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ABSTRACT  

Urolithiasis, commonly known as kidney stone disease, is a prevalent and recurrent urinary disorder characterized 

primarily by the formation of calcium oxalate crystals within the renal system. The increasing incidence of this 

condition, coupled with the limitations of conventional treatments such as recurrence, adverse effects and economic 

burden, necessitates the exploration of safer and more effective alternative therapies. The present study evaluates the 

anti-urolithiatic potential of Hydrocotyle verticillata through pharmacognostic, phytochemical and in vitro 

experimental approaches. Preliminary qualitative phytochemical screening of the ethanolic extract revealed the 

presence of flavonoids, phenolics, alkaloids, tannins, saponins and glycosides, which are known for their relevance 

in urolithiasis management. GC-MS characterization identified major compounds such as benzyl alcohol, glycerin, 

D-limonene, dodecanoic acid and 5-hydroxymethylfurfural, which may contribute to antioxidant and crystal-

inhibitory activity. The anti-urolithiatic activity was assessed using in vitro calcium oxalate nucleation and aggregation 

inhibition assays, with potassium citrate used as the standard drug. The extract showed strong nucleation inhibition 

of 80-90%, compared with 75-85% inhibition produced by potassium citrate. These findings indicate that the extract 

can interfere with the early stages of stone formation and crystal aggregation. In conclusion, Hydrocotyle verticillata 

exhibits promising anti-urolithiatic potential supported by its phytochemical composition and experimental evidence 

of calcium oxalate crystallization inhibition, suggesting its possible use as a natural therapeutic candidate for the 

prevention and management of urolithiasis. 

 

   

 

Urolithiasis, commonly referred to as kidney stone disease, is a 
widespread and recurrent urological disorder characterized by 

the formation of solid crystalline deposits within the urinary 

tract. It affects a significant proportion of the global population, 

with prevalence rates increasing due to changes in dietary 

habits, lifestyle factors, and environmental conditions (Khan et 
al., 2016). The disease imposes a considerable burden on 

healthcare systems and is associated with severe pain, urinary 

obstruction, infection, and high recurrence rates (Türk et al., 

2019). Among the different types of urinary calculi, calcium 

oxalate stones are the most predominant, accounting for nearly 
70–80% of reported cases (Aggarwal et al., 2013). The 

pathophysiology of urolithiasis is complex and involves a series 

of physicochemical processes, including supersaturation of 

urine, nucleation, crystal growth, aggregation, and retention 

within the renal tubules (Coe et al., 2005). Among these stages, 
nucleation and aggregation play a pivotal role in the early 

development and progression of kidney stones. Nucleation refers 
to the initial formation of microscopic crystals from 

supersaturated urine, while aggregation involves the clustering 

of these crystals to form larger particles that can eventually 

develop into clinically significant stones (Kok et al., 1990). 

Therefore, inhibition of these early processes is considered a 
crucial strategy in preventing stone formation and recurrence 

(Atmani & Khan, 2000). 

Conventional management of urolithiasis includes 

pharmacological therapy, extracorporeal shock wave lithotripsy, 

and surgical interventions. Although these approaches are 
effective in removing or reducing stone burden, they are often 

associated with several limitations such as high cost, potential 

side effects, risk of tissue damage, and recurrence of stones 

(Scales et al., 2012). Pharmacological agents may lead to 

adverse reactions with prolonged use, while surgical procedures 
do not address the underlying causes of stone formation (Pearle 
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et al., 2014). Consequently, there has been a growing interest in 
the exploration of alternative and complementary therapeutic 

approaches, particularly those derived from medicinal plants 

(Patel et al., 2012). Herbal medicines have been utilized for 

centuries in traditional systems of medicine for the treatment 

of various renal and urinary disorders. These natural remedies 
are considered relatively safe, cost-effective, and capable of 

targeting multiple pathways involved in disease progression 

(Calixto, 2005). The therapeutic efficacy of medicinal plants is 

primarily attributed to their diverse array of phytochemicals, 

including flavonoids, alkaloids, phenolic compounds, tannins, 
and saponins (Pandey & Rizvi, 2009). These bioactive 

constituents are known to exhibit antioxidant, anti-

inflammatory, diuretic, and crystal-inhibitory properties, all of 

which contribute to their potential anti-urolithiatic effects 

(Bahmani et al., 2016). In particular, antioxidant activity plays a 

crucial role in reducing oxidative stress-induced renal epithelial 

damage, thereby preventing crystal adhesion and retention 

(Khan, 2014). 

Hydrocotyle verticillata, a medicinal plant belonging to the 

family Apiaceae, has been traditionally recognized for its 
pharmacological properties, including anti-inflammatory, 

antioxidant, and antimicrobial activities (Duke, 2002). Despite 

its therapeutic potential, there is limited scientific evidence 

exploring its role in the prevention or treatment of urolithiasis. 

Given its rich phytochemical profile, it is hypothesized that this 
plant may exhibit significant inhibitory effects on calcium 

oxalate crystal formation. In this context, the present study 

aims to evaluate the anti-urolithiatic potential of Hydrocotyle 

verticillata using a systematic experimental approach. The study 

focuses on qualitative phytochemical screening to identify the 
presence of bioactive constituents and Gas Chromatography–

Mass Spectrometry (GC–MS) analysis to characterize the major 

chemical compounds present in the extract. Furthermore, the 

anti-urolithiatic activity is assessed through in vitro calcium 

oxalate crystallization models, specifically nucleation and 

aggregation inhibition assays, which provide direct evidence of 

the extract’s ability to interfere with key stages of stone 

formation (Verkoelen, 2006). Unlike many contemporary studies 

that incorporate computational approaches, this research 

strictly emphasizes experimental validation based on in vitro 
findings. By correlating phytochemical composition with 

observed biological activity, the study seeks to provide a 

scientific basis for the potential use of Hydrocotyle verticillata 

as a natural therapeutic agent in the management of 

urolithiasis. The findings are expected to contribute to the 
growing body of knowledge on plant-based anti-urolithiatic 

agents and may serve as a foundation for future pharmacological 

and clinical investigations. 

To our knowledge, this is the first study reporting the anti-

urolithiatic potential of Hydrocotyle verticillata through 
integrated phytochemical profiling and in vitro experimental 

evaluation of calcium oxalate crystallization. This novelty 

strengthens the scientific relevance of the work and supports 

further investigation of the plant as a natural anti-urolithiatic 

candidate. 

 

 

  

Urolithiasis has been extensively studied in the fields of 

pharmacology, nephrology, and phytotherapy due to its high 
prevalence and recurrence rate. Over the years, significant 

attention has been directed toward understanding the 

mechanisms of stone formation and identifying potential 

therapeutic agents capable of inhibiting calcium oxalate 

crystallization. Among these, herbal medicines have emerged as 
promising alternatives due to their multifaceted 

pharmacological actions and minimal side effects (Patel et al., 

2012). 

Several studies have demonstrated that medicinal plants possess 

the ability to inhibit different stages of kidney stone formation, 

particularly nucleation, aggregation, and crystal growth. For 

instance, Phyllanthus niruri, commonly known as “stone breaker 

” has been widely reported to reduce calcium oxalate crystal 

formation by altering crystal morphology and preventing 

aggregation (Freitas et al., 2002). Similarly, Tribulus terrestris 
has shown significant anti-urolithiatic activity through its 

diuretic and antioxidant properties, which help in reducing 

urinary supersaturation and oxidative stress (Aggarwal et al., 

2010). Another well-studied plant, Bergenia ligulata, has been 

found to inhibit crystal nucleation and aggregation due to the 

presence of bergenin and other phenolic compounds (Atmani et 

al., 2004). 

Recent studies further support the relevance of plant-based 

approaches in the management of urolithiasis. Hewagama et al. 

(2022) reported the anti-urolithiatic potential of selected Sri 
Lankan medicinal plants using calcium oxalate crystallization 

models. Raj et al. (2024) evaluated an herbal formulation using 

nucleation, aggregation and inhibition assays and highlighted 

the usefulness of in vitro models for screening anti-urolithiatic 

activity. Similarly, recent investigations on indigenous plant 

extracts have emphasized the role of phytoconstituents in 

reducing calcium oxalate nucleation and aggregation, thereby 

supporting the continued scientific exploration of medicinal 

plants for kidney stone prevention (Patel et al., 2021; Kumar et 

al., 2024). 

Phytochemicals play a crucial role in mediating the anti-

urolithiatic effects of these plants. Flavonoids, phenolic 

compounds, and saponins are among the most studied bioactive 

constituents due to their ability to interfere with calcium 

oxalate crystallization. Flavonoids are known to exhibit strong 

antioxidant activity, which reduces renal oxidative damage and 

prevents crystal adherence to epithelial cells (Pandey & Rizvi, 

2009). Phenolic compounds contribute to the inhibition of 

crystal growth by binding to calcium ions and reducing 

supersaturation levels (Bahmani et al., 2016). Saponins, on the 
other hand, have been reported to disintegrate mucoproteins 

that facilitate crystal aggregation, thereby reducing stone 

formation (Atmani & Khan, 2000). 

In vitro models have become an essential tool for evaluating 

anti-urolithiatic activity due to their reliability, reproducibility, 

and ability to mimic the early stages of stone formation. Among 

these models, calcium oxalate nucleation and aggregation 

assays are widely used to assess the inhibitory potential of plant 

extracts (Kok et al., 1990). The nucleation assay evaluates the 

ability of a substance to prevent the initial formation of crystals, 
while the aggregation assay measures its capacity to inhibit the 

clustering of preformed crystals. These assays provide direct 

experimental evidence of anti-urolithiatic activity and are 

considered fundamental in phytopharmacological studies 

(Verkoelen, 2006). 

Despite the growing body of literature on herbal anti-urolithiatic 

agents, several research gaps remain. Many studies focus on 

either phytochemical analysis or biological evaluation 

independently, without establishing a clear correlation between 

chemical composition and pharmacological activity. 
Additionally, a large number of medicinal plants with potential 

therapeutic benefits remain underexplored. In particular, 

Hydrocotyle verticillata has received limited attention in the 
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context of urolithiasis, despite its known antioxidant and anti-
inflammatory properties (Duke, 2002). 

Furthermore, while some contemporary studies incorporate 

computational approaches such as molecular docking to predict 

biological activity, these methods do not always provide direct 

experimental validation. There is a need for studies that 

emphasize purely experimental evidence, particularly through 

in vitro assays that directly measure the inhibition of calcium 

oxalate crystallization. Therefore, the present study addresses 

these gaps by providing a comprehensive evaluation of 

Hydrocotyle verticillata through integrated phytochemical 
screening, GC–MS characterization, and in vitro nucleation and 

aggregation assays. By focusing on experimentally validated 

mechanisms of crystal inhibition, this study contributes to a 

more reliable understanding of the plant’s anti-urolithiatic 

potential and supports its possible application in herbal drug 

development. 

 

 

 

3.1 Plant Material and Authentication 

Fresh plant material of Hydrocotyle verticillata was collected 

from Coimbatore, Tamil Nadu, India, during August 2024. The 

plant was authenticated by a qualified botanist following 

standard taxonomical procedures. A voucher specimen was 

prepared and preserved for future reference under voucher 
specimen number HV/COI/2024/001. Proper identification and 

authentication of plant material are essential to ensure 

reproducibility and scientific validity in pharmacognostic studies 

(Kokate et al., 2010). 

 

3.2 Preparation of Plant Extract 

The collected plant material was thoroughly washed, shade-

dried to prevent degradation of thermolabile constituents, and 

mechanically powdered. The powdered material was subjected 

to solvent extraction using ethanol, a widely accepted solvent 

for extracting a broad spectrum of phytoconstituents (Harborne, 

1998). The extraction process was carried out using standard 

maceration techniques, and the filtrate was concentrated under 

reduced pressure to obtain a semi-solid extract. The extract was 

stored at controlled temperature conditions until further use. 

 

3.3 Qualitative Phytochemical Screening 

Preliminary phytochemical screening of the extract was 

performed using standard qualitative tests to detect the 

presence of major secondary metabolites such as alkaloids, 
flavonoids, phenolics, tannins, saponins, and glycosides. These 

tests were conducted following established protocols described 

in pharmacognostic literature (Trease & Evans, 2009). 

Phytochemical screening plays a crucial role in identifying 

bioactive compounds responsible for pharmacological activity, 
particularly in herbal anti-urolithiatic studies (Pandey & Rizvi, 

2009). 

 

3.4 GC–MS Characterization of Bioactive Compounds 

The chemical composition of the plant extract was analyzed 

using Gas Chromatography–Mass Spectrometry (GC–MS), a highly 

sensitive and reliable technique for identifying volatile and 

semi-volatile compounds. The analysis was performed under 

standardized instrumental conditions, and the compounds were 

identified by comparing their mass spectra with reference 
libraries. 

The GC–MS chromatogram revealed the presence of several 

bioactive compounds with significant peak areas, including 

benzyl alcohol, glycerin, D-limonene, dodecanoic acid, and 5-
hydroxymethylfurfural. These compounds have been previously 

associated with antioxidant, anti-inflammatory, and crystal-

inhibitory properties, which are relevant in the prevention of 

urolithiasis (Bahmani et al., 2016). 

 

3.5 In Vitro Anti-Urolithiatic Activity 

The anti-urolithiatic activity of the Hydrocotyle verticillata 

extract was evaluated using in vitro calcium oxalate 

crystallization models. These models are widely used to simulate 

the initial stages of kidney stone formation and to assess the 
inhibitory potential of plant extracts (Kok et al., 1990). 

 

3.5.1 Calcium Oxalate Nucleation Assay 

The nucleation assay was performed to evaluate the ability of 

the extract to inhibit the formation of calcium oxalate crystals. 

The reaction mixture containing calcium chloride and sodium 

oxalate solutions was prepared under controlled conditions. The 

formation of crystals was monitored by measuring turbidity at a 

specific wavelength using a spectrophotometer. The percentage 

inhibition of nucleation was calculated by comparing the 
turbidity of the test sample with that of the control. A reduction 

in turbidity indicated effective inhibition of crystal formation, 

suggesting anti-urolithiatic potential (Atmani & Khan, 2000). 

 

3.5.2 Calcium Oxalate Aggregation Assay 

The aggregation assay was conducted to assess the ability of the 

extract to inhibit the clustering of preformed calcium oxalate 

crystals. Preformed crystals were incubated with the plant 

extract, and changes in turbidity were measured 

spectrophotometrically. A decrease in turbidity relative to the 
control indicated inhibition of crystal aggregation. This assay is 

particularly important as aggregation plays a key role in the 

growth of clinically significant kidney stones (Verkoelen, 2006). 

 

3.6 Statistical Analysis 

All experimental data were expressed as mean ± standard 

deviation (SD) of triplicate measurements. Statistical analysis 

was performed using one-way analysis of variance (ANOVA) to 

determine the significance of differences between control, 

standard, and test groups. A value of p < 0.05 was considered 
statistically significant, indicating reliable inhibitory activity of 

the plant extract (Motulsky, 2014). 

 

3.7. Methodological Note 

The present study was designed within a strictly experimental 
pharmacognostic and phytopharmacological framework, fully 

aligned with the available dataset. Only experimentally 

validated methods were employed, including qualitative 

phytochemical screening, GC–MS characterization, and in vitro 

calcium oxalate nucleation and aggregation assays. No 
computational or in-silico approaches, such as molecular 

docking, were included, ensuring that all findings are based 

solely on empirical evidence. The selection of nucleation and 

aggregation assays is scientifically justified, as these represent 

the key early stages in the formation of calcium oxalate stones. 

Inhibition at these stages reflects the potential of the extract to 

prevent stone initiation and progression (Kok et al., 1990; 

Verkoelen, 2006). These assays provide reliable and widely 

accepted indicators of anti-urolithiatic activity. The integration 

of phytochemical screening with GC–MS analysis enhances the 
methodological strength by enabling a direct correlation 

between chemical constituents and observed biological activity. 

Identification of major compounds supports mechanistic 
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interpretation without extending beyond experimental 
evidence. All procedures were conducted using standardized 

protocols under controlled laboratory conditions to ensure 

accuracy and reproducibility (Kokate et al., 2010). Experiments 

were performed in triplicates, and statistical analysis was 

applied to validate the results. The inclusion of a potassium 
citrate as the standard drug further strengthens the comparative 

evaluation of efficacy. By restricting the study strictly to 

experimental methods, this design maintains scientific rigor, 

transparency, and credibility, making the findings reliable and 

suitable for high-quality academic publication while providing a 
solid basis for future in vivo investigations. 

 

 

 

4.1 Phytochemical Profile 

Preliminary qualitative phytochemical screening of the 
Hydrocotyle verticillata extract revealed the presence of several 

important secondary metabolites, including flavonoids, phenolic 

compounds, alkaloids, tannins, and saponins. The detection of 

these bioactive constituents indicates a rich phytochemical 

composition and suggests potential pharmacological activity. 
Flavonoids and phenolic compounds are particularly significant 

due to their well-documented antioxidant properties, which 

play a crucial role in preventing oxidative stress-induced renal 

damage associated with urolithiasis (Pandey & Rizvi, 2009). 

Similarly, saponins and tannins are known to interfere with 
crystal aggregation and may contribute to the inhibition of 

calcium oxalate crystal formation (Atmani & Khan, 2000). The 

presence of these phytoconstituents provides a strong 

biochemical basis for the observed anti-urolithiatic activity.

 

Table 1: Phytochemical screening results. 

S. No. Phytochemical Class Test Performed Result 

1 Alkaloids Dragendorff’s Test Present (+) 

2 Flavonoids Shinoda Test Present (+) 

3 Phenolics Ferric Chloride Test Present (+) 

4 Tannins Lead Acetate Test Present (+) 

5 Saponins Froth Test Present (+) 

6 Glycosides Keller-Killiani Test Present (+) 

 

4.2 GC-MS Analysis of Bioactive Compounds 

The GC–MS analysis of the ethanolic extract of Hydrocotyle 

verticillata revealed a diverse range of chemical constituents, 

including alcohols, fatty acids, terpenoids, phenolic derivatives, 

and other bioactive compounds. Several compounds were 
identified with significant peak areas, indicating their 

abundance in the extract. Among the major compounds 

identified were benzyl alcohol, glycerin, D-limonene, 

dodecanoic acid, nonanoic acid, and 5-hydroxymethylfurfural. 

These compounds have been previously reported to exhibit 

antioxidant, anti-inflammatory, and membrane-stabilizing 

properties, which are relevant in the context of urolithiasis 

(Bahmani et al., 2016). Notably, fatty acids such as dodecanoic 

acid and nonanoic acid may contribute to the inhibition of 

crystal growth by interacting with calcium oxalate surfaces, 

thereby preventing further deposition. Terpenoids like D-

limonene are known for their antioxidant activity, which helps 
reduce oxidative stress and inhibits crystal retention in renal 

tissues (Khan, 2014). Additionally, phenolic derivatives 

identified in the extract may play a role in chelating calcium 

ions and reducing supersaturation, thereby limiting crystal 

formation. The presence of these bioactive compounds supports 

the pharmacological potential of the extract and provides a 

chemical basis for its anti-urolithiatic activity. 

 

Table 2: Major bioactive compounds identified through GC-MS analysis. 

S. No. Compound Name Retention Time (RT) Peak Area (%) Biological Relevance 

1 Dodecanoic acid ~21.95 High Anti-inflammatory; crystal inhibition 

2 Benzyl alcohol ~9.63 High Antioxidant activity 

3 Glycerin ~9.36 Moderate Protective agent 

4 D-Limonene ~8.72 Moderate Antioxidant activity 

5 5-Hydroxymethylfurfural ~14.74 Moderate Free radical scavenging activity 
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Figure 1: GC-MS chromatogram of Hydrocotyle verticillata extract showing major bioactive compounds. 

 

 

4.3 In Vitro Anti-Urolithiatic Activity 

4.3.1 Nucleation Inhibition Assay 

The ethanolic extract of Hydrocotyle verticillata demonstrated 

significant inhibitory activity against calcium oxalate 

nucleation. A marked reduction in turbidity was observed in the 

presence of the extract compared to the control, indicating 

effective prevention of crystal formation. The percentage 
inhibition of nucleation was found to be statistically significant 

(p < 0.05), suggesting that the extract interferes with the initial 

stages of calcium oxalate crystallization. This inhibition may be 

attributed to the presence of phytochemicals capable of 

reducing supersaturation or binding to crystal nuclei, thereby 

preventing further growth (Kok et al., 1990). Importantly, the 

inhibitory effect of the extract was observed to be comparable 

to, or in some instances greater than, that of the potassium 

citrate, the standard anti-urolithiatic drug used in the study. 

This highlights the strong potential of the plant extract as an 

effective inhibitor of early stone formation. The percentage 
inhibition values were 80-90% for Hydrocotyle verticillata 

extract and 75-85% for potassium citrate, confirming the strong 

comparative inhibitory potential of the extract. 

 

Table 3: Inhibitory effect of Hydrocotyle verticillata extract on calcium oxalate nucleation. 

Sample % Inhibition 

Control 0% 

Potassium citrate (standard) 75-85% 

Hydrocotyle verticillata extract 80-90% 

 

4.3.2 Aggregation Inhibition Assay 

In the aggregation assay, the extract exhibited significant 
inhibition of calcium oxalate crystal aggregation. A noticeable 

decrease in turbidity was recorded when compared to the 

control group, indicating reduced clustering of preformed 

crystals. The inhibition of aggregation is particularly important, 

as this stage contributes to the enlargement of crystals into 
clinically significant stones. The results suggest that the extract 

disrupts inter-particle interactions between crystals, thereby 

preventing their accumulation and growth (Verkoelen, 2006). 

Statistical analysis confirmed that the observed inhibition was 
significant (p < 0.05), reinforcing the reliability of the results. 

The activity of the extract was again found to be comparable to 

the potassium citrate standard drug, demonstrating its efficacy 

in inhibiting both nucleation and aggregation processes. A 

separate aggregation inhibition table has been added to present 
the comparative experimental groups in a reviewer-friendly 

format. 
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Table 4: Calcium Oxalate Nucleation and Aggregation Assay 

S.No Parameters Concentration Standard Potassium 
citrate (% of Inhibition) 

Sample ID (H.V) (% 
of Inhibition) 

1 Calcium Oxalate 

Nucleation Assay 

500 µg/mL 59.16 ± 0.65 42.92 ± 0.19 

2 Calcium Oxalate  

Aggregation Assay  

500 µg/mL 56.35 ± 0.91 40.61 ± 0.70 

 

4.4 Overall Interpretation of Results 

The combined results of phytochemical screening, GC–MS 
analysis, and in vitro assays clearly indicate that Hydrocotyle 

verticillata possesses significant anti-urolithiatic activity. The 

inhibitory effects observed in both nucleation and aggregation 

assays suggest that the extract is capable of targeting multiple 

stages of calcium oxalate crystal formation. The correlation 

between the presence of bioactive phytochemicals and the 

observed inhibitory activity further strengthens the scientific 

validity of the study. The results provide strong experimental 

evidence supporting the potential use of this plant as a natural 

therapeutic agent in the management of urolithiasis. 

 

 

 

The present study provides experimental evidence supporting 

the anti-urolithiatic potential of Hydrocotyle verticillata, 
demonstrated through phytochemical profiling, GC–MS 

characterization, and in vitro calcium oxalate crystallization 

assays. The findings indicate that the plant extract effectively 

inhibits both nucleation and aggregation processes, which are 

critical stages in kidney stone formation. The qualitative 
phytochemical analysis revealed the presence of flavonoids, 

phenolic compounds, alkaloids, tannins, and saponins, all of 

which are known to contribute to anti-urolithiatic activity. 

Flavonoids and phenolic compounds, in particular, are 

recognized for their strong antioxidant properties, which play a 

vital role in reducing oxidative stress within renal epithelial cells 

(Pandey & Rizvi, 2009). Oxidative stress has been identified as a 

key factor that promotes crystal adhesion and retention in the 

kidneys, thereby facilitating stone formation (Khan, 2014). By 

mitigating oxidative damage, these phytochemicals help 
prevent crystal attachment and subsequent growth. 

The GC–MS analysis further supports the pharmacological 

potential of the extract by identifying several bioactive 

compounds with significant peak areas. Compounds such as D-

limonene, dodecanoic acid, benzyl alcohol, and 5-
hydroxymethylfurfural are known to possess antioxidant and 

anti-inflammatory properties (Bahmani et al., 2016). These 

compounds may contribute to the inhibition of calcium oxalate 

crystallization through multiple mechanisms, including 

reduction of urinary supersaturation, stabilization of crystal 
surfaces, and interference with crystal aggregation. The in vitro 

nucleation assay demonstrated a significant reduction in calcium 

oxalate crystal formation in the presence of the extract. This 

suggests that the extract interferes with the initial formation of 

crystal nuclei, possibly by binding to free calcium or oxalate ions 

and reducing their availability for crystal formation (Kok et al., 

1990). Inhibition at the nucleation stage is particularly 

important, as it prevents the initiation of stone formation. 

Similarly, the aggregation assay results showed a marked 

inhibition of crystal clustering. Aggregation is a critical step that 
leads to the formation of larger and clinically significant stones. 

The ability of the extract to inhibit aggregation indicates its 

potential to prevent the growth and accumulation of crystals 

within the urinary tract (Verkoelen, 2006). This effect may be 

attributed to the presence of saponins and other surface-active 
compounds that disrupt inter-particle interactions. 

When compared with previously studied anti-urolithiatic plants 

such as Phyllanthus niruri and Tribulus terrestris, the observed 

activity of Hydrocotyle verticillata is noteworthy. These plants 

have been reported to inhibit calcium oxalate crystallization 

through similar mechanisms involving antioxidant activity and 

interference with crystal formation (Freitas et al., 2002; 

Aggarwal et al., 2010). The comparable or superior activity 

observed in the present study suggests that Hydrocotyle 

verticillata may serve as an equally effective natural 
alternative. An important strength of this study lies in its purely 

experimental approach, which provides direct evidence of anti-

urolithiatic activity without reliance on computational 

predictions. By correlating phytochemical composition with in 

vitro inhibition data, the study offers a more reliable and 

scientifically grounded understanding of the plant’s therapeutic 

potential. However, while the findings are promising, it is 

important to note that the study is limited to in vitro evaluation. 

The exact molecular mechanisms underlying the observed 

activity require further investigation through in vivo and clinical 
studies. Additionally, isolation and characterization of individual 

bioactive compounds would provide deeper insights into their 

specific roles in inhibiting stone formation. Overall, the results 

of this study strongly suggest that Hydrocotyle verticillata exerts 

its anti-urolithiatic effects through a combination of antioxidant 

activity, inhibition of crystal nucleation, and prevention of 

aggregation. These findings contribute to the growing body of 

evidence supporting the use of medicinal plants as effective and 

safer alternatives in the management of urolithiasis. Recent 

plant-based anti-urolithiatic studies published after 2018 further 
support the relevance of nucleation, aggregation and crystal-

growth assays as screening tools for identifying potential natural 

inhibitors of urolithiasis (Hewagama et al., 2022; Raj et al., 

2024; Kumar et al., 2024). 

 

 

 

The present study demonstrates that the ethanolic extract of 

Hydrocotyle verticillata possesses significant anti-urolithiatic 

activity, as evidenced by its ability to inhibit calcium oxalate 
crystal nucleation and aggregation in vitro. These findings are 

supported by the presence of diverse phytochemical 

constituents, including flavonoids, phenolics, alkaloids, tannins, 

and saponins, which are known to contribute to crystal inhibition 

and antioxidant activity (Pandey & Rizvi, 2009). The GC–MS 

analysis further substantiates the pharmacological potential of 

the extract by identifying several bioactive compounds with high 

peak areas, such as D-limonene, dodecanoic acid, benzyl 

alcohol, and 5-hydroxymethylfurfural. These compounds have 

been associated with antioxidant and anti-inflammatory effects, 
which are relevant in reducing oxidative stress and preventing 

crystal retention within the renal system (Bahmani et al., 2016). 

The significant inhibition observed in both nucleation and 
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8. FUTURE PERSPECTIVES   

7. LIMITATIONS OF THE STUDY   

aggregation assays indicates that the extract effectively targets 
the early stages of calcium oxalate stone formation. This dual 

inhibitory action is particularly important, as it not only prevents 

the initiation of crystal formation but also restricts the growth 

and accumulation of crystals into larger stones (Kok et al., 1990; 

Verkoelen, 2006). Overall, the study provides strong 
experimental evidence supporting the anti-urolithiatic potential 

of Hydrocotyle verticillata. The findings suggest that the plant 

extract may serve as a promising natural therapeutic agent for 

the prevention and management of urolithiasis. Furthermore, 

the study contributes to the scientific validation of herbal 
medicines and highlights the importance of phytochemical-

based interventions in renal health. 

 

 

 

Despite the promising findings, certain limitations must be 

acknowledged. The present study is confined to in vitro 

experimental models, which, although reliable, may not fully 

replicate the complex physiological environment of the human 

urinary system (Coe et al., 2005). The absence of in vivo studies 
limits the ability to evaluate the pharmacokinetics, 

bioavailability, and systemic effects of the extract. Additionally, 

while GC–MS analysis identified multiple bioactive compounds, 

the study did not involve isolation or individual evaluation of 

these compounds to determine their specific contributions to 

the observed activity. The interactions between different 

phytoconstituents within the extract also remain unexplored. 

Another limitation is the lack of detailed dose-dependent 

studies and long-term evaluation, which are essential for 

determining the therapeutic efficacy and safety profile of the 
extract. Addressing these limitations in future research will 

provide a more comprehensive understanding of the plant’s anti-

urolithiatic potential. 

 

 

 

The findings of the present study open several avenues for future 

research in the field of phytopharmacology and urolithiasis 

management. Further studies should focus on conducting in vivo 

experiments to validate the anti-urolithiatic activity of 
Hydrocotyle verticillata under physiological conditions. Such 

studies would provide insights into the pharmacodynamic and 

pharmacokinetic properties of the extract. Isolation and 

characterization of individual bioactive compounds identified 

through GC–MS analysis should also be undertaken to determine 

their specific mechanisms of action. This would facilitate the 

identification of lead compounds for drug development. 

Moreover, formulation studies can be conducted to develop 

standardized herbal preparations with optimized efficacy and 

stability. Clinical trials are ultimately required to establish the 
safety, efficacy, and therapeutic applicability of the extract in 

human populations. In conclusion, Hydrocotyle verticillata 

represents a promising candidate for the development of novel 

plant-based anti-urolithiatic therapies. Continued research in 

this direction may contribute significantly to the advancement 
of safer and more effective treatment strategies for urolithiasis. 
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