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In recent years, with the improvement of people’s living standards, the incidence of DM has increased year by year in China. DM is a common metabolic syndrome characterized by hyperglycemia caused by genetic, environmental and other factors. At the same time, long-term suffering from DM will also have an impact on the heart, blood vessels, eyes, kidneys and nerves, and associated serious diseases. The human body has a large and complex gut microbiota, which has a significant impact on the body’s metabolism. Research shows that the occurrence and development of DM and its complications are closely related to intestinal microbiota. At present, western medicine generally treats DM with drugs. The hypoglycemic effect is fast and strong, but it can have a series of side effects on the human body. Compared with western medicine, Chinese medicine has its unique views and methods in treating DM. TCM can improve symptoms and treat complications by improving the imbalance of microbiota in patients with DM. Its characteristics of health, safety, and reliability are widely accepted by the general public. This article reviews the relationship between intestinal microbiota and DM, as well as the mechanism of TCM intervention in DM by regulating intestinal microbiota.
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1 Introduction

Diabetes mellitus (DM) is a common metabolic syndrome characterized by hyperglycemia caused by genetic, environmental and other factors, and has become a major medical and health problem threatening global human health (1). In 2017, the eighth edition of the International DM Federation (IDF) DM Atlas showed that there were about 425 million DM patients worldwide. It is estimated that by 2045, the number of patients with DM will increase to 700 million (2). The incidence rate of DM in China is about 10% (3), and the number of DM patients has reached 114 million, accounting for 1/3 of the total number of DM patients in the world. The pathological process of DM is very complex, and its pathogenesis has not been fully explored. The influencing factors include genetic factors, related cytokines, diet, environment, early colonization of intestinal microbiota, breastfeeding, intestinal proinsulin effect, delivery mode, and other factors (4). The initial clinical manifestations of DM are polydipsia, polydipsia, polyuria and weight loss (5). However, in the long run, it can have an impact on the heart, blood vessels, eyes, kidneys, and nerves, leading to serious related diseases (6). Such as DM heart disease, DM ketoacidosis, DM retinopathy, DM nephropathy, DM foot and other critical complications. This seriously affects human health and increases social burden (7). At present, western medicine generally treats DM with drugs. For example, stimulating insulin secretion and increasing its biological activity, reducing the absorption rate of glucose in the intestine. And increase the utilization of glucose by tissues in the body and promote the synthesis of liver glycogen, or directly inject exogenous insulin. The hypoglycemic effect is fast and strong, but it can produce a series of side effects. For example, patients have poor compliance and are prone to dependency. As the duration of illness prolongs, the dosage and types of hypoglycemic drugs taken continue to increase (8), with significant toxic side effects (9). And its pathway of action is single, and some Western medicines are prone to damage to the heart, stomach, liver, and kidneys (7). Therefore, it is particularly important to pay attention to the occurrence of DM and look for ways to intervene in DM and its complications.

Early colonization of gut microbiota begins at birth, and strains from the mother’s skin or vagina only briefly colonize within the baby’s body. The gut microbiota of 2-3 year old children is similar to that of adults. The diversity of gut microbiota in the population aged 60-70 decreases (10). The gut microbiota is a complex ecosystem composed of microbial communities, including trillions of bacteria, spanning at least 1000 different species. The gut microbiota is mainly composed of bacteria, but also contains other symbiotes such as archaea, viruses, fungi, and protists (11). It includes probiotics that can ensure the health of the body and inhibit the proliferation of pathogenic bacteria, as well as neutral bacteria that may have pathogenic effects under certain factors. The gut microbiota is considered to play an important role in enhancing host immunity, promoting food digestion, regulating intestinal endocrine function, regulating neural signals, regulating drug action, regulating metabolism, detoxification, and other aspects (12). In a healthy state, the gut microbiota coexists harmoniously with the host in a relatively stable dynamic equilibrium environment, and symbiotic microorganisms benefit from the abundant nutrients provided by the gut to survive. The numerous metabolites produced by intestinal microorganisms also have key functions in regulating the host, such as maintaining energy homeostasis, inhibiting the invasion and reproduction of intestinal pathogenic microorganisms, etc. (10, 13). Once this balance is disrupted, the types, quantities, proportions, and positions of gut bacteria will become disrupted, leading to ecological imbalance (14). The imbalance of gut microbiota is closely related to the health of the body. There are many factors that can induce gut microbiota imbalance, such as living environment, genetics, age, gender, diet, and medication, all of which can affect the abundance and diversity of the human gut microbiota. Dysfunction of intestinal microbiota is also associated with many diseases, such as DM, Parkinson’s disease (PD), colorectal cancer, hepatocellular carcinoma, chronic kidney disease (CKD) and ischemic stroke. The imbalance of intestinal microbiota, the increase of intestinal mucosal permeability, the change of intestinal immune response and other factors will participate in the occurrence of type 1 DM(T1DM) (15, 16). And as blood sugar rises, the number of enterococci increases, while the number of bifidobacteria and common bifidobacteria decreases. It can promote the production of harmful substances in the intestines and worsen the condition of type 2 DM(T2DM) (17). Therefore, regulating the intestinal microbiota and improving the intestinal ecological imbalance are considered to be an important direction for the treatment of DM.

Traditional Chinese medicine(TCM) has obvious advantages in improving the symptoms of DM and treating complications, and its health, safety and reliability are accepted by the masses (18). DM has no corresponding disease name in TCM. We classify it as DM according to its symptom characteristics and the law of disease changes (9). TCM believes that the main causes of this disease include insufficient innate endowment, acquired dietary disorders, emotional disorders, and excessive labor and desire. The pathogenesis is based on yin deficiency and marked by dryness and heat, and the two are mutually causal and influential. The occurrence of DM is related to organs such as the lungs, stomach, and kidneys, and the three affect each other, ultimately leading to lung dryness, stomach heat, and kidney deficiency. Over time, DM can lead to damage to the yang qi and blood stasis, resulting in deficiency of both yin and yang, blood stasis, and various complications. Treatment should focus on nourishing yin and generating fluids, supplementing qi and kidney (19). In recent years, it has been found that intestinal microbiota and its metabolites participate in the prevention and treatment of DM from multiple pathways. Oral administration is the main mode of administration for TCM. After entering the intestine through the digestive tract, TCM inevitably comes into close contact with the gut microbiota and interacts with each other (20). Some TCM ingredients can regulate the composition and structure of gut microbiota, improve the gut microbiota, and further promote the transformation and utilization of bioactive ingredients in TCM (21). These active ingredients have an important impact on liver, intestine, stomach, pancreas, brain and other organs involved in sugar metabolism by regulating intestinal microbiota. It can be seen that there is a two-way relationship between intestinal microbiota and TCM, and intestinal microbiota is also a potential target for TCM to treat DM (22). This article will focus on the relationship between DM and its complications and intestinal microbiota, and clarify the relevant mechanism of Chinese medicine intervention in DM by regulating intestinal microbiota, in order to provide new ideas and research directions for DM and its complications.




2 DM and intestinal microbiota



2.1 Relationship between DM and intestinal microbiota imbalance

Diabetes is a metabolic disease, usually characterized by elevated blood glucose levels, which needs to be monitored and properly controlled (23). According to the Chinese Expert Consensus on DM Classification and Diagnosis released in February 2022, DM is divided into six types: type 1 DM (T1DM), type 2 DM (T2DM), monogenic DM, secondary DM, gestational DM (GDM) and unformed DM (24). But the most common types are type 1 and type 2 diabetes. Type 1 diabetes (T1DM) is usually associated with insulin production failure, which is due to t cell mediated autoimmune damage to the pancreas β Cells (25). On the other hand, type 2 diabetes (T2DM) is characterized by insulin resistance and decreased insulin secretion. Recent research shows that the appearance of intestinal microbiota plays a key role in the development of diabetes. The imbalance of intestinal microbiota, the increase of intestinal mucosal permeability, the change of intestinal immune response and other factors will participate in the occurrence of T1DM (26, 27). The change of intestinal microbiota can cause metabolic disorder of glucose, lipid, bile acid, etc., and produce inflammatory reaction, leading to functional disorder of the body. Insulin sensitivity and the utilization of sugar by peripheral tissues are reduced, thus leading to the occurrence of T2DM (28, 29).

Studies have shown that there is a significant correlation between the number of intestinal microbiota and the development of diabetes. A study on elderly patients with DM showed that the number of bifidobacteria and lactobacilli and the proportion of bifidobacteria/enterobacteriaceae (B/E) in elderly patients with DM significantly decreased, while enterococci and enterobacteriaceae significantly increased (30, 31). BIASSONI et al. (32) used 16sRNA sequencing technology to compare the gut microbiota of 31 children with T1DM and 25 healthy children. They found that the abundance of Bacteroidetes and Proteobacteria increased in T1DM patients, while the genera Desulfovibrio and Choledophilia increased beta the abundance of Proteobacteria decreased. DEMIRCI et al. (16) detected the levels of Bacteroidetes and Firmicutes in fecal samples from 53 T1DM patients. Compared with healthy individuals, T1DM patients had an increased level of Bacteroidetes in their gut microbiota, a decreased number of Firmicutes, and a significant decrease in the ratio of Firmicutes to Firmicutes. This indicates that there are changes in the abundance of gut microbiota in the human body before and after the onset of T1DM. He Yasha et al. (17) showed that T2DM mice induced by high-fat and high-sugar diet can have intestinal microbiota disorder. The intestinal microbiota rich in endotoxin in mice increased, and the level of lipopolysaccharide (LPS) in plasma increased, suggesting that intestinal microbiota disorder is related to diet induced DM.

In addition, there are also corresponding findings in the intestinal microbiota of patients with DM. Zeng Yipeng et al. (33) confirmed that the diversity of intestinal microbiota in patients with T2DM was significantly reduced, and the abundance and distribution of beneficial bacteria were significantly reduced, indicating that the metabolic level of the body was closely related to the intestinal microbiota. Li Li et al. (34) showed that probiotics can improve the blood sugar, blood lipid and oxidative stress water of newly overweight DM patients on average, indicating that intestinal microbiota has immune intervention effect, which can delay and prevent the occurrence and development of DM. Qin Junjie et al. (35) used the macro gene deep shotgun sequencing technology to detect and analyze the fecal microbiota of T2DM patients, and found that the abundance of beneficial bacteria in the intestinal tract, such as butyrate producing bacteria, decreased, while various opportunistic pathogens increased significantly. In the pathological state of DM, the number of gram-negative bacteria in the intestinal tract increases, and the excess endotoxin produced is released into the blood, causing endotoxemia, which causes systemic nonspecific inflammatory reaction, promotes insulin resistance, and further aggravates the abnormality of glucose metabolism (36). To sum up, the intestinal bacteria of DM patients will produce obvious changes in type and quantity before and after the onset of disease, and the development of DM can be intervened or improved by regulating the intestinal microbiota. The relationship between the occurrence and development of diabetes and the changes of intestinal flora is shown in Figure 1.




Figure 1 | The mechanism of intestinal microbiota and DM.






2.2 DM and its complications and intestinal microbiota

The microvascular complications related to small vessels in T2DM include DM nephropathy, DM retinopathy and DM neuropathy (37). A large number of studies have shown that there is a significant correlation between the changes in the composition of intestinal microbiota and the development of DM.



2.2.1 DM nephropathy

DM nephropathy (DN) accounts for about 40% of poorly managed DM patients (38). It is the main microvascular complication of DM patients and the main cause of end stage renal disease (ESRD). Its main characteristics are a decrease in glomerular filtration rate and an increase in proteinuria. The intestine is the host of various microorganisms. Normal gut microbiota plays a profound role in the overall health of the host by participating in nutrient assimilation, metabolic processes, physiological functions, and immune responses. The gut kidney axis refers to the interaction between the gastrointestinal tract and the kidneys, and the gut microbiota is the core participant of this axis (39). Recent studies have shown that products of bacterial metabolism have been shown to affect the occurrence and progression of chronic kidney disease (40), leading to renal failure and worsening of gut microbiota imbalance (41). Kikuchi et al. found that the microbial metabolite phenyl sulfate (PS) increased in DM rats and DN patients, and its level was consistent with the patient’s basic proteinuria level. PS can cause podocyte injury and proteinuria in DM rats by inhibiting tyrosine phenolysis enzyme (tyrosine phenolysis enzyme is an enzyme that catalyzes the synthesis of phenol from tyrosine in diet to reduce proteinuria) (42). A study has found that streptozotocin induced DN mice were used to analyze the effect of microbiota on renal function. Divide the mice into two groups based on their urine protein levels. There are severe proteinuria (SP) mice and mild proteinuria (MP) mice. The composition of the two groups of bacteria is different. The abundance of Firmicutes in the SP group decreased, while the abundance of Firmicutes in the MP group increased. Compared with the MP group, Allobaculum was significantly enriched in the SP group. This leads to weight gain and elevated glucose levels, accelerating the evolution of DN (43). A study by Salguero et al. (44) revealed that there is an ecological imbalance in the gut microbiota of T2DM-CKD patients, including Proteobacteria, Verrucomicrobia, and Fusobacteria, which are Gram negative bacteria and are associated with elevated levels of LPS endotoxins in the blood. In conclusion, diabetes nephropathy is closely related to intestinal flora.




2.2.2 Intestinal microbiota of DM retinopathy

DM retinopathy (DR) is another common microvascular complication of DM, and it is also the main cause of vision loss of working age adults worldwide. The DR prevalence rate of patients with type 2 diabetes (T2DM) increased from 28.8% within 5 years to 77.8% within 15 years (45). According to the International diabetes Federation (IDF), there are currently more than 463 million people with type 2 diabetes in the world, which is expected to increase to 700 million by 2045 (46). The imbalance of intestinal microbiota is also related to the occurrence of DM retinopathy. According to research reports, there are approximately 12 genera of bacteria on the ocular surface, with the main microbial composition being pathogenic bacteria such as rod-shaped bacteria and coagulase negative Staphylococcus, Acinetobacter, and Pseudomonas (47, 48). Some studies have shown that the proportion of Bacteroides and Actinobacteria in patients with DM retinopathy is significantly lower than that in healthy individuals. The proportion of acidophilus, Escherichia and Enterobacteriaceae in the microbiota of patients with DM retinopathy increased significantly (49). Liu et al. (50) pointed out that the intestinal microbial characteristics composed of 25 bacterial families can distinguish DR patients from diabetes patients who ignore omental lesions and healthy control groups (51). Among DR patients, the relative abundance of Pasteurella is the lowest, which can be used as a non-invasive biomarker for DR diagnosis. The plasma TMAO level of DR individuals is significantly higher and positively correlated with the occurrence of DR, indicating that gut microbiota may be involved in the occurrence of DR. These findings support that specific changes in intestinal microbiome and fungal group are associated with DM retinopathy.




2.2.3 Intestinal microbiota of DM neuropathy

DM neuropathy is the result of demyelination, axonal atrophy and inflammation. The main manifestation is distal polyneuropathy (DPN), which occurs in 30-50% of DM patients after long-term exposure to hyperglycemia (43). The intestinal microbiota of patients with DM neuropathy, DM patients without DM neuropathy, and healthy individuals were compared. The results showed that compared with DM patients without DM neuropathy and healthy individuals, DM nephropathy patients had an increase in chlamydia and actinomycetes, and a decrease in bacteroides. In addition, at the genus level, the number of Bacteroidetes and Fecal bacilli decreased, while the number of Shigella, Lachnochostridium, Blautia, Megasphaera, and Rumincoccus torque increased. It is speculated that these changes in the gut microbiota are a result of insulin resistance (11). Xie et al. (52) found that the intestinal flora of stz induced DPN (diabetes neuropathy) rats was dysfunctional, which was mainly manifested by the enrichment of Klebsiella, fecal coccus, Prevotella and other bacterial groups.

In addition, the microbiota of the gut microbiota is involved in regulating human health and metabolism (53). There are numerous experiments supporting the role of gut microbiota in T2DM. Research has shown that taking probiotics to regulate gut microbiota can inhibit inflammatory responses, improve intestinal barrier function, antagonize pathogens, and produce beneficial microbial metabolites, including SCFAs and BAs (54). Research shows that the treatment of Achaematophila mucilaginis can improve the liver function of DM mice, reduce oxidative stress and inhibit inflammation. Lactobacillus mucosum supplementation also improved glucose tolerance and insulin sensitivity in DM mice.

To sum up, the intestinal bacteria of DM patients will produce obvious changes in type and quantity before and after the onset of disease, and the development of DM and its complications can be intervened or improved by regulating the intestinal microbiota.






3 Study on the mechanism of TCM intervention on DM by regulating intestinal micromicrobiota

The pathological mechanism of DM is complex, the course of disease is long and there are many complications. To treat DM, we must grasp the overall dynamics of the disease and treat it according to syndrome differentiation. The gut microbiota not only participates in the body’s energy metabolism, regulates blood sugar and blood lipids, but also regulates the body’s immune system. TCM can intervene and treat the occurrence and development of DM by regulating intestinal microbiota. Research has shown that the rich bioactive components in TCM have a protective effect on the balance of the gut microbiota, directly or indirectly regulating the imbalance of the gut microbiota. Meanwhile, TCM ingredients can regulate the composition and structure of gut microbiota, improve the gut microbiota, and further promote the transformation and utilization of bioactive ingredients in TCM. There is a bidirectional relationship between gut microbiota and TCM (55). In recent years, it has been found that intestinal microbiota and its metabolites are involved in the prevention and treatment of DM through multiple pathways, such as intestinal microbiota short chain fatty acid (SCFA) metabolism, bile acid metabolism, lipopolysaccharide secretion and other pathways. These pathways play a role in the intervention of the occurrence and development of DM, such as maintaining intestinal stability and insulin sensitivity, promoting the absorption and transformation of lipid in the intestinal tract, reducing the inflammatory level induced by endotoxin, regulating blood sugar and restricting diet (56). As shown in Table 1 and Figure 2.


Table 1 | Research on the mechanism of TCM intervention in DM by regulating intestinal microbiota.






Figure 2 | TCM regulates the interaction between intestinal microbiota and various organs in patients with DM.





3.1 Intestinal microbiota - short chain fatty acids (SCFAs) pathway

Short chain fatty acids (SCFAs) are produced by certain bacteria through fermentation of dietary fiber, with acetic acid, propionic acid, butyric acid, and their salts occupying a dominant position in the human gut (66). SCFA plays a key role in the intervention of intestinal microbiota in DM. As shown in Figure 3. On the one hand, SCFAs serve as important energy sources in the body, providing up to 10% of the body’s daily energy needs, directly controlling liver energy synthesis, and maintaining optimal glucose energy levels (57, 67). On the other hand, SCFAs induce the secretion of glucagon like peptide-1 (GLP-1) and gastrointestinal peptide casein YY (PYY) by recognizing and activating G-protein coupled receptor 41 (GPR41) and GPR43 in human cell lines, affecting the systemic effects of glucose metabolism (68). At the same time, the gut microbiota can ferment food that is difficult for the body to digest and absorb to produce short chain fatty acids. SCFAs bind to the G protein coupled receptor Gpr41/Gpr43 in the intestine to improve insulin resistance in the body (58, 69, 70).




Figure 3 | Intestinal microbiota - SCFA (SCFAs) pathway.



It has been found that the gut microbiota associated with SCFA production includes Vibrio butyricum, Bifidobacterium, Prevotella, as well as Clostridium, Rochella, Eubacterium, and Fecal bacteria in the phylum Firmicutes (71, 72). The TCM Scutellaria baicalensis has antibacterial, heat clearing, detoxification, and anti-allergic effects (8). Ju Minzi (73) et al. found that baicalin components in Scutellaria baicalensis improved glucose and lipid metabolism disorders after intervention in high-fat model mice, causing changes in gut microbiota abundance and effectively increasing the amount of short chain fatty acids (acetic acid, propionic acid, and butyric acid) produced by gut microbiota metabolism. Among them, acetic acid was produced the most, corresponding to changes in the microbiota Akkermansia, Ruminococcus, and Paraacteroides, which may be related to improving glucose and lipid metabolism abnormalities caused by high-fat diet. The study on the total alkaloids of mulberry branches (SZ-A), an effective component of TCM mulberry branches, found that (59), long-term administration of SZ-A can regulate the diversity and composition ratio of bacteria in the feces of KKAy mice with T2DM, and increase the proportion of beneficial bacteria/harmful bacteria. Among them, bacteria such as Bacteroides and Erysipelothrichaceae can significantly increase the production of short chain fatty acids, Harmful bacterial species such as Rikenellaceae and Desulfovibrionaceae have significantly decreased; SZ-A can regulate the insulin secretion of KKAy mice indirectly or directly by regulating the intestinal microenvironment to achieve its anti DM effect. Houpo phenol is the main active ingredient of the TCM Houpo, which has many beneficial biological effects, such as antibacterial and anti-inflammatory, neuroprotective function, anti-mutation, antioxidant, anti-tumor, etc. (60, 74, 75). LU et al. (21) found that supplementation of high dose magnolol significantly increased the abundance of Akkermansia and Bacteroides and the concentration of SCFAs in feces of male mice, suggesting that magnolol can improve the symptoms related to DM by increasing the abundance of SCFAs producing bacteria in the intestine. Qingke is a crop of the barley genus in the Poaceae family, mainly distributed in high-altitude and cold regions at an altitude of 4200-4500 meters. It has the characteristics of high protein, low fat, and low sugar. And it is rich in trace elements β- Nutrients such as glucan have been shown to have functions such as regulating blood sugar and improving immunity in barley (22, 76, 77). A large number of researchers (78) attribute the functional activity of barley to its rich content of reased the abundance of Akkerease the concentration of short chain fatty acids (SCFAs) in the cecal contents of T2D mice, including acetic acid, propionic acid, and butyric acid. HBG also has a certain regulatory effect on the gut microbiota of T2D mice, mainly manifested in increasing the abundance of Firmicutes, Actinobacteria, and Verrucomicrobia at the phylum level, while reducing the abundance of Bacteroidota and Proteobacteria. The Zuo Gui blood sugar lowering and depression relieving formula is based on the Zuo Gui Wan in the Jingyue Quanshu (64). Li Wei (61) and other researchers found that the rats with DM complicated with depression were compared with the model group after being treated with Zuogui Jiangtang Jieyu Formula. It significantly increased the abundance of Firmicutes in the intestinal microbiota of rats with DM and depression; And it can significantly increase the content of SCFAs (acetic acid, butyric acid, valeric acid, and isovaleric acid). It proves that Zuogui Jiangtang Jieyu Recipe can effectively improve the intestinal microbiota disorder and regulate SCFAs, thereby improving the glucose metabolism disorder and depression like behavior of DM complicated with depression.

Some studies have shown that the ratio of Firmicutes to Bacteroidetes is considered an indicator of gut microbiota imbalance associated with a high-fat diet (79). Resveratrol belongs to stilbene polyphenols and exists in grapes, mulberries, peanuts and pomegranates (80). In vitro and clinical studies have shown that it has a good anti DM effect (62, 81, 82). Li Junye et al. (63) found that resveratrol (RSV) reduced the ratio of Firmicutes/Bacteroidetes in T2DM rats after acting on a high-fat and high sugar diet to establish a T2DM rat model. At the genus level, RSV significantly increased the abundance of Phascolarium, Streptococcus, Lachnoclostridium, and Parasutterella in T2DM rats. Phascolarium and Lachnospiraceae are both bacteria that produce short chain fatty acids (SCFAs) (83). This can prove that RSV increases the abundance of beneficial bacteria in the intestine of T2DM rats and reduces lipid abnormalities in T2DM rats. Poria cocos (Schw.) Wolf, a fungus belonging to the family of porous fungi, is a dried fungal nucleus that has the effects of promoting diuresis and dampness, strengthening the spleen and calming the heart. Its chemical components have various pharmacological effects such as antioxidant, lipid-lowering, and anti-aging (84). Polysaccharides are important components of Poria cocos, with moderate molecular weight and good water solubility. They have pharmacological activities such as anti-tumor, hepatoprotective, anti-inflammatory, and immunomodulatory effects. Duan Yuting (85) found that Poria cocos polysaccharide (PCP) can increase the ratio of Firmicutes/Bacteroidota and the relative abundance of Firmicutes at the phylum level in mice with intestinal mucosal injury. Reduced the relative abundance of Bacteroidota while promoting the production of gut microbiota metabolites SCFAs, resulting in a significant increase in acetic acid and propionic acid content. Therefore, PCP can promote the generation of SCFAs by altering the composition of gut microbiota.

In summary, by increasing the content of acetic acid, butyric acid, valeric acid, and hexanoic acid, the SCFA content in the intestine can be altered, which in turn affects downstream blood glucose and energy metabolism.




3.2 Intestinal microbiota - bile acid (BA) pathway

Bile acid (BA) is an important component of bile, which is converted from cholesterol by the liver (86). Bile acid can promote the absorption and transformation of lipids in the intestine (87). The intestinal microbiota plays an important role in the synthesis and metabolism of bile acid. The intestinal microbiota will express a bile acid salt hydrolase (BSH), which can cleave the amino acids in the combined bile acid, release the unbound bile acid, and further modify it to form secondary bile acid (88). Bile acids regulate glucose and lipid metabolism, increase insulin sensitivity, and lower blood glucose levels by binding to G protein coupled bile acid receptors (TGR5) and farnesol X receptors (FXR) (65, 89). As the most common antipyretic drug pair, Scutellariae Radix - Coptidis Rhizoma appears in many famous prescriptions in ancient and modern times, such as Gegen Qinlian Decoction, Banxia Xiexin Decoction, Zingiberis Rhizoma, Scutellariae Radix, Coptidis Rhizoma and Ginseng Radix et Rhizoma decoction (90). Modern research shows that the intervention of Scutellariae Radix - Coptidis Rhizoma in T2DM involves the intestinal microbiota - bile acid pathway. Xiao S et al. (91) used Scutellariae Radix - Coptidis Rhizoma to intervene T2DM rats, and found that the abundance of bile acid metabolizing bacteria in the intestinal microbiota of rats decreased, and the level of secondary bile acid decreased, which played a role in preventing and treating T2DM. Coptidis Rhizoma - Cinnamomi Cortex are the components of the classic prescription Jiaotai pills. A number of experimental studies have shown that Coptidis Rhizoma - Cinnamomi Cortex have a good hypoglycemic effect (92–94). Guohua Mu and other researchers found that Coptidis Rhizoma - Cinnamomi Cortex can regulate the secretion of bile acid in spontaneous T2DM db/db mice. Through bile acid, it can affect the synthesis and secretion of TGR5 and GLP-1 in their bodies, reduce their insulin resistance, and then achieve the goal of regulating blood sugar (95). The TCM compound Huanglian Jiedu Decoction was first recorded in Waitai Secret (96) of the Tang Dynasty. Research shows that Huanglian Jiedu Decoction can help correct the disorder of lipid metabolism, alleviate systemic inflammation, reduce fasting blood sugar and improve antioxidant capacity in DM mice. At the same time, it was found that (97) Huanglian Jiedu Decoction intervention in T2DM rats increased the abundance of anti-inflammatory bacteria and regulated dysfunctional gut microbiota, including upregulation of bile acid biosynthesis, reduction of glycolysis, gluconeogenesis, and nucleotide metabolism. It can be seen that gut microbiota plays an important role in bile acid synthesis metabolism. See Figure 4.




Figure 4 | Intestinal microbiota - BA pathway.






3.3 Intestinal microbiota - inflammatory pathway

LPS, also known as endotoxin, is the main component of the outer membrane of Gram negative bacterial cell walls and an important inflammatory stimulus that can interact with the gut microbiota, ultimately leading to obesity and T2DM (95). As shown in Figure 5. Clinical studies have found that T2DM patients are often accompanied by systemic chronic inflammation, mainly due to blood glucose disorders and dysbiosis of the gut microbiota, resulting in damage to the intestinal mucosal barrier and LPS induced inflammation (98). TCM can effectively intervene in the prevention and treatment of T2DM through the gut microbiota LPS pathway. Cornus officinalis contains a variety of effective ingredients, which can protect the liver, treat arrhythmia, regulate immunity, prevent T2DM and its complications (99). Niu D et al. (100) intervened with Cornus officinalis extract in T2DM mice, improving glucose and lipid metabolism disorders and upregulating the secretion of GLP-1 and GLP-2. They also alleviated T2DM symptoms by upregulating the abundance of Gram positive bacteria (Lactobacillus, Clostridium, etc.) and downregulating the abundance of Gram negative bacteria, inhibiting the LPS lipopolysaccharide binding protein (LBP) - monocyte chemotactic protein-1 (MCP-1) - CD14-TLR4 signaling pathway. Ginsenosides have a wide range of pharmacological effects, such as anti DM, anti-inflammatory, liver protection and cardiovascular protection (101–104). Research by Yang Wei et al. (105) has shown that ginsenoside Rg5 not only improves hyperglycemic symptoms in db/db mice, repairs intestinal barrier function, alleviates metabolic endotoxin related inflammation, but also reverses dysbiosis of the colon gut microbiota. By inhibiting the LPS-TLR4 signaling pathway, inflammation in db/db mice is alleviated, thereby alleviating symptoms of T2DM. Ge Gen Qin Lian Decoction is recorded in the Treatise on Cold Damage and Miscellaneous Diseases and has been reported to have a hypoglycemic effect. Some studies have found that after the treatment of Gegen Qinlian Decoction, the relative abundance of Faecalibacterium, Bifidobacterium and other intestinal beneficial bacteria in DM patients has significantly increased, LPS, TNF- s, The level of IL-6 significantly decreased. It is proved that Gegen Qinlian Decoction has the effect of improving the symptoms of DM (106). Based on this, improving the structure of gut microbiota can enhance intestinal barrier function or reduce the abundance of pathogenic bacteria to alleviate endotoxin induced inflammation levels, thereby inhibiting the progression of T2DM (107).




Figure 5 | Intestinal microbiota - inflammatory pathway.



To sum up, a large number of experimental studies have shown that intestinal microbiota disorder is closely related to the occurrence and development of DM, and TCM and compound medicine can achieve the purpose of preventing and treating DM through various ways of intestinal microbiota.




3.4 Other treatment mechanisms

Relevant research shows that Chinese medicine can also intervene and treat the development of DM and its complications by regulating the secretion of gastrointestinal hormones, inducing the expression of related genes, etc. DM may be a disorder of gastrointestinal hormone secretion, where gastrointestinal hormones are peptides released into the circulation by endocrine cells and neurons in the gastrointestinal tract (108). It is an important substance that regulates appetite and energy balance, and its physiological functions include regulating blood sugar levels, gastrointestinal peristalsis and growth, and affecting adipocyte function (109). Therefore, changes in the levels and effects of gastrointestinal hormones may play an important role in metabolic diseases such as DM.

The TCM compound Shen Ling Bai Zhu San has the effects of promoting water infiltration, invigorating the spleen and qi, and reducing turbidity and blood lipids. Gao Ping (110) and other researchers found that after the addition of Shenling Baizhu Powder on the basis of metformin treatment, the motilin level of obese T2DMpatients with spleen deficiency and dampness stagnation syndrome was lower than the control group, and the somatostatin level was higher than the control group. Helps to lower blood sugar and blood lipids, thereby helping to suppress the worsening of the condition. Da Huang Gan Cao Tang has the functions of regulating qi and strengthening the spleen, nourishing yin and benefiting the stomach, supplementing qi and nourishing blood. It can help patients reduce stomach qi, restore stomach yin, and harmonize the spleen and stomach. Pan He (111) found that the combination of rhubarb and licorice decoction and acupuncture can improve the level of serum gastric hormone in patients with DM gastroparesis. Significantly reducing MTL and GAS levels, increasing SS gastrointestinal hormone levels, and better promoting gastric emptying, with high reliability. Houpu Qiqi Tang has the effect of promoting qi circulation and regulating qi. Modern medicine believes that it may have pharmacological effects such as correcting gastrointestinal motility disorders and regulating gastrointestinal hormones (112). Huang Peipei et al. (113) found that after treatment with Houpu Qi Qi Qi Tang. The serum gastrin and motilin water of T2DMgastroparesis patients were lower than those of the control group, and the somatostatin level was higher than that of the control group. It is proved that Houpu Exhaust Decoction can effectively alleviate the clinical symptoms of T2DMgastroparesis patients, improve gastric motility, and regulate gastrointestinal hormone levels.

In addition to insulin injection and oral hypoglycemic drugs, gene therapy and other treatment methods began to be applied to the treatment of DM (23). Clinical studies have shown that gene therapy is safe and effective for various complex diseases. Gene therapy for DM can achieve long-term normal blood glucose without exogenous insulin supply (114). Ge Gen Qin Lian Tang (GQD) is a TCM formula used for long-term treatment of common metabolic diseases. Xu X (115) and other studies found that GQD treatment significantly changed the overall intestinal microbiota structure of DM rats. After treatment, the concentration of serum pro-inflammatory cytokines and the expression of immune related genes (including Nfkb1, Stat1, and Ifnrg1) in the pancreas were significantly reduced, thereby alleviating intestinal inflammation and lowering blood sugar.





4 Discussion

As a serious disorder of glucose metabolism, DM is not only accompanied by elevated blood sugar, lipid metabolism disorder and systemic inflammation. It can also cause various serious complications, thereby affecting the quality of life of patients. The gut microbiota is established with the development of the host, and its composition is influenced by various factors such as obesity and pregnancy (116, 117). In recent years, research has found that the gut microbiota is closely related to the heat production process of adipose tissue (118). Obesity and overweight caused by abnormal deposition of adipose tissue not only affect nearly 2 billion people worldwide, reduce their quality of life, but also increase the risk of T2DM(T2DM) and several other chronic diseases (119). Adipose tissue, as an endocrine organ and energy storage, is crucial for the overall metabolic homeostasis. Mammalian adipose tissue can be divided into two categories, namely white adipose tissue (WAT) and brown adipose tissue (BAT). The main function of WAT is to store excess energy in the form of triglycerides, while BAT is a thermogenic tissue that plays a crucial role in maintaining core body temperature. White adipocytes have high plasticity and can differentiate into beige adipocytes under stimulation from exercise, cold exposure, and other factors. Beige adipocytes have many morphological and functional characteristics similar to brown adipocytes. This phenomenon is also known as “WAT browning”. The gut microbiota can activate BAT, promote WAT browning, and improve glucose homeostasis. In obesity, the increase in adipocyte size is related to the increased release of pro-inflammatory adipocytokines such as tumor necrosis factor (TNF) and interleukin-6 (IL-6) (120). By forming an inflammatory environment of adipose tissue to address the problem of malnutrition, the resulting inflammatory environment attracts more immune cells to infiltrate, further exacerbating the inflammatory response and inhibiting cellular metabolic function (121). In addition to proteins, adipocytes can also secrete bioactive lipids to regulate systemic metabolism. For example, palmitic acid secreted by adipocytes can improve insulin resistance associated with obesity (122). These observations indicate that adipocytes have multiple roles in different metabolic states. Obesity can lead to structural and functional disorders of cells, and locally activated immune cells produce pro-inflammatory cytokines in response to stress environments. Through various signaling pathways, it gradually evolves into chronic inflammation and insulin resistance. The two will also have a reverse effect on cells, affecting changes at the cellular level. Therefore, changes at the cellular and molecular levels in patients with DM do not exist independently, but will affect each other (123).

TCM focuses on regulating the metabolism of the body, with less toxic and side effects, and is more suitable for the treatment of chronic metabolic diseases such as DM. But currently, the analysis of TCM ingredients is mostly based on single herbs. The chemical components of a TCM compound after co decoction with multiple drugs are not simply the sum of the chemical components of a single drug in the formula, but rather the mutual promotion or inhibition effects between multiple components. Therefore, the complexity and mechanism of action of the components in compound TCM are still difficult to elucidate and have not been widely accepted. In recent years, as new ideas and technologies are constantly proposed abroad to treat DM, researchers have begun to use western medicine combined with Chinese herbal decoction to treat complications of DM, and have achieved remarkable results. The combination of TCM and western medicine provides a new idea for the treatment of DM, and accelerates the research progress in the prevention and treatment of DM (124).But at the same time, there are also many shortcomings, such as the shallow understanding of the pathogenesis of DM complications, and the imperfect experimental design scheme, which need to be constantly improved and perfected in the research. TCM emphasizes the whole in treatment, and the interaction between TCM and gut microbiota is conducive to supplementing and improving the theoretical basis of TCM. Therefore, exploring the effective ingredients of TCM to improve diseases, utilizing the prebiotic ingredients of TCM to improve the composition of the microbiota, and achieving dual treatment of the body and microbiota. Continue to expand the methods of western medicine combined with TCM decoction to treat the complications of DM, so as to provide effective reference for the follow-up people to study and treat the complications of DM. This will be the future development of DM treatment.




5 Summary

To sum up, TCM can improve and alleviate the symptoms of DM patients by regulating the imbalance of intestinal microbiota. From the perspective of gut microbiota, this article summarizes and summarizes the pathways of TCM and its compound formulas through gut microbiota short chain fatty acid (SCFA) metabolism, bile acid metabolism, lipopolysaccharide secretion, gut hormone secretion, and induction of gene expression. Maintain intestinal stability and insulin sensitivity, promote the absorption and transformation of lipids in the intestine, reduce endotoxin induced inflammation levels, and regulate blood sugar. TCM and compound Chinese medicine can inhibit the growth of harmful bacteria, promote the growth of probiotics, thus maintaining the balance of intestinal microbiota, and achieve the purpose of preventing and treating DM.
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