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Type 2 diabetes mellitus, nonalcoholic fatty liver disease (NAFLD), cardio-cerebrovascular diseases (CCVDs), hyperuricemia and gout, and metabolic-related sexual dysfunction are metabolic diseases that affect human health in modern society. Scientists have made great efforts to investigate metabolic diseases using cell models in vitro or animal models in the past. However, the findings from cells or animals are difficult to translate into clinical applications due to factors such as the in vitro and in vivo differences; the differences in anatomy, physiology, and genetics between humans and animals; and the differences in microbiome–host interaction. The Chinese have extensively used the medicated diet of traditional Chinese medicine (TCM) (also named as Yao-Shan of TCM, Chinese Yao-Shan et al.) to maintain or improve cardiometabolic health for more than 2,200 years. These ancient classic diets of TCM are essential summaries of long-term life and clinical practices. Over the past 5 years, our group has made every effort to collect and sort out the classic Yao-Shan of TCM from the ancient TCM literature since Spring and Autumn and Warring States Period, especially these are involved in the prevention and treatment of metabolic diseases, such as diabetes, NAFLD, CCVDs, hyperuricemia and gout, and sexual dysfunction. Here, we summarized and discussed the classic Yao-Shan of TCM for metabolic diseases according to the time recorded in the ancient literature, and revised the Latin names of the raw materials in these Yao-Shan of TCM. Moreover, the modern medicine evidences of some Yao-Shan of TCM on metabolic diseases have also been summarized and emphasized in here. However, the exact composition (in terms of ratios), preparation process, and dosage of many Yao-Shan are not standardized, and their main active ingredients are vague. Uncovering the mystery of Yao-Shan of TCM through modern biological and chemical strategies will help us open a door, which is ancient but now looks new, to modulate metabolic homeostasis and diseases.
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INTRODUCTION
Modern human society is encumbered by a pandemic of chronic diseases and conditions in which metabolic dysregulation plays a key role in the pathogenesis and progression (Newgard, 2017). These metabolic disorders may include obesity, type 2 diabetes mellitus (T2DM), nonalcoholic fatty liver disease (NAFLD), cardio-cerebrovascular diseases (CCVDs), hyperuricemia and gout, metabolic-related sexual dysfunction, and complications associated with these diseases, which are collectively referred to as cardiometabolic diseases (CMDs) (Shi et al., 2015; Zhang et al., 2017a; Zhang et al., 2017b; Zhang et al., 2017c; Zhang and Li, 2017; Dehlin et al., 2020; Chen X. W. et al., 2021; Osborn et al., 2021; Zhang et al., 2021; Angulo and Hannan, 2022; Choi et al., 2022; Nappi et al., 2022; Zhang et al., 2022). Among CMDs, CCVDs remain the leading cause of disease burden worldwide (Roth et al., 2020). For example, there are about 330 million patients with CCVDs in China, which account for 46.74% and 44.26% of all deaths occurring in China’s rural and urban areas: two out of five deaths were caused by CCVDs. The total hospitalization costs in China were 313.366 billion RMB for CCVDs in 2019 (China Cardiovascular Health and Disease, 2022). NAFLD, which is viewed as the hepatic manifestation of metabolic syndrome, is associated with obesity and encompasses a broad spectrum of conditions, from simple steatosis [always refers to nonalcoholic fatty liver (NAFL)], through nonalcoholic steatohepatitis (NASH), to fibrosis and cirrhosis, and ultimately hepatocellular carcinoma (HCC) (Samuel and Shulman, 2018; Zhang Y et al., 2020; Loomba et al., 2021). Moreover, NAFLD and T2DM frequently coexist as they share the same pathogenic abnormalities of excess adiposity and insulin resistance (Smith and Adams, 2011). Currently, 25% of the world population is thought to have NAFLD (Younossi et al., 2019; Lazarus et al., 2022), and the national prevalence of NAFLD in China has exceeded 29% (Zhou et al., 2019; Zhou et al., 2020). The estimated annual medical costs directly attributable to NAFLD have exceeded $103 billion in the United States and €35 billion in four European countries (Germany, France, Italy, and the United Kingdom) (Zhou et al., 2020). The pandemic of NAFLD fuels the upsurge in cardiovascular diseases (CVDs), and currently, NAFLD is emerging as an essential driver for CVDs, such as atherosclerosis, hypertension, and cardiac arrhythmia (Cai et al., 2020; Zhang L et al., 2020; Zhao et al., 2020; Chen Z. et al., 2021; Zhou et al., 2021; Li et al., 2022). CVDs are the leading cause of death in patients with NAFLD (Lazarus et al., 2022). In addition, metabolism dysfunction is recognized as a major contributor to diseases untraditionally considered “metabolic” in origin, such as cancer, cognitive disorders, and respiratory pathologies (Newgard, 2017). CMDs are difficult for physicians to manage because CMDs can be present for years before becoming clinically apparent (Roberts and Gerszten, 2013). Therefore, discovering the accurate predictors of CMDs, and prevention and treatment strategies, are of particular importance.
Although great efforts have been made by biological and medical scientists using cell or animal models to investigate the pathogenesis and treatment strategies for CMDs, these findings appear difficult to translate into humans due to the in vitro and in vivo differences; the differences between humans and animals in anatomy, physiology, genetics, and the differences in gut (also including vagina and others) microbiome–host interaction, among other factors (Łaniewski et al., 2020; Jardon et al., 2022). Currently, prevention or delay of the morbidity of CMDs is possible via pharmacological and behavioral interventions (e.g., weight control and diet modification) (Roberts and Gerszten, 2013; Morgan and Singh, 2021). However, most patients always do not accept long-term drug-lowering therapies due to a lack of compliance and, thus, exhibit a poor treatment response. Alternatively, they increasingly prefer non-classical pharmacological interventions (Morgan and Singh, 2021). Therefore, it will be beneficial if the daily diet has medicinal properties. This will not only satisfy human demand for material and energy, human yearning for delicious food, and use for social entertainment but, more importantly, also improve the quality of life and maintain human health. In the past 5 years, we have made every effort to collect and sort out medical diets from the ancient classic traditional Chinese medicine (TCM) literature. Here, we summarize the TCM diets for metabolic diseases according to the time of their recording in TCM literature. We also discuss the research progress of these diets using modern biological strategies. We hope these can provide beneficial references for the prevention and treatment of modern metabolic diseases.
THE MEDICATED DIET IN TRADITIONAL CHINESE MEDICINE
The Chinese have a special form of diet containing Chinese medicinal materials, which achieves the purposes of nutritional value, health preservation, and prevention and treatment of human diseases. Therefore, such diets have several names, such as Yao-Shan of TCM, Yao-Shan in TCM, TCM Yao-Shan, medicated diet in/of TCM, TCM diet, Chinese medicated diet, Chinese Yao-Shan, and ancient classic diet of TCM (Wang, 1987; Yen et al., 2008; Deng, 2010; Li H W et al., 2010). One form of Yao-Shan of TCM frequently found in China is the preparation of medical plants, such as Gouqizi {also as Goji Berry, Lycium barbarum L. [Solanaceae; Lycii fructus], Lycium chinense Mill. [Solanaceae; Lycii fructus]}, Danggui {Angelica sinensis (Oliv.) Diels [Apiaceae; Angelicae sinensis radix]}, and Fuling {Poria cocos (Schw.) Wolf [Polyporaceae; Poria]}, in Chinese cuisine and beverages (e.g., porridge, soup, and tea) (Yen et al., 2008).
Yao-Shan of TCM had been originally created by the Chinese for more than 2200 years; it is an important part of TCM. The word “Yao-Shan” was first described in “Hou Han Shu · Lie Nv Zhuan-74,” dating back to before 445. Several early formed Yao-Shan of TCM have been recorded in medical literature unearthed from Ma-Wang-Dui Han Tombs in Changsha, China, such as “Yang Sheng Fang,” “Za Liao Fang,” “Tai Chan Shu,” and “Wu Shi Er Bing Fang,” which were formed before 168 BC. In ancient China, the government of each dynasty had officials in charge of medicated diet. For example, the department in the central government of Tang Dynasty specialized in supplying Yao-Shan for the imperial court was called “Shan Bu,” and the department in charge of Yao-Shan in the central government of Qing Dynasty was called “Jing Shan Si.”
Yao-Shan of TCM has been extensively used by the Chinese in daily healthcare and in the treatment of human diseases based on the TCM theoretical system (e.g., diabetes, NAFLD, and other metabolic disorders). Moreover, Yao-Shan of TCM has wildly spread abroad, greatly impacting Japan, the Korean Peninsula, and the Association of Southeast Asian Nations.
YAO-SHAN OF TCM FOR XIAO-KE (AND/OR DIABETES)
Diabetes mellitus primarily includes type 1 diabetes (T1D) and T2MD in modern medicine (Sims et al., 2021). T1D is a chronic autoimmune disease caused by the immune-mediated destruction of pancreatic β cells, resulting in lifelong absolute insulin deficiency (Atkinson et al., 2014; Warshauer et al., 2020). T2MD is characterized by relative insulin deficiency caused by pancreatic β-cell dysfunction and insulin resistance in target organs. The main drivers of T2DM are the rise in obesity, a sedentary lifestyle, an energy-dense diet, and population aging (Chatterjee et al., 2017; Zheng et al., 2018). Of the estimated 463 million adults with diabetes mellitus globally, >90% have T2DM, of which approximately 50% live in two large countries: India and China (Ke et al., 2022).
In TCM, diabetes mellitus belongs to the category of Xiao-Ke and others. Xiao-Ke was first recorded in Qi-Bing-Lun Section 47 from the classic TCM literature Huang Di Nei Jing · Su Wen (Wang and Cheng, 1999; Chen et al., 2002; Wu, 2002; Lv, 2006; Chen et al., 2015; Tong, 2016). It has been considered that the symptoms of Xiao-Ke are characterized by excessive urination, excessive drinking water, excessive diet consumption (the regular food that a person eats each day), and weight loss. All these are collectively referred to as “three excessive and one loss” (Tong et al., 2012; Chen et al., 2015) (Figure 1). Turbid or sweet urine is also an essential feature of Xiao-Ke (Tong et al., 2012; Chen et al., 2015). The main pathogenesis of Xiao-Ke is yin deficiency and endogenous dryness-heat in body, these two always mutually influence each other, the above two can be induced by unhealthy diet, emotional disorder, and excessive sexual activities (Tong et al., 2012; Chen et al., 2015; Pang et al., 2015). If prolonged yin deficiency impairs yang, dual deficiency of qi (“qi” is a broad TCM concept, generally refers to “the most basic substances that maintain human life activities”) and yin, as well as dual deficiency of yin and yang, will occur (Pang et al., 2015). In addition, blood stasis is also involved in the pathogenesis of Xiao-Ke. Therefore, the basic therapeutic methods for Xiao-Ke are invigorating qi (supplement qi), nourishing yin, clearing heat, and promoting fluid production (generating body fluids) (Pang et al., 2015).
[image: Figure 1]FIGURE 1 | Yao-Shan of traditional Chinese medicine (Yao-Shan of TCM) for metabolic health and diseases. The traditional Yao-Shan of TCM always includes soup, congee, and drinks. They have been used for treating Xiao-Ke, which is characterized by excessive urination, excessive drinking water, excessive diet consumption, and weight loss; fatty liver diseases (FLDs, including NAFLD and ALD); cardiovascular diseases (CVDs); hyperuricemia and gout; and male and female sexual dysfunction. However, prescribing a Yao-Shan of TCM is more complicated than prescribing a pill. It should be prescribed and prepared with the guidance of the TCM theory and the cooking theory. Yao-Shan of TCM will open a door, which is ancient but now looks new, to modulate metabolic homeostasis and diseases.
Since ancient times, the Chinese have realized that the combination of some daily feeding diets may cause Xiao-Ke. Huang Di Shi Jin described that eating “Fanlou {also as Fanluo, Stellaria media (L.) Vill. [Caryophyllaceae]}” with “Yu-Shan-Zha (a kind of salted fish)” can induce Xiao-Ke. Yang Sheng Yao Ji written by Zhang Zhan in the Chinese East Jin (or North Wei) Dynasty revealed that eating Yu-Zha (also as a kind of salted fish) with Dou (it refers to beans, however, the details are unclear) may induce Xiao-Ke. Similarly, Sun Zhen Ren Shi Ji, written by Sun Simiao in the Chinese Tang Dynasty, further described that eating Chidou {also as Chixiaodou, Vigna angularis (Willd.) Ohwi & H.Ohashi [Fabaceae; Vignae semen], Vigna umbellata (Thunb.) Ohwi & H.Ohashi [Fabaceae; Vignae semen]} or Baidou (the plant and its corresponding Latin name it refers to are yet to be verified) combined with Yuzha may also induce Xiao-Ke. Both San Yuan Can Zan Yan Shou Shu (written by Li Pengfei in the Chinese Yuan Dynasty) and Shi Jin Fang reported that “eating the roast meat of Chinese water deer {Hydropotes inermis Swinhoe [Cervidae]} may cause Xiao-Ke.” San Yuan Can Zan Yan Shou Shu also showed that “eating uncooked dog meat may cause Xiao-Ke.” Similar to this, Ben Cao Yue Yan, written by Xue Ji in the Chinese Ming Dynasty, stated that “eating the roast meat of yellow dog may cause Xiao-Ke.” Importantly, Xue Ji also revealed that alcohol may cause Xiao-Ke. Zhang Zhan had showed that “eating wheat with Gumi {the caryopsis of Zizania latifolia (Griseb.) Turcz. ex Stapf. [Gramineae]}, then, drinking alcohol will lead to Xiao-Ke”. Li Pengfei had described “if an unawakened drunk feel great thirst, then, he drinks cold water and cold tea, cold will be introduced into the kidney by the wine, and become cold poison; if much and long, it will cause heavy of waist and knees (and foot), cold pain of bladder, edema, Xiao-Ke and Luanbi”. This was also reported by Wu Zhenglun from the Chinese Ming Dynasty in Yang Sheng Lei Yao. However, it is not clear whether the above factors can cause Xiao-Ke in humans, who live in modern society. If so, what is the mechanism behind these changes, and further exploration is needed.
In contrast, the Chinese had used ancient classic TCM prescriptions, or even a single Chinese medicinal material, and the TCM diets to treat Xiao-Ke for more than 2,200 years, for example, Huang Di Nei Jing · Su Wen showed Xiao-Ke can be treated by “Lan {it may refer to Peilan, Eupatorium fortunei Turcz. [Asteraceae]}” through its ability to eliminate “Chen Qi”. Here, we summarize and discuss these ancient classic TCM diets according to their publishing time. Some of these discussed ancient classic TCM diets have been recorded repeatedly in the following ancient literature, indicating that they may undergo more clinical practices.
Shen Nong Ben Cao Jing, the earliest materia medica literature in China, reported that Gouqizi, the white parts of excrement from red cock, Baiying {Solanum lyratum Thunb. [Solanaceae]}, Gegen {Pueraria lobata (Willd.) Ohwi [Fabaceae; Puerariae lobatae radix]}, Gualougen {also as “Tianhuafen”, Trichosanthes kirilowii Maxim. [Cucurbitaceae; Trichosanthis radix], Trichosanthes rosthornii Harms [Cucurbitaceae; Trichosanthis radix]}, Zhimu {Anemarrhena asphodeloides Bunge [Asparagaceae; Anemarrhenae rhizoma]}, Fuping {also as “Shuiping”, Lemna minor L. [Araceae]}, Wanggua {also named as “Tugua” (Shen, 1993; Zhang, 1994), Trichosanthes cucumeroides (Ser.) Maxim. ex Franch. & Sav. [Cucurbitaceae], Thladiantha dubia Bunge [Cucurbitaceae]} and Sumi {the mature seeds of Setaria italica (L.) P.Beauv. [Poaceae]} were the representative Yao-Shan for alleviating Xiao-Ke. The polysaccharides and flavonoids in Gouqizi (Masci et al., 2018; Yang et al., 2022; Zhu et al., 2022), polysaccharide and puerarin in Gegen (Wong et al., 2011; Wang et al., 2020; Luo D et al., 2021), mangiferin in Zhimu (Li X et al., 2010), and TK protein in Gualougen (Lo et al., 2017) are the key antidiabetic bioactive molecules.
Qi Juan Shi Jing described that Gugen {rhizome and root of Zizania latifolia (Griseb.) Turcz. ex Stapf. [Gramineae]} and Fanlou may improve Xiao-Ke. However, we do not know why eating Fanlou with Yu-Shan-Zha may induce Xiao-Ke, whereas eating Fanlou alone is beneficial for Xiao-Ke. As Yu-Shan-Zha is a regular diet in China, it is urgent to answer the mechanisms of these differences.
Cui Yu Xi Shi Jing, written by Cui Yuxi in the Chinese Jin Dynasty, reported that Kuicai {Malva verticillata L. [Malvaceae]} (Wei, 1964; Ma and Wang, 2016), Shichun {Ulva lactuca L. [Ulvaceae]}, Zitai (it may refer to a type of algae), Haiyue {the meat of Placuna placenta L. [Placunidae]}, Wuyu {it may refer to Biqi, Eleocharis dulcis (Burm.f.) Trin. ex Hensch. [Cyperaceae]; or Cigu, Sagittaria trifolia L. [Alismataceae], (Sun et al., 2013)}, Mihoutao {Actinidia chinensis Planch. [Actinidiaceae]}, the bamboo shoot {always refers to the seedling of Pleioblastus amarus (Keng) Keng f. [Poaceae], Phyllostachys glauca McClure [Poaceae], Phyllostachys edulis (Carrière) J.Houz. [Poaceae]}, the deer’s head and meat, Shi-Yin-Zi, Long-Ti-Zi, and He-Bei-Zi (however, the biological or mineral sources of the later three still need further investigation), were the representative Yao-Shan for alleviating Xiao-Ke. Some of these Chinese Yao-Shan for Xiao-Ke were further confirmed by modern medicine. The polysaccharides from Ulva lactuca L. [Ulvaceae] (ULP, 180 mg/kg per day for 30 days by oral gavage) improve antioxidant balance and bone mineral density in alloxan-induced diabetic Wistar rat model, and the low dose of ULP (100 mg/kg) significantly alleviated hyperglycemia and glucose tolerance impairment in diabetic mice caused by D-gal and streptozotocin (STZ) with a high-sugar, high-fat diet (Sahla et al., 2021; Chen et al., 2022). One clinical trial showed that drinking fruit juice of Actinidia chinensis Planch. [Actinidiaceae] (10 ml per day) for nine months, and combined with exercise (each patient walks about 1.5 to 2 miles per day), improves anti-oxidative and anti-inflammatory status of T2DM patients by activating Kelch-like ECH-associated protein 1 (Keap1) and nuclear factor erythroid-derived 2-like 2 (Nrf2) via increasing microRNA-424 (Sun et al., 2017). Feeding the basal diet mixed with 5% (w/w) dietary fibers from bamboo shoot shells to diabetic mice induced by HFD plus STZ for four weeks display the hypoglycemic effect (Zheng et al., 2019). The β-pyran polysaccharides from bamboo shoot shells (400 mg/kg per day for 3 weeks by oral gavage) may be responsible for this hypoglycemic activity (Zheng et al., 2016). Although there are no direct experimental data of the deer’s head or meat on diabetes, the 5–10 kDa peptides from red deer {Cervus elaphus L. [Cervidae]} antler (intraperitoneally, 75, 150, or 300 μg/kg per day for 6 weeks) showed hypoglycemic, hypolipidemic, and antioxidant effects in diabetic mice induced by STZ (Jiang et al., 2015; Wang W et al., 2019). In addition, a new bioactive peptide CPU2206 from sika {Cervus nippon Temminck [Cervidae]} antler also alleviated diabetes in alloxan-induced diabetic mice and in obese mice with spontaneous diabetes (KK-Ay mice) (CPU2206, intraperitoneally, 30 or 100 mg/kg; once a day for 28 days in the first animal model, and once a day for 14 days in the second animal model) (Jiang et al., 2015; Wang W et al., 2019). These two studies have confirmed the anti-diabetes effect of the peptides from the antlers. However, antlers and its products are rarely administered by intraperitoneal injection in the clinical practice of TCM. The antlers are often administered orally, so it is more meaningful to study antlers from the perspective of oral administration in future.
Sun Zhen Ren Shi Ji stated that soaking the meat of Xian {a species of small clam living in fresh water, it may refer to Corbicula fluminea Müller [Corbiculidae]} in water and drinking it has a therapeutic effect on Xiao-Ke. The antidiabetic components of Corbicula fluminea Müller [Corbiculidae] include phytosterols and fatty acids (Huang et al., 2022a), a polysaccharide–protein complex (Wang Y Y et al., 2019), and peptides (Huang et al., 2022b). Clinical data showed that consumption of 2 g of the Corbicula fluminea Müller [Corbiculidae] extract daily for 180 days reduces serum TNF-α levels in pre-diabetic patients in the Taiwan province of China (Huang et al., 2022a). Similar to Shen Nong Ben Cao Jing, Sun Zhen Ren Shi Ji described Fuping as a benefit for Xiao-Ke.
Shi Liao Ben Cao, written by Meng Shen in the Chinese Tang Dynasty, reported that Yangru {milk from Capra hircus L. [Bovidae], Ovis aries L. [Bovidae]}; Niudu {stomach of Bos taurus domesticus Gmelin [Bovidae], Bubalus bubalis L. [Bovidae]}; Kuige {it might refer to Arca inflata Reeve [Arcidae]}, Dongxinggen {also as Linqingen, the root of Malus asiatica Nakai. [Rosaceae]}, Pugua {also as Baidonggua, it may refers to Benincasa hispida (Thunb.) Cogn. [Cucurbitaceae]}, and Song {refers to Brassica rapa L. [Brassicaceae], Raphanus sativus L. [Brassicaceae] (Xie, 1994)} are the representative Yao-Shan of TCM for Xiao-Ke. The goat milk improves glucose homeostasis in the diabetic rat model induced by HFD (294.4 g goat milk powder per kg HFD, 24 weeks), STZ (10 g/kg goat milk powder per day for 30 days), or HFD plus STZ (10 ml/kg per day for 5 weeks, oral gavage), partially via activation of hepatic AMP-activated protein kinase (AMPK) (Liu et al., 2019; Liu W et al., 2021; Han B et al., 2022). The extracts from Raphanus sativus L. [Brassicaceae] (400 mg/kg per day for 3 weeks by oral gavage) have antidiabetic effects in HFD plus STZ-induced diabetic rat model (Jani and Goswami, 2020). This beneficial effect seems to be attributed to its bioactive compounds, such as flavonoids, saponins, glycosides, and tannins (Jani and Goswami, 2020). Additionally, Meng Shen stated that Gouqigen {the root of Lycium barbarum L. [Solanaceae], Lycium chinense Mill. [Solanaceae]}, bamboo, and Mi-Hou-Tao have therapeutic effects on Xiao-Ke.
Meng Shen Shi Jing reported that the boiled juice (or soup) of Mazi {the mature seeds of Cannabis sativa L. [Cannabaceae] with shell}; the boiled juice (or soup) of the shell of Chinese chestnut {the fruits of Castanea mollissima Blume [Fagaceae]}; the boiled juice (or soup) of Lüdou {the mature seeds of Phaseolus radiatus L. [Fabaceae]}; and the soup of the meat from head of donkey have antidiabetic effects on Xiao-Ke. Clinical data showed that cannabis use was associated with a lower risk of diabetes in chronic hepatitis C-infected patients (Barré et al., 2020). Orally administrated phenolic extracts from burs of Chinese chestnut at doses of 150 or 300 mg/kg twice a day for 12 days exhibited potential antidiabetic activities in STZ-induced diabetic rats (Yin et al., 2011). In addition, the former antidiabetic Yao-Shan, such as Wuyu, Linqin, and the meat of deer’s head, were also reported in Meng Shen Shi Jing.
Shi Yi Xin Jing, written by Zan Yin in the Chinese Tang Dynasty, reported that milk of cow {Bos taurus domesticus Gmelin [Bovidae], Bubalus bubalis L. [Bovidae]}, the white pigeon, Zhi (pheasant), Xiaomai {the mature seeds of Triticum aestivum L. [Poaceae]}, the soup of the head (with bones) of rabbit, the soaking water from Tian-Zhong-Luo {Cipangopaludina chinensis Gray [Viviparidae]}, and the juice of Laifu {also as Luobo, Raphanus sativus L. [Brassicaceae]} were essential Yao-Shan for Xiao-Ke. In animals, the juice of the root of Raphanus sativus L. [Brassicaceae] (300 mg/kg, a single oral treatment) showed a hypoglycemic effect in STZ-induced diabetes in Wistar rats (Shukla et al., 2011). Flavonoid-rich wheatgrass {Triticum aestivum L. [Poaceae]; used wheatgrass extract at 9th days after germination, 200 or 400 mg/kg per day for 60 days} diet attenuated diabetes induced by STZ plus HFD in Wistar rats (Adhikary et al., 2021). Sulfated polysaccharides (CCPS) from Cipangopaludina chinensis Gray [Viviparidae] (100 or 400 mg/kg per day for 12 weeks) attenuated atherosclerosis in high fat diet (HFD)-fed ApoE−/− mice (Xiong et al., 2019). However, its effects on diabetes are unclear, and the water soaked in Cipangopaludina chinensis Gray [Viviparidae] might not contain contents such as CCPS, therefore, the mechanisms of Tian-Zhong-Luo on Xiao-Ke still need further investigation. Additionally, Zan Yin also described bamboo shoots and Sumi for Xiao-Ke, which have already been reported in the earlier Yao-Shan literature.
In addition to Huang Di Nei Jing, Shen Nong Ben Cao Jing, San Yuan Can Zan Yan Shou Shu, Yang Sheng Lei Yao, and Ben Cao Yue Yan, the original texts of other above TCM literature have been lost. The details of some above Yao-Shan were reprinted in Bei Ji Qian Jin Yao Fang by Sun Simiao in the Chinese Tang Dynasty, Zheng He Ben Cao by Tang Shenwei and Yang Sheng Lei Zuan by Zhou Shouzhong both in the Chinese South Song Dynasty, Shi Jian Ben Cao by Fei Boxiong in the Chinese Qing Dynasty. Many ancient Japanese medicine was learned from China, some of these original texts were also partially reprinted in Wo Ming Lei Ju Chao by Yuan Shun (Japanese) in the middle of 10th century of Japan, Yi Xin Fang formed in 984 AD by Dan Bo Kang Lai (Japanese), Wei Sheng Mi Yao Chao formed in 1228 AD by Dan Bo Xing Zhang (Japanese), and Wan An Fang formed in 1315 AD by Wei Yuan Xing Quan (Japanese).
Bei Ji Qian Jin Yao Fang declared that Damai {the mature seeds of Hordeum vulgare L. [Poaceae]}, Tianhu {the fruits of Lagenaria siceraria var. hispida (Thunb.) H.Hara [Cucurbitaceae]}, Qing-Liang-Mi {the mature seeds of Setaria italica (L.) P.Beauv. [Poaceae], or Setaria italica (L.) Beauv. var. germanica (Mill.) Schred. [Poaceae]; if the mature seeds stored for a long time, they called “Chen-Su-Mi”}, Qing-Xiao-Dou (it may refer to Lüdou), Sha-Niu-Sui (the bone marrow of female cattle), the meat of female cattle, and the meat of yellow hen are the representative Yao-Shan for Xiao-Ke. The hydroalcoholic extract of Hordeum vulgare L. [Poaceae] (0.25, 0.5 g/kg per day for 11 days by oral gavage) and the seeds extract of Setaria italica (L.) P.Beauv. [Poaceae] (300 mg/kg per day for 30 days by oral gavage) have antidiabetic effects in STZ-induced diabetic rats, and the antidiabetic effect of the seeds extract of Setaria italica (L.) P.Beauv. [Poaceae] (300 mg/kg per day for 3 weeks) has also been confirmed in HFD plus STZ-induced diabetic rats (Sireesha et al., 2011; Minaiyan et al., 2014; Singh et al., 2022). Supplement of Hordeum vulgare L. [Poaceae] (25%, 45%, or 65% whole grain highland barley in diets) for 8 weeks displayed antidiabetic effects in db/db mice (Deng et al., 2020). In healthy Japanese, the consumption of a meal containing refined barley (refers to Damai) flour bread is associated with a lower postprandial blood glucose concentration after a second meal compared with one containing refined wheat flour bread (Matsuoka et al., 2020). Bottle gourd {Lagenaria siceraria (Molina) Standl. [Cucurbitaceae]} is advocated for diabetes in Ayurveda. However, toxic cucurbitacins in bitter bottle gourd should be considered (Verma and Jaiswal, 2015). Furthermore, Bei Ji Qian Jin Yao Fang described the former reported Yao-Shan, including Shichun, Wuyu, Song, bamboo shoot, and the meat from deer’s head, for Xiao-Ke.
Tai Ping Sheng Hui Fang, written by Wang Huaiyin et al. in the Chinese North Song Dynasty, described many Yao-Shan for Xiao-Ke. Here, we discussed seven Yao-Shan with the specific Chinese name. (1). Yin Shui Bu Zhi Fang (“Fang” refers to the TCM formula or prescription) mainly includes Huangdan (refers to red lead, Plumbum Rubrum Minium), Gualougen, Congbai {bulbs of Allium fistulosum L. [Amaryllidaceae] near the root}, wheat flour, and Xiebai {Alliurn macrostemon Bunge [Amaryllidaceae; Allii macrostemonis bulbus], Allium chinense G. Don [Amaryllidaceae; Allii macrostemonis bulbus]}. (2). Gualougen Geng Fang mainly includes Gualougen, Donggua, and Chizhi (refers to the fermented soybean juice). (3). Gua-Lou-Fen Fang (Gua-Lou-Fen refers to Tianhuafen). (4). Xinglao Zhou Fang (Zhou in Yao-Shan of TCM always refers to congee) mainly includes Xinglao, which refers to the porridge of stir apricot {the fruits of Prunus armeniaca L. [Rosaceae]} kernels, the milk of cow, Damai, and the white granulated sugar can also be added. (5). Yang-Fei Geng Fang includes the Yangfei {lung of Capra hircus L. [Bovidae], Ovis aries L. [Bovidae]}, mutton, the polished round-grained rice {the mature seeds of Oryza sativa L. [Poaceae]}, Congbai, ginger, salt, and vinegar et al. (6). Huang-Ci-Ji Zhou Fang (Huang-Ci-Ji refers to the meat of yellow hen). (7). Shen Xiao Zhu Tu Fang (Tu refers to rabbit) mainly includes the rabbit and the fresh Sangbaipi {Morus alba L. [Moraceae]}. Moreover, this literature also described the deer’s head, Zhi, Tian-Zhong-Luo, and Luobo, for alleviating Xiao-Ke, and these have always been reported in the earlier Yao-Shan literatures. Although the cooking methods of above Chinese Yao-Shan have been mentioned in Tai Ping Sheng Hui Fang, however, further clinical and animal experiments are still needed to confirm whether they are suitable for treating Xiao-Ke in modern society.
Feng Qin Yang Lao Shu, written by Chen Zhi in the Chinese North Song Dynasty, described Niuru Fang (Niuru refers to the milk of cow), Qing-Liang-Mi Yin Fang, Qingdou Fang (Qingdou may refer to Lüdou), Donggua Geng Fang, Lutou Fang (Lutou refers to the deer’s head), Zhudu Fang (Zhudu refers to the pig stomach), and Lugen Yin Fang {Lugen refer to the rhizome of Phragmites communis Trin. [Poaceae]}, were used for alleviating Xiao-Ke. These Yao-Shan were mainly used by drinking juice or eating them after cooking. The key ingredients in the former five Fangs have already been discussed above. Lugen (ethanol extract, 5.0 g/kg per day for 5 weeks; polysaccharide solution of Lugen, 100 mg/kg per day for 3 weeks; given orally by gavage) has antidiabetic effects in STZ-induced diabetic mice (Zhang et al., 2011; Cui et al., 2012; Xu et al., 2012; Song et al., 2014; Zheng et al., 2017). The seven Yao-Shan above have also been reported by Hong Pian from the Chinese Ming Dynasty in Shi Zhi Yang Lao Fang.
Sheng Ji Zong Lu, written by Song Huizong Government in the Chinese North Song Dynasty, reported more than twelve Fangs as the representative Yao-Shan of TCM for alleviating Xiao-Ke. (1). Yanggu Tang Fang includes the sheep spine, Chi, the white Sumi and Xiebai. (2). Tianluo Yin Fang. (3). Lüdou Zhi Fang. (4). Hudou Zhi Fang, “Hudou” had been used to refer to Wandou {Pisum sativum L. [Fabaceae]} or Candou {Vicia faba L. [Fabaceae]} in the ancient times of China, however, it is unclear which specific type is in here. (5). Dihuanghua Zhou Fang, Dihuanghua refers to the follower of Rehmannia glutinosa (Gaertn.) DC. [Plantaginaceae]. (6). Liangmi Zhou Fang, “Liangmi” refers to “Qing-Liang-Mi”. (7). Kui Ji Zhi Fang, “Kui” may refer to “Malva verticillata var. crispa L. [Malvaceae]”. (8). Mai Dou Yin Fang includes Damai and Lüdou. (9). Gefen Fan Fang includes the powders of Gegen and Sumi. (10). Ou Mi Jiang Fang includes the roots of Nelumbo nucifera Gaertn. [Nelumbonaceae] and Fengmi {Apis cerana Fabricius [Apidae; Mel], Apis mellifera L. [Apidae; Mel]}. (11). Gujianggen Geng Fang includes Gujianggen (Gugen) and Donggua. (12). Yan Chi Yin Fang includes salts and Chizhi. Niuru and Lutou were also described in Sheng Ji Zong Lu. In addition, added Oushi {also named as Lianzi, Nelumbo nucifera Gaertn. [Nelumbonaceae; Nelumbinis semen]}, Bohe {Mentha canadensis L. [Lamiaceae; Menthae haplocalycis herba]}, and Chuncai {Brasenia schreberi J.F.Gmel. [Cabombaceae] (Wang et al., 2017)} into Chizhi for soup was used to alleviate irritation, raving, and dizziness in Xiao-Ke patients. The ratio of the original materials has been described in Sheng Ji Zong Lu, most of these Chinese Yao-Shan are made into congee, soup or juice. However, when using theses Yao-Shan for Xiao-Ke, their dosage should be strictly controlled, for example, Fengmi in Ou Mi Jiang Fang, which has high levels of fructose and glucose, may cause hyperglycemia.
Yin Shan Zheng Yao, written by Hu Sihui in the Chinese Yuan Dynasty, described that Luobo Zhou, Yeji Geng (Yeji refers to pheasant), Boge Geng (Boge refers to white pigeon), Liyu Tang {Liyu refers to Cyprinus carpio L. [Cyprinidae]}, Xiaomai Zhou, Damai, Qing-Liang-Mi, Qing-Xiao-Dou, Hui-Hui-Dou {which might refer to the seeds of Cicer arietinum L. [Fabaceae], or Pisum sativum L. [Fabaceae]}, bamboo shoot, watermelon, Lutou, the meat of yellow hen, beef, and the cheese from milk of cow, were the representative Yao-Shan of TCM used for Xiao-Ke. Most of these have been reported in the earlier Yao-Shan literature. The antioxidant-rich extracts from the seeds and sprouts of Cicer arietinum L. [Fabaceae] (250 mg/kg) mitigate starch-induced postprandial glycemic spikes in rats (Tiwari et al., 2013). The chickpea {Cicer arietinum L. [Fabaceae]} has the effect of lowering blood glucose in healthy human volunteers (Panlasigui et al., 1995). Thus, it is recommended for the list of foods for diabetics and hyperlipidemics in the Philippines (Panlasigui et al., 1995).
Ben Cao Yue Yan described about 30 kinds of Chinese Yao-Shan for Xiao-Ke, such as Sumi, Qing-Liang-Mi, Damai, Lüdou, Luobo, bamboo shoots, Tugua, Chixiaodou, the boiled juice (or soup) of Chinese chestnut, the meat of pheasant or yellow hen, the bones of rabbit, Tianluo, Jiaobai {the succulent stem of Zizania latifolia (Griseb.) Turcz. ex Stapf [Gramineae]}, Juruo {the present name is “Moyu”; it may refer to the tuber of “Amorphophallus konjac K.Koch [Araceae]” or “Amorphophallus kiusianus (Makino) Makino [Araceae]” (Jiang, 1974; Cui et al., 1989; Li and Long, 1989; Cui et al., 1994)}, Muer {the sporophore of Auricularia auricula (L.ex Hook.) Underw. [Auriculariaceae]}, Pin {Marsilea quadrifolia L. [Marsileaceae] (Wang, 1985; Yang and Huang, 2017; Liu, 2020)}, Puruo {the rhizome of Typha domingensis Pers. [Typhaceae]}, the root bark of Li {Prunus salicina Lindl. [Rosaceae]}, Fuci [also as “Wuyu” or “Biqi” (Yao et al., 1996; Xu, 2018)], beef, brain and stomach of castrated bull, the meat of white cock, the white parts of excrement from chicken, Che’ao {may refer to Meretrix meretrix L. [Veneridae] (Zhu, 2013)}, and Bang {may refer to “Hyriopsis cumingii Lea [Unionidae]” (Lai and Zhu, 1986) or “Cristaria plicata Leach [Unionidae]” (Shu and Cheng, 2006)}, autumn dew, the cold spring water, and the brine (highly mineralized water). Fourteen Yao-Shan types have been discussed previously, and the antidiabetic effects of Muer (polysaccharides; 100 or 200 mg/kg per day for 5 weeks by oral gavage) and Juruo (soluble glucomannan from konjac, 80 mg/kg per day for 4 weeks by oral gavage) have been confirmed in HFD plus STZ-induced T2MD animal models (Chen et al., 2019; Liu N et al., 2021; Xu et al., 2021; Liu et al., 2022). The neutral polysaccharide fractions (8 g/kg in diet each day for 5 weeks), rather than the acidic polysaccharide fractions, were responsible for the hypoglycemic effects of Muer polysaccharides in genetic T2DM mice (Ay mutation) (Yuan et al., 1998). Importantly, konjac glucomannan (3.6 g/day for 28 days) displays an antidiabetic effect in T2MD patients (Chen et al., 2003).
Ben Cao Gang Mu, written by Li Shizhen in the Chinese Ming Dynasty, is the great materia medica literature in China. It includes 1,892 kinds of TCM. In Volume III, “Xiao-Ke” from the section of Bai Bing Zhu Zhi, contains about 187 kinds of TCM for Xiao-Ke (Lei et al., 2019). Some of these can be directly used as the diet or Yao-Shan, and many of them have already been discussed above. In Volume IX, “Zhou” from the section of Gubu includes 62 kinds of Zhou (Sun and Chen, 2012), such as Xiaomai Zhou used for Xiao Ke; Shuyu Zhou (yam gruel) made by the wheat flour and yam {the Chinese name as Shuyu or Shanyao, Dioscorea polystachya Turcz. [Dioscoreaceae; Dioscoreae rhizoma]} for nourishing kidney essence, strengthening intestines and stomach. Yin Shan Zheng Yao and Zun Sheng Ba Jian (which is written by Gao Lian in the Chinese Ming Dynasty) also recorded a Yao-Shan with the name of “Shanyao Zhou”, which was made by yam, mutton, the polished round-grained rice, and few salt, it has the function of improving Xu-Lao-Gu-Zheng. Now, yam gruel has been acted as a representative TCM diet for treating diabetes (see detail below).
Zhang Xichun (1860–1933) had reported two yam containing Yao-Shan (Yu Ye Tang and Zi Cui Yin) for Xiao-Ke in Yi Xue Zhong Zhong Can Xi Lu, which is an important clinical literature in China at the beginning of the 20th century. Yu Ye Tang is consisted by Shanyao, Huangqi {Astragalus mongholicus Bunge [Fabaceae; Astragali radix], Astragalus membranaceus (Fisch.) Bunge [Fabaceae; Astragali radix]}, Zhimu, Ji-Nei-Jin {Gallus gallus domesticus Brisson [Phasianidae; Galli gigerii endothelium corneum]}, Gegen, Wuweizi {Schisandra chinensis (Turcz.) Baill. [Schisandraceae; Schisandrae chinensis fructus]}, and Tianhuafen. Zi Cui Yin is consisted by Jianqi (it may refer to Huangqi), Dihuang {Rehmannia glutinosa (Gaertn.) DC. [Plantaginaceae; Rehmanniae radix]}, Shanyao, Shanzhuyu {Cornus officinalis Siebold & Zucc. [Cornaceae]}, the pancreas of pig. Zhang was good at using yam in Yao-Shan, such as “Yi Wei Shuyu Yin (a boiled drinking made only by yam)” for “Lao-Zhai-Fa-Re”; “Shuyu Zhou (yam gruel, a gruel made only by yam)” for “yin deficiency and Lao-Re”; “Shuyu Ji-Zi-Huang Zhou (the gruel made by yam and chicken yolk)” for diarrhea; “Shuyu Fuyi Zhou {the gruel made by yam and the mature seeds of Plantago asiatica L. [Plantaginaceae; Plantaginis semen], Plantago depressa Willd. [Plantaginaceae; Plantaginis semen]}” for “yin deficiency and kidney dryness”; and “Shuyu Banxia Zhou, the gruel made by yam and Banxia {Pinellia ternata (Thunb.) Makino [Araceae; Pinelliae rhizoma]}” for vomiting. Many of these are still wildly used today.
Recently, yam gruel (made only by boiled the homogenate of yam into water) has been extensively investigated for its role in improving diabetes. Yam gruel (0.5 g/mL; 15 mL/kg per day for 4 or 6 weeks by oral gavage) has anti-inflammatory, hypoglycemic, and hypolipidemic effects in T2DM rat models induced by high-fat/high-sugar diet plus STZ, and improves the cognitive function of T2DM rats with focal cerebral ischemia-reperfusion (I/R) injury (Chen et al., 2017; Hong et al., 2020; Lin et al., 2020; Luo Z et al., 2021; Hong et al., 2022). Mechanistically, yam gruel inhibits excessive gluconeogenesis in the liver by reducing hepatic phosphoenolpyruvate carboxykinase (PEPCK) and glucose-6-phosphatase (G6Pase) expression (Luo Z et al., 2021) and increases AMPK expression in the pancreas and skeletal muscle (Dai et al., 2021; Lin et al., 2022). Yam gruel also elevates short-chain fatty acids (SCFAs) in stool and the abundance of SCFAs-producing bacteria in single T2DM rats or the T2DM rats with focal cerebral I/R injury (Hong et al., 2020; Lin et al., 2020). SCFAs can promote colonic glucagon-like peptide-1 (GLP-1) and peptide YY (PYY) secretion via activating free fatty acid (FFA) receptor G protein-coupled receptor 43 (GPR43) (Psichas et al., 2015). GLP-1, released from gut enteroendocrine cells, controls meal-related glycemic excursions via augmenting insulin secretion and suppressing glucagon secretion (Drucker, 2018). It also inhibits food intake and gastric emptying, actions maximizing nutrient absorption while limiting weight gain (Drucker, 2018). It is speculated that the enhanced colonic expression of GPR-43 and serum levels of GLP-1 and PYY in T2DM rats by yam gruel may be the results of elevating SCFAs levels (Lin et al., 2020).
The antidiabetic effects of yam was further confirmed in HFD plus STZ-induced diabetic mice by treating with yam aqueous extract (500 or 1000 mg/kg yam aqueous extract per day for 4 weeks by oral gavage) or its active component allantoin (20 or 50 mg/kg per day for 4 weeks by oral gavage) (Ma et al., 2020). Supplement of allantoin by intravenous injection (0.5 mg/kg, 3 times per day for 3 or 5 days) had marked plasma glucose-lowering action and increased insulin sensitivity in STZ-induced diabetic rats; these actions were blocked by specific imidazoline I-2 receptors (I-2R) antagonist, BU224. The activated I-2R enhanced the release of β-endorphin from the adrenal gland and then promoted AMPK phosphorylation and glucose transporter type 4 (GLUT4) expression in the muscle. All these contribute to the glucose-lowering action of allantoin in STZ-induced diabetic rats (Niu et al., 2010; Lin et al., 2012). Go et al. (2015). Hyeon-Kyu Go et al. had compared the antidiabetic activity of crude yam powder, water extract of yam, and allantoin in STZ-induced diabetic rats. They found that the water extract of yam (500 mg/kg per day for 31 days by oral gavage) exerted a stronger antidiabetic effect than allantoin. The other constituents of yam (e.g., polysaccharides, dioscorin, sapogenins, choline, l-arginine, and proteins) may be responsible for the better effect of water extract of yam on diabetic rats (Go et al., 2015). Some of these contents have beneficial effects on diabetes. The Chinese yam-derived polysaccharide has a hypoglycemic effect in HFD and high sugar diet plus STZ-induced diabetic C57BL/6 mice model (200 mg/kg acidic polysaccharide daily for 5-6 weeks by oral gavage) (Feng et al., 2022), in a high-energy diet combined with dexamethasone-induced diabetic mice model (50, 100, or 150 mg/kg per day for 35 days by oral gavage) (Li et al., 2017), in alloxan-induced diabetic rat model (fed rats with nano yam polysaccharide of 50 or 100 mg/ml per day for 12 days), and in HFD-induced hyperlipidemia rat model (fed rats with nano yam polysaccharide of 50 or 100 mg/ml per day for 30 days) (Yu et al., 2020). Interventions of yam dioscorin (80 mg/kg per day by oral gavage) for 135 days reduced weight gains and improved the impaired glucose tolerance in HFD-fed C57BL/6J mice (Wu et al., 2018).
In T2DM patients, yam gruel therapy (the concentration used is 0.5 g/mL made by 150 g yam and 300 mL water, taking yam gruel daily in the morning for 12 weeks) reduces fasting blood glucose and 2-hour postprandial blood glucose with the actions of modulating gut microflora, increasing the serum levels of superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px), while decreasing blood high-sensitivity C-reactive protein (hs-CRP) and serum interleukin-6 (IL-6) levels (Pang et al., 2017a; Pang et al., 2017b; Pang et al., 2017c; He et al., 2022). Moreover, treatment with yam gruel (250 mL per day in the morning, 5 times per weeks for 10 weeks) also decreases blood glucose and improves insulin resistance in female patients with gestational diabetes mellitus, while the pregnancy outcomes have no obvious influence (Zhao et al., 2021). We expect large scale clinical trials to verify the efficacy, dosage, and key molecular mechanisms of yam gruel on diabetes.
YAO-SHAN OF TCM FOR NONALCOHOLIC FATTY LIVER DISEASE
NAFLD is a metabolic disease representing the hepatic manifestation of a systemic metabolic disorder (Tilg and Effenberger, 2020). In the ancient TCM literature, there is no clear record of “NAFLD.” It belongs to different categories such as “liver stuffiness,” “pain in the subcostal region,” and “masses”. The key pathogenesis of NAFLD is generally related to the abnormal free flow of qi by the liver, dysfunction of transportation and transformation by the spleen, and loss/deficiency of the kidney essence. All of these lead to the mutual accumulation of dampness, heat, phlegm, and blood stasis in the liver, thus forming NAFLD. The TCM methods of drying dampness and resolving phlegm, promoting blood circulation and resolving blood stasis, strengthening spleen and promoting digestion, are common strategies used to treat NAFLD.
Shanzha {Crataegus pinnatifida Bunge [Rosaceae; Crataegi fructus], Crataegus pinnatifida var. major N.E.Br. [Rosaceae; Crataegi fructus]} has been commonly used as a traditional medicine in Asia (such as China, Korea, and Japan), and also as an essential Chinese diet (Yao-Shan) (Hussain et al., 2021). Based on the TCM theory, Shanzha can promote digestion and strengthen the spleen, circulate qi and disperse stasis, and transform turbidity and lower lipid. Therefore, Shanzha is a well example Yao-Shan of TCM for alleviating NAFLD. Clinically, long-term high-dose consumption of boiled hawthorn juice can reduce blood lipids in patients with NAFLD (Tao, 2021). The Shanzha extracts, such as vitexin [1, 10, or 20 mg/kg per day for 8 weeks by oral gavage; daily injected 6 mg/kg for 4 weeks; 200 mg/kg Shanzha extract (its key ingredient is vitexin) per day for 8 weeks by oral gavage]; procyanidins (50, 100 or 200 mg/kg per day for 8 weeks by oral gavage); and pectin pentaoligosaccharide (150 mg/kg per day for 10 weeks by oral gavage), have the abilities to attenuate obesity-induced NAFLD in HFD-fed animals partially by increasing the expression and activities of hepatic fatty acid oxidation-related enzymes, activating AMPK and autophagy, and modulating gut microbiota (Li et al., 2013; Inamdar et al., 2019; Hussain et al., 2021; Han X et al., 2022; Jiang et al., 2022). Another component corosolic acid (10 or 20 mg/kg per day for 9 weeks by oral gavage) from Shanzha alleviated carbon tetrachloride (CCl4) plus HFD-induced NASH in mice by inhibiting TGF-β1/Smad2, NF-κB, and AMPK signaling (Liu G et al., 2021). According to the TCM theory, the TCM formula can increase efficiency and reduce toxicity. Therefore, Shanzha has also been used in the TCM formula for treating NAFLD and alcoholic liver disease (ALD). One Yao-Shan (20 or 30 g/kg per day for 10 weeks by oral gavage) included Shanzha, Gegen, Goji Berry, Huangjing {Polygonatum kingianum Collett & Hemsl. [Asparagaceae; Polygonati rhizoma], Polygonatum sibiricum Redouté [Asparagaceae; Polygonati rhizoma], Polygonatum cyrtonema Hua [Asparagaceae; Polygonati rhizoma]} (3 : 4 : 3 : 4) can alleviate insulin resistance and hepatic steatosis in CD-1 mice fed with HFD and high fructose diet (Liu et al., 2014). Shanzha, Gegen, Huangqi, Sangzhi {the twigs of Morus alba L. [Moraceae]}, Zexie {Alisma orientale (Sam.) Juz. [Alismataceae; Alismatis rhizoma], Alisma plantago-aquatica L. [Alismataceae; Alismatis rhizoma]}, and Danshen {Salvia miltiorrhiza Bunge [Lamiaceae; Salviae miltiorrhizae radix et rhizoma]} (2 : 1 : 2 : 2 : 2 : 1) compose another Chinese Yao-Shan, which (0.222, 0.667 or 2.000 g/kg per day for 4 weeks by oral gavage) protects against ALD in rats (Kwon et al., 2005). NAFLD and other metabolic diseases are always related to unhealthy dietary habits, in turn, Yao-Shan of TCM provides a unique and alternative way to solve metabolic problems from the perspective of dietotherapy.
YAO-SHAN OF TCM FOR OTHER METABOLIC DISORDERS
In addition to diabetes and NAFLD, the Chinese have a long history of using Yao-Shan of TCM to treat other metabolic disorders, such as CCVDs, sexual dysfunction, and gout. Here, we show examples of these. Ling Shu · Wu Wei reported that “a patient with heart disease should eat Mai, mutton, apricot, and Xiebai, but avoid the salty food.” Huang Di Shi Jin noted that “a mustang penis is sour, salty, warm and non-toxic, it treats male penile atrophy, oligospermia.” Shi Liao Ben Cao showed that “making the egg white of sparrow eggs, Tianxiong {the root tuber of Aconitum carmichaelii Debeaux [Ranunculaceae]; powder}, and Tusizi {Cuscuta australis R.Br. [Convolvulaceae; Cuscutae semen], Cuscuta chinensis Lam. [Convolvulaceae; Cuscutae semen]; powder} as pills, take 5 pills with wine on an empty stomach, these can treat male sexual impotence, female leucorrhea, defecation adverse.” The Chinese had accumulated a lot of Yao-Shan of TCM for sexual health in ancient times. However, how they worked remains a mystery. Yao-Shan of TCM has also emerged as essential means for hyperuricemia and gout, e.g., the juice from fruit of Mei {Prunus mume (Siebold) Siebold & Zucc. [Rosaceae]} (500 mg/kg per day for 4 weeks by oral gavage) promotes uric acid excretion via modulating the expression of renal and intestinal urate transporters in mice with adenine-induced chronic kidney disease (Huang et al., 2022c). Based on the TCM theory, we should consider TCM diets such as nourishing yin and clearing heat for hyperuricemia and/or gout patients. However, if we do not consider the levels of purine in original materials of Yao-Shan, it obviously does not conform to modern medical theories and treatment principles. Therefore, the arrangement of Yao-Shan should not only consider the TCM theory, but also consider the characteristics of nutrients of these raw materials and even the whole Yao-Shan of TCM after cooking.
PERSPECTIVE
When discussing metabolic diseases, patients are always advised to control their diet. On the contrary, Yao-Shan of TCM will tell patients what they can eat (Figure 1). After being processed, many raw materials of the Chinese Yao-Shan have been used as drugs in TCM prescriptions. Here, their roles are drugs, not food. Under the guidance of TCM theory and cooking techniques, these raw materials can be made into food or drink, which have the characteristics of dual use of medicine and food. Here, their roles are not only effective to prevent and treat human diseases, however, most importantly, most of them are also delicious and palatable dishes. Therefore, they have always been favored by people, especially those with metabolic disorders.
The Chinese Yao-Shan (dietotherapy), an old discipline created by the Chinese, is an important part of TCM. It is indisputable that the Yao-Shan of TCM has a huge impact on human mental and physical health, not limited to CMDs. In the United States and elsewhere, governments, non-profit organizations, and companies have also pledged huge funds to investigate Food As Medicine (2023). However, there are fundamental differences in the logical construction between Yao-Shan of TCM and Western dietetics: the former is based on the idea of yin and yang and nature–human interaction and has a holistic view, while the latter regards the life characteristics of the human body as the process of chemical reaction, and the problems can be corrected and changed by chemical methods. Hence, prescribing a Chinese Yao-Shan is more complicated than prescribing a pill. The development of Yao-Shan of TCM should be guided by both the TCM theory and the cooking theory. If it is separated from the guidance of these theories, this ancient discipline will lose its source of vitality. Moreover, our lifestyles (concerning, e.g., the gut and vagina microbiome) are much different from those of ancient times. Therefore, the effects and mechanisms of this classic dietotherapy of TCM should be further confirmed in clinic and animal models.
AUTHOR CONTRIBUTIONS
YZ contributed to the conception and design of this study, and HY discussed the significance of Yao-Shan of TCM. SY wrote the first edition of this manuscript, which was further reviewed and edited by YZ. All authors contributed to the article and approved the submitted version.
FUNDING
This work was supported by Traditional Chinese Medicine (TCM) Project from TCM Bureau of Guangdong Province (Grant no. 20231103 and 20241081), Natural Science Foundation of Guangdong Province (Grant no. 2023A1515012828), Innovation and Entrepreneurship Education Course in Guangzhou Xinhua University (Grant no. 2018JP09), Characteristic Key Discipline Construction of Guangdong Province (Grant no. F22MJ01XK), Key Discipline Construction Project for TCM in Guangdong Province (Grant no. 20220104), and Construction Project of Inheritance Studio of National Famous and Old TCM Experts (Grant no. 140000020132).
ACKNOWLEDGMENTS
We apologize to all authors whose invaluable work could not be discussed or cited in this review due to space constraints. We should thank all the reviewers’ constructive suggestions in our previous submission. We should thank Luyao Xu (Research Centre of Basic Integrative Medicine, School of Basic Medical Sciences, Guangzhou University of Chinese Medicine, Guangzhou, Guangdong, China) for the technical preparation of Figure 1.
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.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2023.1194026/full#supplementary-material
REFERENCES
 Adhikary, M., Mukhopadhyay, K., and Sarkar, B. (2021). Flavonoid-rich wheatgrass (Triticum aestivum L) diet attenuates diabetes by modulating antioxidant genes in streptozotocin-induced diabetic rats. J. Food Biochem. 45 (4), e13643. doi:10.1111/jfbc.13643
 Angulo, J., and Hannan, J. L. (2022). Cardiometabolic diseases and female sexual dysfunction: animal studies. J. Sex. Med. 19 (3), 408–420. doi:10.1016/j.jsxm.2021.12.009
 Atkinson, M. A., Eisenbarth, G. S., and Michels, A. W. (2014). Type 1 diabetes. Lancet 383 (9911), 69–82. doi:10.1016/s0140-6736(13)60591-7
 Barré, T., Nishimwe, M. L., Protopopescu, C., Marcellin, F., Carrat, F., Dorival, C., et al. (2020). Cannabis use is associated with a lower risk of diabetes in chronic hepatitis C-infected patients (ANRS CO22 Hepather cohort). J. Viral Hepat. 27 (12), 1473–1483. doi:10.1111/jvh.13380
 Cai, J., Zhang, X. J., Ji, Y. X., Zhang, P., She, Z. G., and Li, H. (2020). Nonalcoholic fatty liver disease pandemic fuels the upsurge in cardiovascular diseases. Circ. Res. 126 (5), 679–704. doi:10.1161/circresaha.119.316337
 Chatterjee, S., Khunti, K., and Davies, M. J. (2017). Type 2 diabetes. Lancet 389 (10085), 2239–2251. doi:10.1016/s0140-6736(17)30058-2
 Chen, C., Xiong, M., and Li, S. (2002). Research progress on pathogenesis of Xiao-Ke (diabetes) (消渴病(糖尿病)的病机研究进展). J. Basic Chin. Med. 08 (10), 72–74. 
 Chen, H., Guo, J., Pang, B., Zhao, L., and Tong, X. (2015). Application of herbal medicines with bitter flavor and cold property on treating diabetes mellitus. Evid. Based Complement. Altern. Med. 2015, 529491. doi:10.1155/2015/529491
 Chen, H. L., Sheu, W. H., Tai, T. S., Liaw, Y. P., and Chen, Y. C. (2003). Konjac supplement alleviated hypercholesterolemia and hyperglycemia in type 2 diabetic subjects--a randomized double-blind trial. J. Am. Coll. Nutr. 22 (1), 36–42. doi:10.1080/07315724.2003.10719273
 Chen, H., Nie, Q., Hu, J., Huang, X., Zhang, K., Pan, S., et al. (2019). Hypoglycemic and hypolipidemic effects of glucomannan extracted from konjac on type 2 diabetic rats. J. Agric. Food Chem. 67 (18), 5278–5288. doi:10.1021/acs.jafc.9b01192
 Chen, M., Huang, S., Pang, S., Huang, X., and Chen, X. (2017). Effect of yam gruel on blood glucose and lipid in type 2 diabetes rats (薯蓣粥对2型糖尿病大鼠血糖、血脂影响的研究). Fujian J. Traditional Chin. Med. 48 (05), 34–35. doi:10.13260/j.cnki.jfjtcm.011490
 Chen, X. W., Ding, G., Xu, L., and Li, P. (2021). A glimpse at the metabolic research in China. Cell Metab. 33 (11), 2122–2125. doi:10.1016/j.cmet.2021.09.014
 Chen, Y., Ouyang, Y., Chen, X., Chen, R., Ruan, Q., Farag, M. A., et al. (2022). Hypoglycaemic and anti-ageing activities of green alga Ulva lactuca polysaccharide via gut microbiota in ageing-associated diabetic mice. Int. J. Biol. Macromol. 212, 97–110. doi:10.1016/j.ijbiomac.2022.05.109
 Chen, Z., Liu, J., Zhou, F., Li, H., Zhang, X. J., She, Z. G., et al. (2021). Nonalcoholic fatty liver disease: an emerging driver of cardiac arrhythmia. Circ. Res. 128 (11), 1747–1765. doi:10.1161/circresaha.121.319059
 China Cardiovascular Health and Disease Report Writing Committee (2022). Interpretation of report on cardiovascular health and diseases in China 2021. Chin. J. Cardiovasc. Med. 27 (04), 305–318. doi:10.3969/j.issn.1007-5410.2022.04.001
 Choi, H. K., McCormick, N., and Yokose, C. (2022). Excess comorbidities in gout: the causal paradigm and pleiotropic approaches to care. Nat. Rev. Rheumatol. 18 (2), 97–111. doi:10.1038/s41584-021-00725-9
 Cui, J., Li, C., Qian, C., and Xu, X. (2012). Study on the regulation of reed root polysaccharide on glucose and lipid metabolism in diabetes mice (芦根多糖对糖尿病小鼠糖脂代谢调节作用的研究). Farm Mach. 720 (24), 142–144. doi:10.16167/j.cnki.1000-9868.2012.24.040
 Cui, X., Wang, L., and Li, H. (1994). Textual research on the materia medica of sparse hair konjac (疏毛魔芋的本草考证). J. Chin. Med. Mater. 17 (07), 40–41+56. doi:10.13863/j.issn1001-4454.1994.07.018
 Cui, X., Zhang, J., Li, L., Gao, H., Zhou, Y., and Wang, M. (1989). Analysis of amino acids in three medicinal plants of Amorphophallus (魔芋属三种药用植物中的氨基酸成分分析). China J. Chin. Materia Medica 14 (12), 39–40. 
 Dai, Y., Chen, X., Ding, H., Li, M., Pang, S., and Liu, W. (2021). Effects of Shuyu gruel (薯蓣粥) on the glucose metabolism and islet function of type 2 diabetic model rats. J. Traditional Chin. Med. 62 (18), 1628–1634. doi:10.13288/j.11-2166/r.2021.18.013
 Dehlin, M., Jacobsson, L., and Roddy, E. (2020). Global epidemiology of gout: prevalence, incidence, treatment patterns and risk factors. Nat. Rev. Rheumatol. 16 (7), 380–390. doi:10.1038/s41584-020-0441-1
 Deng, N., Guo, R., Zheng, B., Li, T., and Liu, R. H. (2020). IRS-1/PI3K/Akt pathway and miRNAs are involved in whole grain highland barley (Hordeum vulgare L) ameliorating hyperglycemia of db/db mice. Food Funct. 11 (11), 9535–9546. doi:10.1039/d0fo01990a
 Deng, Z. (2010). TCM dietotherapy for hypertension. J. Tradit. Chin. Med. 30 (3), 235–236. doi:10.1016/s0254-6272(10)60048-9
 Drucker, D. J. (2018). Mechanisms of action and therapeutic application of glucagon-like peptide-1. Cell Metab. 27 (4), 740–756. doi:10.1016/j.cmet.2018.03.001
 Feng, X., Zhang, Q., Li, J., Bie, N., Li, C., Lian, R., et al. (2022). The impact of a novel Chinese yam-derived polysaccharide on blood glucose control in HFD and STZ-induced diabetic C57BL/6 mice. Food Funct. 13 (5), 2681–2692. doi:10.1039/d1fo03830c
 Food as medicine (2023). Food as medicine: translating the evidence. Nat. Med. 29 (4), 753–754. doi:10.1038/s41591-023-02330-7
 Go, H. K., Rahman, M. M., Kim, G. B., Na, C. S., Song, C. H., Kim, J. S., et al. (2015). Antidiabetic effects of yam (Dioscorea batatas) and its active constituent, allantoin, in a rat model of streptozotocin-induced diabetes. Nutrients 7 (10), 8532–8544. doi:10.3390/nu7105411
 Han, B., Zhang, L., Hou, Y., Zhong, J., Hettinga, K., and Zhou, P. (2022). Phosphoproteomics reveals that camel and goat milk improve glucose homeostasis in HDF/STZ-induced diabetic rats through activation of hepatic AMPK and GSK3-GYS axis. Food Res. Int. 157, 111254. doi:10.1016/j.foodres.2022.111254
 Han, X., Zhao, W., Zhou, Q., Chen, H., Yuan, J., Xiaofu, Z., et al. (2022). Procyanidins from hawthorn (Crataegus pinnatifida) alleviate lipid metabolism disorder via inhibiting insulin resistance and oxidative stress, normalizing the gut microbiota structure and intestinal barrier, and further suppressing hepatic inflammation and lipid accumulation. Food Funct. 13 (14), 7901–7917. doi:10.1039/d2fo00836j
 He, J., Pang, S., Cai, X., Guo, S., Chen, S., Pan, R., et al. (2022). Effect of dioscorea porridge on intestinal probiotics and inflammatory factors in elderly patients with type 2 diabetes. Chin. Nurs. Res. 36 (17), 3014–3022. 
 Hong, X., Pang, S., Ge, L., Dai, Y., Lin, X., Li, X., et al. (2022). Effect of yam gruel on intestinal permeability of type 2 diabetic rats. Sci. Technol. Food Industry 43 (04), 379–386. doi:10.13386/j.issn1002-0306.2021060096
 Hong, X., Pang, S., Luo, Z., Zhou, J., Chen, F., Dai, Y., et al. (2020). Effect of Dioscorea opposita Thunb. porridge on glycolipid metabolism in rats with diabetes and stroke: an analysis based on gut microbiota-short-chain fatty acids. Hunan J. Traditional Chin. Med. 36 (11), 179–183. doi:10.16808/j.cnki.issn1003-7705.2020.11.068
 Huang, T. H., Ke, C. H., Chen, C. C., Chuang, C. H., Liao, K. W., Shiao, Y. H., et al. (2022a). The effects of freshwater clam (Corbicula fluminea) extract on serum tumor necrosis factor-alpha (TNF-α) in prediabetic patients in taiwan. Mar. Drugs 20 (4), 261. doi:10.3390/md20040261
 Huang, T. H., Liu, P. Y., Lin, Y. L., and Tsai, J. S. (2022b). Hypoglycemic peptide-enriched hydrolysates of Corbicula fluminea and Chlorella sorokiniana possess synergistic hypoglycemic activity through inhibiting α-glucosidase and dipeptidyl peptidase-4 activity. J. Sci. Food Agric. 102 (2), 716–723. doi:10.1002/jsfa.11402
 Huang, Y., Wu, C. X., Guo, L., Zhang, X. X., and Xia, D. Z. (2022c). Effects of polysaccharides-riched Prunus mume fruit juice concentrate on uric acid excretion and gut microbiota in mice with adenine-induced chronic kidney disease. Curr. Res. Food Sci. 5, 2135–2145. doi:10.1016/j.crfs.2022.10.028
 Hussain, A., Cho, J. S., Kim, J. S., and Lee, Y. I. (2021). Protective effects of polyphenol enriched complex plants extract on metabolic dysfunctions associated with obesity and related nonalcoholic fatty liver diseases in high fat diet-induced C57bl/6 mice. Molecules 26 (2), 302. doi:10.3390/molecules26020302
 Inamdar, S., Joshi, A., Malik, S., Boppana, R., and Ghaskadbi, S. (2019). Vitexin alleviates non-alcoholic fatty liver disease by activating AMPK in high fat diet fed mice. Biochem. Biophys. Res. Commun. 519 (1), 106–112. doi:10.1016/j.bbrc.2019.08.139
 Jani, D. K., and Goswami, S. (2020). Antidiabetic activity of Cassia angustifolia Vahl. and Raphanus sativus Linn. leaf extracts. J. Tradit. Complement. Med. 10 (2), 124–131. doi:10.1016/j.jtcme.2019.03.002
 Jardon, K. M., Canfora, E. E., Goossens, G. H., and Blaak, E. E. (2022). Dietary macronutrients and the gut microbiome: a precision nutrition approach to improve cardiometabolic health. Gut 71 (6), 1214–1226. doi:10.1136/gutjnl-2020-323715
 Jiang, N., Zhang, S., Zhu, J., Shang, J., and Gao, X. (2015). Hypoglycemic, hypolipidemic and antioxidant effects of peptides from red deer antlers in streptozotocin-induced diabetic mice. Tohoku J. Exp. Med. 236 (1), 71–79. doi:10.1620/tjem.236.71
 Jiang, W. (1974). 50 Cases of scrofulous skin tuberculosis cured with Juruo ointment (蒟蒻膏治愈50例瘰疬性皮肤结核). J. New Med. 05 (04), 199. 
 Jiang, Y., Gong, Q., Gong, Y., Zhuo, C., Huang, J., and Tang, Q. (2022). Vitexin attenuates non-alcoholic fatty liver disease lipid accumulation in high fat-diet fed mice by activating autophagy and reducing endoplasmic reticulum stress in liver. Biol. Pharm. Bull. 45 (3), 260–267. doi:10.1248/bpb.b21-00716
 Ke, C., Narayan, K. M. V., Chan, J. C. N., Jha, P., and Shah, B. R. (2022). Pathophysiology, phenotypes and management of type 2 diabetes mellitus in Indian and Chinese populations. Nat. Rev. Endocrinol. 18 (7), 413–432. doi:10.1038/s41574-022-00669-4
 Kwon, H. J., Kim, Y. Y., and Choung, S. Y. (2005). Amelioration effects of traditional Chinese medicine on alcohol-induced fatty liver. World J. Gastroenterol. 11 (35), 5512–5516. doi:10.3748/wjg.v11.i35.5512
 Lai, F., and Zhu, G. (1986). Discussion on the processing method of nacre (mother of pearl) (中药珍珠母炮制方法的探讨). China J. Chin. Materia Medica 11 (08), 22–23. 
 Łaniewski, P., Ilhan, Z. E., and Herbst-Kralovetz, M. M. (2020). The microbiome and gynaecological cancer development, prevention and therapy. Nat. Rev. Urol. 17 (4), 232–250. doi:10.1038/s41585-020-0286-z
 Lazarus, J. V., Mark, H. E., Anstee, Q. M., Arab, J. P., Batterham, R. L., Castera, L., et al. (2022). Advancing the global public health agenda for NAFLD: a consensus statement. Nat. Rev. Gastroenterol. Hepatol. 19 (1), 60–78. doi:10.1038/s41575-021-00523-4
 Lei, B., Fang, F., and Chen, J. (2019). Analysis and application of traditional Chinese medicine for treating diabetes in compendium of materia medica. Chin. Archives Traditional Chin. Med. 37 (10), 2541–2543. doi:10.13193/j.issn.1673-7717.2019.10.059
 Li, H., and Long, C. (1989). A verification on Kongjac. Nat. Prod. Res. Dev. 02, 87–92. doi:10.16333/j.1001-6880.1989.02.014
 Li, H. W., Zhang, Y. Z., Liu, Z. H., and Jia, S. K. (2010). TCM dietotherapy for gout. J. Tradit. Chin. Med. 30 (1), 64–65. doi:10.1016/s0254-6272(10)60016-7
 Li, Q., Li, W., Gao, Q., and Zou, Y. (2017). Hypoglycemic effect of Chinese yam (Dioscorea opposita rhizoma) polysaccharide in different structure and molecular weight. J. Food Sci. 82 (10), 2487–2494. doi:10.1111/1750-3841.13919
 Li, T. P., Zhu, R. G., Dong, Y. P., Liu, Y. H., Li, S. H., and Chen, G. (2013). Effects of pectin pentaoligosaccharide from Hawthorn (Crataegus pinnatifida Bunge. var. Major) on the activity and mRNA levels of enzymes involved in fatty acid oxidation in the liver of mice fed a high-fat diet. J. Agric. Food Chem. 61 (31), 7599–7605. doi:10.1021/jf400283w
 Li, W., Liu, J., Cai, J., Zhang, X. J., Zhang, P., She, Z. G., et al. (2022). NAFLD as a continuous driver in the whole spectrum of vascular disease. J. Mol. Cell Cardiol. 163, 118–132. doi:10.1016/j.yjmcc.2021.10.007
 Li, X., Cui, X., Sun, X., Li, X., Zhu, Q., and Li, W. (2010). Mangiferin prevents diabetic nephropathy progression in streptozotocin-induced diabetic rats. Phytother. Res. 24 (6), 893–899. doi:10.1002/ptr.3045
 Lin, K. C., Yeh, L. R., Chen, L. J., Wen, Y. J., Cheng, K. C., and Cheng, J. T. (2012). Plasma glucose-lowering action of allantoin is induced by activation of imidazoline I-2 receptors in streptozotocin-induced diabetic rats. Horm. Metab. Res. 44 (1), 41–46. doi:10.1055/s-0031-1295439
 Lin, X.-j., Zhou, J., Pang, S.-q., Luo, Z.-t., Chen, F., and Hong, X.-p. (2022). Effects of Yam Gruel on AMPK signaling pathway and LC3-Ⅱ/p62 of autophagy in pancreas of type 2 diabetes mellitus rats. China J. Traditional Chin. Med. Pharm. 37 (03), 1326–1330. 
 Lin, X., Luo, Z., Pang, S., Wang, C. C., Ge, L., Dai, Y., et al. (2020). The effects of yam gruel on lowering fasted blood glucose in T2DM rats. Open Life Sci. 15 (1), 763–773. doi:10.1515/biol-2020-0096
 Liu, G., Cui, Z., Gao, X., Liu, H., Wang, L., Gong, J., et al. (2021). Corosolic acid ameliorates non-alcoholic steatohepatitis induced by high-fat diet and carbon tetrachloride by regulating TGF-β1/Smad2, NF-κB, and AMPK signaling pathways. Phytother. Res. 35 (9), 5214–5226. doi:10.1002/ptr.7195
 Liu, J., Zhang, H., Ji, B., Cai, S., Wang, R., Zhou, F., et al. (2014). A diet formula of Puerariae radix, Lycium barbarum, Crataegus pinnatifida, and Polygonati rhizoma alleviates insulin resistance and hepatic steatosis in CD-1 mice and HepG2 cells. Food Funct. 5 (5), 1038–1049. doi:10.1039/c3fo60524h
 Liu, N., Chen, M., Song, J., Zhao, Y., Gong, P., and Chen, X. (2022). Effects of Auricularia auricula polysaccharides on gut microbiota composition in type 2 diabetic mice. Molecules 27 (18), 6061. doi:10.3390/molecules27186061
 Liu, N., Chen, X., Song, J., Chen, M., Gong, P., Jia, W., et al. (2021). Hypoglycemic effects of Auricularia auricula polysaccharides on high fat diet and streptozotocin-induced diabetic mice using metabolomics analysis. Food Funct. 12 (20), 9994–10007. doi:10.1039/d1fo02022f
 Liu, W., Sun, H., Zhou, Y., Li, Y., Qin, Y., Li, R., et al. (2019). Goat milk consumption ameliorates abnormalities in glucose metabolism and enhances hepatic and skeletal muscle AMP-activated protein Kinase activation in rats fed with high-fat diets. Mol. Nutr. Food Res. 63 (24), e1900703. doi:10.1002/mnfr.201900703
 Liu, W., Zhou, Y., Sun, H., Li, R., Qin, Y., Yu, L., et al. (2021). Goat milk improves glucose homeostasis via enhancement of hepatic and skeletal muscle AMP-activated protein Kinase activation and modulation of gut microbiota in streptozocin-induced diabetic rats. Mol. Nutr. Food Res. 65 (6), e2000888. doi:10.1002/mnfr.202000888
 Liu, Y. (2020). Tianzi Cao (田字草). Chin. J. Ethnomedicine Ethnopharmacy 29 (02), 119. 
 Lo, H. Y., Li, T. C., Yang, T. Y., Li, C. C., Chiang, J. H., Hsiang, C. Y., et al. (2017). Hypoglycemic effects of Trichosanthes kirilowii and its protein constituent in diabetic mice: the involvement of insulin receptor pathway. BMC Complement. Altern. Med. 17 (1), 53. doi:10.1186/s12906-017-1578-6
 Loomba, R., Friedman, S. L., and Shulman, G. I. (2021). Mechanisms and disease consequences of nonalcoholic fatty liver disease. Cell 184 (10), 2537–2564. doi:10.1016/j.cell.2021.04.015
 Luo, D., Dong, X., Huang, J., Huang, C., Fang, G., and Huang, Y. (2021). Pueraria lobata root polysaccharide alleviates glucose and lipid metabolic dysfunction in diabetic db/db mice. Pharm. Biol. 59 (1), 382–390. doi:10.1080/13880209.2021.1898648
 Luo, Z., Pang, S., Zhou, J., Chen, F., Hong, X., Chen, J., et al. (2021). Effects of yam gruel on hepatic gluconeogenesis of type 2 diabetic rats. J. Hunan Univ. Chin. Med. 41 (01), 46–52. doi:10.3969/j.issn.1674-070X.2021.01.009
 Lv, R. (2006). Staging of xiao-ke (diabetes) (消渴病(糖尿病)的分期). Chin. Med. Mod. Distance Educ. China 4 (02), 18–19. 
 Ma, G., and Wang, B. (2016). The vicissitudes of cluster mallow cultivation in China. Agric. Hist. China 35 (01), 18–28. 
 Ma, J., Meng, X., Liu, Y., Yin, C., Zhang, T., Wang, P., et al. (2020). Effects of a rhizome aqueous extract of Dioscorea batatas and its bioactive compound, allantoin in high fat diet and streptozotocin-induced diabetic mice and the regulation of liver, pancreas and skeletal muscle dysfunction. J. Ethnopharmacol. 259, 112926. doi:10.1016/j.jep.2020.112926
 Masci, A., Carradori, S., Casadei, M. A., Paolicelli, P., Petralito, S., Ragno, R., et al. (2018). Lycium barbarum polysaccharides: extraction, purification, structural characterisation and evidence about hypoglycaemic and hypolipidaemic effects. A review. Food Chem. 254, 377–389. doi:10.1016/j.foodchem.2018.01.176
 Matsuoka, T., Tsuchida, A., Yamaji, A., Kurosawa, C., Shinohara, M., Takayama, I., et al. (2020). Consumption of a meal containing refined barley flour bread is associated with a lower postprandial blood glucose concentration after a second meal compared with one containing refined wheat flour bread in healthy Japanese: a randomized control trial. Nutrition 72, 110637. doi:10.1016/j.nut.2019.110637
 Minaiyan, M., Ghannadi, A., Movahedian, A., and Hakim-Elahi, I. (2014). Effect of Hordeum vulgare L. (Barley) on blood glucose levels of normal and STZ-induced diabetic rats. Res. Pharm. Sci. 9 (3), 173–178.
 Morgan, S. L., and Singh, J. A. (2021). How do dietary interventions affect serum urate and gout?Nat. Rev. Rheumatol. 17 (4), 191–192. doi:10.1038/s41584-021-00576-4
 Nappi, R. E., Chedraui, P., Lambrinoudaki, I., and Simoncini, T. (2022). Menopause: a cardiometabolic transition. Lancet Diabetes Endocrinol. 10 (6), 442–456. doi:10.1016/s2213-8587(22)00076-6
 Newgard, C. B. (2017). Metabolomics and metabolic diseases: where do we stand?Cell Metab. 25 (1), 43–56. doi:10.1016/j.cmet.2016.09.018
 Niu, C. S., Chen, W., Wu, H. T., Cheng, K. C., Wen, Y. J., Lin, K. C., et al. (2010). Decrease of plasma glucose by allantoin, an active principle of yam (Dioscorea spp), in streptozotocin-induced diabetic rats. J. Agric. Food Chem. 58 (22), 12031–12035. doi:10.1021/jf103234d
 Osborn, L. J., Claesen, J., and Brown, J. M. (2021). Microbial flavonoid metabolism: a cardiometabolic disease perspective. Annu. Rev. Nutr. 41, 433–454. doi:10.1146/annurev-nutr-120420-030424
 Pang, B., Zhou, Q., Zhao, T. Y., He, L. S., Guo, J., Chen, H. D., et al. (2015). Innovative thoughts on treating diabetes from the perspective of traditional Chinese medicine. Evid. Based Complement. Altern. Med. 2015, 905432. doi:10.1155/2015/905432
 Pang, S., Li, W., Lin, J., Lu, Z., Wang, B., Liu, L., et al. (2017a). Influence of Dioscorea opposita porridge on blood glucose and blood lipid in patients with type 2 diabetes mellitus. Chin. Nurs. Res. 31 (16), 1941–1946. 
 Pang, S., Liu, L., Lin, X., Huang, Y., Xin, H., Li, W., et al. (2017b). Effect of yam gruel on serum SOD and GSH px in elderly patients with type 2 diabetes (薯蓣粥对老年2型糖尿病患者血清SOD、GSH-Px的影响). Chin. J. Gerontology 37 (13), 3192–3195. 
 Pang, S., Xin, H., Liu, L., Li, W., Li, L., and Liang, S. (2017c). Effect of yam gruel on bifidobacterium in the gut of patients with type 2 diabetes. Chin. J. Pract. Intern. Med. 37 (03), 247–250. doi:10.19538/j.nk2017030115
 Panlasigui, L. N., Panlilio, L. M., and Madrid, J. C. (1995). Glycaemic response in normal subjects to five different legumes commonly used in the Philippines. Int. J. Food Sci. Nutr. 46 (2), 155–160. doi:10.3109/09637489509012544
 Psichas, A., Sleeth, M. L., Murphy, K. G., Brooks, L., Bewick, G. A., Hanyaloglu, A. C., et al. (2015). The short chain fatty acid propionate stimulates GLP-1 and PYY secretion via free fatty acid receptor 2 in rodents. Int. J. Obes. (Lond) 39 (3), 424–429. doi:10.1038/ijo.2014.153
 Roberts, L. D., and Gerszten, R. E. (2013). Toward new biomarkers of cardiometabolic diseases. Cell Metab. 18 (1), 43–50. doi:10.1016/j.cmet.2013.05.009
 Roth, G. A., Mensah, G. A., Johnson, C. O., Addolorato, G., Ammirati, E., Baddour, L. M., et al. (2020). Global burden of cardiovascular diseases and risk factors, 1990-2019: update from the GBD 2019 study. J. Am. Coll. Cardiol. 76 (25), 2982–3021. doi:10.1016/j.jacc.2020.11.010
 Sahla, B., Manel, G., Giulia, G., and Olfa, H. (2021). Polysaccharides from the green alga Ulva lactuca improve antioxidant balance and bone mineral density in diabetic rats. Biomed. Environ. Sci. 34 (8), 637–640. doi:10.3967/bes2021.088
 Samuel, V. T., and Shulman, G. I. (2018). Nonalcoholic fatty liver disease as a nexus of metabolic and hepatic diseases. Cell Metab. 27 (1), 22–41. doi:10.1016/j.cmet.2017.08.002
 Shen, B. (1993). Textual research on the materia medica of yuzhizi, Wanggua, and yanfuzi (预知子、王瓜及燕覆子的本草考证). Lishizhen Med. Materia Medica Res. 04 (04), 7–9. 
 Shi, G. P., Bot, I., and Kovanen, P. T. (2015). Mast cells in human and experimental cardiometabolic diseases. Nat. Rev. Cardiol. 12 (11), 643–658. doi:10.1038/nrcardio.2015.117
 Shu, F., and Cheng, B. (2006). Scanning electron microscopic observation on the mantle of Cristaria plicata (褶纹冠蚌外套膜的扫描电镜观察). J. Liaocheng Univ. Sci. Ed. 19 (04), 43–45. 
 Shukla, S., Chatterji, S., Mehta, S., Rai, P. K., Singh, R. K., Yadav, D. K., et al. (2011). Antidiabetic effect of Raphanus sativus root juice. Pharm. Biol. 49 (1), 32–37. doi:10.3109/13880209.2010.493178
 Sims, E. K., Carr, A. L. J., Oram, R. A., DiMeglio, L. A., and Evans-Molina, C. (2021). 100 years of insulin: celebrating the past, present and future of diabetes therapy. Nat. Med. 27 (7), 1154–1164. doi:10.1038/s41591-021-01418-2
 Singh, D., Lawrence, K., Singh, S., Ercisli, S., and Choudhary, R. (2022). In-vivo hyperglycemic, antioxidant, histopathological changes, and simultaneous measurement of kaempferol verified by high-performance thin layer chromatography of Setaria italica in streptozotocin -induced diabetic rats. Saudi J. Biol. Sci. 29 (5), 3772–3790. doi:10.1016/j.sjbs.2022.03.009
 Sireesha, Y., Kasetti, R. B., Nabi, S. A., Swapna, S., and Apparao, C. (2011). Antihyperglycemic and hypolipidemic activities of Setaria italica seeds in STZ diabetic rats. Pathophysiology 18 (2), 159–164. doi:10.1016/j.pathophys.2010.08.003
 Smith, B. W., and Adams, L. A. (2011). Nonalcoholic fatty liver disease and diabetes mellitus: pathogenesis and treatment. Nat. Rev. Endocrinol. 7 (8), 456–465. doi:10.1038/nrendo.2011.72
 Song, B., Cheng, Y., Xin, X., Jiang, J., and Zhang, M. (2014). Effects of ehanol extract of rhizoma phragmitis on liver glycogen content and glycogen synthetase in diabetic mice. Tianjin Med. J. 42 (01), 65–67. doi:10.3969/j.issn.0253-9896.2014.01.020
 Sun, L., Li, X., Li, G., Dai, B., and Tan, W. (2017). Actinidia chinensis Planch. Improves the indices of antioxidant and anti-inflammation status of type 2 diabetes mellitus by activating Keap1 and Nrf2 via the upregulation of MicroRNA-424. Oxid. Med. Cell Longev. 2017, 7038789. doi:10.1155/2017/7038789
 Sun, Q., Liao, Y., Lin, Y., Zhang, C., Zhang, Y., and Zhang, Y. (2013). Textual research on Wuyu, arrowhead and water chestnut. World Chin. Med. 8 (01), 81–84. doi:10.3969/j.issn.1673-7202.2013.01.033
 Sun, X., and Chen, Y. (2012). A brief analysis of congee cultivation and congee therapy in Li shizhen's compendium of materia medica (李时珍《本草纲目》粥养粥疗浅析). New Chin. Med. 44 (01), 109–110. doi:10.13457/j.cnki.jncm.2012.01.038
 Tao, Z. (2021). Pharmacologic analysis of long-term high dose single herb hawthorn on blood lipids in patients with nonalcoholic fatty liver disease caused by high fat diet. Guangming J. Chin. Med. 36 (12), 1991–1993. doi:10.3969/j.issn.1003-8914.2021.12.028
 Tilg, H., and Effenberger, M. (2020). From NAFLD to MAFLD: when pathophysiology succeeds. Nat. Rev. Gastroenterol. Hepatol. 17 (7), 387–388. doi:10.1038/s41575-020-0316-6
 Tiwari, A. K., Sahana, C., Zehra, A., Madhusudana, K., Kumar, D. A., and Agawane, S. B. (2013). Mitigation of starch-induced postprandial glycemic spikes in rats by antioxidants-rich extract of Cicer arietinum Linn. seeds and sprouts. J. Pharm. Bioallied Sci. 5 (4), 270–276. doi:10.4103/0975-7406.120077
 Tong, X. L., Dong, L., Chen, L., and Zhen, Z. (2012). Treatment of diabetes using traditional Chinese medicine: past, present and future. Am. J. Chin. Med. 40 (5), 877–886. doi:10.1142/S0192415X12500656
 Tong, X. (2016). Review on the understanding and research progress of diabetes in traditional Chinese medicine (糖尿病中医认识及研究进展述评). Beijing J. Traditional Chin. Med. 35 (06), 509–512. doi:10.16025/j.1674-1307.2016.06.002
 Verma, A., and Jaiswal, S. (2015). Bottle gourd (Lagenaria siceraria) juice poisoning. World J. Emerg. Med. 6 (4), 308–309. doi:10.5847/wjem.j.1920-8642.2015.04.011
 Wang, C., Yao, J., Ju, L., Wen, X., and Shu, L. (2020). Puerarin ameliorates hyperglycemia in HFD diabetic mice by promoting β-cell neogenesis via GLP-1R signaling activation. Phytomedicine 70, 153222. doi:10.1016/j.phymed.2020.153222
 Wang, H., and Cheng, S. (1999). Origin and development of xiao-ke disease names (消渴病病名源流). J. Basic Chin. Med. 05 (05), 52–53. 
 Wang, J. (1985). Ping, Ping/Pin, and Ping should not be mixed (苹、蘋、萍不宜混用). Life World 05, 41. 
 Wang, J. X. (1987). Classics on dietotherapy. J. Tradit. Chin. Med. 7 (3), 233–234.
 Wang, R., Zhou, S., Qin, Y., and Liu, X. (2017). Textual research on the materia medica of Chuncai (莼菜的本草考证). J. Chin. Med. Mater. 40 (02), 488–491. doi:10.13863/j.issn1001-4454.2017.02.053
 Wang, W., Zhang, J., Yang, X., and Huang, F. (2019). Hypoglycemic activity of CPU2206: a novel peptide from sika (Cervus nippon Temminck) antler. J. Food Biochem. 43 (12), e13063. doi:10.1111/jfbc.13063
 Wang, Y. Y., Zhu, J., Ma, H., Ding, Z. C., Li, L., and Yan, J. K. (2019). Antidiabetic activity of a polysaccharide-protein complex from Asian Clam (Corbicula fluminea) in streptozotoxin-induced diabetic rats and its underlying mechanism. Food Funct. 10 (9), 5574–5586. doi:10.1039/c9fo01341e
 Warshauer, J. T., Bluestone, J. A., and Anderson, M. S. (2020). New Frontiers in the treatment of type 1 diabetes. Cell Metab. 31 (1), 46–61. doi:10.1016/j.cmet.2019.11.017
 Wei, W. (1964). Preliminary research on Kuicai (葵菜的初步考证). Acta Hortic. Sin. 03 (02), 159–164. 
 Wong, K. H., Li, G. Q., Li, K. M., Razmovski-Naumovski, V., and Chan, K. (2011). Kudzu root: traditional uses and potential medicinal benefits in diabetes and cardiovascular diseases. J. Ethnopharmacol. 134 (3), 584–607. doi:10.1016/j.jep.2011.02.001
 Wu, G. C., Lin, S. Y., Liang, H. J., and Hou, W. C. (2018). 135-Day interventions of yam dioscorin and the dipeptide asn-trp (NW) to reduce weight gains and improve impaired glucose tolerances in high-fat diet-induced C57bl/6 mice. J. Agric. Food Chem. 66 (3), 645–652. doi:10.1021/acs.jafc.7b05564
 Wu, Y. (2002). Discussion on the treatment of xiao-ke from the spleen perspective (消渴病从脾论治探讨). J. Traditional Chin. Med. 43 (06), 410–411. doi:10.13288/j.11-2166/r.2002.06.003
 Xie, Z. (1994). Textual research on the materia medica of songcai (菘菜的本草考证). J. Chin. Med. Mater. 17 (02), 42–43. doi:10.13863/j.issn1001-4454.1994.02.023
 Xiong, Q., Zhu, L., Zhang, F., Li, H., Wu, J., Liang, J., et al. (2019). Protective activities of polysaccharides from Cipangopaludina chinensis against high-fat-diet-induced atherosclerosis via regulating gut microbiota in ApoE-deficient mice. Food Funct. 10 (10), 6644–6654. doi:10.1039/c9fo01530b
 Xu, N., Zhou, Y., Lu, X., and Chang, Y. (2021). Auricularia auricula-judae (Bull) polysaccharides improve type 2 diabetes in HFD/STZ-induced mice by regulating the AKT/AMPK signaling pathways and the gut microbiota. J. Food Sci. 86 (12), 5479–5494. doi:10.1111/1750-3841.15963
 Xu, Y. (2018). The diachronic evolution and regional distribution of the name "Biqi" (“荸荠”名称的历时演变和地域分布). Cent. China Humanit. 10 (04), 150–159. 
 Xu, Z., Jiang, J., and Zhang, M. (2012). Intervention effects of Rhizoma Phragmitis ethanol extract on trace elements in diabetic mice. Jilin Med. J. 33 (01), 8–9. 
 Yang, S., and Huang, Z. (2017). Textual research and analysis of ping, ping, ping, ping/pin, and pin (苹、萍、蓱、蘋、薲考证及辨析). Chin. Med. Cult. 12 (05), 61–64. doi:10.16307/j.1673-6281.2017.05.013
 Yang, T., Zhou, W., Xu, W., Ran, L., Yan, Y., Lu, L., et al. (2022). Modulation of gut microbiota and hypoglycemic/hypolipidemic activity of flavonoids from the fruits of Lycium barbarum on high-fat diet/streptozotocin-induced type 2 diabetic mice. Food Funct. 13 (21), 11169–11184. doi:10.1039/d2fo01268e
 Yao, Z., Liu, N., and Ge, F. (1996). Textual research on the Wuyu in the compendium of materia medica (《本草纲目》中乌芋的考证). Lishizhen Med. Materia Medica Res. 07 (01), 1–2. 
 Yen, F. L., Wu, T. H., Lin, L. T., Cham, T. M., and Lin, C. C. (2008). Concordance between antioxidant activities and flavonol contents in different extracts and fractions of Cuscuta chinensis. Food Chem. 108 (2), 455–462. doi:10.1016/j.foodchem.2007.10.077
 Yin, P., Zhao, S., Chen, S., Liu, J., Shi, L., Wang, X., et al. (2011). Hypoglycemic and hypolipidemic effects of polyphenols from burs of Castanea mollissima Blume. Molecules 16 (11), 9764–9774. doi:10.3390/molecules16119764
 Younossi, Z., Tacke, F., Arrese, M., Chander Sharma, B., Mostafa, I., Bugianesi, E., et al. (2019). Global perspectives on nonalcoholic fatty liver disease and nonalcoholic steatohepatitis. Hepatology 69 (6), 2672–2682. doi:10.1002/hep.30251
 Yu, L., Zhang, J., Jiao, J., Su, J., Sun, W. T., Guo, Y., et al. (2020). Effect of nano yam polysaccharide on the blood glucose and blood lipid in rats. Pak J. Pharm. Sci. 33 (1), 481–487.
 Yuan, Z., He, P., and Takeuchi, H. (1998). Ameliorating effects of water-soluble polysaccharides from woody ear (Auricularia auricula-judae Quel) in genetically diabetic KK-Ay mice. J. Nutr. Sci. Vitaminol. (Tokyo) 44 (6), 829–840. doi:10.3177/jnsv.44.829
 Zhang, J., Liu, W., Bi, M., Xu, J., Yang, H., and Zhang, Y. (2022). Noble gases therapy in cardiocerebrovascular diseases: the novel stars?Front. Cardiovasc Med. 9, 802783. doi:10.3389/fcvm.2022.802783
 Zhang, L., She, Z. G., Li, H., and Zhang, X. J. (2020). Non-alcoholic fatty liver disease: a metabolic burden promoting atherosclerosis. Clin. Sci. (Lond) 134 (13), 1775–1799. doi:10.1042/cs20200446
 Zhang, M., Jiang, J., Cai, Y., Pu, L., and Jin, Z. (2011). Intervention effect of ethanol extract of the Rhizoma phragmitis on oxidative stress of liver mitochondrial in mice with diabetes mellitus. J. Med. Sci. Yanbian Univ. 34 (04), 270–272. doi:10.16068/j.1000-1824.2011.04.010
 Zhang, S. (1994). A study on the materia medica of Wanggua and yugua (王瓜和玉瓜的本草考辨). J. Chin. Med. Mater. 03, 43–44+56. doi:10.13863/j.issn1001-4454.1994.03.021
 Zhang, Y., Huang, Z., and Li, H. (2017a). Insights into innate immune signalling in controlling cardiac remodelling. Cardiovasc Res. 113 (13), 1538–1550. doi:10.1093/cvr/cvx130
 Zhang, Y., and Li, H. (2017). Reprogramming interferon regulatory factor signaling in cardiometabolic diseases. Physiol. (Bethesda) 32 (3), 210–223. doi:10.1152/physiol.00038.2016
 Zhang, Y., Liu, H., Xu, J., Zheng, S., and Zhou, L. (2021). Hydrogen gas: a novel type of antioxidant in modulating sexual organs homeostasis. Oxid. Med. Cell Longev. 2021, 8844346. doi:10.1155/2021/8844346
 Zhang, Y., Zhang, X. J., and Li, H. (2017b). Targeting interferon regulatory factor for cardiometabolic diseases: opportunities and challenges. Curr. Drug Targets 18 (15), 1754–1778. doi:10.2174/1389450116666150804110412
 Zhang, Y., Zhang, X. J., Wang, P. X., Zhang, P., and Li, H. (2017c). Reprogramming innate immune signaling in cardiometabolic disease. Hypertension 69 (5), 747–760. doi:10.1161/hypertensionaha.116.08192
 Zhang, Y., Zhou, G., Chen, Z., Guan, W., Zhang, J., Bi, M., et al. (2020). Si-Wu-Tang alleviates nonalcoholic fatty liver disease via blocking TLR4-JNK and caspase-8-GSDMD signaling pathways. Evid. Based Complement. Altern. Med. 2020, 8786424. doi:10.1155/2020/8786424
 Zhao, B., Ge, L., Kong, Y., Lai, Y., Liu, Y., Huang, P., et al. (2021). Effect of yam gruel on blood glucose control and insulin resistance in patients with gestational diabetes mellitus. Rehabil. Med. 31 (06), 448–454. doi:10.3724/SP.J.1329.2021.06002
 Zhao, Y. C., Zhao, G. J., Chen, Z., She, Z. G., Cai, J., and Li, H. (2020). Nonalcoholic fatty liver disease: an emerging driver of hypertension. Hypertension 75 (2), 275–284. doi:10.1161/hypertensionaha.119.13419
 Zheng, Y., Ley, S. H., and Hu, F. B. (2018). Global aetiology and epidemiology of type 2 diabetes mellitus and its complications. Nat. Rev. Endocrinol. 14 (2), 88–98. doi:10.1038/nrendo.2017.151
 Zheng, Y., Wang, Q., Huang, J., Fang, D., Zhuang, W., Luo, X., et al. (2019). Hypoglycemic effect of dietary fibers from bamboo shoot shell: an in vitro and in vivo study. Food Chem. Toxicol. 127, 120–126. doi:10.1016/j.fct.2019.03.008
 Zheng, Y., Zhang, S., Wang, Q., Lu, X., Lin, L., Tian, Y., et al. (2016). Characterization and hypoglycemic activity of a β-pyran polysaccharides from bamboo shoot (Leleba oldhami Nakal) shells. Carbohydr. Polym. 144, 438–446. doi:10.1016/j.carbpol.2016.02.073
 Zheng, Z., Jiang, J., Fang, X., and Zhang, M. (2017). Effects of reed root on the expression of MCP-1 and TGF- β in kidney tissue of STZ-induced diabetes mice (芦根对STZ诱导的糖尿病小鼠肾组织MCP-1与TGF-β1表达的影响). Lishizhen Med. Materia Medica Res. 28 (08), 1850–1852. doi:10.3969/j.issn.1008-0805.2017.08.019
 Zhou, F., Zhou, J., Wang, W., Zhang, X. J., Ji, Y. X., Zhang, P., et al. (2019). Unexpected rapid increase in the burden of NAFLD in China from 2008 to 2018: a systematic review and meta-analysis. Hepatology 70 (4), 1119–1133. doi:10.1002/hep.30702
 Zhou, J., Bai, L., Zhang, X. J., Li, H., and Cai, J. (2021). Nonalcoholic fatty liver disease and cardiac remodeling risk: pathophysiological mechanisms and clinical implications. Hepatology 74 (5), 2839–2847. doi:10.1002/hep.32072
 Zhou, J., Zhou, F., Wang, W., Zhang, X. J., Ji, Y. X., Zhang, P., et al. (2020). Epidemiological features of NAFLD from 1999 to 2018 in China. Hepatology 71 (5), 1851–1864. doi:10.1002/hep.31150
 Zhu, P. (2013). A study on the seafood shellfish "clam" recorded in "Ji haicuo" (《记海错》所载海产贝类“蛤”的研究). Hist. Rec. Heilongjiang 312 (23), 124–125. 
 Zhu, Y., Zhao, Q., and Jiang, Y. (2022). Lycium barbarum polysaccharides attenuates high glucose-induced diabetic retinal angiogenesis by rescuing the expression of miR-15a-5p in RF/6A cells. J. Ethnopharmacol. 283, 114652. doi:10.1016/j.jep.2021.114652
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 © 2023 Yang, Yang and Zhang. 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/xhtml/nav.xhtml
Contents

		Cover

		Yao-Shan of traditional Chinese medicine: an old story for metabolic health		Introduction

		The medicated diet in traditional Chinese medicine

		Yao-Shan of TCM for Xiao-Ke (and/or diabetes)

		Yao-Shan of TCM for nonalcoholic fatty liver disease

		Yao-Shan of TCM for other metabolic disorders

		Perspective

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		Supplementary material

		References









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






OPS/images/fphar-14-1194026-g001.gif









OPS/images/crossmark.jpg
©

|





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





