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Background: Urolithiasis or kidney stones is a common and frequently occurring renal
disease; calcium oxalate (CaOx) crystals are responsible for 80% of urolithiasis cases.
Phyllanthus niruri L. (PN) has been used to treat urolithiasis. This study aimed to determine
the potential protective effects and molecular mechanism of PN on calcium oxalate-
induced renal injury.

Methods: Microarray data sets were generated from the calcium oxalate-induced renal
injury model of HK-2 cells and potential disease-related targets were identified. Network
pharmacology was employed to identify drug-related targets of PN and construct the
active ingredient-target network. Finally, the putative therapeutic targets and active
ingredients of PN were verified in vitro and in vivo.

Results: A total of 20 active ingredients in PN, 2,428 drug-related targets, and
127 disease-related targets were identified. According to network pharmacology
analysis, HMGCS1, SQLE, and SCD were identified as predicted therapeutic target
and ellagic acid (EA) was identified as the active ingredient by molecular docking
analysis. The increased expression of SQLE, SCD, and HMGCS1 due to calcium
oxalate-induced renal injury in HK-2 cells was found to be significantly inhibited by EA.
Immunohistochemical in mice also showed that the levels of SQLE, SCD, and HMGCS1
were remarkably restored after EA treatment.

Conclusion: EA is the active ingredient in PN responsible for its protective effects against
CaOx-induced renal injury. SQLE, SCD, and HMGCS1 are putative therapeutic targets
of EA.
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1 INTRODUCTION

Phyllanthus niruri L. (PN) belongs to Phyllanthus Linn., Subgen.
Phyllanthus, Sect. Phyllanthus and the species Phyllanthus niruri.
It is distributed in China, India, Indochina Peninsula, Malay
Archipelago, and tropical America (China Plants Database,
http://db.kib.ac.cn/CNFlora/HierarchicalSearch.aspx). Since the
1940s, the chemical constituents of PN have been systematically
studied, and the plant has been reported to contain a variety of
beneficial ingredients (Krishnamurti and Seshadri, 1946).
Pharmacological studies have shown that it has anti-cancer,
anti-inflammatory, anti-oxidation, anti-fungal, anti-virus, and
other activities. PN as a diuretic is widely used in clinical
medicine, as a traditional treatment in Brazil (Kaur et al.,
2017; Kieley et al., 2008). In addition, A.H.Campos et al.
(Freitas et al., 2002) and J.L.Nishiura et al. (Nishiura et al.,
2004) have shown via experimental and clinical studies,
respectively, that PN can treat kidney stones.

Urolithiasis or kidney stones is a common and frequently
occurring disease worldwide. It is mainly characterized by back
pain, abdominal pain, hematuria, nausea, and vomiting. It can cause
serious urinary tract infection, acute renal function declines, urinary
tract obstruction, and other adverse consequences. The prevalence of
urolithiasis in China is 7.54%, and the recurrence rate is 50%
5–10 years after the first treatment (Wang et al., 2017). Stone
formation in urolithiasis occurs due to the accumulation of
human metabolites, therefore, some patients are closely related to
metabolic factors. Metabolic abnormalities, such as hypercalciuria,
hyperoxaluria, and hyperuricemia, occur in a high proportion of
patients with kidney stones (Abu-Ghanem et al., 2016). Calcium
oxalate (CaOx) crystals are implicated in 80% of urolithiasis cases
(Evan, 2010; Khan et al., 2016).

Renal tubular epithelial cells are the primary targets of CaOx-
induced renal injury. CaOx crystals interact with renal tubular
epithelial cells, resulting in cellular injury that becomes the

attachment site of crystals (Scheid et al., 2004). The damage of
renal tubular epithelial cells leads to further crystallization, crystal
retention, and development of stone (Khan, 2004). It is worth
noting that during this process, renal tubular cells undergo some
adaptive changes to prevent subsequent harm. This reaction is
termed acquired renal cytoresistance, which is characterized by
the accumulation of cholesterol in cells (Oner and Cirrik, 2009).
Cholesterol accumulation increases plasma membrane stability
and protects cells from further toxic damage (Zager et al., 1999).
However, if left unchecked, these initially beneficial effects may
increase the risk of kidney stones (Taguchi et al., 2020; Wang et
al., 2022) and progressive renal injury (Kim et al., 2009; Zager
et al., 2011). In addition, it is reported that renal tubular cell injury
is mediated by lipid accumulation associated with changes in gene
expression related to cholesterol transport and synthesis (Kim
et al., 2020). In this study, we investigated the mechanisms by
which PN manifests its protective effects against CaOx-induced
renal injury for a better understanding of its protective properties,
especially those related to lipid nephrotoxicity.

2 MATERIALS AND METHODS

2.1 Cell Culture and Treatment
Human renal tubular epithelial HK-2 cells were purchased from
American Type Culture Collection (ATCC; Manassas,
United States). The cells were cultured in Dulbecco’s Modified
Eagle Medium/Nutrient Mixture F-12 (DMEM/F-12; Hyclone,
United States), containing 10% fetal bovine serum (Gibco,
United States), 100 U/mL penicillin, and 100 U/mL streptomycin
(Sangon, China). Cells were cultured at 37°C and 5% CO2. The cells
were divided into the following three groups: 1) cells in the sodium
oxalate (NaOx; Su Yi Chemical Reagent Co., Ltd., Shanghai, China)
group were incubated in DMEM/F12 at a concentration of 1mM
(NaOx group) for 12 or 24 h, 2) cells in the Ellagic acid (NaOx + EA

TABLE 1 | List of the 20 active ingredients of Phyllanthus niruri L.

No. Chemical composition References

1 Quercitrin Bagalkotkar et al. (2006); Li XR et al. (2007); Kaur et al. (2017); Jantan et al. (2019)
2 Rutin Bagalkotkar et al. (2006); Li XR et al. (2007); Kaur et al. (2017); Jantan et al. (2019)
3 Niranthin Bagalkotkar et al. (2006); Li XR et al. (2007); Kaur et al. (2017); Jantan et al. (2019)
4 Nirtetralin Bagalkotkar et al. (2006); Li XR et al. (2007); Kaur et al. (2017); Jantan et al. (2019)
5 Phyllanthin Bagalkotkar et al. (2006); Li XR et al. (2007); Kaur et al. (2017); Jantan et al. (2019)
6 Phyltetralin Bagalkotkar et al. (2006); Li XR et al. (2007); Kaur et al. (2017); Jantan et al. (2019)
7 Corilagin Bagalkotkar et al. (2006); Li XR et al. (2007); Kaur et al. (2017); Jantan et al. (2019)
8 Ellagic acid Bagalkotkar et al. (2006); Li XR et al. (2007); Kaur et al. (2017); Jantan et al. (2019)
9 Astragalin Bagalkotkar et al. (2006); Li XR et al. (2007); Kaur et al. (2017); Jantan et al. (2019)
10 Quercetin Bagalkotkar et al. (2006); Kaur et al. (2017); Jantan et al. (2019)
11 Lupeol Bagalkotkar et al. (2006); Kaur et al. (2017); Jantan et al. (2019)
12 Cubebin dimethyl ether Bagalkotkar et al. (2006); Kaur et al. (2017); Jantan et al. (2019)
13 Urinatetralin Bagalkotkar et al. (2006); Li XR et al. (2007); Kaur et al. (2017)
14 Hinokinin Li XR et al. (2007); Kaur et al. (2017); Jantan et al. (2019)
15 Hypophyllanthin Bagalkotkar et al. (2006); Kaur et al. (2017); Jantan et al. (2019)
16 Isolintetralin Bagalkotkar et al. (2006); Li XR et al. (2007); Jantan et al. (2019)
17 Lintetralin Bagalkotkar et al. (2006); Li XR et al. (2007); Kaur et al. (2017)
18 Phyllnirurin Bagalkotkar et al. (2006); Li XR et al. (2007); Kaur et al. (2017)
19 Phyllanthine Bagalkotkar et al. (2006); Li XR et al. (2007); Kaur et al. (2017)
20 Gallic acid Bagalkotkar et al. (2006); Kaur et al. (2017); Jantan et al. (2019)
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group) were incubated in DMEM/F12 for 12 or 24 h, 3) cells in the
PBS were incubated in DMEM/F12 (Ctrl group). The EA
concentration was selected based on the results of a Cell
Counting Kit 8 (CCK8) assay (Beyotime, China). EA was
purchased from Source Leaf Creature (Shanghai, China).

2.2 Microarray Analysis
The duration (24 h) and concentration (1 mM) of NaOx exposure
of the cell model were set based on the results of a previous study
(Huang et al., 2005). Microarray analysis was performed using
Affymetrix HTA 2.0 Transcriptome Arrays.

FIGURE 1 | Hub ingredients and targets screening (A) An ingredient-target network and nodes represent ingredients (red) and targets form STITCH (blue),
Pharmmapper (green) or both (orange) (B)Heatmap of potential disease-related targets onmicroarray analysis between HK-2 cells cultured with (NaOx group) or without
(Ctrl group) NaOx (C) Venn diagram showing the overlap of diease-related (Oxalate-induced renal injury related) targets (blue) and drug-related (Phyllanthus niruri. L
related) targets (green) (D) The active ingredient-predicted therapeutic target network.
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2.3 Network Pharmacology
The active ingredients in PN were determined from available data
reported in the literature and the potential drug-related targets
were determined from the STITCH database (confidence score >
0.15, http://stitch.embl.de/) and PharmMapper Server (The top
100 pharmacophore candidates, http://www.lilab-ecust.cn/
pharmmapper/). The disease-related targets were screened
from microarray analysis and the conditions were set as FC ≥
2 and p value < 0.05 or FC ≤ 0.5 and p value < 0.05. Next, the
targets of PN active ingredients were mapped to disease-related
targets to obtain the predicted therapeutic targets. The active
ingredient-target network was constructed using Cytoscape
(version 3.8.0) to comprehensively understand the complex
interactions between PN, its active ingredients, and their
therapeutic targets. The main active ingredients and their
putative therapeutic targets were determined.

2.4 Molecular Docking
Molecular docking was performed using AutoDock Vina
(version 1.1.2, US) (Trott and Olson, 2010). The simplified
molecular input line entry system (SMILES) structure of EA
(ingredient CID: 5,281,855) was obtained from PubChem
(https://pubchem.ncbi.nlm.nih.gov/). The interactions
between EA and its putative therapeutic targets were
predicted by AutoDock Vina. The docking scores (to
predict binding affinity) and the EA-protein complexes were
extracted from AutoDock Vina. Ligand-protein interactions
were analyzed using LigPlus (version 2.24, UK) (Laskowski
and Swindells, 2011) software and two-dimensional figures
were obtained. Then, the PyMoL (version 4.5.0, https://www.
schrodinger.com/pymol) is used to make three-dimensional
figures.

2.5 Animals
Male C57BL/6 mice aged 6 weeks were (Changzhou Cavens
Lab Animal Co., Ltd. Jiangsu, China) maintained in a special
pathogen-free (SPF) animal house at 25°C with 12 h of light
per day and free access to water and food. All animal
procedures are approved by the Laboratory Animal Ethics
Committee of Naval Medical University. The mice (n = 18)
were randomly divided into the following three groups:
control group (Con; n = 6), glyoxylate-induced CaOx
group (Gly; n = 6), and EA treatment group (Gly + EA;
n = 6). The Gly and Gly + EA group mice were subjected to
intraperitoneal injection of glyoxylate (80 mg/kg; UDChem

Technology Co., Ltd. Shanghai, China) once daily for 7 days
and the Con group was treated with the same volume of
saline. The Gly + EA group was intragastrically administrated
once daily with EA (20 mg/kg) for 7 days. On the eighth day,
all mice were sacrificed; their left kidney tissues were
collected and fixed in 10% formaldehyde, embedded in
paraffin, cut into 4 μm sections, subjected to hematoxylin
and eosin (HE) staining and immunohistochemical analysis;
after the right kidney was homogenized, the relative calcium
content of total protein, GPx activities, and MDA content
were determined by calcium assay kit, GPx, and MDA
detection kits, respectively. (Jiancheng, Nanjing, China).
The blood was collected and centrifuged to extract the
serum for serum creatinine detection.

2.6 Western Blot
Total protein was isolated from HK-2 cells. The HK-2 cell
proteins samples were incubated with anti-GAPDH (1:1,000,
Proteintech), anti-β-actin (1:1,000, Proteintech), anti-SCD (1:
1,000, Proteintech), anti-SQLE (1:1,000, Proteintect), anti-
HMGCS1(1:1,000, Proteintech) and anti-p53 (1:1,000,
Proteintech) overnight. The secondary antibodies (Licor,
United States) were incubated at room temperature for 2 h.
The intensity of the immunofluorescent signals was detected
using the Odyssey fluorescence imaging system (GENE,
United States).

2.7 Histology, Immunohistochemistry (IHC)
and Immunofluorescence
Mouse kidneys were fixed in 10% formalin, embedded in
paraffin, cut into 4 μm-thick sagittal sections, and stained
with HE. Treated HK-2 cells were fixed with 4%
paraformaldehyde, permeabilized with 1% Triton X-100,
and then blocked with BSA. Both HK-2 cells and kidney
tissue sections were incubated overnight with anti-SCD (1:
1,000, Proteintech), anti-SQLE (1:1,000, Proteintech), and
anti-HMGCS1 (1:1,000, Proteintech) antibodies. The cell
nuclei were stained with DAPI after incubating with Alexa
Fluor 488 (1:100) for 1 h in the dark. The fluorescence
intensity of the HK-2 cells was observed under a confocal
microscope. Representative IHC images of kidney sections
(200x magnification) were selected and semiquantitative
analysis of images using ImageJ software (version 1.6.0,
US) are displayed.

TABLE 2 | The AutoDock Score of putative targets with ellagic acid and the amino acid residue of targets via hydrogen bonds and hydrophobic contact.

Gene PDB
accession
number

Ligand
ID

Autodock
score

(kcal/mol)

Hydrophilic
interactions

Hydrophobic contacts

SCD 6C6R FAD −10.6 Thr261(A), Trp262(A), Asn148(A) His157(A), Asn265(A), Val264(A), His171(A), Asp156(A),
Trp153(A), Trp184(A), Gln147(A)

SQLE 4ZYO ST9 −9.8 Asp408(A),Gly420(A), Phe166(A),Glu165(A),
Tyr335(A), Ile162(A)

Gly419(A), Gly418(A), Gly164(A), Val163(A), Leu345(A),
Pro415(A)

HMGCS1 2P8U COA −7.6 Scy129(A), Tyr163(A), Tyr267(A), Ser377(A) Tyr375(A), Ser221(A), Phe204(A), Val216(A), Ala168(A),
Ile222(A), Leu270(A)
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2.8 Statistical Analysis
The experimental data are expressed as (mean ± standard
error). The SPSS (version 19.0, US) software was used for
statistical data analysis. Graphs were made using GraphPad
Prism (version 9.0, US). The independent t-test and one-
way ANOVA analysis were used for analyzing the
difference between experimental groups. A difference of
p < 0.05 between the groups was considered statistically
significant.

3 RESULTS

3.1 Network Pharmacology Analyses
3.1.1 Active Ingredient Screening
The active ingredients in PN were determined from literature
(Bagalkotkar et al., 2006; Li et al., 2007; Kaur et al., 2017; Jantan
et al., 2019). The active ingredients that were discussed in at least
75% of the literature were shortlisted for our analysis. As described in
Table 1 active ingredients of PN were considered for our analysis.

FIGURE 2 | Molecular docking. Three-dimensional (left) and two-dimensional (right) ligand interaction diagrams of ellagic acid and the original ligands of
HMGCS1 (A), SCD (B), and SQLE (C).
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3.1.2 The Active Ingredient-Predicted Therapeutic
Target Network Analysis
The STITCH database and PharmMapper Serve were used
together to screen the targets of 20 active ingredients of PN.
Totally, 1,688 and 781 potential targets were retrieved from the
above two databases, respectively (Supplementary Tables
S1,2). After removing the repetitive targets, the total
amount of obtained potential drug-related targets reduced
to 2,428 (Figure 1A). In order to probe the potential
disease-related targets, we performed transcription profiling
on affymetrix microarray HTA 2.0. Figure Figure1B shows
the differential expression of the 127 targets (Supplementary
Table S3).

At the intersection of potential drug-related targets and
disease-related targets were 14 potential therapeutic targets,
as shown by the venn diagram (Figure 1C). Inputting this
information, an active ingredient-predicted therapeutic
target network was visualized using Cytoscape. As shown
in Figures 1A,D total of 23 relationships (edges) between 20
nodes were identified. Degree of active ingredients analyzed
by NetworkAnalyzer tool in Cytoscape (Supplementary
Table S4), and the top two hub active ingredients,
quercetin, and EA were identified. Of interest is that EA
has important antioxidant, anti-inflammatory, and anti-
apoptotic effects, and has been shown to improve kidney
histology and decrease kidney injury biomarker levels (Liu
et al., 2020; Neamatallah et al., 2020). In addition, the hub
targets corresponding to EA were SQLE, HMGCS1, SCD,
HMGB2, and FLNA. Of these, SQLE, HMGCS1, and SCD are
related to lipid metabolism and cholesterol synthesis (Brown
and Goldstein, 1997; Samuel et al., 2014).

3.1.3 Molecular Modeling and Ligand Docking
Next, the binding affinities between EA and the three therapeutic
targets, SQLE, SCD, and HMGCS1, were evaluated using the
AutoDock Vina software. Molecular docking programs use
scoring functions to evaluate the binding energy of predicting
ligand-receptor complexes. As shown in Table 2, the scores of
the binding energies of EA with SCD, SQLE, and HMGCS1 are
−10.6 kcal/mol, −9.8 kcal/mol, and −7.6 kcal/mol, respectively. The
two-dimensional and three-dimensional molecular docking
diagrams of the three therapeutic targets with EA and its original
ligands are shown in Figure 2 and Table 2. All of them have low
docked binding energy, which is considered desirable.

3.2 SQLE, HMGCS1 and SCD Expression in
the Model of Oxalate Renal Injury
In order to further explore the expression characteristics of SQLE,
HMGCS1 and SCD in oxalate renal injury models, we initially
screened for potential SQLE, HMGCS1 and SCD by determining
transcripts in three data sets (GSE36446, GSE186676, and
GSE192703). The GSE datasets were downloaded from the GEO
database (https://www.ncbi.nlm.nih.gov/geo/). The results showed
that SQLE was up-regulated in mice model of glyoxylate (Gly)-
induced oxalate renal injury; SQLE and HMGCS1 were up-regulated
in HEK293 T cells model of calcium oxalate monohydrate (COM)-
induced oxalate renal injury; SQLE, HMGCS1and SCD were up-
regulated in rats model of hydroxy-L-proline (HLP)-induced oxalate
renal injury (Figure 3A). At the same time, our HK-2 cell model
experiment in vitro verified that the expressions of SQLE, SCD, and
HMGCS1 increased with the increasing time of NaOx stimulation
(Figures 3B,C, Supplementary Table S5). The same trend showed

FIGURE 3 | The changing trend of SQLE, HMGCS1, and SCD in oxalate-induced renal injury models (A) The Heatmap of SQLE, HMGCS1and SCDwere shown in
three GSE databases (B) Expression of SQLE, HMGCS1 and SCD protein was detected by Western blot in the sodium oxalate group (NaOx) at 0, 12, and 24 h (C)
Western blot displayed as column charts after quantification.
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FIGURE 4 | Ellagic acid protects NaOx-induced injury in cells and reduces the expression of SQLE, HMGCS1, and SCD (A) The cytotoxicity of ellagic acid on HK-2
cells determined by the CCK8 assay (B) The cytotoxicity of ellagic acid on NaOx treated HK-2 cells determined by the CCK8 assay (C) The expression of SQLE,
HMGCS1, and SCD by Western blot in the control group (Ctrl), sodium oxalate group (NaOx), and ellagic acid treatment group (NaOx + EA) (D) Cells were analyzed by
immunocytochemistry (100X) in the control group (Ctrl), sodium oxalate group (NaOx), and ellagic acid treatment group (NaOx + EA).
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FIGURE 5 | Ellagic acid protects calcium oxalate-induced renal injury in mice and reduces the expression of SQLE, HMGCS1, and SCD (A) Representative light
microscopy images of hematoxylin and eosin staining of kidneys from the control group (Con), glyoxylate-inducedCaOx group (Gly), and ellagic acid treatment group (Gly
+ EA) (magnification, ×200; scale bar = 50 μm) (B) Serum creatinine level in control group (Con), glyoxylate-induced CaOx group (Gly), and ellagic acid treatment group
(Gly + EA) (C) The GPx activities, MDA, and total calcium content in control group (Con), glyoxylate-induced CaOx group (Gly), and ellagic acid treatment group (Gly
+ EA) (D) Expression of SCD, HMGCS1, and SQLE were analyzed by immunohistochemistry (IHC) (left) Representative light microscopy images of IHC staining of kidney
of mice (magnification, ×200; scale bar = 50 μm (up) and 25 μm (down)); (right) Semi-quantitative score of SCD, HMGCS1, and SQLE.
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FIGURE 6 | Ellagic acid reduces the expression of p53 (A) Expression of p53 protein was detected by western blot in the sodium oxalate group (NaOx) at 0, 12, and
24 h (B) Expression of p53 protein was detected by Western blot in the ellagic acid treatment group (NaOx + EA) at 0, 12, and 24 h (C) Two-dimensional (left) and three-
dimensional (right) ligand interaction diagrams of ellagic acid and the original ligands of p53.

FIGURE 7 | Diagram of the putative regulatory mechanisms of the ellagic acid.
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that SCD, HMGCS1 and SQLE were up-regulated in oxalate-induced
renal injury.

3.3 Ellagic Acid Protects HK-2 Cells Against
Oxalate-Induced Injury by Reducing the
Expression of SQLE, HMGCS1, and SCD
The cytotoxic effect of EA was investigated using HK-2 cells
with CCK8 assay. As shown in Figure 4A, we chose a
concentration of 20 µM of EA for the experiments
(Supplementary Table S6). Furthermore, The cellular
viability of HK-2 cells was inhibited after NaOx stimulation,
but restored after treatment with EA (Figure 4B,
Supplementary Table S7). The western blot analysis
showed that EA treatment downregulated NaOx-induced
injury elevation of SQLE, HMGCS1, and SCD (Figure 4C).
As shown in Figure 4D, the fluorescence intensity of SQLE,
HMGCS1, and SCD in the NaOx group was higher than that in
the ctrl group, and the fluorescence intensity decreased after
EA treatment.

3.4 Ellagic Acid Protects Calcium
Oxalate-Induced Renal Injury in Mice by
Reducing the Expression of SQLE,
HMGCS1, and SCD
As shown in Figures 5A,B, EA protects CaOx-induced renal injury
in mice. In the HE staining of kidney sections, compared with the
Con group, interstitial cell infiltration in Gly mice was significantly
more severe. After EA intervention, the injury of renal tubules was
gradually alleviated. Serum creatinine level was significantly
decreased after EA intervention (Supplementary Table S8). In
addition, the oxidative stress in mice kidney was evaluated by
determining glutathione peroxidase (GPx) activities and
malondialdehyde (MDA) content. As shown in Figure 5C, MDA
content in theGlymice increased significantly comparedwith that in
the Con mice, and GPx activities in Gly mice decreased significantly
compared with those in the Con mice. All changes after EA
intervention can be called back. From the total calcium content
in the kidney of different groups of mice (Figure 5C), it can be seen
that EA intervention can significantly reduce the total calcium
content of Gly mice. The IHC result was shown in Figure 5D,
the expression of SCD HMGCS1 and SQLE in the Gly group was
considerable increased compared with that in the Con group. After
EA treatment, the expression of these indicators decreased. This
finding was further confirmed by IHC semiquantitative analysis.

3.5 Ellagic Acid Protects HK-2 Cells Against
Oxalate-Induced Injury by Reducing the
Expression of p53
We used the PROMO database to predict the common transcription
factors of SCD, SQLE, HMGCS1, which also included p53
(Supplementary Figure S1). As shown in Figure 6A, in our HK-
2 cellmodel experiment in vitro, thewestern blot analysis showed that
the expressions of p53 increased with the increasing time of NaOx

stimulation. The change can be reversed by the addition of EA
(Figure 6B). In addition, the results of molecular docking show that
the two-dimensional and three-dimensional molecular docking
diagrams of p53 with EA (Figure 6C). The score of the binding
energies is -6.5 kcal/mol.

4 DISCUSSION

Natural herbal medicines are typical multi-component,
multitarget, and multi-pathway agents; they contain active
ingredients which are responsible for their pharmacological
activity. Our study aimed to identify the key active ingredients
of PN, which has several medicinal properties, and their putative
therapeutic targets based on network pharmacology.

Network pharmacology is a promising approach for the study of
traditional Chinese medicine (TCM). In recent years, with the
popularization of network pharmacology, an integrated approach
of network pharmacology andmulti-omics has become an important
tool for analyzing themechanisms of action of TCM. Transcriptomics
has been widely applied with network pharmacology analysis to
characterize the molecular mechanisms underlying therapeutic
effects. In this study, we employed network pharmacology and
transcriptomics to analyze the mechanism of PN in the treatment
of CaOx-induced renal injury and enabled the identification of the
active ingredient (EA) in PN and its core targets (HMGCS1, SQLE,
and SCD). Moreover, the experimental results were consistent with
the results of network pharmacologymining, increasing the reliability
of network pharmacology network prediction.

3-hydroxy-3-methylglutaryl-CoA synthase 1 (HMGCS1) is
a metabolic enzyme involved in the formation of 3-hydroxy-3-
methylglutaryl-CoA (HMG-CoA), an important substrate in
mevalonate pathway (Gruenbacher and Thurnher, 2015). The
mevalonate pathway is an enzymatic cascade responsible for
synthesizing cholesterol (Thurnher et al., 2013). Squalene
epoxidase (SQLE) is one of the rate-limiting enzymes in the
biosynthesis of cholesterol. SQLE can further affect the
synthesis of cholesterol in mevalonate pathway by affecting
the catalysis of squalene (Yu et al., 2020). Stearoyl-CoA
desaturase (SCD) is an important regulatory enzyme of de
novo lipogenesis, which catalyzes the biosynthesis of
unsaturated fatty acids (Dobrzyn and Ntambi, 2004). Lipid
has two-sided. An appropriate increase can produce a
protective effect and an excessive increase can cause
oxidative damage, lead to tissue lipid peroxidation, and
finally cause lipotoxicity. Lipid homeostasis is crucial to
prevent lipotoxicity. Our in vivo and in vitro experiments
showed that SQLE, SCD and HMGCS1 increased
significantly in the CaOx-induced renal injury models,
suggesting the existence of lipid nephrotoxicity and
progressive renal injury.

In addition, more and more evidence supports the lipid
metabolism mediated by p53 tumor suppressor. The studies of
Lacroix M et al. (Lacroix et al., 2021) suggest the importance of
p53-SCD axis in lipid metabolism. The effect of p53 on Mevalonate
Pathway was also suggested in the study of Freed-Pastor WA et al.
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(Freed-Pastor et al., 2012). The results of molecular docking not only
suggested that EA might interact with SCD, SQLE, HMGCS1
protein directly, but also suggested that p53 transcription factor
might regulate the above three targets. The results of
immunoblotting imply the regulatory effect. Therefore, we
speculate that EA may not only directly bind to SCD, SQLE,
HMGCS1 and inhibit its expression, but also indirectly affect p53
and further affect the three downstream proteins.

In CaOx-induce renal injury, crystals precipitate in renal tubules
and interact with renal tubular epithelial cells to induce oxidative
stress and inflammation (Khan et al., 2021). Excessive oxidative
stress and inflammation will not only increase the deposition and
retention of oxalate crystals in tubular cells, but also lead to the
development of fibrosis (Khan, 2014). Epithelial mesenchymal
transition (EMT) is an important initial link of renal interstitial
fibrosis and plays an important role in the repair of renal tissue injury
(Kalluri and Neilson, 2003). In renal crystal induced renal injury,
EMT occurs in renal tubular epithelial cells in the early stage of renal
stone formation or crystal induced renal injury, and then triggers the
process of renal fibrosis (Hu et al., 2015). Sun Y et al. (Sun et al.,
2020) confirmed that the increase of renal cholesterol caused by
abnormal cholesterol metabolism will increase oxidative stress
injury. Kong YL et al. (Kong et al., 2020) confirmed that the
excessive accumulation of cholesterol in cells may stimulate the
increase of NLRP3 and induce inflammatory response. In addition,
Accumulation of cholesterol can activate PI3K-Akt signaling
pathway (Yue et al., 2014). Activated PI3K-Akt signaling pathway
will aggravate renal inflammation and oxidative stress injury (Ang
et al., 2015). Si YC et al. (Si et al., 2021) confirmed that inhibiting the
activation of PI3K-Akt signaling pathway in oxalate crystallization
mouse model can reduce crystalline kidney injury and inhibit the
occurrence and development of EMT. In conclusion, we can
speculate that abnormal cholesterol metabolism leads to the
accumulation of cholesterol, which may increase the damage of
oxidative stress, inflammation and fibrosis in the kidney.

EA is an active natural polyphenol ingredient with
antibacterial, anti-inflammatory, hepatoprotective, anti-obesity,
and anti-tumor effects (Chen et al., 2018). Furthermore, several
studies have shown that EA can modulate lipid metabolism,
which inhibits lipid accumulation by suppressing early
adipogenic events and cell cycle arrest (Okla et al., 2015; Woo
et al., 2015). Therefore, synthesize our experimental verification
results, the possible mechanism diagram of EA regulating lipid
metabolism in CaOx-induced renal injury was shown in Figure 7.
Considering the molecular docking results, we speculate that EA

may reduce the transformation of cholesterol in damaged HK-2
cells and protect cells in CaOx-induced renal injury by inhibiting
the activities of HMGCS1, SCD, and SQLE.
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The Renal Protective Potential Effect of Infusion of Anti-urolithiasis 
Formula in Urolithiasis Patients: A Randomized Clinical Study 
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Abstract: Kidney stones and related urological procedures can lead to chronic kidney disease (CKD). The constituent 
plants of an anti-urolithiasis formula developed by B2P2TOOT have a potential renoprotective effect, thus 
preventing CKD progression. This randomized open-label clinical study with end-blinded observation was 
aimed to evaluate the possible renoprotective effect of anti-urolithiasis formula infusions in urolithiasis 
patients. Two hundred volunteer subjects were randomly allocated into two groups: anti-urolithiasis herbal 
formula (AHF) and commercial polyextract lithotripsy (CPL). Urine tests were performed, and the estimated 
glomerular filtration rate (eGFR) was calculated using a CKD-EPI equation at baseline (day 0) and after the 
intervention (day 56). The analysis was done within each group and between both groups using paired sample 
T-test and independent T-tests. An increase in the eGFR of subjects in the AHF group was found, although it 
was not statistically significant (p=0.35). The mean of the eGFR of subjects in the CPL group after the 
intervention was lower, also statistically insignificant (p=0.56). Nevertheless, there were significant 
differences in the eGFR after intervention between both groups (p=0.044, 95% CI 0.16–12.4). Our findings 
suggest that AHF has a slight potential effect on renal function preservation in urolithiasis patients. 

1 INTRODUCTION 

Urolithiasis has become a worldwide health burden. 
Its incidence rates are 10% for men and 5% for 
women (D'Costa et al., 2016). The high recurrence 
rate of urolithiasis results in health financing issues 
and considerable morbidity (Lee et al., 2015). Also, 
several studies have revealed that the formation of 
stones in the urinary tract has a strong correlation with 
adverse renal outcomes. However, the mechanism 
underlying kidney stones and diminished kidney 
function is likely multifactorial (Alexander et al., 
2012; Coe et al., 2010).  Urolithiasis plays a 
significant role in influencing the risk of adverse renal 
outcomes and prior history of recurrent symptomatic 
episodes. Accordingly, it might produce an increased 
risk of end-stage renal disease (ESRD). For example, 
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the progressive calcification of calcium kidney stones 
at the tubular basement membrane and the ducts of 
Bellini causes renal damage through progressive 
scarring, leading to ESRD (Coe et al., 2010; Evan, 
2010). 

Urolithiasis management has recently played an 
essential role in preventing several future health 
complications—one of the standard procedures in the 
management of nephrolithiasis is extracorporeal 
shock wave lithotripsy (ESWL). ESWL had been 
regularly utilized in the management of urolithiasis. 
Nevertheless, it might significantly contribute to the 
increased risk of recurring stones and result in greater 
difficulty when comminuting stones with ESWL 
(Evan, 2010). Moreover, it can result in several 
complications, leading to kidney function loss 
(Shekar Kumaran and Patki, 2011). This hypothesis 

Nisa, U., Widhi Astana, P., Saryanto, ., Dewi, T. and Wijayanti, E.
The Renal Protective Potential Effect of Infusion of Anti-urolithiasis Formula in Urolithiasis Patients: A Randomized Clinical Study.
DOI: 10.5220/0010488300910097
In Proceedings of the 1st Jenderal Soedirman International Medical Conference in conjunction with the 5th Annual Scientific Meeting (Temilnas) Consortium of Biomedical Science Indonesia
(JIMC 2020), pages 91-97
ISBN: 978-989-758-499-2
Copyright c© 2021 by SCITEPRESS – Science and Technology Publications, Lda. All rights reserved

91



has suggested a decrease in renal function by 
vasoconstriction, and its persistent stone fragments 
may induce acute renal injury (Agawane et al., 2019; 
Khan et al., 2011; Nizami et al., 2012; Srisubat et al., 
2014). By contrast, another study found no 
correlation between ESWL and CKD development 
(D'Costa et al., 2016; E. et al., 2008). The 
retrospective study revealed that urological 
procedures could significantly increase the risk of 
developing elevated serum creatinin but were not 
significant in progressing CKD itself (D'Costa et al., 
2016). There is no appropriate drug for the treatment 
of urolithiasis despite technological advances in the 
field of medicine. However, it is worthwhile to 
explore the potential benefits of medicinal plants, 
which may affect anti-urolithiasis and restore renal 
impairments. 

Polyherbal treatment can be considered an 
alternative approach to treating urolithiasis. The 
investigation of phytotherapy for urolithiasis has been 
reported in an ethnopharmacology study, in vitro, and 
in vivo models (Ahmed et al., 2016; Akanae et al., 
2010; Nisa and Astana, 2018; Patankar et al., 2020; 
Yadav, RD., Jain, SK., Alok, Shashi., Mahor, Alok., 
Bharti, JP., Jaiswal et al., 2011). The diuretic activity 
of Orthosiphon stamineus is different when combined 
with hydrochlorothiazide and furosemide (Adam et 
al., 2009). It takes a longer time to produce effects 
than synthetic diuretics but, notably, does not include 
any side effects  (Tiwari et al., 2017). Meanwhile, 
Phyllanthus niruri can inhibit lithiasis' growth in rats 
(Morán et al., 2013). The administration of 
Phyllanthus niruri can decrease mRNA p65NF-κB 
and mRNA IL-6 levels in the kidneys of diabetic rats 
(Giribabu et al., 2017). Jonnel B.P. et al. revealed that 
an increase in Imperata cylindraca extract 
concentration is related to decreased serum creatinine 
and blood urea nitrogen (BUN) levels. Thus, several 
medicinal plants appear to have distinct mechanisms 
for urolithiasis that generate synergetic effects to 
facilitate stones' passage. 

The constituent plants of the anti-urolithiasis 
formula developed by the Medicinal Plant and 
Traditional Medicine Research and Development 
Center (B2P2TOOT-in Bahasa) have a potential 
renoprotective effect, which suggests they can serve 
as an alternative method of preventing CKD 
progression. This method's safety and efficacy have 
been proven in clinical trials (Nisa and Astana, 2019). 
Several compositions of the AHF had been reported 
to have a potential renoprotective effect in a single-
use form. This study aims to evaluate the possible 
renoprotective effect of an anti-urolithiasis herbal 
formula in urolithiasis patients.  

2 MATERIALS AND METHODS 

The study was conducted by the Traditional Plant and 
Traditional Medicine Research and Development 
Center at the Ministry of Health Indonesian and 
involved191 urolithiasis patients. The design of the 
study was a purposive randomized open-label study 
design, with end-blinded observation. We involved 
70 physicians, who all have Saintifikasi Jamu (SJ) 
certifications as investigators. The ethics committee 
approved the study protocol of the National Institute 
of Research and Development (LB.02.01/5.2/KE 
063/2016) on March 13th, 2017. The principal 
investigator was qualified in traditional and allopathic 
medicine and clinical trials, in accordance with Good 
Clinical Practices (GCP).  

Volunteer patients who fulfilled the inclusion 
criteria participated in this study. Before participating 
in the study, each subject was requested to read and 
sign an informed consent form. The inclusion criteria 
were: an age of 17-60 years old, a history of 
urolithiasis, the presence of a stone<2 cm in diameter, 
serum creatinine levels of<2 g/dl, and liver and 
kidney function within a normal range. Patients with 
complications from severe diseases and those 
requiring surgical intervention were excluded from 
the study. Eligible subjects were randomized by 
computer software into two groups: the AHF and the 
CPL group. 

In the AHF group, each subject was given an 
herbal formula, which consisted of a dried simplisia 
of 10 g of S. arvensis, 6 g of O. stamineus, 4 g of 
Strobilanthes crispus, 5 g of Imperata cylindrica, 5 g 
of C. xanthorrhiza, 4 g of Curcuma domestica, and 3 
g of P. niruri. Each subject was requested to prepare 
an infusion from the formula. The AHFwas prepared 
by boiling 1 L of water, adding the simplisia into the 
boiling water, and letting the mixture boil for 15 
minutes. Subjects were instructed to drink the filtered 
water twice a day for 56 days, after breakfast and 
dinner. Meanwhile, in the CPL group, subjects 
consumed CPL, which consisted of an extract of 18 
mg of O. stamineus, 6 mg of S. crispa, 24 mg of S. 
arvensis L., 2.4 mg of P. niruri, and 100 mg of 
Plantago major. They took one capsule of CPL four 
times daily, also for 56 days. 

Demographic data such as age, sex, BMI, history 
of stone recurrence, and stone size were recorded at 
day 0 of the study. Urine tests (routine and 
microscopic), including tests of urine turbidity, pH, 
specific gravity, LE, Nitrit, RBC, and albuminuria, 
were performed on days 0, 28, and 56 to observe the 
fluctuation of urine quality. The kidney's biochemical 
parameters (creatinine and BUN) were measured on  
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Figure 1: Enrollment, randomization, allocation, follow-up, and analysis

day 0 and day 56, followed by a calculation of the 
estimated glomerular filtration rate (eGFR) using a 
CKD-EPI equation. 

The data were analyzed statistically using a 
GraphPad Prism program for statistical analysis 
version 8.0. Descriptive data were calculated and 
presented in Table 1. To determine differences before 
and after treatment, we performed a paired T-test. An 
independent T-test was also conducted to determine 
the differences between the two groups. 
Alternatively, the Wilcoxon test and Mann–Whitney 
U-test were used when there was an abnormal data 
distribution in the Kolmogorov–Smirnov test results. 

3 RESULTS 

Based on Figure 1,  the total number of patients 
recruited in this studywas191 patients. As many as97 
and 94 subjects were analyzed in the AHF and CPL 
group, respectively. Each group had subjects who 
could not continue the intervention because of a 
failure to follow up. The baseline characteristics of 
patients are summarized in Table 1. 
 
 
 
 
 

Table 1: Demographic data of patients. 

Parameters AHF 
(N=97) 

CPL 
(N=94)

Mean age 45-55 yr 45-55 yr
Male:female 1.9:1 1.7:1
BMI 
(Overweight:normoweight)

1.18:1 1.38:1 

History of recurrent 
urolithiasis

1 yr 
(34%) 

1 yr 
(33%)

Average size of stone 10.82±8.19 8.07±5.19 

Comparing male and female participants between 
the two groups were 1.9:1 and 1.7:1 in the AHF and 
CPL group, respectively. Each group also had a 
similar BMI ratio between overweight and 
normoweight participants. The majority of patients 
were in the range of 45-55 years old. About 30% of 
patients had a history of stone recurrence within one 
year before the study started. The mean of the size of 
the stone was similar between the two groups. Figure 
2A shows information about the mean of the eGFR for 
pre-treatment(day 0) and post-treatment(day 56). 
There was no significant difference in the eGFR 
between the two groups on day 0. However, after 56 
days of treatment, there were significant differences in 
the eGFR between the AHF group and the CPL group 
(p=0.044, 95% CI 0.16 – 12.4).  
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Figure 2: (A) Mean of eGFRfor pre- and post-treatment between the two groups.(B)Mean difference between AHF and CPL 
groups. (C)Mean of eGFR before and after treatment in each group. 

An increase in subjects' eGFR was found in the 
AHF group on day 56 compared with day 0 (2.24 
mL/min per 1.73 m2). However, this was not 
statistically significant (p=0.35). In the CPL group, 
the average eGFR of subjects on day 56 was lower 
than on day 0, though this was also not statistically 
significant (p=0.56) (Figure 2B). We calculated the 
difference in theeGFR value between day 0 and day 
56 in each group, as represented in figure 2C. The 
difference in the eGFR in the AHF group showed a 
positive value, while in the CPL group, it showed a 
negative one.  

However, the independent T-test analysis showed 
no significant differences. Table 2 shows the urine test 
parameters of subjects. These results demonstrate that 
both groups' urine turbidity had lower scores at the end 
of treatment than in the middle or baseline. There was 

a statistically significant difference during treatment 
compared to the baseline.  

Furthermore, the CPL group's urine turbidity had 
substantial differences in the middle of treatment 
compared to the baseline. From the table, we can also 
see that there is no change in any other urine test 
parameter (pH, specific gravity, LE, Nitrite, RBC, or 
albuminuria). 

4 DISCUSSION 

This study was conducted to the potential 
renoprotective effect of an anti-urolithiasis herbal 
formula in urolithiasis patients. The eGFR Anti- 
urolithiasis Herbal Formula's group has a significant 

Table 2: Effect of treatment on urine test parameters. 

Parameters 
AHF CPL 

day 0 day 28 day 56 day 0 day 28 day 56
Urine turbidity 1.95 ± 0.08 1.80 ± 0.08a 1.62±0.0 

ap<0.05 

bp<0.05

1.88 ± 0.08 1.73 ± 0.07 
ap<0.05 

 

1.68±0.07 
     bp<0.05 

Urine pH 5.90 ± 0.09 6.74 ± 0.76 6.47 ± 0.57 5.97±0.096 6.02 ± 0.09 6.01 ± 0,09
Specific gravity 1.014±0.001 1.016±0.002 1.013±0.001 1.000±0.02 1.015±0.02 1.014±0.02
LE 82.55±16.41 74.64±15.85 72.73±15.90 92.02±17.95 91.76±18.06 87.04±18.09
Nitrite 0.04±0.02 0.03±0.02 0.04 ±0.02 0.08 ±0.03 0.05 ± 0.02 0.03 ± 0.02
No.of RBC’s 
perHPF 

59.10± 9.65 51.01±8.96 53.19±9.42 48.39±8.55 36.83±7.49 36.94±7.66 

Albuminuria 20.57 ±3.75 16.94±3.71 17.89±4.05 16.40±2.52 14.84±2.50 12.83±2.20

Mean±SEM, Statistical analysis performed using independent T-test  
a As compared to day0 
b As compared to day 28 
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difference in day 56 after treatment compared to the 
CPL group. However, other parameters have not a 
significant difference in both groups. Furthermore, 
after urolithiasis formation, the hindrance of urine 
flow can cause a decrease in the Glomerular Filtration 
Rate (GFR). Therefore, waste material, especially 
BUN (Blood Urea Nitrogen), creatinine, and uric 
acid, can be collected in the blood(Kaleeswaran et al., 
2019). This study showed that the AHF and CPL had 
diuretic activity, preventing the elevation of these 
parameters. Following a previously published report, 
the improvement of the eGFR in the AHF group 
compared to the CPL group was correlated to 
decreased urinary stones size (Nisa and Astana, 
2019). 

Orthosiphon stamineus and Phyllanthus niruri L 
are indigenous medicines widely used in 
Indonesia(Nisa and Astana, 2018). Meanwhile, 
previous studies reported that the content of 
rosmarinic acid in Orthosiphon stamineus had 
nephroprotective effects in diabetic nephropathy. It 
may have conserved glomerular number loss(Almatar 
et al., 2014; Tavafi et al., 2011). However, this 
complex mechanism remains unclear, and the 
antioxidant properties of Orthosiphon stamineus may 
play a significant role in this process. The activation 
of s cellular oxidation process was associated with 
urolithiasis and chronic calculus 
pyelonephritis(Boonla, 2018; Ceban et al., 2016). 
The potential anti-urolithiasis activity of Phyllantus 
niruri plays an essential role in the early stages of 
stone formation. Phyllanthus nirurican makes stones 
smoother and more fragile, facilitating the dissolution 
of calculi (Lee et al., 2016). 

On the other hand, most of the AHF's constituents' 
main activity is as a diuretic agent. In terms of diuretic 
action, various phytoconstituents may interact with a 
synergistic effect, leading to enhanced renal output. 
The AHF treatment was revealed to increase the GFR 
by dual effects of controlling the growth of stones and 
may also have a nephroprotective effect. The 
renoprotective strategies of the AHF are based on 
several mechanisms and are exceedingly complex. 
Meanwhile, the antioxidant and anti-inflammatory 
effects of AHF may contribute to the preservative 
effects of microcirculation.  

The present study results show the proportion of 
subjects who had a history of recurrence, the rate of 
which was 33%. Meanwhile, the ordinary recurrence 
rate of kidney stone disease within one year is only 
10%(Patankar et al., 2020). Indeed, the high 
recurrency of urolithiasis disease was closely 
correlated with side effects, leading to renal function 
loss progression. Various degrees of renal 

insufficiency is associated with urolithiasis as well. 
This phenomenon suggests that a combination of 
frequent stone episode recurrence, urinary tract 
reinfection, and frequent urological interventions 
may initiate renal insufficiency. Many studies have 
found that urine parameters could serve as predictive 
factors for estimating renal function. One of the key 
biomarkers of renal damage is albuminuria. Several 
studies have reported that this decreases the risk of 
renal damage and urine albumin levels(Abebe et al., 
2019). Albuminuria is a dysfunctional endothelial 
marker in the renal region, brain, and heart (Mardiana 
et al., 2012). Thus, anti-albuminuria was a target for 
the renoprotective agent. Remuzi and Bertani 
suggested that albuminuria was a severity marker for 
renal injury, indicating that an increase in leak plasma 
protein is associated with an increase in kidney 
damage severity (De Zeeuw et al., 2004). Several 
theories attempt to explain how urolithiasis can 
induce renal progression. Several mechanisms 
underlying nephrolithiasis can lead to CKD 
development through scarring and the deterioration of 
renal function. This phenomenon may also cause 
direct damage to post-calcifications and 
crystallization of the tubular lumen, resulting from 
recurrent stone obstruction (D'Costa et al., 2016).  

The limitation of this study is the parameters of 
renal function, which used an estimated calculation. 
It still needs further research for real renal function 
parameters. 

5 CONCLUSIONS 

Our findings suggest that AHF has a slight potential 
effect on renal function preservation in urolithiasis 
patients. 
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