homogeneity of the group is inversely correlated with the smoothness of slope and steepness of fold line. According to Fig. 3 

Fig. 4. Effect of Sishen Pill on the diversity of intestinal mucosal flora in mice. (a) Chao1 index. (b) Observed_species index. (c) Shannon index. (d) 
Simpson index. (e) NMDS analysis. (f) PCoA analysis. (g) Cluster analysis. C: Control group (n = 5); X: Model self-healing group (n = 5); S: Sishen 
Pill group (n = 5). 
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g, which is in line with the OTU report above, the Sishen Pill intervention group had the greatest number of OTUs. 

3.3. Sishen Pill increased intestinal mucosal flora diversity in mice 

We calculated the Alpha diversity indices for the two groups of gut contents samples to see if there were any differences in the 
microbial communities diversity between the samples (Fig. 4 a-d). Among these, the Chao1 and Observed_species index concentrated 
on expressing the richness of the community, and the Shannan and Simpson index portrayed the homogeneity of the community. These 
findings demonstrated that the C group had the highest microbial richness, followed by group S (P > 0.05; P > 0.05). Group X had the 
most evenly distributed members, whereas groups C and S had similar levels (P > 0.05; P > 0.05). In conjunction with the Venn 
analysis results, it demonstrated that Sishen Pill had a moderating influence on the microbial diversity of intestinal mucosa in diarrhea 
mice with kidney-yang deficiency syndrome. Afterwards, we conducted the Beta diversity study to compare and contrast the com
munity structures of the various groupings (Fig. 4 e-g). The bray_curtis distance matrix-based NMDS analysis (Fig. 4 e, f) revealed that 
the small intestine microbial communities in groups S and X had varied structural distribution traits. PCoA analysis using the 
bray_curtis distance matrix (Fig. 6 f) revealed that the confidence triangle of the S group microbial community was separated from that 
of the X group along the first coordinate axis. It demonstrated that Sishen Pill may, to some extent, restore and modify the Beta di
versity of intestinal mucosa microbes in diarrhea mice with kidney-yang deficiency syndrome. It is clear from the clustering analysis 
(Fig. 4 g) that the C group has less intra-group variability since the distances between the samples are relatively short. Group X samples 
are substantial and clearly distinguished from group C samples. With the exception of sample S3, several samples from group S can be 
neatly clustered together. Additionally, S2 and S5 cluster better with the C group, indicating that group X had higher intra-group 
variability than groups C and S. In summary, Sishen Pill improved the diversity and architecture of intestinal mucosal flora. 

3.4. Sishen Pill remodeled the dominant bacterial composition of intestinal mucosal flora in mice 

The classification of Phylum, Genus, and Species for OTU was done independently, and the analysis of the dominant flora at each 
taxonomic level that had relative abundance more than 1% was done (Fig. 5 d). According to Fig. 5 a, the relative abundance of 
Firmicutes increased from 73.53% to 74.97% and then slightly dropped to 74.52% after Sishen Pill treatment. The relative abundance 
of Bacteroidetes increased marginally to 21.46% in the C group from 21.38% in the X group to 18.93% in the S group. Proteobacteria 

Fig. 5. Effect of Sishen Pill on relative abundance of gut mucosal microbiota in mice. (a) Relative abundance of phylum level of intestinal mucosal 
flora. (b) Relative abundance of genus level of intestinal mucosal flora. (c) Relative abundance of species level of intestinal mucosal flora. (d) 
Phylum, genus and species levels of dominant bacteria of intestinal mucosal flora in mice. C: Control group (n = 5); X: Model self-healing group (n =
5); S: Sishen Pill group (n = 5). *indicates P < 0.05. 
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relative abundance rose from 1.45% to 3.53% before Sishen Pill involvement, when it fell to 1.28%. The differences were not sta
tistically significant. 

The small intestinal mucosal microbiota of all three groups of experimental mice was primarily made up of the genus-level or
ganisms Lactobacillus, Muribaculum, and Candidatus-Arthromitus (Fig. 5 b). The proportions in groups C, X, and S were: Lactobacillus 
(65.78% vs 61.40% vs 61.17%), Candidatus-Arthromitus (5.10% vs 8.5% vs 6.12%), Muribaculum (17.44% vs 16.25% vs 16.65%). 

Fig. 6. Analysis of the characteristic bacteria of intestinal mucosal flora. (a) Random forest diagram and ROC curve of genus level. (b). Random 
forest diagram and ROC curve of species level. (c) ROC curve of Clostridium, Eggerthella, Lactobacillus johnsonii. The larger the area under the curve, 
the higher the diagnostic accuracy. (d) Scatter plot of Lactobacillus johnsoni with Na+ -K+-ATP-ase and Ca2+-Mg2+-ATP-ase Spearman correlation 
coefficients. C: Control group (n = 5); X: Model self-healing group (n = 5); S: Sishen Pill group (n = 5). 
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Statistics did not support the discrepancies. Burkholderia was present only in group X, accounting for 2.42%, and none in groups C and 
S. 

The main species (relative abundance>1%) in groups C, X, and S were all Lactobacillus johnsonii (41.77% vs. 22.86% vs. 39.99%, P 
> 0.05), Lactobacillus reuteri (20.77% vs. 14.97% vs. 14.86%, P > 0.05), Lactobacillus intestinalis (1.20% VS 6.02% VS 4.72%, P > 0.05), 
Lactobacillus murinus (2.04% vs. 16.41% vs. 1.58%), where Lactobacillus murinus was significantly higher in the X group than in the S 
group (P < 0.05). According to the information above, Sishen Pill interventional therapy can enhance the makeup of intestinal mucosal 
flora (Fig. 5 c). 

3.5. Sishen Pill affected the interaction between characteristic species of intestinal mucosal flora and energy metabolism in mice 

Random forest analysis revealed that the S group and the X group had significantly different relative abundances of mucosal flora. 
Compared with group X; the characteristic genera (Fig. 6 a) were Eggerthella, Clostridium, Ruminococcus, Acetivibrio, Eisenbergiella, 
Butyricicoccus, Anaerotruncus, Roseburia; the characteristic species (Fig. 6 b) were Lactobacillus johnsonii, Ruminococcus sp., and 
Eisenbergiella sp. AUC values for Lactobacillus johnsonii (AUC = 0.88), Clostridium (AUC = 0.88), and Eggerthella (AUC = 1) were all 
quite high, which can be used as a major characteristic bacteria to separate the S group from the X group, according to ROC analysis 
(Fig. 6 c). 

Lactobacillus johnsonii, as a crucial characteristic species to distinguish group S from group X. It was favorably connected with Na+- 
K+-ATP-ase and Ca2+-Mg2+-ATP-ase, according to the Spearman correlation coefficient, and none of the differences were statistically 
significant (Fig. 6 d). It suggests that the interplay of the aforementioned elements may have contributed to the increase in energy 

Fig. 7. Functional analysis of intestinal mucosal flora. (a) MetaCyc functional unit PCoA map. (b) PCoA diagram of KEGG functional units. (c) 
Predicted abundance of KEGG function. (d) Functional analysis of metabolic pathways in different treatment groups. C: Control group (n = 5); X: 
Model self-healing group (n = 5); S: Sishen Pill group (n = 5). 

J. Zhu et al.                                                                                                                                                                                                             



Heliyon 9 (2023) e16166

10

metabolism and the restoration of intestinal mucosa in mice treated with Sishen Pill for kidney-yang deficient diarrhea. 

3.6. Sishen Pill altered the function of intestinal mucosal flora in mice 

We carried out functional unit PCoA analysis, mapping of flora composition data to KEGG database for prediction of flora function 
using PICRUSt, and correlation analysis of small intestine flora composition and functional pathways in order to better understand the 
role of intestinal mucosal flora in the treatment of diarrhea with kidney yang deficiency by Sishen Pill. The study indicate that while 
samples from the three databases did not statistically differ from groups C and S or from each other, they did all significantly differ from 
group X. (Fig. 7 a, b). Meanwhile, intestinal mucosal flora functions were generally classified into six categories, and the second level 
included 29 subfunctional categories, of which metabolic functions accounted for a greater abundance. Significant functions in 
controlling energy metabolism, amino acid metabolism, and carbohydrate metabolism were played by intestinal mucosal flora (Fig. 7 
c). 

Further metabolic pathway study revealed that intestinal mucosa flora mostly performed the roles of glucose metabolism, amino 
acid metabolism, and lipid metabolism (Fig. 7 d). In the S group compared to the X group, the relative abundance of energy meta
bolism, lipid metabolism, metabolism of other amino acids, exogenous biodegradation, and metabolism dropped while that of other 
secondary metabolite biosynthesis, carbohydrate metabolism, and glycan biosynthesis increased. In contrast to the C group, the S 
group showed a greater relative abundance of amino acid metabolism and energy metabolism. None of the differences were statis
tically significant. 

4. Discussion 

The majority of ancient and contemporary physicians think that spleen, liver, kidneys, and other internal organs, is the primary 
internal organ of diarrhea. For this reason, treating diarrhea should not should not ignore restoring kidney function. Sishen Pill is one 
of the classic formulas for the treatment of diarrhea with spleen and kidneys deficiency. The study found that the kidney structure of 
mice with kidney-yang deficient diarrhea was clearly affected, as evidenced by glomerular and tubular damage, interstitial edema, and 
inflammatory cell aggregation [29,30]. Additionally, mice with kidney and spleen-yang deficiency diarrhea had significantly higher 
levels of mitochondrial uncoupling protein 2 (UCP2) in their kidneys, which increased their H+ leak rate and reduced ATP synthesis. 
After Ershen Pill treatment, UCP2 was significantly improved and regulated [31]. Ca2+-Mg2+-ATP-ase and Na+-K+-ATP-ase are sig
nificant indicators of the level of human energy metabolism [32]. In mice with kidney-yang deficiency syndrome diarrhea, it was 
discovered that the activity of hepatic Na+-K+-ATP-ase and Ca2+-Mg2+-ATP-ase was greatly reduced, as well as the levels of cAMP 
(Cyclic adenosine monophosphate) and cAMP/cGMP(cyclic guanosine monophosphate) were dropped and cGMP was elevated, and 
improved following treatment with Sishen Pill [33,34]. In terms of energy metabolism in our study, restoration of kidney structure and 
an improvement in serum Na+-K+-ATP-ase and Ca2+-Mg2+-ATP-ase activities following Sishen Pill intervention. These findings are in 
line with earlier research. So, we conclude that Sishen Pill benefits involves controlling energy metabolism. Another topic worth 
looking into is Sishen Pill impact on kidney mitochondrial. 

The physiopathology of the gut is strongly tied to the composition of the intestinal flora, which is made up of billions of commensal 
microorganisms that are essential for sustaining the proper metabolism and physiological function [35,36]. TCM has been proven to be 
more helpful in treating diarrhea and can affect the composition and metabolic activity of intestinal flora through interaction with 
intestinal microorganisms, achieving therapeutic goals or changing the efficacy of treatment [37]. Sishen Pill regulates the balance of 
intestinal microbes, which can have an impact on the development and course of disease [1,38]. According to our experiment results, 
the S group had a higher number of OTU in intestinal mucosa flora than the X group; the S group also had restored levels of Alpha and 
Beta diversity compared to the X group; the S group flora distribution was clearly different from the X group. The information above 
suggests that Sishen Pill can modify the diversity and composition of intestinal mucosal flora in diarrhea kidney-yang deficiency mice. 

We can better understand how Sishen Pill alters the intestinal microbial environment by contrasting the numerous changes in 
intestinal mucosal flora between the X and S groups. Evodiamine (Evo) is an important component of Fructus evodiae. It has been 
found that Evodiamine can reduce the abundance of Bifidobacterium, Parabacteroides, Mucispirillum, and Turicibacter and increase the 
relative abundance of Bacillus, Lactobacillus, and Rumenococcus in colitis-prone animals [39]. Study also revealed that the Ershen Pill 
group compared with the normal group had an increased abundance of Bifidobacterium and Lactobacillus and decrease Escherichia coli 
and Enterococcus in the intestine [31]. Sishen Pill was found to enhance the abundance of Bifidobacterium, Lactobacillus, and Bacter
oidetes while decreasing the abundance of Enterobacter and Enterococcus [40]. By decreasing the quantity of Proteobacteria and My
coplasma and increasing the abundance of Clostridium, Bacillus, and Romboutsia, Sishen Pill can protect the intestinal mucosa [17,38]. It 
is thought that this remedy can aid in restoration of the intestinal flora variety. In terms of intestinal mucosal flora in our study, in the S 
group, Firmicutes was increased, while Bacteroidetes and Proteobacteria were significantly reduced and the ratio of the Firmicutes to 
Bacteroidetes the (F/B value) was also near the C group. The F/B value, a conventional dysbiosis measure, offers additional proof that 
Sishen Pill reverses intestinal mucosal dysbiosis in mice with kidney-yang deficiency syndrome diarrhea [41,42] A moderate 
enrichment of Lactobacillus johnsonii was identified in S group compared with X group, suggesting a protective effect of Sishen Pill on 
Lactobacillus johnsonii. It has been demonstrated that Lactobacillus johnsonii is a helpful bacterium with anti-inflammatory charac
teristics that reduce systemic pro-inflammatory immune responses, and can increase mitochondrial levels and activity while promoting 
lipolysis [43–45]. This showed that Sishen Pill regulated the balance of gut microbiota and may reduce intestinal inflammation. The 
characteristic flora between groups X and S differed significantly in the random forest study. Lactobacillus johnsonii was a significant 
marker species for group differences according to ROC analysis. Spearman correlation coefficient revealed a favorable link between 
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Lactobacillus johnsonii and both Ca2+-Mg2+-ATP-ase and Na+-K+-ATP-ase. Therefore, We propose that by raising the abundance of 
Lactobacillus johnsonii, Sishen pills therapy for diarrhea may decrease intestinal inflammation and enhance energy metabolism. We 
next investigated at the functional study of the metabolic pathways and discovered that Sishen Pill may mediate the treatment by 
impacting energy metabolism, lipid metabolism, metabolism of other amino acids, xenobiotics biodegradation and metabolism in 
mice. The information above suggests that Sishen Pill has a significant impact on the intestinal mucosa flora. In conclusion, a crucial 
step will be to analyze the typical intestinal microbes and the way TCM works [22,46–48]. 

5. Conclusions 

In conclusion, Sishen Pill improves the variety and structure of intestine mucosa microbial community of mice with kidney-yang 
deficiency syndrome diarrhea, drastically reducing the abundance of Lactobacillus murinus, and adjusts the abundance of other flora, 
normalizing the ratio of F/B, and affecting the activities of Na+-K+-ATP-ase and Ca2+-Mg2+-ATP-ase to improve energy metabolism. 
Furthermore, a synergistic impact on energy metabolism was found to exist between the Sishen Pill intervention treatment and 
Lactobacillus johnsonii(Fig. 8). Investigating the impact of the one medication that is crucial in Sishen Pill prescription on the intestinal 
mucosal flora of kidney-yang deficiency syndrome diarrhea mice is worthwhile. 
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