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Abstract 
 

Cisplatin is a widely used chemotherapeutic, yet its clinical use is limited by severe nephrotoxicity that often 

causes acute kidney injury (AKI). Effective, safe strategies to mitigate this remain unmet. We investigated the 

protective effect of Mirabilis himalaica extract (MHE) against cisplatin-induced acute kidney injury (AKI) in 

mice and explored its underlying mechanisms. Fifty mice were divided into five groups: control negative, cisplatin 

model (Control positive with 10 mg/kg), and three MHE treatment groups (10, 15, 20 mg/kg/day) following 

cisplatin (10 mg/kg). Controls and the model group received saline orally; treatment groups received MHE for 14 

days. We measured serum creatinine (Cr), blood urea nitrogen (BUN), and β2-microglobulin (β2-MG) levels. 

Renal histopathology was assessed using H&E staining. Compared to the cisplatin model group, the medium-dose 

MHE group (15 mg/kg) significantly reduced serum Cr (41.8%, P < 0.01), BUN (24.5%, P < 0.01), and β2-MG 

levels (17.3%, P < 0.01). Histopathological analysis confirmed that medium-dose MHE markedly attenuated 

cisplatin-induced renal tubular damage, including epithelial cell swelling, necrosis, and inflammatory infiltration. 

While high-dose MHE (20 mg/kg) showed a trend in reducing β2-MG, this effect was not statistically significant. 

Low-dose MHE (10 mg/kg) did not demonstrate significant protection. MHE dose-dependently ameliorates 

cisplatin-induced AKI in mice, with optimal efficacy observed at 15 mg/kg. The renoprotective effects are 

associated with attenuation of renal dysfunction and histological damage, potentially mediated through 

suppression of oxidative stress and inflammation. These findings support MHE as a promising candidate for 

further development as a natural therapeutic agent against AKI. 
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Introduction 
 

Cisplatin, a representative platinum-based 

chemotherapeutic agent, has played an irreplaceable 

role in treating lung, ovarian, testicular, and other solid 

tumors since its clinical introduction in the 1970s. It 

exerts its cytotoxic effect by forming DNA intrastrand 

cross-links, thereby blocking DNA replication and 

transcription (Chao et al., 2020). Cisplatin has 

significantly prolonged survival times for cancer 

patients and remains a cornerstone of modern 

chemotherapy regimens (Sugarbaker et al., 2013; 

Raudenska et al., 2019; Romani, 2022). However, its 

clinical utility is severely limited by dose-dependent 

nephrotoxicity, with approximately 30% of treated 

patients developing acute kidney injury (AKI) 

(Manohar and Leung, 2018; Zhu et al., 2023; Elmorsy 

et al., 2024). Research indicates that cisplatin 

nephrotoxicity involves multiple pathological 

mechanisms: The drug accumulates in renal tubular 

epithelial cells via systemic circulation, directly 

damaging mitochondrial membrane potential, 

inducing mitochondrial dysfunction and reactive 

oxygen species (ROS) burst, leading to oxidative 

stress. Excessive ROS activates the NF-κB signaling 

pathway (Yang et al., 2022), triggering a cascade of 

pro-inflammatory cytokines such as tumor necrosis 

factor-alpha (TNF-α) and interleukin-6 (IL-6), thereby 

exacerbating the inflammatory microenvironment. 

Concurrently, cisplatin disrupts the Bax/Bcl-2 protein 

equilibrium (Yu et al., 2018; Raghav et al., 2019; Zhao 

et al., 2024), inducing cytochrome C release and 

activating the caspase cascade, ultimately promoting 

Bax/Bcl-2-mediated cellular apoptosis (Liu et al., 

2020; Jiang et al., 2022). Current clinical 

interventions, including hydration therapy (HT) and 

antioxidants (e.g., N-acetylcysteine, NAC), offer 

limited renal protection and may compromise 

cisplatin's antitumor efficacy (Gómez-Sierra et al., 

2018; Wang et al., 2021). Furthermore, hydration 

therapy can increase cardiac load and induce 

electrolyte disturbances, while antioxidant 

interventions might interfere with cisplatin's ROS-

dependent antitumor mechanisms, potentially 

reducing chemotherapeutic effectiveness. Against this 

backdrop, Traditional Chinese Medicine (TCM), 

which leverags its unique multi-component and multi-

target synergistic approach (Luan et al., 2020; Li et al., 

2021), offers promising strategies for preventing and 

treating kidney diseases. Specifically, Mirabilis 

himalaica (Edgew.) Heimerl, recognized as one of the 

"five roots" in Tibetan medicine, boasts centuries of 

clinical use. Traditional texts document its properties 

for warming the kidneys, promoting yang, inducing 

diuresis, enhancing lymphatic flow, and alleviating 

calculi and pain (Shao et al., 2020). Modern 

pharmacological studies have identified its active 

constituents, including flavonoids (e.g., Boeravinone 

B, D), alkaloids, and tianshic acid, which confer 

antioxidant, anti-inflammatory, and anti-fibrotic 

effects through synergistic pathways (Li et al., 2023; 

Chen et al., 2025). For instance, Boeravinone B 

significantly enhances cellular antioxidant defenses by 

activating the Nrf2/ARE pathway and upregulating 

enzymes like superoxide dismutase (SOD) and 

glutathione peroxidase (GPx), while tianshic acid 

specifically inhibits caspase-3 activation in renal 

tubular epithelial cells (Miao et al., 2018), blocking 

apoptotic signaling and reducing parenchymal damage 

(Sablania et al., 2019; Wang et al., 2021). Preliminary 

studies indicate Mirabilis himalaica extract (MHE) 

exhibits renal protective effects in chronic conditions 

like diabetic nephropathy and ischemia-reperfusion 

injury. However, its efficacy against cisplatin-induced 

AKI—a common clinical complication—remains 

systematically unevaluated, particularly regarding 

dose-response relationships, optimal intervention 

timing, and underlying molecular mechanisms. 

Cisplatin-induced acute kidney injury (AKI) 

constitutes a critical hurdle to effective cancer 

chemotherapy: it not only elevates patient morbidity 

and mortality but also compels clinicians to reduce 

cisplatin dosages or terminate treatment entirely—

directly undermining the antitumor efficacy of 

chemotherapy—and given the limitations of current 

interventions (i.e., inadequate renal protection and 

potential compromise of cisplatin’s therapeutic 

effects), developing novel agents that confer robust 

renal protection without impairing cisplatin’s 

anticancer activity remains an urgent, unmet clinical 

imperative in oncology, one whose address will 

directly enhance cancer patients’ survival rates and 

quality of life while optimizing cisplatin-based 

chemotherapy regimens to boost their clinical utility. 

From an academic standpoint, this study bridges a key 

gap in existing research by systematically evaluating 

the efficacy of Mirabilis himalaica extract (MHE) 

against cisplatin-induced AKI—an area that has yet to 

be thoroughly explored—while also capitalizing on 

the underutilized potential of Tibetan medicine (a vital 

branch of traditional Chinese medicine, TCM) in 

modern pharmacology: by validating MHE’s 
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nephroprotective effects and elucidating its underlying 

mechanisms, the research furnishes robust 

experimental evidence and a theoretical basis for the 

modern pharmacological investigation of traditional 

Tibetan medicine, expands the repertoire of potential 

natural products for renal disease management, and 

paves new avenues for the development of safe, 

effective nephroprotectants tailored to oncology 

settings. 

Capitalizing on MHE's established safety profile in 

non-target organs, this study pioneers the therapeutic 

application of varying MHE concentrations in a 

murine cisplatin-induced AKI model. We 

systematically validate MHE's nephroprotective 

efficacy against cisplatin toxicity using serum 

biochemistry and histopathological analysis, and 

further elucidate its regulatory mechanisms involving 

oxidative stress and inflammatory pathways. Thus we 

aimed from this study to investigate and identify a 

novel natural candidate for mitigating cisplatin 

nephrotoxicity, and provide robust experimental 

evidence and a theoretical foundation for the modern 

pharmacological exploration of traditional Tibetan 

medicine with a pure academic merit and practical 

significance for advancing natural product 

applications in renal disease management. 

 

 

 
 

Material and Methods 
 

Experimental design 
In this study, 50 Kunming mice at 6-8 weeks and with 

nearly similar body weight were divided by body 

weight into five layers (10 subjects each), using 

stratified randomization method to group (random 

numbers generated through Excel's random function, 

assigned to five groups with n=10 for each group): a 

negative control, a murine acute kidney injury model 

(AKI model control positive group), an MHE low-

concentration treatment (T1=10 mg/kg), an MHE 

medium-concentration treatment (T2=15 mg/kg), and 

an MHE high-concentration treatment group (T3=20 

mg/kg) (Table 1). The Kunming mice were provided 

by the Animal Genetic Breeding and Reproduction 

Laboratory of Xizang Agricultural and Animal 

Husbandry College and were raised in the college's 

teaching and practice ranch. The ambient temperature 

was maintained at 23 ± 5 °C and a 12-hlight/dark 

cycle, with unrestricted access to distilled water and 

pathogen-free (SPF) laboratory food. The method of 

euthanizing the mice adhered to the approved animal 

protocol (XZA-2025-016) reviewed and authorized by 

the Animal Welfare and Research Ethics Committee 

of China Tibet Agricultural and Animal Husbandry 

University, Xizang, China. The present study followed 

national guidelines for humane animal treatment and 

compiled with the relevant legislation. 

 

Table-1. Experimental group design. 

 

Groups Processing method 
Concentration 

(mg/kg/day) 

Negative control group 
Intragastric administration of 

physiological saline (0.9% NaCl) 
- 

AKI model group (Control 

Positive) 

Cisplatin injection (10 mg/kg)+ 

Intragastric administration of 

physiological saline  

- 

MHE low-concentration treatment 

group (T1=10 mg/kg) 

Cisplatin injection (10 mg/kg) + 

MHE  intragastric administration  
10 

MHE medium-concentration 

treatment group (T2=15 mg/kg) 

Cisplatin injection (10 mg/kg) + 

MHE intragastric administration  
15 

MHE high-concentration treatment 

group (T3=20 mg/kg) 

Cisplatin injection (10 mg/kg) + 

MHE intragastric administration  
20 

NOTE: AKI: acute kidney injury; MHE: Mirabilis himalaica extract 

 

Reagents and Instruments 
Experimental materials: Roots of Mirabilis himalaica 

(collected from the teaching practice base of Tibet 

Agricultural and Animal Husbandry University); 

Cisplatin (Shandong Keyuan Biochemical Co., Ltd., 

99.5%); Hematoxylin-Eosin (HE) staining kit (Beijing 

Solarbio Science & Technology Co., Ltd., Cat. No.: 
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G1120); Mouse β2-microglobulin (β2-MG) ELISA kit 

(Jiangsu Meimian Industrial Co., Ltd., Cat. No.: MM-

44783M1); Urea/Urea Nitrogen (Urea) Content 

(Enzyme Method) Detection Kit (Jiangsu Adison 

Biotechnology Co., Ltd., Item No.: ADS-W-N001-

96); Creatinine (CRE) Content (Creatine Oxidase 

Method) Detection Kit (Jiangsu Adison Biological 

Technology Co., Ltd., Item Number: ADS-W-

FM0034). 

Instruments: High speed centrifuge (Gene Company 

Limited, GZ823516010002), Pipette (Eppendorf, 

B122161M), Freeze dryer (LaboGene, Model: R507), 

Microplate reader (TECAN, INFINITE 200 PRO), 

Embedding machine (Yidi, YD-6LA), Cryostat 

microtome (Yidi, YD-315III), Biological tissue 

spreading and baking machine (Yidi, YD-AB3). 

 

Sample collection and processing 
Forty-eight hours after the last dose, whole blood was 

collected through the method of tail-tip blood 

sampling, avoiding excessive shaking to prevent 

hemolysis. Whole blood was left at room temperature 

for 30 min and centrifuged at 3000×g for 10 min. The 

supernatant was aspirated using a pipette, avoiding 

contact with the buffy coat and red blood cells, and 

transferred to a new centrifuge tube to obtain mouse 

serum. Serum samples were stored at -20°C to avoid 

degradation from repeated freeze-thaw cycles. 

Using methods compliant with animal ethical 

standards, experimental mice were euthanized by 

cervical dislocation and fixed supine on a surgical 

board. The skin on the chest wall was incised along the 

midline, and subcutaneous tissue was separated. 

Sterile surgical instruments were used to isolate the 

heart, liver, spleen, lungs, and kidneys from 

surrounding tissues. Intact organs were removed and 

rinsed with pre-cooled physiological saline to remove 

residual surface blood. After drying with filter paper, 

the organs were weighed. The left kidney was fixed in 

formaldehyde solution for subsequent experiments. 

This process was performed gently and swiftly to 

minimize tissue damage while strictly adhering to 

aseptic procedures to prevent contamination. 

 

Preparation of Mirabilis himalaica extract 
Dried Mirabilis himalaica roots were freeze-dried, 

ground into powder (passed through a 40-mesh sieve; 

roots were collected simultaneously from the same 

location and plant part, freeze-dried, and sealed for 

storage). Powder was mixed with ultra-pure water at a 

1:10 (w/v) ratio and decocted twice in a 120 °C water 

bath (1 h each time). Supernatants were combined, 

filtered, and concentrated under reduced pressure to a 

final concentration of 1 g/mL (raw herb equivalent). 

 

Establishment of cisplatin-induced acute 

kidney injury (AKI) model 
The optimal modeling concentration was determined 

by screening six cisplatin concentrations (10, 11, 12, 

13, 14, and 15 mg/kg). HE staining revealed 

significant renal tubular injury at 10 mg/kg 

(Taghizadeh et al., 2020). Consequently, 10 mg/kg 

was selected as the modeling concentration 

(Yamashita et al., 2021). All subsequent AKI model 

mice received intraperitoneal injections of cisplatin at 

this dose. 

 

Gavage method and concentration 
Seventy-two hours’ post-cisplatin injection, gastric 

intervention commenced. The negative control and 

AKI model control positive groups received 

physiological saline via gavage. Based on similar 

previous studies, a dose of 10-20 mg/kg of MHE was 

given to mice (Meng et al., 2020), the MHE treatment 

groups received: low (10 mg/kg), medium (15 mg/kg), 

or high-concentration (20 mg/kg) MHE, administered 

orally once daily for 14 consecutive days. 

 

Detection of renal function indicators 
Serum creatinine (Cr), urea nitrogen (BUN), and β2-

microglobulin (β2-MG) levels were quantified to 

systematically evaluate renal excretion, metabolism, 

and filtration functions. 

Creatinine (Cr) was detected spectrophotometrically 

using the creatine oxidase method (Kit No.: ADS-W-

FM043), Urea Nitrogen (BUN) 

spectrophotometrically by the urease-glutamate 

dehydrogenase method (Kit No.: ADS-W-N013-96), 

and β2-Microglobulin (β2-MG) by ELISA (Kit No.: 

MM-44783M1). 

 

Histopathological analysis of renal tissue 
Formaldehyde-fixed left kidneys were paraffin-

embedded, sectioned (4 μm), and stained. Renal 

tubular epithelial cell swelling, necrosis, and 

inflammatory cell infiltration were assessed by light 

microscopy. 

Tubular injury was scored in 25 fields from both the 

upper and lower poles of the kidney on hematoxylin 

and eosin (H&E)-stained sections (n=10 per group). 

Each field was assigned a score from 0 to 3 based on 
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the following histological criteria: 0 for normal 

histology; 1-3 for the presence of tubular dilation, 

brush border loss, and accompanying nuclear loss (1 

for <1/3 nuclear loss, 2 for 1/3 to 2/3, and 3 for ≥2/3 

nuclear loss) (Yang et al., 2024). To ensure 

objectivity, all scoring was performed by two 

independent pathologists who were blinded to the 

experimental groups. 

 

Organ indices 
Thorgan index was calculated for the heart, liver, 

spleen, lungs, and kidneys: 

 

Organ index (%) = [organ weight (g) / body weight 

(g)] × 100 

 

Statistical Analysis 
Data are presented as mean ± standard deviation. 

Statistical analysis was performed using GraphPad 

Prism 8.0.2 (Abayasekara and Sullo, 2023). Normally 

distributed data (Shapiro-Wilk test, P > 0.05) were 

analyzed by one-way ANOVA with Tukey's post hoc 

test; non-normally distributed data were analyzed by 

Kruskal-Wallis test with Dunn's post hoc test. 

 

Results 
 

Histopathological repair effect 
Pathological changes in kidney tissue were assessed 

by HE staining (Figures 1 & 2). In the negative control 

group, kidney tissue exhibited clear architecture, intact 

glomeruli, tightly arranged renal tubular epithelial 

cells, and patent lumens (Figures 2A-B). Conversely, 

the AKI model control positive group displayed 

collapsed glomerular capillary loops, significant 

swelling and necrosis of renal tubular epithelial cells, 

luminal obstruction, and extensive inflammatory cell 

infiltration (Figures 2C-D). These marked histological 

differences confirm successful AKI model 

establishment. 

 

Table-2. Histopathological scoring of tubular injury. 

 

Groups 0 1 2 3 mean 

Negative control group 
7 3 0 0 0.3** 

AKI model group (Control 

Positive) 

0 1 3 6 2.5 

MHE low-concentration treatment 

group (T1=10 mg/kg) 

4 3 3 0 0.9** 

MHE medium-concentration 

treatment group (T2=15 mg/kg) 

6 4 0 0 0.4** 

MHE high-concentration 

treatment group (T3=20 mg/kg) 

0 1 4 5 2.4 

NOTE: 0: none; 1: <1/3 nuclear loss; 2: 1/3 to 2/3; 3: ≥2/3 nuclear loss. ** indicates P < 0.01 compared to the AKI model 

control positive group, and * indicates P < 0.05 compared to the AKI model control positive group. 
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Figure-1. Cisplatin concentration gradient-induced HE staining of murine acute kidney injury (from preliminary 

experiment, n=3). (A-C) 10 mg/kg cisplatin; (D-F) 11 mg/kg cisplatin; (G-I) 12 mg/kg cisplatin; (J-L) 13 mg/kg 

cisplatin; (M-O) 14 mg/kg cisplatin; (P-R) 15 mg/kg cisplatin. 
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Figure-2. Murine acute kidney injury model histology (n=10). (A) Negative control group’s mouse kidney (100×); 

(B) Negative control group’s mouse kidney (200×); (C) AKI model control positive group’s mouse kidney (100×); 

(D) AKI model control positive group’s mouse kidney (200×). 

 

Effects of MHE at different concentrations 
Compared to the AKI model control positive group 

(Figure 3A), MHE intervention significantly 

ameliorated renal pathology. The MHE low-

concentration treatment group (T1=10 mg/kg; Figure 

3B) showed reduced renal tubular epithelial cell 

swelling, sporadic necrotic cells, and diminished 

inflammatory infiltration. In the MHE medium-

concentration treatment group (T2=15 mg/kg; Fig. 

3C), renal tubular architecture was nearly restored, 

with orderly epithelial cell arrangement, patent 

lumens, and minimal inflammatory cells. The MHE 

high-concentration treatment group (T3=20 mg/kg; 

Figure 3D) exhibited persistent tubular dilation and 

interstitial fibrosis in some areas. 
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Figure-3. Therapeutic effects of Mirabilis himalaica extract on murine kidney injury (n=10; 200×). (A) AKI 

model control positive group; (B) MHE Low-concentration treatment group (T1=10 mg/kg); (C) MHE Medium-

concentration treatment group (T2=15 mg/kg); (D) MHE High-concentration treatment group (T3=20 mg/kg). 

 

Renal function biomarkers 
Analysis of serum creatinine (Cr), blood urea nitrogen 

(BUN), and β2-microglobulin (β2-MG) revealed 

significantly elevated Cr and BUN levels in the AKI 

model control positive group relative to negative 

controls, while β2-MG levels were significantly 

reduced (Table 2). Following MHE intervention, the 

MHE low-concentration treatment group (T1=10 

mg/kg) exhibited significantly higher β2-MG levels 

versus the AKI model control positive group. The 

MHE medium-concentration treatment group (T2=15 

mg/kg) showed significantly lower Cr and BUN 

levels, and significantly higher β2-MG levels relative 

to the AKI model control positive group. The MHE 

high-concentration treatment group (T3=20 mg/kg) 

displayed no significant differences in Cr, BUN, or β2-

MG levels compared to the AKI model control 

positive group (Table 2). 

In our study, the unique nature of the cisplatin-induced 

renal injury might have led to a complex scenario. 

Under normal conditions, over 99.9% of β2-MG, 

which is freely filtered by the glomeruli, is reabsorbed 

and metabolized in the renal proximal tubules. 

However, cisplatin causes extensive damage to 

proximal tubular cells, resulting in two key 

impairments: it not only impairs the cells’ reabsorption 

function but also disrupts the intracellular process of 

β2-MG degradation.  This dual disruption reduces the 

total amount of β2-MG undergoing metabolic 

processing in the initial stage of injury, ultimately 

leading to a decrease in serum β2-MG levels. 
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Table-3. Comparison of serum renal function biomarkers between groups (mean ± standard deviation). 

 

Groups Cr（μmol/L） BUN（mg/dL） β2-MG（μg/L） 

Negative control group 12.4±2.27** 5.34±0.33* 35.52±1.50** 

AKI model (Control 

Positive)group 

20.15±5.58 6.85±0.87 28.68±2.41 

MHE low-concentration treatment 

group (T1=10 mg/kg) 

14.75±2.13 5.76±0.15 33.57±1.21** 

MHE medium-concentration 

treatment group (T2=15 mg/kg)  

11.73±0.67** 5.17±0.35** 34.69±1.33** 

MHE high-concentration 

treatment group (T3=20 mg/kg) 

17.58±1.52 6.05±0.40 26.36±1.76 

Note: Data are represented as mean ± SEM (n = 10). ** indicates P < 0.01 compared to the AKI model control positive group, 

and * indicates P < 0.05 compared to the AKI model control positive group. 

 

Organ index and safety assessment 
Organ indices were calculated for five major 

metabolic/immune organs (Heart, liver, spleen, lungs, 

kidneys) to evaluate potential MHE toxicity. As 

shown in Table 3, no significant intergroup differences 

in organ indices were observed (P > 0.05), indicating 

MHE treatment did not induce systemic organ edema 

or atrophy. 

 

Table-4. Comparison of organ indices between groups (mean ± standard deviation, %). 

 

Groups heart liver spleen lungs kidneys 

Negative control group 0.74±0.15 4.37±0.45 0.31±0.14 0.69±0.09 1.30±0.16* 

AKI model (Control Positive )group 0.63±0.11 4.20±0.78 0.30±0.14 0.77±0.09 1.06±0.18 

MHE low-concentration treatment 

group (T1=10 mg/kg) 
0.60±0.10 4.35±0.24 0.27±0.07 0.75±0.07 1.08±0.10 

MHE medium-concentration 

treatment group (T2=15 mg/kg) 
0.65±0.12 4.19±0.42 0.26±0.06 0.78±0.05 1.08±0.08 

MHE high-concentration treatment 

group (T3=20 mg/kg) 
0.77±0.24 3.86±0.20 0.25±0.06 0.72±0.11 1.05±0.17 

Note: Data are represented as mean ± SEM (n = 10). ** indicates P < 0.01 compared to the AKI model control positive group, 

and * indicates P < 0.05 compared to the AKI model control positive group. 

 

Safety assessment 
Through histopathological assessment, the potential 

toxicity of MHE was systematically evaluated by 

observing HE-stained sections of critical non-target 

organs including the heart, liver, and spleen (Figure 4). 

Results demonstrated that apart from the kidneys, no 

characteristic morphological alterations indicative of 

cell necrosis—nor pathological changes such as 

inflammatory cell infiltration or fibrosis—were 

observed in the heart (Figures 4A, D, G, J, M), liver 

(Figures 4B, E, H, K, N), or spleen (Figures 4C, F, I, 

L, O) across MHE treatment groups at varying 

concentrations. Nuclear morphology remained 

normal, interstitial structures were distinct, tissue 

layers were well-defined, and cellular arrangement 

was orderly, aligning with histological features of 

healthy physiological states. These findings indicate 

that MHE intervention did not induce systemic organ 

edema or atrophy in non-target organs under the tested 

concentrations and experimental duration, confirming 

its safety for major organs under these conditions. 
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Figure-4. Histopathology of non-target organs (n=10). Negative control group: Heart (A), Liver (B), Spleen (C). 

AKI model control positive group: Heart (D), Liver (E), Spleen (F). MHE low-concentration treatment group 

(T1=10 mg/kg): Heart (G), Liver (H), Spleen (I). MHE medium-concentration treatment group (T2=15 mg/kg): 

Heart (J), Liver (K), Spleen (L). MHE high-concentration treatment group (T3=20 mg/kg): Heart (M), Liver (N), 

Spleen (O). 
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Discussion 
 

Cisplatin induces the redox balance of renal tubular 

epithelial cells by inducing massive generation of 

reactive oxygen species (ROS), which is one of the 

core mechanisms leading AKI (Holditch et al., 2019; 

He et al., 2022). Following renal accumulation, 

cisplatin impairs mitochondrial respiratory chain 

function and activates NADPH oxidase, resulting in 

excessive ROS production (e.g., superoxide anions 

and hydrogen peroxide). This oxidative stress cascade 

disrupts intracellular redox homeostasis, ultimately 

inducing lipid peroxidation, protein carbonylation, and 

DNA damage. 

Our study demonstrated that after intervention with 

moderate concentration of MHE (15 mg/kg), the 

creatinine (Cr) and blood urea nitrogen (BUN) levels 

in the serum of mice in AKI model control positive 

group were significantly reduced. It was also 

confirmed through histopathological observation that 

the aforesaid intervention had significant improving 

effects on renal damages including degeneration, 

necrosis and tubular formation of renal tubular 

epithelial cells (Figure 3). This may be caused by 

alleviation of the oxidative stress after ROS being 

eliminated (Zhang et al., 2020). This effect is closely 

related to flavonoids in MHE (e.g., Boeravinone B/D), 

which are known to  regulate antioxidant signaling 

pathway (Chen et al., 2021; Zhao et al., 2021; Zhao et 

al., 2025) Concurrently, such signaling pathway 

activation contributes to preserving membrane 

stability (Tognoloni et al., 2023), and maintaining 

tubular integrity. Supporting this, prior studies have 

reported antioxidant-mediated histological 

improvement in cisplatin-AKI models (Chen et al., 

2020)(Wang et al., 2021). This result not only 

confirms the hypothesis that MHE exerts antioxidant 

protection through Nrf2 pathway, but also provides 

multi-dimensional theoretical support for explaining 

the renal protection mechanism of MHE. 

Cisplatin also activates NF-κB signaling via IκBα 

phosphorylation/degradation, subsequently 

exacerbating tubular inflammation and apoptosis 

(Zhao et al., 2020; Shareef and Kathem, 2022). Our 

data showed that MHE markedly reduced 

inflammatory cell infiltration in renal tissues (Figure 

3F), achieving histopathology comparable to controls 

(Figures 2A-B). This anti-inflammatory effect may 

involve NF-κB or STAT1/4 pathway inhibition, 

reflecting traditional medicine's multi-target 

paradigm. Similar mechanism has been reported in the 

study on the extract of Astragalus membranaceus in 

the treatment of diabetic nephropathy: astragalus 

polysaccharides can reduce renal interstitial 

inflammation by downregulating the expression levels 

of TNF-α and IL-6 (Sun et al., 2021). Furthermore, 

MHE's alkaloids may suppress inflammatory mediator 

synthesis (Li et al., 2024). Compared with the single 

pathway inhibitors commonly used in clinical practice 

(e.g. glucocorticoids), MHE, with its characteristic of 

synergistic effect of multiple components such as 

flavonoids and alkaloids, can simultaneously target 

inflammation for multiple pathological links including 

inflammatory signaling, oxidative stress and 

apoptosis, demonstrating more comprehensive and 

precise anti-inflammatory and protective advantages, 

and providing a new intervention strategy for 

overcoming cisplatin-induced nephrotoxicity. 

Cisplatin-induced renal tubular cell apoptosis, 

mediated primarily through mitochondrial 

dysfunction, constitutes a pivotal mechanism of acute 

renal function deterioration. The nephrotoxin disrupts 

mitochondrial membrane potential, induces 

cytochrome C release, and activates caspase cascades, 

culminating in programmed cell death. Central to this 

process is the dysregulation of Bcl-2 family proteins 

(e.g., Bax/Bcl-2 ratio imbalance) (Walensky, 2019; 

Qian et al., 2022; Saddam et al., 2024). Our data 

demonstrate that medium-concentration MHE (15 

mg/kg) markedly attenuated tubular necrosis and 

improved cellular architecture in AKI models (Figure 

3F), suggesting apoptosis inhibition via modulation of 

apoptotic protein expression. This aligns with 

established renoprotective mechanisms of natural 

compounds; for instance, clam peptides exert 

therapeutic effects by upregulating Bcl-2 while 

suppressing Bax(Shu et al., 2019). We hypothesize 

that MHE flavonoids (notably Boeravinone B/D) 

analogously regulate the Bcl-2/Bax axis to stabilize 

mitochondrial membranes and inhibit apoptotic 

signaling, though this requires validation via Western 

blot or IHC. 

Medium-concentration MHE showed significant 

advantages in improving glomerular filtration function 

(reduced Cr/BUN), renal tubular reabsorption function 

(elevated β2-MG), and histopathological parameters 

(Table 2, Figure 3F). The 15 mg/kg dose likely 

represents the peak of intestinal absorption and renal 

distribution efficiency, enabling effective 

concentrations without metabolic overload(Jiang et 

al., 2023). Conversely, high-dose MHE (20 mg/kg) 

paradoxically exacerbated interstitial fibrosis (Figure 
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3G) and failed to enhance functional markers, 

mirroring reported flavonoid toxicity at excessive 

doses (e.g., Ginkgo biloba-induced tubular 

vacuolization (Yun-Ying et al., 2019)). This biphasic 

dose-response underscores the "bell-shaped" efficacy 

curve characteristic of phytomedicines. Low-

concentration MHE preferentially improved β2-MG (a 

tubular injury marker), indicating targeted action on 

tubular reabsorption rather than glomerular filtration. 

This selectivity may arise from the high membrane 

permeability of MHE's small-molecule constituents, 

enabling receptor interaction at low doses. The β2-MG 

reduction suggests MHE mitigates tubular apoptosis 

or inflammation, thereby normalizing urinary 

excretion patterns. By competitively inhibiting 

cisplatin transporters (e.g., organic cation transporter 

OCT2), MHE may reduce intracellular cisplatin 

accumulation (Gong et al., 2020) while 

simultaneously repairing tubular reabsorption barriers 

through protein expression modulation. This biphasic 

response parallels observations in Gangban Gui 

ethanol extract studies for chemical hepatotoxicity 

(Feng et al., 2017), where low concentrations 

specifically enhanced hepatocyte membrane stability. 

Notably, high-concentration MHE (20 mg/kg) failed to 

improve renal function and induced focal interstitial 

fibrosis (Figure 3G), indicating metabolic overload at 

supratherapeutic concentrations (Trevisani et al., 

2023). 

While this study confirms MHE’s renoprotective 

efficacy against cisplatin-induced AKI and proposes 

potential mechanisms, four key limitations merit 

attention for future research. First, mechanistic 

validation is incomplete: hypotheses (MHE regulating 

the Bcl-2/Bax axis to inhibit tubular apoptosis; its 

flavonoids modulating antioxidant pathways) lack 

direct support (no Western blot/IHC for protein 

expression, pathway activation, or caspase activity 

assays). Second, animal models are unrepresentative: 

a single unspecified murine strain is used, clinical 

variables (age, comorbidities) are omitted, and only 

short-term AKI outcomes are evaluated (long-term 

effects on renal fibrosis/chronic kidney disease 

unstudied). Third, MHE’s active components 

(flavonoids/alkaloids) and pharmacokinetics are under 

characterized: no isolation/testing of individual 

components or critical data (absorption, renal 

concentration, half-life), hindering explanation of 

biphasic dose-response and clinical dosing. Fourth, 

MHE’s impact on cisplatin’s antitumor efficacy—key 

for clinical use—is unaddressed. Future work should 

validate pathways (Western blot/IHC), test MHE in 

diverse/long-term animal models, characterize its 

components/pharmacokinetics, and assess effects on 

cisplatin’s antitumor activity to boost translational 

value. 

 

Conclusion 
 

Medium-concentration MHE (15 mg/kg) effectively 

mitigates cisplatin-induced AKI in mice, significantly 

reducing serum Cr (11.73±0.67 vs 20.15±5.58 mg/dL, 

P < 0.01) and BUN (5.17±0.35 vs 6.85±0.87 mg/dL, 

P < 0.01), improving tubular histopathology, and 

normalizing β2-MG excretion (28.68±2.41 vs 

34.69±1.33 μg/L, P < 0.01), while high-dose MHE 

showed limited efficacy. The renal-specific effects and 

organ safety profile confirm its therapeutic potential 

through multi-target modulation of oxidative stress, 

inflammation, and apoptosis. 
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