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Ophiopogon japonicus polysaccharides (OJPS), the principal bioactive constituents isolated from Ophiopogon japonicus, demonstrate substantial physiological efficacy. OJPS is characterized by a high molecular weight, typically ranging from 2.48 to 324.7 kDa. Emerging evidence indicates that OJPS modulates the composition and structural organization of the gut microbiota, thereby maintaining intestinal barrier integrity and enhancing both gastrointestinal and systemic homeostasis. Moreover, OJPS and its metabolic derivatives engage in dynamic interactions with microbial communities, mediating cellular signaling cascades and endocrine regulation to elicit hypoglycemic effects. Despite these findings, comprehensive analyses of OJPS extraction and purification methodologies, structural elucidation, biological functionalities, and mechanistic insights into its crosstalk with the gut microbiota remain scarce. This review systematically synthesizes contemporary knowledge pertaining to the preparation, structural attributes, bioactivity, and mechanistic underpinnings of OJPS, with particular emphasis on its dual regulatory role in host physiology and gut microbial ecology.
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1 INTRODUCTION
Ophiopogon japonicus (L. f.) Ker-Gawl., a perennial herbaceous species of the family Liliaceae, is pharmacologically characterized by its desiccated fleshy tuberous roots, which have been extensively employed in traditional medicine. Predominantly distributed across China, this species is widely regarded as one of the most esteemed medicinal plants in Chinese pharmacopeia. Initially documented in the classical treatise Shennong Ben Cao Jing, it has been historically utilized to alleviate cardiac fire, replenish yin, hydrate pulmonary tissues, and stimulate fluid secretion. In 2024, Ophiopogon japonicus was formally incorporated into China’s Catalog of Medicinal and Food Homologous Substances, thereby expediting its application in patent Chinese medicines and functional food products. Phytochemical investigations have elucidated a diverse array of bioactive metabolites in Ophiopogon japonicus, including steroidal saponins, isoflavones, terpenoids, and polysaccharides. Among these, Ophiopogon japonicus polysaccharides (OJPS) constitute a principal bioactive fraction, which has been demonstrated to exhibit immunomodulatory, antioxidant, cardioprotective, cerebrovascular-protective, and hypoglycemic activities (Wang Yang, 2023).
As the principal bioactive macromolecule, OJPS are structurally characterized by a backbone predominantly composed of β-fructose and α-glucose residues linked via glycosidic bonds. The gut microbiota serves as a critical mediator between polysaccharides and host physiological homeostasis. Plant-derived polysaccharides not only function as essential carbon and energy substrates for intestinal microbial communities but also contribute to the maintenance of intestinal barrier integrity. Microbial fermentation of polysaccharides yields short-chain fatty acids (SCFAs), which exert regulatory effects on the intestinal microenvironment. Accumulating evidence from recent studies has substantiated the regulatory role of OJPS in gut microbiota modulation. OJPS is predominantly metabolized by gut microbiota, and its bioactive metabolites have been demonstrated to modulate microbial composition and diversity while concurrently mediating systemic beneficial effects through microbiota-derived signaling pathways. Thus, elucidating the mechanistic interplay between OJPS and intestinal microbiota is essential for understanding their synergistic roles in preserving intestinal homeostasis and promoting systemic health.
In recent years, several comprehensive reviews have been published elucidating the research progress regarding the extraction, isolation, structural characteristics, and biological activities of OJPS. Zhu et al. (2025) systematically documented the preparation methodologies, structural configurations, pharmacological properties, and potential therapeutic applications of OJPS. Concurrently, Zhang et al. (2024) conducted a rigorous evaluation of the extraction protocols, purification techniques, structural elucidation, and chemical modifications of OJPS. Notably, while these reviews have extensively covered the methodological aspects of OJPS processing and its fundamental bioactivities, the intricate relationship between OJPS and gut microbiota remains insufficiently explored. Current literature demonstrates a significant research gap in understanding the microbiota-mediated mechanisms through which OJPS exerts its physiological effects.
Consequently, this review comprehensively evaluates current research progress regarding the extraction, purification, structural characterization, and biological activities of Ophiopogon japonicus polysaccharides (OJPS), with particular emphasis on elucidating their microbiota-mediated effects on human health. The intricate interactions between OJPS and gut microbiota are critically examined, and the underlying mechanisms through which gut microbiota maintain host homeostasis are systematically analyzed. This review is expected to expand the utilization and development of Ophiopogon japonicus resources, provide a reference for the treatment of diseases related to the gut microbiota, and provide information for drug and food development.
2 EXTRACTION AND PURIFICATION
The extraction of OJPS is predominantly performed through aqueous ethanol precipitation, a method that effectively eliminates impurities via alcohol sedimentation while maintaining satisfactory extraction accuracy. However, this conventional approach is constrained by several limitations, including prolonged processing duration, suboptimal extraction efficiency, and excessive energy requirements. With the development of energy saving, environmental protection, high efficiency, and sustainability, various new and efficient extraction methods have emerged, including enzyme-assisted extraction, microwave-assisted extraction, and ultrasound-assisted extraction. However, these methods still have problems that need to be addressed; for example, in microwave-assisted extraction, there are problems such as solvent evaporation and uneven temperature rise, which affect the efficiency and stability of extraction. Enzyme-assisted extraction, owing to enzyme specificity and instability, makes the extraction process of OJPS more complex and unstable. Similarly, although ultrasound-assisted extraction can significantly increase the extraction rate of polysaccharides, it can possibly alter the glycosidic bond and affect biological activity. With the advancement of science and technology and increasing research on OJPS, more new methods will be more widely applied to the extraction of OJPS, which will further improve efficiency and sustainability. The combined use of various extraction methods is a new approach for polysaccharide extraction (Table 1).
TABLE 1 | Different extraction methods of OJPS.
[image: Table 1]The extraction of OJPS through conventional methods frequently yields products contaminated with significant quantities of proteinaceous material, chromophoric compounds, and flavonoid derivatives. These impurities not only adversely affect the purity of the isolated polysaccharides but also substantially interfere with accurate structural characterization and reliable bioactivity evaluation. Protein removal represents a particularly critical step in the purification process of polysaccharides.
To obtain OJPS of pharmaceutical-grade purity suitable for detailed analytical investigations, an optimized purification protocol was systematically developed, incorporating sequential decolorization, deproteinization, and dialysis procedures. The decolorization process merits particular attention, as residual pigment molecules have been shown to artificially elevate molecular weight determinations through spectroscopic interference while simultaneously creating steric hindrance that obstructs cellular uptake pathways and consequently diminishes biological activity. Currently employed deproteinization techniques include the Sevage method, enzymatic digestion approaches, trichloroacetic acid precipitation, and combined enzyme-Sevage treatment. Recent comparative investigations have conclusively demonstrated that the integrated enzyme-Sevage method achieves significantly enhanced protein removal efficiency compared to individual techniques (Zhang et al., 2020), suggesting potential synergistic interactions between enzymatic and chemical purification mechanisms that warrant further investigation.
Further purification of OJPS forms the basis for exploring its chemical structure and biological activity. This purification stage employs physicochemical techniques guided by the molecular weight distribution, surface charge properties, and structural features of the polysaccharide to enhance purity. The implementation of established methodologies such as fractional precipitation, ultrafiltration membrane separation, ion-exchange chromatography, and size-exclusion chromatography enables selective isolation of target polysaccharide fractions. Owing to the complexity of the polysaccharide molecular structure, it is difficult to choose an appropriate purification method to obtain highly homogeneous polysaccharides. Stepwise precipitation is a method that uses ethanol to precipitate polysaccharides in several gradients according to the principle of “similar solubility” to achieve purification. This method is typically used for large-scale purification of polysaccharides. However, this method may lead to intra- and intermolecular self-assembly, resulting in changes in molecular weight and morphological features, as well as changes in chain conformation and biological activity, making the structural analysis of polysaccharides more difficult (Wang H. Y. et al., 2019). Membrane separation technology is characterized by high separation efficiency and high applicability. For example, OJPS maximally retains the original active metabolites after ceramic membrane ultrafiltration and its purification effect is better than that of high-speed centrifugation and direct decompression concentration (Li Jing, 2017). In addition, column chromatography is a commonly used method in the separation of OJPS, such as gel chromatography, anion-exchange chromatography, and macroporous resin column chromatography. Column chromatography has high separation efficiency and stable performance and is suitable for the separation of OJPS with different molecular weights. In gel chromatography column chromatography, commonly used gels include Sephadex and Sepharose, which utilize the principle of size exclusion and varying concentrations of salts and buffer solutions as eluents to purify some of the proteins and pigments in adsorbed OJPS In addition, column chromatography is a commonly used method in the separation of OJPS, such as gel chromatography, anion-exchange chromatography, and macroporous resin column chromatography. Column chromatography has high separation efficiency and stable performance and is suitable for the separation of OJPS with different molecular weights. Subsequently, in gel chromatography column chromatography, commonly used gels include Sephadex and Sepharose, which utilize the principle of size exclusion and varying concentrations of salts and buffer solutions as eluents to purify some of the proteins and pigments in adsorbed OJPS (Wen and Su, 2023).
Consequently, the development of an optimized purification system that ensures both high efficiency and reproducibility while minimizing procedural variability represents a critical research priority. Such advancement is essential to eliminate potential confounding factors that may interfere with the accurate structural elucidation of OJPS and subsequent biological activity assessments.
3 STRUCTURAL CHARACTERIZATION
Polysaccharides exhibit complex and distinctive structural configurations that fundamentally govern their biological activities and functional properties. The biological potency of polysaccharides is determined by multiple structural parameters, including monosaccharide composition, glycosidic linkage patterns, and molecular weight (Mw) distribution. OJPS demonstrate a broad Mw range of 2.48-324.7 kDa (Table 2), typically presenting as high-molecular-weight polymers with considerable polydispersity. Structural analyses reveal that OJPS primarily consist of β-(1→4)-linked glucose and β-(1→3)-linked fructose residues in the main chain, featuring acetyl modifications and rhamnose branch points. This structural heterogeneity not only influences fundamental physicochemical characteristics (e.g., aqueous solubility and solution viscosity) but also directly modulates biological activity. Monosaccharide composition analyses indicate the predominant presence of glucose (Glc) and fructose (Fru), with minor constituents including arabinose (Ara), galactose (Gal), and mannose (Man). Certain OJPS fractions may additionally contain rhamnose (Rha) residues. Notably, acetylated OJPS fractions have been demonstrated to exhibit enhanced macrophage-stimulating capacity, while non-acetylated counterparts are more susceptible to microbial degradation into bioactive oligosaccharides within the gastrointestinal tract (Gu et al., 2018). Comparative studies have revealed significant structural variations between OJPS preparations obtained through different extraction methodologies. For instance, ultrasonically extracted POJ-U1a displays distinct structural characteristics compared to its hot water-extracted counterpart, likely attributable to ultrasound-induced glycosidic bond cleavage (Wang L. Y. et al., 2012). Geographical variations significantly impact OJPS composition, as evidenced by phytochemical analyses. Chen et al. (2010) reported modest variations in polysaccharide content and monosaccharide profiles across different cultivation regions, harvest years, and Ophiopogon subspecies. Subsequent investigations by Xin Ya et al. (2024) systematically compared nine geographical sources, revealing consistently higher polysaccharide yields in Zhejiang-origin specimens relative to Sichuan-derived materials. While the fructose-to-glucose molar ratios remain comparable (approximately 15:1 vs. 14:1, respectively) between these regional variants (Chen et al., 2022), Zhejiang OJPS demonstrates superior antioxidant and immunostimulatory activities. This enhanced bioactivity may be attributed to differential contents of minor monosaccharides (Man, Ara, and Xyl), which have been correlated with antioxidant capacity and immunomodulatory potential. Further investigation is required to elucidate the structure-activity relationships governing these pharmacological effects and to establish quantitative correlations between physicochemical properties and biological responses.
TABLE 2 | Chemical composition of OJPS.
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4.1 Hypoglycemic activity
Diabetes mellitus (DM) represents a heterogeneous group of metabolic disorders characterized by persistent hyperglycemia, with growing evidence indicating that OJPS possess considerable therapeutic potential against diabetes and its associated complications (He et al., 2023). Type 2 diabetes mellitus (T2DM), primarily driven by insulin resistance, manifests as systemic dysregulation of carbohydrate, lipid, and protein metabolism. Experimental investigations have demonstrated that OJPS administration effectively mitigates organ damage in diabetic models through dual mechanisms of reducing oxidative stress markers including malondialdehyde (MDA) and lipid peroxidation products while simultaneously enhancing endogenous antioxidant defense systems (Ding et al., 2025). The antidiabetic effects of OJPS are further mediated through improvement of insulin sensitivity via modulation of the InsR/IRS-1/PI3K/Akt/GSK-3β/Glut-4 signaling pathway, resulting in significant amelioration of characteristic metabolic abnormalities including hyperglycemia, hyperinsulinemia, and dyslipidemia in diabetic KKAy mice (Wang X. M. et al., 2012). It should be emphasized that while the KKAy murine model serves as a valuable tool for investigating obesity-associated diabetes, its translational relevance to human T2DM may be limited due to inherent differences in disease progression and pathophysiology. The metabolic phenotype of this spontaneous polygenic model is intrinsically shaped by progressive obesity development, potentially restricting its utility for studying advanced diabetic complications. Notably, OJPS has been shown to confer pancreatic β-cell protection through multiple mechanisms. Comprehensive studies by Mao et al. (2020) revealed that OJPS enhances glucose-stimulated insulin secretion in pancreatic β-cells while concurrently suppressing IL-1β-mediated inflammatory responses through inhibition of the IKK-NF-κB pathway. These beneficial effects were consistently observed across both genetic (db/db) and dietary (high-fat diet-induced) murine models of diabetes, accompanied by significant preservation of functional β-cell mass. The observed variability in therapeutic efficacy among different OJPS preparations likely stems from extraction method-dependent structural heterogeneity, suggesting the existence of important structure-activity relationships that merit further investigation to optimize therapeutic potential.
Furthermore, OJPS has been demonstrated to exert therapeutic effects on diabetic nephropathy and gestational diabetes mellitus through multiple mechanisms, primarily via attenuation of chronic hyperglycemia and reduction of serum albumin concentrations (Wang et al., 2015). Experimental evidence indicates that specific polysaccharide fractions derived from Ophiopogon japonicus effectively suppress cardiomyocyte apoptosis in diabetic atherosclerotic rabbit models. This cardioprotective effect is mediated through modulation of critical signaling pathways, including downregulation of the AGE-RAGE axis and regulation of apoptosis-related proteins such as JNK, caspase-3, and Bcl-2 (Jin et al., 2020).
4.2 Antioxidant activities
The current landscape of antioxidant therapeutics is predominantly dominated by synthetic compounds, which are frequently associated with undesirable side effects. This limitation has prompted growing scientific interest in the exploration of naturally derived antioxidants, which are increasingly recognized for their diverse biological sources, favorable safety profiles, and potent biological activity (Lei et al., 2021). Ophiopogon japonicus polysaccharides (OJPS) have been demonstrated to exhibit remarkable antioxidant properties through multiple mechanisms. Experimental studies have revealed that OJPS effectively scavenges reactive oxygen species, including hydroxyl radicals, superoxide anions, and 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals, while simultaneously enhancing the activity of endogenous antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px) in murine hepatic and serum samples (Wang X. et al., 2017). The red ginseng-Ophiopogon japonicus complex polysaccharide (SMP-AP) has been identified as a bioactive metabolite capable of mitigating oxidative stress-related cellular damage through modulation of cellular defense systems. In hydrogen peroxide (H2O2)-challenged IPEC-J2 cells, OJPS treatment was shown to significantly elevate total antioxidant capacity (T-AOC) and augment the activities of GSH-Px and SOD, thereby counteracting oxidative damage and reducing malondialdehyde (MDA) accumulation. Furthermore, OJPS was found to upregulate the expression of nuclear factor erythroid 2-related factor 2 (Nrf2) and its downstream antioxidant genes, conferring protection against H2O2-induced oxidative stress in HepG2 cells (Kang et al., 2023). Additional investigations have elucidated the protective effects of OJPS against 1-methyl-4-phenylpyridinium (MPP+)-induced cytotoxicity in PC-12 cells. These effects were mediated through cellular rejuvenation, suppression of apoptotic pathways, amelioration of oxidative and endoplasmic reticulum (ER) stress, restoration of mitochondrial function, and inhibition of the Notch signaling pathway (Liu and Li, 2018). Moreover, OJPS has been shown to activate the AMP-activated protein kinase (AMPK)/Nrf2/heme oxygenase-1 (HO-1) signaling axis, leading to enhanced expression of SOD, GSH-Px, and CAT mRNA, which collectively ameliorated exercise-induced hepatic injury in murine models (Ren et al., 2022). The relationship between extraction parameters and antioxidant efficacy was systematically investigated by Wang et al. (2018), who demonstrated that ultrasound-assisted extraction power significantly influences the antioxidant capacity of OJPS. Maximum radical scavenging activity was observed at an optimal ultrasonic power of 400 W, with antioxidant performance following a biphasic pattern of initial enhancement followed by attenuation as ultrasonic intensity increased. These findings suggest that the antioxidant potential of OJPS is closely associated with its molecular weight distribution and structural modifications, highlighting the importance of optimized extraction protocols for maximizing bioactivity.
Recent studies demonstrate that Ophiopogon japonicus tea enhances antioxidant capacity in paraquat-exposed Caenorhabditis elegans, extending lifespan while ameliorating age-related pharyngeal dysfunction and reducing lipofuscin accumulation (Yu et al., 2018). Furthermore, Ophiopogon-containing phytochemical formulations attenuate fibroblast senescence by suppressing p38 MAPK and p53/p21 pathways (Xiang et al., 2023). These findings indicate OJPS’s therapeutic potential for oxidative stress-related disorders.
4.3 Cardioprotective activity
OJPS exhibits cardioprotective effects by enhancing cellular antioxidant defenses and maintaining cardiomyocyte viability. Doxorubicin (DOX)-induced cardiotoxicity, mediated through iron-dependent oxidative damage, was significantly attenuated by OJPS via Nrf2/GPX4 axis activation, as demonstrated by Chen et al. (2025). This mechanism effectively reduced iron-porphyrin complex accumulation in cardiac models. Further studies reveal OJPS protects vascular endothelial cells under oxidative stress. Li L. C. et al. (2017) reported OJPS mitigated H2O2-induced apoptosis and inflammation in HUVECs by regulating Bax/Bcl-2 ratio and suppressing caspase-3 activation. Similar protection was observed in brain microvascular endothelial cells, where OJPS alleviated high glucose-induced damage through NF-κB/COX-2 pathway inhibition (Gu et al., 2016). OJPS also demonstrates therapeutic potential in myocardial injury models. Chen et al. (2019) found OJPS enhanced TGF-β1-mediated cardiomyocyte survival while reducing ROS accumulation and suppressing Wnt/β-catenin and NF-κB signaling. In isoprenaline-induced cardiac injury, OJPS treatment normalized electrocardiographic parameters, decreased cardiac enzyme levels (AST, LDH, CK, CK-MB), and restored ATPase activity (Fan et al., 2020). These findings collectively establish OJPS as a multifunctional cardioprotective agent targeting oxidative stress and inflammatory pathways (Figure 1).
[image: Figure 1]FIGURE 1 | Diagram of the molecular mechanism of the Cardioprotective activity of OJPS. Created by Figdraw.
While extensive in vitro studies have demonstrated OJPS’s cardioprotective effects through multiple pathways, current in vivo investigations remain limited by the use of homogeneous animal models. This underscores the critical need for developing more diverse cardiovascular disease models to better evaluate OJPS’s therapeutic potential.
4.4 Immunomodulatory activity
OJPS has good immune-enhancing and stimulating effects (Liu et al., 2017). Meanwhile, OJPS can significantly enhance the immunization effect of the live Newcastle disease vaccine, indicating its synergistic immune-enhancing effect (Song et al., 2016). OJPS prepared as Ophiopogonan polysaccharide liposomes (OPL) can enhance the activation of macrophages, which can significantly improve their immune activity (Fan S. et al., 2015; Sun et al., 2016), and can also significantly enhance splenocyte proliferation as well as cytokine levels, antigen-specific antibody titers, and immune organ indices in OVA-immunized mice (Fan et al., 2016). OPL also enhances the immunoreactivity of KCs by activating the TLR4-NFκB signaling pathway, thereby regulating miR-1338 and miR-4796 and inhibiting cell apoptosis (Cui et al., 2022; Duan et al., 2021). In addition, OPL was able to regulate the expression of miR-14, which was able to significantly increase the phagocytic activity of KCs, promote the expression of iNOS and CD14, and reduce the level of apoptosis and secretion of ROS (Xing Xue et al., 2022). Ophiopogon japonicus inhibited proliferation, induced apoptosis, and inhibited the migration of NCI-H1299 cells (Liu et al., 2022). Ophiopogon japonicus extracellular polysaccharides (EPSs) reduce protease activity that inhibits the migration of gastric cancer cells, thus exerting antitumor activity (Xu et al., 2018). OJPS enhances the metabolic activity of macrophages by increasing the expression of MHC II, CD40, CD80, and CD86 (Lv et al., 2016).
Although the cardioprotective mechanisms of Ophiopogon japonicus polysaccharides (OJPS) have been extensively elucidated through in vitro studies, their therapeutic potential remains insufficiently characterized in vivo due to the predominant use of standardized animal models. This limitation highlights the necessity for establishing more sophisticated and clinically relevant cardiovascular disease models to comprehensively assess OJPS’s pharmacological efficacy.
5 GUT MICROBIOTA MODULATION EFFECTS
Ophiopogon japonicus has been extensively utilized as both a dietary supplement and a therapeutic agent to enhance human health and manage chronic diseases, primarily through modulation of the gut microbiota and maintenance of intestinal homeostasis. However, the systemic bioavailability of orally administered polysaccharides is restricted due to their high molecular weight and structural complexity, with most exerting bioactivity via gut microbial fermentation rather than direct intestinal absorption. Consequently, the interaction between polysaccharides and the gut microbiota is regarded as the predominant mechanism underlying their physiological effects (Gan et al., 2022).
The gut microbiota is dynamically influenced by diverse intrinsic and extrinsic factors, including geographical environment, dietary patterns, and host pathological states (Zhernakova et al., 2016; Gong et al., 2020). Alterations in microbial composition are driven by sustained chemical, physical, or biological stressors, such as chronic consumption of high-sugar/high-fat diets, irregular eating habits, and prolonged antibiotic exposure. OJPS exhibits broad-spectrum bioactivities, encompassing anti-inflammatory, antioxidant, antiviral, antitumor, and anti-aging properties, as well as modulatory effects on gut microbiota composition and intestinal immunity (Xue et al., 2024). Notably, OJPS has demonstrated efficacy and a favorable safety profile in preclinical models (Ye et al., 2023). Critically, OJPS serves as a promising therapeutic candidate for chronic diseases, primarily via remodeling gut microbial architecture, enhancing beneficial bacterial proliferation, and restoring microbiota-host metabolic crosstalk (Li et al., 2024a).
The gut microbiota is tightly regulated by host physiological processes and encodes a diverse repertoire of carbohydrate-active enzymes (CAZymes), which catalyze the depolymerization of dietary polysaccharides into absorbable monosaccharides (Holscher, 2017). Through microbial fermentation, indigestible polysaccharides are metabolized into SCFAs, such as acetate, propionate, and butyrate, which enhance intestinal nutrient absorption and serve as bioactive metabolites. SCFAs reduce luminal pH, establishing a mildly acidic colonic microenvironment that selectively promotes the proliferation of commensal probiotics (e.g., Lactobacillus and Bifidobacterium) while suppressing pathogenic colonization, thereby maintaining gut homeostasis. Additionally, SCFAs act as signaling molecules or systemic energy substrates via portal circulation, mediating both local mucosal immunity and extraintestinal physiological responses (Yue et al., 2022). Collectively, these findings underscore a symbiotic relationship between polysaccharides and gut microbiota, highlighting their profound implications for intestinal and systemic health.
5.1 Effect of OJPS on gut microbiota
Polysaccharides and gut microbiota maintain a symbiotic relationship characterized by bidirectional modulation (Huang et al., 2022). These compounds significantly influence both the phylogenetic composition and functional capacity of intestinal microbial communities, while gut microbiota mediate polysaccharide metabolism and subsequent host physiological effects. Microbial dysbiosis has been implicated in metabolic disorder pathogenesis, suggesting microbiota modulation represents a viable therapeutic strategy. Polysaccharides regulate intestinal microecology through two primary mechanisms: microbial fermentation of complex carbohydrate structures generates metabolites that support microbial growth and ecological stability, while their prebiotic activity selectively promotes beneficial taxa (e.g., Bacteroides, Roseburia) and inhibits pathogenic organisms, ultimately altering microbial diversity and functional potential (Wang et al., 2025).
As demonstrated in Figure 2, Ophiopogon japonicus polysaccharides (OJPS) exhibit distinct prebiotic characteristics through selective enrichment of commensal bacterial populations, effectively modulating gut microbial phylogenetic composition and functional diversity to maintain intestinal homeostasis (Song et al., 2021). Functioning as preferential microbial substrates, OJPS fermentation significantly enhances beneficial genera (Lactobacillus, Bifidobacterium) while inhibiting pathogenic colonization. Quantitative analyses have confirmed OJPS-mediated increases in Bacteroidetes, Actinobacteria and Firmicutes populations, with concurrent suppression of Enterococcus and Shigella species. However, the molecular mechanisms governing these microbial interactions and their dynamic regulation remain to be fully elucidated, necessitating further investigation to establish robust therapeutic applications.
[image: Figure 2]FIGURE 2 | The interaction between OJPS and the gut microbiota. Created by Figdraw.
The red ginseng-Ophiopogon japonicus complex polysaccharide (SMP-NP) has been shown to stimulate in vitro proliferation of multiple Lactobacillus strains, particularly L. johnsonii BS15, while enhancing production of short-chain fatty acids including lactic acid and acetic acid, consequently acidifying the culture medium (Kang et al., 2023). In murine models, OJPS administration has been demonstrated to ameliorate high-fat diet-induced microbial dysbiosis by preserving Actinobacteria and Bifidobacteria populations while reducing fungal colonization (Wang S. N. et al., 2019). Furthermore, OJPS treatment effectively restored the physiological balance of Tenericutes and Bacteroidetes in obese mice, concurrently promoting beneficial genera (Alistipes, Ruminiclostridium, Rikenella) and suppressing pathogenic species (Lactococcus, Enterorhabdus, Turicibacter) (Wang X. et al., 2019). Notably, in non-alcoholic fatty liver disease models, OJPS supplementation has been found to enhance microbial diversity, with Akkermansia muciniphila identified as a key mediator capable of fermenting OJPS metabolites into acetate and propionate - metabolites inversely associated with disease progression (Zhang et al., 2022). However, the precise molecular mechanisms underlying A. muciniphila’s therapeutic effects require further investigation.
5.2 Effects of OJPS on intestinal epithelium
The intestinal mucosal barrier is principally constituted by a monolayer of epithelial cells interconnected through tight junctions, which critically regulate paracellular permeability and establish an essential physical barrier (Zhang et al., 2021). As the predominant cellular constituents of this barrier, intestinal epithelial cells (IECs) actively maintain intestinal immune homeostasis via complex interactions with lamina propria cells (Liu et al., 2020; Xie et al., 2019). As depicted in Figure 3, OJPS has been shown to exert multifaceted protective effects on intestinal barrier function. These effects are mediated through the upregulation of tight junction protein expression, amelioration of mucosal immune dysfunction, and modulation of inflammatory mediators, collectively leading to enhanced barrier integrity and reduced intestinal permeability. Importantly, these beneficial effects are further potentiated by bioactive metabolites generated through microbial fermentation of OJPS.
[image: Figure 3]FIGURE 3 | The interaction between OJPS and intestinal epithelium. Created by Figdraw.
Yuan and Ying (2017) found that Ophiopogon japonicus and Astragalus complex polysaccharides could attenuate the deleterious effects on the intestinal mucosal barrier by inhibiting pro-inflammatory factors (e.g., TNF-α, IL-2, and IL-6) and stimulating the release of anti-inflammatory factors (IL-10). Studies have shown that colitis can be alleviated by inhibiting inflammation-related factors and repairing the intestinal mucosal barrier (Li et al., 2022). An OJPS/chitosan/wheat protein (WP)-assembled nanoparticle, can effectively inhibit the production of NO and the expression of genes such as iNOS, COX2, TNF-α, CCL, etc., and thus attenuate the inflammatory response. OJPS nanocarriers are also effective in preserving the integrity of the intestinal epithelial barrier, preventing the damage caused by the inflammation in LPS-stimulated macrophages, and alleviating intestinal epithelial TJ barrier and permeability defects (Lin et al., 2020).
In addition, butyrate, a metabolite of the gut, significantly promotes the expression of tight junction proteins (e.g., cld-1, occludin, and ZO-1) in the ileum, thereby improving intestinal epithelial permeability (Peña-Rodríguez et al., 2022). In addition to stimulating the growth of beneficial bacteria through anaerobic fermentation of the intestinal microbiota, OJPS promotes the production of additional SCFAs in the gut. Therefore, it is hypothesized that OJPS protects the intestinal barrier by producing metabolites such as SCFAs.
Therefore, it is hypothesized that OJPS protects the intestinal barrier by producing metabolites such as SCFAs.
5.3 Antidiabetic activity mediated by gut microbiota and OJPS
Type 2 diabetes mellitus (T2DM) is a common metabolic disorder characterized by insulin resistance and beta-cell hypoplasia. The occurrence of T2DM is associated with various factors such as human genetics, dietary habits, and exercise. Some studies have shown that an imbalance in the gut microbiota is one of the causative factors of T2DM (Wu et al., 2020). Studies have shown that the composition of the gut microbiota changes significantly before and after the onset of diabetes (Blandino et al., 2016). The relative abundance of intestinal Lactobacillus, Bifidobacterium, Bacteroides, Thick-walled phylum, Clostridium, and Ackermann’s bacilli decreases in patients with T2DM compared to normal subjects (Li et al., 2024b; Dong et al., 2025; Gurung et al., 2020), while the relative abundance of Rumatococcus, Brachybacterium, and Clostridium increases. The etiology of T2DM goes beyond changes in a single microorganism and is associated with the diversity of the gut flora and the balance of the gut flora. Food-assisted modulation of the gut microbiota for the prevention and treatment of diabetes is a new and viable approach (Figure 4).
[image: Figure 4]FIGURE 4 | The Antidiabetic activity mediated by OJPS and gut microbiota. Created by Figdraw.
Studies have shown that polysaccharides can regulate the composition of the gut microbiota, thereby improving diabetic blood glucose levels. Chinese botanical-based polysaccharides such as astragalus polysaccharide (Song et al., 2022), dendrobium polysaccharide (Chen et al., 2023), and mulberry huang polysaccharide (Ni et al., 2023) have been reported to ameliorate diabetes mellitus by improving the composition of the gut microbiota. ojps, which reduces the ratio of phylum Thickwiella/anabolic bacillus in C57BL/6 mice, alters the lactobacillus Bacillus spp. amino acid metabolism, and modulate abnormal gut microbiota (Shi et al., 2015). Meanwhile, OJPS can increase the number of intestinal probiotic flora such as Lactobacillus rhamnosus, Lactobacillus taiwanensis, Lactobacillus spp. and Bifidobacterium bifidum, and reduce the proliferation of harmful bacteria such as Escherichia coli and Streptococcus spp (Shi Lin-Lin, 2015; Yi, 2011).
Secondly, abnormal levels of SCFAs are one of the mechanisms that induce diabetes. Most polysaccharides cannot be directly digested and absorbed by the body, but are fermented by anaerobic bacteria in the gut to short-chain fatty acids SCFAs, the vast majority of which are located in the colon and absorbed by intestinal epithelial cells (Smith et al., 2013). Common SCFAs-producing bacteria include Bacteroides, Bifidobacterium, and Streptococcus. Abnormal SCFAs-producing bacteria can lead to abnormal levels of SCFAs (Karlsson et al., 2013). SCFAs can not only act directly on pancreatic β-cells to control their number and function, but also affect the transport of colon epithelial cells and accelerate the metabolism of colon epithelial cells (Ma et al., 2019). In addition, abnormal SCFAs lead to the release of inflammatory factors triggering intestinal inflammation, which impairs islet cell function and leads to insulin resistance (Takeuchi et al., 2023). Studies have shown that OJPS can restore gut microbiota homeostasis and increase the relative abundance of SCFAs-producing bacteria. OJPS, when degraded and utilized by the gut flora, increased the content of SCFAs and significantly increased the expression of the SCFA endogenous receptors G protein-coupled receptor (GPR) 41 and GPR 43. These produced SCFAs bind GPR and activate peroxisome proliferator-activated receptor (PPAR) γ, thereby limiting energy intake and downregulating blood glucose levels (Wang H. Y. et al., 2019).
In addition, the gut microbiota can alter the composition of bile acids and the activation of their receptors, thereby affecting the development of diabetes. Also, bile acids can inhibit the overproliferation of gut bacteria (Shi et al., 2016; Li X. et al., 2017). OJPS can adsorb and reduce bile acids in the intestinal lumen, affecting the metabolic synthesis of primary bile acids,and inhibiting their enterohepatic circulation. At the same time, the gut microbiota can produce a variety of metabolites that mediate the regulation of GLP-1 (Liang et al., 2024), which promotes insulin secretion and can play a key role in glucose metabolism. Some studies have shown that OJPS can significantly increase the expression level of GLP -1 in serum and upregulate the expression of GCK and GLUT4, thus enhancing insulin secretion and improving glucose metabolism in rats (Jia Yixin, 2023). Yunyun et al. found the hypoglycemic activity of OJPS in diabetic mice through the metabolome of feces. Hypoglycemic activity (Zhu et al., 2014) MDG-1 increased monosaccharide and succinate content, improved intestinal environment, inhibited intestinal glucose absorption and hepatic glucose catabolism, and induced the secretion of GLP-1 from L cells. Meanwhile, OJPS could also attenuate diabetes mellitus and diabetic nephropathy by decreasing 7H-pyridine and 20-deoxyglucoside. In addition, OJPS can significantly increase the activity of LXRα and then increase the transcriptional activity of CYP7A1, which accelerates the conversion of cholesterol to bile acids, i.e., OJPS can regulate the synthesis, secretion, and reabsorption of bile acids, and ultimately improve glucose tolerance and insulin resistance in mice (Wang Y. C. et al., 2017).
6 DISCUSSIONS AND FUTURE PERSPECTIVES
OJPS, a principal bioactive metabolite derived from Ophiopogon japonicus, has garnered considerable attention owing to its extensive pharmacological properties. Recognized as a prominent traditional Chinese medicine with health-promoting effects, OJPS has emerged as a focal point in research pertaining to metabolic disorders and immunomodulation, attributable to its structural heterogeneity, multi-target bioactivity, and regulatory influence on gut microbiota. In this review, the advancements in OJPS research are systematically examined, encompassing its extraction methodologies, structural characterization, pharmacological mechanisms, and interactions with the gut microbiome. Furthermore, its potential therapeutic utility as a natural bioactive compound is elucidated, while the limitations of current investigations and prospective research directions are critically discussed.
Traditional investigations have predominantly centered on the direct pharmacodynamic effects of OJPS, including the amelioration of insulin resistance through the PI3K/Akt signaling pathway and the modulation of inflammatory responses via the TLR4/NF-κB pathway. However, emerging evidence suggests that the biological activity of OJPS may be intrinsically linked to its regulatory role in the gut microbiota-host metabolic axis. The production of SCFAs provides a mechanistic explanation for the systemic metabolic effects of OJPS despite its limited oral bioavailability, thereby substantiating the existence of a “microbiota-metabolite-host” axis. OJPS has been demonstrated to selectively enrich SCFA-producing bacterial taxa, such as Bifidobacterium and Lactobacillus, while suppressing the proliferation of endotoxin-secreting species (e.g., Escherichia coli), thereby enhancing the functionality of the microbiota-gut-brain axis. OJPS-derived metabolites have been implicated in interorgan communication. Butyrate, generated through OJPS fermentation, activates FFAR2 on intestinal L cells, stimulating GLP-1 secretion and improving insulin sensitivity. Conversely, propionate modulates energy homeostasis by crossing the blood-brain barrier, suppressing appetite-related neuropeptide expression in hypothalamic neurons. Furthermore, OJPS has been shown to attenuate high-fat diet-induced intestinal hyperpermeability by upregulating tight junction protein expression and enhancing mucin secretion, thereby mitigating systemic inflammation associated with endotoxin translocation.
OJPS represents a novel therapeutic approach that integrates traditional Chinese medicine with Western medical paradigms for diabetes mellitus treatment through intestinal microecological regulation. This strategy embodies the pharmacological advantages of a ‘multi-metabolite, multi-target’ intervention. Experimental studies have demonstrated that OJPS administration significantly ameliorates fasting glucose levels, insulin resistance, and dyslipidemia in diabetic model animals. These therapeutic effects were concomitant with restoration of gut microbial diversity and increased abundance of specific beneficial bacterial taxa. Notably, OJPS exhibits selective microbiota-modulating properties, particularly in suppressing the excessive proliferation of conditionally pathogenic bacteria. Subsequent metabolomic analyses revealed significant elevation in fecal SCFA levels, including butyrate and propionate, coupled with reduced endotoxin (LPS) concentrations in treated subjects. These findings strongly suggest that the amelioration of microbiota-host metabolic interactions constitutes the core mechanistic basis for OJPS-mediated therapeutic effects.
Current research on OJPS has achieved significant progress, yet several critical issues remain to be addressed through further investigation. The structural heterogeneity of OJPS has been identified as a potential determinant of its bioactivity, as functional variations have been observed among polysaccharide fractions derived from the same extraction batch. This underscores the necessity for comprehensive structure-activity relationship analyses. Furthermore, while the microbiota-modulating effects of OJPS have been preliminarily characterized, current investigations remain largely descriptive, focusing predominantly on compositional changes in microbial populations without elucidating the underlying metabolic pathways or establishing causal relationships. To advance understanding, integrated multi-omics approaches should be employed to systematically delineate the complex interplay between OJPS, gut microbiota, and host physiology. Such studies would facilitate identification of crucial regulatory nodes, whether specific microbial taxa or metabolic pathways, within the OJPS-microbiota-host network.
Recent advances in OJPS formulation strategies have demonstrated promising therapeutic applications. A notable study by Lin et al. (2022) developed chitosan/OJPS/casein hydrolysate (CS/OJPS/CL) co-assembled biodegradable nanoparticles, which were shown to significantly enhance the protective effects of OJPS against Ni2+-induced cytotoxicity and suppress LPS-stimulated nitric oxide production more effectively than OJPS alone. These findings suggest that polysaccharide-protein nanocomplexes may serve as efficient nanocarriers for oral delivery of bioactive polysaccharides. Furthermore, OJPS has been successfully employed to improve the biopharmaceutical properties of tetrandrine (THSG), including enhanced bioavailability and prolonged pharmacological activity (Sun et al., 2018). Collectively, these innovative approaches provide valuable insights for expanding the therapeutic applications of OJPS through advanced formulation technologies.
7 CONCLUSION
This investigation elucidates the intricate interactions between OJPS and gut microbiota, highlighting its potential pharmaceutical and nutraceutical applications. Current research progress in gut microbiota-disease correlations has enabled more precise characterization of specific microbial species and their metabolic byproducts. Distinct microbial signatures and associated metabolic profiles have been identified as potential diagnostic biomarkers. As a bioactive prebiotic agent, OJPS exhibits therapeutic efficacy in intestinal homeostasis maintenance through selective microbiota modulation, presenting novel intervention strategies for microbiota-related disorders while supporting overall host health.
AUTHOR CONTRIBUTIONS
JL: Conceptualization, Data curation, Investigation, Visualization, Writing – original draft, Writing – review and editing. LZ: Writing – review and editing, Software. ZX: Funding acquisition, Resources, Supervision, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This research was funded by the project “Hunan Natural Science Foundation, grant number 2024JJ8163”; the project “Key Project of Hunan Provincial Administration of Traditional Chinese Medicine, grant number C2023005.”; the project “2022 Annual Natural Drug Resources and Function Development Fund Project, grant number 2022ZYYGN06”.
ACKNOWLEDGMENTS
The authors would like to give their sincere thanks to the editors and reviewers for their constructive comments.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Blandino, G., Inturri, R., Lazzara, F., Di Rosa, M., and Malaguarnera, L. (2016). Impact of gut microbiota on diabetes mellitus. Diabetes. Metab. 42 (5), 303–315. doi:10.1016/j.diabet.2016.04.004
 Chen, B. S., Iwu, H. W., and Li, Y. (2019). Effect of ophiopogon japonicus polysaccharide on TGF-β1 induced cardiomyocyte apoptosis. Chin. J. Gerontology 39 (13), 3278–3281. doi:10.3969/j.issn.1005-9202.2019.13.059
 Chen, X., Jin, J., Tang, J., Wang, Z., Wang, J., Jin, L., et al. (2010). Extraction, purification, characterization and hypoglycemic activity of a polysaccharide isolated from the root of Ophiopogon japonicus. Carbohydr. Polym. 83 (2), 749–754. doi:10.1016/j.carbpol.2010.08.050
 Chen, X. M., Tang, J., Xie, W. Y., Wang, J. J., Jin, J., Ren, J., et al. (2013). Protective effect of the polysaccharide from Ophiopogon japonicus on streptozotocin-induced diabetic rats. Carbohydr. Polym. 94 (1), 378–385. doi:10.1016/j.carbpol.2013.01.037
 Chen, X. X., Chen, C., and Fu, X. (2023). Dendrobium officinale polysaccharide alleviates type 2 diabetes mellitus by restoring gut microbiota and repairing intestinal barrier via the LPS/TLR4/TRIF/NF-kB Axis. J. Agric. Food. Chem. 71 (31), 11929–11940. doi:10.1021/acs.jafc.3c02429
 Chen, Y. T., Ma, L. L., Yan, Y. Z., Wang, X. Y., Cao, L. Z., Li, Y. F., et al. (2025). Ophiopogon japonicus polysaccharide reduces doxorubicin-induced myocardial ferroptosis injury by activating Nrf2/GPX4 signaling and alleviating iron accumulation. Mol. Med. Rep. 31 (2), 36. doi:10.3892/mmr.2024.13401
 Chen, Z. R., Zhu, B. J., Peng, X., Li, S. P., and Zhao, J. (2022). Quality evaluation of ophiopogon japonicus from two authentic geographical origins in China based on physicochemical and pharmacological properties of their polysaccharides. Biomolecules 12 (10), 1491. doi:10.3390/biom12101491
 Cui, J., Pan, X. X., Duan, X. Q., Ke, L. T., Song, X. P., Zhang, W. M., et al. (2022). Ophiopogon polysaccharide liposome regulated the immune activity of kupffer cell through miR-4796. Int. J. Mol. Sci. 23 (23), 14659. doi:10.3390/ijms232314659
 Ding, L., Shangguan, H. Z., Wang, X., Liu, J. P., Shi, Y. H., Xu, X. Y., et al. (2025). Extraction and purification of Ophiopogon japonicus polysaccharides, structural characterization, biological activity, safety evaluation, chemical modification and potential applications: a review. Int. J. Biol. Macromol. 300, 140282. doi:10.1016/j.ijbiomac.2025.140282
 Dong, H. W., Liu, X. G., Song, G., Peng, W. T., Sun, X. H., Fang, W., et al. (2025). Imbalance of bile acids metabolism mediated by gut microbiota contributed to metabolic disorders in diabetic model mice. Biology-Basel. 14 (3), 291. doi:10.3390/biology14030291
 Duan, X. Q., Pan, X. X., Cui, J., Ke, L. T., Liu, J., Song, X. P., et al. (2021). The effect of miR-1338 on the immunomodulatory activity of ophiopogon polysaccharide liposome. Int. J. Biol. Macromol. 193, 1871–1884. doi:10.1016/j.ijbiomac.2021.11.019
 Fan, S., Wang, J., Mao, Y., Ji, Y., Jin, L., Chen, X., et al. (2015). Characterization and antioxidant properties of OJP2, a polysaccharide isolated from ophiopogon japonicus. Adv. Bioscience Biotechnol. 6 (8), 517–525. doi:10.4236/abb.2015.68054
 Fan, S. R., Zhang, J. F., Xiao, Q., Liu, P., Zhang, Y. N., Yao, E. Z., et al. (2020). Cardioprotective effect of the polysaccharide from Ophiopogon japonicus on isoproterenol-induced myocardial ischemia in rats. Int. J. Biol. Macromol. 147, 233–240. doi:10.1016/j.ijbiomac.2020.01.068
 Fan, Y. P., Ma, X., Ma, L., Zhang, J., Zhang, W. M., and Song, X. P. (2016). Antioxidative and immunological activities of ophiopogon polysaccharide liposome from the root of Ophiopogon japonicus. Carbohydr. Polym. 135, 110–120. doi:10.1016/j.carbpol.2015.08.089
 Fan, Y. P., Ma, X., Zhang, J., Ma, L., Gao, Y. Y., Zhang, W. M., et al. (2015). Ophiopogon polysaccharide liposome can enhance the non-specific and specific immune response in chickens. Carbohydr. Polym. 119, 219–227. doi:10.1016/j.carbpol.2014.11.048
 Feng Si-Si, J. N. B. H. (2024). Optimization of ultrasonic-assisted extraction process and antioxidant activity study of polysaccharides from Liriope spicata var. prolifera. Cereals Oils 37 (10), 100–104+141. doi:10.3969/j.issn.1008-9578.2024.10.017
 Gan, L. P., Wang, J. R., and Guo, Y. M. (2022). Polysaccharides influence human health via microbiota-dependent and -independent pathways. Front. Nutr. 9, 1030063. doi:10.3389/fnut.2022.1030063
 Gong, X., Li, X., Bo, A., Shi, R. Y., Li, Q. Y., Lei, L. J., et al. (2020). The interactions between gut microbiota and bioactive ingredients of traditional Chinese medicines: a review. Pharmacol. Res. 157, 104824. doi:10.1016/j.phrs.2020.104824
 Gong, Y. J., Zhang, J., Gao, F., Zhou, J. W., Xiang, Z. N., Zhou, C. G., et al. (2017). Structure features and in vitro hypoglycemic activities of polysaccharides from different species of Maidong. Carbohydr. Polym. 173, 215–222. doi:10.1016/j.carbpol.2017.05.076
 Gu, D., Huang, L. L., Chen, X., Wu, Q. H., and Ding, K. (2018). Structural characterization of a galactan from Ophiopogon japonicus and anti-pancreatic cancer activity of its acetylated derivative. Int. J. Biol. Macromol. 113, 907–915. doi:10.1016/j.ijbiomac.2018.03.019
 Gu, Q., Shen, M. H., Sun, R., Che, H. Q., Cui, G., Wen, X. H., et al. (2016). MDG-1 prevents high glucose-induced cytotoxicity and inflammation in rat brain microvessel endothelial cells. Int. J. Clin. Exp. Med. 9 (9), 17792–17801. 
 Gurung, M., Li, Z. P., You, H., Rodrigues, R., Jump, D. B., Morgun, A., et al. (2020). Role of gut microbiota in type 2 diabetes pathophysiology. EBioMedicine 51, 102590. doi:10.1016/j.ebiom.2019.11.051
 He, L. Y., Li, Y., Niu, S. Q., Bai, J., Liu, S. J., and Guo, J. L. (2023). Polysaccharides from natural resource: ameliorate type 2 diabetes mellitus via regulation of oxidative stress network. Front. Pharmacol. 14, 1184572. doi:10.3389/fphar.2023.1184572
 Holscher, H. D. (2017). Dietary fiber and prebiotics and the gastrointestinal microbiota. Gut Microbes 8 (2), 172–184. doi:10.1080/19490976.2017.1290756
 Huang, Y. Z., Chen, H., Zhang, K. F., Lu, Y. M., Wu, Q. Z., Chen, J. L., et al. (2022). Extraction, purification, structural characterization, and gut microbiota relationship of polysaccharides: a review. Int. J. Biol. Macromol. 213, 967–986. doi:10.1016/j.ijbiomac.2022.06.049
 Huang Ni, X. S. L. L. (2011). Extraction,Purification and radical scavenging activity of the polysaccharides from ophiopogon japonicus. Chem. Industry For. Prod. 31 (01), 68–72. 
 Huang Shan, Z. S. Z. W. (2009). Study on extracting polysaccharide of ophiopogon japonicus by enzymatic method. Food Res. Dev. 30 (01), 29–32. doi:10.3969/j.issn.1005-6521.2009.01.009
 Jia Yixin, S. Z. G. C. (2023). Effects of ophiopogon polysaccharides on intestinal flora and glucose metabolism in gestational diabetic rats by regulating GLP-1. Shaanxi J. Traditional Chin. Med. 44 (04), 427–432. doi:10.3969/j.issn.1000-7369.2023.04.004
 Jin, Z. H., Gao, P., Liu, Z. T., Jin, B., Song, G. Y., and Xiang, T. Y. (2020). Composition of ophiopogon polysaccharide, notoginseng total saponins and rhizoma coptidis alkaloids inhibits the myocardial apoptosis on diabetic atherosclerosis rabbit. Chin. J. Integr. Med. 26 (5), 353–360. doi:10.1007/s11655-018-3014-2
 Kang, J., Zhao, J., He, L. F., Li, L. X., Zhu, Z. K., and Tian, M. L. (2023). Extraction, characterization and anti-oxidant activity of polysaccharide from red Panax ginseng and Ophiopogon japonicus waste. Front. Nutr. 10, 1183096. doi:10.3389/fnut.2023.1183096
 Karlsson, F. H., Tremaroli, V., Nookaew, I., Bergström, G., Behre, C. J., Fagerberg, B., et al. (2013). Gut metagenome in European women with normal, impaired and diabetic glucose control. Nature 498 (7452), 99–103. doi:10.1038/nature12198
 Lei, F. Y., Weckerle, C. S., and Heinrich, M. (2021). Liriopogons (genera ophiopogon and liriope, asparagaceae): a critical review of the phytochemical and pharmacological research. Front. Pharmacol. 12, 769929. doi:10.3389/fphar.2021.769929
 Li, J. X., Ma, Y. C., Li, X. F., Wang, Y. F., Huo, Z. Q., Lin, Y., et al. (2022). Fermented Astragalus and its metabolites regulate inflammatory status and gut microbiota to repair intestinal barrier damage in dextran sulfate sodium-induced ulcerative colitis. Front. Nutr. 9, 1035912. doi:10.3389/fnut.2022.1035912
 Li, L. C., Wang, Z. W., Hu, X. P., Wu, Z. Y., Hu, Z. P., and Ruan, Y. L. (2017). MDG-1 inhibits H2O2-induced apoptosis and inflammation in human umbilical vein endothelial cells. Mol. Med. Rep. 16 (3), 3673–3679. doi:10.3892/mmr.2017.6957
 Li, X., Wang, E., Yin, B., Fang, D., Chen, P., Wang, G., et al. (2017). Effects of Lactobacillus casei CCFM419 on insulin resistance and gut microbiota in type 2 diabetic mice. Benef. Microbes. 8 (3), 421–432. doi:10.3920/BM2016.0167
 Li, X. Y., Yu, Z. L., Zhao, Y. C., Wang, D. D., Xue, C. H., Zhang, T. T., et al. (2024a). Gut microbiota metabolite TMA may mediate the effects of TMAO on glucose and lipid metabolism in C57bl/6J mice. Mol. Nutr. Food Res. 68 (6), e2300443. doi:10.1002/mnfr.202300443
 Li, X. Y., Zhu, R. R., Liu, Q., Sun, H. L., Sheng, H. G., and Zhu, L. Q. (2024b). Effects of traditional Chinese medicine polysaccharides on chronic diseases by modulating gut microbiota: a review. Int. J. Biol. Macromol. 282, 136691. doi:10.1016/j.ijbiomac.2024.136691
 Liang, L., Su, X., Guan, Y., Wu, B., Zhang, X., and Nian, X. (2024). Correlation between intestinal flora and GLP-1 receptor agonist dulaglutide in type 2 diabetes mellitus treatment-A preliminary longitudinal study. iScience 27 (5), 109784. doi:10.1016/j.isci.2024.109784
 Li Jing, S. W. W. Y. (2017). Study on membrane separation technology in the separation and purification of ophiopogonis japonicus polysaccharide. Guid. J. Traditional Chin. Med. Pharm. 23 (04), 53–55. doi:10.13862/j.cnki.cn43-1446/r.2017.04.016
 Lin, C., Hsu, F. Y., Lin, W. T., Cha, C. Y., Ho, Y. C., and Mi, F. L. (2022). Biodegradable nanoparticles prepared from chitosan and casein for delivery of bioactive polysaccharides. Polymers 14 (14), 2966. doi:10.3390/polym14142966
 Lin, C., Kuo, T. C., Lin, J. C., Ho, Y. C., and Mi, F. L. (2020). Delivery of polysaccharides from Ophiopogon japonicus (OJPs) using OJPs chitosan/whey protein co-assembled nanoparticles to treat defective intestinal epithelial tight junction barrier. Int. J. Biol. Macromol. 160, 558–570. doi:10.1016/j.ijbiomac.2020.05.151
 Liu, H. J., Wang, Y., Wang, T. Z., Ying, X. H., Wu, R. R., and Chen, H. (2017). De novo assembly and annotation of the Zhe-Maidong (Ophiopogon japonicus (L.f.) Ker-Gawl) transcriptome in different growth stages. Sci. Rep. 7, 3616. doi:10.1038/s41598-017-03937-w
 Liu, Q., Shen, J. M., Hong, H. J., Yang, Q., Liu, W., Guan, Z., et al. (2022). Cell metabolomics study on the anticancer effects of Ophiopogon japonicus against lung cancer cells using UHPLC/Q-TOF-MS analysis. Front. Pharmacol. 13, 1017830. doi:10.3389/fphar.2022.1017830
 Liu, Q., Yu, Z. M., Tian, F. W., Zhao, J. X., Zhang, H., Zhai, Q. X., et al. (2020). Surface components and metabolites of probiotics for regulation of intestinal epithelial barrier. Microb. Cell. Fact. 19 (1), 23. doi:10.1186/s12934-020-1289-4
 Liu, R. T., and Li, X. W. (2018). Radix Ophiopogonis polysaccharide extracts alleviate MPP+-induced PC-12 cell injury through inhibition of Notch signaling pathway. Int. J. Clin. Exp. Pathol. 11 (1), 99–109.
 Lu Shaoling, S. Z. J. L. (2018). Study on microwave extraction of polysaccharide from ophiopogon japonicas. Guangdong Chem. Ind. 45 (09), 102–104. doi:10.3969/j.issn.1007-1865.2018.09.046
 lv, N., Pu, J. P., and Yu, H. S. (2012). Structural analysis of a polysaccharide OPF-1 from Ophiopogon japonicus. J. Dalian Polytech. Univ. 31 (04), 243–246. doi:10.3969/j.issn.1674-1404.2012.04.003
 Lv, X. C., Chen, D. D., Yang, L. C., Zhu, N., Li, J. L., Zhao, J., et al. (2016). Comparative studies on the immunoregulatory effects of three polysaccharides using high content imaging system. Int. J. Biol. Macromol. 86, 28–42. doi:10.1016/j.ijbiomac.2016.01.048
 Ma, Q., Li, Y., Li, P., Wang, M., Wang, J., Tang, Z., et al. (2019). Research progress in the relationship between type 2 diabetes mellitus and intestinal flora. Biomed. Pharmacother. 117, 109138. doi:10.1016/j.biopha.2019.109138
 Mao, D. D., Tian, X. Y., Mao, D., Hung, S. W., Wang, C. C., Lau, C., et al. (2020). A polysaccharide extract from the medicinal plant Maidong inhibits the IKK-NF-κB pathway and IL-1β-induced islet inflammation and increases insulin secretion. J. Biol. Chem. 295 (36), 12573–12587. doi:10.1074/jbc.RA120.014357
 Ni, Z., Li, J., Qian, X., Yong, Y., Wu, M., Wang, Y., et al. (2023). Phellinus igniarius polysaccharides ameliorate hyperglycemia by modulating the composition of the gut microbiota and their metabolites in diabetic mice. Molecules 28 (20), 7136. doi:10.3390/molecules28207136
 Peña-Rodríguez, M., Vega-Magaña, N., García-Benavides, L., Zepeda-Nuño, J. S., Gutierrez-Silerio, G. Y., González-Hernández, L. A., et al. (2022). Butyrate administration strengthens the intestinal epithelium and improves intestinal dysbiosis in a cholestasis fibrosis model. J. Appl. Microbiol. 132 (1), 571–583. doi:10.1111/jam.15135
 Ren, D., Gong, T., Wang, L., and Guan, T. (2022). Structural characteristics of Ophiopogon japonicuspolysaccharide and its ameliorative effect on liver injury induced by excessive exercise in mice. Food Ferment. Industries 50 (02), 213–223. doi:10.13995/j.cnki.11-1802/ts.033543
 Shi, L., Wang, J., Wang, Y., and Feng, Y. (2016). MDG-1, an Ophiopogon polysaccharide, alleviates hyperlipidemia in mice based on metabolic profile of bile acids. Carbohydr. Polym. 150, 74–81. doi:10.1016/j.carbpol.2016.05.008
 Shi, L. L., Li, Y., Wang, Y., and Feng, Y. (2015). MDG-1, an Ophiopogon polysaccharide, regulate gut microbiota in high-fat diet-induced obese C57BL/6 mice. Int. J. Biol. Macromol. 81, 576–583. doi:10.1016/j.ijbiomac.2015.08.057
 Shi Lin-Lin, W. Y. F. Y., Wang, Y., and Feng, Y. (2015). Effect of MDG-1,a polysaccharide from Ophiopogon japonicas,on diversity of lactobacillus in diet-induced obese mice. China J. Chin. Materia Medica 40 (04), 716–721.
 Smith, P. M., Howitt, M. R., Panikov, N., Michaud, M., Gallini, C. A., Bohlooly-Y, M., et al. (2013). The microbial metabolites, short-chain fatty acids, regulate colonic Treg cell homeostasis. Science 341 (6145), 569–573. doi:10.1126/science.1241165
 Song, Q. B., Cheng, S. W., Li, D., Cheng, H. Y., Lai, Y. S., Han, Q. B., et al. (2022). Gut microbiota mediated hypoglycemic effect of Astragalus membranaceus polysaccharides in db/db mice. Front. Pharmacol. 13, 1043527. doi:10.3389/fphar.2022.1043527
 Song, Q. Q., Wang, Y. K., Huang, L. X., Shen, M. Y., Yu, Y., Yu, Q., et al. (2021). Review of the relationships among polysaccharides, gut microbiota, and human health. Food Res. Int. 140, 109858. doi:10.1016/j.foodres.2020.109858
 Song, X., Cao, M., Yin, Z. Q., Jia, R. Y., Zou, Y. F., Li, L. X., et al. (2016). Effects of polysaccharide from Ophiopogon japonicus on immune response to Newcastle disease vaccine in chicken1. Pesqui. Vet. Bras. 36 (12), 1155–1159. doi:10.1590/S0100-736X2016001200002
 Sun, L. L., Wang, M., Zhang, H. J., You, G. J., Liu, Y. N., Ren, X. L., et al. (2018). The influence of polysaccharides from Ophiopogon japonicus on 2,3,5,4′- tetrahydroxy-stilbene-2-O-β-D-glucoside about biopharmaceutical properties in vitro and pharmacokinetics in vivo. Int. J. Biol. Macromol. 119, 677–682. doi:10.1016/j.ijbiomac.2018.07.179
 Sun, W. J., Hu, W. J., Meng, K., Yang, L. M., Zhang, W. M., Song, X. P., et al. (2016). Activation of macrophages by the ophiopogon polysaccharide liposome from the root tuber of Ophiopogon japonicus. Int. J. Biol. Macromol. 91, 918–925. doi:10.1016/j.ijbiomac.2016.06.037
 Takeuchi, T., Kubota, T., Nakanishi, Y., Tsugawa, H., Suda, W., Kwon, A. T., et al. (2023). Gut microbial carbohydrate metabolism contributes to insulin resistance. Nature 621 (7978), 389–395. doi:10.1038/s41586-023-06466-x
 Tian, Y. H., Luo, A. G., Yang, Z. Y., Zhang, L., and Zhang, X. P. (2024). Ultrasound assisted aqueous two-phase extraction of polysaccharides from ophiopogon japonicus: process optimization, structure characterization, and antioxidant activity. Starch-Starke 76 (9-10). doi:10.1002/star.202400026
 Wang, B., Huang, B., Yang, B., Ye, L., Zeng, J. Q., Xiong, Z. W., et al. (2023). Structural elucidation of a novel polysaccharide from Ophiopogonis Radix and its self-assembly mechanism in aqueous solution. Food Chem. 402, 134165. doi:10.1016/j.foodchem.2022.134165
 Wang, H. Y., Guo, L. X., Hu, W. H., Peng, Z. T., Wang, C., Chen, Z. C., et al. (2019a). Polysaccharide from tuberous roots of Ophiopogon japonicus regulates gut microbiota and its metabolites during alleviation of high-fat diet-induced type-2 diabetes in mice. J. Funct. Foods. 63, 103593. doi:10.1016/j.jff.2019.103593
 Wang, L. Y., Wang, Y., Xu, D. S., Ruan, K. F., Feng, Y., and Wang, S. (2012). MDG-1, a polysaccharide from Ophiopogon japonicus exerts hypoglycemic effects through the PI3K/Akt pathway in a diabetic KKAy mouse model. J. Ethnopharmacol. 143 (1), 347–354. doi:10.1016/j.jep.2012.06.050
 Wang, P. P., Hu, C. L., Li, Q. Y., Wu, K. G., Chai, X. H., Fu, X., et al. (2025). Fructus Mori polysaccharides modulate the axial distribution of gut microbiota and fecal metabolites to improve symptoms of hyperglycemia in type 2 diabetic mice. Int. J. Biol. Macromol. 307, 141949. doi:10.1016/j.ijbiomac.2025.141949
 Wang, S. N., Zhao, L. L., Li, Q. H., Liu, C., Han, J. L., Zhu, L. J., et al. (2019b). Rheological properties and chain conformation of soy hull water-soluble polysaccharide fractions obtained by gradient alcohol precipitation. Food Hydrocoll. 91, 34–39. doi:10.1016/j.foodhyd.2018.12.054
 Wang, X., Shi, L. L., Joyce, S., Wang, Y., and Feng, Y. (2017). MDG-1, a potential regulator of PPAR and PPAR, ameliorates dyslipidemia in mice. Int. J. Mol. Sci. 18 (9), 1930. doi:10.3390/ijms18091930
 Wang, X., Shi, L. L., Wang, X. P., Feng, Y., and Wang, Y. (2019c). MDG-1, an Ophiopogon polysaccharide, restrains process of non-alcoholic fatty liver disease via modulating the gut-liver axis. Int. J. Biol. Macromol. 141, 1013–1021. doi:10.1016/j.ijbiomac.2019.09.007
 Wang, X., Zhang, T., Zhang, W., Zhang, M., Zhu, S., and Liu, H. (2018). Antioxidant activity in vitro of polysaccharide extracted by ultrasound with different powers from ophiopogon japonicas. Am. J. Plant Sci. 9 (9), 1826–1834. doi:10.4236/ajps.2018.99133
 Wang, X. M., Sun, R. G., Zhang, J., Chen, Y. Y., and Liu, N. N. (2012). Structure and antioxidant activity of polysaccharide POJ-U1a extracted by ultrasound from Ophiopogon japonicus. Fitoterapia 83 (8), 1576–1584. doi:10.1016/j.fitote.2012.09.005
 Wang, Y., Shi, L. L., Wang, L. Y., Xu, J. W., and Feng, Y. (2015). Protective effects of MDG-1, a polysaccharide from ophiopogon japonicus on diabetic nephropathy in diabetic KKAy mice. Int. J. Mol. Sci. 16 (9), 22473–22484. doi:10.3390/ijms160922473
 Wang, Y. C., Liu, F., Liang, Z. S., Peng, L., Wang, B. Q., Yu, J., et al. (2017). Homoisoflavonoids and the antioxidant activity of ophiopogon japonicus root. Iran. J. Pharm. Res. 16 (1), 357–365.
 Wang Yang, Z. H. M. D. (2023). Protective effects of ophiopogon polysaccharides via Nrf2/HO-1 pathway on lung ischemia-reperfusion injury rats. J. Zhengzhou Univ. Sci. 58 (04), 464–468. doi:10.13705/j.issn.1671-6825.2020.11.050
 Wang Ying, W. H. Z. L. (2019). Optimization of extraction process of polysaccharide from liriope spicata and analysis of its antioxidant activity. Food Res. Dev. 40 (19), 82–87. doi:10.12161/j.issn.1005-6521.2019.19.015
 Wen, Y., and Su, C. M. (2023). Optimization of ultrasonic assisted extraction and bioactivity of ophiopogon japonicus polysaccharides by response surface methodology. Starch-Starke 75 (3-4). doi:10.1002/star.202200213
 Wu, H., Tremaroli, V., Schmidt, C., Lundqvist, A., Olsson, L. M., Krämer, M., et al. (2020). The gut microbiota in prediabetes and diabetes: a population-based cross-sectional study. Cell Metab. 32(3), 379–390.e3. doi:10.1016/j.cmet.2020.06.011
 Xiang, M. H., Liu, J., Ma, K., Sha, Y. Y., Zhan, Y. P., Zhang, W., et al. (2023). The mechanism of Qijing Mingmu decoction on cellular senescence of conjunctivochalasis. BMC Complement. Med. Ther. 23 (1), 302. doi:10.1186/s12906-023-04138-x
 Xiang, W. X. J. W. (2007). Microwave extraction of polysaccharides from sichuan ophiopogon. Science Technol. Food Industry (04), 128–129+132. doi:10.3969/j.issn.1002-0306.2007.04.033
 Xie, S. Z., Shang, Z. Z., Li, Q. M., Zha, X. Q., Pan, L. H., and Luo, J. P. (2019). Dendrobium huoshanense polysaccharide regulates intestinal lamina propria immune response by stimulation of intestinal epithelial cells via toll-like receptor 4. Carbohydr. Polym. 222, 115028. doi:10.1016/j.carbpol.2019.115028
 Xing Xue, P., Yi Zhou, L., Wen Li, W., and Wu Ren, M. (2022). Effect of miR-14 on regulation of immune activity by ophiopogon polysaccharide liposome. Prog. Veterinary Med. 43 (01), 71–80. doi:10.16437/j.cnki.1007-5038.2022.01.025
 Xin Ya, Z., Ling Yan, W., and Tang, J. H. (2024). Determination and correlation of the contents of Rusco saponins, polysaccharides and three flavonoids in Maitake from nine origins.correlation analysis. Chin. Tradit. Pat. Med. 46 (05), 1730–1733. doi:10.3969/j.issn.1001-1528.2024.05.053
 Xu, D. S., Yi, F., Xiao, L., Lin, D. H., Nian, F. J., and Qun, D. (2005). Isolation,purification and structural analysis of a polysaccharide MDG-1 from Ophiopogon japonicus. Acta Pharm. Sin. (07), 636–639. doi:10.16438/j.0513-4870.2005.07.011
 Xu, W. J., Yang, Y. L., Yang, Y. G., Lu, Z. X., Lu, Q. Y., and Chen, Y. T. (2018). Exopolysaccharides from an Ophiopogon japonicus endophyte inhibit proliferation and migration in MC-4 human gastric cancer cells. Transl. Cancer Res. 7 (6), 1567–1576. doi:10.21037/tcr.2018.11.28
 Xue, H. K., Zhang, P. Q., Zhang, C., Gao, Y. C., and Tan, J. Q. (2024). Research progress in the preparation, structural characterization, and biological activities of polysaccharides from traditional Chinese medicine. Int. J. Biol. Macromol. 262, 129923. doi:10.1016/j.ijbiomac.2024.129923
 Ye, D., Zhao, Q., Ding, D., and Ma, B. L. (2023). Preclinical pharmacokinetics-related pharmacological effects of orally administered polysaccharides from traditional Chinese medicines: a review. Int. J. Biol. Macromol. 252, 126484. doi:10.1016/j.ijbiomac.2023.126484
 Yi, W. L. Y. W. (2011). Effects of polysaccharide MDG-1 from Ophiopogon japonicus on glucose tolerance and intestinal flora in non-diabetic mice. Chin. J. New Drugs Clin. Remedies 30 (06), 453–457. 
 Yu, X. S., Gao, D. K., Qi, B., Xiao, X. C., Zhai, X. F., Ma, C. W., et al. (2018). Ophiopogon japonicus herbal tea ameliorates oxidative stress and extends lifespan in Caenorhabditis elegans. Pharmacogn. Mag. 14 (58), 617–623. doi:10.4103/pm.pm_313_18
 Yuan, Q. J. L. J., and Ying, F. X. L. S. (2017). The ameliorative effects of astragalus and ophiopogon japonicus polysaccharides on TNBS induced colitis rats. Science Technol. Food Industry 38 (06), 354–356+375. doi:10.13386/j.issn1002-0306.2017.06.059
 Yue, B. J., Zong, G. F., Tao, R. Z., Wei, Z. H., and Lu, Y. (2022). Crosstalk between traditional Chinese medicine-derived polysaccharides and the gut microbiota: a new perspective to understand traditional Chinese medicine. Phytother. Res. 36 (11), 4125–4138. doi:10.1002/ptr.7607
 Zhang, L., Wang, Y. J., Wu, F., Wang, X., Feng, Y., and Wang, Y. (2022). MDG, an Ophiopogon japonicus polysaccharide, inhibits non-alcoholic fatty liver disease by regulating the abundance of Akkermansia muciniphila. Int. J. Biol. Macromol. 196, 23–34. doi:10.1016/j.ijbiomac.2021.12.036
 Zhang, S. J., Hu, T. T., Chen, Y. Y., Wang, S. Y., and Kang, Y. F. (2020). Analysis of the polysaccharide fractions isolated from pea (Pisum sativumL.) at different levels of purification. J. Food Biochem. 44 (8), e13248. doi:10.1111/jfbc.13248
 Zhang, Y. L., Duan, S. M., Liu, Y., and Wang, Y. (2021). The combined effect of food additive titanium dioxide and lipopolysaccharide on mouse intestinal barrier function after chronic exposure of titanium dioxide-contained feedstuffs. Part. Fibre Toxicol. 18 (1), 8. doi:10.1186/s12989-021-00399-x
 Zhang, Y. Q., Chen, B., Zhang, H., Zhang, J., and Xue, J. (2024). Extraction, purification, structural characterization, bioactivities, modifications and structure-activity relationship of polysaccharides from Ophiopogon japonicus: a review. Front. Nutr. 11, 1484865. doi:10.3389/fnut.2024.1484865
 Zhang Jing, Z. X. W. S. (2021). Antiviral effect of ophiopogon japonicus polysaccharides on NDV in vitro. China Poult. 43 (07), 50–56. doi:10.16372/j.issn.1004-6364.2021.07.007
 Zhang Xue-Lian, L. Y. Z. J. (2022). Optimization of the extraction method of polysaccharide from Liriope spicata by response surface methodology and the formula development of its compound beverage. Hubei Agric. Sci. 61 (22), 133–138. doi:10.14088/j.cnki.issn0439-8114.2022.22.024
 Zhernakova, A., Kurilshikov, A., Bonder, M. J., Tigchelaar, E. F., Schirmer, M., Vatanen, T., et al. (2016). Population-based metagenomics analysis reveals markers for gut microbiome composition and diversity. Science 352 (6285), 565–569. doi:10.1126/science.aad3369
 Zhu, T. T., Wang, Y., Liu, J., Zhang, L., Dai, Y. J., Xu, D. D., et al. (2025). Preparation methods, structural features, biological activities and potential applications of Ophiopogon japonicus polysaccharides: an updated review. Int. J. Biol. Macromol. 290, 139059. doi:10.1016/j.ijbiomac.2024.139059
 Zhu, Y., Cong, W., Shen, L., Wei, H., Wang, Y., Wang, L., et al. (2014). Fecal metabonomic study of a polysaccharide, MDG-1 from Ophiopogon japonicus on diabetic mice based on gas chromatography/time-of-flight mass spectrometry (GC TOF/MS). Mol. Biosyst. 10 (2), 304–312. doi:10.1039/c3mb70392d
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Li, Zhou and Xiao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-16-1583711-t001.jpg
Principle

Extraction
conditions

Extraction
rate

Evaluation

References

Hydrotropic alcohol Utilizes water as a solvent to | Liquid-solid ratio = 8: 1 (mL/ | 20.17% Low cost, simple operation, | Wang Ying (2019)
precipitation disrupt cell walls, thereby @it = 17 hT = 80°C,Amount safe reagents, but long time
dissolving and isolating of 95% ethanol solution 65 mL required, high energy
polysaccharides : consumption
Liquid-solid ratio = 20:1 (mL/ | 2693% Zhang Xue-Lian
gt=135 minT = (2022)
90°C,Amount of 85% ethanol
solution 60 mL
Liquid-solid ratio = 9: 1 (mL/ | 10.02% Zhang Jing (2021)
) repeat three times, 80%
ethanol solution
Liquid-solid rati S1(ml/ | 10% Wangetal. (20192)
gt =4hT =100, 95%
ethanol solution
Enzyme extraction Enzyme treatment can destroy | Liquid-solid ratio = 35:1 (mL/ | 4.12% High efficiency, mild reaction | Huang Shan (2009)
the cell wall or cleave the @.pH =50, T =45Ct = conditions low energy
‘macromolecular structure, 120 min,Enzyme dosage 0.5% consumption, but high cost,
reduce the extraction resistance poor enzyme stability, easy
and increase the polysaccharide inactivation
yield
Microwave extraction The penetrating and selective | Liquid-solid ratio = 40:1 (mL/ | 138% Even heat distribution, short | Lu Shaoling (2018)
heating of microwave can ), t=20 minT = 40°C time, but high energy
quickly destroy the cell consumption, high cost
structure and promote the Liquid-solid ratio = 60:1 (mL/ | 8.20% Xiang (2007)
dissolution of polysaccharides | g, t = 20 min, P =700 w.
Ultrasound extraction The high-frequency vibration | Liquid-solid ratio = 20: 1 (mL/ | 20. 98% High efficiency, short time, | Feng Si-Si (2024)
and cavitation of ultrasound can | g),T = 41°C, t = 51 min,P = low energy consumption, but
destroy cell structure and 250 W the required cost is high, high
enhance solvent permeability operation requirements
and mass transfer efficiency | Liquid-solid ratio = 22:1 (mL/ | 39.49% ‘Wen and Su (2023)
), t =27 min, P = 200 W
Ultrasonic conditions were: | 8.74% Wang et al. (2018)
240 W ultrasonic treatment
lasting 10 s, with an interval of
15 5; repeated 90 times
Ultrasonic condition: 80 W | 11.87% Wang L. Y. et al.
ultrasonic treatment for 10 s, (2012)
with an interval of 15 s;
repeated 90 times
Ultrasound-assisted dual- | Extraction and separation are | Liquid-solid ratio = 17: 1 (mL/ | 9.41% + 0.12% Low cost, high efficiency, can | Tian et al. (2024)

phase aqueous extraction

based on the difference in
solubility of substances in two
immiscible phases.Ultrasound-
assisted extraction, on the other
hand, damages the cellular
structure of the plant and
enhances solute dissolution and
diffusion through the technique
of “cavitation”

g)ethanol concentration of
34%, ammonium sulfate
concentration of 23%, P =
480 W

significantly improve the
purity of polysaccharides






OPS/images/fphar-16-1583711-t002.jpg
Molecular

weight (kDa)

Monosaccharide
composition

Molar ratio
(nmol)

Refences

MDG-1 48 FruGle 351 HPLC,UV,1H NMR,13C NMR Xu et al. (2005)
AP-1 1243 - - HPGPC Huang Ni (2011)
AP-2 3247 - — HPGPC Huang Ni (2011)
AP-3 67 — - HPGPC Huang Ni (2011)
QOJpPs- 125 ‘Man,Gal,Glc,Rha 5.15:26.39:8.7284 HPGPC,UV,FT-IR Tian et al. (2024)
2-5G
ojp2 352 Rha,Ara,XylGlc,Gal HPGPC,GC-MS Fan Y. P.etal.
(2015)
OPE-1 48 FruGle 161 HPLCGCIR Ly etal. (2012)
OJpP1 352 Ara,Gle,Gal 1:16:8 HPGPCGC Chen et al. (2010)
POJ-UIb | 402 Gle GCFT-IR,1H NMR,13C NMR Wang X. M. et al.
(2012)

OP-W1 | 248 FruGle 171 HPGPC,1H NMR,13C NMRFT-IR | Wang et al. (2019b)
oP 1 352 AraGle,Gal 1:16:8 GCHPGPC Chen et al. (2013)
ROHO5 167 Gal HPGPCRID,UV,GC-MS,1H NMR | Gu et al. (2018)

13C NMR
LSP 4742 GleFru 28:1 GC,GC-MS,infrared, NMR Gong et al. (2017)
orp 4925 Gle,Fru 29:1 GC,GC-MS,infrared, NMR Gong et al. (2017)
LMP 4138 GleFru 24:1 GC,GC-MS,infrared, NMR Gong et al. (2017)
ORP-1 3.667 GleFru 085:0.15 HPGPCICFT-IRNMR Wang et al. (2023)
72 - Fru,Gle,Ara,Man,Gal, Xyl 93,651 HPSEC-MALLS-RID,HPAEC-PAD | Chen et al. (2022)
076039
ojc - FruGle,Ara,Man,Gal, Xyl 175.10:12.83:1. HPSEC-MALLS-RID,HPAEC-PAD | Chen et al. (2022)
108037
LM - FruGle,Ara,Man,Gal Xyl 253.30:21.98:1. HPSEC-MALLS-RID,HPAEC-PAD | Chen et al. (2022)
0.58:0.33
Ls Fru,Glc,Ara,Man,Gal, Xyl 236.06:17.31:1.00:0.89:  HPSEC-MALLS-RID,HPAEC-PAD Chen et al. (2022)
064035
POJ 19315 KDa Gle, Man, Gal.Xyl 435:521:134: 1 PMP-Precolumn Derivatization, Ren et al. (2022)

infrared






OPS/images/fphar-16-1583711-g003.gif





OPS/images/fphar-16-1583711-g004.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Advances in the study of Ophiopogon japonicus polysaccharides: structural characterization, bioactivity and gut microbiota modulation regulation		1 Introduction

		2 Extraction and purification

		3 Structural characterization

		4 Biological activities of OJPS		4.1 Hypoglycemic activity

		4.2 Antioxidant activities

		4.3 Cardioprotective activity

		4.4 Immunomodulatory activity





		5 Gut microbiota modulation effects		5.1 Effect of OJPS on gut microbiota

		5.2 Effects of OJPS on intestinal epithelium

		5.3 Antidiabetic activity mediated by gut microbiota and OJPS





		6 Discussions and future perspectives

		7 Conclusion

		Author contributions

		Funding

		Acknowledgments

		Generative AI statement

		Publisher’s note

		References









OPS/images/cover.jpg
, frontiers | Frontiersin Pharmacology

Advances in the study of
Ophiopogon japonicus
polysaccharides: structural
characterization, bioactivity and
gut microbiota modulation
regulation





OPS/images/fphar-16-1583711-g001.gif





OPS/images/fphar-16-1583711-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





