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Abstract: The present study focuses on exploring the antilithiatic potential of Didymocarpus 

pedicellata, which is valuable in managing renal disorders. Urolithiasis is an idiopathic disorder with a 

high recurrence and an incidence rate and is of major concern worldwide due to partial and 

unsatisfactory relief. Calcium oxalate crystals in contact with renal epithelial cells (HK2), causing 

reactive oxygen species overproduction, oxidative stress, apoptosis resulting in crystal adhesion and 

internalization. Crystals were modulated by cotreatment with ethanolic extract of D. pedicellata. Cell 

toxicity assay was assessed using flow cytometry. Cell-crystal interaction, adhesion, and internalization 

were visualized through Scanning electron microscopy (SEM) analysis and hematoxylin-eosin staining. 

The lithogenic induction caused impairment of renal function due to oxidative stress, measured by ROS 

levels. Cell death assays were detected by dual staining methods.  Fluorimeter evaluation pointed to 

active caspase 3 mediated cell death (apoptotic) in oxalate injured cells was attenuated by 

Didymocarpus pedicellata extract.  Alterations in cell adhesion were observed by 

immunocytochemistry. The current study revealed that the Didymocarpus pedicellata was endowed 

with antiurolithiatic activity as it displayed increased viability, reduced oxidative stress due to lowered 

production of intracellular reactive oxygen species (ROS), and decreased apoptosis when oxalate 

injured HK2 cells were cotreated with the extract. 

Keywords: apoptosis; oxidative stress; urolithiasis; didymocarpus pedicellata extract; crystal-cell 

adhesion; hyperoxaluria. 

1. Introduction 

Urolithiasis is a multifaceted, systemic disease usually caused as a result of acquired or 

congenital metabolic disturbances. Crystal formation accounts for the vast majority of cases 

with calculous disease [1,2]. The accumulation of calcium oxalate crystals in renal parenchyma 

contributes to the pathological features of nephrocalcinosis, interstitial fibrosis, chronic kidney 

disease, acute kidney disease, and eventually culminating in renal failure [3,4]. The formation 

of renal calculi is a multifactorial process that starts with urinary supersaturation, crystal 

nucleation, growth, and aggregation, leading to crystal adhesion in renal cells [5]. Oxalate 

nephropathies can induce oxidative stress and produce reactive oxygen species (ROS), thereby 

causing inflammation, oxidative damage, and apoptosis in renal epithelial cells and inducing 

the development of kidney stones [6,7]. Crystal-cell interaction leads to cellular injury and 

modifications in cell composition, structure, or physiology, leading to cell death [8]. Cell death 
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caused by calcium oxalate (CaOx) crystals is extensively studied, but the mode of apoptosis 

and necrosis remains unclear to date. Renal cells exposed to calcium oxalate crystals lead to 

significant apoptotic alternations, including DNA fragmentation, condensation of nuclear 

chromatin, and translocation of phosphatidylserine (PS) of the plasma membrane to the cell 

surface and dislocation of membrane proteins [9-11]. Many researchers have demonstrated that 

cells exposed to varying concentrations of CaOx crystals result in plasma membrane 

disintegration and inflammation due to necrosis [12-14]. The elevated level of free radicals 

leads to a decrease in antioxidant status, causing cellular injury, facilitating crystal adhesion 

and retention, and finally, cell death [15,16]. 

The use of herbal medicines is very popular in traditional systems of medicine such as 

ayruvedic, unani, chinese, and homeopathy. Medicinal plants used in such systems are rich 

natural compounds that exhibit a wide range of ethnopharmacological activities. Such 

medicines can be attributed to their affordability, diminished side effects, relative safety, and 

easier access, making them a better treatment option for the underprivileged population [17,18]. 

Numerous investigations on medicinal formulations used in folklore are being used for their 

antilithiatic activity, which has aroused immense interest within the research community. 

Didymocarpus pedicellata R.Br. (Gesneriaceae), a well recognized medicinal plant commonly 

known as Pathar phori, stone flower, or shilapushpa is widely distributed in subtropical regions 

of the western Himalayas. There is extensive use of this herb in renal ailments, majorly against 

bladder stones and kidney diseases [19,20]. D.pedicellata is a major component of cystone, an 

ayurvedic formulation [21] used to treat renal afflictions such as neuro-ureterolithiasis [22], 

urolithiasis [23], burning micturition [24], and other disorders. 

 Secondary metabolites identified in D. pedicellata include didymocarpene, 

didymocarpol, didymocarpenol [25], and Didymocarpin [26]. Recent investigation shows that 

renal tubular injury due to calcium oxalate exposure increases the expression of stone 

modulatory protein osteopontin (OPN), which is also implicated in aggravation of 

inflammatory response [27,28]. Oxalate exposure induces oxidative stress, apoptosis, and 

adhesion of CaOx crystals in renal epithelial cells, thereby enhancing the formation of kidney 

stones [29,30]. This present study focuses on the protective effect of D. pedicellata on oxidative 

stress and apoptosis of HK2 cells injured due to oxalate exposure.  

2. Materials and Methods 

2.1. Materials. 

All chemicals used were of analytical grade. Dulbecco's Modified Eagle's Medium 

(DMEM) (Sigma-Aldrich), penicillin G (100 units/mL)–streptomycin (10,000 μg/mL) 

(Gibco), fetal bovine serum (FBS) (Gibco), 0.25% Trypsin (Gibco), Cystone (Himalaya Herbal 

Healthcare), 0.4% trypan blue solution (Himedia), Phosphate Buffer Saline (PBS) (Himedia), 

Sodium Oxalate (Himedia),  Acridine orange (AO; MP Biomedicals), Ethidium Bromide 

(EtBr; MP Biomedicals), DCFH-DA (Thermo Scientific),  Propidium Iodide (PI) (Himedia), 

Paraformaldehyde (PFA; Sigma-Aldrich), Glutraldehyde (Sigma- Aldrich), Phosphate Buffer 

Saline (PBS; Himedia), Triton X (Sigma-Aldrich), Bovine serum albumin (BSA; Sigma-

Aldrich), 4′,6-diamidino-2-phenylindole (DAPI; Sigma-Aldrich, India), DNase (Qiagen), 

Osteopontin (OPN- #sc21742, Santa Cruz). 
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The apparatus included Accuri C6 flow cytometer (BD Sciences), flow cytometry 

(FACS Aria III, BD Biosciences), fluorescence microscope (Leica DMIRE2, Germany), and 

optical microscope (Nikon Ti eclipse).  

2.2. Plant material. 

Didymocarpus pedicellata was purchased, identified, and authenticated from a 

registered company with certification number QC-S-17. The vendor powdered the plant 

through an electric grinder, and the powdered plant rhizome was stored in an airtight container, 

sealed properly, and kept at ambient temperature. For the preparation of the stock solution, 10 

g dried and powdered plant rhizome was soaked in 40mL ethanol and kept in an incubator for 

24 h at 37 ºC. The filtrate was collected in a flask by passing it through a Whatman grade 1 

filter paper and evaporated to dryness using a Rotary Evaporator under reduced pressure and 

stored at 4ºC until further use [31]. The ayurvedic drug Cystone, a commercial product of 

Himalaya Herbal Healthcare (Batch no-19800469), was purchased through local vendors 

(Noida, India) and was taken as the positive control. 

2.3. Cell culture. 

To evaluate the antilithiatic efficacy of ethanolic extract of D.pedicellata on renal 

epithelial cells, experiments were carried out on Human kidney proximal tubular epithelial cell 

line (HK2), purchased from ATCC, USA(CRL-2190). Cells were maintained in Dulbecco's 

Modified Eagle's Medium (DMEM) supplemented with 1% penicillin G (100 units/mL)–

streptomycin (10,000 μg/mL) and 10% fetal bovine serum (FBS). Cells were cultured in 

100mm tissue-culture treated dishes and kept at 37 ºC and 5% CO2 in humidified chambers 

(Eppendorf, New Brunswick- Galaxy 170S). 

2.3.1. Sample preparation for cell line studies.  

The stock solution was prepared from ethanolic extract of D.pedicellata (1 mg/mL), 

dissolved in DMEM serum-free media, and filtered through a 0.22 μm syringe filter. DMEM 

serum-free media was used to prepare the ethanolic extract's serial dilutions (10–1000 μg/mL). 

The concentration of DMSO in the extracts used for the various assays did not exceed 0.4% 

v/v.  Cystone was taken as the positive control. 

2.3.2 Oxalate crystal preparation. 

 Sodium oxalate (10 mM) stock solution was prepared for cell line studies, filtered 

through a microsyringe filter of 0.22 μm, and sterilized under UV light in a laminar airflow for 

3 hrs.  Sodium oxalate was diluted to 2 mM in serum-free DMEM medium, and HK2 cells 

were exposed to 2 mM sodium oxalate with the various concentrations of ethanolic extract of 

D.pedicellata or Cystone. 

2.3.3. Determination of cell viability. 

Cell viability was assessed by trypan blue assay. Cells were seeded in 12 well plates at 

a density of 5x104 cells per well till they were approximately 70% confluent. The cells were 

then injured with 2 mM sodium oxalate and treated with ethanolic extract of varying 

concentrations (10 μg/mL-1000 μg/mL) for 24 hrs.  The trypsinized cells were taken in a 
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microcentrifuge tube, and 1:1 mixture of the suspended cells was prepared by adding 10µl of 

the 0.4% trypan blue dye solution. The cell suspension and trypan blue dye mixture was loaded 

on the hemocytometer and observed under the optical microscope. The  healthy live cells 

efficiently eliminate the dye from their cytoplasm, while the injured cells lose this potential 

and appear blue Cell viability was calculated by counting living cells and dead cells using the 

following formula, %Cell Viability= (number of living cells/ total cell count)*100 

2.3.4. Detection of cell death. 

To evaluate cell toxicity, propidium iodide (PI) staining was performed using flow 

cytometry, Accuri C6 flow cytometer (BD Sciences). For PI cell toxicity assay, cells were 

seeded in a 6-well plate at a density of 2 × 105 cells/mL and subsequently treated with 2 mM 

sodium oxalate in the presence of the ethanolic extract of D.pedicellata for 24 h. After the 

treatment, the supernatant was collected in a centrifuge tube and pooled with the trypsinized 

cells. The cell pellet was washed thrice with 1X PBS, and 5 μL PI (5 μg/mL) staining solution 

was added. The cells were then incubated in the dark for 10–15 min. Subsequently, the cells 

were washed twice with PBS and analyzed for the presence of cell death. 

2.3.5. Observation of crystal adhesion by SEM. 

Scanning electron microscopy was performed to visualize the impact of cell-crystal 

interaction, adhesion, and morphology modulation due to oxalate injury. 4% paraformaldehyde 

and 1% glutaraldehyde were used to fix HK2 cells when treated with oxalate and extracted for 

30 mins at room temperature. The coverslips were washed twice with 1X PBS, dehydrated, and 

air-dried overnight. The dried coverslips were then mounted on aluminum stubs and coated 

with chromium. Crystal internalization and morphology were then examined under a scanning 

electron microscope (ZEISS EVO HD, Germany). 

2.3.6. Crystal-cell interaction. 

The H&E staining method was used to reduce the cytoplasmic light transmittance and 

visualize cell–crystal interaction through an optical microscope. Briefly, HK2 cells were 

seeded on sterile coverslips placed in a 6-well plate as 105 cells/coverslips. Plates were kept 

overnight and then treated as previously described. For the control group, the culture media of 

cells was substituted with serum-free DMEM containing, CaOx (2 mM), and the test group 

was cotreated with D. pedicellata extract (100 μg/mL) for 24 hrs. Cystone (200 μg/mL) was 

taken as a positive control. The samples were fixed with 4% PFA for 15-20 mins at room 

temperature, washed with PBS, and stained with Mayer's hematoxylin solution for 5 mins. 

Samples were then washed with distilled water and 1X PBS. Slides were dipped in 70% and 

90% ethanol sequentially for 1 min each, then counterstained with alcoholic eosin for 5 mins. 

Slides were dehydrated with 100% ethanol for 1 min and observed under Nikon Eclipse Ti 

eclipse microscope under 20x objective. 

2.3.7. ROS levels detection. 

A non-fluorescent probe 2,7-dichlorodihydrofluorescein diacetate (DCFH-DA) was 

used to detect the levels of oxidant species. ROS generation due to oxalate injury and its 

cotreatment with ethanolic extract of D.pedicellata was monitored using DCFHDA. After the 

action time was reached, cells were rinsed with PBS three times, incubated with 10 μmol/L 
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DCFH-DA at 37 °C for 20 min, and then washed twice with PBS to remove the extracellular 

DCFHDA. The samples were then analyzed by FACS (Aria III, BD Biosciences).  

2.3.8. Detection of apoptosis and necrosis. 

Acridine orange (AO) and ethidium bromide (EB) staining, a biochemical method was 

used to investigate apoptotic morphology and characteristic features of cell death (apoptosis 

and necrosis), which included changes such as the disintegration of cell membrane and 

disorganization of the nucleus. HK2 cells were seeded with a density of 2x105 cells/well till the 

cells were semi-confluent. The cells were injured with oxalate and treated with ethanolic 

extract of D.pedicellata for 24 hrs. 100 μg/mL concentration of the extract was chosen as it 

showed maximum cytoprotective potential as corroborated by trypan blue assay. Following the 

treatment period, cells were washed twice with 1x PBS and the PBS removed; for each test 

sample, 10 μL solution containing an equivalent quantity of EB (50 μg/mL) and AO (50 μg/mL) 

of fluorescent dye at room temperature for 5 min in the dark and photographed within 15 min, 

under a fluorescence microscope (Nikon eclipse, Ti) at a magnification of 20×. 

2.3.9. Detection of apoptosis through active caspase-3. 

Caspase 3 is one of the major markers of cells undergoing apoptosis and was detected 

through the Caspase 3 kit (BD Biosciences). A synthetic fluorescent probe, Ac-DEVD-AMC 

is used to quantify caspase 3 activity in apoptotic cells. Activation of caspase-3 leads to 

cleavage of Ac-DEVD-AMC, fluorescent AMC is released, which is then quantified.  Cells 

were seeded in 60 mm dishes at a density of 2×105 cells and treated as previously described. 

After the treatment period, cells were washed with PBS, resuspended in a cold Cell Lysis 

Buffer, and incubated for 30 mins on ice. 5 μL reconstituted Ac-DEVD-AMC was added to 

200 μL HEPES buffer containing 50 μL of cell lysate for each reaction and incubated for 1hr 

at 37°C. The amount of AMC liberated from Ac-DEVD-AMC was measured using a 

fluorimeter at an excitation wavelength of 380 nm and an emission wavelength range of 420-

460 nm, as per the manufacturer's instructions.  

2.3.10. Detection of the cell surface adhesion molecule osteopontin (OPN). 

The cell concentration was 1.0×105 cells/mL, 2mL/well was seeded in a confocal dish 

and incubated at 37°C for 24 h. The experiment grouping is the same as 2.2.7. After reaching 

the incubation time, aspirate the culture solution, wash twice with PBS, and fix with 

paraformaldehyde for 15 minutes, block with goat serum for 20 minutes, and drop the primary 

anti-osteopontin (1:100) and incubate overnight at 4°C. After the incubation time is reached, 

wash with PBS 3 times, add FITC secondary antibody dropwise and incubate at 37 °C for 0.5 

h in the dark, and finally, stain the nucleus with DAPI for 10 min. The OPN expression was 

qualitatively observed under a laser confocal microscope, and the OPN fluorescence was semi-

quantitatively analyzed by ImageJ software. 

2.3.11. Statistical analysis. 

All data were calculated and shown as mean ± SD (Standard deviations). The statistical 

analysis was done by using one-way ANOVA (p < 0.05) and two-way analysis of variance 

(ANOVA) to estimate the differences between values and tested using Graph Pad Prism 

software version 6.2. 
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3. Results and Discussion 

At present, the factors involved in urolithiasis and its underlying mechanism remain 

elusive. During the formation of kidney stones, tubular epithelial cells are exposed to these 

crystals. Kidney stone disease has a high recurrence rate of over 50% in a 10-year time period. 

Treatment options such as shock wave lithotripsy lead to tissue damage, which further 

promotes increased crystal deposition, increasing the chances of recurrent stone formation [32]. 

Owing to the multifactorial nature of kidney stone disease, efficient therapy to manage and 

prevent lithiasis is still limited despite a lot of research in this field. Apoptosis is a form of 

autonomous and programmed cell death, which is important for maintaining homeostasis and 

plays a complex role in numerous biological processes of multicellular organisms [33-35]. 

Recent studies have shown that the formation of renal calculi is intrinsically linked to the injury 

and apoptosis of renal cells [36,37]. Due to the invasive nature of CaOx crystals, there is a dire 

need to find medicinal plants with potent antioxidants that can prevent ROS generation. 

Previous studies indicated that oxidative stress contributes to the pathogenesis of various 

diseases [38,39]. The current study was performed to investigate the antilithiatic potential of 

ethanolic extract of D. pedicellata. HK 2 cells were injured with CaOx crystals which caused 

toxicity and decreased viability. 

 
Figure 1. D.pedicellata exerts cytoprotective effect against oxalate injured human renal cells (HK2 cells). The 

graph shows the average cell viability observed following treatment for 24 hrs. Data are mean ± SD of three 

independent observations. ** p<0.01, *** p<0.001 ****p < 0.0001 versus untreated control; and ###p< 0.001, 
####p< 0.0001 versus oxalate treated cells. 

Cell viability was evaluated by trypan blue exclusion assay; it evaluates the number of 

live cells after exposure to CaOx crystals and their concomitant treatment with D.pedicellata 

extract.  Cell toxicity induced due to CaOx crystals was evaluated on HK2 cells, which 

drastically reduced the cell viability from 100% in untreated cells to 40.96 ± 2.25% within 24 

h. However, cotreatment with test concentrations of D.pedicellata increased cell viability in a 

dose-dependent manner, with maximum viability observed in the cells treated with 100 

μg/mL(79.10 ± 1.31%) as observed in Figure 1, which is comparable to the positive control, 

cystone at 100 μg/mL(81.7 ± 2.20%). As the maximum protection of the ethanolic extract was 

seen with the 100 μg/mL, this concentration was used to study the potential antilithiatic effect 

of D.pedicellata against oxalate injury in the subsequent experiments. The cotreatment of HK2 
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cells injured due to oxalate exposure with D. pedicellata showed maximum cell viability at 100  

μg/mL, as shown by trypan blue assay. 

Cell toxicity and membrane disintegration were determined by Propidium Iodide 

staining. This fluorescent dye penetrates disintegrated cell membranes of the late apoptotic and 

necrotic cells. PI staining results were evaluated, and maximum viable cells in the unstained 

and control group (Figure 2) mainly consist of healthy cells with fewer PI-positive cells. Cell 

death was highest in cells treated with CCCP (87.3%) and oxalate injured cells (42.3%). Cells 

co-treated with ethanolic extract of D.pedicellata (100 μg/mL) showed a reduction in cell death 

to 26.2%. 

 
Figure 2. Cytotoxic effect of calcium oxalate crystals on HK2 renal epithelial cells and protective effect of 

D.pedicellata extract(100 μg/mL). Representative image of PI staining cytotoxicity assay on oxalate induced 

cell death in HK2 cells visualized by flow cytometry. CCCP (10 μM) was taken as a positive control for cell 

death.  

SEM and H&E analysis showed that the oxalate crystals completely disintegrated and 

altered to unstable COD crystals with cotreatment of D. pedicellata extract. COM crystals 

cause maximum injury to renal epithelial cells as they are thermodynamically more stable than 

COD crystals [40,41]. Cell-crystal contact was observed to ascertain the extent of oxalate 

damage caused to the HK2 cells and was visualized under a scanning electron microscope 

(SEM). Calcium oxalate exists in 2 distinct crystalline forms; calcium oxalate dihydrate (COD) 

and calcium oxalate monohydrate (COM). COM crystals have a hexagonal shape with sharp 

edges, whereas; COD crystals are bipyramidal in structure, making them less harmful towards 

cells [42]. SEM images of oxalate injured cells revealed the presence of a large number of 

COM crystals of varying sizes adhered to the surface. However, upon cotreatment, the 

antilithiatic potential of ethanolic extract of D.pedicellata (100 μg/mL) was observed in renal 

epithelial cells (Figure 3), as the deleterious effect of COM crystals was visibly curbed and 

there was a significant change from COM to COD crystals which are less damaging. The 

dissolution of crystals was observed as the numbers of COM crystals were broken. The crystal 

structure is converted from a thermostable hexagonal, elongated form to a soluble COD form. 

Similar results were seen in the cells treated with cystone.  
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Figure 3. COM crystals adhered to HK2 renal epithelial cells were analyzed by SEM. The treatment of cells 

shows modulation of crystal morphology. COM treated group, COM+ D.pedicellata extract, and COM + 

Cystone. 

An alteration in cell morphology directly affects the degree of cell damage. The control 

group presented uniformly stained cytoplasm. In COM-treated cells, we observed the 

morphology changes in cells injured with COM crystals through the H and E staining assay. 

As shown in Figure 4, cells were damaged with oxalate, which led to a dramatic alteration in 

the morphology of renal tubular cells from a cuboidal epithelial phenotype to spindle-like 

fibroblast-type accompanied by chromatin condensation apoptotic body formation. The 

cytoprotective role of ethanolic extract of D. pedicellata helps in the breakdown of COM 

crystals adhered HK2 cells were examined under a phase microscope. Cystone showed 

restoration of the morphology, which was evident in the H & E stained cells. 

 
Figure 4. Morphology alterations were observed by HE staining of HK-2 cells when exposed to COM crystals 

under a phase microscope. Cotreatment with D.pedicellata extract (100 μg/mL) significantly modulated the cell 

structure to its original form. Scale bars: 50 μm. 

In the present study, we observed Hyperoxaluria induced cell injury-causing extensive 

reactive oxygen species (ROS) production, which leads to apoptosis. Changes in intracellular 

ROS production in cells using a flow cytometry-based assay as seen in Figure 5. DCFDA is a 

cell-permeant fluorogenic dye that measures intracellular ROS. DCFDA is cleaved by cellular 

esterases and oxidized due to peroxidases and H2O2 to generate the 2,7-dichlorofluorescein 

(DCF), which is fluorescent and measured. Compared to the normal group, HK-2 cells in the 

oxalate injured group have the strongest fluorescence intensity, indicating that the ROS level 

was the highest (67.9%) cells compared to the untreated controls (39%). When the oxalate 
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injured cells were cotreated with the D. pedicellata extract (100 μg/mL), a dramatic reduction 

in the fluorescence intensity of ROS was observed (46.5%). 

 
Figure 5. Intracellular ROS generation was determined by DCFDA by oxalate injured cells and their 

cotreatment with D. pedicellata extract measured by flow cytometer. 

Crystal-cell interaction and adhesion is a preliminary and vital step, followed by 

internalization of crystals generating an inflammatory reaction, ultimately causing injury, 

toxicity leading to cell death [43,44]. Cell death mode was confirmed by dual staining 

fluorescent microscopy. This investigation revealed HK2 cells injured by oxalate have 

distinctly disorganized and disintegrated nuclei, showing signs of both apoptosis and necrosis. 

 
Figure 6. Control group: AO dye stains the cells uniformly. Oxalate group(early apoptotic cells): cells showed 

yellow-green fluorescence due to AO staining; in the late apoptotic cells, the nucleus showed orange 

fluorescence, by EB staining and the necrotic cells showed orange-red fluorescence due to disintegration. 

Extract +Oxalate showed a decrease in late apoptotic and necrotic cells. Yellow arrows depict early apoptotic 

cells (bright green-stained cells), white arrows indicate late apoptotic and necrotic cells (orange-red stained). 

Dual staining was done to examine the mechanism of cell death under a fluorescent 

microscope. No significant apoptosis was detected in the control group as the cytoplasm retains 

the AO (Acridine Orange) dye uniformly and no intake of Ethidium bromide(EtBr) dye. In the 

oxalate injured group, early-stage apoptosis and necrosis with granular yellow-green AO 

nuclear staining and late-stage apoptosis marked by localized Ethidium bromide(EtBr) staining 
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was observed. A significant increase of necrotic cells was shown as uneven orange-red 

fluorescence. The cells appeared to be in the process of disintegrating. Oxalate injured group 

when cotreated with D. pedicellata extract (100 μg/mL) and Cystone there is a visible decrease 

in fluorescence due to their antilithiatic potential as seen in Figure 6. 

In our study, a fluorimeter was used to analyze apoptosis by Caspase 3 is an essential 

enzyme for the final execution of the apoptosis pathway [45-47]. Cells that are undergoing 

apoptosis exhibit the presence of active Caspase-3, while normal healthy cells contain an 

inactive isoform of the executioner Caspase-3 enzyme. Ac-DEVD-AMC is a synthetic 

fluorescent probe that is used to estimate caspase 3 activity in apoptotic cells. Our results 

depicted that the control group has negligible levels of active caspase 3. CCCP (10 μM), which 

is a positive control for apoptosis, showed a significant level of the enzyme (36088±5845). 

HK2 cells injured due to oxalate crystal exposure also significantly increased active caspase-3 

enzyme (24156±5531.7), which revealed that the cells underwent death through apoptosis. 

Cytoprotective role of ethanolic extract of D. pedicellata (100 μg/mL) against oxalate-induced 

toxicity significantly reduced the expression of caspase-3(14698±187), as seen in Figure 7. 

Results of the caspase 3 assay can be correlated with the apoptosis assays done in this study. 

 
Figure 7. Activation of caspase-3 enzyme in oxalate injured cells due to apoptosis and decrease in fluorescence 

of oxalate injured cells cotreated with D. pedicellata extract (100 μg/mL). * p<0.01, ***p < 0.001 ****p < 

0.0001 versus untreated control. 

When exposed to HK2 cells, oxalate crystals cause a decrease in cell to cell and cell to 

matrix adhesive binding through alteration in the expression of cell adhesion molecules like 

OPN [48]. It further leads to a series of events within the cells organized by the modulation of 

various molecules involved in ROS generation, oxidative stress, adhesion of calcium oxalate 

crystals to the cell membrane, and apoptosis [45,46,48-50]. A glycoprotein, OPN is secreted 

by renal epithelial cells, which are involved in CaOx adhesion. Its expression is upregulated in 

the cortical region of the kidney following renal epithelial cell injury [51-53]. 

OPN is a bone matrix protein and an adhesion molecule that plays an imperative role 

in the adhesion of renal cells, as observed in the immunofluorescence assay [54]. As can be 

seen from Figure 8, the red fluorescence of the control cells is almost negligible, indicating that 

the OPN expression of this group was the lowest. OPN expression was the highest in the cells 

of the oxalate injured group. The reduction in OPN expression was seen in oxalate injured cells 

co-treated with D.pedicellata extract, thereby reducing calcium oxalate crystal adhesion and 
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the threat of stone formation. A significant increase in apoptotic proteins and adhesion 

molecules in renal epithelial cells in retaliation to oxalate exposure could trigger the cascade 

of events, ultimately resulting in apoptosis.  

 
Figure 8. Adhesion Expression studies of OPN: Detection of OPN expression through Immunocytochemistry of 

HK2 cells using a confocal microscope. Fluorescence staining analysis of OPN expression in healthy cells 

stained with DAPI and OPN antibody is minimum, cells injured due to oxalate crystals show significant red 

fluorescence, and cells co-treated with D. pedicellata extract show reduction in red fluorescence. 

4. Conclusion 

This study highlights the ability of the ethanolic extract of D. pedicellata to reduce the 

extent of calcium oxalate-induced cytotoxicity through modulation of crystal structure. D. 

pedicellata reduced oxidative stress injury and apoptosis HK-2 cells by reducing the production 

of ROS. This provides new ideas for the prevention of the formation of kidney stones. 
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