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ARTICLE INFO ABSTRACT
Keywords: Abelmoschus manihot (A.manihot) is a herbaceous flowering medicinal plant and flavonoids are its
Abelmoschus manihot main pharmacological active ingredients. A.manihot is listed in the 2020 edition of the Chinese
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Molecular mechanism
Active components
Diabetic kidney disease

Pharmacopoeia for the treatment of chronic kidney disease (CKD). A.manihot significantly reduces
proteinuria in CKD, and the effectiveness and safety of A.manihot in the treatment including
primary glomerulonephropathy and diabetic kidney disease (DKD) have been proved by several
randomized controlled trials (RCT). Emerging pharmacological studies have explored the po-
tential active small molecules and the underlying mechanisms in A.manihot. The active constit-
uents of A.manihot are mainly seven flavonoids, including hibifolin, hyperoside, isoquercetin,
rutin, quercetin, myricetin, and quercetin-3-O-robinobioside. The mechanisms of action mainly
include alleviating renal fibrosis, reducing the inflammatory response and decreasing the
apoptosis of podocytes. In this review, we summarize the updated information of active com-
ponents and molecular mechanisms of A.manihot on chronic kidney disease.

1. Introduction

Abelmoschus manihot is an annual flowering plant of the Malvaceae family, widely distributed throughout the temperate and
subtropical regions of Eastern Europe and Asia. During the Northern Song Dynasty, seven Chinese medicine literatures, including
Zhang Yuxi, made the earliest record of the medicinal use of A.manihot flowers in “Jiayou Materia Medica. The Compendium of
Materia Medica, written by Li Shizhen in the later Ming Dynasty, gave a more systematic introduction to the A.manihot. The book wrote
that A.manihot are used for damp-heat suppression, stranguria, and edema; externally, it was used to treat carbuncle and swollen
poison, and fire scald. Huangkui capsule is preparation made from the extract of A.manihot. According to the implementation standard
of the National Drug Standard of the State Food and Drug Administration, Huangkui capsule (HKC) is composed of 80 % ethanol
extract of A.manihot, 17 % calcium hydrogen phosphate composition and 3 % magnesium stearate [1]. In 1999, Chinese State Food and
Drug Administration approved huangkui capsule for clinical use in the treatment of chronic kidney diseases, such as chronic
glomerulonephritis, diabetic nephropathy, membranous nephropathy, as well as other inflammatory diseases (219990040) [2,3].
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Amount of CKD patients have undesirable prognosis and progress to end stage renal disease (ESRD) under the guideline such as
Renin-angiotensin system (RAS) inhibitors, SGLT2i, nsMRAs, GLP1R antagonists, glucocorticoids, and immunosuppressants. Novel
treatments to reverse the progression of chronic kidney disease is an unmet need. Several clinical studies have confirmed the efficacy
and safety of A.manihot in treating chronic kidney disease [4,5]. A randomized controlled clinical trial enrolled 417 patients with
primary glomerulonephropathy into A.manihot, losartan, and combined treatment groups. Duration of treatment is 24 weeks. The
results of the study showed a significant reduction in 24-h proteinuria level in each treatment group (P <0.001), and the reduction in
proteinuria level were significantly higher in the combined treatment and A.manihot groups than that in the losartan group (P < 0.05).
However, the values of change in estimated GFR and serum creatinine from baseline to the end of treatment were not statistically
significant among the three groups [2]. In addition, a systematic evaluation and meta-analysis with 850 participants showed that the
combination of A.manihot and RAS inhibitors significantly improved proteinuria compared to RAS inhibitors, that A.manihot was
generally well tolerated and did not increase the incidence of adverse events [6]. A multicenter randomized, double-blind, paral-
lel-controlled clinical trial with 413 participants showed that the combination of A.manihot and irbesartan apparently reduced the
excretion of albuminuria and proteinuria in type 2 diabetic patients. The main results were changed values of ACR from baseline to the
end of the 24-week follow-up period in the three groups. The adjusted mean difference in ACR was - 99.52 (95 % CI - 213.64-14.60, P
= 0.087) in the A.manihot group and - 197.94 (-311.63 ~ - 84.25; P < 0.001) in the combined therapy group, compared to the
irbesartan group. However, the values of change in estimated glomerular filtration rate, HbA;., and hs-CRP from baseline to after
treatment were no difference on statistics in the treatment groups [7]. In this paper, we summarize the molecular mechanism of A.
manihot in treating chronic kidney disease, hoping to provide a new therapeutic strategy for chronic kidney disease.

2. Abelmoschus manihot and its active components

The composition of A.manihot flowers are significantly different from other parts of A.manihot. Most of the amino acids and fla-
vonoids of A.manihot are concentrated on the flowers of A.manihot, and the chemical marker that distinguishes the flowers of A.manihot
from other parts in A.manihot included L-serine, L-valine, L-threonine, hyperoside, quercetin-3-O-robinobioside, isoquercetin, hibi-
folin, quercetin 3-O-glucoside [8]. Phytochemical studies have found that flavonoids, polysaccharides, amino acids, organic acids,
nucleosides, volatile oils, and steroids are the main compositions of A.manihot. Flavonoids are regarded as active ingredients and are
officially used as markers for monitoring the quality of herbal medicines and preparations containing A.manihot extract in the 2020
edition of the Chinese Pharmacopoeia [9]. The active ingredients of A.manihot are mainly seven flavonoid glycosides, including
hibifolin, hyperoside, isoquercetin, rutin, quercetin, myricetin, and quercetin-3-O-robinobioside [10]. These chemical constituents
and their molecular structure are represented in Table 1.

3. Pharmacological mechanisms of A.manihot in different chronic kidney diseases
3.1. Diabetic kidney disease

Diabetic kidney disease (DKD) is a common chronic kidney disease clinically characterized by proteinuria and decreased
glomerular filtration rate. Early renal pathological changes of DKD include glomerular hypertrophy, mesangial matrix expansion, and
basement membrane thickening; advanced DKD manifests with glomerular nodular sclerosis, mesangial lysis, and tubulointerstitial
fibrosis [11].

HKC are widely used in clinical practice to treat early diabetic nephropathy. It has also shown protective effects against kidney
disease in preclinical models. HKC reduced the expression of inflammatory genes and improved lipid metabolism in the kidney of DKD
rats by activating the transcriptional activity of PPARa and PPARY. In addition, HKC reduced endoplasmic reticulum (ER) stress and c-
Jun NH2-terminal kinase activation in the kidney of DKD rats to improve renal injury [12]. Recent studies have shown that HKC can
reduce proteinuria and alleviate early glomerular lesions, including glomerular hypertrophy, glomerular basement membrane (GBM)
thickening, and mild mesangial matrix expansion in DKD rats, probably by inhibiting Akt/mTOR/p70S6K signaling in vitro and in vivo
[13]. A recent study showed that 2 g/kg/d of HKC significantly reduced renal tubular EMT in DKD rats by inhibiting NLRP3
inflammasome activation and TLR4/NF-kB signaling in the kidney [14]. In addition, total flavones of Abelmoschus manihot (TFA)
inhibited the expression of NIMA-related kinase 3, NLRP3, ASC, cystein-7 and PTEN, and increased the expression of p-PI3K and p-Akt
in MPC-5 cells under high glucose, and further mechanism exploration confirms that TFA may alleviate podocyte pyroptosis and injury
by targeting m®A modification-mediated NLRP3-inflammasome activation and PTEN/PI3K/Akt signaling [15].

Not only can A.manihot improve DKD from different aspects, but also the main active ingredients of A.manihot alone can delay the
progress of DKD. Hyperoside can reduce fasting blood glucose (FBG) levels and improve glomerular mesangial matrix dilation and
hyperlipidemia in dbdb mice. Pre-treatment with hyperoside reduces the expression of MCP-1, iNOS, and TNF-a and increases the
expression of anti-inflammatory cytokines Arg-1 and CD163/CD206 surface molecules both in vitro and in vivo. In addition,
hyperoside pretreatment inhibits the proliferation of CD4™ T cells. It also promotes CD4 " T cells differentiation into CD4 "Foxp3™ Treg
and CD47IL-4" Th2 cells, indicating that hyperoside inhibits renal inflammation in db/db mice by promoting macrophage transition to
anti-inflammatory M2 phenotype and regulating the balance of Th1/Th2 and Th17/Treg [16]. In vitro studies have shown that
hyperoside inhibits HG-induced HK-2 cell apoptosis and inflammatory response by inducing upregulation of miR-499a-5p [17]. In
addition, hyperoside can inhibit the expression of the heparin enzyme in podocytes caused by high glucose and reactive oxygen species
(ROS) and restore the Heparan sulfate content in the GBM of diabetic nephropathy (DN) mice, thereby reducing proteinuria in DN mice
[18]. In vitro, studies have shown that hyperoside inhibits the proliferation of mouse mesangial cell lines (SV40-MES13) induced by
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Table 1
Chemical structure of the main active components of A.manihot.

Active components Chemical structure

Hyperoside

Myricetin OH o

OH

Quercetin

Rutin OH
—
o) \//
HO, OH
N
o
HO 0
“. 0, N, .WOH
O\/[ )
wod T~
- OH HoO

(continued on next page)



C. Wei et al. Heliyon 9 (2023) 22017

Table 1 (continued)

Active components Chemical structure

Isoquercetin

Hibifolin

quercetin-3-O-robinobioside

high glucose by inhibiting the activation of the ERK pathway and phosphorylation of downstream transcription factor CREB and
expression of miRNA-34a [19]. Hyperoside inhibits monocyte adhesion, cell adhesion molecule (CAM) expression, ROS formation, and
NF-kB activation, thus alleviates HG-induced vascular inflammation [20]. Hyperoside also restrains apoptosis in diabetes models.
Hyperoside treatment reduced the expression of caspase-3, caspase, Bax, and other apoptotic proteins in the retinal vascular endo-
thelial cells (RVECs) of diabetes rats. It increased the expression of antiapoptotic protein Bcl-2 to protect against diabetes retinopathy
[21].

Both oxidative stress and inflammation lead to TGF-/Smad pathway activation and fibrosis, and in a streptozotocin (STZ)-induced
diabetic mouse model, myricetin inhibited oxidative stress by increasing Nrf2 and suppressed inflammation by inhibiting IkBa
phosphorylation and degradation, suggesting that myricetin may inhibit fibrosis by suppressing the TGF-f/Smad pathway [22].
Myricetin protects human glomerular endothelial cells (HUVECs) from high-glucose (HG)-induced oxidative stress by decreasing
cleaved cystein-3 protein expression, increasing total cellular antioxidant capacity (TAC), and declining Bax/Bcl-2 protein ratio and
cystein-3 expression [23]. Myricetin treatment also inhibited the expression of HG-induced ER stress markers (including P-PERK,
P-elF2a, ATF4, and CHOP) and protected f-cells from HG-induced apoptosis, probably by inhibiting the activity of cyclin-dependent
kinase 5 (CDK5) and by increasing the expression of pancreatic duodenal homeobox 1 (PDX1) and sarcoendoplasmic reticulum cal-
cium ATPase (SERCA2b) expression [24].

Quercetin improved renal function in DKD rats by inhibiting the overexpression of TGF-p1 and CTGF in the kidney [25]. Another
study showed that 8 weeks of quercetin treatment delayed mesangial cells (MCs) proliferation in glomerular mesangial cells and
alleviated renal function in db/db mice, and in vitro also demonstrated that quercetin effectively inhibited MCs proliferation induced
by high glucose, possibly by activating the Hippo pathway [26]. In type 2 diabetic mice, quercetin-treated groups showed significantly
lower FBG levels and hepatic and renal marker enzymes, increased the levels of glutathione, SOD, catalase, glutathione-S-transferase
and increased the expression of GLUT4, suggesting that quercetin ameliorates hyperglycemia and oxidative stress by attenuating free
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The molecular mechanism of the active ingredients of A.manihot in the treatment of chronic kidney disease.

Active ingredient

Molecular mechanism

Experiment

Intervention method

Huangkui Capsules
(Tu et al., 2013)

Huangkui Capsules
(Ge et al., 2016)

Huangkui Capsules
(Cai et al., 2017)

Huangkui Capsules
(Wu et al., 2018)

Huangkui Capsules
(Han et al.,
2019)

Huangkui Capsules
(Gu et al., 2020)

Huangkui Capsules
(Zhao et al.,
2023)

Total flavonoids ( Li
etal, 2019)

Total flavonoids ( Tu
etal, 2020)

Total flavonoids (Liu
et al., 2021)
Hyperoside ( Ku
etal, 2014)
Hyperoside ( An
etal., 2017 )
Hyperoside ( Liu
etal, 2018)

Hyperoside (Zhang
etal., 2020)
Hyperoside (Wu
et al., 2020)
Hyperoside (Zhou
et al., 2021)
Hyperoside ( Liu
etal, 2021)
Myricetin (Yang
et al., 2019)
Myricetin
(Karunakaran
et al., 2019)
Myricetin
(Aminzadeh
etal., 2020 )
Quercetin (Lai et al.,
2012)
Quercetin (Alam
et al., 2014)
Quercetin (Lu et al.,
2018)

Quercetin (Dos et al.,
2018)

Quercetin (Cao et al.,
2018)

Quercetin (Liu et al.,
2019)

Quercetin (Lei et al.,
2019)

TGF-B1/, p-p38MAPK|
PPARat, PPARy?

NOX1|, NOX2|, NOX4|, a-SMA/, p-
ERK]

p-Akt|, p-mTOR|, p-p70S6K|

NLRP3|, TLR4/, p-IKK|, p65]

TRPC6|

Nephrin|, Podocin|, ZO-1|, p-JAK2|,
p-STAT3|, p-PI3K|, p-Akt]

NLRP3 inflammasome|, ERK1/2/,
ROS|

IL1p|, TNF-a}, NF-xB |,
AMPK?, SIRT11

NEK7], NLRP3|, ASC|, caspase-1|, p-
PI3K?1, p-Aktt
ICAM-1, VCAM-1/|, ROS|, NF-kB|

HS contentst, heparanase|

p-AMPK|, p-ULK1]

p-ERK|, p-CREB|, miRNA-34a|
Caspase-3|, caspasel, Bax|, Bcl-21
miR-499a-5p1

MCP-1|, TNF-a}, iNOS]Arg-11,
CD163/CD2061
Nrf2}, HO-1|, p-IkB, p-p65/

P-PERK|, P-elF2a], ATF4|, CHOP|,
GRP781, CDK5|, PDX11, SERCA2b?

Bax/Bcl-2|, caspase-3|

TGF-p1], CTGF|

Glutathionet, SOD1, catalasef,
glutathione-S-transferaset, GLUT41
iNOS|, IL-12|, F4/80 + /CD11b +
/CD86 +1,

NF-kB p65/, IRF5]

IL-6], TNF-a|, TGF-p1|, Bax|,
TBARS|,

CAT?, SOD11

miR-21|, PTEN?, TIMP31

TGF-p1], TGFBR1/2|, Smad2/3|,
Smad4|, GSK-3p, p-catenin, a-SMA|,
FSP-1, Smad71

p- MST11, p-Latsl1, nuclear YAP|

Adriamycin-induced nephropathy in
SD rats
STZ-induced DN in SD rats

Adenine-induced CRF in SD rat,
HG-induced EMT in HK-2

STZ + HFD-induced DN in SD rats

STZ-induced DN in SD rats

UUO in C57BL/6 mice

Doxorubicin (DOX) induced CKD in
mice

Adriamycin-induced nephropathy in
SD rats,

Adriamycin-induced injury in NRK-
52E

Uninephrectomy, potassium oxonate,
and proinflammatory diet induced
CRF in SD rats,

LPS in RAW 264.7 cells

HG in MPC-5 cells

HG-induced vascular inflammation in
HUVECs
STZ-induced diabetic in C57BL6 mice

D- gal induced aging and injury in SD
rats,

NRK-52E cells exposed to D-gal
HG-induced cell proliferation in SV40-
MES13 cells

HG in RVECs

HG-induced apoptosis in HK-2 cells

db/db mice,

HG in BMDMs

STZ-induced diabetes mellitus in
C57BL/6mice

HG-induced apoptosis in INS-1 cells

HG-induced oxidative stress in
HUVECs

STZ-induced diabetic in SD rats
Alloxan-induced diabetic in Swiss
albino mice

UUO in ICR/JCL mice,

LPS in RAW264.7

Pristane-induced LN mice

TGF-B-induced fibrosis in HK-2 cell

Uninephrectomy of the left kidney
induced GS in SD rats

C57BL/KSJ db/db mice,
HG-treated mouse mesangial cells

HKC (0.5, 2 g/kg/d, i.g.) for 4 weeks

HKC (75, 175, 300 mg/kg/d, p.o.) for 12 weeks
HKC (150 mg/kg/d, p.o.) quercetin, isoquercitrin
quercetin-3'-O-p-D-glucoside, gossypetin-8-O-8-D-
glucuronide, hyperoside (5, 10, 25, 50, 100 pM)
HKC (2 g/kg/d, p.o.) for 4 weeks

HKC (2 g/kg/d, p.o.) for 4 weeks

HKC (0.15, 0.5, 1.5 g/kg, i.g.) for 7d

HKC (0.15, 0.5, 1.5 g/kg, p.o.)

TFA (1.5 g/kg/d, p.o.) for 14d,
TFA (100 pg/mL) for 24h

HKC (2 g/kg/d, p.o.) for 10weeks,

TFA (20 pg/mL) for 24h

TFA (20 pg/ml)

Hyperoside (25 mM) for 24 h

Hyperoside (10, 30 mg/kg/d, p.o.) for 4weeks

Hyperoside (20, 30 mg/kg/d, p.o.) for 4weeks
(5, 10 pg/mL) for 24h

Hyperoside (200 pM) for 48h

Hyperoside (10 pg/mL) for 72 h

Hyperoside (50 nM)

Hyperoside (40, 80mg/kg/d, p.o) for 12weeks,
(12.5, 25, 50 uM)

Myricetin (100 mg/kg/d, p.o.) for 6months

Myricetin (20 pM) for 7h

Myricetin (0.5, 1 pM) for 24h

Quercetin (50 mg/kg/d, p.o.) for 12weeks
Quercetin (20 mg/kg/d, p.o.) for 3weeks

Quercetin (20 mg/kg/d, p.o.) for 3d
(10, 100 pM/mL) for 24h

Quercetin (50 mg/kg/d, p.o.) for 5Smonths

Quercetin (7.5, 15, 30 mg/mL) for 72h

Quercetin (25, 50, 100 mg/kg/d, p.o.) for 8weeks

Quercetin (50, 100, 150 mg/kg/d) for 8 weeks,
(10, 20, 40 uM) for 24h

(continued on next page)
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Table 2 (continued)

Active ingredient Molecular mechanism Experiment Intervention method
Quercetin (Wang IL-1BJ, IL-6], TNF-a, ATF3| AKI in C57BL/6J mice, Quercetin (25 mg/kg, 3times/day, i.p.) for 1d,
et al., 2020) NRK-52E cells and HK-2 cells (10 puM) for 24h
Quercetin (Liu et al., SIRT11, PINK11, Parkint UUO in SD rats, Quercetin (20 mg/kg/d, p.o) for 14d
2020) Angll in NRK-52E (20 uM) for 2h
Quercetin (Tan et al., Mincle|, p-Sykl, NF-xB| AKI in C57BL/6 mice Quercetin (50, 100 mg/kg/d, p.o) for 3d
2020)
Rutin (Korkmaz ROS|, MDA|, GSH|, MnSOD?t Right nephrectomy + ischemia/ Rutin (1 g/kg i.p.)
et al., 2010) reperfusion in Wistar rats
Rutin (Hao et al., p-Smad 7|, AGEs|, collagen IV, STZ-induced diabetic in SD rats Rutin (10, 30, 90 mg/kg/d, p.o) for 10weeks
2012) laminin|, TGF-p (1) |, p-Smad 2/3/,
CTGF|
Rutin (Han et al., TGF-p1}, p-smad2] 5/6 nephrectomy in Wistar rats Rutin (15, 45 mg/kg) for 20weeks
2015)
Rutin (Wang et al., ROS|, RhoA|, ROCK|, Nrf21 HG-induced barrier dysfunction in Rutin (25 pM) for 24h
2016) HRGECs
Rutin (Qu et al., Nrf21, HO-11, NF-xB| Vancomycin-induced nephrotoxicity Rutin (150 mg/kg, p.o.) for 7d
2019) in Wistar rats
Rutin (Qu et al., caspase-3/7], caspase-9], ROS |, Vancomycin-induced apoptosis in Rutin (5, 10, 20 pM) for 2h
2019) SODT1, CATT LLC-PK1 cells
Isoquercetin (Zhang Glucagon-like peptide (GLP)-11, High-fat diet and STZ-induced type 2 Isoquercetin (20, 40, 80 mg/kg/d, p.o.) for 8weeks
et al., 2018) dipeptidyl peptidase IV (DPP-1V) diabetic in Chinese Kunming mice
1
Isoquercetin c-myc|, MMP2|, f-catenin| STZ-induced diabetic SD rats Isoquercetin (10, 30 pM) for 3d
(Resham et al.,
2020)
Isoquercetin (Wang 1L-6], TNF-a|, COX-2|, p-ERK|, Cisplatin-induced nephrotoxicity in Isoquercetin (50 mg/kg/day, p.o) for 4d
et al., 2020) cleaved caspase-3/total caspase-3| C57BL/6J mice, (80 uM for mPTCs and 120 pM for HK2) for 2 h

Cisplatin-induced cell injury in mPTCs
and HK2 cells
Isoquercetin (Liu p53l, Bax|, C-caspase3|, Bcl-21 HG-induced apoptosis in HUVECs Isoquercetin (100 pM) for 24 h
et al., 2021)

radical-induced toxicity [27].

Rutin, the active component of A.manihot significantly reduced FBG, serum creatinine (Scr), blood urea nitrogen (BUN), and
urinary protein, inhibited mesangial cell proliferation, and decreased glomerular basement membrane thickness in rats with DKD. In
addition, rutin significantly inhibited the expression of AGEs, type IV collagen, laminin, TGF-f1, p-Smad 2/3, and CTGF, suggesting
that rutin may alleviate DKD progression by inhibiting TGF-p1/Smad/ECM and TGF-1/CTGF/ECM signaling pathways [28]. In
addition, rutin inhibited the RhoA/ROCK signaling pathway by reducing reactive oxygen species mediated by Nrf2 activation, thereby
significantly preventing the renal endothelial barrier function in human glomerular endothelial cells disrupted by hyperglycemia [29].

In a diabetic rat model established by STZ, isoquercetin was administered intrathecally to 6-week-old diabetic rats at 10 pM and 30
pM for 3 d. The results showed that isoquercetin significantly improved altered behavioral pain thresholds and functional parameters
in diabetic rats both intrathecally (10 and 30 pM) and intraperitoneally (10 mg/kg), through inhibition of the Wnt/p-catenin signaling
pathway [30]. In a high-fat diet and STZ-induced type 2 diabetic mouse model, isoquercetin enhanced glucagon-like peptide (GLP-1)
and insulin secretion by inhibiting dipeptidyl peptidase IV (DPP-1V), thereby reduced blood glucose and alleviated body weight [31].
In high-glucose-stimulated HUVECs, administration of isoquercetin significantly inhibited the expression of the pro-apoptotic proteins
p53, Bax, and cleaved (C)-caspase3. It increased the expression of the anti-apoptotic protein Bcl-2 in HUVECs by inhibiting HG-induced
phosphorylation of p53 at Serl5 and increasing nuclear translocation of USP10 [32]. The molecular mechanism of the active in-
gredients of A. manihot in the treatment of different kinds of chronic kidney diseases are summerized in Table 2.

3.2. Renal fibrosis

A.manihot ameliorates kidney fibrosis in chronic renal failure (CRF) and unilateral ureteral obstruction (UUO) models. In the
adenine-induced rat CRF model, treatment with HKC significantly reduced Scr, BUN, NADPH oxidase 1, NADPH oxidase 2 and NADPH
oxidase 4, a-smooth muscle actin (a-SMA) and phosphorylated-extracellular signal-regulated kinase (p-ERK1/2). In vitro, the main
active components of A.manihot including quercetin, hyperoside, isoquercetin, hibifolin, and quercetin-3'-O-glucoside inhibited EMT
in HG-induced HK-2 cells.The results showed that these five active ingredients could significantly inhibit the expression of NADPH
oxidase 1, NADPH oxidase 2, NADPH oxidase 4, a-SMA and p-ERK1/2 under high glucose, indicating that HKC and their active in-
gredients protect CRF tubular interstitial fibrosis by inhibiting the NADPH oxidase/ROS/ERK pathway [33]. A CRF rat model was
established by right nephrectomy, potassium oxonate, and proinflammatory diet in another study. Total flavones of Abelmoschus
manihot inhibited IL1p, TNF-a, and NF-kB protein expression in CRF rats. In vitro, treatment of RAW 264.7 cells exposed to LPS with
TFA indicates that TFA promotes macrophage polarized into M2 functional phenotype, and further studies show that it may regulate
autophagy-mediated macrophage polarization by inhibiting the AMPK-SIRT1 pathway to attenuate the inflammation of CRF rats [34].
HKC reduces renal tubular interstitial injury scores in a dose-dependent manner in UUO mice, reduces protein expression of the renal
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fibrosis marker a-SMA and increases expression of the anti-fibrotic protein E-calcine mucin in a dose-dependent way. HKC significantly
inhibits UUO-induced expression of TRPC6, CnA, and NFAT, implying that HKC may prevent renal fibrosis by inhibiting the
TRPC6/CnA/NFAT signaling pathway [35].

In animal models of kidney disease, the active components of A.manihot can also alleviate renal fibrosis. Quercetin reduces Scr and
BUN levels, inflammatory cell infiltration, and inflammatory factor expression in UUO mice and inhibits the expression of TGF-B1R, p-
Smad2, p-Smad3, and Smad2/3 in kidney tissues of UUO mice. The possible molecular mechanism is that quercetin inhibits TLR4/
MyD88 signaling pathway, downregulates NF-kB and IRF5 activity, inhibits M1 macrophage polarization, reduces renal inflammatory
injury, and inhibits the polarization of M2 macrophages to reduce renal fibrosis [36]. It has been shown that quercetin can improve Scr
and BUN, reduce proteinuria, improve lipid metabolism, and alleviate pathological changes such as basement membrane widening and
increased mesangial matrix in glomerulosclerosis (GS) rats. Further studies showed that quercetin down-regulated transforming
growth factor (TGF)-p signaling proteins (TGF-$1, TGFBR1/2, Smad2/3, Smad4, GSK-3p, and f-catenin) and EMT proteins (a-SMA and
FSP-1) as well as upregulated proteins such as Smad7, suggesting that quercetin may protect the kidney by inhibiting the TGF-p
signaling pathway [37]. Consistent with the in vivo findings, quercetin treatment reduced TGF-f-induced expression of collagen I,
fibronectin, a-SMA, and E-calcineurin and increased expression of the anti-fibrotic factors PTEN and TIMP3 in human renal tubular
epithelial HK-2 cells, possibly by inhibiting miR-21 to upregulate anti-fibrotic gene expression and thus inhibit renal fibrosis [38]. In
addition, quercetin may alleviate renal fibrosis by activating mitosis and reducing renal tubular epithelial cell ( RTEC ) senescence
through a possible mechanism of activating SIRT1/PINK1/Parkin-mediated mitochondrial autophagy [39].

3.3. Other kidney diseases

The Adriamycin nephropathy (ADRN) model mainly presents with proteinuria and loss of renal function, and it has been widely
used in laboratory studies to simulate CKD in humans [40]. A study demonstrated that 2 g/kg/d of HKC improved proteinuria and
glomerulosclerosis in ADRN rats, significantly reducing the infiltration of ED1" and ED3" macrophages in the glomeruli and the
expression of renal TNF-a protein, and inhibiting the activity of p38MAPK signaling pathway [41]. Similarly, continuous 5-week
treatment with HKC can improve renal function in mice with doxorubicin-induced nephropathy and reduce the expression of podo-
cyte damage markers nephrin and podocin. In vitro, results showed that the active component of HKC, hibifolin, can significantly
inhibit the expressions of nephrin, Podocin, and ZO-1 proteins in the mouse podocyte clone 5 (MPC-5) injury model. Mechanism
exploration suggests that HKC may inhibit the protection of podocytes through the JAK2/STAT3 and PI3K/Akt pathways [42].
Interestingly, recent studies have confirmed that the total extract of A.manihot can also protect renal tubular cells from
doxorubicin-induced renal tubular injury by inhibiting ROS-ERK1/2-NLRP3 inflammasomes [43].

Similarly, the active ingredients of A.manihot can also exert therapeutic effects in other kidney diseases. Lupus nephritis (LN) is a
common and severe manifestation of systemic lupus erythematosus. The ultimate goal of LN treatment is to prevent nephron loss and
prevent CKD [44]. Quercetin can also reduce proteinuria levels in LN mice and significantly reduce IL-6, TNF-a, and TGF- 1. The tissue
expression of Bax and TBARS indicates that quercetin can reduce inflammatory cell infiltration, oxidative stress, apoptosis, and fibrosis
in LN mice [45]. Pretreatment of porcine renal tubular LLC-PK1 cells with 2,10 and 20 pM rutin for 24 h protects cells from
vancomycin-induced cysteinase activation, mitochondrial membrane depolarization, and subsequent apoptosis [46] , Consistent with
the in vivo findings, rutin achieves renal recovery from vancomycin (VCM) injury by increasing Nrf2 and HO-1 and reducing NF-«kB
expression and isoquercetin reduced cisplatin-induced nephrotoxicity by ameliorating renal injury by improving oxidative stress,
inflammation, and apoptosis [47,48]. In addition, hyperoside attenuates D-gal-induced renal senescence and injury by inhibiting
AMPK-ULK1 signaling-mediated autophagy [49].

Acute kidney injury (AKI) is with high morbidity, mortality and also a significant cause of CKD. Studies have shown that quercetin
ameliorates AKI by inhibiting ferroptosis and reducing macrophage infiltration by inhibiting ATF3 expression or by reducing
macrophage inflammatory factor expression by inhibiting Mincle and its downstream signaling [50,51]. Similarly, rutin attenuated
renal injury in rats with renal ischemia-reperfusion, and the mechanism may be related to the antioxidant activity of rutin [52]. In
addition, rutin treatment in 5/6 nephrectomy rats significantly increased the mean activity of antioxidant enzymes in the model group,
thereby reducing renal damage [53].

4. Discussion

As a significant traditional medicine, A.manihot has been applied in the treatment of chronic kidney diseases in clinical practice. A
large number of trials have verified the efficacy and safety of A.manihot among patients with IgA nephropathy, diabetic nephropathy
and other CKD. Also animal studies have shown that A.manihot and its active ingredients protected the kidney function in multiple
models of CKD, CRF and AKI. Its therapeutic efficacy is mainly exerted by relieving inflammatory response, decreasing oxidative stress
and ameliorating renal fibrosis, etc. In conclusion, these studies exemplify the medicinal value and medicinal prospects of A.manihot.
However, there are some shortcomings that need further improvement and research, mainly including the following aspects. (1) A.
manihot has been widely used in clinical practice in the form of huangkui capsule, but studies involving the use of its active ingredient
alone are still at the animal level, and whether it has the same therapeutic effect on human beings is still unknown. Therefore, large-
sample clinical trials are needed to obtain high-quality clinical evidence, uncover the mechanism of action of each active ingredient,
and identify more specific active ingredients for further development and optimization to ensure their safety and efficacy in clinical
applications. (2) The current clinical dose of HKC (7.5 g/d) is relatively high, which may affect the compliance of some patients.
Therefore, there is a need to develop more advanced and efficient purification techniques to purify and extract flavonoids to ensure
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that the same therapeutic effect can be achieved with a reduced dose. In addition, more systematic studies should be carried out to
combine different active ingredients, study the interactions and patterns of action of these chemical components on renal diseases, and
screen for low-dose combinations of ingredients with fewer adverse effects and better therapeutic efficacy. (3) Liver and kidney are the
main organs for drug metabolism, although clinical studies have shown that A.manihot treatment of kidney diseases hardly occurs
serious adverse events such as hepatorenal toxicity, and has a certain degree of safety. However, there are fewer toxicity studies on A.
manihot and its main active ingredients, so it is necessary to carry out pharmacokinetic studies on A.manihot and its active ingredients
before developing drug reagents to ensure the effectiveness and safety of the developed drugs.
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