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Revealing the connotation of the compatibility of Chinese medicines (CM) is a requirement for the modernization of traditional Chinese medicine (TCM). However, no consensus exists on the specific mechanism of traditional Chinese medicine compatibility (TCMC). Many studies have shown that the occurrence and development of diseases and the efficacy of CM are closely related to intestinal flora (IF), which may provide a new perspective to understand the theory of TCM. This study aimed to summarize the relationship between the changes in IF before and after the compatibility of different drugs and the synergistic, toxicity reduction, and incompatibility effects of drug pairs from the perspective of the effects of CM on the IF and the regulation of microbial metabolites. These studies showed that the effect of drug pairs on the composition of the IF is not a simple superposition of two single drugs, and that the drug pairs also play a specific role in regulating the production of intestinal bacterial metabolites; therefore, it has a different pharmacodynamic effect, which may provide a perspective to clarify the compatibility mechanism. However, research on the interpretation of the scientific connotations of TCMC from the perspective of the IF is still in its infancy and has limitations. Therefore, this study aimed to summarize previous research experience and proposed to conduct a deep and systematic study from the perspective of drug pair dismantling, IF, intestinal bacteria metabolite, organism, and disease to provide a reference for scientific research on the compatibility mechanism of CM.
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1 INTRODUCTION
Many Chinese medicines (CM) are effective but toxic to humans. By combining different CM, adjusting the bias, restraining the toxicity, and taking advantage of the strength of the efficacy of the CM, toxicity can be reduced and effectiveness can be increased. This combination has been widely recognized by ancient and modern physicians and is a feature of the clinical application of traditional Chinese medicine (TCM). In the compatibility theory of TCM, the mutual reactions between drugs can be summarized into seven situations, named “Qi Qing,” including “Dan Xing,” “Xiang Xu,” “Xiang Shi,” “Xiang Wei,” “Xiang Sha,” “Xiang Wu,” and “Xiang Fan.” Disclosing the connotation of the TCMC is required to modernize TCM; however, no consensus exists on the specific mechanism of traditional Chinese medicine compatibility (TCMC). The inability to scientifically clarify the connotations of compatibility has somewhat limited the development of TCM.
Intestinal flora (IF) has become a popular research topic in recent years. Imbalance of the IF is not only related to intestinal diseases, but also to hepatic, cardiovascular, and neurological diseases through the intestine-liver, intestine-heart, and intestine-brain axis (Lin Z. et al., 2016; Sampson et al., 2016). With the popularization of gene sequencing technology, several studies have shown that CM can promote beneficial bacteria, inhibit harmful bacteria, regulate the metabolites of bacteria, such as bile acids (Bas) and short-chain fatty acids (SCFAs), and thus exert a regulatory effect on the organism (Xu et al., 2017).
The IF is a key link between efficacy and CM. TCM theory states that a healthy human body needs not only to maintain harmony and unity with the external environment but also to maintain the balance of the internal environment. Maintaining the stability of the IF conforms to the concept of “holism” of TCM, and the IF can provide a new perspective to understand the TCM theory. From the perspective of the effect of CM on the IF and the regulation of microbial metabolites, this study summarized the relationship between the changes in the IF and the effects of synergism and toxicity reduction after CM combination, with a view for providing ideas for future systematic studies of the mechanism of CM compatibility.
2 CURRENT SITUATION OF RESEARCH ON THE RELATIONSHIP BETWEEN THE SYNERGISM EFFECT OF TCMC AND IF
The principle of “Qi Qing” in TCM achieves the result of compatibility and synergy. “Xiang Xu” refers to a combination of drugs with similar performance, which have synergistic effects and enhance the original efficacy. “Xiang Shi” refers to a combination of drugs that have certain similarities in performance and efficacy, with one drug as the main drug and one as a supplement to improve the efficacy of the main drug. Both “Xiang Xu” and “Xiang Shi” can play a synergistic role. We believe that the increase in therapeutic efficacy is related to the specific regulation of the IF by the combination of the two drugs. The combination of two drugs may have a stronger regulatory effect on a certain bacterium, resulting in one plus one being greater than two, or it may be that the combination has a specific regulatory effect on a new bacterium and a different effect from that of a single drug. This may be one of the ways to clarify the synergistic effect of compatibility.
Scutellaria baicalensis Georgi (Lamiaceae; Scutellaria radix) (Scutellaria baicalensis)- Coptis chinensis Franch (Ranunculaceae; Coptidis Rhizoma) (C. chinensis) compose a classical “drug pair” applied in clinical practice to dispel heat, dryness, and dampness. Hyperglycemia, dyslipidemia, inflammation, and insulin resistance in type 2 diabetes mellitus (T2DM) were ameliorated after oral administration of S. baicalensis and C. chinensis, particularly the combined extract. Moreover, the effects of the combined extracts were more remarkable than those of the single-drug treatment (Cui et al., 2018). The unique efficacy of S. baicalensis—C. chinensis may be related to the regulation of glucose and lipid metabolism and improvement of the IF (Ding et al., 2019). In vitro experiments showed that single or combined use of S. baicalensis and C. chinensis can promote the growth of beneficial bacteria Bifidobacteria and Lactobacilli in the intestinal tract of normal and T2DM model rats and inhibit the growth of harmful bacteria Enterococcus and Enterobacter; and the effect of drug pairs is stronger than that of a single drug (Xu, 2014). Acidic metabolites of beneficial intestinal bacteria, such as Bifidobacteria and Lactobacilli, can reduce the local pH of the intestine and produce substances with broad-spectrum antibacterial effects, thereby improving intestinal function by inhibiting the growth of intestinal and conditional pathogens. This indicates that the combination of S. baicalensis and C. chinensis can have a positive effect on IF. Liu (Liu et al., 2022) studied the effects of separate and combined applications of S. baicalensis and C. chinensis on ulcerative colitis (UC) induced by the administration of dextran sulfate sodium (DSS) in mice, as shown in Figure 1. These results revealed that the combined application of S. baicalensis and C. chinensis significantly relieved colon inflammation in mice. Notably, the protective effects of S. baicalensis and C. chinensis against colon inflammation were weakened when the antibiotic mixture was partially consumed by the gut microbiota. A fecal microbial transplantation experiment further proved that the therapeutic effects of S. baicalensis and C. chinensis on UC were closely related to IF. The results of 16S rRNA sequencing showed that the group treated with combined applications of S. baicalensis and C. chinensis exhibited a higher intestinal microbial diversity and the IF composition than those of the separate groups; the abundance of norman_f_Muribaculateae increased relatively, and the abundance of Bacteroides, Akkermania and Lactobacillus also changed, but the difference was not significant. Correlation analysis showed that the bacterial flora regulated by S. baicalensis and C. chinensis was closely related to inflammatory factors in UC treatment. These results indicate that the therapeutic effect of the combination of S. baicalensis and C. chinensis is better than that of a single drug, which is related to the regulation of the IF and inhibition of inflammation.
[image: Figure 1]FIGURE 1 | Therapeutic effect of the combination of S. baicalensis and C. chinensis on DSS-induced ulcerative colitis in mice by acting on intestinal flora (DSS, dextran sulfate sodium; ABX: Antibiotic interference, FMT: Colony transplantation) (Liu et al., 2022).
S. baicalensis and Sophora japonica Linn (Fabaceae; Sophora Flos) (S. japonica) were originally obtained from Renzhai Zhizhi and are clinically applicable to hypertensive patients with hyperactive liver fires. Guan (Guan et al., 2021) established spontaneously hypertensive models to explore the renal protective effects of a combination of S. baicalensis and S. japonica against chronic kidney disease. The results showed that the combination of S. baicalensis and S. japonica significantly ameliorated the severity of renal injury induced by hypertension compared with effectiveness of single drugs. The antihypertensive effect and renal protection of S. baicalensis and S. japonica are affected after the bacterial flora is disturbed by antibiotics, which indicates that the combination of S. baicalensis and S. japonica plays a therapeutic role by acting on IF. The regulation of the intestinal microecological balance may be a mechanism of action of S. baicalensis and S. japonica in the treatment of hypertension and renal damage. The regulatory effect of the combination of S. baicalensis and S. japonica on the IF was different from that of the single drugs. Compared with the model group, the diversity of the IF in the combination group increased, and the ratio of Firmicutes/Bacteroidetes (F/B) decreased. Compared with model group, the relative abundances of Prevotella-9 and Akkermansia were higher in the S. baicalensis group, whereas those of Corynebacterium and Prevotella-9 were increased in the S. japonica group. The relative abundance of Lactobacillus increased, and that of Clostridiales decreased in the S. baicalensis and S. japonica group. Prevotella-9, Lactobacillaceae, and Bifidobacteriaceae are beneficial bacteria. Lactobacillus can reduce the serum cholesterol level of hyperlipidemic rat models by improving the balance between intestinal microorganisms and increasing the intestinal transit time (Xie et al., 2011), which is closely associated with metabolic diseases. Clostridiaceae, an indole-positive bacterium, is positively correlated with indole, which has negative effects on the kidney (Niwa, 2013). With an increase in the abundance of dominant bacteria, the intestinal barrier improves, and the change in dominant bacteria reduces indole accumulation, further inhibiting oxidative stress activation in the kidneys. Olfr78 regulates renin secretion and increases blood pressure. Activated GPR41 relaxes blood vessels and lowers blood pressure. S. baicalensis and S. japonica increased SCFA production, inhibited the release of inflammatory factors, and regulated blood pressure by decreasing the expression of Olfr78 and increasing GPR41 expression, thereby alleviating kidney damage. These results indicate that the hypotensive effects of S. baicalensis and S. japonica in rats may be related to the regulation of IF, thereby increasing SCFA levels (Pluznick, 2014).
Gegen Qinlian Decoction (GQD), derived from the Treatise on Febrile Diseases, is a typical prescription for the clinical treatment of acute enteritis which is composed of Pueraria montana var. Lobata (Willdenow) Maesen and S. M. Almeida ex Sanjappa & Predeep [Fabaceae; Pueraria Lobata Radix] (P. montana), S. baicalensis, C. chinensis, and Glycyrrhiza uralensis Fisch (Fabaceae; Glycyrrhizae radix et rhizoma) (G. uralensis). The study found that GQD can restore the diversity of IF and significantly increase the relative abundance of bacteria that generate SCFAs, thus increasing the concentrations of acetic acid, propionic acid, and butyric acid in feces. Increased SCFAs can inhibit the HADC and NF-κB pathways to alleviate inflammatory reactions in the intestinal mucosa. GQD treatment of diarrhea may modulate the gut microbiota and increase SCFA levels (Liu et al., 2019). Chen (Chen et al., 2020) found that GQD and its different compatibilities had different therapeutic effects on acute enteritis, and GQD and the whole prescription without G. uralensis had more obvious anti-inflammatory and mucosal reconstruction and ulcer repair effects on colon tissue. Based on this difference, Chen analyzed the diversity of IF. Alpha and beta diversity showed that the IF composition in each group was significantly different. Compared with the model group, GQD and its different compatibilities significantly reduced the relative abundance of Clostridium_sensu_stricto_1 which is associated with intestinal inflammatory diseases. It can be seen from the results of the group of GQD without S. baicalensis and C. chinensis that the combination of P. montana and G. uralensis increases the abundance of Bacteroidales_S24-7_ukn, which is a beneficial bacterium, and Allobaculum, which is an SCFA-producing bacterium, while the abundance of pathogenic bacteria Parabacteroides decreases, but at the same time, the abundance of Desulfovibrio, which is toxic to colon cells, increases. The genomes of Bacteroidales_S24-7_ukn and Akkermania both encode the ability to produce propionate, and the increase of propionate is closely related to the stability of intestinal inflammation (Borton et al., 2017); Allobaculum can rapidly ferment glucose to produce lactic acid and butyric acid; Parabacteroides, as a pathogen in infectious diseases, can induce inflammation and immune disorder (Larsen, 2017); Desulfovibrio can damage the intestinal barrier by producing lipopolysaccharides (Beerens and Romond, 1977). These results indicated that the combination of P. montana and G. uralensis can inhibit the occurrence of inflammation and metabolic disorders. The results showed that the combination of S. baicalensis and C. chinensis increased the relative abundance of the beneficial bacterium Akkermannia and decreased that of the pathogenic bacterium Parabacteroides, indicating that the combination of S. baicalensis and C. chinensis plays an important role in regulating IF, and this compatibility could play a positive role in acute enteritis. Simultaneously, Allobaculum abundance decreased in the S. baicalensis and C. chinensis group. Combined with the results of the GQD group, the GQD without the G. uralensis group and the GQD without P. montana, shows that the compatibility of G. uralensis and P. montana also plays a key role in the regulation of IF. Therefore, it was concluded that S. baicalensis and C. chinensis are the key components in GQD that regulate the balance of IF, and the compatibility of G. uralensis and P. montana enhances the regulation of IF. It can be found that there is a complex network relationship between disease, flora and drugs. The differences at the gene level between different administration groups and model groups may be the biological basis for the different compatibilities of GQD to produce different effects.
Banxia Xiexin Decoction (BXD), derived from the Treatise on Febrile Diseases, is widely used to treat digestive system diseases, such as gastritis, enteritis, gastric ulcer, and gastrointestinal dysfunction. The whole prescription can be divided into the “Xinkai” compatibility unit of the combination of Pinellia ternata (Thunb.) Ten. ex Breitenb (Araceae; Pinelliae rhizoma) (P. ternata) and Zingiber officinale Roscoe (Zingiberaceae; Zingiberis rhizoma) (Z. officinale), the “Kujiang” compatibility unit of the combination of S. baicalensis and C. chinensis,, and the “Ganbu” compatibility unit of the combination of Panax ginseng C. A. Mey (Araliaceae; Ginseng radix et rhizoma) (P. ginseng), Ziziphus jujuba Mill (Rhamnaceae; Jujube fructus) (Z. jujuba), and G. uralensis. Previous studies have shown that BXD can reduce intestinal inflammation and treat ulcerative colitis by improving IF imbalance (Chen et al., 2021). Studies have shown that the coordination between IF, tight junction proteins, and the intestinal mucosal barrier plays an important role in maintaining the steady state of the intestinal barrier (Fan et al., 2019). Therefore, Zhang (Zhang et al., 2021; Dai et al., 2022) believed that antibiotic exposure leads to IF disorder in young rats, thus damaging the intestinal mucosal barrier, and that BXD and different disassembled prescriptions can regulate the IF structure, protect the intestinal mucosal barrier from pathological damage caused by antibiotic exposure, and improve the immune response. After antibiotic interference, the IF of young rats changed significantly. After treatment, the difference in the IF between the BXD group and blank group was significantly reduced, and the recovery effect of the BXD group was the best. By studying the flora composition at the genus level, it can be found that, compared with the model group, the BXD group and the different disassembled formula groups can significantly reverse the increase of Klebsiella and Enterobacter abundance caused by modeling, and the effect of “Xinkai” group is the most significant. At the same time, the abundance of Bacteroides and Lactobacillus increased in each treatment group, and the increase in Lactobacillus abundance in the BXD group was the most significant. The abundance of Bacteroides in “Xinkai” group and “Ganbu” group was the highest. Enterobacter is a common pathogenic bacterium that can be colonized by host inflammatory reactions to further increase the severity of intestinal inflammation (Li et al., 2020). Klebsiella is a conditional pathogen that causes respiratory and digestive tract infections (Li J. et al., 2019). Bacteroides play important roles in intestinal mucosal angiogenesis, intestinal microecological balance, and host immunity. Lactobacillus has beneficial effects on intestinal inflammation, oxidative stress, and symbiosis of microbiota (El-Baz et al., 2020). In summary, BXD and different decoctions can adjust the IF structure of antibiotic-exposed young rats. Among them, the “Ganbu” and “Xinkai” decoctions play a central role. The “Xinkai” group can effectively reduce the abundance of pathogenic bacteria, and has more advantages in regulating the balance of flora, while the “Ganbu” group can effectively increase the abundance of probiotics. Liang (Liang et al., 2021) studied the effect of BXD and its compatibility with gastrointestinal bacteria using in vitro antibacterial and bacteriostatic activity tests. Helicobacter pylori infection is closely associated with chronic gastritis and gastric mucosal damage. The research results show that the whole formula group has good bacteriostatic and bactericidal effects on H. pylori, followed by “Kujiang” group. The BXD and different compatibilities also have inhibitory effects on two harmful intestinal bacteria, Escherichia cloacae and Enterococcus faecalis, to varying degrees and are dose-dependent within a certain concentration range. The antibacterial effect of the BXD group and “Kujiang” group is the strongest. Therefore, it was speculated that the material basis of BXD against harmful bacteria is mainly composed of Z. officinale, S. baicalensis, and C. chinensis. When observing the effect of BXD on beneficial bacteria, it was found that the growth of beneficial bacteria was inhibited in “Kujiang” group, while the growth of Bifidobacteria adolescentis and Lactobacillus acidophilus was promoted in the whole recipe group, “Ganbu” group and “Xinkai” group within a certain concentration range. Thus, it is speculated that the “Kujiang” group in BXD can effectively inhibit the growth of pathogenic bacteria in vitro, while the “Ganbu” group can promote the proliferation of beneficial bacteria.
Furthermore, many studies have reported on the relationship between the synergistic effects of TCMC and IF, as shown in Table 1.
TABLE 1 | Some research about the relationship between the synergism effect of TCMC and IF.
[image: Table 1][image: Figure 2]FIGURE 2 | Combined use of A. macrocephala oil or P. ginseng saponins decreases chemotherapy-induced diarrhea in mice by affecting intestinal flora (Wang et al., 2019).
[image: Figure 3]FIGURE 3 | Therapeutic effect of A. membranaceus polysaccharide combined with C. pilosula polysaccharide on acute colitis mice by acting on intestinal flora (Tang et al., 2021).
3 CURRENT SITUATION OF RESEARCH ON THE RELATIONSHIP BETWEEN THE ATTENUATION EFFECT OF TCMC AND IF
Reasonable compatibility reduces drug toxicity and expands the scope of clinical applications. Although the mechanism of CM toxicity is very complex, current research shows that the IF is also an important factor affecting the toxicity of CM. The principle of “Xiang Wei” and “Xiang Sha” in “Qi Qing” achieves the result of toxicity reduction. “Xiang Wei” refers to the toxicity or side effects of one drug can be eliminated by another drug, and “Xiang Sha” refers to one drug can alleviate or eliminate the toxicity or side effects of another drug. “Xiang Wei” and “Xiang Sha” illustrate the same problem from two perspectives. We believe that the elimination or alleviation of toxic effects is related to the specific regulation of the IF by the combination of the two drugs. CM with toxicity or side effects may affect the structure of the IF, reduce the abundance of beneficial bacteria, and increase the abundance of harmful bacteria. After compatibility, the negative effects of CM with toxicity or side effects on the IF are eliminated, which has a positive effect on the body.
The combination of Glycine max (Linn.) Merr (Fabaceae; Sojae Semen Praeparatum) (G. max) and Gardenia jasminoides J. Ellis (Rubiaceae; Gardenia fructus) (G. jasminoides) is from the Zhizi Chi Decoction (ZCD) in Zhongjing Zhang’s Treatise on Febrile Diseases which is a classic prescription for treating insomnia caused by heat stagnation chest diaphragm (Shi et al., 2012). The combination of these two drugs reduced the liver toxicity of G. jasminoides. Luo (Luo et al., 2021) suggested that the improvement of G. max in G. jasminoides -induced liver injury was related to the IF. At the same dose, the hepatotoxicity of ZCD was significantly lower than that of the G. jasminoides. The IF analysis revealed that G. jasminoides affected the IF composition of mice, reduced the abundance of Lactobacillus and Enterococcus, and increased the abundance of Parasutterella. However, the abundance of the beneficial bacteria Akkermania and Prevotella increased significantly after G. jasminoides was combined with G. max. Prevotella can promote glycogen storage in the mouse liver and maintain glucose homeostasis in the host (Purushe et al., 2010). In addition, G. jasminoides reduced the level of butyrate in feces, which was reversed after combination with G. max. When the level of butyrate increases, it plays a protective role in the liver by improving the integrity of the colon and promoting the activation of Nrf2. The combination of G. max and G. jasminoides cured G. jasminoides—induced liver injury by regulating the microbiota and promoting butyrate production (Figure 4). Chen (Chen L. et al., 2019) found that ZCD can maintain the relative balance of the IF better than G. max or G. jasminoides can, via an in vitro study. Therefore, G. jasminoides has a negative impact on the IF, and the compatibility of G. max and G. jasminoides can not only benefit the IF but also positively reverse the disorder of the IF caused by G. jasminoides.
[image: Figure 4]FIGURE 4 | Combination of G. max and G. jasminoides reduces the toxicity of G. max by affecting the intestinal flora (Luo et al., 2021).
Realgar is a mineral and heavy-metal CM with significant therapeutic effects in the treatment of leukemia and various solid tumors. However, there are several adverse reactions, including intestinal, cardiac, and liver toxicities. The compatibility of Realgar and S. miltiorrhiza Bunge (Lamiaceae; Salvias miltiorrhizae radix et rhizoma) (Salvia miltiorrhiza) was derived from the Compound Huangdai Tablet, which was formulated by Professor Shilin Huang. Clinical practice has confirmed that the treatment for acute promyelocytic leukemia is effective, with a high cure rate and mild adverse reactions (Zhu et al., 2018). Experiments have shown that the combination of Realgar and S. miltiorrhiza can effectively alleviate adverse reactions caused by Realgar, such as those involving the heart and liver (Wang et al., 2008). Sun (Sun, 2020) found that Realgar affects the IF composition of normal mice in a dose-dependent manner, reduces the abundance of Firmicutes and Bacteroidetes, and increases the abundance of Proteobacteria. Disturbances in the IF make Realgar more toxic and cause higher mortality. After transplanting normal mouse flora into a model of flora disorder, the toxicity of Realgar could be alleviated by improving the IF disorder. This indicates that the IF is a key factor in the toxicity of Realgar. In an acute promyelocytic leukemia (APL) mouse model, Realgar increased the intestinal permeability of APL mice. When combined with S. miltiorrhiza, S. miltiorrhiza can reversed the adverse effects of Realgar. Akkermansia_muciniphila is a specific flora regulated by S. miltiorrhiza combined with Realgar, and is related to the occurrence of colitis. Therefore, Realgar can disturb the IF of APL mice and improve intestinal permeability in APL mice. S. miltiorrhiza reduces intestinal permeability and alleviates Realgar toxicity by repairing the intestinal mucosal barrier, which may be associated with IF.
Moreover, many studies have investigated the relationship between the attenuation effect of TCMC and the IF, as shown in Table 2.
TABLE 2 | Some research about the relationship between the attenuation effect of TCMC and IF.
[image: Table 2][image: Figure 5]FIGURE 5 | Adverse reactions to the ethanol extract of R. Aucklandiae caused by Coptidis alkaloids by regulating the composition of intestinal microflora (Wang T. et al., 2022).
4 CURRENT SITUATION OF RESEARCH ON THE RELATIONSHIP BETWEEN THE INCOMPATIBILITY EFFECT OF CM AND IF
“Xiang Wu” and “Xiang Fan” are both contraindicated combination of TCM. “Xiang Wu” refers to one drug acting in combination with another, resulting in reduced or even loss of efficacy. For example, the effect of P. ginseng on promoting energy metabolism, regulating immune and antioxidation in the spleen qi deficiency rats were decreased after the compatibility of P. ginseng and V. nigrum L (Melanthiaceae; Veratrum nigrum) (Veratrum nigrum) (Lin H. et al., 2016). “Xiang Fan” refers to the occurrence of severe toxic reactions or side effects when two drugs are combined. Chen (Chen Y.Y. et al., 2019) conducted a contraindication evaluation on the compatibility of D. genkwa Siebold & Zucc (Thymelaeaceae; Genk flos) (Daphne genkwa) and G. uralensis, and found that the combination of D. genkwa s and G. uralensis showed severe liver, kidney, and reproductive organ toxicity in rats. Euphorbia kansui T. N. Liou ex S. B. Ho (Euphorbiaceae; Kansui radix) (E. kansui) alone has no obvious toxicity, but it can show toxicity when combined with G. uralensis, and the toxicity increases with the increase of the proportion of G. uralensis (Juan et al., 2015). The “Shiba Fan” obtained by summarizing the rule is one of the most representative theories of TCM contraindicated combination. Although the “Shiba Fan” of TCM has existed for millennia, and there are many studies about the mechanism in recent decades, and even the Pharmacopoeia stipulates that “Shiba Fan” cannot be used together in the form of law, the specific mechanism of “Fan” has not yet been proved. After summarizing previous studies, we believe that “Xiang Wu” or “Xiang Fan” of the two drugs is also related to the regulation of IF. We speculated that a drug plays a better therapeutic role by increasing the abundance of beneficial bacteria and decreasing the abundance of harmful bacteria. However, when combined with another drug, the structure of the IF changes, resulting in reduced efficacy or even loss of efficacy. This may be a possible mechanism for the effect of “Xiang Wu.” The possible mechanism of “Xiang Fan” may be that the compatibility of the two drugs specifically increases the abundance of harmful bacteria and decreases the abundance of beneficial bacteria, so it manifests as a toxic reaction or side effect.
The “Fan” drug combination of G. uralensis and D. genkwa is the representative combination in the “Shiba Fan”. Yu (Yu et al., 2019) found that, compared with the use of G. uralensis or D. genkwa alone, the combination of G. uralensis and D. genkwa significantly changed the IF structure in mice. G. uralensis or D. genkwa use alone caused the abundance of 3 and 2 genera to change, respectively, whereas combined use caused the abundance of 13 genera to change significantly. Among them, the combination of G. uralensis or D. genkwa specifically increased the abundance of Bacillus and increased the abundance of Desulfovibrio, which produced H2S nine times, indicating that the combination of G. uralensis and D. genkwa greatly enhanced their ability to regulate the IF community structure. Macrogenomic prediction analysis showed that hydrogen sulfide metabolism-related genes appeared in the first 20 differential chemical reactions caused by G. uralensis or D. genkwa, and the abundance of these 10 genes further increased in the combined G. uralensis and D. genkwa group. Moreover, through the detection of hydrogen sulfide levels in mouse feces and serum, it was found that the combination of G. uralensis and D. genkwa significantly increased the content of hydrogen sulfide in mouse feces and significantly reduced the concentration of hydrogen sulfide in mouse serum, indicating that the combination of G. uralensis and D. genkwa could disrupt the metabolic balance of hydrogen sulfide in the mouse intestine. The combination of G. uralensis and D. genkwa showed obvious negative effects in regulating the IF community structure and hydrogen sulfide metabolism, which may be related to “increasing toxicity” (Figure 6).
[image: Figure 6]FIGURE 6 | Combination of G. uralensis and D. genkwa produces toxic and side effects by affecting intestinal flora (Yu et al., 2019).
Tao (Tao et al., 2018) studied the toxicity and side effects of a combination of Euphorbia lathyris L (Euphorbiaceae; Euphorbia Semen) (E. lathyris) and G. uralensis in normal mice and found that G. uralensis had no significant impact on the gastrointestinal tract. E. lathyris damages the intestinal mucosa, thus damaging the intestinal barrier function and weakening gastrointestinal motility regulation. The combination of G. uralensis and E. lathyris significantly enhanced E. lathyris damage to the intestinal mucosa. The results of the intestinal microbial analysis showed that G. uralensis, E. lathyris, and their combination caused changes in the IF structure. The levels of beneficial bacteria, Lactobacillus, were significantly reduced after E. lathyris administration, reflecting the intestinal toxicity of E. lathyris. The characteristic differences caused by the combination of G. uralensis and E. lathyris included Enterococcus, S24_ 7_ ukn, Candidatus arthromitus, Roseburia, and Erysipelotrichaceae_incertae_se-dis. Different bacterial populations with increased abundance were associated with toxicity and side effects to varying degrees. Enterococcus is a common opportunistic pathogen and S24_ 7_ Un is one of the main lipopolysaccharide synthesizers in animal intestines. The increase in this bacterium will lead to an increase in intestinal endotoxin production, thus disrupting intestinal immune function or damaging intestinal mucosa (Kang et al., 2017); Erysipelothrichaceae is involved in the pathogenesis of chronic heart failure, and this flora is one of the core bacteria missing in patients with chronic heart failure (Luedde et al., 2017). According to the IF analysis, the combination of G. uralensis and E. lathyris probably aggravates intestinal injury through the abnormal regulation of the IF and its function. The results of the metagenomic analysis showed that the combination of G. uralensis and E. lathyris increased the content of genes related to aromatic amino acid degradation and mucus degradation functions, which was significantly different from the single-use group. This indicated that the combination of G. uralensis and E. lathyris changed the regulatory effect of a single drug, resulting in new and harmful regulatory effects, and then increased the production of intestinal urinary toxins and other toxic substances, causing or aggravating the risk of disease.
Further, many studies have been conducted on the relationship between the incompatibility effect of TCMC and IF, as shown in Table 3.
TABLE 3 | Some research about the relationship between the incompatibility effect of CM and IF.
[image: Table 3][image: Figure 7]FIGURE 7 | Combination of G. uralensis and E. pekinensis produces toxic and side effects by inhibiting beneficial bacteria and promoting the growth of conditional pathogenic bacteria (Liu et al., 2021).
[image: Figure 8]FIGURE 8 | Combination of G. uralensis and E. kansui produces toxic and side effects by disrupting the structure of the intestinal flora and the associated metabolic balance (Yu et al., 2018).
5 RELATIONSHIP BETWEEN CM, THE IF, AND THE METABOLITES OF THE IF
CM can regulate the abundance of beneficial and harmful bacteria in the IF. For example, polysaccharides are a high proportion of components in CM, which can not only change the growth environment of the IF but can also be used as a substrate by beneficial bacteria to promote their growth of beneficial bacteria (Li et al., 2017). The organic acids, in the effect as pH buffers, can maintain the stability of the intestinal pH and provide a suitable environment for the proliferation of beneficial bacteria. In addition, the metabolites produced by beneficial bacteria can indirectly inhibit the growth of harmful bacteria. Some CM can directly inhibit the growth of pathogenic microorganisms, thereby regulating the intestinal microecological balance. Heat-clearing CM has a significant inhibitory effect on harmful bacteria (Xiao et al., 2019). Toxic CM, such as Tripterygium wilfordii, can effectively reduce the number of harmful bacteria, including Enterobacteriaceae, Enterococcus, and Bacteroides, in the intestines of UC mice and rats with IgA nephropathy (Ren et al., 2020; Wu et al., 2020). Therefore, CM can alter the metabolic products of the IF by adjusting the overall structure of the flora.
As a bridge between the IF and the body, the metabolites of the IF are mainly SCFAs. SCFAs are composed of 1–6 carbon atoms and are products of fermentation by IF. The SCFAs include acetic, propionic, and butyric acids. The production and consumption of SCFAs are dynamic processes, and their content reflects the activity of bacteria and the number of bacterial populations. SCFAs also affect energy metabolism, mucosal growth, and cell differentiation. SCFAs are not only anti-inflammatory but also reduce the pH in the intestine to inhibit harmful bacteria and balance the IF, and can maintain the balance of water and electrolytes and stimulate the secretion of hormones in the gastrointestinal tract. Therefore, SCFAs are closely associated with many diseases, including ulcerative colitis, obesity, diabetes, nonalcoholic fatty liver disease, autism, airway allergic inflammation, and hypertension (Shao et al., 2019). The IF is also involved in BA metabolism. In the liver, cholesterol is converted to primary free Bas through a multistage enzymatic reaction. Primary free Bas bind to taurine and glycine in the liver, convert them into conjugated Bas, and pass them through the biliary tract for discharge into the intestinal tract. Under the conjugate action of IF, taurine or glycine is removed, and the conjugated Bas become secondary Bas. Secondary Bas return to the liver through the portal system to continue binding. This is known as the enterohepatic cycle. Various Bas form Bas pools in different proportions and act on the host through Bas receptors such as the farcesoid X receptor and G-protein-coupled bile acid receptor, thereby affecting host metabolism, glycolipid metabolism, and energy homeostasis (Guo et al., 2022).
6 PROBLEMS AND SUGGESTIONS OF THE STUDY ON THE CONNOTATION OF THE IF AND CM
The occurrence and development of diseases and the efficacy of CM are closely related to IF. In summary, we found that the effect of a single drug on the regulation of the IF was different from its compatibility. The composition of the IF regulated by CM combinations is not a simple superposition of the effects of two individual drugs; the compatibility of drugs also plays a specific role in regulating intestinal metabolites, thus producing a different pharmacodynamic effect. This may be the angle from which the compatibility mechanism can be clarified. At present, the research on intestinal microbiota in TCM is still in its infancy. By summarizing previous research results, we provide suggestions for research on intestinal microbiota in terms of compatibility.
First, when studying the relationship between compatibility and IF, most of the research objects are drug pairs or whole prescriptions, but did not involve the comparison of changes in the IF before and after the treatments. Such a line of research cannot show that the changes in efficacy produced by the combination are related to the IF and cannot reflect where the characteristics of the combination lie. Therefore, we suggest that when studying the relationship between compatibility and flora, drug pairs or groupings should be studied by splitting the prescriptions. By comparing the composition and abundance changes of IF, we can find the specific flora regulated by the drug pair, and on this basis, we can further analyze the role played by the IF in the treatment of diseases by the drug pair.
Second, some studies only observed changes in the IF after drug compatibility treatment, which only showed a correlation between the compatibility of drugs, flora, and diseases, lacking verification of the causal relationship, and were unable to draw the conclusion that drugs play a therapeutic role through the action of flora, which is relatively less reliable. Therefore, we suggest that pseudo-sterile animal models of broad-spectrum antibiotic interference and fecal transplants can be used to study the role of the intestinal flora in the efficacy of drug pairs.
Third, 16s rDNA gene sequencing technology is the most widely used in IF research at present. Although this method overcomes the limitations of traditional culture methods and can provide relative abundance from the phylum to the genus level, this sequencing technology cannot identify specific changes in the IF at the species level; therefore, it is unable to identify the strains and related metabolites specifically regulated by the compatibility of drugs. It was impossible to further verify the relationship between the flora and compatibility. Therefore, we suggest the use of macrogenome sequencing. This method can not only clearly provide species-level composition information of IF, but also provide information on gene function, and on this basis, verify the role of flora in the body through specific flora colonization.
Therefore, when studying the relationship between the compatibility mechanism of CM and IF, we should systematically conduct in-depth research from the perspective of CM, IF, intestinal metabolite, and disease.
First, the prescription was decomposed into different parts, and an appropriate disease model was established. The effectiveness of compatibility was verified by comparing the efficacy of each drug and prescription. High-throughput sequencing technology was used to compare the composition and abundance of each drug and prescription in the IF of model animals, and specific bacteria regulated by the drug were identified. Second, the correlation between the changes in efficacy and flora specificity after compatibility was studied. Sterile or pseudosterile animals treated with antibiotics were used to observe the correlation between the IF and the occurrence and development of diseases. Flora transplantation is used to verify the therapeutic effect of specific flora on diseases and to study whether the therapeutic effect of compatible drugs can be transmitted through feces. Finally, the modes of action of the specific bacteria and their bodies were studied. However, IF may play a therapeutic role by directly acting on intestinal tissues (Mai and Draganov, 2009). In contrast, the IF affects body balance by regulating metabolites. SCFAs formed by the IF can affect energy metabolism, mucosal growth, cell differentiation, and other activities (Shao et al., 2019). Intestinal bacteria also affect Bas metabolism and regulate host metabolism, glucose metabolism, lipid metabolism, and energy homeostasis (Thomas et al., 2008). By studying the regulatory effect of compatible drugs on various metabolites after they act on IF, we can observe the influence of the drugs on the body to clarify the mechanism of drug compatibility.
7 SUMMARY
The research on intestinal microorganisms is developing rapidly. Research on intestinal microorganisms provides a new perspective for us to understand the occurrence law of diseases and the mechanism of drug efficacy, as well as a new angle to clarify the theory of compatibility of CM, which is worthy of in-depth study. This paper summarizes the relationship between changes in the IF and its metabolites after compatibility with CM and the synergism, toxicity reduction, and toxicity enhancement after compatibility with CM. These studies show that the special effects of CM compatibility are related to the specific regulation of the IF and its metabolites by the drug; however, the current research still has some limitations. Therefore, this study suggests conducting in-depth research from the perspective of drug pair prescription–IF–intestinal metabolite–organism–disease to provide help for scientific research on the compatibility mechanism of CM in the future.
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P ginseng and V. nigrum Lin et al. (2022)

G. uralensis and C. tiglium Li et al. (2019b)

Model Flora change

Ovariectomized
rats

‘The flora structure and abundance of the model group
were significantly different from those of the sham
operation group. The IF structure of the rats in the P.
ginseng group was similar to that of the sham operation
group, while the IF structure of the V. nigrum group was
closer to that of the model group. The combined drug
group was located between the P. ginseng and V. nigrum
groups, regulating the abundance of Roseburia,
Lachnospiracea_UCG_008,
Ruminococcaceae_UCG_005, and (Eubacterium]_
ruminantium_group

Normal mice Low-dose C. tiglium combined with G. uralensis can
increase the level of harmfl bacteria Streptococcus and
Rikenellaceae_ukn. The pathogenic bacteria
Desulfovibrio and Streptococcaceae_ukn relative
abundance increased after the combination of high-dose

C. tiglium and G. uralensis

Action mechanism of drug pair

P, ginseng treatment can reverse the imbalance
of the IF caused by the decrease of estrogen. V.
nigrum does not affect ovariectomized rats.

However, the compatibility of . ginseng and
V. nigrum may eliminate the therapeutic effect
of P. ginseng by acting on the IE. The opposite
mechanism of P. ginseng and V. nigrum may
be related to the reduced effect of P. ginseng.

‘The combination of G. uralensis and C. tiglium
will affect the diuretic effect of C. figlium, and
the effect of the two drugs on the IF structure
confirms that the combination of G. uralensis
and C. tiglium has a trend of reducing efficacy
and increasing toxicity

G. uralensis and Euphorbia pekinensis Rupr.
[Euphorbiaceae; Euphorbia pekinensis radix]
(E. pekinensis) Liu et al. (2021)

G. uralensis and E. kansui Yu et al. (2018)

G. uralensis can increase the abundance of beneficial
bacteria Lactobacillus, while its effect is eliminated when
used with E. pekinensis. The single use of E. pekinensis
will reduce the abundance of Akkermania and
Butyricimonas, and the combined use will increase the
inhibition of beneficial bacteria. In addition, the
combined use of E. pekinensis and G. uralensis
significantly increased the abundance of Streptococus
and Prevotella

Normal mice

Normal mice | The single-use of G. uralensis or E. kansui causes changes
in the abundance of 1 and 2 genera, respectively, while
the combined use causes significant changes in the
abundance of 7 genera, with a significant reduction in
Prevotelaceac-related genera, a 10-fold increase in the
abundance of Desulfovibrio, which produces H,$, and a

specific increase in the abundance of Mycoplasma

‘The Fan of E. pekinensis and G. uralensis is
related to their energy metabolism functions
such as inhibiting beneficial bacteria,
promoting the growth of conditionally
pathogenic bacteria, inhibiting butyric acid
production, and weakening the tricarboxylic
acid cycle of the IF (Figure 7)

‘The combination of G. uralensis and E. kansui
damages the IF community structure and its
related lipid and hydrogen sulfide metabolism
balance, which may pose a threat to human

health (Figure 8)

G. uralensis and Sargassum fusiforme (Harv.)
Setch. [Sargassaceae; Sargassum] (S.
Jfusiforme) Yu, (2018)

G. uralensis increases the abundance of Reburial and
decreases the abundance of Mucispirillum. S. fusiforme
does not affect the abundance of flora, while the
combination of G. uralensis increases the abundance of
Mycoplasma and decreased Mucispirillum and

RCI_gut_group

Normal mice

‘The combination of G. uralensis and S.
fusiforme plays an adverse role in the body by
regulating the IF to disrupt fructose
metabolism, fatty acid metabolism, and
selenium compounds metabolism
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M Chinese medicines

TCM traditional Chinese medicine

TCMC traditional Chinese medicine compatibility

IF intestinal flora

BAs bile acid

SCFAs short-chain fatty acid

S. baicalensis Scutellaria baicalensis Georgi (Lamiaceae; Scutellaria radix)

C. chinensis Coptis chinensis Franch. (Ranunculaceae; Coptidis Rhizoma)

uc ulcerative colitis

T2DM type 2 diabetes mellitus

DSS dextran sulfate sodium

S. japonica Sophora japonica Linn (Fabaceae; Sophora Flos)

F/B Firmicutes/Bacteroidetes

GQD Geogen Qilian Decoction

AE acute enteritis

P. montana Pueraria montana var. Lobata (Willdenow) Maesen and S. M. Almeida ex Sanjappa & Predeep (Fabaceae; Pueraria Lobata Radix)
G. uralensis Glycyrrhiza uralensis Fisch. (Fabaceae; Glycyrrhizae radix et rhizoma)

BXD Bangia Xiexin Decoction

P. ternata Pinellia ternata (Thunb.) Ten. ex Breitenb. (Araceae; Pinelliae rhizoma)

Z. officinale Zingiber officinale Roscoe (Zingiberaceae; Zingiberis thizoma)

P. ginseng Panax ginseng C. A. Mey. (Araliaceae; Ginseng radix et rhizoma)

Z. jujuba Ziziphus jujuba Mill. (Rhamnaceae; Jujube fructus)

G. max Glycine max (Linn.) Merr. (Fabaceae; Sojac Semen Praeparatum)

G. jasminoides Gardenia jasminoides J. Ellis (Rubiaceae; Gardenia fructus)

ZCD Zizia Chi Decoction

S. miltiorrhiza Salvia miltiorrhiza Bunge (Lamiaceae; Salvias miltiorrhizae radix et rhizoma)

APL acute promyelocytic leukemia mice model

V. nigrum Veratrum nigrum L. (Melanthiaceae; Veratrum nigrum)

E. kansui Euphorbia kansui T. N. Liou ex S. B. Ho (Euphorbiaceae; Kansui radix)

D. genkwa Daplne genkwa Siebold and Zuce. (Thymelaeaceae; Genk flos)

E. lathyris Euphorbia lathyris L. (Euphorbiaceae; Euphorbia Semen)

A. caruifolia Artemisia caruifolia Buch.-Ham. ex Roxb. (Asteraceae; Artemisiae annuae herba)

P. sinensis Pelodiscus sinensis (Trionychidae; Trionycis carapace)

R. palmatum Rheum palmatum L. (Polygonaceae; Rhein radix et rhizoma)

A. membranaceus Astragalus membranaceus var. mongholicus (Bunge) P.K Hsiao (Fabaceae; Astragali radix)
A. macrocephala Atractylodes macrocephala Koidz. (Asteraceae; Atractylodis Macrocephalic thizoma)

C. pilosula Codonopsis pilosula (Franch.) Nannf. (Campanulaceae; Codonopsis radix)

R. glutinosa Rehmannia glutinosa (Gaert.) Libosch. ex Fisch. et Mey. (Orobanchaceae; Rehmanniae radix)
BHD Baidu Decoction

G. Fibrous Gypsum Fibrous

A. asphodeloides Anemarthena asphodeloides Bunge (Asparagaceae; Anemarrhenae rhizoma)

SP Swishen Pill

QHTF Quyu Huatan Tongmai Fang

LPY LianPu Yin

H. officinalis Houpoea officinalis (Rehder and E. H. Wilson) N. H. Xia and C. Y. Wu (Magnoliaceae; Magnolia officinalis cortex)
A. carmichaelii Aconitum carmichaelii Debeaux (Ranunculaceae; Aconite lateralis radix praeparata)

C. tiglium Croton tiglium L. (Euphorbiaceae; Crotonic semen pulveratum)

P. notoginseng Panax notoginseng (Burkill) E. H. Chen ex C. H. Chow (Euphorbiaceae; Notoginseng radix et rhizoma)
P. sepium Periploca sepium Bunge (Apocynaceae; Periploca cortex)

R. Aucklandiae Radix Aucklandiae (Asteraceae; Aucklandiae radix)

E. pekinensis Euphorbia pekinensis Rupr. (Euphorbiaceae; Euphorbia pekinensis radix)

S. fusiforme Sargassum fusiforme (Harv.) Setch. (Sargassaceae; Sargassum)
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Panax ginseng C. A. Mey. [ Araliaceae; Ginseng radix | Normal
et rhizome rubra] (P. ginseng) and Aconitum rats
carmichaelii Debeaux [Ranunculaceae; Aconite

lateralis radix praeparata] (A. carmichaelii) Tang

etal. (2018)

Flora change

‘The results of flora analysis showed that the

abundance of beneficial bacteria Lactobacillus and
Bacteroides in the 1:2 extract group was higher than
that in the ethanol extract and 1:1 extract groups

Action mechanism of drug pair

Different proportions of P. ginseng and A.
carmichaelii have different effects on the IF of rats.
‘The increase in the proportion of P. ginseng can
improve the intestinal microecological environment
and promote the growth of beneficial bacteria to a
certain extent

Z. jujuba and Croton tiglium L. [Euphorbiaceag; | Normal | Compared with the C. tiglium group, C. tiglium | The compatibility of Z. jujuba and C. tiglium can
Crotonic semen pulveratum] (C. figlium)Li et al. | mice combined with Z. jujuba can effectively reduce the | show a certain trend in the aspects of serum
(20192) relative abundance of inflammatory-related immune indicators, intestinal movement, intestinal
bacteria Sphingomonas, Oscillospira, and Bilophila | injury, and IF structure
and can specifically regulate the abundance of
Lactococcus
Panax notoginseng (Burkill) F. H. Chen ex C. H. | Normal | After the combination of periplocin and P. ‘The increase in the number of total bacteria and

Chow [Euphorbiaceae; Notoginseng radix et rats
thizoma] (P. notoginseng) and Periploca sepium

Bunge [Apocynaceae; Periploca cortex] (P. sepium)

Li L. etal. (2019)

notoginseng saponins, there was no significant
difference in the diversity of the flora, but the
relative abundance of Bacteroides increased
significantly, while the relative abundance of
Lactobacillus decreased

dominant bacteria in the combination group of
periplocin and P. notoginseng saponins reflects the
detoxification effect of P. notoginseng saponins and
preliminarily reveals the mechanism of the
combination of the two drugs from the perspective
of regulating IF

Normal
mice

C. chinensis and Radix Aucklandiae Asteraceae;
Aucklandiae radix] (R. Aucklandiae) Wang T. et al.
(2022)

Compared with the normal group, the ethanol
extract of R. Aucklandiae has less impact on the IE.
C. chinensis alkaloids reduce the diversity of IF,
while the combination of different doses of drugs
significantly increases the diversity and dose-
dependently increases the abundance of
Rikenellacae RC9 and Lactobacillus and reduces the
abundance of Psychrobacter, Bacteroides, and
Ruminococcus

‘The ethanol extract of R. Aucklandiae alleviates the
adverse reactions caused by C. chinensis alkaloids by
regulating gastrointestinal function, intestinal
‘microbiota composition, and metabolic disorders
(Figure 5)
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Drug pair

Flora change

Action mechanism of drug
pair

S. baicalensis and C. chinensis Xiao et al. T2DM rats The abundance of SCFAs-producing bacteria, | The combination of S. baicalensis and C.

(2020) such as Parasutterella, Ruminiclostridium, and | chinensis can effectively reduce the level
Ruminiclostridium 9, increased significantly in | of secondary BAs and increase the level
the single drug and combination groups, while | of SCFAs, thus improving the metabolic
the abundance of Escherichia and Shigella, | spectrum disorder of T2DM rats
which produced secondary BAs, decreased

C. chinensis and Z. officinale Wei etal.  UC in mice ‘The abundance of Bacillibacterium increased | The combination of berberine in C.

(2022)

in the berberine, 6-gingerol, and combination
groups, while the abundance of
Verrucomicrobia decreased significantly. The
increase of Akkermania muciniphila destroys
the intestinal mucosal barrier and aggravates
intestinal inflammation. Akkermania
muciniphila disappeared in the 6-gingerol and
combination groups

chinensis and 6-shogaols in Z. officinale
can inhibit intestinal inflammation,
reduce macrophage infiltration and
activation, reduce intestinal damage,
reduce intestinal permeability, and
improve intestinal microecology
balance. The combination of berberine
and 6-shogaols has a significant
synergistic effect

Artemisia caruifolia Buch -Ham. ex Roxb.
[Asteraceae; Artemisiae annuae herba]
(A. caruifolia) and Pelodiscus sinensis
[Trionychidae; Trionycis carapace] (P.
sinensis)Lin et al. (2021)

MRL/lpr lupus mice

Lactobacillus, Allobaculum, Sutterella,
Dehalobacillus, Coprococcus, Dorea,
Oscillospira, and Desulfovibrio are the bacterial
groups specially regulated by A. caruifolia;
Ruminococcus s a bacteria group specifically
regulated by P. sinensis, and Bacteroides,
Parabacteraides, and Coprobacillus are bacteria
groups specifically regulated by the
combination of A. caruifolia and P. sinensis

A. caruifolia and P. sinensis can improve
the condition of lupus mice, and the
treatment effect of A. caruifolia and P.
sinensisis better, which may be related to
the drug pair increases the abundance of
bacteria negatively correlated with the
disease

Rheum palmatum L. [Polygonaceae;
Rhein radix et rhizoma] (R. palmatum)
and Astragalus membranaceus var.
mongholicus (Bunge)P.K Hsiao
[Fabaceae; Astragali radix] (A.
membranaceus) Zhong, (2017)

P. ginseng and Atractylodes macrocephala
Koidz. [Asteraceae; Atractylodis
Macrocephalic rhizoma] (A.
‘macrocephala)Wang et al. (2019)

A. membranaceus and Codonopsis
pilosula (Franch.) Nannf.
[Campanulaceae; Codonopsis radix] (C.
pilosula)Tang et al. (2021)

C. chinensis and Rehmannia glutinosa
(Gaert.) Libosch. ex Fisch. et Mey.
[Orobanchaceae; Rehmanniae radix] (R
glutinosa) Han et al. (2016)

Chronic renal failure rats

Chemotherapy diarrhea mice

Mice with acute colitis

T2DM KKAY mice

‘The compatibility of R. palmatum and A.
‘membranaceus in different proportions can
inhibit the reproduction of harmful bacteria
Escherichia coli and Enterococcus, promote the
growth of beneficial bacteria Lactobacillus and
Bifidobacterium, and restore intestinal
function

A. macrocephala oil or P. ginseng saponins
cannot effectively improve the changes in the
flora structure caused by chemotherapy and
even have adverse effects on Blautia,
Parabacteroides, and Lactobacillus. The
combination of drugs can eliminate the adverse
effects of asingle drug on the IF, restore the F/B
ratio, and specifically reduce the abundance of
harmful bacteria Bacteroides, Ruminococcus,
Anaerotruncus, and Desulfovibrio

‘The structure of the damaged IF was effectively
restored by the combination of drugs. The level
of Bacteroidetes increased, while the levels of
Firmicutes and Proteobacteria decreased.
Proteobacteria is a flora specifically regulated
by the combination of the two drugs

‘The combination of berberine and stachyose,
the effective ingredient in C. chinensis and R.
glutinosa, can significantly promote the
proliferation of Lactobacillus and
Bifidobacterium in the intestinal tract of mice,
and its effect is significantly better than that of
the berberine group and stachyose group

R palmatum with different proportions
of A. membranaceus can significantly
reduce the level of metabolic toxins,
regulate IF, enhance intestinal mucosal
barrier function, promote the recovery of
intestinal function, and play a role in
treating chronic renal failure through the
intestinal renal axis

‘The combination of A. macrocephala oil
and P. ginseng saponins can effectively
improve diarrhea and related
pathological changes in mice caused by
chemotherapy, which has an important
relationship with IF, as shown in
Figure 2

‘The combination of A. membranaceus
polysaccharide and C. pilosula
polysaccharide can improve the
symptoms of mice with acute colitis, and
the effect is better than that of a single
drug. Its synergistic effect i related to
the adjustment of IF, activation of
aromatic hydrocarbon receptors in colon
tissues, and the increase of isovalerate
and butyrate in feces (Figure 3)

‘The combination of berberine and
stachyose, the effective component of C.
chinensis and R. glutinosa, can
significantly improve the disorder of
glucose and lipid metabolism, and its
effect is superior to that of a single
component. Its mechanism may be
related to promoting the proliferation of
intestinal probiotics

Baidu Decoction (BHD)Ye, (2020)

Sishen Pill (SP) Liu, (2019)

Quyu Huatan Tongmai Fang (QHTE)
Miao et al. (2022)

LianPo Yin (LPY) Wang Q. et al. (2022)

Fever rats

Diarrheal irritable bowel syndrome
in rats

Hyperlipidemic golden hamster

Ex colony fermentation of human
intestinal bacteria

Gypsum Fibrous (G. Fibrous) decoction, G.
Fibrous and Anemarrhena asphodeloides
Bunge [Asparagaceae; Anemarrhenae
thizoma) (A. asphodeloides) decoction and
BHD can all callback the Alpha-proteobasteria,
Selenomonadales, Rhodospirillales,
Akkermaniacae, Burkholderiaceae,
Acidaminocacaceae, Lachnospirace-ae_NK4
A136_group changes caused by modeling

Compared with the model group, the
abundance of Allobaculum and Proteobateria
in the SP group was reduced, and the
abundance of unclassified_k_norman,
Clostridium_sensu_stricto_l, Turicibacter, and
Romboutsia increased significantly

QHTF can improve the IF structure,
significantly reduce the F/B ratio, increase the
abundance of Bacteroidaceae,
Porphyromonadaceae, Rikenellaceae, and
Pasteurella, and reduce the relative abundance
of Coriobacterium. The regulating effect of the
Huatan group on the flora is closer to that of
the QHTF group

‘The relative abundance of Escherichia-Shigella,
Enterococcus, Bacteroides, and Bifidobacterium
was significantly reduced in the C. chinensis
and Houpoea officinalis (Rehder and E. H.
Wilson) N. H. Xia and C. Y. Wu
[Magnoliaceae; Magnolia officinalis cortex] (H.
officinalis). Compared with the drug pair
group, LPY significantly increased the relative
abundance of Enterococcus, Bacteroides, and
Bifidobacterium, and decreased the relative
abundance of Klebsiella

BHD and its disassembled prescriptions
can significantly reduce the body
temperature of rats with fever, which
may be related to the signal pathway of
NE-xB, maintaining the balance of body
fluid components, regulating the
biodiversity of IF, and improving the
disorder of amino acid metabolism and
lipid metabolism in the body

SP may play a role in the treatment of
diarrhea - type irritable bowel syndrome
partly by regulating the structure of IF,
and there is a synergistic effect between
the various groups

QHTF and its compatibility group can
improve hyperlipidemia to different
degrees, and its mechanism may be
related to regulating the IF structure and
improving intestinal microecology. The
compound group has the most
significant effect, followed by the Huatan
group

C. chinensis and H. officinalis have an
antibacterial effect, while LPY promotes
the growth of beneficial bacteria and has
a positive regulatory effect on the
human IF.
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