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Editorial on the Research Topic
 The mechanism of plant-derived polysaccharides regulating the obesity and metabolic diseases in humans




Obesity and other metabolic diseases, such as non-alcoholic fatty liver disease and type 2 diabetes, have become some of the primary threats to human health, and the occurrence of these diseases generally means the disturbance of glucose and lipid metabolisms in the body. Emerging studies have shown that mechanisms of metabolic diseases can be directly attributed to disorders of tissue metabolism (1, 2) and the disruption of intestinal microbiota homeostasis (3, 4). Plant-derived polysaccharide (PS) is one of the most effective prebiotics for improving the abundance of beneficial gut microbes (5), which exert a variety of health-promoting effects (6), including antioxidant, anti-inflammation (Cui et al.), immunomodulation, antiviral, anti-diabetes (7), and anti-obesity effects (6). It has been documented that PSs from different plants have differentiated structural properties and varied capacities to interact with specific cells (8) and/or shape unique gut microbial communities (9), which furthermore impact the physiological and pathological metabolic processes of the host (10, 11). Thus, clarifying the molecular structure, bioactivities, and mechanisms by which PS modulates the occurrence of obesity and metabolic disease is of great importance for developing and applying natural PS as a pharmaceutical and functional food.

A total of five papers have been published in this special issue, which present the latest research advances in the field investigating the structural characteristics and bioactivities of plant-derived PSs involved in regulating metabolic diseases. One of the papers focused on the structural characteristics and bioactivities of Laminaria japonica-derived PS (LJPS). A similar study explored the effects and mechanisms of dietary fibers (PS) from medicinal Dendrobiums for diabetes management. A further study revealed that dietary PS (whole grain Qingke) can attenuate high-fat diet induced obesity by modulating the gut microbiome and metabolome. Finally, two articles addressed the feasibility of microbial and gene therapeutics based on the consumption of dietary fibers/plant-derived PSs in treating metabolic syndrome (MetS). Thus, the five articles documented innovative findings in deciphering the structure and bioactivities of various plant-derived PSs from different perspectives.

LJPS were documented to have a variety of health-beneficial biofunctions, including anti-oxidation, anti-inflammatory, and lipid-lowering biofunctions, while molecular structure characteristics, especially spatial conformation, remained unclear. Cui et al. revealed that LJPS was a multi-branched, long-chain macromolecule, and appeared in a denser cross-linking network with highly branched and helix domains in terms of morphology. Additionally, LJPS had no toxicity in the macrophage cells of mice and exhibited biphasic immuno-modulating capacity.

It has been documented that the biofunction of medicinal plants used in traditional medicine was attributed to their rich PS content (12). Li M. et al. observed that PS and bibenzyl are the major active compounds in Dendrobiums in managing diabetic-related symptoms via lowering blood glucose levels and reversing chronic inflammation of type 2 diabetic mellitus (T2DM). Dendrobiums PS protected pancreatic β-cell dysfunction and insulin resistance in the liver, and up-regulated the abundance of short-chain fatty acid to stimulate GLP-1 secretion through gut microbiota. Similarly, bibenzyls also exerted the capacity to prevent chronic inflammation in cellular studies.

The beneficial effects of fiber-rich dietary food on improving the systematic health of humans have been related to alteration of the gut microbial community (2). Li X. et al. elucidated that whole grain Qingke (WGQK) had an anti-obesity effect in a diet-induced obesity model in mice by modulating the gut microbiota and their metabolome, primarily shifting the host amino acid/lipid metabolism. Metabolic syndrome (MetS), accompanied by significant intestinal dysbiosis, is a major health burden to human society. Pan et al. discovered that microbial therapy is an efficient strategy to treat and remit MetS, notably improving the condition of fasting blood glucose (FBG), total cholesterol (TC), triacylglycerol (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), waist circumference (WC), body mass index (BMI), homeostatic model assessment of insulin resistance (HOMA-IR), and diastolic blood pressure (DBP) of patients. This provided an innovative insight in treating MetS by supplementing the diet with dietary PSs/fiber to modulate the targeted gut microbes and their metabolites. Similarly, Gu et al. summarized the progress of new gene therapy in treating MetS. It has been documented that MetS onset is closely related to impaired lipid metabolism, and regulating the lipid metabolic genes would provide an advanced perspective in developing MetS therapeutics. Additionally, recent studies revealed vital functions of nuclear receptor (NR) retinoic acid receptor-related orphan receptors (RORs), including RORα and RORγ, in gene regulation in lipid metabolism in MetS. These results also provided a theoretical support for exploring the molecular mechanisms and new therapeutic strategies regarding MetS.

It should be pointed out that the five articles published on this specific topic were conducted mainly by using mice, or cells from mouse tissue, to allow the model to explore the biological activities and mechanisms of plant-derived PS in managing metabolic diseases such as obesity, type 2 diabetes, and non-alcoholic fatty liver disease. These findings provided new perspectives and methods for the application of plant-derived PS to prevent and/or treat metabolic diseases in humans, but relevant clinical trials are necessary to ascertain the effective and appropriate dose before applying as therapeutic agents for humans.

In conclusion, plant-derived PS is one of the most functional ingredients regarding its wide variety of bioactivities and shows great potential especially regarding the positive therapeutic effects on metabolic diseases including obesity, non-alcoholic fatty liver, and diabetes, primarily by specifically manipulating gut microbiota and their metabolites. It is worth noting that the molecular structural characteristics and chain spatial configuration of plant-derived PS are responsible for their bioactivities. Therefore, it is pivotal to decipher the molecular properties and the structural-function relationship of PSs, which would provide the scientific reference for applying natural PSs to the pharmaceutical and functional food industries.
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