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ABSTRACT: Pashanabheda is used as antiurolithiatic in Ayurveda. 

In the present study, Punica granatum is used for screening in-vitro 

antiurolithiatic potentials. Screening of in-vitro antiurolithiatic 

potentials of aqueous leaf extract of Punica granatum. The extract was 

subjected to Preliminary phytochemical analysis. In-vitro anti-

urolithiatic activity was screened by nucleation and aggregation assay 

in which the formation and growth of CaOx crystals were quantified. 

The extract exhibited inhibitory action in both nucleation and 

aggregation assays to a significant level. In the aggregation assay 

gradual decrease in the CaOx crystal nucleation, as well as growth, 

was observed by light microscopy. The findings of the nucleation 

assay indicate that the extract inhibited the crystallization of CaOx in 

the solution. There were less and smaller particles with increasing 

concentration of the extract. The increasing concentrations of extract 

(100, 200, 300, 400 and 500 µg/ml) inhibited the CaOx crystal growth. 

Punica granatum extract demonstrated slightly better results compared 

to Cystone standard solution to inhibit the formation of calcium 

oxalate dihydrate crystals in the nucleation assay. The aqueous leaf 

extract of Punica granatum has shown anti-urolithiatic effect by 

significantly reducing the size and growth of calculi in the in-vitro 

assays.

INTRODUCTION: The problems related to the 

kidney are the major problem for human beings 

throughout the world because the kidney is the 

major excretory organ in animals and humans. 

Urolithiasis is characterized by the formation of a 

stone in the kidneys or urinary tracts.  
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In India, approximately 5-7 million patients suffer 

from stone disease and at least 1/1000 of Indian 

population needs hospitalization due to kidney 

stone disease. Currently urinary stone formation 

affects 10% to 12% of the population in 

industrialized countries and the peak incidence 

seems to be at ages 20 to 40 years 1, 7. 

Urinary calculi are the third most prevalent 

disorder of the urinary system. Approximately 80% 

of these calculi are composed of calcium oxalate 2, 
4. Urine is normally a supersaturated solution and 

only some individuals are prone to this disease. 

One reason for this is the presence of inhibitors of 
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lithogenesis in urine, including macromolecules, 

citrate and magnesium 4, 5. Thus, an imbalance 

between the promoters like low urine volume, 

calcium, oxalate, uric acid, phosphate and 

inhibitors may represent a potential factor in 

lithogenesis. Nowadays, stone formation is the 

oldest and serious painful urologic disease with 

significant prevalence in the population due to 

changes in lifestyle and dietary factors. Stone 

formation or lithiasis is characterized by calculi 

formation. 

It has two main types such as nephrolithiasis and 

urolithiasis. Calculi formation in urinary bladder, 

ureter or any part of urinary tract rather than kidney 

is known as urolithiasis, while nephrolithiasis is 

characterized by calculi formation in the kidney 6, 

10. Generally, calcification for the formation of 

bone and teeth takes place in controlled biological 

situations. Uncontrolled pathological crystallization 

occurs when solvent becomes supersaturated, 

leading to the formation of precipitates in the body 

called as kidney stones. Calcium-containing stones, 

especially calcium oxalate monohydrate, calcium 

oxalate dihydrate are the most commonly occurring 

ones to an extent of 75-90% followed by 

magnesium ammonium phosphate to an extent of 

10-15%, uric acid 3-10% and cystine 0.5-1%. In 

most of cases, the commonly occurring stones are 

calcium oxalate type.  

The pathogenesis of calcium oxalate stone 

formation is a multi-step process and in essence, 

includes nucleation, crystal growth, crystal 

aggregation, and crystal retention. The stone 

formation requires supersaturated urine. 

Supersaturation also depends on urinary pH, ionic 

strength, solute concentration, and complexations 8. 

In spite of substantial progress in the 

pathophysiology and treatment of urolithiasis, there 

is no satisfactory drug being used in clinical 

therapy. Endoscopic stone removal and 

extracorporeal shock wave lithotripsy are 

prohibitively costly, and recurrence is quite 

common with these procedures 9. Thus a drug for 

the prevention of this disease or its recurrence 

would be of great interest. Oxalic acid is 

biosynthesized from ascorbic acid, glycolate, and 

glyoxylate in the metabolism of higher plants. A 

significant loss of minerals is more prevalent in the 

body when it is consumed in large content of 

oxalate rich foods. When calcium ions present in 

the body bind with free oxalic acid/oxalate it 

precipitate as insoluble crystals 12. A large number 

of plants have been used in India since ancient 

times, which claim the efficient cure of urinary 

stone. Medicinal plants have played a significant 

role in various ancient traditional systems of 

medication. Even today, plants provide a cheap 

source of drugs for majority of world’s population. 

Several pharmacological investigations on the 

medicinal plants used in traditional antiurolithic 

therapy have revealed their therapeutic potential in 

the in vitro or in vivo models.  

Therefore, it is worthwhile to look for alternative 

means such as medicinal plants or phytotherapy 11, 

12. Data from in-vitro, in-vivo studies and clinical 

trials reveal that phytotherapeutic agents could be 

useful as either an alternative or an adjunctive 

therapy in the management of urolithiasis 13, 15. 

Punica granatum L. commonly known as 

pomegranate is a fruit-bearing deciduous shrub or 

small tree, native to Asia and belongs to the family 

Lathraceae (Altuner, 2011) 14. The leaves are shiny 

and about 7.6 cm long 15. Different parts of plants 

such as leaves, bark, and fruit have medicinal 

significance 16. Punica granatum has been used as 

traditional medicine in many countries for the 

treatment of dysentery, diarrhoea, helminthiasis, 

acidosis, hemorrhage etc. 17. Numerous 

phytochemical constituents have been reported in 

different parts of the Punica granatum plant, 

making it medicinally important. Owing to the 

above apprehensions, the present study was 

undertaken to screen the phytochemical 

constituents and antiurolithiatic activity of aqueous 

leaf extract of Punica granatum. 

MATERIALS AND METHODS: 

Collection and Authentication of Plant: The 

leaves of Punica granatum were collected from 

Medchal District, Hyderabad, Telangana.  The 

plant was authenticated by the Botanical Survey of 

India, Deccan Regional center, Sai Hill colony, 

Attapur, Hyderabad, Telangana 500030. 

Extraction Methods14, 16: The fresh tender leaves 

of Punica granatum were collected, and the leaves 

were washed with deionized water and disinfected 

with 0.1% HgCl2 solution for 5 min and dried in 

the shade away from light for 15 days and ground 
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to a fine powder using an electric grinder and 

sieved 18, 19. The fine powder of Punica granatum 

was made into a thimble for loading in the Soxhlet 

apparatus, and extraction was done continuously 

for 72 h. The extract thus obtained was 

concentrated under a vacuum rotary evaporator and 

extracts were kept in desiccators until used 20, 21. 

Preliminary Phytochemical Screening: 

Phytochemical screening of the Punica granatum 

leaf extracts with various solvents was performed 

to detect different classes of constituents, such as 

alkaloids, phenolics, flavonoids, tannin, saponins, 

terpenes, phlorotannins, and coumarins 21, 22. 

In-vitro Antiurolithiatic Activity: 

Aggregation Assay: The rate of aggregation of the 

calcium oxalate crystals was determined by a 

spectrophotometric assay with slight modifications. 

The calcium oxalate monohydrate (COM) crystals 

were prepared by mixing calcium chloride and 

sodium oxalate of 50 mM each. Both solutions 

were then equilibrated. The solutions were then 

cooled to 37 °C and then evaporated. The COM 

crystals were then dissolved with 0.5 ml of 0.05 

mM Tris buffer and 0.5ml of 0.15 mM NaCl 

solution at pH 6.5 to a final concentration of 1 

mg/ml. Absorbance at 620 nm was recorded. The 

rate of aggregation was estimated by comparing the 

slope of turbidity in the presence of the extract 

against control 23, 24. 

Nucleation Assay (Turbidity Method): The 

inhibitory activity of the extracts on the nucleation 

of calcium oxalate crystals was determined by a 

spectrophotometric assay. Crystallization was 

initiated by adding 100 µl of 4 mM calcium 

chloride and 100 µl of 50 mM sodium oxalate 

solutions to 0.5 ml of normal human urine, both 

prepared in a buffer containing 0.5 ml of 0.05 mM 

Tris buffer and 0.5 ml of 0.15 mM NaCl solution at 

pH 6.5 and 37 °C and adjusted to volume by adding 

1.5 ml of distilled water. The rate of nucleation was 

determined by comparing the induction time of 

crystals (time of appearance of crystals that reached 

a critical size and thus became optically detectable) 

in the presence of the extract and that of the control 

with no extract. The optical density (OD) was 

recorded at 620 nm- and the percentage inhibition 

calculated as (1-OD (experimental)/OD 

(control))/100 24, 28. 

RESULTS: 

Preliminary Phytochemical Screening: The 

phytoconstituents present in the plant are found to 

be tannins, flavonoids, phenolic compounds, amino 

acids, and alkaloids. The results are summarized in 

Table 1. 

TABLE 1: PRECLINICAL PHYTOCHEMICAL SCREENING 

Type of Extract Tests Petroleum ether Ethyl acetate Chloroform Ethanol Aqueous 

Test for Carbohydrates 

Fehling’s test - - - - + 

Benedicts test - + - + + 

Barfoed’s test - - + + - 

Pentose sugar - - - + + 

Test for Amino acids 

Ninhydrin reaction - - - - - 

Tyrosine test - + + + + 

Test for Flavonoids 

Shinoda test - - - - + 

Lead acetate test - - - - + 

Test for Tannins and Phenolic compounds 

5% FeCl3 - + - + + 

Lead acetate - + - - + 
Acetic acid - - - - + 

Dil.Iodine + + - + + 

Bromine water + + + + + 

Test for Glycosides 

Legal’s test - + + + + 

Keller-Killiani test + + - - + 

Foam test                                              With dry powder + 

Iodine test                  - -                -          - + 

Salkowski reaction                  + +                -          - + 
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Aggregation Assay: Calcium oxalate crystals 

begin grow; aggregate with other crystals, and 

retained in the kidney. This is an aggregation 

process which causes renal injury. Aqueous leaf 

extract of Punica granatum demonstrated slightly 

better compared to Cystone standard solution to 

inhibit promoted the formation of COD crystals 

Fig. 1 29. 

  

  
FIG. 1: CAOX CRYSTALS, OBSERVED UNDER LIGHT MICROSCOPE (100X), FORMED IN THE METASTABLE 

SOLUTION OF CAOX IN THE ABSENCE (A) CONTROL WHICH SHOWS A LARGE NUMBER OF CRYSTALS 

(B) CYSTONE GROUP WHICH SHOWS NO CRYSTALS (C) 100 MG/ML, (D) 200 MG/ML, (E) 400 MG/ML OF 

THE TEST EXTRACT SHOWING GRADUALLY DECREASE IN THE CAOX CRYSTALS NUCLEATION AS 

WELL AS GROWTH 

Nucleation Assay: Punica granatum inhibited the 

crystallization by inhibiting nucleation of calcium 

oxalate through disintegrating into smaller particles 

with increasing concentrations of the fraction.  

The results of the nucleation, assay confirmed that 

the extract contained nucleation-preventing agents 

Fig. 2. 

 
                    EFFECT OF CYSTONE ON CAOX                             CRYSTAL EFFECT OF PUNICA GRANATUM ON  

                                        NUCLEATION                                                              CAOX CRYSTAL NUCLEATION 
FIG. 2: EFFECT OF CYSTONE AND AQUEOUS LEAF EXTRACT OF PUNICA GRANATUM ON CAOX CRYSTAL 

NUCLEATION 

DISCUSSION: Kidney stones are reportedly 

affecting mankind for a long time and have been 

one of the causes of renal failure 24, 25. AS there is 

no single effective drug available for urolithiasis 

today, surgery is considered to be the best option, 

especially when other alternatives fail. However, it 

A B 

C D E 
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is expensive and not affordable for the common 

man. Hence the natural drugs are considered to be 

next alternative. Pashanabheda plants are a group 

of medicinal plants used in the Indian traditional 

medicinal system by Ayurveda practitioners as 

antiurolithiatic drugs and Punica granatum are used 

conventionally antiurolithiatic and diuretic. In the 

Aggregation assay, calcium oxalate crystals begin 

to grow, aggregate with other crystals, and are 

retained in the kidney 26. This is an aggregation 

process that causes renal injury. Aqueous leaf 

extract of Punica granatum. Demonstrated slightly 

better compared to Cystone standard solution to 

inhibit promoted the formation of COD crystals. 

COM has a stronger affinity with cell membranes; 

it may lead to become a higher potential risk for 

renal calculi formation. 

An in-vitro crystallization study was performed 

since nucleation is an important first step for the 

initiation of crystals, which then grow and form 

aggregates. The main findings of the present study 

were that saponin and flavonoid rich fractions from 

plants inhibited the crystallization by inhibiting 

nucleation of CaOx in solution; less and smaller 

particles were formed with increasing 

concentrations of the fraction. The results of the 

nucleation assay confirmed that the extract 

contained nucleation-preventing agents. The 

limiting factors in stone formation could be those 

processes that affect crystal growth because 

particles may become large enough to occlude the 

urinary tract, leading to stone formation 27, 31. The 

herb extracts may contain substances that inhibit 

the growth of CaOx crystals. This property of 

plants may be important in preventing the growth 

of kidney stone. Aggregation may be an important 

factor in the genesis of stones 32, 33. Recurrent 

calcium stone formers excrete clusters of crystals in 

their urine, caused by aggregation, also named 

agglomeration, whereas urine from normal people 

contains mainly single crystals 34, 36. Again, the 

percentage inhibition of crystals aggregation 

increased as the concentration of aqueous leaf 

extract of Punica granatum increased. 

CONCLUSION: Antiurolithiatic activity of 

Punica granatum is mediated through inhibition of 

CaOx crystal formation and its effect on the urinary 

concentration of stone-forming constituents. The 

phytochemical screening conclusively demon-

strates that Punica granatum leaves are a good 

source of various phytoconstituents like alkaloids, 

flavonoids, carbohydrates, glycosides, saponins, 

tannins, terpenoids, among which saponins and 

flavonoids are responsible for the significant 

antiurolithiatic activity. This study rationalizes 

Punica granatum leaves medicinal use in 

urolithiasis.  

ACKNOWLEDGEMENT: We sincerely thank 

Mr. K. Chakravarthi and Mr. Umashankar 

Kulandaivelu for their support. 

CONFLICTS OF INTEREST: The authors 

declare no conflicts of interest. 

REFERENCES: 

1. Anand R, Patnaik GK, Kulshreshtha DK and Dhawan BN: 

Antiurolithiatic activity of lupeol, the active constituent 
isolated from Crateva nurvala. Phytotherapy Research 
1994; 8(7): 417-21. 

2. Kar DM, Maharana L, Pattnaik S and Dash GK: Studies on 
hypoglycaemic activity of Solanum xanthocarpum Schrad. 
& Wendl. fruit extract in rats. Journal of 
Ethnopharmacology 2006; 108(2) :251-6. 

3. Anonymous: The Ayurvedic Pharmacopoeia of India. 
4. Altuner EM: Investigation of antimicrobial activity of 

Punica granatum L. fruit peel ash used for protective 
against skin infections as folk remedies especially after 
male circumcision. African Journal of Microbiology 
Research 2011; 5(20): 3339-42. 

5. Atmani F and Khan SR: Effects of an extract from 
Herniaria hirsuta on calcium oxalate crystallization in-
vitro. Bju International 2000; 85(6): 621-5. 

6. Basavaraj DR, Biyani CS, Browning AJ and Cartledge JJ: 

The role of urinary kidney stone inhibitors and promoters 
in the pathogenesis of calcium containing renal stones. 
EAU-EBU Update Series 2007; 5(3): 126-36. 

7. Bashir S and Gilani AH: Antiurolithic effect of Bergenia 
ligulata rhizome: an explanation of the underlying 
mechanisms. Journal of Ethnopharmacology 2009; 122(1): 
106-16. 

8. Baumann JM: Stone prevention: why so little progress. 

Urological Research 1998; 26(2): 77-81. 
9. Beutler E: Improved method for the determination of 

blood glutathione. J lab Clin Med 1963; 61: 882-8. 
10. Bouanani S, Henchiri C, Migianu-Griffoni E, Aouf N and 

Lecouvey M: Pharmacological and toxicological effects of 
Paronychia argentea in experimental calcium oxalate 
nephrolithiasis in rats. Journal of Ethnopharmacology 
2010; 129(1): 38-45. 

11. Qnais EY, Elokda AS, Abu Ghalyun YY and Abdulla F: 
Antidiarrheal activity of the aqueous extract of punica 
granatum. (pomegranate) peels. Pharmaceutical Biology 
2007; 45(9): 715-20. 

12. Arun N and Singh DP: Punica granatum: a review on 
pharmacological and therapeutic properties. International 
Journal of Pharmaceutical Sciences and Research 2012; 
3(5): 1240. 

13. Fleisch H: Inhibitors and promoters of stone formation. 

Kidney International 1978; 13(5): 361-71. 



Arra et al., IJPSR, 2021; Vol. 12(9): 4877-4882.                                          E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              4882 

14. Choi JG, Kang OH, Lee YS, Chae HS, Oh YC, Brice OO, 
Kim MS, Sohn DH, Kim HS, Park H and Shin DW: In-
vitro and in-vivo antibacterial activity of Punica granatum 
peel ethanol extract against Salmonella. Evidence Based 
Complementary and Alternative Medicine 2011; 2011. 

15. Gogte VM: Ayurvedic pharmacology and therapeutic uses 

of medicinal plants (Dravyagunavigyan), Bharatiya Vidya 
Bhavan (SPARC). 

16. Ying J, Pan R, Wang M, Chen J, Liu Q, Zhang H, Bao Q 
and Peizhen LI: Effects of phycocyanin on apoptosis of 
human laryngeal cancer HEP-2 cells. Chinese Journal of 
Pathophysiology 2015; (7): 1189-96. 

17. Grover PK and Resnick MI: Evidence for the presence of 
abnormal proteins in the urine of recurrent stone formers. 
The Journal of Urology 1995; 153(5): 1716-21. 

18. Gupta AK, Ganguly P, Majumder UK and Ghosal S: 
Hepatoprotective and antioxidant effects of total extracts 
and stereoidal saponins of Solanum xanthocarpum and 
Solanum nigrum in paracetamol induced hepatotoxicity in 
rats. Pharmacologyonline. 2009; 1(27): 757-68. 

19. Hassan SM, Haq AU, Byrd JA, Berhow MA, Cartwright 
AL and Bailey CA: Haemolytic and antimicrobial 
activities of saponin-rich extracts from guar meal. Food 

Chemistry 2010; 119(2): 600-5. 
20. Hennequin C, Lalanne V, Daudon M, Lacour B and 

Drueke T: A new approach to studying inhibitors of 
calcium oxalate crystal growth. Urological Research 1993; 
21(2): 101-8. 

21. Hodgkinson A: Determination of oxalic acid in biological 
material. Clinical Chemistry 1970; 16(7): 547-57. 

22. Hodgkinson A: Oxalic acid in biology and medicine. New 

York 1977; 416. 
23. Hussain T, Gupta RK, Sweety K, Khan MS, Hussain MS, 

Arif MD, Hussain A, Faiyazuddin MD and Rao CV: 
Evaluation of antihepatotoxic potential of Solanum 
xanthocarpum fruit extract against antitubercular drugs 
induced hepatopathy in experimental rodents. Asian 
Pacific Journal of Tropical Biomedicine 2012; 2(6): 454-
60. 

24. Hwang TI, Preminger GM, Poindexter J and Pak CY: 
Urinary glycosaminoglycans in normal subjects and 
patients with stones. The Journal of Urology 1988; 139(5): 
995-7. 

25. Iguchi M, Takamura C, Umekawa T, Kurita T and Kohri 
K: Inhibitory effects of female sex hormones on urinary 
stone formation in rats. Kidney International 1999; 56(2): 
479-85. 

26. Joshi VS, Parekh BB, Joshi MJ and Vaidya AB: Herbal 
extracts of Tribulus terrestris and Bergenia ligulata inhibit 

growth of calcium oxalate monohydrate crystals in-vitro. 
Journal of Crystal Growth 2005; 275(12): e1403-8. 

27. Karadi RV, Gadge NB, Alagawadi KR and Savadi RV: 
Effect of Moringa oleifera Lam. root-wood on ethylene 
glycol induced urolithiasis in rats. Journal of 
Ethnopharmacology 2006; 105(12): 306-11. 

28. Kirtikar KR and Basu BD: Indian medicinal plants. Indian 
Medicinal Plants 1935. 

29. Kok DJ, Papapoulos SE and Bijvoet OL: Excessive crystal 

agglomeration with low citrate excretion in recurrent 
stone-formers. The Lancet 1986; 327(8489): 1056-8. 

30. Laroubi A, Touhami M, Farouk L, Zrara I, Aboufatima R, 
Benharref A and Chait A: Prophylaxis effect of Trigonella 
foenum graecum L. seeds on renal stone formation in rats. 
Phytotherapy Research 2007; 21(10): 921-5. 

31. Lee YH, Huang WC, Huang JK and Chang LS: 
Testosterone enhances whereas estrogen inhibits calcium 

oxalate stone formation in ethylene glycol treated rats. The 
Journal of Urology 1996; 156(2): 502-5. 

32. Malini Mm, Baskar R and Varalakshmi P: Effect of lupeol, 
a pentacyclic triterpene, on urinary enzymes in 
hyperoxaluric rats. Japanese Journal of Medical Science 
and Biology. 1995; 48(56): 211-20. 

33. Michelacci YM, Glashan RQ and Schor N: Urinary 
excretion of glycosaminoglycans in normal and stone 

forming subjects. Kidney International 1989; 36(6): 1022-
8. 

34. Mukerjee T, Bhalla N, Singh AG and Jain HC: Herbal 
drugs for urinary stones. Indian Drugs 1984; 21: 224-8. 

35. Ohkawa H, Ohishi N and Yagi K: Assay for lipid 
peroxides in animal tissues by thiobarbituric acid reaction. 
Analytical Biochemistry 1979; 95(2): 351-8. 

36. Parmar S, Gangwal A and Sheth N: Solanum 

xanthocarpum (yellow berried night shade): a review. Der 
Pharm Lett 2010; 2(4): 373-83. 

 

 

 

 

All © 2021 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

 

How to cite this article: 
Arra K, Rajeshwari P and Prasad SP: Phytochemical screening and invitro antiurolithiatic activity of Punica granatum aqueous leaf 
extract. Int J Pharm Sci & Res 2021; 12(9): 4877-82. doi: 10.13040/IJPSR.0975-8232.12(9).4877-82. 
 


