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Abstract. The present study aimed to investigate the thera‑
peutic effects and mechanisms of Yishen Jiangzhuo decoction 
(YSJZD) in a mouse model of cisplatin‑induced acute kidney 
injury (AKI). The mice were divided into the NC, cisplatin 
and cisplatin + YSJZD groups. A concentration‑dependent 
effect of YSJZD on cisplatin‑induced AKI was observed and 
the optimal concentration for intervention was calculated. 
Changes in blood urea nitrogen and serum creatinine levels 
combined with hematoxylin and eosin and periodic acid‑Schiff 
staining and transmission electron microscopy observations 
indicated that YSJZD enhanced renal function, reduced 
pathological injury and protected renal tubular epithelial cells 
in cisplatin‑induced AKI mice. The results of the transcrip‑
tomic and enrichment analyses showed that the mechanisms 
of YSJZD may be associated with inflammation, oxidation, 
apoptosis and the TNF signal pathway. Immunofluorescence, 
oxidative stress index, terminal deoxynucleotidyl transferase 
dUTP nick end labeling assay and western blotting revealed 
that YSJZD downregulated apoptosis in the renal tissues of 
AKI mice and further decreased the expression levels of p‑p65, 

p‑p38 MAPK, TNF‑α, cleaved‑caspase‑3 and malondialde‑
hyde, while increasing the levels of NAD‑dependent protein 
deacetylase sirtuin‑3, glutathione and superoxide dismutase. 
Overall, the results showed that YSJZD could effectively 
abrogate cisplatin‑induced AKI in mice through mechanisms 
primarily related to its anti‑inflammatory, antioxidative and 
antiapoptotic effects by inhibited the TNF signal pathway. 
YSJZD warrants further investigation as a clinical empirical 
prescription.

Introduction

Cisplatin, also known as cis‑diaminedichloroplatinum 
(CDDP), is an effective drug used to treat numerous types 
of cancer (1). However, cisplatin easily accumulates and is 
biotransformed in the kidneys (2), which can lead to serious 
side effects including acute kidney injury (AKI). Of patients 
treated with cisplatin, ~30% develop AKI (3). This serious side 
effect limits the clinical application of cisplatin (4). 

Renal tubular epithelial cells (RTECs) are the primary 
cellular target in cisplatin‑induced AKI (1,5). Cisplatin leads 
to the injury and death of RTECs by activating complex 
signaling pathways, including apoptosis, necrosis, inflam‑
mation and increased oxidative stress (6). Further, cisplatin 
promotes the activation and cytosol‑to‑nucleus transloca‑
tion of nuclear factor (NF)‑κB, in addition to promoting the 
production of inflammatory cytokines and chemokines. This 
pathway contributes to cisplatin‑induced nephrotoxicity by 
increasing the production of TNF‑α in renal tubular cells (7,8). 
Furthermore, cisplatin alters mitochondrial metabolism and 
produces reactive oxygen species (ROS). Cisplatin‑induced 
AKI is associated with increased ROS production in the renal 
proximal convoluted tubular cells (9) and AKI development 
has been shown to depend on cell death. Cisplatin induces 
necrosis and the intrinsic, extrinsic and endoplasmic reticulum 
(ER) stress‑associated apoptosis pathways  (10). Despite 
several decades of research, no stable drug treatment option 
is available to reduce the cisplatin‑induced AKI, which poses 
a serious concern for patients receiving treatment with it (5). 
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Yishen Jiangzhuo decoction (YSJZD) is an empirical 
prescription developed by Professor Shiwei Ruan, a traditional 
Chinese medicine (TCM) doctor in Fujian Province, China, 
after extensive clinical practice. This therapeutic is primarily 
used to treat chronic renal failure (11). YSJZD is comprised 
of a variety of herbs; False Starwort root, Milkvetch root, 
Large‑headed Atractylodes rhizome, Poria, Mistletoe, 
Mulberry fruit, Achyranthes, Danshen, Chinese Angelica, 
Rhubarb, Serissa foetida, Plantain seeds and Tangerine peel. 
each of which contributes to its therapeutic effect, thus ‘invigo‑
rating the kidney and spleen, reducing turbidity and removing 
blood stasis’ in TCM terms (11).

The present study investigated the effect of YSJZD on 
a cisplatin‑induced AKI mouse model and examined the 
effects of the optimal YSJZD concentration on renal func‑
tion, pathology and tubular epithelial cell ultrastructure in 
cisplatin‑induced AKI mice. The possible targets of YSJZD 
in cisplatin‑induced AKI in mice were identified by tran‑
scriptome sequencing and differential expression analysis. 
The protective effects of YSJZD against cisplatin‑induced 
AKI and its primary mechanism of action were revealed 
in  vivo, thus providing theoretical and experimental 
support for the therapeutic treatment of cisplatin‑induced 
AKI with YSJZD.

Materials and methods

Drug preparation. In the first round of preparation, the thir‑
teen herbs present in YSJZD (Table Ⅰ) were soaked in purified 
water for 1 h. The nascent decoction was initially boiled at high 
heat, then simmered and decocted for 30 min. The decoction 
was then removed from heat. In the second step, the herbs were 
soaked for 10 min, after which they were processed following 
the same steps as in the first round. The second decoction was 
mixed with the first. The combined solution was filtered thrice 
through four layers of sterile surgical gauze. After filtering, the 
solution was decocted over low heat and alternately concen‑
trated to volumes of 300, 150 and 75 ml, corresponding to herb 
solutions of 0.7, 1.4 and 2.8 g/ml raw medicine. The equivalent 
dose ratio of mice to 70 kg adults was 9.1. The dose calcula‑
tion (209 g ÷ 70 kg x 9.1 = 27.17 g/kg) indicated a working 
dose of 28 g/kg, following the pharmacological experimental 
methodology described by Xu et al (12). Cisplatin injection 
was obtained from Jiangsu Hausen Pharmaceutical Group Co 
Ltd. (cat. no. H20040813).

Construction of the cisplatin‑induced AKI murine model. 
A total of 181 specific pathogen‑free male ICR mice aged 
7‑8 weeks were purchased from the Laboratory Animal Center 
of Fujian Medical University [Certificate No. SCXX (Min) 
2016‑0002]. Mice were housed with free access to food and 
water under controlled environmental conditions (temperature 
22±2˚C; humidity 50‑60%; 12‑h light/dark cycle). The health 
and behavior of mice were observed twice a day. The mice 
were adaptively fed for 7 days and weighed 29‑33 g at the 
time of the experiment. The experimental protocols (approval 
no. FJ‑TCM IACUC2020021) were approved by the Fujian 
University of Traditional Chinese Medicine Laboratory 
Animal Welfare and Ethics Committee. Fig. S1 gives a flow 
chart of the experiments detailed below.

Mortality rates of mice induced by different doses of cisplatin. 
A total of 40 mice were divided into cisplatin 20, 18.75, 18, 15, 
0 mg/kg groups (n=8) and the cisplatin induced AKI model 
was established by intraperitoneal injection of corresponding 
cisplatin solution, the 10‑day mortality of mice in 5 groups 
was observed. 20 and 18.75 mg/kg cisplatin, which had the 
higher mortality rates, were selected as the modeling doses of 
CDDP for follow‑up experiments. See ‘Effects of YSJZD on 
the survival rate of cisplatin‑induced AKI mice’.

Effects of YSJZD on the survival rate of cisplatin 
(20 mg/kg)‑induced AKI mice. A total of 40 mice were divided 
into 4 groups (n=10), as follows: i) cisplatin, ii) cisplatin + 
YSJZD (7 g/kg), iii) cisplatin + YSJZD (14 g/kg), iv) cispl‑
atin + YSJZD (28 g/kg). A single intraperitoneal injection 
of 20 mg/kg of cisplatin was used to establish the model of 
cisplatin‑induced AKI in mice. Intragastric administration 
corresponding concentrations of YSJZD began 30 min before 
modeling and continued once daily at the same time after 
modeling. The cisplatin group was administered the corre‑
sponding dose of purified water. The 10‑day mortality of mice 
in 4 groups was observed. The survival rate of mice in the 
cisplatin 20 mg/kg + YSJZD 14 g/kg group was the highest; 
however, no statistically significant difference was noted. The 
intraperitoneal injection of 20 mg/kg cisplatin solution in mice 
resulted in a high mortality rate; therefore, the dose of cisplatin 
was subsequently reduced to 18.75 mg/kg. See ‘Effects of 
YSJZD on the survival rate of cisplatin‑induced AKI mice’.

Effects of YSJZD on the survival rate of cisplatin (18.75 
mg/kg)‑induced AKI mice. A total of 45 mice were divided 
into 3 groups (n=15), as follows: i) cisplatin, ii) cisplatin + 
YSJZD (7 g/kg), iii) cisplatin + YSJZD (14 g/kg). A single 
intraperitoneal injection of 18.75 mg/kg of cisplatin was used 
to establish the model of cisplatin‑induced AKI in mice. 
Intragastric administration corresponding concentrations of 
YSJZD began 30 min before modeling and continued once 
daily at the same time after modeling. The cisplatin group was 
administered the corresponding dose of purified water. The 
15‑day mortality of mice in three groups was observed.

Short‑term effects of YSJZD on hepatotoxicity in mice. A 
total of 16 mice were divided into Normal control and YSJZD 
groups (n=8) in a toxicological experimental. YSJZD group 
was Intragastric administration of YSJZD 14 g/kg for 4 days, 
The Normal control group was administered the corre‑
sponding dose of purified water, then blood taken for alanine 
aminotransferase (ALT) detection.

Effects of YSJZD therapy in cisplatin (18.75 mg/kg)‑induced 
AKI mice. A total of 40 mice were divided into five groups, as 
follows: i) Normal control (NC; n=8), ii) cisplatin 2‑days (n=8), 
iii) cisplatin 4‑days (n=8), iv) cisplatin + YSJZD 2‑days (n=8) 
and v) cisplatin + YSJZD 4‑days (n=8). A single intraperito‑
neal injection of 18.75 mg/kg of cisplatin was used to establish 
the model of cisplatin‑induced AKI in male ICR mice. Mice in 
the NC group (n=8) were injected with corresponding doses of 
saline. In the treated mice, YSJZD (14 g/kg) was administered 
intragastrically 30 min before modeling and continued daily 
after modeling. The model and NC groups were administered 
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corresponding doses of purified water. After 2 and 4 days, the 
mice were anesthetized by intraperitoneal injection of pento‑
barbital sodium (50 mg/kg) and blood was then taken from the 
heart (~200 µl per mouse). Then the mice were sacrificed by 
intraperitoneal injection of pentobarbital sodium (150 mg/kg). 
After the mice had cardiac and respiratory arrest and showed 
no nerve reflex, the kidneys were taken for further study. The 
mice demonstrated the following humane endpoints: The mice 
continued to lie down and there was a loss of righting reflex. In 
addition, a toxicological experimental group was set up to give 
YSJZD 14 g/kg for 4 days and then blood taken from the heart 
for alanine aminotransferase (ALT) detection following anes‑
thesia and then sacrifice as aforementioned. Blood samples 
were collected to assess renal function and ALT. A section 
of kidney tissue was harvested for paraffin embedding and 
electron microscopy. The other section of the kidney tissues 
were stored at ‑80˚C for transcriptome sequencing, differential 
expression and molecular analyses.

Renal function detection. Serum creatinine (SCr), blood 
urea nitrogen (BUN) and ALT levels were measured using 
an automated biochemical analyzer (Abbott Cil6200; Abbott 
Laboratories).

Renal pathological observation. The fixed kidney tissue 
was dehydrated by gradient alcohol, cleared with xylene and 
embedded with paraffin. Paraffin sections (4 µm) were stained 
with hematoxylin and eosin (H&E) and periodic acid‑Schiff 
(PAS) stains. H&E was staining with hematoxylin for 5 min 
and eosin for 2 min at room temperature. PAS was staining 
with periodic acid for 10 min and Schiff's solution for 10 min 
at room temperature. Renal damage was graded using kidney 
slices stained with H&E (n=8). Paller scores (13) were used to 
determine the degree of renal tubule damage in H&E‑stained 

kidney sections (n=8) and the morphology was observed under 
a light microscope. A total of 10 non‑overlapping renal tissue 
fields (magnification, x200) and 10 renal tubules were randomly 
selected from each field. In total, 100 renal tubules from each 
mouse were evaluated. The severity of renal tubular damage 
was assessed by assigning points based on specific criteria: 
Renal tubular dilatation and flattened tubular epithelial cells 
and renal tubular epithelial brush border damage were assigned 
one point each and shedding was assigned two points. Cast 
formation in renal tubules was assigned two points and exfolia‑
tive and necrotic cells in the lumen of renal tubules (without 
cast formation or cell fragments) were scored at one point each. 
The maximum possible score was five points. Higher scores 
indicated more severe damage to the renal tubules.

Transmission electron microscopy. A total of three cortical 
kidney tissue samples were randomly selected from each group. 
Kidney cortex tissues were fixed in 2.5% glutaraldehyde (cat. 
no. G1102; Wuhan Servicebio Technology Co., Ltd.) for 4 h at 
4˚C and 1% osmic acid (cat. no. 18466, Ted Pella Inc.) for 2 h 
at room temperature to examine the ultrastructural alterations 
in the proximal tubular epithelial cells. Subsequently, samples 
were dehydrated using a gradient of alcohol and acetone and 
embedded in 812 epoxy resin. Following ultrathin sectioning, 
the tissues were stained with lead citrate (cat. no. 19312; Ted 
Pella Inc.) and uranyl acetate (cat. no. 19481; Ted Pella Inc.). 
Transmission electron microscopy was applied to identify 
stained slices (HT‑7700; Hitachi, Ltd.). Image information 
acquisition using Transmission electron Microscopy imaging 
system (Hitachi TEM system; Hitachi, Ltd.).

RNA extraction and RNA quantitative and quality detection. 
A total of three cortical kidney tissue samples were randomly 
selected from each group. Total ribonucleic acid (RNA) was 

Table I. Components of Yishen Jiangzhuo decoction.

			   Origin of		
			   product	 Type of	
Latin binominal 	 English name	 Part used	  (province)	 product	 Weight (g)

Viscum sp.	 Mistletoe 	 Leaf with	 Heilongjiang	 Raw (dry)	 15
		  stem branch			 
Mori albae	 Mulberry fruit	 Fruit	 Anhui	 Raw (dry)	 15
Achyranthes bidentata	 Achyranthes root	 Root	 Henan	 Raw (dry)	 15
Pseudostellaria heterophylla	 False Starwort root	 Root	 Fujian	 Raw (dry)	 15
Atractylodes macrocephala	 Large‑headed	 Stem	 Zhejiang	 Raw (dry)	 15
	 Atractylodes rhizome				  
Poria cocos	 Poria	 Sclerotium	 Hubei	 Raw (dry)	 15
Astragalus	 Milkvetch Root	 Root	 Gansu	 Raw (dry)	 30
Angelicae sinensis	 Chinese angelica 	 Root	 Gansu	 Raw (dry)	 10
Citri reticulatae 	 Tangerine peel	 Peel	 Guangdong	 Raw (dry)	 10
Plantaginis	 Plantain Seed	 Seed	 Sichuan	 Raw (dry)	 15
Salviae miltiorrhizae	 Danshen Root	 Root	 Shandong	 Raw (dry)	 30
Rheum 	 Rhubarb	 Root and	 Sichuan	 Raw (dry)	 9
		  rhizome			 
Serissa japonica (Thunb.)	 Serissa Foetida	 Whole herb	 Hubei	 Raw (dry)	 15
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isolated from 50 mg of kidney tissue using 1 ml of Trizol 
reagent (cat. no. B610409‑0100; Sangon Biotech Co., Ltd., 
Shanghai, China), following the manufacturer's instructions. 
An Agilent 5300 Fragment Analyzer (Agilent Technologies 
Inc.) was used to perform quantitative and quality RNA 
detection, comprising elucidation of concentration, RNA 
integrity number (RIN) and 28 S to 18 S ratio (28S/18S). A 
RIN value close to 10 indicates high sample integrity. The 
28 S/18 S is another indicator to evaluate sample integrity, for 
which a eukaryotic ratio ≥1.5 indicates good RNA integrity. 
Only high‑quality whole RNA samples were used to generate 
complementary deoxyribonucleic acid (cDNA) libraries.

RNA‑seq and cDNA library creation. BGI Shenzhen Co., 
Ltd. prepared a cDNA library and performed RNA‑Seq on a 
DNBSEQ platform (BGI Shenzhen Co., Ltd. ) in accordance 
with the manufacturer's instructions.

Bioinformat ics analysis.  Bioinformat ics ana lysis 
tools, including SOAPnuke (v1.5.6, https://github.com/
BGI‑f lexlab/SOAPnuke), FastQC (v0.11.7, http://www.
bioinformatics.babraham.ac.uk/projects/fastqc/), HISAT2 
(v2.1.0, http://www.ccb.jhu.edu/software/hisat), Bowtie2 
(v2.3.4.3, http://bowtie‑bio.sourceforge.net/index.shtml), 
RSEM (v1.3.1, http://deweylab.biostat.wisc.edu/rsem), 
DESeq2 (v1.4.5, http://www.bioconductor.org/packages/
release/bioc/html/DESeq2.html) and Phyper function in R 
package v 2.26.0 (http://github.com/jdstorey/qvalue), were 
employed in the present study. Low‑quality raw reads were 
removed using the BGI SOAPnuke filtering program. The 
quality of the clean reads was assessed using the FastQC 
software and the sequencing quality values Q20 and Q30 
were calculated to determine whether the sequencing data 
were sufficient for subsequent analysis. The HISAT2 soft‑
ware was used to match clean reads to the mouse reference 
genome and to check whether the mapping outcomes satis‑
fied the calibrated quality control. Clean reads were aligned 
to reference gene sequences using Bowtie2 software and the 
gene expression levels of each sample were calculated using 
RSEM software. The fragments per kilobase of transcripts 
per million mapped fragments (FPKM) was calculated to 
evaluate the transcript expression levels for each sample. 
Typically, a transcript was considered to be expressed if 
its FPKM value was >0.1. DESeq2 software was used to 
identify differentially expressed genes (DEGs) between 
groups, with the threshold set at a fold‑change threshold ≥2 
and a Q‑value <0.05. Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment and Gene Ontology 
(GO) enrichment analyses of DEGs were performed using 
the phyper function in R code.

Immunofluorescence. For immunofluorescence analysis, 
paraffin sections were incubated with the following antibodies 
at 4˚C overnight: Anti‑Phospho‑p65 (1:200; Cell Signaling 
Technology (CST); cat. no.  3033), then goat anti‑rabbit 
IgG Alexa Fluor 594 (1:200; Proteintech Group, Inc.; cat. 
no. SA00006‑4) for 1 h. Following DAPI counterstaining 
for 10 min at room temperature, the sections were examined 
under a fluorescence microscope (EVOS M5000 Cell Imaging 
System; Invitrogen; Thermo Fisher Scientific, Inc.).

TdT‑mediated dUTP nick end labeling (TUNEL) assay. 
Apoptosis in kidney sections was determined using an in 
situ cell death detection kit (Roche Diagnostics GmbH), 
in accordance with the manufacturer's recommendations. 
Briefly, the sections were deparaffinized in xylene, rehydrated 
with decreasing grades of ethanol and permeabilized with 
proteinase K at a concentration of 20 µg/ml in 10 mM Tris‑HCl 
(pH 7.4‑8) for 30 min at room temperature. The slices were 
then washed and incubated in the TUNEL reaction mixture 
at 37˚C for 1 h. DAPI was used as a nuclear counterstain for 
10 min at room temperature. Images were captured using an 
EVOS M5000 Cell Imaging System (Invitrogen; Thermo 
Fisher Scientific, Inc.) A total of six randomly selected fields 
(magnification, x200) from each kidney were counted to deter‑
mine the number of TUNEL‑stained apoptotic renal tubular 
epithelial cells. ImageJ software (version  1.49; National 
Institutes of Health) was used to analyze the images.

Determination of glutathione (GSH), superoxide dismutase 
(SOD) and malondialdehyde (MDA) levels. Kidney tissue was 
homogenized and lysed, after which samples were centrifuged 
at 1,120 x g for 10 min at 4˚C. The levels of GSH, SOD and 
MDA in the supernatant were measured using commercial 
GSH, SOD (Nanjing Jiancheng Bioengineering Institute) 
and MDA (Beyotime Institute of Biotechnology) assay kits, 
respectively, according to the manufacturer's instructions.

Western blotting (WB) assay. Renal tissue was added 
to ice‑cold RIPA lysis buffer (Beyotime Institute of 
Biotechnology) and homogenized using a tissue homogenizer 
(IKA Werke GmbH & Co. KG) at speed in second gear 
under cold conditions. An ultrasonic cell processor (Sonics & 
Materials, Inc.) was used to apply ultrasound for 5 sec x 3 times 
at 30% power on ice (20 KHz, with intervals of 10 sec). Protein 
concentrations were determined using a bicinchoninic acid 
(BCA) protein assay kit (Pierce; Thermo Fisher Scientific, 
Inc.). Subsequently, total protein samples were adjusted to 
the same concentration and a loading buffer was added to the 
samples before boiling for 10 min at 100˚C to denature them. 
Protein samples (30 µg per lane) were then separated on a 
10 or 15% sodium dodecyl sulfate‑polyacrylamide gel electro‑
phoresis (SDS‑PAGE) separator and subsequently transferred 
to a 0.22  µm polyvinylidene fluoride (PVDF) membrane 
(MilliporeSigma). The PVDF membranes were blocked 
for 1 h at room temperature with 5% nonfat milk in PBST 
(PBS + 0.05% Tween‑20). Membranes were then treated with 
the following antibodies overnight at 4˚C: Anti‑TNFα anti‑
body (1:1,000; Abcam; cat. no. ab215188), anti‑Phospho‑p65 
antibody p65 (1:1,000; Ser536; CST; cat. no. 3033), anti‑p65 
(1:1,000; CST; cat. no.  8242), anti‑p38 antibody (phospho 
T180+Y182) (1:1,000; Abcam; cat. no. ab195049), anti‑p38 
mitogen‑activated protein kinase (MAPK; 1:1,000; CST; 
cat. no. 8690), anti‑caspase 3/P17/P19 (1:500; Proteintech 
Group, Inc.; cat. no. 19677‑1‑AP), anti‑Sirt3 (1:1,000; Abcam; 
cat. no.  ab246522) and anti‑β‑actin (1:1,000; Santa Cruz 
Biotechnology, Inc.; cat. no.  sc‑47778). Membranes were 
then exposed to appropriate secondary horseradish peroxi‑
dase‑conjugated antibodies for 1 h at room temperature and 
observed using an ultrasensitive electrochemiluminescence 
kit (Beyotime Institute of Biotechnology). An iBright1500 
imaging system (Invitrogen; Thermo Fisher Scientific, Inc.) 
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was used to detect signals and ImageJ software (version 1.51j8; 
National Institutes of Health) was used to quantify the band 
intensities.

Statistical analyses. Data analyses were performed 
using GraphPad Prism  8.0 (Dotmatics) or SPSS software 
(version  22.0; IBM Corp.). Normally distributed data are 
expressed as the mean  ± standard deviation and were 
analyzed using a one‑way analysis of variance (ANOVA) 
and Tukey's post hoc test. For non‑normally distributed data, 
the Kruskal‑Wallis test was used. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Effects of YSJZD on the survival rate of cisplatin‑induced AKI 
mice. In the present study, The mortality rates in the 20, 18.75, 
18 and 15 mg/kg cisplatin groups (n=8 each) were 87.5, 75, 50 
and 25%, respectively (Fig. 1A). Therefore, 20 and 18.75 mg/kg, 
which had the higher mortality rates, were selected as the 
modeling doses of CDDP for follow‑up experiments.

As shown in Fig.  1B, the survival rate of mice in the 
cisplatin + YSJZD 14 g/kg group was the highest; however, 
no statistically significant difference was noted between 
the two groups. The intraperitoneal injection of 20 mg/kg 
cisplatin solution in mice resulted in a high mortality rate; 
therefore, the dose of cisplatin was subsequently reduced to 
18.75 mg/kg. YSJZD at 28 g/kg concentration was no more 
effective in improving survival rates than concentrations of 

14 and 7 g/kg, and was therefore excluded from further experi‑
ments. The cisplatin (18.75 mg/kg)‑induced AKI mouse model 
was selected for future investigations of the effect of YSJZD 
on the survival rate of these mice and YSJZD 14 g/Kg and 
YSJZD 7 g/Kg were selected for medication intervention.

As shown in Fig. 1C, the survival rate of the cisplatin + 
YSJZD 14 g/kg group was significantly higher than that of the 
cisplatin group (P<0.05). The cisplatin + YSJZD 7 g/kg group 
had a higher survival rate than the model group (P<0.05). 
Based on these results, the YSJZD concentration of 14 g/kg 
was selected for subsequent experiments to observe its effects 
on the indices of cisplatin (18.75 mg/kg)‑induced AKI.

Fig. 1D demonstrates that short‑term YSJZD administra‑
tion has no hepatotoxicity in normal unrestricted diet mice 
(n=8). No mice died except in the cisplatin group and cisplatin + 
YSJZD group in the mortality observation experiment. In the 
cisplatin 4‑day group and cisplatin + YSJZD 4‑day group, 
one mouse in each group was harvested blood and kidney and 
sacrificed at 84‑96 h due to humane endpoint being reached.

Effect of YSJZD on renal function, renal pathology and 
renal tubular epithelial cell ultrastructure in mice with cispl‑
atin‑induced AKI. Serum BUN and SCr levels in the model 
group were significantly higher than those in the NC group on 
the second day following AKI induction (P<0.01). Compared 
with the cisplatin group, the serum BUN and SCr levels in the 
cisplatin + YSJZD group were reduced; however, the differ‑
ence did not reach significance. On the fourth day following 
AKI, serum BUN and SCr levels were significantly higher 

Figure 1. Effects of YSJZD on the survival rate of cisplatin‑induced AKI mice. (A) Mortality rates of mice induced by different doses of cisplatin (n=8). 
(B) Effects of YSJZD on the survival rate of cisplatin (20 mg/kg)‑induced AKI mice (n=10). (C) Effects of YSJZD on the survival rate of cisplatin 
(18.75 mg/kg)‑induced AKI mice (n=15). (D) Short‑term effects of YSJZD on hepatotoxicity in mice (n=8). *P<0.05 vs. the cisplatin group. ns, not significant; 
YSJZD, Yishen Jiangzhuo decoction; AKI, acute kidney injury; NC, normal control.
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in the cisplatin group than in the NC group (P<0.01), while 
the serum BUN and SCr level was significantly lower in the 
cisplatin + YSJZD group than in the model group (P<0.05). 
The results revealed that YSJZD reduced serum BUN and SCr 
levels and improved renal function in cisplatin‑induced AKI 
mice (Fig. 2A).

H&E and PAS staining of renal tissues treated with 14 
g/kg YSJZD for 2 and 4 days revealed that the kidney tissue 
of the NC group exhibited a well‑structured appearance with 
morphologically normal renal tubules and a regular cell 
arrangement. In the cisplatin group treated for 2 days, focal 
shedding of renal tubular epithelial cells, brush border shed‑
ding, slight dilation of the lumen, thinning of the renal tubular 
wall and tubular cast formation were observed in the renal 
cortex. The renal tubular damage score of the cisplatin group 
was higher than that of the NC group (P<0.01). Renal tubular 
epithelial cell shedding, lumen dilatation and cast formation 
were marginally improved in the cisplatin + YSJZD group 
compared to the cisplatin group. The renal tubular injury score 
in the cisplatin + YSJZD group was lower than that in the 
cisplatin group; however, this difference was not statistically 
significant (Fig. 2B).

After 4 days of modeling, renal tubular epithelial cells 
in the cisplatin group showed diffuse shedding, a disordered 
arrangement of renal tubular epithelial cells, significant lumen 

dilatation, wall thinning, naked basement membrane and an 
abundance of tubular casts in the renal cortex of the cisplatin 
group. The renal tubular injury score in the cisplatin group 
was significantly higher in the cisplatin group than that in 
the NC group (P<0.01). Compared with the cisplatin group, 
the cisplatin + YSJZD group showed significantly reduced 
shedding of renal tubular epithelial cells, lumen dilation and 
tubular casting. Furthermore, the cisplatin + YSJZD group 
showed a significantly lower score (P<0.01). These findings 
demonstrated that YSJZD considerably ameliorated renal 
pathological alterations and lowered the renal tubular damage 
score in cisplatin‑induced AKI mice (Fig. 2C).

Transmission electron microscopy was performed to 
examine the effect of 4‑days‑YSJZD treatment on the ultra‑
structure of renal tubular epithelial cells in cisplatin‑induced 
AKI mice. As shown in Fig. 2D, electron microscopy revealed 
that the mitochondria of renal tubular epithelial cells in the 
cisplatin group were significantly reduced and the cytoplasm 
and organelles were disordered. By contrast, the cisplatin + 
YSJZD group showed significantly decreased ultrastructural 
damage to the cells. Thus, YSJZD alleviated damage to the 
ultrastructure of renal tubular epithelial cells and protected 
mitochondria in cisplatin‑induced AKI mice.

GO and KEGG pathway enrichment analysis of DEGs 
in cisplatin‑induced AKI mice following YSJZD therapy. To 

Figure 2. Effect of YSJZD on renal function, pathology and tubular epithelial cell ultrastructure in mice with cisplatin‑induced AKI. (A) The effects of 
YSJZD therapy for 2 and 4 days on BUN (left panel) and SCr levels (right panel) in cisplatin‑induced AKI mice (n=8). The results are from 2‑day and 4‑day 
groups. (B) Effect of a 2‑days course of YSJZD therapy on the renal pathology (left panel) and the renal tubular damage score (right panel) of mice with 
cisplatin‑induced AKI (n=8; magnification, x200; Scale bar, 200 µm). (C) Effect of a 4‑days course of YSJZD therapy on the renal pathology (left panel) and 
the renal tubular damage score (right panel) of mice with cisplatin‑induced AKI (n=8). (In left panel of C, the top three images show H&E staining. The bottom 
three images showed PAS staining. Images were acquired using a microscope at 200x magnification. Scale bar, 200 µm). (D) Effect of YSJZD treatment for 
4 days on the ultrastructure of renal tubular epithelial cells in cisplatin‑induced AKI mice (n=3). Images were acquired at x1,500 and x5,000 under transmis‑
sion electron microscopy. The top three pictures are x1,500; the bottom three pictures are x5,000. #P<0.05, ##P<0.01 vs. NC group; *P<0.05, **P<0.01 vs. the 
cisplatin group. YSJZD, Yishen Jiangzhuo decoction; AKI, acute kidney injury; BUN, blood urea nitrogen; SCr, serum creatinine; H&E hematoxylin & eosin; 
PAS, periodic acid‑Schiff; NC, normal control.
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Figure 3. GO and KEGG pathway enrichment analysis of DEGs in cisplatin‑induced AKI mice following YSJZD therapy. (A) DEGs in the cisplatin group 
compared with those in the NC group are shown as bar graphs with the number of related DEGs on the Y‑axis. (B) Volcano plot of DEGs in the cisplatin group 
compared with the NC group; the X‑axis is log2(fold change) and the Y‑axis is ‑log10 (Q‑value). (C) Downregulated DEGs in the cisplatin + YSJZD group 
compared to the cisplatin group, intersecting with upregulated DEGs in the cisplatin group compared to the NC group. (D) Bar chart of DEGs in the cisplatin + 
YSJZD group compared to the cisplatin group; number of corresponding DEGs in Y‑axis. (E) Volcano plot of DEGs in the cisplatin + YSJZD group compared 
to those in the cisplatin group. (F) Upregulated DEGs in the cisplatin + YSJZD group compared to the cisplatin group, intersecting with downregulated DEGs 
in the cisplatin group compared to the NC group. (G) GO_ BP‑enriched bubble charts of DEGs in comparison groups. (H) KEGG pathway enrichment bubble 
charts of DEGs in the comparison groups. The X‑axis represents the rich ratio and the Y‑axis represents the GO or KEGG terms. The bubble size represents 
the number of DEGs in a GO term or KEGG pathway, the color represents the Q‑value; red represents a smaller Q‑value and blue represents a larger Q‑value. 
Red, yellow and green represent inflammatory response, oxidative stress and apoptotic processes or pathways, respectively. GO, Gene Ontology; KEGG, Kyoto 
Encyclopedia of Genes and Genomes; DEGs, differentially expressed genes; AKI, acute kidney injury; YSJZD, Yishen Jiangzhuo decoction; NC, normal 
control; BP, biological processes.
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identify DEGs, a threshold of fold change ≥2 and Q‑value < 
0.05 was used. The selected DEGs were plotted as bar graphs 
and volcanic plots. In total, 4,702 DEGs were identified in the 
cisplatin group compared to the NC group, of which 2,631 were 
upregulated and 2,071 were downregulated (Fig. 3A and B). 
Additionally, 2,754 DEGs were identified when comparing 
the cisplatin  + YSJZD group and the cisplatin group; of 
these, 1,058 were upregulated and 1,696 were downregulated 
(Fig. 3D and E).

Further analysis of the identified DEGs was conducted 
to determine the primary genes targeted by YSJZD in cispl‑
atin‑induced AKI. The intersection of upregulated DEGs after 
modeling and downregulated DEGs after YSJZD treatment 
identified 1,427 genes were downregulated following YSJZD 
treatment (Fig. 3C). The intersection of downregulated DEGs 
after modeling and upregulated DEGs after YSJZD treatment 
identified 913 genes upregulated after YSJZD treatment (Fig. 3F).

The primary biological functions of the candidate genes 
were determined by GO enrichment analysis. A comparison of 
DEGs between the cisplatin and NC groups using GO analysis 
revealed that 325  terms (Q‑value <0.05) were enriched in 
biological processes (BP). The top 50 terms were selected to 
construct the bubble chart. The results showed enrichment in 
biological processes including the oxidation‑reduction process, 
inflammatory response, positive regulation of the inflamma‑
tory response, apoptosis and positive regulation of apoptosis. 
Similarly, a comparison of the DEGs between the cisplatin 
and cisplatin + YSJZD groups using GO analysis revealed that 
259 terms (Q‑value <0.05) were enriched in biological processes. 
The top 50 terms were selected to create a bubble chart. The 
results showed enrichment in multiple pathways, including the 
oxidation‑reduction process, inflammatory response, regulation 
of inflammatory response, negative regulation of inflammatory 
response and apoptosis (Fig. 3G).

The KEGG database was used as the primary accessible 
database for pathway analysis. The signaling pathways used 
by the potential genes were identified using KEGG pathway 
enrichment analysis. Fig.  3H shows the KEGG pathway 
enrichment analysis of the DEGs identified when the cisplatin 
and NC groups were compared. In total, 56 pathways showed 
significant changes (Q value < 0.05). The top 50 pathways were 
then selected to construct a bubble chart. Relevant signaling 
pathways were screened based on the results of the GO‑BP 
analysis. Peroxisomes, TNF signaling, MAPK signaling, 
apoptosis and multiple forms of apoptosis were identified as 
the principal mechanisms involved. The DEGs identified in 
the comparison between the cisplatin + YSJZD and cisplatin 
groups were analyzed using KEGG pathway enrichment, with 
significant changes observed in 42 pathways (Q‑value <0.05), 
which were subsequently visualized using a bubble chart. 
These pathways primarily involved the peroxisome, the TNF 
signaling pathway and apoptosis.

In summary, GO‑BP enrichment of DEGs in the cisplatin 
vs. NC group and the cisplatin + YSJZD vs. cisplatin group was 
related to inflammation, oxidation‑reduction processes and 
apoptosis. KEGG pathway enrichment of DEGs in the cisplatin 
vs. NC group and cisplatin + YSJZD vs. cisplatin group was 
also related to the inflammatory response, oxidative stress and 
apoptotic pathways. The raw RNA‑seq data that support the 
findings were deposited in the gene expression omnibus (GEO) 

repository with an accession number GSE262792 (https://www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE262792.

Target genes of YSJZD in the treatment of cisplatin‑induced 
AKI. GO‑BP and KEGG pathway enrichment analysis of DEGs 
revealed the importance of pathways related inflammation, 
oxidative stress and apoptosis. Therefore, the signaling path‑
ways involved were examined to identify the target genes that 
were affected by YSJZD therapy. As shown in Fig. 4A and C, 
the signaling pathway involved in central carbon metabolism 
in cancer involves the oxidative stress index, NAD‑dependent 
protein deacetylase sirtuin‑3 (SIRT3). It was observed that 
SIRT3 expression was downregulated in the model group and 
was upregulated following YSJZD treatment. Furthermore, in 
the TNF signaling pathway, TNF‑α, NFκB and p38 MAPK 
were upregulated in the cisplatin group and downregulated 
following YSJZD treatment (Fig. 4B and D).

Effects of YSJZD on renal inflammatory indices in cispl‑
atin‑induced AKI mice. Compared with the NC group, a 
large amount of phosphorylated (p‑)65 red fluorescence was 
observed in the nucleus of renal tubular epithelial cells in the 
cisplatin group and the p‑p65 immunofluorescence inten‑
sity was significantly reduced following YSJZD treatment 
(Fig. 5A).

The WB results of p‑p65, TNF‑α and p‑p38 MAPK in the 
renal tissue demonstrated that the p‑p65/p65, TNF‑α/β‑actin 
and p‑p38/p38 ratios of the cisplatin group were significantly 
greater than those of the NC group (P<0.01). The ratios of 
p‑p65/p65, TNF‑α/β‑actin and p‑p38/p38 in the cisplatin + 
YSJZD group were significantly lower than those in the 
cisplatin group (P<0.05; Fig. 5B‑D). These findings demon‑
strate that YSJZD markedly reduced the expression levels 
of p‑p65, TNF‑α and p‑p38 in the renal tissue of mice with 
cisplatin‑induced AKI.

Effects of YSJZD on oxidative stress and apoptosis indices 
in cisplatin‑induced AKI mice. The SIRT3/β‑actin ratio 
in the cisplatin group was significantly lower than that of 
the NC group on WB data of renal tissue (P<0.01; Fig. 6A). 
Conversely, the SIRT3/β‑actin ratio in the cisplatin + YSJZD 
group was significantly higher than that of the cisplatin group 
(P<0.05). These findings demonstrated that YSJZD substan‑
tially enhanced SIRT3 expression in the renal tissue of mice 
with cisplatin‑induced AKI.

As shown in Fig. 6C, GSH and SOD activity levels in the 
cisplatin group were significantly lower than those in the NC 
group (P<0.01). MDA levels significantly increased in the 
cisplatin group (P<0.01). Similarly, GSH and SOD activity 
levels in the cisplatin + YSJZD group were significantly higher 
(P<0.01) than those in the cisplatin group, whereas MDA 
levels were significantly lower (P<0.01) in the cisplatin + 
YSJZD group. These findings demonstrated that YSJZD 
therapy greatly increased GSH and SOD levels in the renal 
tissue of cisplatin‑induced AKI mice and markedly reduced 
MDA levels.

Compared with the NC group, the number of 
TUNEL‑positive cells per field of renal tissue was signifi‑
cantly higher in the cisplatin group (P<0.01). Conversely, the 
number of TUNEL‑positive cells per field in the cisplatin + 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  28:  331,  2024 9

YSJZD group was considerably lower than that in the cisplatin 
group (P<0.05) (Fig. 6B and D). As shown in Fig. 6E, the ratio 
of cle‑caspase‑3/caspase‑3 in the cisplatin group was signifi‑
cantly higher (P<0.01) than that in the NC group, according 
to the WB findings of cle‑caspase‑3 in the renal tissue. The 
cle‑caspase‑3/caspase‑3 ratio in the cisplatin  + YSJZD 
group was significantly lower than that in the cisplatin group 
(P<0.05). These results revealed that YSJZD considerably 
reduced cisplatin‑induced apoptosis of renal tubular epithelial 
cells in AKI mice.

Discussion

The clinical application of cisplatin or similar platinum‑based 
treatments is commonly limited by the application of 
cisplatin‑induced AKI. Complex processes underlie cispl‑
atin‑induced AKI, including the accumulation of cisplatin in 
renal tissue and the activation of inflammatory, oxidative and 
apoptotic pathways (5,14‑16).

The present study found that the mortality rate of 
cisplatin‑induced AKI mice was dose‑dependent and that 
the 20  mg/kg cisplatin‑induced mouse model had a high 
mortality rate. The mortality rate observed in the 20 mg/kg 

cisplatin‑induced mouse model was similar to that observed 
by Linkermann et al (17). Therefore, the dose of cisplatin was 
reduced to 18.75 mg/kg. It was found that YSJZD reduces 
mortality in cisplatin‑induced AKI mice. However, the 
YSJZD concentration of 28 g/kg was no improvement on 
14 and 7 g/kg in terms of improving the survival rate, with the 
survival rate in the 14 g/kg group being the highest. Therefore, 
the optimal concentration of YSJZD was determined to be 
14  g/kg. Furthermore, compared with the cisplatin group 
on the second day, the serum BUN and SCr levels in the 
cisplatin + YSJZD group were reduced; however, the differ‑
ence was not statistically significant. This may be because the 
efficacy of YSJZD was time‑dependent. YSJZD treatment 
for 4 days enhanced renal function and reduced pathological 
and renal tubular injury scores. YSJZD also protected 
RTECs against cisplatin‑induced ultrastructural damage, 
particularly mitochondrial dysfunction. Overall, these results 
indicated that YSJZD was an effective drug for the treatment 
of cisplatin‑induced AKI in mice.

YSJZD, a TCM compound with complex components, has 
multiple targets (11). Therefore, to elucidate its underlying 
mechanism of action, transcriptomic analysis was applied to 
analyze the effects of YSJZD. Subsequent GO‑BP and KEGG 

Figure 4. Changes in central carbon metabolism of cancer and the TNF signaling pathway map. (A) Changes in the central carbon metabolism of cancer cells 
in the cisplatin and NC groups. (B) Changes in the TNF signaling pathway in the cisplatin and NC groups. (C) Changes in the central carbon metabolism of 
cancer cells in the cisplatin + YSJZD vs. the cisplatin group. (D) Changes in the TNF signaling pathway in the cisplatin + YSJZD vs. the cisplatin group. Green 
represents background genes while red and yellow indicate DEGs with considerably elevated and decreased expression, respectively. NC, normal control; 
YSJZD, Yishen Jiangzhuo decoction; DEGs, differentially expressed genes.
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pathway enrichment showed that the mechanisms of action of 
YSJZD may be related to inflammation, oxidation‑reduction 
processes, apoptosis and the TNF signal pathway. 

Cisplatin‑induced AKI is strongly associated with the 
inflammatory response (8,18). Research has found that the 
activation of the NF‑κB signaling pathway may be one of 
the primary mechanisms underlying cisplatin‑induced AKI. 
Proximal tubular epithelial cells and immune cells infiltrating 
the kidney produce inflammatory cytokines (such as TNF‑α) 
due to activation of the p65 pathway by cisplatin (2). Cisplatin 
causes the phosphorylation of p‑p65 and its translocation from 
the cytosol to the nucleus (7). Inhibition of p65 transcriptional 
activity by an p65 inhibitor ameliorates cisplatin‑induced 
AKI (19). Cisplatin nephrotoxicity is also significantly influ‑
enced by the p38 MAPK signaling pathway. The role of p38 
MAPK in cisplatin‑induced nephrotoxicity has been demon‑
strated both in vitro and in vivo. Pharmacological inhibitors 
of p38 (SB203580 and SKF‑86002) were found to exert reno‑
protective effects in these models (7,20,21). The p38 MAPK 
pathway modulates TNF‑α expression in renal tubular cells 
and the subsequent inflammatory response during cisplatin 
nephrotoxicity rather than directly controlling tubular cell 
damage and death (22). Thus, TNF‑α plays a significant role 
in the pathophysiology of cisplatin‑induced AKI (23). In the 
context of cisplatin nephrotoxicity, indigenous kidney cells, 
rather than invading inflammatory cells, create the majority 
of the TNF‑α (24), Moreover, during cisplatin nephrotoxicity, 

renal tubular cells considerably contribute to the generation 
of TNF‑α (25). These inflammatory factors further induce 
inflammatory in renal tubular epithelial cells, leading to cell 
death and shedding, thus causing the onset and progression 
of AKI.

In the cisplatin‑induced AKI mice in the present study, 
p‑p65 red fluorescence was observed in the nuclei of renal 
tubular epithelial cells. The intensity of immunofluores‑
cence was substantially diminished after treatment with 
YSJZD, thus indicating that YSJZD significantly reduced the 
expression level of p‑p65 and TNF‑α in the renal tissue of 
cisplatin‑induced AKI mice. According to the results of WB 
for p‑p65 and TNF‑α in renal tissue, it was hypothesized that 
YSJZD decreased the renal inflammatory response in mice 
with cisplatin‑induced AKI by reducing the phosphorylation 
and translocation of p65 into the nucleus and decreasing the 
expression level of TNF‑α. Additionally, YSJZD significantly 
reduced the expression of p‑p38 in the renal tissues of mice 
with cisplatin‑induced AKI. The inhibition of p38 MAPK 
could also reduce the production of TNF‑α, thus effec‑
tively protecting against cisplatin‑induced kidney damage. 
These findings suggest that the anti‑inflammatory activity 
of YSJZD is one of the mechanisms by which it alleviates 
cisplatin‑induced AKI in mice.

Oxidative stress contributes significantly to cispl‑
atin‑induced nephrotoxicity (8). The increase in the endogenous 
antioxidant enzymes, GSH and SOD, in the renal tissue can 

Figure 5. Effects of YSJZD on renal inflammatory indices in cisplatin‑induced AKI mice. (A) Effect of YSJZD on immunofluorescent staining for p‑p65 in the 
renal tissue of cisplatin‑induced AKI mice. The renal tissue of each group displayed immunofluorescence for p‑p65 (magnification, x400; scale bar, 40 µm). 
(B) Effect of YSJZD on p‑p65 levels in the renal tissue of cisplatin‑induced AKI mice. The bar chart shows the grey value ratio of p‑p65 to p65 in the renal 
tissues of each group. (C) Effect of YSJZD on TNF‑α in renal tissue of cisplatin‑induced AKI mice. The bar chart shows the gray value ratio of TNF‑α/β‑actin 
in the renal tissue of each group. (D) Effect of YSJZD on p‑p38 MAPK in the renal tissue of cisplatin‑induced AKI mice. The bar chart shows the grey value 
ratio of p‑p38 to p38 in the renal tissues of each group. #P<0.05, ##P<0.01 vs. the NC group; *P<0.05, **P<0.01 vs. the cisplatin group, n=5. YSJZD, Yishen 
Jiangzhuo decoction; AKI, acute kidney injury; p‑, phosphorylated; NC, normal control.
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reduce ROS accumulation in the kidneys (26,27). SOD, GSH 
and catalase production decrease when cisplatin enters renal 
tubular cells, eventually causing a build‑up of ROS and an 
increase in MDA within the cells  (5,6,8). The accumula‑
tion of cisplatin in the mitochondria of renal cells results in 
malfunction and damage, mostly manifesting as increased 
ROS generation (2,7,28). As the mitochondria are the main 
generators of ROS, SIRT3, a member of the NAD+‑dependent 
deacetylase family, may reduce ROS generation  (29). The 
renoprotective benefits of the SIRT3‑ROS pathway have also 
been demonstrated (30‑33). YSJZD can downregulate TNF‑α 
levels and upregulate the levels of SIRT3, GSH and SOD in the 
renal tissue, thus reducing ROS production. The mechanistic 
study was based on target genes screened using transcriptome 
sequencing; therefore, ROS detection in frozen sections of 
renal tissue could not be performed. YSJZD can significantly 
reduce MDA levels and alleviate mitochondrial damage in 
RTECs and may be able to reduce cisplatin‑induced AKI 
induced by cisplatin in mice by preventing oxidative stress. 
Decreased ROS production leads to the downregulation of P38 

MAPK phosphorylation and ultimately to decreased TNF‑α 
production (5,22).

Renal tubular cell death is a common histopathological 
feature of cisplatin‑induced nephrotoxicity  (34). Cisplatin 
induces cell death via two primary mechanisms: Necrosis 
and apoptosis  (35). Several apoptotic pathways have been 
implicated in the cisplatin‑induced death of renal epithelial 
cells, including the endoplasmic reticulum stress‑driven 
apoptosis and the intrinsic (mitochondrial) and extrinsic 
death receptor pathways through TNF‑α generation (5,36). 
The activation of one or more of the three apoptotic path‑
ways causes caspase‑3 cleavage. The present study found 
that the cleaved‑caspase‑3/caspase‑3 ratio and the number 
of TUNEL‑positive cells per field were significantly lower 
in the cisplatin + YSJZD group than in the cisplatin group. 
The NF‑κB signaling pathway can regulate the apoptotic 
pathways in renal tubular epithelial cells, enhancing the 
expression of downstream apoptosis‑related genes, inducing 
apoptosis in these cells, thereby accelerating cell death and 
shedding and contributing to the development of AKI. 

Figure 6. Effects of YSJZD on oxidative stress and apoptosis indices in cisplatin‑induced AKI mice. (A) Effect of YSJZD on levels of SIRT3 in the renal 
tissue of cisplatin‑induced AKI mice. The bar chart shows gray value ratio of SIRT3/β‑actin in renal tissue of each group (n=5). (B) TUNEL fluorescence 
images of renal tissue in each group (magnification, x200; scale bar, 40 µm). (C) Effect of YSJZD on the GSH, SOD and MDA detection level in the renal 
tissue of cisplatin‑induced AKI (n=8). (D) Statistical bar chart of TUNEL‑positive cells per field of renal tissue for each group (n=8). (E) Effect of YSJZD 
on cleaved‑caspase‑3 in the renal tissue of cisplatin‑induced AKI mice. Bar chart is gray value ratio of cleaved‑caspase‑3/caspase‑3 in renal tissue of each 
group (n=5). #P<0.05, ##P<0.01 vs. the NC group; *P<0.05, **P<0.01 vs. the cisplatin group. YSJZD, Yishen Jiangzhuo decoction; AKI, acute kidney injury; 
SIRT3, NAD‑dependent deacetylase sirtuin‑3; GSH, glutathione; SOD, superoxide dismutase; MDA, malondialdehyde TUNEL, TdT‑mediated dUTP nick 
end labeling; NC, normal control; cl, cleaved.
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YSJZD significantly decreased the expression level of TNF‑α, 
thus reducing the apoptosis of cisplatin‑induced RTECs. 
Decreased p38 activation reduces activation of downstream 
proteins and caspase‑3 (36). YSJZD demonstrated a protec‑
tive effect by decreasing oxidative stress and downstream 
consequences, such as RTECs apoptosis in cisplatin‑induced 
AKI. These results showed that YSJZD considerably reduced 
cisplatin‑induced apoptosis of renal tubular epithelial cells in 
AKI mice.

There are some limitations in this study. First, only WB 
is used to detect inflammatory factors. In subsequent experi‑
ments, newer and more targeted experimental techniques 
will be used to detect inflammatory factors to increase the 
reliability of data. Second, there was no liver toxicity in 
short‑term application of YSJZD in this study. However, data 
on long‑term hepatotoxicity are not available, so the long‑term 
side effects of drugs will be monitored carefully in the subse‑
quent studies. Third, because the verification is based on 
differentially expressed genes in transcriptomics, the present 
study did not detect JNK and ERK in MAPK signal pathway. 
The MAPK pathway will be the focus of subsequent studies 
to investigate the pharmacodynamic mechanism. The patho‑
genesis of cisplatin‑induced AKI is complex and compound 
Chinese medicine has multiple targets; therefore, the core 
pharmacodynamic target gene pathway of YSJZD has not be 
completely elucidated in the present study.

Overall, the results of the present study showed 
that YSJZD was an effective drug for the treatment of 
cisplatin‑induced AKI. The main target genes of YSJZD 
include markers of oxidative stress, such as SIRT3, and 
markers of inflammation and apoptosis, such as TNF‑α, p65 
and p38 MAPK. These findings provide a theoretical and 
experimental foundation for the use of YSJZD to prevent 
cisplatin‑induced AKI.
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