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Background: Chronic kidney disease (CKD) is a leading cause of morbidity and mortality. Mitochondrial dysfunction has been implicated as a key factor in the development of CKD. According to traditional Chinese medicine (TCM) theory, many Chinese Yang/Qi-invigorating botanical drugs/herbal formulations have been shown to produce promising outcomes in the clinical management of CKD. Experimental studies have indicated that the health-promoting action of Yang/Qi invigoration in TCM is related to the up-regulation of mitochondrial energy generation and antioxidant status.
Objective: In this review, we aim to test whether Chinese Yang/Qi-invigorating tonic botanical drugs/herbal formulations can provide medical benefits in CKD and its complications. And we also explore the possible involvement of mitochondrial-associated signaling pathway underlying the beneficial effects of Yang/Qi invigoration in TCM.
Methods: A systematic search of “PubMed”, “China National Knowledge Infrastructure (CNKI)” and “Google Scholar” was carried out to collect all the available articles in English or Chinese related to Chinese Yang/Qi-invigorating tonic botanical drugs/herbal formulations and their effects on mitochondrial function and chronic kidney disease.
Result and Discussion: The relationship between the progression of CKD and mitochondrial function is discussed. The effects of Chinese Yang/Qi-invigorating tonic botanical drugs/herbal formulations and their active ingredients, including phytosterols/triterpenes, flavonoids, and dibenzocyclooctadiene lignans, on CKD and related alterations in mitochondrial signaling pathways are also presented in this review. In the future, exploration of the possible beneficial effects and clinical studies of more Yang- and Qi-invigorating botanical drugs/herbal formulations in the prevention and/or/treatment of CKD and the molecular mechanisms relating to the enhancement of mitochondrial functions warrants further investigation.
Conclusion: Given the critical role of mitochondrial function in safeguarding renal functional integrity, the enhancement of mitochondrial energy metabolism and antioxidant status in kidney tissue is likely involved in renal protection. Future studies on the biochemical and chemical basis underlying the effects of Chinese Yang/Qi-invigorating tonic botanical drugs/herbal formulations from a mitochondrial perspective will hopefully provide novel insights into the rational development of new drugs for the prevention and/or treatment of CKD.
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INTRODUCTION
Chronic kidney disease (CKD) is a global health problem, which poses a great threat to a growing number of people worldwide. A systematic analysis of CKD showed that its global prevalence is 9.1%, with 1.2 million deaths having resulted from CKD and its complications in 2017. (Theo and Boris, 2017). CKD is a long-term clinical condition characterized by impaired renal structure and function, as well as a reduction in glomerular filtration rate. Although the etiology of CKD is complex, mitochondrial dysfunction has been widely accepted as a major contributing factor in its pathogenesis (Takemura et al., 2020). Mitochondrial dysfunction results in defective mitochondrial oxidative phosphorylation, a reduction in ATP production, and an increase in mitochondrial DNA damage, all of which contribute to the progression of the disease. A growing body of experimental and clinical evidence has demonstrated that mitochondria-targeted therapeutic agents may offer a promising approach to the alleviation of CKD-related disease (Galvan et al., 2017).
Traditional Chinese medicine (TCM) has long been used as an integral part of mainstream medicine for the treatment of CKD in China. Based on TCM theory, the pathogenesis of CKD is complex, in that CKD is considered to be the consequence of an assault from both internal and external “evils” (i.e., pathogenic factors), which further leads to the imbalance of Yin and Yang function in the body (Gobe and Shen, 2015). According to clinical observations in patients suffering from CKD, the most common syndrome or disease pattern in TCM is “Kidney-Yang” deficiency (Wang et al., 2016). In this regard, in the practice of TCM, many Chinese Yang/Qi-invigorating tonic botanical drugs/herbal formulations have been shown to ameliorate the symptoms of CKD. The exploration of these Yang/Qi tonic botanical drugs as the source of new agents for the treatment of CKD has recently attracted the increasing attention of many researchers (Zhong et al., 2013). For instance, You-Gui Pill, a typical Yang/Qi-tonic formulation, possesses the kidney yang-tonifying effects according to the TCM theory. It has been clinically used as the basic formula for the treatment of patients with Kidney-Yang Deficiency syndrome for hundreds of years in China. A clinical study in China showed that treatment of You-Gui Pill can significantly lower serum creatinine levels, reduce proteinuria and improve glomerular filtration in CKD patients with yang-deficiency syndrome (Liu et al., 2016). However, the biochemical and molecular mechanisms underlying the possible therapeutic effects of Yang/Qi-invigorating tonic botanical drugs on CKD remain largely unknown. Results obtained from experimental studies indicate that the health-promoting effect of Yang/Qi-invigoration in TCM is closely related to the up-regulation of mitochondrial function and antioxidant status. In this article, we provide an overview of the potential effects of Chinese Yang/Qi-invigorating tonic botanical drugs on ameliorating CKD and its complications, with particular emphasis on the possible mechanism(s) involving mitochondria-associated signaling pathways.
METHODOLOGY
A systemic search of “PubMed”, “CNKI”, and “Google Scholar” was conducted to collect all available articles in English or Chinese that are related to the Chinese Yang/Qi-invigorating tonic botanical drugs/herbal formulations applied in the treatment of CKD, and their effects on mitochondrial function. The queries “[mitochondria (Title/Abstract)] AND [chronic kidney disease (Title/Abstract)]” were used in “Google Scholar” and “PubMed” to search for implications of mitochondrial dysfunction in CKD. To search for articles reporting the use of Chinese Yang/Qi-invigorating botanical drugs in treating CKD, the designation “Yang OR Qi OR Chinese OR botanical drug(s)”, “chronic kidney disease” (the Chinese translation for this query was used when searching in the CNKI) was used in “Google Scholar” and “CNKI”. After reading the titles and abstracts, 82 articles were selected by the reviewers to include in this article. The scientific names of all the botanical drugs were included and checked basing on the principle of scientific nomenclature for plants described in Revera et al.’s review (Rivera et al., 2014). The main mitochondrial regulatory pathways through which the Chinese Yang/Qi-invigorating botanical drugs ameliorate CKD were identified by finding the intersections and connections between the signaling pathways and molecules presented in the articles found during the aforementioned searches.
RESULTS
The Implication of Mitochondrial Dysfunction in Chronic Kidney Disease
Mitochondria are vital organelles involved in the cellular regulation of energy balance and oxidative status in response to environmental stimuli. They generate bioenergy to support various cellular processes through the oxidation of fuel molecules. Furthermore, mitochondria are crucial in regulating cell survival (via ATP production) and death (via the induction of apoptosis) under conditions of stress. The kidney, which contains cells enriched with mitochondria, is an organ with high energy demand. Therefore, the maintenance of mitochondrial function plays a critical role in safeguarding renal functional integrity. The implication of mitochondrial dysfunction in association with key regulatory factors and signaling pathways involved in the pathogenesis of CKD will be discussed in the context of mitochondrial biogenesis and oxidative capacity, as well as mitochondrial dynamics.
Mitochondrial Biogenesis and Oxidative Capacity
Mitochondria are self-replicating organelles, which contain their genome (mtDNA) and ribosomes. The regulation of mitochondrial content is controlled by cellular signals in response to various environmental stimuli. Disruption in mitochondrial biogenesis is one of the crucial processes contributing to the development of CKD.
Among the various regulatory factors, peroxisome proliferator-activated receptor γ (PPARγ) coactivator 1α (PCG-1α), the master regulator of mitochondrial biogenesis, emerges as an important component involved in the defective mitochondrial biogenesis in CKD (Sharma et al., 2013; Galvan et al., 2017). PCG-1α was found to up-regulate the expression of a large number of genes involved in mitochondrial protein synthesis and DNA replication, which results in increased mitochondrial number (Schreiber et al., 2004). Although PCG-1α is confined to the nucleus (Wu et al., 1999), it is thought to affect the replication and expression of many mitochondrial genes by interacting with a variety of proteins and stimulating downstream signaling pathways. PCG-1α co-activates two nuclear respiratory factors Nrf-1 and Nrf-2, both of which can stimulate the expression of mitochondrial transcription factor A (Tfam) (Virbasius and Scarpulla, 1994). Tfam can be translocated into mitochondria and binds to mitochondrial mtDNA, with the resultant promotion of both replication and transcription of mtDNA (Parisi and Clayton, 1991; Virbasius and Scarpulla, 1994; Wu et al., 1999). Also, PGC-1α is found to interact with estrogen-related receptor α (ERRα), which is also a major contributor to mitochondrial biogenesis (Schreiber et al., 2004).
Consistent with the crucial function of PGC-1α in mitochondrial biogenesis, the down-regulation of PGC-1α levels is prevalent in animal models of CKD and also in patients with CKD. A clinical study in diabetic patients with CKD has shown that PGC-1α levels are significantly decreased in cortical tubulointerstitial samples, which is associated with the reduction of mitochondrial proteins and mtDNA contents, an indirect indication of global suppression of mitochondrial biogenesis (Sharma et al., 2013). Furthermore, the histological features of kidney tissue were improved by the transgenic expression of PGC-1α in renal tubular cells in a mouse model of CKD (Galvan et al., 2017).
The influence of PGC-1α, a key regulator of metabolism, extends beyond mitochondrial biogenesis. Several studies have demonstrated increases in the expression of a wide array of genes related to the electron transport chain and fatty acid oxidation reactions upon the activation of PGC-1α (Wu et al., 1999; Schreiber et al., 2004). Given the marked reduction in PGC-1α levels in CKD, it seems likely that mitochondrial oxidative capacity is impaired in CKD. In support of this, Kang et al. have demonstrated decreased expression of proteins related to fatty acid oxidation, amino acid catabolism, as well as carbohydrate metabolism in kidney samples obtained from patients with CKD, with the reduction in fatty acid oxidation-related enzymes and regulators being the most prominent. The resultant increase in intracellular lipid accumulation leads to lipotoxicity, which can promote the progression of CKD (Kang et al., 2015).
One possible mechanism underlying the role of mitochondrial biogenesis in CKD was proposed by (Weinberg, 2011), wherein biogenesis allowed a fixed amount of oxidative load to be distributed among more mitochondria, thus alleviating the oxidative stress in each mitochondrion, thereby reducing the production of reactive oxygen species (ROS), with resultant protection of renal cells from oxidative injury. However, under certain conditions, such as chronic tubulointerstitial injury with pre-existing loss of the peritubular microvasculature, the unilateral enhancement of mitochondrial biogenesis could exacerbate the existing pathological conditions (Weinberg, 2011). Therefore, a more comprehensive understanding of the balance between mitochondrial biogenesis and relevant pathological processes in CKD would be required for the development of rational therapeutic interventions in CKD.
Mitochondrial Oxidative Stress
In addition to energy generation, the mitochondrion is also the major site of cellular ROS production (Kowaltowski et al., 2009). Mitochondrial oxidative stress has long been implicated in the pathogenesis of CKD (Dounousi et al., 2006; Richter et al., 2015; Duni et al., 2019). Increased generation of ROS and impaired antioxidant status can lead to mitochondrial oxidative stress-induced kidney damage (Halliwell, 1991). Albuminuria and hyperuricemia associated with CKD may be related to enhanced mitochondrial oxidative stress (Che et al., 2014; Duni et al., 2019). For instance, albumin in cultured proximal renal tubular epithelial cells increased the extent of ROS production, which could trigger a signaling pathway leading to glomerular damage (Tang et al., 2003). Transforming growth factor (TGF)-β, a cytokine that is responsible for a wide range of renal cell pathologies, has also been shown to stimulate ROS generation in an NADPH oxidase-dependent manner in pre-glomerular vascular muscle cells (Sharma et al., 2005). Also, an increased level of ROS was detected in peripheral blood mononuclear cells of patients with stage IV-V CKD (Granata et al., 2009), implicating a general increase in oxidative stress in CKD patients.
On the other hand, mitochondrial antioxidant enzymes appeared to be commonly down-regulated in CKD, indicative of a compromised antioxidant capacity. Mitochondria are equipped with intrinsic antioxidant machinery that can scavenge excessive ROS and thus maintain a balanced oxidative status. The suppression of PGC-1α due to a deficit of endothelial nitric oxide synthase can lead to drastic decreases in activities of mitochondrial antioxidant enzymes (Weinberg, 2011). Marked decreases in activities of superoxide dismutase, catalase, and glutathione peroxidase, as well as reduced glutathione (GSH) levels, were also observed in blood samples from patients with chronic renal failure, possibly as a result of defective mitochondrial antioxidant capacity (Vaziri, 2004). The overproduction of ROS can cause a series of adverse effects including mtDNA and nuclear DNA damage, protein oxidation, mitophagy, inflammation, and cell apoptosis (Galvan et al., 2017), all of which can eventually exacerbate the progression of CKD. In this regard, treatment with antioxidants, such as omega-3 polyunsaturated fatty acids, N-acetylcysteine, vitamin E, vitamin C, and allopurinol, have all been demonstrated to produce beneficial effects in patients with renal disease (Vaziri, 2004; Che et al., 2014; Zanetti et al., 2017). Therapeutic interventions aimed at restoring a normal antioxidant status may therefore offer a promising prospect for treating or at least slowing the progression of CKD.
Mitochondrial Dynamics
Mitochondria are dynamic organelles that constantly change their morphology, size, and quantity through fission and fusion in response to cellular signals to meet metabolic demands (Galvan et al., 2017). The balance between fission and fusion is not only crucial for the maintenance of normal mitochondrial morphology and function, but also the regulation of cellular metabolism and cell survival (Youle and Van Der Bliek, 2012). Excessive mitochondrial fission coupled with arrested fusion can result in mitochondrial fragmentation, which causes cell apoptosis and the subsequent development of CKD (Zhan et al., 2013).
Dynamin-related protein 1 (Drp1) is a protein responsible for the fission of the mitochondrial outer membrane. Multiple Drp1 molecules are recruited to the mitochondrial outer membrane by cellular signals, with the formation of a ring-like structure that subsequently severs the membrane during fission (Wai and Langer, 2016). The recruitment of Drp1 is stimulated by Rho-associated coiled coil-containing protein kinase 1 (ROCK1), which has been implicated in promoting albuminuria, mesangial matrix expansion, and podocyte apoptosis in diabetic nephropathy in mice (Wang et al., 2012a). Also, several studies have demonstrated increased mitochondrial fission and fragmentation in renal cells from mice with diabetic nephropathy (Wang et al., 2012b; Zhan et al., 2013; Zhan et al., 2015). Recent findings have shown that excessive mitochondrial fission is closely linked to the intrinsic pathway of cell apoptosis. Drp1 and several other proteins, such as Fis1 and mitochondrial E3 ubiquitin ligase MARCH5, in the mitochondrial fission machinery also appear to enhance the permeabilization of the mitochondrial outer membrane, with a resultant release of cytochrome c from the intermembrane space into the cytosol (Martinou and Youle, 2011). The released cytochrome c interacts with other proteins in the cytosol and activates caspases, resulting in cell apoptosis (Suen et al., 2008). Given the role of dysregulation of mitochondrial dynamics in inducing apoptosis of renal cells, restoration of the balance between mitochondrial fission and fusion may be beneficial in ameliorating CKD.
Chinese Yang/Qi-Invigorating Tonic Botanical Drugs and Mitochondrial Function
Concepts of Yang/Qi-Invigoration in Traditional Chinese Medicine
According to ancient Chinese philosophy, everything in the Universe can be divided into two opposite but complementary aspects of Yin and Yang (Gong and Sucher, 2002; Ji and Yu, 2020). The Yin-Yang theory has been applied to the clinical practice of TCM for the diagnosis and treatment of diseases for thousands of years (Xue and Cheng, 2020). The maintenance of Yin and Yang balance is essential to promote good health in humans. Yin and Yang interaction generates Qi, which acts as the driving force of blood that carries essential nutrients and oxygen through the body (Leong and Ko, 2019). As far as body function is concerned, Qi, which is under the influence of Yang, is described as Yang/Qi in the context of health promotion (Chen et al., 2019).
Yang/Qi plays a dominant role in maintaining the normal functioning of organs in the human body, namely, the Heart, Liver, Spleen, Lung, and Kidney, according to TCM theory (Chang and Liu, 2020; Ma et al., 2020). Among these five visceral organs, the Kidney, whose functions not only include those of the kidneys in modern medicine, is of the utmost importance and is viewed as the root of Qi. Yang/Qi deficiency in the kidney can lead to chronic world-wide health problems, such as CKD, diabetes, and hypertension (Zhang, et al., 2019). The marked depletion of Yang/Qi usually causes cell death, which is consistent with the crucial role of mitochondria in determining the survival and death of the cell. As such, the mitochondrion can be viewed as the functional unit of Qi generation in cells. Yang/Qi-invigorating botanical drugs in TCM are therefore postulated to be capable of improving mitochondrial function.
Yang/Qi-Invigorating Tonic Botanical Drugs Increase Mitochondrial Energy Generation and Antioxidant Capacity
The commonly used Yang-invigorating botanical drugs in China include Dipsacus asper Wall. ex C.B. Clarke (Caprifoliaceae), Cibotium barometz (L) J. Sm (Cibotiaceae), Curculigo orchioides Gaertn (Hypoxidaceae), Epimedium sagittatum (Sieb. et Zucc.) Maxim (Berberidaceae), Cynomorium coccineum subsp. songaricum (Rupr.) J. Léonard (Cynomoriaceae), Cistanche deserticola Y. C. Ma (Orobanchaceae), Morinda officinalis F. C. How (Rubiaceae), and Cuscuta chinensis Lam (Convolvulaceae). Chinese Qi-invigorating tonic botanical drugs, including Panax ginseng C. A. Mey (Araliaceae), Schisandra chinensis (Turcz.) Baill (Schisandraceae), Astragalus mongholicus Bunge (Leguminosae), etc., are also frequently used together with Yang-invigorating botanical drugs in the practice of TCM. Several studies have shown that Yang/Qi-invigorating tonic botanical drugs can enhance mitochondrial ATP generating capacity (ATP-GC) by increasing mitochondrial electron transport in various types of cells and tissues in situ and ex vivo, which thus delineates the biochemical basis of Yang/Qi-invigoration in TCM (Ko et al., 2006; Ko et al., 2006; Li et al., 2015). A recent study has shown that Cistanche deserticola Y. C. Ma (Orobanchaceae) increases mitochondrial ATP-GC in H9c2 cardiomyocytes and rat hearts by enhancing the activities of mitochondrial complex I and complex III, which indicates the possible involvement of an enhancement in oxidative phosphorylation (Ko et al., 2006; Leung and Ko, 2008). Further studies have demonstrated that Yang/Qi-invigorating tonic botanical drugs consistently enhance mitochondrial ATP-GC in H9c2 cardiomyocytes in situ (Leong et al., 2015), in which different mechanisms underlying the stimulation of ATP-GC are observed. The capacity of Yang-invigorating tonic botanical drugs to increase mitochondrial ATP-GC was found to be related to the fluidization of the mitochondrial inner membrane. When the mitochondrial inner membranes are stabilized by cholesterol, the stimulation of ATP-GC by Yang-invigorating tonic botanical drugs was abolished. Another representative Chinese Qi-invigorating tonic formulation, Si-Jun-Zi Decoction, consisting of Panax ginseng C. A. Mey (Araliaceae), Astragalus mongholicus Bunge (Leguminosae), Codonopsis pilosula (Franch) Nannf (Campanulaceae), and Atractylodes macrocephala Koidz (Compositae), was also shown to enhance mitochondrial energy metabolism, as evidenced by increased levels of ATP, total adenylate pool (TAP), and adenylate energy charge (ACE) in skeletal muscle of mice (Li, 2012).
Similarly, extracts of Qi-invigorating tonic botanical drugs, Panax ginseng C. A. Mey (Araliaceae), Panax quinquefolius L (Araliaceae), and Codonopsis pilosula (Franch) Nannf (Campanulaceae), also stimulated mitochondrial ATP-GC in cultured cardiomyocytes, with Panax ginseng C. A. Mey (Araliaceae) being the most potent (Wong and Ko, 2012). The stimulation of ATP-GC by Qi-invigorating tonic botanical drugs was consistently associated with an increase in cellular GSH levels (Leong et al., 2018). GSH, which serves as the first line of defense against mitochondrial oxidative stress in cells, can directly or indirectly scavenge ROS, and reverse oxidative modification of proteins, thereby preserving mitochondrial structure and function. Long-term treatment with a multi-component Yang/Qi invigorating herbal formulation (VI-28), which contains Panax ginseng C. A. Mey (Araliaceae), Cordyceps sinensis (Berk) Sacc (Ophiocordycipitaceae), Salvia miltiorrhiza Bunge (Lamiaceae), Allium tuberosum Rottl. ex Spreng (Amaryllidaceae), Cnidium monnieri (L). Cusson (Apiaceae), Tetradium ruticarpum (A.Juss) T.G.Hartley (Rutaceae) and Kaempferia galanga L (Zingiberaceae), was found to increase the activities of enzymatic antioxidants, such as CuZn-superoxide dismutase (SOD), and levels of non-enzymatic antioxidants, such as GSH and alpha-tocopherol (a-TOC) in rat brain, heart, liver and skeletal muscle tissues in vivo (Leung et al., 2005). A Qi-invigorating formulation, Bu-zhong-yi-qi decoction, was found to reduce apoptosis and necrosis in renal tubular epithelial cells and protect against 5-fluorouracil-induced renal injury in mice, possibly through an increase in mitochondrial antioxidant capacity (Xiong et al., 2016).
Yang/Qi-Invigorating Tonic Botanical Drugs/Herbal Formulations Ameliorate Chronic Kidney Disease
In laboratories, many single Yang/Qi-invigorating botanical drugs have been shown to provide renal protective effects in animals. Red ginseng extract has been reported to protect against gentamicin-induced kidney failure by suppressing ROS production and increasing reduced glutathione levels in rats (Shin et al., 2014). Wang et al. demonstrated that treatment of a Curculigo orchioides Gaertn (Hypoxidaceae) extract reversed decreases in cytochrome P450 3A activity and cytochrome P450 3A4 expression in hydrocortisone-induced kidney-Yang deficiency rat models. (Wang et al., 2012b). Treatment with an Astragalus mongholicus Bunge (Leguminosae) and Panax notoginseng (Burkill) F.H.Chen (Araliaceae) formulation in combination with Bifidobacterium was found to protect kidneys in CKD by decreasing macrophage inflammatory response in the kidney and intestine via inhibiting Mincle signaling (Tan et al., 2020).
In the practice of TCM, a large number of Yang/Qi-invigorating tonic formulations have been shown to alleviate CKD-related symptoms, such as proteinuria, edema, and decreased glomerulus filtration. The potential pharmacological targets relevant to CKD involve a reduction in the extent of proteinuria, serum creatinine levels, urinary albumin/creatinine ratio, and urea nitrogen levels, as well as a decrease in plasma albumin levels in CKD patients. The potential pharmacological targets of Yang/Qi-invigorating tonic formulations in CKD patients are summarized in Table 1.
TABLE 1 | Effects of Yang/Qi-invigorating formulations on the treatment of CKD.
[image: Table 1]Although the therapeutic effects of Chinese Yang/Qi-invigorating tonic botanical drugs/herbal formulations are evident, the underlying biochemical mechanisms remain unclear. A clinical study has shown an association between increased oxidative stress and renal proximal tubular cell injury in CKD patients with proteinuria (Nishi et al., 2013). The decreased mitochondrial respiration was found to be associated with increased serum creatinine levels in rats (Wilson et al., 1984). The global knock-out of PGC1α, a key transcriptional regulator of mitochondrial proteins, enhanced the serum BUN and creatinine levels in mice, indicative of the important role of mitochondrial bioenergetics in the maintenance of renal integrity (Mei and Tam, 2011). Furthermore, mitochondrial dysfunction has been suggested to be involved in mediating albumin-induced renal tubular injury (Zhuang et al., 2015). Severe renal tubular structural damage and tubular cell apoptosis were observed in an albumin-challenged mouse model, which is paralleled by increases in mitochondrial ROS production and mitochondrial cytochrome c release as well as a reduction in mitochondrial DNA copy number. Given the critical role of mitochondrial dysfunction in the progression of CKD, the observation of an enhancement of mitochondrial function and antioxidant status by Chinese Yang/Qi-invigorating tonic botanical drugs/herbal formulations in both cultured cells and animal models of CKD have prompted investigation of the relevant signaling pathways.
Effects of the Active Ingredients From Chinese Yang/Qi-Invigorating Botanical Drugs on Mitochondrial Function and Chronic Kidney Disease
To elucidate mechanisms of action, it is essential to identify the chemical components responsible for the pharmacological action(s) of Chinese Yang/Qi-invigorating tonic botanical drugs. With regard to chemical structures, components can be categorized into different groups, which include phytosterols, triterpenes, flavonoids, alkaloids, dibenzocyclooctadiene lignans, tannins, polysaccharides, and volatile oils (Pan et al., 2011). In the following section, major groups of active components identified in Chinese Yang/Qi-invigorating tonic botanical drugs and their effects on mitochondrial function and CKD will be illustrated.
Phytosterol and Triterpenes
Phytosterols and triterpenes are the major categories of active ingredients isolated from Chinese Yang/Qi-invigorating tonic botanical drugs (Chen et al., 2014b). An ursolic acid-rich fraction isolated from Cynomorium coccineum subsp. songaricum (Rupr.) J. Léonard (Cynomoriaceae; Cynomorii Herba), also a Chinese Yang-invigorating botanical drugs, protected against gentamicin-induced kidney damage in rats, as evidenced by the suppression in plasma creatinine and blood urea nitrogen levels (Chen et al., 2014c). However, β-sitosterol, one of the active constituents derived from Cistanche deserticola Y. C. Ma (Orobanchaceae; Cistanche Herba), was not shown to protect against gentamicin nephrotoxicity in rats, which was likely due to its low bioavailability in kidney tissues (Wong et al., 2014). The underlying mechanism involves the stimulation in mitochondrial ATP generation capacity as well as the enhancement of mitochondrial antioxidant status. Administration of ursolic acid was also found to ameliorate renal fibrosis in adenine-induced CKD in rats (Thakur et al., 2018). Further studies showed that both β-sitosterol and ursolic acid could incorporate into the mitochondrial inner membrane, thereby increasing membrane fluidity, with the subsequent increase in mitochondrial electron transport, as well as ATP generation (Shi et al., 2013; Chen et al., 2014a). During the process of ATP generation, a small amount of mitochondrial ROS is inevitably produced, which can serve as signaling molecules that further activate the AMPK-PGC1α pathway to increase mitochondrial biogenesis (Chen et al., 2017). (Figure 1)
[image: Figure 1]FIGURE 1 | Possible signaling pathways underlying the beneficial effects of representative Chinese Yang/Qi-invigorating herbs and their active ingredients on ameliorating CKD and its complications.
Flavonoids
Flavonoids, another major group of active compounds from Chinese Yang/Qi-invigorating tonic botanical drugs, have also been demonstrated to protect against CKD and its related symptoms. Icariin, a flavonoid isolated from Epimedium sagittatum (Sieb. et Zucc.) Maxim (Berberidaceae; Epimedii Herba), was found to attenuate the progression of CKD and the loss of structural and functional integrity of kidney tissue, as evidenced by reduced serum levels of uric acid, creatinine, and blood urea nitrogen (Huang et al., 2015). Transplantation of icariin-treated human umbilical cord mesenchymal stem cells (huMSCs) was found to reduce the extent of fibrosis, oxidative damage, and inflammatory responses in renal cells in a rat model of chronic kidney failure (Li et al., 2017). A recent study has also demonstrated that oral administration of icariin can attenuate streptozotocin (STZ)-induced type 1 diabetic nephropathy, which is accompanied by a decrease in superoxide anion production and an increase in the expression and activity of antioxidant enzymes in human glomerular mesangial cells. The beneficial effect of icariin in STZ-induced type 1 diabetic nephropathy seems to be causally related to the GPER-mediated p62-dependent Keap1 degradation and Nrf2 activation (Wang et al., 2020). (Figure 1) The active ingredient of Ginseng, ginsenoside-Rd, has been found to protect against renal failure induced by cisplatin administration through a reduction in oxidative stress and an inhibition of DNA fragmentation (Yokozawa and Dong, 2001). In addition, Astragaloside IV, a lanolin alcohol-derived tetracyclic triterpene saponin isolated from Astragalus propinquus Schischkin (Leguminosae), was found to improve renal function and fibrosis by inhibiting miR-21-induced podocyte dedifferentiation and mesangial cell activation in diabetic mice. (Wang et al., 2018).
Dibenzocyclooctadiene Lignans
Schisandra chinensis (Turcz.) Baill (Schisandraceae), a widely used Chinese astringent botanical drug with the capability of invigorating the Qi of the five visceral organs, has been shown to produce therapeutic effects in various renal diseases (Hancke et al., 1999; Panossian and Wikman, 2008). Schisandrin B (Sch B), which is one of the major active components in Schisandra chinensis (Turcz.) Baill (Schisandraceae; Schisandrae Fructus), was found to protect against chemically induced nephrotoxicity through the activation of mitochondrial pathways (Chiu et al., 2008; Lai et al., 2017). A study reported by Chiu et al. showed that long-term Sch B treatment enhanced the antioxidant capacity of renal mitochondria by elevating the level and activity of antioxidant components such as GSH, α-tocopherol (α-TOC), and SOD in rats. Sch B treatment, which can elevate mitochondrial oxidative capacity and maintain mitochondrial structural integrity as well as enhance mitochondrial antioxidant capacity, protected against nephrotoxicity induced by gentamicin (Chiu et al., 2008). In addition, Sch B has also been demonstrated to ameliorate cyclosporine A (CsA)-induced nephrotoxicity in human proximal tubular epithelial cells (HK-2), presumably by suppressing the mitochondrial apoptotic pathway and preventing autophagy through the enhancement of antioxidant capacity (Lai et al., 2017). Early studies have shown that the metabolism of Sch B is mediated by cytochrome P450, with a resultant increase in ROS signaling molecules. The activation of the Nrf-2 pathway may be involved in the protection afforded by Sch B against CKD. (Figure 1).
DISCUSSION
Basing on our findings in this literature review, certain Chinese Yang/Qi-invigorating tonic botanical drugs/herbal formulations have shown beneficial effects on CKD via the mediation of mitochondrial pathways. However, there are also many other Yang/Qi-tonic botanical drugs/herbal formulations possessing the potential effects for the treatment of CKD without demonstrating the involvement of alterations in mitochondrial functions. For example, Eucommia ulmoides Oliv (EU), also known as Du-Zhong, a widely used Chinese Yang-tonic botanical drugs, was found to ameliorate renal damage in diabetic mice by decreasing advanced glycation end-products (AGEs) production and receptor of AGE expression and suppressing oxidative stress (Do et al., 2018). While the authors demonstrated that the biochemical mechanism underlying the beneficial effect of EU in diabetic nephropathy was partially mediated by the activation of the Nrf2 pathway, a more detailed mechanism of action likely involves the enhancement of mitochondrial antioxidant status. Therefore, the possible beneficial effects of more Yang- and Qi-invigorating botanical drugs/herbal formulations in the prevention and/or/treatment of CKD and the molecular mechanisms related to enhancing mitochondrial functions warrant further investigation. In addition, this paper focused mainly on the therapeutic potential of Yang/Qi-invigorating botanical drugs/herbal formulations against CKD through the modulation of mitochondrial functions in animal studies. Future clinical studies on Yang/Qi-invigorating botanical drugs/herbal formulations and effects on mitochondrial functions in CKD patients are warranted.
CONCLUSION
In the practice of TCM, empirical evidence for the benefits of Chinese Yang/Qi-invigorating tonic botanical drugs/herbal formulations in the prevention/treatment of CKD has been demonstrated. Given the critical role of mitochondrial function in safeguarding renal integrity, the enhancement of mitochondrial energy metabolism and antioxidant status in kidney tissue is likely involved in renal protection. As active ingredients of distinct chemical structure exert pharmacological actions through differing signaling pathways, the effects of Chinese Yang/Qi-invigorating tonic botanical drugs/herbal formulations on CKD may result from synergistic interactions of multiple herbal components. Future studies on the biochemical and chemical basis underlying the effects of Chinese Yang/Qi-invigorating tonic botanical drugs/herbal formulations from a mitochondrial perspective will hopefully provide novel insights for the development of new drugs for the prevention and/or treatment of CKD.
AUTHOR CONTRIBUTIONS
Conceptualization, JC; writing-original draft, JT and YH; writing-review and editing, JC, KMK, H-DH, and BTZ.
FUNDING
This work is supported by research grants from Shenzhen Key Laboratory Project (No. ZDSYS20190902093417963), and National Natural Science Foundation of China (Grant No. 81603356).
REFERENCES
 Chang, X., Liu, J. F., Wang, Y. L., and Liu, R. X. (2020). Exploring the Relationship between Lung Yang and Other Viscera and Yang from the Perspective of "the Five Internal Organs. J. Liaoning Univ. Traditional Chin. Med. 22 (12), 168–171. doi:10.13194/j.issn.1673-842x.2020.12.038
 Che, R., Yuan, Y., Huang, S., and Zhang, A. (2014). Mitochondrial Dysfunction in the Pathophysiology of Renal Diseases. Am. J. Physiology-Renal Physiol. 306, F367–F378. doi:10.1152/ajprenal.00571.2013
 Chen, J. H., Wong, H. S., Leong, P. K., Leung, H. Y., Chan, W. M., and Ko, K. M. (2014b). New Insights into the Chemical and Biochemical Basis of the "Yang-Invigorating'' Action of Chinese Yang-Tonic Herbs. Evidence-Based Complement. Altern. Med. 2014, 856273. doi:10.1155/2014/856273
 Chen, J., Wong, H., and Ko, K. (2014a). Ursolic Acid-Enriched Herba Cynomorii Extract Induces Mitochondrial Uncoupling and Glutathione Redox Cycling through Mitochondrial Reactive Oxygen Species Generation: Protection against Menadione Cytotoxicity in H9c2 Cells. Molecules 19, 1576–1591. doi:10.3390/molecules19021576
 Chen, J., Wong, H. S., Leong, P. K., Leung, H. Y., Chan, W. M., and Ko, K. M. (2017). Ursolic Acid Induces Mitochondrial Biogenesis through the Activation of AMPK and PGC-1 in C2C12 Myotubes: a Possible Mechanism Underlying its Beneficial Effect on Exercise Endurance. Food Funct. 8, 2425–2436. doi:10.1039/c7fo00127d 
 Chen, J., Wong, H. S., Leung, H. Y., Leong, P. K., Chan, W. M., Chen, N., et al. (2014c). An Ursolic Acid-Enriched Extract of Cynomorium Songaricum Protects against Carbon Tetrachloride Hepatotoxicity and Gentamicin Nephrotoxicity in Rats Possibly through a Mitochondrial Pathway: A Comparison with Ursolic Acid. J. Funct. Foods 7, 330–341. doi:10.1016/j.jff.2014.01.027
 Chen, M., Zhang, D., Xu, Z. Y., and Zhang, D. M. (2019). The Connotation and Outlet of Qi Theory of Traditional Chinese Medicine. Med. Philos. 40 (21), 79–81. 
 Chen, X. (2013). Clinical Observation on Er-Ban-Tang in the Treatment of Chronic Glomerulonephritis (Insufficiency of Both Qi and Yin Syndrome Heat-Toxicity). Wuhan: Hubei University of Traditional Chinese Medicine. doi:10.1002/14651858.cd008568.pub2
 Chiu, P. Y., Leung, H. Y., and Ko, K. M. (2008). Schisandrin B Enhances Renal Mitochondrial Antioxidant Status, Functional and Structural Integrity, and Protects against Gentamicin-Induced Nephrotoxicity in Rats. Biol. Pharm. Bull. 31, 602–605. doi:10.1248/bpb.31.602 
 Dai, P. J. (2019). Clinical Study of Ginger-Separated Moxibustion Alloy Kui-Shen-Si Decoction on Chronic Glomerulonephritis. Kunming: Yunnan University of Traditional Chinese Medicine.
 Do, M., Hur, J., Choi, J., Kim, M., Kim, M., Kim, Y., et al. (2018). Eucommia Ulmoides Ameliorates Glucotoxicity by Suppressing Advanced Glycation End-Products in Diabetic Mice Kidney. Nutrients 10 (3), 265. doi:10.3390/nu10030265
 Dounousi, E., Papavasiliou, E., Makedou, A., Ioannou, K., Katopodis, K. P., Tselepis, A., et al. (2006). Oxidative Stress Is Progressively Enhanced with Advancing Stages of CKD. Am. J. Kidney Dis. 48, 752–760. doi:10.1053/j.ajkd.2006.08.015
 Duni, A., Liakopoulos, V., Roumeliotis, S., Peschos, D., and Dounousi, E. (2019). Oxidative Stress in the Pathogenesis and Evolution of Chronic Kidney Disease: Untangling Ariadne's Thread. Ijms 20, 3711. doi:10.3390/ijms20153711
 Fan, G. J. (2017). Clinical Observation on Treatment of Chronic Nephritis Proteinuria with Qi and Yin Deficiency Syndrome by Yi-Ban Decoction. Wuhan: Hubei University of Traditional Chinese Medicine.
 Galvan, D. L., Green, N. H., and Danesh, F. R. (2017). The Hallmarks of Mitochondrial Dysfunction in Chronic Kidney Disease. Kidney Int. 92, 1051–1057. doi:10.1016/j.kint.2017.05.034 
 Gobe, G. C., and Shen, K. (2015). Chinese Herbal Medicines and Chronic Kidney Disease: a Positive Outcome in a Large Patient Study in Taiwan. Kidney Int. 88, 1223–1226. doi:10.1038/ki.2015.300 
 Gong, X., and Sucher, N. J. (2002). Stroke Therapy in Traditional Chinese Medicine (TCM): Prospects for Drug Discovery and Development. Phytomedicine 9, 478–484. doi:10.1078/09447110260571760 
 Granata, S., Zaza, G., Simone, S., Villani, G., Latorre, D., Pontrelli, P., et al. (2009). Mitochondrial Dysregulation and Oxidative Stress in Patients with Chronic Kidney Disease. BMC genomics 10, 388. doi:10.1186/1471-2164-10-388 
 Halliwell, B. (1991). Reactive Oxygen Species in Living Systems: Source, Biochemistry, and Role in Human Disease. Am. J. Med. 91, S14–S22. doi:10.1016/0002-9343(91)90279-7
 Hancke, J. L., Burgos, R. A., and Ahumada, F. (1999). Schisandra Chinensis (Turcz.) Baill. Fitoterapia 70, 451–471. doi:10.1016/s0367-326x(99)00102-1
 Huang, Z., He, L., Huang, D., Lei, S., and Gao, J. (2015). Icariin Protects Rats against 5/6 Nephrectomy-Induced Chronic Kidney Failure by Increasing the Number of Renal Stem Cells. BMC Complement. Altern. Med. 15, 378. doi:10.1186/s12906-015-0909-8 
 Ji, W. T., and Yu, Xue. (2020). A Reinterpretation of Yin Yang Theory of TCM Based on Chaos Theory. Liaoning J. Traditional Chin. Med. 47 (10), 1–6. doi:10.13192/j.issn.1000-1719.2020.10.025
 Kang, H. M., Ahn, S. H., Choi, P., Ko, Y.-A., Han, S. H., Chinga, F., et al. (2015). Defective Fatty Acid Oxidation in Renal Tubular Epithelial Cells Has a Key Role in Kidney Fibrosis Development. Nat. Med. 21, 37–46. doi:10.1038/nm.3762 
 Ko, K.-M., Leon, T. Y. Y., Mak, D. H. F., Chiu, P.-Y., Du, Y., and Poon, M. K. T. (2006). A Characteristic Pharmacological Action of 'Yang-Invigorating' Chinese Tonifying Herbs: Enhancement of Myocardial ATP-Generation Capacity. Phytomedicine 13, 636–642. doi:10.1016/j.phymed.2006.02.007 
 Kowaltowski, A. J., De Souza-Pinto, N. C., Castilho, R. F., and Vercesi, A. E. (2009). Mitochondria and Reactive Oxygen Species. Free Radic. Biol. Med. 47, 333–343. doi:10.1016/j.freeradbiomed.2009.05.004 
 Lai, Q., Luo, Z., Wu, C., Lai, S., Wei, H., Li, T., et al. (2017). Attenuation of Cyclosporine A Induced Nephrotoxicity by Schisandrin B through Suppression of Oxidative Stress, Apoptosis and Autophagy. Int. Immunopharmacology 52, 15–23. doi:10.1016/j.intimp.2017.08.019
 Leong, P. K., and Ko, K. M. (2019). Yang/Qi-invigorating Herbs for the Prevention And/or Treatment of Diabetic Complications. Longhua Chin. Med. 2, 4. doi:10.21037/lcm.2019.03.01
 Leong, P. K., Leung, H. Y., Chan, W. M., and Ko, K. M. (2018). Differences in the Mechanisms by Which Yang-Invigorating and Qi-Invigorating Chinese Tonifying Herbs Stimulate Mitochondrial ATP Generation Capacity. Cm 09, 63–74. doi:10.4236/cm.2018.92005
 Leong, P. K., Wong, H. S., Chen, J., and Ko, K. M. (2015). Yang/Qi Invigoration: an Herbal Therapy for Chronic Fatigue Syndrome with Yang Deficiency? Evidence-Based Complementary and Alternative Medicine. eCAM 2015, 945901. doi:10.1155/2015/945901 
 Leung, H. Y., Chiu, P. Y., Poon, M. K. T., and Ko, K. M. (2005). A Yang-Invigorating Chinese Herbal Formula Enhances Mitochondrial Functional Ability and Antioxidant Capacity in Various Tissues of Male and Female Rats. Rejuvenation Res. 8, 238–247. doi:10.1089/rej.2005.8.238 
 Leung, H. Y., and Ko, K. M. (2008). Herba Cistanche Extract Enhances Mitochondrial ATP Generation in Rat Hearts and H9c2 Cells. Pharm. Biol. 46, 418–424. doi:10.1080/13880200802055883
 Li, C. Y. (2018). Analysis on Liu Zhilong Using Jin-Kui-Shen-Qi Wan to Treat Chronic Kidney Disease. China's Naturopathy 26 (09), 111–113. doi:10.19621/j.cnki.11-3555/r.2018.0970
 Li, W., Wang, L., Chu, X., Cui, H., and Bian, Y. (2017). Icariin Combined with Human Umbilical Cord Mesenchymal Stem Cells Significantly Improve the Impaired Kidney Function in Chronic Renal Failure. Mol. Cel. Biochem. 428, 203–212. doi:10.1007/s11010-016-2930-8
 Li, X.-T., Kuang, H.-X., and Zhao, J. F. (2015). Why Is Qi-Invigorating Therapy in Chinese Medicine Suitable for Mitochondrial Diseases? A Bioenergetic Perspective. (London: IntechOpen). doi:10.5772/60675
 Li, X. T. (2012). Investigation on the Mechanism of Qi-Invigoration from a Perspective of Effects of Sijunzi Decoction on Mitochondrial Energy Metabolism. (London: IntechOpen). doi:10.5772/54760
 Liu, X., Chen, J., Liu, X., Wang, D., Zheng, P., Qi, A., et al. (2018). Jian-Pi-Yi-Shen Formula Ameliorates Chronic Kidney Disease: Involvement of Mitochondrial Quality Control Network. BMC Complement. Altern. Med. 18, 340. doi:10.1186/s12906-018-2395-2 
 Liu, Y. J., Yu, H., Yao, W. G., Chi, Y. F., Wang, Y. M., Wang, H., et al. (2016). Clinical Effect of You-Gui Pill on Chronic Kidney Disease Stage 2-3 with Kidney Yang Deficiency. Tianjin J. Traditional Chin. Med. 33 (04), 217–219. 
 Ma, J., Duan, Y. Q., Gong, Z. H., and Bai, M. (2020). An Analysis of the Thought of Pay Attention to Yang Qi in Zhou Shenzhai's Suicide Note and its Application in Pulse Diagnosis. Chin. J. Ethnomedicine Ethnopharmacy 29 (17), 8–10. 
 Martinou, J.-C., and Youle, R. J. (2011). Mitochondria in Apoptosis: Bcl-2 Family Members and Mitochondrial Dynamics. Develop. Cel. 21, 92–101. doi:10.1016/j.devcel.2011.06.017
 Mei, T., and Tam, D. (2011). PGC-1α Promotes Recovery after Acute Kidney Injury during Systemic Inflammation in Mice. J. Clin. Invest. 121 (10), 4003–4014. doi:10.1172/JCI58662
 Nishi, Y., Satoh, M., Nagasu, H., Kadoya, H., Ihoriya, C., Kidokoro, K., et al. (2013). Selective Estrogen Receptor Modulation Attenuates Proteinuria-Induced Renal Tubular Damage by Modulating Mitochondrial Oxidative Status. Kidney Int. 83, 662–673. doi:10.1038/ki.2012.475 
 Pan, S. Y., Chen, S. B., Dong, H. G., Yu, Z. L., Dong, J. C., Long, Z. X., et al. (2011). New Perspectives on Chinese Herbal Medicine (Zhong-yao) Research and Development. Evid. Based Complement. Alternat Med. 2011, 403709. doi:10.1093/ecam/neq056 
 Panossian, A., and Wikman, G. (2008). Pharmacology of Schisandra Chinensis Bail.: an Overview of Russian Research and Uses in Medicine. J. ethnopharmacology 118, 183–212. doi:10.1016/j.jep.2008.04.020
 Parisi, M., and Clayton, D. (1991). Similarity of Human Mitochondrial Transcription Factor 1 to High Mobility Group Proteins. Science 252, 965–969. doi:10.1126/science.2035027 
 Richter, K., Konzack, A., Pihlajaniemi, T., Heljasvaara, R., and Kietzmann, T. (2015). Redox-fibrosis: Impact of TGFβ1 on ROS Generators, Mediators and Functional Consequences. Redox Biol. 6, 344–352. doi:10.1016/j.redox.2015.08.015 
 Rivera, D., Allkin, R., Obón, C., Alcaraz, F., Verpoorte, R., and Heinrich, M. (2014). What Is in a Name? the Need for Accurate Scientific Nomenclature for Plants. J. Ethnopharmacology 152 (3), 393–402. doi:10.1016/j.jep.2013.12.022
 Schreiber, S. N., Emter, R., Hock, M. B., Knutti, D., Cardenas, J., Podvinec, M., et al. (2004). The Estrogen-Related Receptor (ERR ) Functions in PPAR Coactivator 1 (PGC-1 )-induced Mitochondrial Biogenesis. Proc. Natl. Acad. Sci. 101, 6472–6477. doi:10.1073/pnas.0308686101
 Sharma, K., Cook, A., Smith, M., Valancius, C., and Inscho, E. W. (2005). TGF-β Impairs Renal Autoregulation via Generation of ROS. Am. J. Physiology-Renal Physiol. 288, F1069–F1077. doi:10.1152/ajprenal.00345.2004
 Sharma, K., Karl, B., Mathew, A. V., Gangoiti, J. A., Wassel, C. L., Saito, R., et al. (2013). Metabolomics Reveals Signature of Mitochondrial Dysfunction in Diabetic Kidney Disease. Jasn 24, 1901–1912. doi:10.1681/asn.2013020126 
 Shi, C., Wu, F., and Xu, J. (2013). Incorporation of β-sitosterol into Mitochondrial Membrane Enhances Mitochondrial Function by Promoting Inner Mitochondrial Membrane Fluidity. J. Bioenerg. Biomembr 45, 301–305. doi:10.1007/s10863-012-9495-3
 Shin, H.-S., Yu, M., Kim, M., Choi, H. S., and Kang, D.-H. (2014). Renoprotective Effect of Red Ginseng in Gentamicin-Induced Acute Kidney Injury. Lab. Invest. 94, 1147–1160. doi:10.1038/labinvest.2014.101 
 Suen, D.-F., Norris, K. L., and Youle, R. J. (2008). Mitochondrial Dynamics and Apoptosis. Genes Develop. 22, 1577–1590. doi:10.1101/gad.1658508 
 Sun, H. J., and Zhao, G. (2020). Clinical Efficacy Observation of Yu-Shen Recipe and Abelmoschus Manihot on Proteinuria Caused by Chronic Nephritis of Qi-Yin Deficiency and Damp-Heat Syndrome. Shanxi J. Traditional Chin. Med. 36 (04), 11–13. 
 Takemura, K., Nishi, H., and Inagi, R. (2020). Mitochondrial Dysfunction in Kidney Disease and Uremic Sarcopenia. Front. Physiol. 11, 565023. doi:10.3389/fphys.2020.565023 
 Tan, R. Z., Hui, D., and Li, W. (2020). Astragalus Mongholicus Bunge and Panax Notoginseng Formula (A&P) Combined with Bifidobacterium Contribute a Renoprotective Effect in Chronic Kidney Disease through Inhibiting Macrophage Inflammatory Response in Kidney and Intestine. Front. Physiol. 11, 583668. doi:10.3389/fphys.2020.583668 
 Tang, S., Leung, J. C. K., Abe, K., Chan, K. W., Chan, L. Y. Y., Chan, T. M., et al. (2003). Albumin Stimulates Interleukin-8 Expression in Proximal Tubular Epithelial Cells In Vitro and In Vivo. J. Clin. Invest. 111, 515–527. doi:10.1172/jci16079
 Thakur, R., Sharma, A., Lingaraju, M. C., Begum, J., Kumar, D., Mathesh, K., et al. (2018). Ameliorative Effect of Ursolic Acid on Renal Fibrosis in Adenine-Induced Chronic Kidney Disease in Rats. Biomed. Pharmacother. 101, 972–980. doi:10.1016/j.biopha.2018.02.143 
 Theo, V., and Boris, B. (2017). Global, Regional, and National burden of Chronic Kidney Disease, 1990-2017: a Systematic Analysis for the Global Burden of Disease Study 2017. Lancet 395, 709–733. doi:10.1016/S0140-6736(20)30045-3
 Vaziri, N. D. (2004). Roles of Oxidative Stress and Antioxidant Therapy in Chronic Kidney Disease and Hypertension. Curr. Opin. Nephrol. Hypertens. 13, 93–99. doi:10.1097/00041552-200401000-00013 
 Virbasius, J. V., and Scarpulla, R. C. (1994). Activation of the Human Mitochondrial Transcription Factor A Gene by Nuclear Respiratory Factors: a Potential Regulatory Link between Nuclear and Mitochondrial Gene Expression in Organelle Biogenesis. Proc. Natl. Acad. Sci. 91, 1309–1313. doi:10.1073/pnas.91.4.1309 
 Wai, T., and Langer, T. (2016). Mitochondrial Dynamics and Metabolic Regulation. Trends Endocrinol. Metab. 27, 105–117. doi:10.1016/j.tem.2015.12.001 
 Wang, C.-M., Xu, S.-Y., Lai, S., Geng, D., Huang, J.-M., and Huo, X.-Y. (2012a). Curculigo Orchioides (Xian Mao) Modifies the Activity and Protein Expression of CYP3A in normal and Kidney-Yang Deficiency Model Rats. J. Ethnopharmacology 144 (1), 33–38. doi:10.1016/j.jep.2012.08.020
 Wang, K., Zheng, X. L., Pan, Z. Z., Yao, W. H., Gao, X., Wang, X. N., et al. (2020). Icariin Prevents Extracellular Matrix Accumulation and Ameliorates Experimental Diabetic Kidney Disease by Inhibiting Oxidative Stress via GPER Mediated P62-dependent Keap1 Degradation and Nrf2 Activation. Front. Cel Develop. Biol. 8, 559. doi:10.3389/fcell.2020.00559
 Wang, T. H. (2019). Observation on Clinical Effect of Shen-Qi-Wu-Ling-San Together with Western Medicine on Chronic Disease. Med. Dietary Ther. Health 2019 (17), 33–35. 
 Wang, W., Wang, Y., Long, J., Wang, J., Haudek, S. B., Overbeek, P., et al. (2012b). Mitochondrial Fission Triggered by Hyperglycemia Is Mediated by ROCK1 Activation in Podocytes and Endothelial Cells. Cel Metab. 15, 186–200. doi:10.1016/j.cmet.2012.01.009
 Wang, X., Gao, Y., Tian, N., Zou, D., Shi, Y., and Zhang, N. (2018). Astragaloside IV Improves Renal Function and Fibrosis via Inhibition of miR-21-Induced Podocyte Dedifferentiation and Mesangial Cell Activation in Diabetic Mice. Dddt 12, 2431–2442. doi:10.2147/dddt.s170840 
 Wang, X. Q., Zou, X. R., and Zhang, Y. C. (2016). From "Kidneys Govern Bones" to Chronic Kidney Disease, Diabetes Mellitus, and Metabolic Bone Disorder: A Crosstalk between Traditional Chinese Medicine and Modern Science. Evid. Based Complement. Alternat Med. 2016, 4370263. doi:10.1155/2016/4370263 
 Wang, Y. J., and Su, Y. J. (2012). “20 Samples of Jin-Kui-Shen-Qi-Wan to Treat Chronic Kidney Disease,” in Modern Traditional Chinese Medicine . Beijing. doi:10.1002/14651858.cd008000.pub2
 Weinberg, J. M. (2011). Mitochondrial Biogenesis in Kidney Disease: Figure 1. Jasn 22, 431–436. doi:10.1681/asn.2010060643 
 Wilson, D. R., Arnold, P. E., Burke, T. J., and Schrier, R. W. (1984). Mitochondrial Calcium Accumulation and Respiration in Ischemic Acute Renal Failure in the Rat. Kidney Int. 25, 519–526. doi:10.1038/ki.1984.48 
 Wong, H.-S., Chen, J.-H., Leong, P.-K., Leung, H.-Y., Chan, W.-M., and Ko, K.-M. (2014). β-Sitosterol Protects against Carbon Tetrachloride Hepatotoxicity but Not Gentamicin Nephrotoxicity in Rats via the Induction of Mitochondrial Glutathione Redox Cycling. Molecules 19, 17649–17662. doi:10.3390/molecules191117649 
 Wong, H. S., and Ko, K.-M. (2012). “Qi-Invigorating” Chinese Tonic Herbs (Shens) Stimulate Mitochondrial ATP Generation Capacity in H9c2 Cardiomyocytes In Situ and Rat Hearts Ex Vivo. Chin. Med. 3 (2), 101–105. doi:10.4236/cm.2012.32016
 Wu, Q. (2015). Clinical Observation on Er-Ban-Tang in the Treatment of Insufficiency of Both Qi and Yin Syndrome with Heat-Toxicity in Chronic Glomerulonephritis. Wuhan: Hubei University of Traditional Chinese Medicine.
 Wu, Z., Puigserver, P., Andersson, U., Zhang, C., Adelmant, G., Mootha, V., et al. (1999). Mechanisms Controlling Mitochondrial Biogenesis and Respiration through the Thermogenic Coactivator PGC-1. Cell 98, 115–124. doi:10.1016/s0092-8674(00)80611-x 
 Xiong, Y., Shang, B., Xu, S., Zhao, R., Gou, H., and Wang, C. (2016). Protective Effect of Bu-Zhong-Yi-Qi Decoction, the Water Extract of Chinese Traditional Herbal Medicine, on 5-Fluorouracil-Induced Renal Injury in Mice. Ren. Fail. 38, 1240–1248. doi:10.1080/0886022x.2016.1209380 
 Xue, G. W., and Cheng, W. (2020). The Essence of the Theory of Yin-Yang in Traditional Chinese Medicine Is the Relational Epistemology. Med. Philos. 41 (17), 20–22. 
 Yang, X. (2015). Clinical Observation on Bu-Zhong-Yi-Qi-Tang and Danhong Injection in the Treatment of Insufficiency of Both Qi and Yin Syndrome with Heat-Toxicity in Chronic Glomerulonephritis. Guangxi Univ. Traditional Chin. Med. J. 18 (02), 17–18. 
 Yokozawa, T., and Dong, E. (2001). Role of Ginsenoside-Rd in Cisplatin-Induced Renal Injury: Special Reference to DNA Fragmentation. Nephron 89, 433–438. doi:10.1159/000046116 
 Youle, R. J., and Van Der Bliek, A. M. (2012). Mitochondrial Fission, Fusion, and Stress. Science 337, 1062–1065. doi:10.1126/science.1219855 
 Zanetti, M., Gortan Cappellari, G., Barbetta, D., Semolic, A., and Barazzoni, R. (2017). Omega 3 Polyunsaturated Fatty Acids Improve Endothelial Dysfunction in Chronic Renal Failure: Role of eNOS Activation and of Oxidative Stress. Nutrients 9, 895. doi:10.3390/nu9080895
 Zhan, M., Brooks, C., Liu, F., Sun, L., and Dong, Z. (2013). Mitochondrial Dynamics: Regulatory Mechanisms and Emerging Role in Renal Pathophysiology. Kidney Int. 83, 568–581. doi:10.1038/ki.2012.441 
 Zhan, M., Usman, I. M., Sun, L., and Kanwar, Y. S. (2015). Disruption of Renal Tubular Mitochondrial Quality Control by Myo-Inositol Oxygenase in Diabetic Kidney Disease. Jasn 26, 1304–1321. doi:10.1681/asn.2014050457 
 Zhang, J. Y., Hong, C. L., Chen, H. S., Zhou, X. J., Zhang, Y. J., Efferth, T., et al. (2019). Target Identification of Active Constituents of Shen Qi Wan to Treat Kidney Yang Deficiency Using Computational Target Fishing and Network Pharmacology. Front. Pharmacol. 10, 650. doi:10.3389/fphar.2019.00650 
 Zhang, X. M. (2019). Shen-Yan-Yi-Hao Prescription to Treat the Chronic Glomerulonephritis and Qi-Yin Deficiency and Dampness Together with Blood Stasis Syndrome. Shenyang: Liaoning University of Traditional Chinese Medicine.
 Zhong, Y., Deng, Y., Chen, Y., Chuang, P. Y., and Cijiang He, J. (2013). Therapeutic Use of Traditional Chinese Herbal Medications for Chronic Kidney Diseases. Kidney Int. 84, 1108–1118. doi:10.1038/ki.2013.276 
 Zhou, H., Zhan, B. X., and Wang, C. L. (2010). 60 Samples of Shen-Yan-Yi-Hao Prescription to Cure Chronic Kidney Disease. China's Naturopathy 18 (08), 35. doi:10.19621/j.cnki.11-3555/r.2010.08.036
 Zhu, H. J. (2018). Clinical Effects of Si-Jun-Zi Decoction and Six-Ingredient Rehmannia Decoction on Qi-Yin Deficiency Chronic Kidney Disease. Contemp. Med. Symp. 16 (22), 175–176. 
 Zhuang, Y., Yasinta, M., Hu, C., Zhao, M., Ding, G., Bai, M., et al. (2015). Mitochondrial Dysfunction Confers Albumin-Induced NLRP3 Inflammasome Activation and Renal Tubular Injury. Am. J. Physiology-Renal Physiol. 308, F857–F866. doi:10.1152/ajprenal.00203.2014
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 © 2021 Tian, Huang, Wu, Huang, Ko, Zhu and Chen. 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

		The Use of Chinese Yang/Qi-Invigorating Tonic Botanical Drugs/Herbal Formulations in Ameliorating Chronic Kidney Disease by Enhancing Mitochondrial Function		Introduction

		Methodology

		Results		The Implication of Mitochondrial Dysfunction in Chronic Kidney Disease

		Mitochondrial Biogenesis and Oxidative Capacity

		Mitochondrial Oxidative Stress

		Mitochondrial Dynamics

		Chinese Yang/Qi-Invigorating Tonic Botanical Drugs and Mitochondrial Function

		Yang/Qi-Invigorating Tonic Botanical Drugs Increase Mitochondrial Energy Generation and Antioxidant Capacity

		Yang/Qi-Invigorating Tonic Botanical Drugs/Herbal Formulations Ameliorate Chronic Kidney Disease

		Effects of the Active Ingredients From Chinese Yang/Qi-Invigorating Botanical Drugs on Mitochondrial Function and Chronic Kidney Disease





		Discussion

		Conclusion

		Author Contributions

		Funding

		References









OPS/images/cover.jpg
* frontiers
in Pharmacology

The Use of Chinese Yang/Qi-
Invigorating Tonic Botanical
Drugs/Herbal Formulations in
Ameliorating Chronic Kidney
Disease by Enhancing
Mitochondrial Function





OPS/images/fphar-2021-622498-g001.gif





OPS/images/fphar-2021-622498-t001.jpg
Cause of CKD

O deiiency

vang doficency

G eficiency and dampness
together with bood stass
syndrome

Yang deficency

O deiiency

O deiiency

O deficincy and heat
syndromo

O deiioncy

Vang dofisency

Vang dofisency

O deiciency

‘Yang/Qi-invigorating tonic formulations

Yrshen rocipe Astragalus monghoicus Bunge (Loguiminosae)
Atractyodes macroosphat Keidz. (Compostas), Ashmannia
glutinosa (Gaertn) OC. (Plantaginaceas), Apina axphyia Mo,
@ngberacoas), Sotanum americanum Ml (Solanaceas)
Discorea nipponica Meldno (Doscoreaceas), Smiax glabra
"R, (Smiacaceae), Cob acrymaobi var. ma-yen (RomCail)
Stapi (Poacca), Ligustaum kcicm W.T Aton (Oleaceas), Rosa
aovigata Mich. Flosacead), Comus oficnals Sebodand Zuce.
(Comaceae), Prunela wigars L. (Lamiaceas), Scromition
aiffsum Wik R Wang (Rutiacoas), Curcuma phacocauls
Valeton @ngieraceas), Pseucostelara heterophyl (M) Pax
(Caryophylaceas)

‘Shen-Qi-WurLing:san (Polyporus umbelatus (Pers) Fies
(Poyporacea), Alsma plntago-aquatca subsp. orentale
(Sam) Sam. (Aismataceas), Atractyodes macroosphala Koz
(Composias), Poria cocos (Schw) Woll(Polpporaceae).
Ginamomum cassi (L) . Pres (Lauraceas)

Shen-Yan-Yi-Hao formua (Astagais monghofus Bunge
(Leguminasae), Leonuus japonicus Houtt. (Lamiaceze),
'Dooscorea oppositiofa L Dioscoreaceao), Angelca sinensis
(Ofv) Dies (Apaceae), Codonopsis piosua (Franch) Nenat.
(Campandiaceas)

Ginger-separated Moxbusion aloy Guishend decoction
(Retmania gutinosa (Gaertn,) DC. (Plantaginaceae), Doscorea
oppostfola L. Dioscoreaceae), Cormus offcinals Sebold &
2uce. (Comacea), Alsma plantago-aquatica subsp. Orentle
(Sam) Sam, (Aismataceas), Poia cocos (Sehw) Woll
(Poyporaceas), Paconia sufutcosa Anchews (Paconiaceae),
Chnamomum cassa (L) . Pres (Lawraceae) and Acontum
cammichaeii Debeau (Ranunculaceas)

Silun-2 decoction (Poria c0c0s (Schw) WO (Poyparacese).
Codonopsis piosua (Franch) Narn!, (Campanuiacess).
Atractyodes macroosphata Keidz. (Compostas), Ghcymhiza
ursenss Fisch. (Legumonosas) and Six-ngredient Renmania.
‘Gecociion (Aehmannia gltinosa (Gaer) OC. (Pantaginaceae),
Comus offonali Sebad and Zuce. (Comaceas), Doscorea
oppositfola L. Dioscoreaceae), Poria cocos (Schw) Wol
(Poyporaceas), Paconia sufutcosa Anckaws (Paconiaceas),
Alsma plantago-aquatica subsp. orental (Sam) Sam.
(Asmatacese)

ii8an decocton (Scrophuaia ningooensis Homs,
(Scrophulariaceas), Asparagus cochinchinensis (Lour) Mer:
(Asparagaceae), Loonurus jgporicus Hout. (Lamiaceae),
Chrysanthomum mortolum Ramat. (Composiae, Astagates
monghoicus Bunge (Legumingsae) sats tinciora L
(Brassicaceas) Kochia scopara (1) A. . Scolt (maranthacess),
‘Soutelaia barbata D. Don (Lamiaceae), Ghoyiza waensis
Fisch. (Legumonosae), Patrnia scabiosiofa nk (Caprolaceas),
Taraxacum mongalium Hand. Mazz. (Compostae), Panax
cuinauefoius L. (Araaceae)

-8an decoction (Lobefa chinens’s Lour. (Campanuacess),
Lonioera japonica Thun (Caprioiaceae), Forsytha suspensa
(Mo Vani (Olaces), Loonurus aponicus Houtt. (Lamiaceas),
Astragalus monghoicus Bunge (Leguminosae), Scrophukra
ningooenss Hems. (Scrophuiriaceas), Codonapsss pibsus
(Franch) Nann. Campanuacoe), Soutelaria barbata D. Don
(Lamiacese), Ophiopogon japonicus (Thunb) Ker Ga
(Asparagaceae), Kochia scopari (L) A J. Soott
(Amaranthaceas), Patycodon grandifors Jaca) ADC,
(Campandiacea, Gheymhiza uralenss Fisch. (Legumoncsae)

8u:Zhong:Y1-Qi decoction Astragalss monghoicus Bunge
(Loguminosae), Ghcyrhiza uraensis Fisch. (Laguemonosao),
‘Codonopsis plosula (Franch) Nane. Campaniaceas), Angelca
‘sinonsis (Oi) Dics Apiacoae), Atactlodos macrocophala
Koidz (Compostas), Doscorea opposiofalL. Dioscoreaceas),
Poria cocos (Schw) Woll (Poyporaceae), Actaea heraciedola
(Kom) J Compton (Ranuncucede), Bupleurum chinense DC.
(Apiaceae), s retcuata Banco (Rutaceas)

JnKuk-shen-Or-Wn (Rehmannia ghtosa (Gaotn) OC.
(Pantaginaceae), Comus offcinals Sebold and Zuce.
(Comaceae) Doscorea oppostiola L. (Doscoreaceas), Pacoria
suffuticosa Ancrews (Paconiaceas), Poria 00cos (Schw) Woll
(Poyporaceas), Cmamomum cassia () . Pres! (Lauaceas),
Acontum camichaes Debeau (Raruecuiacoae)

YouGui Pl (Aconium camichaeii Debeau (Rarunculaceat),
Conamomum cassia (U J. Pros (Lauaceas), Angelca sinonsis
(O Dis (Apiacese), Lycium barbarum L. (Solanaceae),
~Retmania gutnosa (Gaertn) DC. (Pantaginaceas), Doscorea
oppositola L. Dioscoreaceae), Comus offcinals Sebold and
Zuce. (Comacoas), Cuscuta chinensis Lam. (Convauiaceas),
Eucommia umoides Oiv. Eucommiaceas)

JanPLYi-i formua (Astragalus monghoicus Bunge
(Leguminasae), Atracylodes macrocephala Koz
(Gomposias), Diascorea oppostiofa L. (Dioscoreacoae),
Cstanche desertol Y. C. Ma (Orobanchaceae), Amomum
cavanh Pirre ex Gagnep. Zngiberaceae), Saiva mitiorhiza
Bunge. (Lamiacoas), Aneum paimatum L. (Polygonaceae),
Gheyhiza gabra L. (Loguminosae))

Traditional preparations of the formuations.

Water oxact
To make 300 mi Yu:Shen recipe, boi the foloving dried herbs
proporton shown below) ogether in viater

20 g Astiagaus mongholus Bunge (Loguminosa) roct

15 g Atactodes macrocephala Koidz. (Composiae)

15g Refmania gutinosa (Gasrin) DC. (Planaginaceas)

16 9 Apina oxyphyta M. Zingberacoae) it

159 Solanum americanum il Solanaceae)

15 g Doscorea npponica Makino Dioscoreaceae) root

15 g Smiax glabra Roxb. (Smiacaceae) root

15 gColxlacyma-fbiva. ma-yuen (Rom.Ca) Stapl (Posceae)
sood

15 g Uiustrum lucidm W.T Aton (Oleaceas) st

20 g Rosa laevgata Mch. (Rosaceae)

20 g Comus offciats Sibod & Zuce. (Cormacsas) .

20 Pruneta vugars L. (Lamiacea) fui custer

20 Scleromitrion dfusum (Wi) R.JWang (Rubiaceac)

10 g Curcuma phaeocauls Valeton @Zngiberaceas) oot pre-
oed i ice viregar

12 g Poeudostelaria heterophyla (M) Pax (Caryophylaceae)

Water extact
o make 600 ml SherGi-WorLing:san, simmer the olowing
v herbs (propertion shown bolow) togathar n water

10 g Polyporus umbelatus (Pers) Fries (Polporaceae)

10 Alsma plantago-aqualica subsp, orentle (Sam) Sam.
(Assmataceas) oot

12 g Atractyoes macrocephala Kodz. (Compositas) oot
20 Puria cocos (Scw) Woll Polyporaceas) sorotium

10 Cinnamomum cassia (L) J. Pres (Lauraceas) g

Water oxract
To make 150 ml Shon-Yan-Y+Hao formua, b the folowing
v herbs wih 300 mi water untl 150 m i s et

30 g Astagaus mongholus Bunge (Leguminosae) oot

30 g Leonurus japonicus Houtt. (Lamacea) (sse the porton
above the ground)

12 g Discorea oppositida L. (Dioscoreaceas) uber

6 g Angeica sinensis (O Diels (Apiaceae) root

15 Codonopss piosula (Franch) Nanni. (Campandacoae)
oot

Water oxtract
To make he decoction, bo the folowing died herbs n 900 mi
water

30 Refmannia gutinosa (Gaerin) OC. Piantagnaces) root
15 g Dioscorea oppasifola L. (Doscoreacese) root

15 9 Cormus ofiinals Sebold & Zucc. (Comaceae) it

15 g Alsma plantago-aqatca subsp. Orientale (Sam) Sam.
(Aismataceas) oot

159 Poa cocos (Schw) Woll (Poyporaceas) sckerotim

10 Paconi suffucosa Anckews (Pacoriaceas) corex

15g Cinnamomum cassia (1) J. Pres! (Lauraosae) twig

16 9 Aconitum carmichask Debeau (Ranuculacoad) oot
Both are ater oxract

Tomabe Si-Jun Zidecoction, bolihe olowing ded herbs e
8 tmes water (wA) for 2 h per tm, and colkct the
supernatant

20 g Codonopsisplosula (Franch) Nannf (Campanaceas) rot,
20 g Atactyodes macrocephata Koicz. (Compostas) o0t 20 g
Pora cocos (Schw) Wolf Poyporaceas)

10 0 Gyeyrhiza uraensis Fiseh. (Logumonosae) oot

To make Sixingredient Rehmannia decocton bol he folowng
rid herbs twice in 8 tmes water (wi) or 2 h e tme, and
colect the supematant.

15 g Astmana giinosa (Gaern) OC. Plantagiacese) ol
129 Comus ofiinals Sebold and Zuce. (Comacea) fu,

12 g Dioscorea opposiioia L. (Doscoreaceae) root,

10g Poria cocos (Schw) Wol (Polyporacea),

10 g Alsma plantago-aquatca subsp. Orentale (Sam) Sam.
(Aismataceas) ool 10 g Paconi suffuticosa Anckons,
(Paconiaceas) cortex

Water oxact
To make Yi-Ban decocton, mix the olowing dried herbs
‘acoording 0 the massratio of1:1:1:1:1:1:1:1:22:83,and bolin
water:

Isats tictoria L. (Bassicaceae) et

Kochia scopari (L) A. J. Scot (Amaranthacess)
Tarasacum mongoicum Hand-Mazz. (Composiae), Patrna
scabiosfola Ik (Capriofaceao),

‘Scutetaria bartata D. Don (Lamiaceas)

‘Scrophutai ningpoensis Hems. (Scrophulaiacese) oot
Asparagus cochinchinenss (Lour M. (Asparagacee) root,
Looruus japonicus Houtt. (Lamiaceae)

Chrysanthemum morfofm Ramal, Compositas) fower,
Gheyntiza ualonsis Fisch. (Logumonosas) 00,

Astragakus mongholicus Bungo (Loguminosae) oot

Panax quinquelous L. (aiaceae) oot

Water extact
To make Er-Ban decoction, mix th folowing cied herbs.
acoording (0 the massratio of1:1:1:1:1:1:1:1:1:2:83,and bolin
water

Lonicera japorica Thunb (Caprioraceas) fover
Patycodon grandionss (Jaca) ADC, (Campanuaceas) stem
and root

Koonia scapari () A . Scott (Amaranthaceas) it
Optiopogon japonicus (Thunb) Kor Ga. (Asparagaceae) root
‘Scutelaria barteta D. Don (Lamiaceae)

Lobala chinensis Lou. Campanuiaceae)

Forsyiia suspensa (Thur) Vah! (Okacese) st

Leorurus jponicus Hout. (Lamiaceae)

‘Scrophulara ningpoensis Hems. (Scrophariacea) root
Ghoymtiza ualensis Fisch. (Logumonosae) 00t and stem
Astragalus mongholus Bunge (Leguminosas) 001
Codonopsis s (Franch) Nann. Campanuiaceae) oot
Wator oxact

To make 200 ml Bu-Zhong-Yi-Gi decoction, boi the fofowing
rid herbs in vater

15 gAstragausmongholass Bunge(Loguminosao) rootandstam
6 9 Gyeymhza ualensis Fisch. (Logumonosae) pre-processed
using honey (1o make 100 g of i, fy the root of Ghcyrhza
uralnsis Fisch. (Legumonosae) n 25 g honey t o il
romain)

6.9 Codonopsis piosula (Franch) Nanni. (Campanuaceas) root
6.9 Angaica sinensis (Oiv) Dies (Apiaceae) root

6 g Atractyoces macrocephala Koz, (Composias) 0ot

6 g Dioscorea oppasticia L. (Doscareacoae) root

6.9 Poria cocas (Schw) WolfPolyporaceae)

6 g/Actacaheracistoia (Kom) J.Complon Ranunculaceas) root
6.9 Bupleurum chinense DC. (Apiaceae) 100t

6 g i pericarp of Cius refiulata Bianco (Rutaceae)

il mad wih honey and dried herb powder
Each pil weighs 9.9

To make thep, thefolowing died herbs shoudbemixed i he
rao of 2:23:3:3:36 and gind ino powder fst
Cimamomun cassia (1) Pres (Laraceao) i,

Paconia suffuticosa Anckews (Paccniaceae) bark,

"Dioscorea pposiiola L. Dioscoreaceae) root,

~Refmannia gutnosa (Gaerin) OC. (Pantaginacea) root,
Pora cocos (Schw) Woll Polyporaosae), Aconitum camichaei
Debeaux (Ranunculaceae) root,

‘Comus offcinais Sieboid and Zuce. (Comaceas) it

“Thenfor 100g powcr ack 60-80 ghorey andsimmertinearsokd

il madio wih honey and dried herb powder
Each pil weighs 9.9

To make thepil, hefoloning driec herbs shouldbe mixed n he
12t of 2:2:33:4:4:4:4:8 and grnd nto powder frst

Aconitum camichasl Debeaux (Ranuncuiaceas) oot
Cinamomun cassa (L) J. Presl (Lauraceae) bark

‘Comus oficinais Sieboid and Zuce. (Comaceae) it
Angeica sinensis (Ofv) Dids (Apiaceas) oot

"Dioscores opposiiofa L. (Dioscoreacea) oot

Lyctum barbarum L. (Soanacee) it

Cuscuta chinensis La. (Convotwiaceas) it

‘Eucommia umoides O (Eucommiaceas) bark

~Retmannia gutnosa (Gaerin) OC. (Pantaginacsae) root
“Tnen,for 100 g powder, add 60-80 g honey and simmer lnear
soid

Water extact
Boithefolving i erbs (roportion shonn beovi) twicsin 8
mes wator () for 1 h pe tme, and colct the supormatant
30 g Astagas mongholicus Bunge (Loguminosad) oot

10 g Atractylodes macrocephala Koz. (Composias) oot
30 g Doscarea oppositola L. (Doscoreaceas) ool

10 g Cistancho doserticola Y. C. Ma (Orobanchaceas)

10 g Amormun avanh Pere ox Gagnep. @ngiberacess) it
15.g Sava mitonhiza Bunge. (Lamiaceae) oot

10g Abeum pamatum L. (Polygonacoae) root

& e St Bt Foo

Potential pharmacological targets relevant to CKD.

Reduoe 24 h-Uinary ttal proten (UTP) and delay the
progression of kichey disease. (A andomized cinical il of 76
pationts wih chvonic nephvit of Oy deficency and dommp-
el syncirome aged approximaldly 40 yoars showod tha 24 h-
TP, uinary enythvooyte and TOM synckome score incuing
fatigue and lac ofsirength, mp aching umbus and knees,elc)
were signifcanty cecreased upon the traiment of Yu-Shen
recipe. The effcts showed no gender diflronce)

Redoa UTP andlowe serum creatining and urea itrogen|ovels.
(In a andomized cinical tial, 30 patients wih CKD of yang
defiency were Gvided nlo tho reatment group and the coniol
roup aged approxemately 36 years. The resut showed that
24 1UTP, serum creatinne and rea nirogen levels were
Sipifcanty decreased i the group vith reaiment of Shen-Qi-
Wor-Ling:San. nsigiicant associaion of sex and ob types
etwesn two groups were demonstated)

Reduce protenuria and delay the progression of CKD (A
randomized ircal ialof 100 patients with CKD dhided 10 the
reament group and e conrol goup with insigniicant g0 and

‘gender diflreos showed hat proteinusia was decreased upon
thoreatment of Shen-Yan-Y-Hao formula. Anotherciica il of

58 patints o showed that 24 h urneproten cuaniiatve the
reatment group decreased moro sgnficanty than that i the
contol group)

Reverse abnomal changes nwhit bood oo and red bloodcel
count and educe 24 h-UTP. i a rancmize cnica tal, atr
matcing by sex an g, boh reaiment goup and conicl

roup weroconsting o130 patnts with CKD ofyang detcency
aged approxmatay 46 year. The iernce of sex and age

betveentwo groups was nsignicant. T group with reaiment
of Gingr-soparated Modbusion loy Guishenc decocton had
Siicantcincal ffcacy nrecking 24 h-Upeo, WBCand ABC)

Floduce leves of serum creatiine, aspartale aminotransiorase,
‘alarine aminotranslerase, nd popolysacchaide (Arandomized
cinical tial of 58 patiots with chronc nops of Gy
efiency aged approxemalely 53 years showed hat the group
Wit treatment of S-un-Zi decoction had signicanty reduoccd
levels of senum creatnine, aspartate amnotansierase, alarine.
aminolransterase and lpopolysaccharide)

Roduce 24 hUTP, rnary rod bood collcount,urnary abumin
creatining rato, serum creatiine, and uea nitrogen el (A
randomized cirical tia of 136 patents with chroni nephts of
Qiyin deficency with an average of 42 years old shovied that
24 1-UTP, urinary RBC, uinary albumin creatinine ato, serum
creatinne and urea irogen evels were recuced sigfcanty
1he group wit treatment of Y-Ban decoction. Insignifcant
‘assocition of sex and age betveen two groups were
demonsirated)

Rediuce 24 h-UTP, uinasy aloumi creatinne rao, serum
creatinne, and wea irogen vols, andimprovo el ofpasa
albumin, (A randomized cirica il of 50 patnts wih chvonic
nephis of Qiin deficiency and damp-heat syncome aged
approxmatey 39 years showed thal & weeks of reament of -
8an Decoraton had signifcant cinical efficacy 1 ekminatig free
raccal, protectng renalcels, educing proteinura, diatng renal
blood vessels and improving renal microccuiation. The effects
Showe no gender and age Giference)

Eiminato oo acicals, protectrenal cols, and oduco protonura.
Diatorenal blood vessols and mprove renal microcirculaton (A
randomized ciical valof SO pants with hvonic nephis o -
i deficioncy and damp-heat synckoma aged approxatdly
38 yoars showed that 6 woeks of reaiment of Bu-Zhong-Yi.Qi
decocton had cinica effacy i reducing 24 h-UTP, reducing
RBC and improving renal fnction)

Normalze creatine eve, reckce prolenuria and deay the
progression o kchey cisease. (A randomized cinical il of 35
patints with chvonic rena alure aged approsimately 36 years
presenied tha afer 3 months ofreatmont of JrKukShen-Oi-
Wan, croatnine lovel was nomalzed, protenusia was reduced
and the progression ofkidney discase was delayed n the
reatment group)

Lower serum creatiing levels,reduce proteinura, and improve
‘gomeruar fivaton. (A randomized cirical il showed that the
reatment of You-Gu Pl in stage 2-3 CKD patents aged
approumatay 60 for 12 weeks ndcated marked improvement
in Giical features, ncucing recuced serum creatiine, reduced
proteinusia and improved gomeruiar firaton compared to the
contol group)

Roduce sorum creatnine levels, ower urea nirogen, and wiasy
protein excreton. (Anarimal experimentvith 37 nephectomized
o rats showed that admistration of Jan-P1-Yi.G formuafor
6 wesks couldimprove renal fncion by reducng srum
creatnne lvel, urea nrogen and urinary total protein levels)
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