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Abstract 

The goal of the current study was to assess Saponaria officinalis ethanol extracts' in-vitro anti-urolithiatic 

effectiveness as a potential natural therapy to combat adverse effects brought on by the use of contemporary 

synthetic medications. S. officinalis extracted with ethanol was put to the test for its ability to treat urolithiasis 

utilizing in vitro studies (nucleation, aggregation assays). This extract was evaluated and contrasted with the 

reference medication cystone at increasing concentrations of 200, 400, 600, 800, and 1000μg/ml. The extract's 

ability to suppress the growth of calcium oxalate crystals in preformed forms was evaluated. The results of the 

S. officinalis extract on the nucleation assay were significant and showed considerable inhibition 64.2%±0.5 

compared to standard cystone drug 67.7%±0.8 at 1000μg/ml concentration. Additionally, the ethanol extract 

of S. officinalis showed significant inhibition in the aggregation assay with a difference of 74.2%±0.08 

compared to cystone 76.7%±0.09 at 1000μg/ml concentration. At a dose level of 1000μg/ml, the ethanol extract 

of S. officinalis possesses anti-urolithiatic potentials in vitro. It is possible to further exploit the ethanol extract 

of S. officinalis as a potential anti-urolithiasis medication. 

Keywords: Urolithiasis, Nucleation, Aggregation, Calcium Chloride, Sodium Oxalate, Saponaria 

officinalis. 

Introduction 

Urolithiasis is a complex urologic illness that necessitates frequent trips to the emergency room and 

prompt urological management [1].  Kidney stones are tiny, hard deposits of mineral and acid salts formed in 

the urinary tract by crystals that separate from the urine. oxalate or phosphate, along with calcium, make up 

the most prevalent form of stone [2]. The issue of calculi production is seen and reported in all regions of the 

urinary tract, including the kidney, ureter, and urinary bladder, all of which can have a wide range of sizes [3]. 
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The physiochemical process that results in crystal nucleation, aggregation, and growth of calcified renal stones 

is aided by a number of biological processes, including urine volume, pH, elevated calcium oxalate or sodium 

oxalate, and urates [4]. Currently, 68 to 86% of patients with upper urinary tract stones have been successfully 

treated based on the size, nature, and position of the stones [5]. Kidney stone development rates have been 

linked to higher dietary protein intake, and calcium oxalate and/or calcium phosphate make up about 75% of 

all renal stones [6]. Kidney stone treatment has made significant strides, however they come with side effects 

like hypertension. Recurring hemorrhages, tubular nephrosis, etc. [7, 8]. Therefore, using complementary or 

alternative medicines with few adverse effects may be beneficial. Because of its extensive biological and 

therapeutic values, low toxicity, and lower cost, herbal medicines are becoming more and more popular among 

the general people for the treatment of urolithiasis in both developed and developing countries [9]. The majority 

of plant-based medications were utilized to treat kidney disorders [10]. A review of the literature suggests that 

kidney stones in Nepal have been successfully treated with herbal formulations of plant-based medicine[11, 

12]. Although these herbal remedies are well-known in folklore, it is unclear why they are effective at treating 

urolithiasis on a pharmacological and physiochemical level. By using an aggregation model and nucleation 

test, the in-vitro antiurolithiatic properties of an ethanol extract of Saponaria officinalis were to be assessed in 

this work. 

Materials and Methods 

In-Vitro Antiurolithiatic Activity of EESO 

Nucleation assay 

The effect of EESO on the formation of calcium oxalate (CaOx) crystals was evaluated using a 

nucleation experiment. Calcium chloride (CaCl2) (5 mmol/l) and sodium oxalate (Na2C2O4) solution (7.5 

mmol/l) solution were prepared to have a pH of 6.5 in Tris-HCl (0.05 mol/l) and NaCl (0.15 mol/l) buffer. 

EESO dilutions of 100 to 1500g/ml were produced in distill water. One milliliter of each EESO concentration 

was added to three milliliters of CaCl2 solution and three milliliters of Na2C2O4 solution. The final mixtures 

were cooked for 30 minutes at 370C. The optical density (OD) of the mixtures was calculated at a wavelength 

of 620 nm. The proportion of nucleation inhibition brought on by EESO was calculated using the formula 

below and contrasted with the percentage of inhibition brought on by cystone, the gold standard concentration 

[13].  

% Inhibition = (1- ODTEST / ODCONTROL) x 100 

Aggregation assay 

The effect of EESO on CaOx crystal aggregation was evaluated using an aggregate test. A mixture of 

CaCl2 and Na2C2O4 solutions (50 mmol/l each) was heated to 600C in a water bath for one hour, then 

incubated at 370C overnight to produce calcium oxalate crystals visible. After drying at pH 6.5, CaOx crystal 

solution (0.8 mg/ml) was created in the buffer of 0.05 mol/l Tris-HCl and 0.15 mol/l NaCl. 3 ml of CaOx 

solution received aliquots of EESO in the range of 100-1500 g/ml, which were then added, vortexed, and 

incubated for 30 minutes at 370C. At a wavelength of 620 nm, the final mixture's optical density (OD) was 

measured, and the percent inhibition of aggregation was calculated similarly to how it was done for the 

nucleation experiment.  

% Inhibition = (1- OD Test/ OD Control) X 100 

Result and Discussion 

Effect of Inhibition in Nucleation Assay 

The effects of extract concentrations ranging from 200 to 1000μg/ml on nucleation activities. The % 

inhibition of the standard and EESO is shown by the data in table 1. The extract's 1000 μg/ml concentration 

produced a nucleation activity inhibition of 64.2%±0.5, which was higher than the benchmark (cystone's) 
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67.7%±0.8. The extract has nucleation-preventing chemicals that will stop kidney stones from growing, 

according to the results of the nucleation test. 

 

Table 1: Effect of inhibition in nucleation assay of EESO 

Sl.No 
Concentration 

(μg/ml) 

Nucleation assay 

STANDARD 

(Cystone) 
EESO 

1 200 38.0%±0.9* 32.9%±1.2* 

2 400 48.5%±1.6*** 39.3%±0.7** 

3 600 53.0%±0.6* 48.9%±0.7* 

4 800 60.1%±0.3* 55.5%±1.0*** 

5 1000 67.7%±0.8* 64.2%±0.5** 

 

 

 
Figure 1: Effect of inhibition in nucleation assay of EESO 

Effect of Inhibition in Aggregation Assay 

The results of inhibiting aggregation activities at various concentrations of extract and standard were 

shown; the largest inhibition was at 1000μg/ml for the extract, 74.2%±0.08 which was inhibited, while the 

standard (cystone) was 76.7%±0.09 inhibited. Both in the extract and the standard, the inhibition was 

discovered to be enhanced from 200-1000μg/ml. The results of the aggregation experiment indicate that the 

extract includes nucleation-preventing compounds that will prevent kidney stone growth. 

 

Table 2: Effect of inhibition in aggregation assay of EESO 

Sl. No 
Concentration 

(μg/ml) 

Aggregation assay 

STANDARD 

(Cystone) 
EESO 

1 200 46.4%±0.07*** 41.0%±0.00*** 

2 400 56.0%±0.01*** 53.2%±0.10** 

3 600 67.8%±0.08*** 61.0%±0.13** 

4 800 71.7%±0.07*** 68.2%±0.76* 

5 1000 76.7%±0.09*** 74.2%±0.08** 
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Figure 2: Effect of inhibition in aggregation assay of EESO 

 

Discussion 

Since ancient times, traditional medicine has made extensive use of all Saponaria officinalis sections 

[14]. A tentative scientific finding of Saponaria officinalis extracts lithotripsy characteristics has been made 

by this investigation. Although the precise mechanism of stone formation is not entirely known, it is most 

frequently stated that the development happens as a result of a sequence of physiochemical events including 

nucleation and aggregation in renal tubules [4]. There are two forms of nucleation: homogeneous nucleation 

and heterogeneous or secondary nucleation. Nucleation is the first stage of the creation of kidney stones and 

establishes the smallest unit lattice of a crystal species [15]. In order to compare the inhibition of the activities 

of nucleation and aggregation, cystone was used as a positive control in this investigation. Cystone, a 

formulation of many herbs including Didymocarpus pedicellata, Saxifraga ligulata, and Gokshura, was created 

and developed to treat urolithiasis and renal calculi illness [16]. Similar to Sharma et al. [17] and Chaudhary 

et al. [18], these researchers used cystone as a control in their tests to examine the leaf extracts' ability to 

suppress the formation of calcium oxalate. Crystals must initially undergo nucleation in order to begin growing 

and forming aggregates. In order to test the potential of several Saponaria officinalis extracts to inhibit calcium 

oxalate, an in vitro crystallization research was conducted. The extract contains substances that prevented both 

nucleation and aggregation, according to the results of the nucleation experiment. The saponin in the Saponaria 

officinalis extract may be able to prevent the formation of CaOx crystals [19]. Additionally, it was discovered 

that a saponin-rich fraction of Saponaria officinalis was a strong in vitro inhibitor of CaOx crystal formation 

[20]. Other phytochemicals may have contributed to the stated actions, though this cannot be ruled out. The 

best strategy to prevent and treat urolithiasis is to control the crystallization process, which is crucial for the 

production of stones. In order to cure kidney stones, plant extracts like Saponaria officinalis have been used 

extensively in folk and Ayurvedic medicine. Plant extracts often include a complex mixture of several bioactive 

chemicals that can be extracted using a variety of extraction methods [21]. Using a formula, the extract's % 

suppression of calcium oxalate crystallization was determined. The current study clearly demonstrates that, as 

compared to this extract, the ethanolic extract of Saponaria officinalis entire plant had better calcium oxalate 

crystallization inhibition (64.2%±0.5) by nucleation assay at concentrations of 1000μg/ml. Cystone a 

demonstrated the greatest inhibition (67.7%±0.8). In the aggregation assay, the extract inhibited by 74.2%±0.08 

and the standard by 76.7%±0.09, respectively. Therefore, the nucleation and aggregation assays of the EESO 

indicated that it may prevent crystallization and had antiurolithiatic activity. 
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Conclusion 

The findings lead us to the conclusion that the ethanol extract of S. officinalis can serve as the sole 

source of cutting-edge antiurolithiatic medications. Future research will focus on the isolation of these species' 

active ingredients as well as the underlying mechanisms that underlie their antiurolithiatic effects.  
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