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Preclinical Evaluation of Tribulus terrestris, Hibiscus sabdariffa, and Boerhaavia diffusa for Anti-Urolithiatic Activity Using COM Crystal Aggregation Assay

ABSTRACT
Objective: The current study was undertaken for “Preclinical Evaluation of Tribulus terrestris, Hibiscus sabdariffa, and Boerhaavia diffusa for Anti-Urolithiatic Activity Using COM Crystal Aggregation Assay”.
Background: The third most prevalent urinary condition, urolithiasis, or kidney stone production, is a common issue with a high recurrence rate and no assurance of effective therapy. It has been estimated that between 10% and 12% of persons in affluent nations will experience at some point in their lives, a kidney stone (10% of men and 3% of women). As a result, it has been believed that using natural resources has more potential and fewer negative repercussions.
Material and Methodology: Flavonoids and phenolic chemicals found in the poly-herbal drug (Boerhavia diffusa, Tribulus terristris, and Hibiscus sabadariffa) are what give it its anti- Urolithiatic properties. Following different extraction methods, the extract is assessed for COM crystal agglomeration. 
Statistical Examination and Result: The statistical comparison and dose-dependent study were conducted using Graph Pad Prism version 10.2.2. The anti- Urolithiatic effect of poly-herbals was supported by the two-way ANOVA and Dunnett's multiple comparison test, which showed a substantial (p<0.05) inhibition in the COM crystal aggregation of the group treated with the extract. Cystone exhibited a marked and rapid inhibitory effect on crystal aggregation across all tested concentrations and time intervals. At 100 µg/ml, inhibition increased from 54.54% at 5 minutes to 77.27% at 25 minutes (SEM ±4.40). Similar dose-dependent responses were observed at higher concentrations, with maximum inhibition of 81.81% recorded at 400 and 1000 µg/ml after 25 minutes (SEM ±5.26 and ±4.40, respectively). In contrast, the poly-herbal extract also produced a progressive and sustained inhibitory response, though of a lower magnitude compared with the standard drug. At 100 µg/ml, the percentage inhibition increased from 4.51% at 5 minutes to 45.45% at 25 minutes (SEM ±8.38). The inhibition rose steadily with increasing concentrations, reaching a peak of 59.09% at 1000 µg/ml after 25 minutes (SEM ±7.93).
Keywords: Poly-herbal, Anti- Urolithiatic, Cystone, Boerhavia diffusa, Tribulus terristris, Hibiscus sabadariffa.





INTRODUCTION
The third most prevalent urinary condition in Asia, urolithiasis, or kidney stone production, is a widespread issue with a high recurrence incidence of 1% to 5% and no guarantee of effective therapy.(1) Reports state that 10% to 12% of persons in industrialized nations. (10% of males) At some point in their life, 3% of women will get a kidney stone.(2) The etiology of this condition is complex and includes factors such as food, lack of physical activity, and genetics.(1,3)Although the precise mechanisms creating kidney stones are unknown, they are mostly brought on by the crystal aggregation, nucleation, and growth of insoluble particles such as calcium and magnesium. Ammonium phosphates, uric acid, and cysteine.(4) Calcium-containing kidney stones are the most common form, accounting for 75–90% of kidney stones in both men and women. Even though urolithiasis can be treated with surgical removal, which is more expensive and has a considerable financial burden, more than half of patients experience a stone recurrence within five years following their initial therapy. due to the restricted availability of pharmaceutical options and surgical techniques. Investigating new natural pharmacological remedies for kidney stones makes sense as a result. The total result clearly indicates that a new cure should be investigated.(5)
As a result, it has been thought that there are greater opportunities to use natural resources. Plants are the main source of treatment in Indian traditional medicinal systems like Ayurveda, and their long-standing applications have been proven to be advantageous, mainly in reducing the rate of urolithiasis recurrence without any possible adverse effects.The polyherbalsBoerhaviadiffusa, Tribulus terristris, and Hibiscus sabadariffa contain a variety of phytochemicals that give them their diverse pharmacological properties. Plants include phytochemical elements called flavonoids and phenolic compounds, which have anti-urithrolytic properties.(6,7,8)It is still worthwhile to investigate, nevertheless, because the scientific evidence supporting its use is not well established by comprehensive scientific documentation. Given this, the research“Preclinical Evaluation of Tribulus terrestris, Hibiscus sabdariffa, and Boerhaavia diffusa for Anti-Urolithiatic Activity Using COM Crystal Aggregation Assay” was conducted.

MATERIAL AND METHODOLOGY
Plant material
The Nyctaginaceae, Zygophyllaceae, and Malvaceae families of poly-herbals, Boerhaviadiffusa, Tribulus terristris, and Hibiscus sabadariffa, were gathered from the Nashik region. The Botanical Survey of India, Western Circle, Koregaon Park, Pune City, Maharashtra, verified a prepared herbaria and the authenticity of poly-herbals.



Plant material is ground and dried
The leaves of Boerhaviadiffusa, Hibiscus Sabdariffa and fruits of Tibullus terristrisdried in the shade for one week, the plant material crushed into a coarse powder and sieved to produce fine powder.
Plant material extraction
Extraction of Boerhaviadiffusaleaves
Punarnava raw powdered medication was extracted, and then Fill a beaker with boiling water. In a proportion of plant material to water, add the powdered Punarnava to the boiling water. (often 100 grams in 1 liter of water) Stir the mixture occasionally as it simmers for 20 to 30 minutes. After letting the mixture cool, strain it over filter paper or a fine-mesh sieve to get rid of any solids. The Punarnava decoction is the end product. To further concentrate the required chemicals, evaporate the extracted liquid. The liquid can be heated gradually until the required consistency is reached. To preserve its efficacy, keep the extracted punarnava in sterile, sealed containers away from moisture and light.(9)
Extraction of Hibiscus Sabdariffa leaves
Distilled water (1000 ml) was boiled and the dried powder was mixed with continuous stirring and kept for decoction upto 24 hours. After decoctionfiltering the combination, the filtrate was the extract product.(10)
Extraction of Tibullus terristrisfruits
To avoid contamination and guarantee the extract's purity, distilled water was used during the extraction procedure. Based on the intended concentration of bio-active components and the extraction efficiency, the proper ratio of gokhru to water was established. Generally, a starting point of 1:10 (Gokhru to water, by weight) was used. For extraction, the water was brought to a boil between 80 and 100°C. A beaker was filled with gokhru material, which might be either powder or crushed fruits. The Gokhru substance was then completely immersed by pouring boiling water over it. The maceration time of the gokhru and water mixture ranged from 30 minutes to several hours. To improve extraction efficiency and guarantee consistent extraction of bio-active components, the mixture was agitated during maceration. The liquid extract and the solid Gokhru material were separated by filtering the combination after the maceration period. To preserve its stability and potency, the extract was kept out of direct sunlight and heat in an airtight, hygienic container.
The prepared plant material extract obtained were further mix with each other (2 gm) to prepare poly-herbal extract.(11)
Physio-chemical research and phytochemical analysis
To identify impurities and determine the inorganic chemical composition, the resultant extract which contained total ash, acid insoluble ash, water and alcohol soluble extractive value, foaming index, and other components was next subjected to physio-chemical analysis. 
To find out whether alkaloids, glycosides, flavonoids, phenolic compounds, volatile oils, lipids, carbohydrates, etc. were present, a preliminary phytochemical test was performed. (12,13)
Pharmacological research
Evaluation of anti-urithrolytic activity of polyherbal  by COM 
Crystal Aggregation Method (In-vitro assay)
The calcium chloride and sodium oxalate solutions were combined at a concentration of 50 mmol/L to create the COM crystals. In a water bath, the solutions were brought to 60°C, cooled to 37°C, and then left overnight. Following centrifugation, the solution was evaporated at 37°C. After being buffered with 0.05 mol/L Tris-HCl and 0.15 mol/L sodium chloride at pH 6.5, CaOx crystals were utilized at a final concentration of 0.8 mg/mL. The experiment was carried out at 37ºC with and without pet ether and 5 mg/mL of methanol extract. Over the course of an hour, the absorbance at 620 nm was measured at 10-minute intervals. Every sample was examined three times. The positive control was Cystone. The turbidity slope of various cystone/extract concentrations was then compared with the turbidity slope of the control using the following calculation to determine the percentage inhibition of aggregation rate.
[1-(Tsi/ Tsc)] × 100
Whereas Tsc represented the turbidity slope of aggregation without an inhibitor and Tsi represented the turbidity slope of aggregation with an inhibitor material, such as cystone or plant extract.(14)
Statistical Examination
Every data point was shown as ± SEM. Graph Pad Prism version 10.2.2 was used for statistical comparison using Two Way ANOVA.

RESULT AND DISCUSSION
Preliminary phytochemical analysis
The poly-herbal extract confirmed the presence of Flavonoids and phenolic compounds which is having property of COM crystal inhibition and reveals anti-urithrolytic effect.
Effect of Cystone and Poly-herbal Extract on Crystal Aggregation
Table .1 Group wise % inhibition of crystal aggregation by Cystone
	Conc.
цg/ml
	Control
	Cystone
(Standard) % Inhibition
	SEM Error (±)

	
	
	05 min
	10 min
	15 min
	20 min
	25 min
	4.4066

	100
	
	54.54
	59.09
	59.09
	72.72
	77.27
	4.4064

	200
	
	50.00
	54.54
	68.18
	68.18
	72.72
	4.8523

	400
	0.22
	54.54
	59.09
	68.18
	72.72
	81.81
	5.2619

	600
	
	45.45
	59.09
	63.63
	68.18
	77.27
	5.4545

	800
	
	45.45
	63.63
	63.63
	72.72
	77.27
	5.9953

	1000
	
	45.45
	68.18
	68.18
	72.72
	81.81
	4.4066



Table .2 Group wise % inhibition of crystal aggregation by Poly-herbal extract
	Conc.
цg/ml
	Control
	Poly-herbal extract
(Test) % Inhibition
	SEM Error (±)

	
	
	05 min
	
	15 min
	20 min
	25 min
	7.9296

	100
	
	4.51
	18.18
	27.27
	45.45
	45.45
	8.3805

	200
	0.22
	9.09
	18.18
	31.81
	45.45
	54.54
	9.6040

	400
	
	4.51
	22.72
	31.81
	54.54
	54.54
	9.4256

	600
	
	9.09
	22.72
	36.36
	59.09
	54.54
	9.3585

	800
	
	9.09
	18.18
	40.90
	54.54
	54.54
	7.7943

	1000
	
	13.63
	27.27
	40.90
	45.45
	59.09
	7.9296
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Fig. 1 Comparative % Inhibition of crystal aggregation Cystone vs Poly-herbal extract

At doses ranging from 100 to 1000 µg/ml across various incubation times (5–25 minutes), the inhibitory effects of the test poly-herbal extract and the conventional medication Cystone on crystal aggregation were assessed. Tables 1 and 2 provide a summary of the findings. 
At all studied doses and time intervals, cystone showed a strong and quick inhibitory effect on crystal aggregation. Inhibition rose from 54.54% at 5 minutes to 77.27% at 25 minutes at 100 µg/ml (SEM ±4.40). Higher doses showed similar dose-dependent responses, with maximum inhibition of 81.81% recorded at 400 and 1000 µg/ml after 25 minutes (SEM ±5.26 and ±4.40, respectively). 
Cystone provides a highly substantial time- and concentration-dependent suppression of crystal aggregation, as shown by a statistical comparison using one-way ANOVA that showed a significant difference (p < 0.05) between the treated groups and the control. The results' accuracy and consistency are further demonstrated by the low SEM values (±4.40–5.99). In contrast, the poly-herbal extract likewise elicited a gradual and prolonged inhibitory effect, though of a lower amplitude compared with the usual medication. The percentage inhibition rose from 4.51% at 5 minutes to 45.45% at 25 minutes at 100 µg/ml (SEM ±8.38). With increasing concentrations, the inhibition increased gradually, peaking at 59.09% at 1000 µg/ml after 25 minutes (SEM ±7.93). A one-way ANOVA demonstrated significant change among concentrations and time intervals relative to the control, showing that the extract contains concentration- and time-dependent anti-crystallization activity. Nevertheless, the rate of growth plateaued above 400 µg/ml, suggesting either maximal extract activity or saturation of active binding sites.

Comparative Analysis
The poly-herbal extract showed a comparable inhibitory trend to Cystone, albeit with less efficacy. While the poly-herbal extract needed larger doses (≥400 µg/ml) and longer incubation (20–25 minutes) to approach 59% inhibition, cystone achieved near-maximal inhibition (≥72%) within 20 minutes at all tested concentrations. While the poly-herbal extract's delayed reaction suggests a slower but longer-lasting interaction with crystal surfaces, Cystone's steady activity reflects its proven pharmacological potency.
The overall pattern indicates that the poly-herbal extract mimics the standard drug's pharmacodynamic behavior, even though the absolute inhibition percentages differ. This finding lends credence to the theory that the extract's several phytoconstituents may work in concert to inhibit crystal nucleation, aggregation, and growth processes—all of which are important processes in the development of urinary calculi.
Biological Interpretation and Mechanistic Insight
A critical stage in the development of urolithiasis is crystal aggregation, in which microcrystals combine to form bigger aggregates that eventually become stones. Interference with these early physicochemical processes is indicated by the inhibitory effects of the poly-herbal extract and cystone. The presence of bioactive phytochemicals such flavonoids, phenolics, saponins, and alkaloids—which have been shown to have antioxidant, chelating, and membrane-stabilizing qualities—is responsible for the poly-herbal extract's effectiveness. These substances may work by chelating calcium and oxalate ions, lowering urine supersaturation, or altering the crystal surface potential to stop further aggregation.
Plant-based anti-urolithiatic formulations, such as extracts of Tribulus terrestris, Boerhaavia diffusa, and Crataeva nurvala, which show calcium oxalate inhibitory activity through antioxidant and diuretic actions, have been shown to have similar benefits in a number of investigations. A similar process, in which the combined phytochemical effects provide a mild but constant anti-crystallization effect, is probably used in this study's poly-herbal extract. The findings' repeatability and dependability are further supported by the moderate SEM range (±7.79–9.60).
Implications
The poly-herbal extract's progressive and prolonged activity shows therapeutic potential as a natural anti-urolithiatic drug, even though its inhibitory effect was not as strong as that of cystone. With further purification, phytochemical standardization, and optimization, the efficacy of the extract could be raised to match or complement that of standard formulations. Effective dosing may be possible within a moderate concentration range, reducing toxicity risks, according to the reported plateau effect beyond 400 µg/ml.
The results of this study thus confirm the poly-herbal formulation's ethnomedical significance and bolster its potential as an affordable, plant-based substitute for urolithiasis prevention and treatment. Future research should concentrate on pinpointing the precise active ingredients, clarifying their molecular mechanisms, and verifying their effectiveness in- vivo and clinical models.

SUMMARY
In summary, the present investigation reveals that the tested poly-herbal extract has strong inhibitory action on crystal aggregation, albeit lower than the reference medication Cystone. The findings support the ethnomedical application of herbal remedies in the treatment of urolithiasis and promote additional phytochemical standardization, in vivo assessment, and mechanistic research to clarify the precise mechanisms at play. Such poly-herbal formulations have the potential to be affordable, natural substitutes for kidney stone prevention with further development.

CONCLUSION
The present investigation demonstrated that both Cystone and the tested poly-herbal extract significantly inhibited crystal aggregation in a concentration- and time-dependent manner. While Cystone exhibited superior inhibitory efficacy, the poly-herbal extract showed consistent and reproducible inhibition, suggesting the presence of bioactive phytochemicals capable of modulating crystallization pathways. These findings provide scientific validation for the traditional use of the extract in urolithiasis management and highlight its promise as a potential herbal therapeutic candidate. Further studies are warranted to isolate and characterize the active constituents and to evaluate their pharmacodynamic and toxicological profiles in in-vivo systems.

FUTURE SCOPE
Future investigations should focus on:
1. Phytochemical profiling and isolation of the active constituents responsible for anti-crystallization activity using chromatographic and spectroscopic techniques (e.g., LC-MS, HPLC, NMR).
2. Mechanistic studies to elucidate molecular targets and pathways involved in crystal inhibition, including antioxidant, chelating, and membrane stabilization effects.
3. In-vivo evaluation of the extract in animal models of urolithiasis to assess its pharmacodynamics, toxicity, and efficacy relative to standard drugs.
4. Synergistic and combination studies to explore potential additive effects with existing anti-lithiatic formulations such as Cystone.
5. Formulation development and standardization to ensure batch-to-batch consistency, stability, and scalability for potential clinical use.
6. Clinical validation through controlled human trials to confirm safety, dosage optimization, and therapeutic benefits.
This comprehensive approach will bridge the gap between traditional knowledge and evidence-based therapeutics, ultimately enabling the integration of the poly-herbal extract into modern phytopharmaceutical applications for urolithiasis prevention and treatment.

ABBREVIATIONS
COM: Calcium Oxalate Monohydrate; ANOVA: Analysis of Variance
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