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ABSTRACT: Cisplatin-induced nephrotoxicity remains a major limitation in 

chemotherapy, primarily mediated through oxidative stress and apoptosis in renal cells. 

The present study evaluated the nephroprotective potential of a hydroalcoholic polyherbal 

extract comprising Ajuga bracteosa and Gynura procumbens (1:1) against cisplatin-

induced cytotoxicity in HEK-293 cells. Cytotoxicity was induced using cisplatin (20 µM), 

while the extract was tested at 25, 50, and 100 µg/mL concentrations following pre-

treatment. Cell viability was assessed using the MTT assay, and membrane integrity was 

evaluated by lactate dehydrogenase (LDH) release. Oxidative stress parameters were 

analyzed through intracellular reactive oxygen species (ROS) generation, lipid 

peroxidation (MDA levels), and endogenous antioxidant enzymes (SOD, CAT, and 

GSH). Mitochondrial membrane potential (ΔΨm) was determined using JC-1 dye, while 

apoptosis was assessed via caspase-3 activity. Cisplatin exposure significantly reduced cell 

viability, increased ROS production, induced lipid peroxidation, disrupted mitochondrial 

function, and elevated caspase-3 activity. Pre-treatment with the polyherbal extract 

demonstrated a dose-dependent protective effect, restoring cell viability, reducing 
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oxidative stress, preserving mitochondrial integrity, and suppressing apoptosis. The 

highest extract concentration (100 µg/mL) exhibited effects comparable to the standard 

antioxidant N-acetylcysteine. The findings suggest that the polyherbal extract confers 

nephroprotection through modulation of the oxidative stress–mitochondrial apoptosis 

axis, indicating its potential as a supportive therapeutic strategy against cisplatin-induced 

renal toxicity. 
 

 

1. INTRODUCTION 

Cisplatin is a platinum-based chemotherapeutic agent widely used in the treatment of various solid tumors, including lung, 

ovarian, testicular, and bladder cancers. Despite its proven clinical efficacy, its therapeutic application is significantly limited by 

dose-dependent nephrotoxicity, which remains one of the most critical adverse effects associated with its use. The kidneys, 

particularly the proximal tubular epithelial cells, are highly susceptible to cisplatin-induced damage due to preferential drug 

accumulation and activation of multiple pathological pathways. Consequently, nephrotoxicity not only compromises renal 

function but also necessitates dose reduction or discontinuation of therapy, ultimately affecting treatment outcomes (Umar et 

al., 2021; Wang et al., 2023; Wróblewska et al., 2024; Wróblewska et al., 2022). 

The pathogenesis of cisplatin-induced nephrotoxicity is complex and multifactorial, involving oxidative stress, inflammation, 

mitochondrial dysfunction, and apoptosis. Among these, oxidative stress plays a central role, characterized by excessive 

generation of reactive oxygen species (ROS) that overwhelm the endogenous antioxidant defence system. This imbalance leads 

to lipid peroxidation, protein oxidation, DNA damage, and disruption of cellular homeostasis. Furthermore, ROS-mediated 

damage directly impacts mitochondrial integrity, resulting in loss of mitochondrial membrane potential, release of pro-apoptotic 

factors, and activation of intrinsic apoptotic pathways, including caspase-3 signalling. Therefore, targeting oxidative stress and 

its downstream consequences represents a rational therapeutic strategy for mitigating cisplatin-induced renal injury (Farouk et 

al., 2025; Gazwi et al., 2024; L. Li et al., 2024). In recent years, increasing attention has been directed toward the use of plant-

based therapeutics due to their rich phytochemical composition and multi-targeted pharmacological effects. Herbal extracts are 

known to contain bioactive constituents such as flavonoids, phenolic compounds, alkaloids, and terpenoids, which exhibit 

potent antioxidant and cytoprotective properties. Unlike synthetic agents that often act on a single pathway, herbal formulations 

offer synergistic effects by modulating multiple cellular mechanisms simultaneously, making them particularly suitable for 

complex pathological conditions such as drug-induced nephrotoxicity (Davoudi et al., 2022; Gazwi et al., 2024). 

Ajuga bracteosa, a medicinal plant belonging to the Lamiaceae family, has been traditionally used for its anti-inflammatory, 

antioxidant, and hepatoprotective properties. Phytochemical investigations have revealed the presence of flavonoids, phenolics, 

and iridoid glycosides, which contribute to its free radical scavenging activity. Similarly, Gynura procumbens, commonly known as 

“longevity spinach,” has gained recognition for its diverse pharmacological activities, including antioxidant, anti-inflammatory, 

and cytoprotective effects. The plant is rich in polyphenols and flavonoids, which have been shown to modulate oxidative stress 

pathways and enhance cellular defence mechanisms (Nazer et al., 2022; Raja et al., 2023; Tithi et al., 2023). 

The rationale for combining Ajuga bracteosa and Gynura procumbens lies in the potential for synergistic interaction between their 

bioactive constituents. A polyherbal approach may provide enhanced efficacy compared to individual extracts by targeting 

multiple aspects of cisplatin-induced cellular injury, particularly oxidative stress and apoptosis. However, despite the promising 

pharmacological profiles of these plants, their combined nephroprotective potential against cisplatin-induced toxicity has not 

been extensively investigated, especially at the cellular and mechanistic levels. Human embryonic kidney (HEK-293) cells serve 

as a well-established in vitro model for studying renal cytotoxicity and protective interventions. These cells provide a controlled 

environment to evaluate cellular responses, including oxidative stress, mitochondrial dysfunction, and apoptosis, enabling 

mechanistic insights into nephroprotective effects (Nazer et al., 2022; Raja et al., 2023; Tithi et al., 2023). 

Therefore, the present study was designed to evaluate the nephroprotective activity of a hydroalcoholic polyherbal extract of 

Ajuga bracteosa and Gynura procumbens (1:1) against cisplatin-induced toxicity in HEK-293 cells. The study specifically aimed to 

investigate the role of the extract in modulating oxidative stress, preserving mitochondrial function, and inhibiting apoptosis, 

thereby establishing its potential as a supportive therapeutic strategy in reducing chemotherapy-induced renal damage. 
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3. MATERIALS AND METHODS 

3.1 Materials 

Cisplatin (purity ≥99%) was procured from Sigma-Aldrich. Dulbecco’s Modified Eagle Medium (DMEM), fetal bovine serum 

(FBS), penicillin-streptomycin solution, trypsin-EDTA, and phosphate-buffered saline (PBS) were obtained from Gibco. 3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), dichlorofluorescein diacetate (DCFH-DA), JC-1 dye, 

thiobarbituric acid (TBA), reduced glutathione (GSH), and assay kits for superoxide dismutase (SOD), catalase (CAT), and 

caspase-3 were purchased from HiMedia Laboratories. 

All other reagents and solvents used in the study were of analytical grade and used without further purification. 

3.2 Plant Material and Extraction 

Fresh aerial parts of Ajuga bracteosa were collected from a verified natural habitat and authenticated by a qualified taxonomist. 

The plant material was washed, shade-dried at room temperature, and pulverized into a coarse powder using a mechanical 

grinder. Approximately 250 g of powdered material was subjected to Soxhlet extraction using methanol for 24 hours. The 

extract was filtered and concentrated under reduced pressure using a rotary evaporator. The obtained semisolid mass was further 

dried in a desiccator and stored at 4°C until further use. The percentage yield of the extract was calculated, and the extract was 

reconstituted in dimethyl sulfoxide (DMSO) to prepare stock solutions. 

3.3 Phytochemical Standardization 

The methanolic extract was subjected to preliminary phytochemical screening for alkaloids, flavonoids, phenolics, saponins, 

and terpenoids using standard qualitative methods. Total phenolic content was estimated using the Folin–Ciocalteu method 

and expressed as mg gallic acid equivalents (GAE)/g extract. Total flavonoid content was determined using the aluminium 

chloride method and expressed as mg quercetin equivalents (QE)/g extract. 

3.4 Cell Line and Culture Conditions 

Human embryonic kidney cells (HEK-293) were obtained from National Centre for Cell Science, Pune, India. Cells were 

cultured in DMEM supplemented with 10% FBS and 1% penicillin-streptomycin. The cells were maintained at 37°C in a 

humidified incubator with 5% CO₂ atmosphere. Cells were subcultured upon reaching 70–80% confluency using trypsin-

EDTA and used for experiments between passages 5 and 20. 

3.5 Experimental Design 

The study was designed to evaluate the nephroprotective effect of the extract against cisplatin-induced cytotoxicity. Cells were 

divided into the following groups: 

• Control group (untreated cells) 

• Cisplatin-treated group (toxic control) 

• Extract-treated groups (25, 50, 100 µg/mL) 

• Cisplatin + extract groups (pre-treatment model) 

• Cisplatin + N-acetylcysteine group (positive control) 

Cells in treatment groups were pre-treated with the extract for 24 hours followed by exposure to cisplatin for an additional 24 

hours. 

3.6 Determination of Cytotoxicity (MTT Assay) 

Cell viability was assessed using the MTT assay. HEK-293 cells were seeded in 96-well plates at a density of 1 × 10⁴ cells per 

well and allowed to attach overnight. After treatment, 20 µL of MTT solution (5 mg/mL) was added to each well and incubated 

for 4 hours. The formed formazan crystals were dissolved in DMSO, and absorbance was measured at 570 nm using a 

microplate reader. Cell viability (%) was calculated relative to control cells (Zakeri-Milani et al., 2021; M. Zheng et al., 2025; 

Zohmachhuana et al., 2022). 
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3.7 Determination of Cisplatin IC₅₀ 

To establish an optimal nephrotoxic concentration, HEK-293 cells were exposed to increasing concentrations of cisplatin (5, 

10, 20, 30, and 40 µM) for 24 hours. Cell viability was determined using the MTT assay as described previously. The IC₅₀ value 

was calculated from the dose–response curve using nonlinear regression analysis. Based on preliminary observations, a 

concentration inducing approximately 50–60% reduction in cell viability (~20 µM) was selected as the working toxic dose for 

subsequent experiments (Zakeri-Milani et al., 2021; M. Zheng et al., 2025; Zohmachhuana et al., 2022). 

3.8 Determination of Safe Concentration Range of Extract 

The hydroalcoholic extract of Ajuga bracteosa and Gynura procumbens (1:1) was evaluated for cytotoxicity in HEK-293 cells at 

concentrations ranging from 10 to 200 µg/mL. Cells were treated for 24 hours, and viability was assessed using the MTT assay. 

Concentrations showing ≥90% cell viability were considered non-toxic and selected for nephroprotective evaluation. Based on 

this criterion, 25, 50, and 100 µg/mL were fixed as low, medium, and high doses, respectively. 

3.9 Lactate Dehydrogenase (LDH) Release Assay 

Cell membrane integrity was assessed by measuring LDH release into the culture medium. After treatment, the culture 

supernatant was collected and analyzed using an LDH assay kit according to the manufacturer’s protocol. Absorbance was 

measured at 490 nm, and LDH release (%) was calculated relative to the toxic control. Increased LDH levels indicated 

membrane damage, while reduction in LDH release in treated groups suggested cytoprotective effects (Sena-Torralba et al., 

2025; Todorovic et al., 2021). 

3.10 Intracellular Reactive Oxygen Species (ROS) Estimation 

Intracellular ROS levels were quantified using the DCFH-DA fluorescent probe. After treatment, cells were incubated with 10 

µM DCFH-DA for 30 minutes at 37°C. The fluorescence intensity was measured using a microplate reader at 

excitation/emission wavelengths of 485/530 nm. Results were expressed as percentage ROS generation relative to control. A 

decrease in fluorescence intensity in extract-treated groups indicated antioxidant activity (Zhang et al., 2023; Zhang et al., 2025). 

3.11 Assessment of Mitochondrial Membrane Potential (ΔΨm) 

Mitochondrial integrity was evaluated using JC-1 dye. After treatment, cells were incubated with JC-1 dye for 20 minutes at 

37°C. Fluorescence was measured at dual wavelengths to determine the ratio of red (aggregates) to green (monomers) 

fluorescence. A decrease in red/green fluorescence ratio indicated mitochondrial depolarization, while restoration of this ratio 

in treated groups suggested mitochondrial protection (Su et al., 2024; Sun et al., 2024; Zhao et al., 2025; Zheng et al., 2022). 

3.12 Lipid Peroxidation (MDA Estimation) 

Lipid peroxidation was assessed by measuring malondialdehyde (MDA) levels using the thiobarbituric acid reactive substances 

(TBARS) assay. Cell lysates were mixed with TBA reagent and heated at 95°C for 30 minutes. After cooling, absorbance was 

measured at 532 nm. 

MDA levels were expressed as nmol/mg protein. Increased MDA levels indicated oxidative damage, while reduction in treated 

groups reflected protective activity (R. Li et al., 2024; Phetruen et al., 2023; Saleh et al., 2021; Zou et al., 2024). 

3.13 Estimation of Antioxidant Enzymes 

Cell lysates were prepared and analyzed for endogenous antioxidant markers including superoxide dismutase (SOD), catalase 

(CAT), and reduced glutathione (GSH). SOD activity was determined based on inhibition of superoxide radicals. 

CAT   activity   was   measured   by   monitoring   decomposition   of   hydrogen   peroxide. 

GSH levels were estimated using Ellman’s reagent method. Results were expressed per mg protein and compared across groups 

(Lemus-de la Cruz et al., 2023; R. Li et al., 2024; Phetruen et al., 2023; Saleh et al., 2021; Zou et al., 2024). 

3.14 Apoptosis Assessment (Caspase-3 Activity) 

Caspase-3 activity was measured using a colorimetric assay kit. After treatment, cell lysates were incubated with a specific 

substrate, and the release of chromophore was measured at 405 nm. Increased caspase-3 activity indicated apoptosis induction, 

while reduction in treated groups confirmed anti-apoptotic effects of the extract (M. Y. Zheng et al., 2025; Zhuang et al., 2024; 

Zohmachhuana et al., 2022). 
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3.15 Statistical Analysis 

All experiments were performed in triplicate (n = 3), and results were expressed as mean ± standard deviation (SD). Statistical 

analysis was performed using one-way ANOVA followed by Tukey’s post hoc test using GraphPad Prism software. A value of 

p < 0.05 was considered statistically significant. 

4. RESULTS AND DISCUSSION 

4.1 Determination of Cisplatin-Induced Cytotoxicity in HEK-293 Cells 

Cisplatin exposure resulted in a clear dose-dependent reduction in HEK-293 cell viability, confirming successful establishment 

of the nephrotoxicity model. 

Table 1: Effect of Cisplatin on Cell Viability in HEK-293 Cells (MTT Assay, n = 3) 
 

Concentration (µM) Cell Viability (%) ± SD 

Control 100.0 ± 2.1 

5 89.4 ± 2.8 

10 75.6 ± 3.2 

20 54.8 ± 2.9 

30 38.7 ± 3.5 

40 24.5 ± 3.8 

 

Figure 1: Dose–response curve showing reduction in HEK-293 cell viability following cisplatin treatment. 

The IC₅₀ value was observed at approximately 20 µM, which aligns with reported literature for renal epithelial cell sensitivity. 

This concentration was selected as the working toxic dose for further experiments. The sharp decline beyond 20 µM suggests 

activation of apoptosis and oxidative damage pathways rather than simple metabolic inhibition. 

4.2 Cytotoxicity Profile of Hydroalcoholic Polyherbal Extract 

The hydroalcoholic extract (1:1 Ajuga bracteosa and Gynura procumbens) showed minimal intrinsic cytotoxicity across the tested 

concentration range. 
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Table 2: Effect of Extract on HEK-293 Cell Viability (n = 3) 
 

Concentration (µg/mL) Cell Viability (%) ± SD 

Control 100.0 ± 2.3 

10 98.6 ± 2.5 

25 96.8 ± 2.7 

50 95.4 ± 3.1 

100 92.7 ± 3.4 

200 84.2 ± 3.9 

 

Figure 2: Effect of polyherbal extract on HEK-293 cell viability. 

The extract maintained >90% viability up to 100 µg/mL, confirming its safety. The slight decline at 200 µg/mL suggests 

concentration-dependent metabolic burden rather than cytotoxicity. Therefore, 25, 50, and 100 µg/mL were selected for 

protective studies. 

4.3 Nephroprotective Effect Against Cisplatin-Induced Cytotoxicity 

Pre-treatment with the extract significantly improved cell viability compared to the cisplatin toxic control. 

Table 3: Protective Effect of Extract on Cell Viability (MTT Assay, n = 3) 
 

Group Cell Viability (%) ± SD 

Control 100.0 ± 2.4 

Cisplatin (20 µM) 54.8 ± 3.0 

Extract 25 µg/mL + Cisplatin 64.2 ± 2.7 

Extract 50 µg/mL + Cisplatin 72.5 ± 3.1 

Extract 100 µg/mL + Cisplatin 81.3 ± 2.8 

NAC + Cisplatin 86.7 ± 2.6 
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Figure 3: Protective effect of polyherbal extract against cisplatin-induced cytotoxicity. 

A dose-dependent restoration of cell viability was observed. At 100 µg/mL, the extract achieved ~81% viability, approaching 

the standard antioxidant control (N-acetylcysteine). Mechanistically, this suggests that the extract mitigates cisplatin-induced 

mitochondrial dysfunction and oxidative stress rather than directly interfering with cisplatin uptake. 

4.4 Effect on Membrane Integrity (LDH Release Assay) 

Cisplatin exposure resulted in significant membrane damage, as indicated by elevated LDH release. 

Table 4: LDH Release in HEK-293 Cells (n = 3) 
 

Group LDH Release (%) ± SD 

Control 100.0 ± 3.2 

Cisplatin 186.5 ± 5.8 

Extract 25 µg/mL + Cisplatin 162.3 ± 4.9 

Extract 50 µg/mL + Cisplatin 138.7 ± 4.2 

Extract 100 µg/mL + Cisplatin 118.6 ± 3.7 

NAC + Cisplatin 110.2 ± 3.4 

 

Figure 4: LDH release showing membrane damage and protective effect of extract. 
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Cisplatin increased LDH release by ~86%, confirming severe membrane disruption. Pre-treatment with the extract significantly 

reduced LDH leakage in a dose-dependent manner. 

This indicates stabilization of cellular membranes, likely due to antioxidant phytoconstituents such as flavonoids and phenolics 

preventing lipid peroxidation. 

4.5 Intracellular ROS Generation 

ROS generation was markedly elevated in cisplatin-treated cells, confirming oxidative stress as a central mechanism of toxicity. 

Table 5: Intracellular ROS Levels (n = 3) 
 

Group ROS (% of control) ± SD 

Control 100.0 ± 3.1 

Cisplatin 245.6 ± 6.4 

Extract 25 µg/mL + Cisplatin 198.2 ± 5.8 

Extract 50 µg/mL + Cisplatin 162.7 ± 5.1 

Extract 100 µg/mL + Cisplatin 128.4 ± 4.6 

NAC + Cisplatin 118.9 ± 4.2 

 

Figure 5: Reduction of intracellular ROS by polyherbal extract. 

Cisplatin induced a ~2.5-fold increase in ROS, consistent with mitochondrial electron transport chain disruption. The extract 

significantly attenuated ROS levels, with the highest dose reducing ROS close to baseline. This confirms a strong antioxidant 

mechanism, likely mediated through polyphenolic scavenging and inhibition of ROS-generating pathways. At this stage, three 

key mechanistic layers are already established: 

1. Cytoprotection – restored viability 

2. Membrane stabilization – reduced LDH leakage 

3. Oxidative stress suppression – reduced ROS 

This triad strongly supports that the nephroprotective effect is ROS-mediated and upstream of apoptosis, not merely 

symptomatic protection. 
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4.6 Effect on Mitochondrial Membrane Potential (ΔΨm; JC-1 Assay) 

Cisplatin exposure caused a pronounced loss of mitochondrial membrane potential, reflected by a reduced red/green 

fluorescence ratio. 

Table 6: Mitochondrial Membrane Potential (JC-1 Red/Green Ratio, n = 3) 
 

Group JC-1 Ratio ± SD 

Control 1.00 ± 0.05 

Cisplatin (20 µM) 0.42 ± 0.03 

Extract 25 µg/mL + Cisplatin 0.55 ± 0.04 

Extract 50 µg/mL + Cisplatin 0.68 ± 0.05 

Extract 100 µg/mL + Cisplatin 0.81 ± 0.04 

NAC + Cisplatin 0.86 ± 0.04 

 

Figure 6: Restoration of mitochondrial membrane potential by the polyherbal extract (JC-1 assay). 

Cisplatin reduced ΔΨm by ~58%, indicating mitochondrial depolarization and initiation of intrinsic apoptosis. Pre-treatment 

with the extract dose-dependently restored ΔΨm, with the highest dose approaching the NAC control. This demonstrates 

preservation of mitochondrial integrity, suggesting that the extract acts upstream by limiting oxidative injury to mitochondrial 

membranes and preventing permeability transition. 

4.7 Lipid Peroxidation (MDA Levels; TBARS Assay) 

Cisplatin markedly increased lipid peroxidation, as evidenced by elevated MDA levels. 

Table 7: Lipid Peroxidation (MDA, nmol/mg protein; n = 3) 
 

Group MDA (nmol/mg) ± SD 

Control 2.10 ± 0.12 

Cisplatin 6.85 ± 0.28 

Extract 25 µg/mL + Cisplatin 5.62 ± 0.25 
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Extract 50 µg/mL + Cisplatin 4.31 ± 0.21 

Extract 100 µg/mL + Cisplatin 3.02 ± 0.18 

NAC + Cisplatin 2.65 ± 0.16 

 

Figure 7: Effect of extract on cisplatin-induced lipid peroxidation (MDA levels). 

Cisplatin elevated MDA by more than threefold, confirming extensive membrane lipid damage. The extract significantly reduced 

MDA in a dose-dependent manner, indicating inhibition of peroxidative chain reactions. This aligns with the high phenolic and 

flavonoid content, which can donate electrons to neutralize lipid radicals and terminate propagation steps. 

4.8 Modulation of Endogenous Antioxidant Defence System 

Cisplatin significantly depleted intracellular antioxidant enzymes, while extract pre-treatment restored their levels. 

Table 8: Antioxidant Enzyme Status in HEK-293 Cells (n = 3) 
 

Group SOD (U/mg protein) ± 

SD 

CAT (U/mg protein) ± 

SD 

GSH (µmol/mg protein) ± 

SD 

Control 18.6 ± 0.9 42.5 ± 1.8 7.85 ± 0.34 

Cisplatin 9.4 ± 0.6 21.3 ± 1.5 3.12 ± 0.22 

Extract 25 µg/mL + 

Cisplatin 

11.8 ± 0.7 26.9 ± 1.6 4.35 ± 0.25 

Extract 50 µg/mL + 

Cisplatin 

14.6 ± 0.8 32.8 ± 1.7 5.82 ± 0.28 

Extract 100 µg/mL + 

Cisplatin 

16.9 ± 0.9 38.6 ± 1.9 6.94 ± 0.31 

NAC + Cisplatin 17.8 ± 0.8 
 

40.2 ± 1.8 

7.21 ± 0.29 
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Figure 8: Restoration of antioxidant enzymes (SOD, CAT, GSH) by the polyherbal extract. 

Cisplatin reduced SOD, CAT, and GSH by ~45–60%, confirming oxidative stress-mediated depletion of endogenous defences. 

Extract treatment significantly restored all three parameters. 

This indicates dual action: 

1. Direct ROS scavenging 

2. Upregulation or preservation of endogenous antioxidant systems 

The near-normalization at 100 µg/mL strongly supports that the extract interrupts the oxidative cascade rather than acting only 

as a terminal scavenger. 

4.9 Inhibition of Apoptosis (Caspase-3 Activity) 

Cisplatin significantly increased caspase-3 activity, confirming activation of apoptotic pathways. 

Table 9: Caspase-3 Activity (Fold Change vs Control, n = 3) 
 

Group Caspase-3 Activity ± SD 

Control 1.00 ± 0.06 

Cisplatin 3.85 ± 0.18 

Extract 25 µg/mL + Cisplatin 3.12 ± 0.16 

Extract 50 µg/mL + Cisplatin 2.41 ± 0.14 

Extract 100 µg/mL + Cisplatin 1.68 ± 0.12 

NAC + Cisplatin 1.42 ± 0.11 
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Figure 9: Suppression of caspase-3 activity by polyherbal extract. 

Cisplatin induced ~3.8-fold increase in caspase-3 activity, indicating strong apoptotic signalling via the intrinsic pathway. Extract 

pre-treatment significantly suppressed caspase-3 activation, demonstrating anti-apoptotic potential. This effect is 

mechanistically linked to: 

• Reduced ROS generation 

• Preservation of mitochondrial membrane potential 

• Prevention of cytochrome c release (inferred pathway consistency) 

The results collectively establish a coherent mechanistic cascade: 

Cisplatin → Excess ROS → Lipid peroxidation + antioxidant depletion → Mitochondrial depolarization → Caspase activation 

→ Cell death. The polyherbal extract interrupts this cascade at multiple upstream checkpoints: 

• Suppresses ROS generation (primary event) 

• Prevents lipid peroxidation and membrane damage 

• Preserves mitochondrial integrity (ΔΨm) 

• Restores endogenous antioxidant enzymes 

• Inhibits downstream apoptotic signalling 

This multi-targeted action is pharmacologically significant because nephrotoxicity is a multifactorial process, and single-pathway 

inhibition is often insufficient. The combined phytochemical profile of Ajuga bracteosa and Gynura procumbens appears to provide 

synergistic protection. 

CONCLUSION 

The present study demonstrated that the hydroalcoholic polyherbal extract comprising Ajuga bracteosa and Gynura procumbens 

(1:1) exerted significant nephroprotective activity against cisplatin-induced cytotoxicity in HEK-293 cells. The experimental 

findings consistently showed that cisplatin exposure led to marked cellular damage characterized by reduced cell viability, 

increased membrane leakage, excessive reactive oxygen species (ROS) generation, mitochondrial dysfunction, depletion of 

endogenous antioxidant defences, and activation of apoptotic pathways. Pre-treatment with the polyherbal extract resulted in a 

dose-dependent restoration of cellular integrity. The extract significantly improved cell viability, reduced lactate dehydrogenase 

(LDH) release, and attenuated intracellular ROS levels, indicating its strong antioxidant potential. Furthermore, the extract 

effectively preserved mitochondrial membrane potential, suggesting protection against mitochondrial depolarization—a key 

initiating event in intrinsic apoptosis. The reduction in lipid peroxidation and concurrent restoration of antioxidant enzymes 

such as superoxide dismutase, catalase, and glutathione further confirmed its role in stabilizing the cellular redox environment. 

Importantly, the suppression of caspase-3 activity demonstrated that the extract inhibited apoptosis at a downstream level, 

reinforcing the hypothesis that its nephroprotective effect is mediated through modulation of the oxidative stress– 
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mitochondrial apoptosis axis. The observed effects were comparable to the standard antioxidant N-acetylcysteine, although 

slightly lower in magnitude, which supports the biological plausibility and translational relevance of the findings. Overall, the 

study established that the polyherbal extract provides multi-targeted protection against cisplatin-induced nephrotoxicity by 

intervening at both upstream oxidative stress generation and downstream apoptotic signalling pathways. These findings suggest 

that such polyherbal combinations may serve as promising adjunct therapeutic strategies to mitigate chemotherapy-induced 

renal damage. However, further studies involving molecular pathway validation and in vivo models are warranted to confirm 

these protective mechanisms and support clinical translation. 
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