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Autosomal dominant polycystic kidney disease (ADPKD) is a common hereditary kidney disease, which is featured by progressively enlarged bilateral fluid-filled cysts. Enlarging cysts destroy the structure of nephrons, ultimately resulting in the loss of renal function. Eventually, ADPKD develops into end-stage renal disease (ESRD). Currently, there is no effective drug therapy that can be safely used clinically. Patients progressed into ESRD usually require hemodialysis and kidney transplant, which is a heavy burden on both patients and society. Therefore, looking for effective therapeutic drugs is important for treating ADPKD. In previous studies, herbal medicines showed their great effects in multiple diseases, such as cancer, diabetes and mental disorders, which also might play a role in ADPKD treatment. Currently, several studies have reported that the compounds from herbal medicines, such as triptolide, curcumin, ginkolide B, steviol, G. lucidum triterpenoids, Celastrol, saikosaponin-d, Sparganum stoloniferum Buch.-Ham and Cordyceps sinensis, contribute to the inhibition of the development of renal cysts and the progression of ADPKD, which function by similar or different mechanisms. These studies suggest that herbal medicines could be a promising type of drugs and can provide new inspiration for clinical therapeutic strategy for ADPKD. This review summarizes the pharmacological effects of the herbal medicines on ADPKD progression and their underlying mechanisms in both in vivo and in vitro ADPKD models.
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INTRODUCTION
Autosomal dominant polycystic kidney disease (ADPKD) is the most common hereditary kidney disease, with the current incidence of 1/1,000–1/400 worldwide. The course of the disease is characterized by multiple growing cysts in bilateral kidneys. The cysts are derived mainly from renal tubular epithelium. As the cyst getting larger, the cysts compress the normal renal parenchyma, thus resulting in the destruction of the normal renal structure and function (Bergmann et al., 2018).
Pkd1 and Pkd2 are two main genes participating in the pathogenesis of ADPKD, which encode protein polycystin 1 (PC1) and polycystin 2 (PC2), respectively (Cornec-Le Gall et al., 2019). Pkd1 gene mutation accounts for approximately 85–90% of total ADPKD patients, and 10–15% ADPKD patients are caused by Pkd2 gene mutation. PC1 localizes to the primary cilia, plasma membrane and adhesion complex in polarized epithelial cells. PC2 is a six-transmembrane protein and functions as a Ca2+-responsive cation channel of the transient receptor potential family, and co-localizes with PC1 to the cilium and plasma membrane. Proteins PC1 and PC2 work together to form the PC1-PC2 complex, which is activated in reaction to ciliary bending and then leads to the release of Ca2+ from the intracellular store, thus inducing signal transduction. The disruption of the functional PC1/PC2 complex abolishes normal cellular Ca2+ signaling, which subsequently increases intracellular cAMP and activates PKA signaling pathway, then activating downstream proliferative signalings (Yamaguchi et al., 2006). During the progression of ADPKD, some signaling pathways are activated, which are related to hyperproliferation, fluid secretion and fibrosis, such as mTOR, JAK, Wnt and MAPK signaling pathways. And some other pathways are suppressed, for example, AMPK pathway, which participates in intracellular energy generation.
However, existing drugs have their own limitations in ADPKD therapy. At present, tolvaptan, the first FDA-approved drug, is available clinically for ADPKD patients. Tolvaptan acts as a V2R antagonist, and functions by downregulating intracellular cAMP level to inhibit the abnormal proliferation in ADPKD kidneys. However, a signal of liver toxicity risk emerged with tolvaptan application, which is marked by extremely elevated ALT level and needs to be carefully monitored during the therapy. Another drug of vaptans, Lixivaptan, which is a newer, nonpeptide, oral V2R-specific antagonist, exhibits relatively preserved renal function (stage 1 and 2) and moderately impaired renal function (stage 3). Another family of drugs are the analogs of somatostatin, lanreotide and octreotide, which slow the progression of ADPKD by inhibiting the chlorine channel. However, they did not show significant effect on the renal function in clinical trials.
In addition, interventions to the abnormal signaling pathways, metabolic and dietetic approach are also regarded as possible strategies for ADPKD drug development. For example, mTOR inhibitors (everolimus and sirolimus), metformin (an agonist of AMPK), 2-deoxy glucose (2DG) (a glucose analog that can paralyze the glycolytic pathway), tyrosine kinase inhibitors (bosutinib and tesevatinib) and caloric restriction diet are all reported to retard cyst growth in ADPKD patients to different extent (Testa and Magistroni, 2020). But none of these drugs mentioned above is considered as satisfactory therapeutic agents for ADPKD for their drawbacks, such as unstable effects on slowing the progression of the disease, restricted applications of the aquaretic type drugs and little effect on the loss of renal function. Therefore, there still remains an urgent demand for alternative effective drugs.
The therapeutic properties of plants have long been recognized to treat various diseases for centuries. At present, a number of plant natural products have either been clinically used to treat a variety of human diseases, or have shown particularly interesting biological activities that are worth further exploration (Li and Weng, 2017), such as artemisinin from artemisia annua, which has great anti-malaria effect and won the Nobel prize in 2015. Recently, some studies have found that herbal medicines play different pharmacological roles in renal diseases including ADPKD (Wang et al., 2019). Several natural herbal medicines have been reported to restrain cystogenesis and improve renal function in animal models of ADPKD (Yuajit and Chatsudthipong, 2016). In this article, we summarized the pharmacological effects of several herbal medicines on ADPKD and the underlying mechanisms (Figure 1), expecting to provide new prospectives for ADPKD treatment.
[image: Figure 1]FIGURE 1 | Schematic illustration of the key mechanisms of ADPKD pathogenesis and targets of potential treatments of herbal medicines. PC1 and PC2 express in different subcellular locations and aberrant function of PC1 and PC2 results to decreased intracellular Ca2+ and subsequent activation of cAMP via AC6. Abnormally increased cAMP leads to the activation of PKA, activating Ras/B-Raf/MEK/ERK and mTOR signaling pathways through inhibiting TSC1 and TSC2, which drive cell proliferation. Moreover, the activated PKA can also promote the transport of Cl− into the cyst cavity via CFTR, thus causing increased cyst fluid secretion. Autophagy can also be induced by Ca2+-mobilizing agents by activating the CaMKKβ-AMPK-mTOR signaling cascades. In addition, EGF activates Ras and promotes cell proliferation by binding to the corresponding receptor. The targets of candidate drugs are depicted as red boxes. Abbreviations: PC1, polycystin-1; PC2, polycystin-2; AC6, adenylyl cyclase six; V2R, vasopressin type 2 receptor; SSTR, somatostatin receptor; cAMP, cyclic adenosine monophosphate; PKA, protein kinase A; CFTR, cystic fibrosis transmembrane conductance regulator; EGF, epidermal growth factor; EGFR, epidermal growth factor receptor; MEK, mitogen activated protein kinase; ERK, extracellular-signal regulated kinase; TSC, tuberous sclerosis; mTOR, the mammalian target of rapamycin; SERCA, sarcoplasmic/endoplasmic reticulum Ca2+ atpase; CaMKKβ, Ca2+/CaM-dependent protein kinase β; AMPK, AMP-activated protein kinase; GA-A, ganoderic acid A; SBH, Sparganum stoloniferum Buch.-Ham.
PHARMALOGICAL EFFECT OF HERBAL MEDICINE ON ADPKD
Triptolide
Triptolide is a diterpene triepoxide that was first isolated from the medicinal plant Tripterygium wilfordii Hook F (TWHF) and its structure was characterized in 1972. Its molecular formula is C20H24O6 and the molecular mass is 360 (Wei et al., 2019). Clinical and experimental studies have shown that triptolide has anti-inflammatory and immunosuppressive activities in bone marrow, heart, kidney and skin transplantation, and can effectively prolong the survival time of the graft. Therefore triptolide has been widely used in inflammatory and autoimmune diseases (Yuan et al., 2019), including rheumatoid arthritis (RA), immune-complex nephritis, systemic lupus erythematosus (SLE), and organ transplantation (Liu, 2011).
It was found that triptolide could bind to PC2 based on extensive chromatographic protein fractionation, MALDI-MS analysis, and Western blot results. As a PC2 agonist, triptolide could restore cytosolic Ca2+ release. In Pkd2+/− mouse renal epithelial cells, triptolide increased intracellular Ca2+. When the cell line re-expressed Pkd2, the intracellular Ca2+ level was elevated and apoptosis was increased with triptolide’s incubation (Leuenroth et al., 2007). Therefore, triptolide might inhibit cyst development by activating PC2, thus increasing intracellular Ca2+ and inducing caspase pathway. According to some other studies, induction of expression of p53 protein, activation of MAPK pathway and inhibition of NF-κB signaling pathway may also play roles in the progress of apoptosis, which needs to be further explored (Kim et al., 2010; Tai et al., 2010).
Rapamycin, an inhibitor of mTOR, could inhibit the cystic progress of ADPKD kidneys by downregulating cyclin A, cyclin B, cyclin 1D and cyclin E, which are associated with cell cycle, thereby preventing abnormal proliferation of renal epithelial cells (Li A. et al., 2017). Roscovitine, a cycle-dependent kinase inhibitor, has been shown to inhibit the formation of renal cysts in animal models (Billot et al., 2018), further illustrating that cell cycle may be one of targets in inhibiting ADPKD. Considering the cell cycle arrest effect of triptolide in colon cancer, the regulation of cell cycle may be involved in the inhibition of triptolide on the renal cyst formation in animal models. Triptolide arrested cell growth in Pkd1−/− mouse renal epithelial cell line. The up-regulated expression of cyclin p21 was detected (Leuenroth et al., 2007). Furthermore, inhibitory effect of triptolide on cell cycle was also demonstrated in the smooth muscle cells induced by platelet-derived growth factor (PDGF) (He et al., 2020) and renal cell carcinoma cells (Li et al., 2011) through G0/G1 cell cycle arrest, which supports that triptolide may induce cell cycle arrest in ADPKD model.
Curcumin
Curcumin, a polyphenol diferuloylmethane extracted from the rhizome of Curcuma longa plant, has been reported to have multiple effects including anti-oxidation, anti-inflammation and anti-proliferation. Curcumin has shown potential therapeutic effects on various diseases such as neurodegenerative disorders, inflammation-related diseases, fibrosis and cancers via regulating NF-κB, Wnt/β-catenin, MAPK and mTOR signaling pathways (Iqbal et al., 2009), which also are involved in the pathogenesis of ADPKD. Previous studies have demonstrated the inhibitory effect of curcumin on cyst growth by inhibiting cell proliferation and promoting epithelial cell differentiation in Pkd1 deletion mouse models, suggesting its potential to be a natural candidate drug for ADPKD.
In the forskolin-induced MDCK model, which is an in vitro cyst model with MDCK cells cultured in 3D collagen gel, the cell proliferation was significantly inhibited by curcumin incubation and the inhibitory effect may be reversible. The Western blot results revealed that in MDCK cells, curcumin could downregulate B-Raf, upregulate Raf-1 and inhibit ERK signalings, indicating that curcumin inhibits cyst development via suppressing Ras/B-Raf/MEK/ERK signaling pathway (Gao et al., 2011).
Another crucial modulator of cell proliferation activated in ADPKD is STAT3. An inducible kidney-specific Pkd1-deletion mouse model was designed to investigate whether STAT3 signaling was involved in the inhibition of cystogenesis by curcumin. Experimental analysis reflected that activated STAT3 was significantly reduced by curcumin. Therefore, STAT3 inhibition might be a possible mechanism in the curcumin-mediated inhibition on cystogenesis (Leonhard et al., 2011).
MDCK tubule model, in which MDCK cells were incubated in 3T3 conditioned medium, was used to investigate the effect of chemicals on the differentiation of MDCK cells/cysts. Treated with curcumin (at 0.4, 2 or 10 μM) for 12 days, the number of tubule-like structures increased in a dose-dependent manner, and the average length of the longest tubules derived from each MDCK cyst treated by curcumin was longer than those in control group. Consequently, curcumin can promote MDCK cell differentiation, subsequnently inhibiting cyst development (Gao et al., 2011).
Ginkolide B
Ginkgolide B, a major terpene lactone, is an active component of Ginkgo biloba. Ginkgolide B is used as a traditional medicine due to its pharmacological properties such as anti-inflammatory, anti-oxidant, anti-tumor and anti-apoptotic activity (Zhou et al., 2016). Ginkgolide B was also found to inhibit cyst growth in MDCK cyst model and in Pkd1 knockout mice. Experimental results showed that ginkgolide B inhibited cyst formation and growth in a dose-dependent manner through downregulating Ras/MAPK pathway and the inhibitory effect was reversible (Zhou et al., 2012).
Stevioside and Its Derivative
Stevioside is a high-sweet, low-calorie sweetener extracted from the leaves and stems of Stevia Rebuadiana plant, which is a herbaceous plant of the composite family. It is degraded by intestinal microflora to its aglycone, steviol, then taken up into the blood circulation. Stevioside has been reported to have properties including anti-hypertension, anti-hyperglycemia, anti-inflammation, anti-tumor, anti-diarrhea and immunity regulation (Chatsudthipong and Muanprasat, 2009). At present, the pharmacological effect and possible mechanisms of stevioside and its derivative steviol in ADPKD have been investigated, and the possible mechanisms in suppressing cyst progression include restraining the cyst fluid secretion and inhibiting tubule cell proliferation.
ADPKD progression contains two key processes, cell proliferation and fluid secretion, involving multiple signaling pathways. The fluid secretion is driven by cAMP-activated transepithelial chloride transport via the cystic fibrosis transmembrane conductance regulator (CFTR) chloride channel located at apical membrane of the ADPKD epithelial cells lining the cyst (Li and Sheppard, 2009). CFTR chloride channel has been proposed as a potential target for PKD intervention. Steviol and its derivatives (isosteviol, dihydroisosteviol and 16-oxime isosteviol) inhibited the formation and growth of cysts in the MDCK cyst model, and the inhibitory effect of steviol was the greatest. Furthermore, the underlying mechanisms of the inhibition of steviol on the forskolin-stimulated apical chloride current included direct inhibition of CFTR chloride channel activity and reduction of CFTR expression via activating proteasome degradation pathway (Yuajit et al., 2013). In addition to proteasome degradation, an ADPKD mouse model showed that steviol also activated adenosine monophosphate-activated protein kinase (AMPK) signaling pathway, which could subsequently decrease CFTR chloride channel expression. Accordingly, steviol can retard cyst expansion in part by reducing CFTR expression via promoting AMPK activity or proteasome-mediated CFTR degradation (Yuajit et al., 2014).
It has been demonstrated that cyst expansion is induced by the excessive secretion of Cl− and water into the cyst lumen through CFTR and aquaporins (AQPs) respectively. Aquaporin 2 (AQP2) is involved in fluid secretion in ADPKD and promotes cyst enlargement. Steviol was found to significantly inhibit the growth of cysts in vitro by reducing AQP2 expression in mouse renal cyst epithelial cells. In addition, steviol treatment could increase the expression of enzyme marker of lysosomes, LAMP2, whch also might play a role in AQP2 degradation. Thus, steviol reduced AQP2 expression by reducing AQP2 transcription and promoting proteasome and lysosome-mediated AQP2 degradation, sequentially slowing cyst growth (Noitem et al., 2018).
Stevioside is metabolized into steviol by gut bacteria, which is easily absorbed by the gut and can also reach the kidney (Cosola et al., 2018). In Pkd1flox/flox: Pkhd1-Cre mice, high dose of stevioside could decrease kidney weight and cystic index similar to steviol, but could not improve renal function as steviol. In an orthologous mouse model of human ADPKD (Pkd1flox/flox;Pkhd1-Cre), stevioside and steviol inhibited the CFTR expression and mTOR/S6K proteins by activating AMP-activated protein kinase, thereby delaying the cyst development through inhibiting proliferation of renal epithelial cells (Yuajit et al., 2014). Moreover, Steviol enhanced the expression of lysosomal enzyme marker LAMP2, indicating the increase of lysosomal degradation of β-catenin, which involves in cell proliferation (Yuajit et al., 2017). In general, stevioside and its derivative, steviol, could regulate pathways of cell proliferation to slow down progression of cysts.
G. lucidum Triterpenoids
Ganoderma lucidum is a Chinese traditional medicine. It has been widely used as a dietary supplement or medicine to enhance immunity and therefore improve health for more than 2,000 years in Asia region (Hsu and Yen, 2014). Previous studies have confirmed that Ganoderma lucidum consists of a large number of bioactive components, including terpenoids, proteins, polysaccharides, amino acids, flavonoids, alkaloids and steroids (Geng et al., 2020). Pharmacological and clinical studies showed a variety of pharmacological effects of G. lucidum including anti-oxidation, anti-inflammation (Zhang et al., 2018), anti-liver disorder (Zhong et al., 2018) and anti-tumor (Chen S. et al., 2017), which were mainly attributed to two major active components: G. lucidum polysaccharides and G. lucidum triterpenoids (GTs) (Wu et al., 2001; Liang et al., 2019). GTs can also target NF-κB, Ras/MAPK, PI3K/Akt/mTOR and other signalings through G protein-coupled receptor or RTK membrane receptor signal transduction pathways, causing stagnation of cell cycle and inducing tumor cell apoptosis (Gao et al., 2002). Based on the fact that the activated signaling pathways in the pathogenesis of ADPKD are highly similar to that in solid tumor, drugs inhibiting tumor proliferation may have similar effects in the treatment of ADPKD.
To investigate whether GTs have the potential in inhibiting the progression of ADPKD, MDCK cyst model was performed, and GTs were shown to inhibit the formation and growth of cysts (Su et al., 2017). Meanwhile, the embryonic renal cyst model and two rapidly advancing ADPKD mouse models were employed to confirm the inhibitory effect of GTs on renal cysts at organ level and in internal environment. In vitro experiments also showed that the GTs could down-regulate the expression of H-ras, B-Raf, p-MEK, p-ERK, Egr-1 and c-fos, and up-regulate the expression of Raf-1, suggesting that GTs suppressed cell proliferation by down-regulating intracellular excessive accumulation of cAMP and the Ras/MAPK signaling pathway. Meanwhile, GTs promoted epithelial tubule formation in MDCK cells, which also contributes to alleviate the development of cysts by promoting epithelial cell differentiation (Su et al., 2017).
Due to the complexity and structural diversity of triterpene components of G. lucidum, screening and identifying the effective monomer components is of great significance for the development of drugs for ADPKD treatment with G. lucidum extract. 12 monomer components, including ganoderic acid A, ganoderic acid B, ganoderic acid C2 and ganoderic acid D, were isolated and extracted from GTs. The pharmacodynamic study was carried out in the in vitro MDCK cyst model and found that compared with other monomers, ganoderic acid A (GA-A) has a superior inhibitory effect on the development of ADPKD renal cysts, as shown in Figure 2 (Meng et al., 2020). Results showed that GA-A could inhibit the expression of B-Raf, p-ERK and c-fos in a dose-dependent manner, with no significant effect on normal cells and the kidney tissue of wild-type mice, indicating that GA-A could inhibit the development of ADPKD cysts by down-regulating the Ras/MAPK signaling pathway. The in vitro activities of GA-A and other GT compounds were compared via MDCK cyst model and embryonic kidney cyst model, and it was found that the inhibitory effect on cyst of GA-A was better than other compounds (Meng et al., 2020). Therefore, GA-A may be the main effective component in retarding the development of ADPKD cysts, and has the potential to be developed as a therapeutic drug for the treatment of ADPKD.
[image: Figure 2]FIGURE 2 | Inhibition of GA-A on the growth of cysts in ADPKD. (A) Representative light micrographs of MDCK cysts in collagen gel from 4th to 12th day that were untreated or treated with GA-A at different concentrations. The first row, as the control group, was given only FSK stimulation for 12 days; the second, third, and fourth rows were given FSK and 6.25, 25, 100 μM GA-A co-stimulation from the 5th to 12th day, respectively. In the fifth row, FSK and 25 μM GA-A were co-stimulated from the fifth to eighth day, and the GA-A was washed out from the 9th to 12th day with only FSK. The thick black lines indicate the culture time with GA-A. Scale bar = 500 μm. As the concentration of GA-A increases, the inhibitory effect on cyst growth was more obvious. The cyst growth could be restored after removal of GA-A, indicating that the inhibitory effect of GA-A on cyst growth is reversible. (B) Representative graphs of inhibitory effect of different doses of GA-A on mouse embryonic kidney cysts on day 0 and day 6. Embryonic kidneys were cultivated as the negative control (Ctrl) without 100 μM 8-Br-cAMP or exposed to different GA-A concentrations in the presence of 100 μM 8-Br-cAMP. Scale bar = 500 μm. Results showed that GA-A also inhibited the cyst development at the organ level and the inhibitory effect showed a certain dose-effect relationship. (C) Mouse kidneys from wild-type (WT) mice and kPKD mice on postnatal day 4 were treated with vehicle or 50 mg/kg/d GA-A for 4 days. Scale bar = 5 mm. Compared with WT mice, the kidney volumes of kPKD mice were significantly increased, and GA-A effectively inhibited the kidney volumes of kPKD mice with no obvious effect on the kidney volume of WT mice. (D) Hematoxylin and eosin staining of kidneys in vehicle- or GA-A-treated kPKD mice. Scale bar = 1 mm. The kidney of kPKD mice had obvious cystic structure, and normal tissue structure of the kidney was destroyed. The cyst growth in the kidney of kPKD mice treated with GA-A was effectively slowed. (E) Representative Western blotting of signaling proteins in MDCK cells treated with 10 μM FSK and without or with GA-A at different concentrations for 30 min. Results demonstrated that GA-A downregulating the Ras/MAPK signaling pathway in the FSK-treated MDCK cells. (F) Representative Western blotting of signaling proteins in mouse kidneys without or with GA-A treatment.
Celastrol
Celastrol is another main active ingredient of Tripterygium wilfordii in addition to triptolide (Salminen et al., 2010). Previous in vitro studies have proved that celastrol has a significant inhibitory effect on the angiogenesis of vascular endothelial cells and the proliferation of endothelial cells. And celastrol showed anti-inflammatory, anti-tumor, anti-obesity properties and the application in autoimmune diseases (Lee et al., 2014; Liu et al., 2015; Shaker et al., 2014; Yu et al., 2018). Celastrol also played a part in regulating autophagy and apoptosis (Liu et al., 2019) and inhibiting cell proliferation in tumor cells (Liu et al., 2019), suggesting that celastrol could possibly possess the therapeutic potential for ADPKD.
Celastrol was identified as a potent inhibitor of cyst growth in both in vitro 3D cell model and a Pkd1-deficient mouse model (Booij et al., 2019). Considering the anti-inflammatory effect of celastrol in other diseases, the effect of celastrol on pro-inflammatory factors and signaling pathways in ADPKD was investigated. The experimental results indicated that celastrol could suppress the expression of proinflammatory cytokines and macrophage infiltration, and had a tendency to decrease NF-κB with no statistical difference (Chang et al., 2018). According to the knowledge that AMPK activation retards renal cystogenesis via inhibiting mTOR-mediated cell proliferation, the level of AMPK phosphorylation was measured with celastrol treatment in the cystic kidneys. The results displayed that celastrol considerably increased AMPK activation. Thus, celastrol exerts a more powerful role in anti-inflammatory effect than in inhibiting cell proliferation. However, 2 mg/kg/d dosage of celastrol may be toxic in female Pkd1 miR TG mice, and the potential complications should be monitored and paid extra attention to (Chang et al., 2018).
Saikosaponin-d
Saikosaponin-d, one of the major triterpenoid saponins derived from Bupleurum falcatum L (Umbelliferae), has strong pharmacological activities, such as antipyretic, sedative, anti-inflammatory, antibacterial, liver protection, anti-nephritis and immune regulation effects (Cheng et al., 2006; Li C. et al., 2017). Based on previous studies that saikosaponin-d inhibited cell proliferation in three human anaplastic thyroid cancer cell lines and induced G1-phase cell cycle arrest in different cancer cell lines (Liu and Li, 2014), saikosaponin-d can be presumed to be developed as an alternative herbal medicine for ADPKD.
In terms of the pathogenesis of ADPKD, autophagy plays a crucial role in the cystogenesis (Zhu et al., 2017), which is supported by the fact that autophagy activators can slow down the formation and growth of renal cysts, thereby preserving renal function in a Pkd1 mutant zebrafish model.
In the MDCK cell cyst model, MDCK cells were cultivated for 7 days with forskolin stimulation and formed cysts. With saikosaponin-d treatment, cyst diameters were significantly reduced. The induction of cell cycle arrest of saikosaponin-d was also confirmed in ADPKD cells by accumulation of P27 (Shi et al., 2018). In addition, saikosaponin-d increased autophagy by increasing autophagosome formation and promoted autophagic flux in ADPKD cells. Furthermore, previous experimental results (Wong et al., 2013) showed that saikosaponin-d increased cytosolic Ca2+ level and activated autophagy via CaMKK β-MPK-mTOR kinase cascade, which may explain the role of saikosaponin-d in the inhibition of cyst growth in ADPKD (Shi et al., 2018).
Sparganum stoloniferum Buch.-Ham
The Chinese herb Sparganum stoloniferum Buch.-Ham (SBH), also called common burred rhizome, consists of several active ingredients including volatile oils and flavonoids, saponins, organic acids, phenylpropanoids and alkaloids (Wang et al., 2015). Recent evidence proved that SBH exerts anticoagulant, antithrombotic, analgesic, anti-inflammatory, antitumor and other pharmacological effects (Sun et al., 2011). The effect of SBH on ADPKD has also drawn the attention.
The direct activation of epithelial growth factor receptor (EGFR) by its ligands is associated with hyperactivated proliferation (Melenhorst et al., 2008), migration, inflammation and fibrosis (Rayego-Mateos et al., 2018) of renal tubular cells. Downregulation of this pathway has been suggested to be involved in the pathogenesis of ADPKD (Torres and Harris, 2006). Based on previous researches, SBH could regulate EGFR activation, therefore explaining the therapeutic potential for ADPKD. In ADPKD cyst-lining epithelial cells, compared with untreated group, SBH could significantly inhibit cell proliferation stimulated by epithelial growth factor (EGF). Moreover, SBH could also repress the phosphorylation of EGFR in cyst-lining epithelial cells stimulated by EGF. Therefore, SBH may inhibit PKD cyst growth by inhibiting phosphorylation of EGFR (Chenggang et al., 2002) and decreasing the proliferation of the cyst-lining epithelial cells.
Cordyceps sinensis
Cordyceps sinensis (Cordyceps, Dong Chong Xia Cao), a herbal medicine also known as Chinese caterpillar fungus, is one of widely accepted ingredients in traditional Chinese medicine (Zhang et al., 2014). Laboratory and clinical studies have demonstrated that Cordyceps sinensis could improve a wide range of disorders, including respiratory, kidney, liver and cardiovascular diseases and hyperlipidemia (Chen Y. C. et al., 2017). Cordyceps sinensis also showed therapeutic effects on CKD (Deng et al., 2001) by inhibiting mesangial proliferation (Yang et al., 2003) and reducing the accumulation of extracellular matrix in the renal cortex and renal interstitial fibrosis (Dong et al., 2019) with its anti-oxidant (Yamaguchi et al., 2000) and anti-inflammatory properties.
The extract of Cordyceps sinensis, FTY720 (fingolimod), acts as a potent inhibitor of the S1P receptor (S1PR) due to the similar chemical structure to sphingosine-1-phosphate (S1P). In Cy/+ Han:SPRD rat, which is a non-orthologous rat model of ADPKD, FTY720 downregulated the expression of proinflammatory cytokines including IL-6 and TNFα, and attenuated the activation of inflammatory pathways such as the STAT and NF-κB pathways, leading to the inhibition of renal cyst growth and improvement of renal function. As the only clinical drug derived from Cordyceps sinensis, FTY720 may delay the progression in ADPKD through inhibition inflammation via reducing the accumulation of S1P (Li et al., 2020).
CONCLUDING REMARKS
Autosomal dominant polycystic kidney disease is a common hereditary kidney disease, which is characterized by progressively enlarged cysts and may eventually develop into end-stage renal failure. Based on the pathogenesis of ADPKD, several drugs are currently under investigation, including vasopressin antagonists, somatostatin analogs and mTOR inhibitors. However, these drugs have some limitations, such as severe liver toxicity and unstable activities. Therefore, searching for effective, stable and safe medicines for ADPKD is imperative. Natural products extracted from herbal medicines, have been drawing extensive attention due to their good efficacy against ADPKD progression and safety in vivo studies, such as triptolide, curcumin, ginkolide B, steviol, G. lucidum triterpenoids, celastrol, saikosaponin-d, Sparganum stoloniferum Buch.-Ham and cordyceps sinensis, as shown in Table 1.
TABLE 1 | Underlying possible mechanisms of herbal medicine in ADPKD.
[image: Table 1]However, the use of herbal medicines still requires careness, since some herbal medicines have a narrow therapeutic window, bringing restrictions to clinical application. Meanwhile, although herbal medicines are realtively safe, they may also exhibit a potential toxic effect at a relatively high dose. For example, the main adverse reactions of triptolide include liver and kidney injuries, and the loss of functions of reproductive system and hematopoietic system. Furthermore, some herbal medicines with complex components lack proper standards to evaluate their pharmacological effects, which limits the clinical use and requires further research to clarify the main ingredients with effectiveness or toxicity.
To sum up, herbal medicines exhibit great therapeutic effects on ADPKD in both in vivo and in vitro experiments. To develop herbal medicines into effective therapeutic drugs for ADPKD, further studies are required.
AUTHOR CONTRIBUTIONS
GS completed the collection and analysis of relevant literature data and the writing of the first draft of the review; SZ assisted with analysis and sorting of literature data; BY supervised and administrated the project, and guided the writing of review. All authors have read and agreed to the final text.
REFERENCES
 Bergmann, C., Guay-Woodford, L. M., Harris, P. C., Horie, S., Peters, D. J. M., and Torres, V. E. (2018). Polycystic kidney disease. Nat. Rev. Dis. Primers . 4 (1), 50. doi:10.1038/s41572-018-0047-y
 Billot, K., Coquil, C., Villiers, B., Josselin-Foll, B., Desban, N., Delehouzé, C., et al. (2018). Casein kinase 1ε and 1α as novel players in polycystic kidney disease and mechanistic targets for (R)-roscovitine and (S)-CR8. Am. J. Physiology-Renal Physiol. 315 (1), F57–F73. doi:10.1152/ajprenal.00489.2017
 Booij, T. H., Leonhard, W. N., Bange, H., Yan, K., Fokkelman, M., Plugge, A. J., et al. (2019). In Vitro 3d phenotypic drug screen identifies celastrol as an effective in Vivo inhibitor of polycystic kidney disease. J. Mol. Cel Biol. 12, 644. doi:10.1093/jmcb/mjz029
 Chang, M.-Y., Hsieh, C.-Y., Lin, C.-Y., Chen, T.-D., Yang, H.-Y., Chen, K.-H., et al. (2018). Effect of celastrol on the progression of polycystic kidney disease in a Pkd1-deficient mouse model. Life Sci. 212, 70–79. doi:10.1016/j.lfs.2018.09.047
 Chatsudthipong, V., and Muanprasat, C. (2009). Stevioside and related compounds: therapeutic benefits beyond sweetness. Pharmacol. Ther. 121 (1), 41–54. doi:10.1016/j.pharmthera.2008.09.007
 Chen, S., Yong, T., Zhang, Y., Su, J., Jiao, C., and Xie, Y. (2017). Anti-tumor and anti-angiogenic ergosterols from Ganoderma lucidum. Front. Chem. 5, 85. doi:10.3389/fchem.2017.00085
 Chen, Y.-C., Chen, Y.-H., Pan, B.-S., Chang, M.-M., and Huang, B.-M. (2017). Functional study of Cordyceps sinensis and cordycepin in male reproduction: a review. J. Food Drug Anal. 25 (1), 197–205. doi:10.1016/j.jfda.2016.10.020
 Cheng, P.-W., Ng, L.-T., Chiang, L.-C., and Lin, C.-C. (2006). Antiviral effects of saikosaponins on human coronavirus 229E in vitro. Clin. Exp. Pharmacol. Physiol. 33 (7), 612–616. doi:10.1111/j.1440-1681.2006.04415.x
 Chenggang, X. U., Changlin, M., and Shouyi, G. E. (2002). Effects of Sparganum stoloniferum Buch Ham on cell proliferation and phospholation of epithelial growth factor-receptor in ADPKD cystic-lining epithelial cells. Chin. J. Nephrol.
 Cornec-Le Gall, E., Alam, A., and Perrone, R. D. (2019). Autosomal dominant polycystic kidney disease. The Lancet . 393 (10174), 919–935. doi:10.1016/S0140-6736(18)32782-X
 Cosola, C., Sabatino, A., di Bari, I., Fiaccadori, E., and Gesualdo, L. (2018). Nutrients, nutraceuticals, and xenobiotics affecting renal health. Nutrients . 10 (7), 808. doi:10.3390/nu10070808
 Deng, Y. Y., Chen, Y. P., He, X. L., and Li, L. (2001). Study of Cordyceps on mechanism in delaying chronic renal failure. Chin. J. Integrated Traditional West. Nephrol. 2 (7), 318–3. 
 Dong, Z., Sun, Y., Wei, G., Li, S., and Zhao, Z. (2019). A nucleoside/nucleobase-rich extract from cordyceps sinensis inhibits the epithelial-mesenchymal transition and protects against renal fibrosis in diabetic nephropathy. Molecules . 24 (22), 4119. doi:10.3390/molecules24224119
 Gao, J.-J., Min, B.-S., Ahn, E.-M., Nakamura, N., Lee, H.-K., and Hattori, M. (2002). New triterpene aldehydes, lucialdehydes A-C, from Ganoderma lucidum and their cytotoxicity against murine and human tumor cells. Chem. Pharm. Bull. (Tokyo) . 50 (6), 837–840. doi:10.1248/cpb.50.837
 Gao, J., Zhou, H., Lei, T., Zhou, L., Li, W., Li, X., et al. (2011). Curcumin inhibits renal cyst formation and enlargement in vitro by regulating intracellular signaling pathways. Eur. J. Pharmacol. 654 (1), 92–99. doi:10.1016/j.ejphar.2010.12.008
 Geng, X., Zhong, D., Su, L., Lin, Z., and Yang, B. (2020). Preventive and therapeutic effect of Ganoderma lucidum on kidney injuries and diseases. Adv. Pharmacol. 87, 257–276. doi:10.1016/bs.apha.2019.10.003
 He, S., Chen, M., Lin, X., Lv, Z., Liang, R., and Huang, L. (2020). Triptolide inhibits PDGF-induced proliferation of ASMCs through G0/G1 cell cycle arrest and suppression of the AKT/NF-κB/cyclinD1 signaling pathway. Eur. J. Pharmacol. 867, 172811. doi:10.1016/j.ejphar.2019.172811
 Hsu, C.-L., and Yen, G.-C. (2014). Ganoderic acid and lucidenic acid (triterpenoid). Enzymes . 36, 33–56. doi:10.1016/B978-0-12-802215-3.00003-3
 Iqbal, M., Okazaki, Y., and Okada, S. (2009). Curcumin attenuates oxidative damage in animals treated with a renal carcinogen, ferric nitrilotriacetate (Fe-NTA): implications for cancer prevention. Mol. Cel Biochem . 324 (1-2), 157–164. doi:10.1007/s11010-008-9994-z
 Kim, M. J., Lee, T. H., Kim, S. H., Choi, Y. J., Heo, J., and Kim, Y. H. (2010). Triptolide inactivates Akt and induces caspase-dependent death in cervical cancer cells via the mitochondrial pathway. Int. J. Oncol. 37 (5), 1177–1185. doi:10.3892/ijo_00000769
 Lee, H.-W., Jang, K. S. B., Choi, H. J., Jo, A., Cheong, J.-H., and Chun, K.-H. (2014). Celastrol inhibits gastric cancer growth by induction of apoptosis and autophagy. BMB Rep. 47 (12), 697–702. doi:10.5483/bmbrep.2014.47.12.069
 Leonhard, W. N., van der Wal, A., Novalic, Z., Kunnen, S. J., Gansevoort, R. T., Breuning, M. H., et al. (2011). Curcumin inhibits cystogenesis by simultaneous interference of multiple signaling pathways: in vivo evidence from aPkd1-deletion model. Am. J. Physiology-Renal Physiol. 300 (5), F1193–F1202. doi:10.1152/ajprenal.00419.2010
 Leuenroth, S. J., Okuhara, D., Shotwell, J. D., Markowitz, G. S., Yu, Z., Somlo, S., et al. (2007). Triptolide is a traditional Chinese medicine-derived inhibitor of polycystic kidney disease. Proc. Natl. Acad. Sci. 104 (11), 4389–4394. doi:10.1073/pnas.0700499104
 Li, A., Fan, S., Xu, Y., Meng, J., Shen, X., Mao, J., et al. (2017). Rapamycin treatment dose-dependently improves the cystic kidney in a new ADPKD mouse modelviathe mTORC1 and cell-cycle-associated CDK1/cyclin axis. J. Cel. Mol. Med. 21 (8), 1619–1635. doi:10.1111/jcmm.13091
 Li, C., Guan, X., Xue, H., Wang, P., Wang, M., and Gai, X. (2017). Reversal of P-glycoprotein-mediated multidrug resistance is induced by saikosaponin D in breast cancer MCF-7/adriamycin cells. Pathol. - Res. Pract. 213 (7), 848–853. doi:10.1016/j.prp.2017.01.022
 Li, F.-S., and Weng, J.-K. (2017). Demystifying traditional herbal medicine with modern approach. Nat. Plants . 3, 17109. doi:10.1038/nplants.2017.109
 Li, H., and Sheppard, D. N. (2009). Therapeutic potential of cystic fibrosis transmembrane conductance regulator (CFTR) inhibitors in polycystic kidney disease. BioDrugs . 23 (4), 203–216. doi:10.2165/11313570-000000000-00000
 Li, J., Zhu, W., Leng, T., Shu, M., Huang, Y., Xu, D., et al. (2011). Triptolide-induced cell cycle arrest and apoptosis in human renal cell carcinoma cells. Oncol. Rep. 25 (4), 979–987. doi:10.3892/or.2011.1158
 Li, X., Wu, M., Chen, L., Lu, J., Li, G., Fu, L., et al. (2020). A sphingosine-1-phosphate modulator ameliorates polycystic kidney disease in han:SPRD rats. Am. J. Nephrol. 51 (1), 1–10. doi:10.1159/000502855
 Liang, C., Tian, D., Liu, Y., Li, H., Zhu, J., Li, M., et al. (2019). Review of the molecular mechanisms of Ganoderma lucidum triterpenoids: ganoderic acids A, C2, D, F, DM, X and Y. Eur. J. Med. Chem. 174, 130–141. doi:10.1016/j.ejmech.2019.04.039
 Liu, J., Lee, J., Salazar Hernandez, M. A., Mazitschek, R., and Ozcan, U. (2015). Treatment of obesity with celastrol. Cell . 161 (5), 999–1011. doi:10.1016/j.cell.2015.05.011
 Liu, Q. (2011). Triptolide and its expanding multiple pharmacological functions. Int. Immunopharmacology . 11 (3), 377–383. doi:10.1016/j.intimp.2011.01.012
 Liu, R. Y., and Li, J. P. (2014). Saikosaponin-d inhibits proliferation of human undifferentiated thyroid carcinoma cells through induction of apoptosis and cell cycle arrest. Eur. Rev. Med. Pharmacol. Sci. 18 (17), 2435–2443.
 Liu, X., Zhao, P., Wang, X., Wang, L., Zhu, Y., Song, Y., et al. (2019). Celastrol mediates autophagy and apoptosis via the ROS/JNK and Akt/mTOR signaling pathways in glioma cells. J. Exp. Clin. Cancer Res. 38 (1), 184. doi:10.1186/s13046-019-1173-4
 Melenhorst, W. B. W. H., Mulder, G. M., Xi, Q., Hoenderop, J. G. J., Kimura, K., Eguchi, S., et al. (2008). Epidermal growth factor receptor signaling in the kidney. Hypertension . 52 (6), 987–993. doi:10.1161/HYPERTENSIONAHA.108.113860
 Meng, J., Sai-zhen Wang, S. Z., He, J.-z., Zhu, S., Huang, B.-y., Wang, S.-y., et al. (2020). Ganoderic acid A is the effective ingredient of Ganoderma triterpenes in retarding renal cyst development in polycystic kidney disease. Acta Pharmacol. Sin . 41 (6), 782–790. doi:10.1038/s41401-019-0329-2
 Noitem, R., Yuajit, C., Soodvilai, S., Muanprasat, C., and Chatsudthipong, V. (2018). Steviol slows renal cyst growth by reducing AQP2 expression and promoting AQP2 degradation. Biomed. Pharmacother. 101, 754–762. doi:10.1016/j.biopha.2018.02.139
 Rayego-Mateos, S., Rodrigues-Diez, R., Morgado-Pascual, J. L., Valentijn, F., Valdivielso, J. M., Goldschmeding, R., et al. (2018). Role of epidermal growth factor receptor (EGFR) and its ligands in kidney inflammation and damage. Mediators Inflamm. 2018, 1. doi:10.1155/2018/8739473
 Salminen, A., Lehtonen, M., Paimela, T., and Kaarniranta, K. (2010). Celastrol: molecular targets of thunder god vine. Biochem. Biophysical Res. Commun. 394 (3), 439–442. doi:10.1016/j.bbrc.2010.03.050
 Shaker, M. E., Ashamallah, S. A., and Houssen, M. E. (2014). Celastrol ameliorates murine colitis via modulating oxidative stress, inflammatory cytokines and intestinal homeostasis. Chemico-Biological Interactions . 210, 26–33. doi:10.1016/j.cbi.2013.12.007
 Shi, W., Xu, D., Gu, J., Xue, C., Yang, B., Fu, L., et al. (2018). Saikosaponin-d inhibits proliferation by up-regulating autophagy via the CaMKKβ-AMPK-mTOR pathway in ADPKD cells. Mol. Cel Biochem . 449 (1-2), 219–226. doi:10.1007/s11010-018-3358-0
 Su, L., Liu, L., Jia, Y., Lei, L., Liu, J., Zhu, S., et al. (2017). Ganoderma triterpenes retard renal cyst development by downregulating Ras/MAPK signaling and promoting cell differentiation. Kidney Int. 92 (6), 1404–1418. doi:10.1016/j.kint.2017.04.013
 Sun, J., Wang, S., and Wei, Y.-H. (2011). Reproductive toxicity of Rhizoma Sparganii (Sparganium stoloniferum Buch.-Ham.) in mice: mechanisms of anti-angiogenesis and anti-estrogen pharmacologic activities. J. Ethnopharmacology . 137 (3), 1498–1503. doi:10.1016/j.jep.2011.08.026
 Tai, C.-J., Wu, A. T., Chiou, J.-F., Jan, H.-J., Wei, H.-J., Hsu, C.-H., et al. (2010). The investigation of mitogen-activated protein kinase phosphatase-1 as a potential pharmacological target in non-small cell lung carcinomas, assisted by non-invasive molecular imaging. BMC Cancer. 10, 95. doi:10.1186/1471-2407-10-95
 Testa, F., and Magistroni, R. (2020). ADPKD current management and ongoing trials. J. Nephrol. 33 (2), 223–237. doi:10.1007/s40620-019-00679-y
 Torres, V. E., and Harris, P. C. (2006). Mechanisms of Disease: autosomal dominant and recessive polycystic kidney diseases. Nat. Rev. Nephrol. 2 (1), 40–55. doi:10.1038/ncpneph0070
 Wang, X., Wu, Y., Wu, Q., Yue, W., and Liang, Q. (2015). Antioxidant activities in vitro and in vivo of water-soluble polysaccharide isolated from Sparganium stoloniferum Buch.-Ham. Pak J. Pharm. Sci. 28 (1), 147–151.
 Wang, Y., Zhao, H., Wang, Q., Zhou, X., Lu, X., Liu, T., et al. (2019). Chinese herbal medicine in ameliorating diabetic kidney disease via activating autophagy. J. Diabetes Res. 2019, 1. doi:10.1155/2019/9030893
 Wei, Y.-M., Wang, Y.-H., Xue, H.-Q., Luan, Z.-H., Liu, B.-W., and Ren, J.-H. (2019). Triptolide, A potential autophagy modulator. Chin. J. Integr. Med. 25 (3), 233–240. doi:10.1007/s11655-018-2847-z
 Wong, V. K., Li, T., Law, B. Y., Ma, E. D., Yip, N. C., Michelangeli, F., et al. (2013). Saikosaponin-d, a novel SERCA inhibitor, induces autophagic cell death in apoptosis-defective cells. Cell Death Dis . 4, e720. doi:10.1038/cddis.2013.217
 Wu, T.-S., Shi, L.-S., and Kuo, S.-C. (2001). Cytotoxicity ofGanoderma lucidumTriterpenes. J. Nat. Prod. 64 (8), 1121–1122. doi:10.1021/np010115w
 Yamaguchi, T., Hempson, S. J., Reif, G. A., Hedge, A.-M., and Wallace, D. P. (2006). Calcium restores a normal proliferation phenotype in human polycystic kidney disease epithelial cells. J Am Soc Nephrol. 17 (1), 178–187. doi:10.1681/ASN.2005060645
 Yamaguchi, Y., Kagota, S., Nakamura, K., Shinozuka, K., and Kunitomo, M. (2000). Inhibitory effects of water extracts from fruiting bodies of culturedCordyceps sinensis on raised serum lipid peroxide levels and aortic cholesterol deposition in atherosclerotic mice. Phytother. Res. 14 (8), 650–652. doi:10.1002/1099-1573(200012)14:8<650::aid-ptr675>3.0.co;2-0
 Yang, L.-Y., Huang, W. J., Hsieh, H.-G., and Lin, C.-Y. (2003). H1-A extracted from Cordyceps sinensis suppresses the proliferation of human mesangial cells and promotes apoptosis, probably by inhibiting the tyrosine phosphorylation of Bcl-2 and Bcl-XL. J. Lab. Clin. Med. 141 (1), 74–83. doi:10.1067/mlc.2003.6
 Yu, X., Meng, X., Xu, M., Zhang, X., Zhang, Y., Ding, G., et al. (2018). Celastrol ameliorates cisplatin nephrotoxicity by inhibiting NF-κB and improving mitochondrial function. EBioMedicine 36, 266–280. doi:10.1016/j.ebiom.2018.09.031
 Yuajit, C., and Chatsudthipong, V. (2016). Nutraceutical for autosomal dominant polycystic kidney disease therapy. J. Med. Assoc. Thai 99 Suppl 1 (Suppl. 1), S97–S103.
 Yuajit, C., Homvisasevongsa, S., Chatsudthipong, L., Soodvilai, S., Muanprasat, C., and Chatsudthipong, V. (2013). Steviol reduces MDCK Cyst formation and growth by inhibiting CFTR channel activity and promoting proteasome-mediated CFTR degradation. PLoS One . 8 (3), e58871. doi:10.1371/journal.pone.0058871
 Yuajit, C., Muanprasat, C., Gallagher, A.-R., Fedeles, S. V., Kittayaruksakul, S., Homvisasevongsa, S., et al. (2014). Steviol retards renal cyst growth through reduction of CFTR expression and inhibition of epithelial cell proliferation in a mouse model of polycystic kidney disease. Biochem. Pharmacol. 88 (3), 412–421. doi:10.1016/j.bcp.2014.01.038
 Yuajit, C., Muanprasat, C., Homvisasevongsa, S., and Chatsudthipong, V. (2017). Steviol stabilizes polycystin 1 expression and promotes lysosomal degradation of CFTR and β-catenin proteins in renal epithelial cells. Biomed. Pharmacother. 94, 820–826. doi:10.1016/j.biopha.2017.07.165
 Yuan, K., Li, X., Lu, Q., Zhu, Q., Jiang, H., Wang, T., et al. (2019). Application and mechanisms of triptolide in the treatment of inflammatory diseases-A review. Front. Pharmacol. 10, 1469. doi:10.3389/fphar.2019.01469
 Zhang, H. W., Lin, Z. X., Tung, Y. S., Kwan, T. H., Mok, C. K., Leung, C., et al. (2014). Cordyceps sinensis (a traditional Chinese medicine) for treating chronic kidney disease. Cochrane Database Syst. Rev. 12, CD008353. doi:10.1002/14651858.CD008353.pub2
 Zhang, K., Liu, Y., Zhao, X., Tang, Q., Dernedde, J., Zhang, J., et al. (2018). Anti-inflammatory properties of GLPss58, a sulfated polysaccharide from Ganoderma lucidum. Int. J. Biol. Macromolecules . 107 (Pt A), 486–493. doi:10.1016/j.ijbiomac.2017.09.015
 Zhong, D., Xie, Z., Huang, B., Zhu, S., Wang, G., Zhou, H., et al. (2018). Ganoderma lucidum polysaccharide peptide alleviates hepatoteatosis via modulating bile acid metabolism dependent on FXR-SHP/FGF. Cell Physiol Biochem . 49 (3), 1204–1220. doi:10.1159/000493297
 Zhou, H., Gao, J., Zhou, L., Li, X., Li, W., Li, X., et al. (2012). Ginkgolide B inhibits renal cyst development in in vitro and in vivo cyst models. Am. J. Physiology-Renal Physiol. 302 (10), F1234–F1242. doi:10.1152/ajprenal.00356.2011
 Zhou, T., You, W.-T., Ma, Z.-C., Liang, Q.-D., Tan, H.-L., Xiao, C.-R., et al. (2016). Ginkgolide B protects human umbilical vein endothelial cells against xenobiotic injuries via PXR activation. Acta Pharmacol. Sin . 37 (2), 177–186. doi:10.1038/aps.2015.124
 Zhu, P., Sieben, C. J., Xu, X., Harris, P. C., and Lin, X. (2017). Autophagy activators suppress cystogenesis in an autosomal dominant polycystic kidney disease model. Hum. Mol. Genet. 26 (1), 158–172. doi:10.1093/hmg/ddw376
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 Shao, Zhu and Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-12-629848-t001.jpg
Herbal medicines

Triptolide
Curcumin

Ginkgolide B
Steviol

Ganoderic acid-A
Celastrol

Saikosaponin-d

Sparganum stoloniferum Buch.-Ham
Cordyceps sinensis

Major composition

diterpene triepoxide
polyphenol diferuioyimethane

terpene lactone
aglycone

trterpenoid
pentacyclic triterpene
trterpenoid

burreed rhizome
FTY720 (fingolimod)

Key mechanism

PC2 agonist;
Activation of caspase-3
Suppression of Ras/B-Raf/MEK/ERK pathway

Suppression of Ras/MAPK pathway
Inhibition of CFTR;

Inhibition of MTOR pathway
Suppression of Ras/MAPK pathway
Downreguiation of NF-<B

Inhibition of SERCA

Inhibition of phosphorytation of EGFR
Inhibition of S1PR

Effects

Induction of cell apoptosis;
Regulation of cell cycle

Inhibition of cell proliferation;
Promotion of cell differentiation
Inhibition of cel prolferation
Restraining of cyst fluid secretion;
Inhibition of cell proliferation;
Inhibition of cell proliferation
Inhibition of inflammation
Activation of autophagy

Inhibition of cell proliferation
Inhibition of inflammation





OPS/xhtml/nav.xhtml
Contents

		Cover

		Applications of Herbal Medicine to Treat Autosomal Dominant Polycystic Kidney Disease		Introduction

		Pharmalogical Effect of Herbal Medicine on ADPKD		Triptolide

		Curcumin

		Ginkolide B

		Stevioside and Its Derivative

		G. lucidum Triterpenoids

		Celastrol

		Saikosaponin-d

		Sparganum stoloniferum Buch.-Ham

		Cordyceps sinensis





		Concluding Remarks

		Author Contributions

		References









OPS/images/cover.jpg
‘ frontiers
in Pharmacology

Applications of Herbal Medicine
to Treat Autosomal Dominant
Polycystic Kidney Disease





OPS/images/fphar-12-629848-g001.gif





OPS/images/fphar-12-629848-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Materials





