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1.0 INTRODUCTION

Stone formation in the kidney is one of the oldest and most wide spread diseases known to man (Chitanya et al., 2010).  It is one of the most common and painful urologic disorder of the urinary tract that affects millions of people every year (Hollingsworth               et al., 2006).  The life time risk of developing lithiasis ranges between 1 and 12%                (Alok et al., 2008) and significantly affects the economy and public health as it has a high rate of recurrence (Mohanty et al., 2010)

Lithiasis is the formation of calculi in a liquid environment.  Urine calculi formation occurs because of precipitation or solidification of substances that are usually dissolved.  Lithiasis or stone formation is the major cause of acute and chronic renal failure (Awari et al., 2009), which causes substantial suffering (Sheng et al., 2005).  Kidney stone disease has afflicted since antiquity and persists with serious medical consequences throughout a patient’s lifetime (Al-attar, 2010).  Lithiasis can affect up to one fourth of the population in certain geographic areas and hence possess a significant health problem.  Various etiological factors have been attributed to stone formation include hereditary, dietary, geographical and infective diseases.


The area of high incidence of urinary calculi include British islands, Scandinavian countries, Central Europe, Northern Australia, Northern India, Pakistan and Mediterranean countries (Chauhan et al., 2008).  The incidence of urinary stones has been increasing over the last years while the age onset is decreasing (Devuyest and Prison, 2007). With a prevalence of > 10% and an expected recurrence rate of approximately 50% stone disease has an important effect on the health care system (Knoll, 2007).  Once recurrent, the subsequent relapse risk is raised and the interval between recurrences is shortened (Moe, 2006).  Lithiasis includes both nephrolithiasis (stone formation in kidney) and urolithiasis (stone formation in ureter or bladder or both) (Betanabhatla, 2009). Epidemiologicalstudies revealed that nephrolithiasis is more common in men        (12%) than in women (6%) and is more prevalent between ages of 20 to 40 in both the sexes (Worcester and Coe, 2008).  
Urinary lithiasis is generally the result of an imbalance between inhibitors and promoters in the kidney (Daudon and Jungers, 2001). Promoters of stone formation facilitate stone formation while inhibitors prevent it.  Low urine volume, low urine pH, calcium, sodium oxalate and urate are known to promote stone formation. Many inorganic (eg. Citrate, magnesium) and organic (eg Urinary prothrombin fragment 1, glycosaminoglycans, osteopoetin) substances are known to inhibit stone formation.  Organic inhibitory compounds adsorb to the surface of the crystal, thereby inhibiting crystal growth and nucleation (Basavaraj et al., 2007).  

Although supersaturation of stone forming salts in urine is essential, abundance of these salts by itself will not always results in stone formation.  The pathogenesis of calcium oxalate stone formation is a multi-step process and in essence includes – nucleation, crystal growth, crystal aggregation and crystal retention. Various substances in the body have an effect on one or more of the above stone forming processes, thereby influencing a person’s ability to promote or prevent stone formation.  However, the mechanism of the stone formation of urinary stones and the questions of the promoting and inhibiting factors of formation of the stone is not yet clearly understood. Approximately 85% of the stones in humans are calcium stones comprising oxalate and phosphate, either alone or combined (Basavaraj et al., 2007).  Of these, the crystals of calcium oxalate (CaOx) are the primary constituents of more than 60% of the majority of human kidney stones: they exist in the form of CaOx monohydrate (COM) and CaOx dihydrate (COD) (Bensatal and Ouahrani, 2008).
The crystallization studies of calcium oxalate (CaOx) have been an interest to the researchers and urologists for many years.  The clinical use of inhibitors to prevent the formation of CaOx stones has been limited to some minerals (selenium, magnesium etc) and orthophosphates.  The medicinal plants contain chemical compounds which themselves act as an inhibitor that could effect the crystallization of calcium oxalate (Bensatal and Ouahrani, 2008).  

Inspite of substantial progress in the pathophysiology and treatment of urolithiasis, there is no satisfactory drugs available for use in clinical therapy.  Endoscopic stone removal and extracorporeal shock wave lithotripsy are prohibitively costly and recurrence is quite common with these procedures (Prasad et al., 2007).  Hence the search for antilithiatic drugs from natural sources has assumed greater importance (Verma et al., 2009).


“World Health Organization’’ has recommended that traditional health and folk medicine systems are has proved to be more effective in health problems worldwide. Herbal drugs constitute a major share of all officially recognized systems of health in India viz Ayurveda, yoga, Unani, Siddha, homeopathy and naturopathy except allopathy (Vaidya and Devasagayam, 2007).  Millions of Indian use herbal drugs regularly  as spices, home remedies, health foods as self- medication or also as drugs prescribed in the non-allopathic systems (Gautam et al., 2004).  

Since ancient times, a variety of herbal preparations have been successfully used in renal lithiasis therapy (Tsai et al., 2008; Laroubi et al., 2007;Atmani et al., 2003)  although generally there has been no indication of the type of calculus being treated.  The use of antilithiatic herbs and /or concoctions for treating renal stones has been practiced long before use of modern medicine.

Regarding the treatment of urinary stones disease, several medicinal plants are available (Premgamone et al., 2001; Freitas et al., 2002; Atmani et al., 2004). Since the plants are   claimed to be nontoxic, low-cost, available in rural areas and culturally acceptable, their effectiveness in the treatment of urinary stones has been widely studied.  Herbal medicines have been used to help in urolilthiasis through anti-inflammatory, diuretic, litholytic and antimicrobial (Mohanty et al., 2010).  In tune with this effort, the present study centered around evaluating antilithiatic potential of Hibiscus rosa-sinensis, the candidate plant.
Hibiscus rosa-sinensis Linn (Malvaceae) is a glabrous shrub widely cultivated in the tropics as an ornamental plant and has several forms with varying colours of flowers. In medicine, however, the red flowered variety is preferred (Adhirajan et al., 2003). The herb Hibiscus rosa-sinensis Linn. is certain to emerge in the near future as a major player in the growing field of herbal health supplements and medicines both in daily self-care and in professionally managed health care system. All the parts of Hibiscus rosa sinensis Linn and chemical constituents are used as anti-tumor, antifertility, antiovultory, antiimplantation, anti-inflammatory, analgesic, antiestrogenic, antipyretic, antispasmodic, antiviral, antifungal, antibacterial, hypoglycaemic, spasmolytic, CNS depressant, hypotensive and juvenoid activity (Jadhav et al., 2009).  

Hibiscus rosa-sinensis has been used for the treatment of a variety of disease as well as to promote wound healing.  The wound healing activity of the ethanol extract of Hibiscus rosa-sinensis flower was determined in rats, using excision, incision and dead space wound models as reported by Shivananda et al., (2007).  Cold aqueous extract of Hibiscus rosa-sinensis leaves is reported by local practioners in western Nigeria to be aphrodisiac (Olangbande- doda et al., 2007).  It has also been investigated that Hibiscus rosa-sinensis extract exerts a protective effect against the tumour promotion stage of cancer development (Sharma and Sultana, 2004). 
Since not much documented evidence available regarding its therapeutic benefits for lithiasis.  The aim of this research effort is to evaluate the antilithiatic potential of Hibiscus rosa-sinensis. Antilithiatic potential of the flower extracts encompassing its preventive effect on calcium oxalate crystallization was studied using various in vitro assays and in vivo in male wistar rats. 
The objectives of the present investigation are as follows
· To evaluate the antilithiatic potential of Hibiscus rosa-sinensis in vitro.
· To assess the antilithiatic potential of Hibiscus rosa-sinensis in vivo using male wistar rats.  
2.0 REVIEW OF LITERATURE

A brief review of literature relavent to the present study “In vitro and in vivo evaluation of antilithiatic potential of Hibiscus rosa-sinensis Linn” is discussed under the following headings. 
2.1 Lithiasis

2.2 Classification of kidney stones by composition 


2.2.1. Calcium oxalate (CaOx)


2.2.2 Calcium phosphate (Cap)


2.2.3 Uric acid calculi


2.2.4 Struvite calculi

2.2.5 Cystine calculi

2.3 Pathogenesis of renal stone formation

2.3.1 Nucleation 

2.3.2 Crystal growth

2.3.3 Crystal aggregation

2.3.4 Crystal retention 

2.4 Medical management of kidney stones

2.4.1 Prevention 

2.4.2 Treatment

2.4.3 Dietary role in lithiasis
2.5 Importance of medicinal plants

2.6 Medicinal plants with antilithiatic potential

2.7 Therapeutic value of Hibiscus rosa-sinensis
2.1  LITHIASIS

The incidence of urolithiasis is very common in Northern India compared to Southern states.  It is speculated that higher incidence may be due to wheat diets.  People living in risky areas, where the climate is hot and dry, seem to be more prone to urinary calculi disease (Singh et al, 2006).  Most recent studies report the incidence of kidney and ureteral stones have increased significantly in both adults and children (Van Dervoort          et al., 2007).  Most stones in children are composed of calcium oxalate and calcium phosphate or combination of the two.  The two more common pathophysiological mechanisms of these stones are idiopathic hypercalciuria and hypocitraturia (Van Dervoortk et al., 2007; Alon et al., 2004). Though various kinds of stones have been identified, calcium stones are the most common in humans as well as rats.  Even though the technological developments are in the present medical practice the formation and growth of renal calculi continues to afflict humankind (Christina et al., 2005).

Stone formation or lithiaisis is a frequent clinical problem which is of   multifactorial in origin, but the exact cause for lithiasis is still not clear.  Kidney stone formation is initiated by supersaturation of urinary salts and crystal retention in the urinary tract. A complex medely of inhibitors and promoters are involved.  Deficiency of inhibitors and abundance of promoters in the urine are almost certain to prevent the stone disease (Basavaraj et al., 2007).  

FIGURE 1
STONE FORMATION AT VARIOUS LOCATIONS 
IN THE KIDNEY
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Renal calculi or kidney stones along the urinary tract can be located in the kidneys, ureters and urinary bladder as shown in Figure 1.  Kidneys are the chemical filters of the body, therefore stones begin in the cup-shaped part of the kidney (calix). Some stay and grow, others move within the kidney or into the ureter. There they can lodge, block the flow of urine, and cause pain (http://www.mountnittany.org/wellness-library/healthsheets/documents? ID=6854). Kidney stones less than 5 mm in diameter have a high chance of being passed, while those of 5–7 mm have a 50% chance, and those over 7 mm almost always require urological intervention.
Renal colic (flank pain) develops as the stone begins its passage down the urinary tract. While approximately 90% of stones are successfully passed out of the urinary tract, the remaining stones generally have to be surgically removed by ureteroscopy or percutaneous nephrolithotomy or comminuted by the non-invasive technique or shock wave lithotripsy (Lingeman, 2006). 
Lithiasis includes both nephrolithiasis (stone formation in kidney) and urolithiasis (stone formation in ureter or bladder or both) (Betanabhatla, 2009).  Urolithiasis is the formation of stones in the urinary tract, causing pain and bleeding which may lead to secondary infection. It is third most common affliction of the urinary tract (Atmani, 2003).  Nephrolithiasis is worldwide in distribution and a common disorder estimated to occur in approximately 12% of the population (Al-Attar, 2010).   

2.2 CLASSIFICATION OF KIDNEY STONES BY COMPOSITION 

Kidney stones are classified according to their chemical composition.  Factors influencing the formation of stones include age sex, diet, geographic location, genetic predisposition and urinary composition (Gupta and Kesarwani, 2002).  A large number of people in this world are suffering from urinary stone problem.  Calcium oxalate monohydrate and calcium oxalate dihydrate containing stones (calculi) are commonly found (Beghalia et al., 2008).  A majority of kidney stones are calcium stones, with calcium oxalate (CaOx) and calcium phosphate (CaP) accounting for approximately 80% of all of these stones, uric acid (UA) about 9%, and struvite (magnesium ammonium phosphate hexahydrate, from infection by bacteria that possess the enzyme urease) approximately10%, leaving only 1% for all the rest (cystine, drug stones, ammonium acid urate).
2.2.1 Calcium oxalate (CaOx)
Calcium oxalate stones are the most common type of urinary calculi and can exist in monohydrate and dihydrate forms, with or without phosphate.  High phosphate content may be associated with higher recurrence rates (Pietrow and Karellas, 2007). Urinary oxalate concentration affects CaOx supersaturation exactly as does urine calcium concentration (Pak, 2004), therefore any conditions that increase oxalate absorption from food or lead to increased oxalate production which in turn  can cause CaOx stone formation.  

2.2.2 Calcium phosphate (CaP)
When CaP becomes the main constituent (>50%) of stones, the stones are called CaP stones, and patients who form CaP stones are referred to as CaP stone formed           (Coe et al., 2005).  Calcium phosphate calculi often occur as a result of metabolic or hormonal disorders (http://www.healthtree.com/articles/kidneystone/types/).  

2.2.3 Uric acid calculi

Uric acid stones may consist of uric acid only or they may also contain calcium (Moe et al., 2002).  Uric acid is a by-product of ingested or endogenous purine metabolism and is excreted in the urine primarily in insoluble form.  The primary causes of uric acid stones is a urinary pH which is below the pKa for uric acid (5.5).  Other predisposing conditions include gout and insulin-resistant states.  Men with gout have a twofold risk of having a uric acid calculus (Kramer et al., 2003).

2.2.4 Struvite calculi

Formation of struvite infections calculi is due to urinary infection, and thus treatment involves pharmacological (antibiotic) intervention (Pietrow and Karellas, 2007).  Struvite or triple phosphate stones are the most common in women because they are more prone to urinary tract infections more than men.  The stones usually develop as jagged structures called ‘staghorns’ and grow to quite large (http://www.urology channel.com/kidneystone/types.html). Kidney stones are categorized as either staghorn (filling numerous major and minor calices) or non-staghorn. Non-staghorn stones are described as calyceal or pelvic in location, while ureteral stones are defined as proximal, middle or distal (Lingeman, 2006).
2.2.5 Cystine calculi

Hypercystinuria is due to an autosomal recessive genetic disorder that causes increased renal cystine excretion.  The hypercystinuria produces recurrent urolithiasis due to the low solubility of cystine at low urinary pH values (Ng and Stream, 2001; Berio and Piazzi, 2001).  Hydration and administration of urinary alkalinizing agents such as potassium citrate are mainstays of therapy.  Also, administration of cystine binders such as penicillamine and tiopronin can help in the prevention of cystine calculi formation.  Although these antibiotics are effective in the prevention of cystine calculi they can cause significant side effects such as gastrointestinal distress, rheumatologic symptoms, mental status changes and skin rashes (Pietrow et al., 2003).
Kidney stones are named for their solid phase, and stone type is a faithful representation of the supersaturation present in the urine when the stone was formed. Modern medical treatments for stone prevention are largely based on methods to decrease supersaturation effectively, and, thus, we are most interested in the pathophysiology leading to specific types of supersaturation.  As one example, increased calcium oxalate supersaturation may result from low urine volume or excessive excretion of calcium or oxalate, or combinations of these factors. Hypercalciuria and hyperoxaluria can result from interaction of genetic susceptibility and environmental triggers, in varying proportions. A state of hyperoxaluria may result from rare autosomal recessive genetic disorders of oxalate synthesis (primary hyperoxaluria types 1 and 2), increased intestinal oxalate absorption secondary to malabsorptive disease (enteric hyperoxaluria), dietary habits (high oxalate intake coupled with low calcium intake), alteration in gut flora which may decrease oxalate degradation in the colon, and, potentially, abnormalities of anion transporters found in both gut and kidney.  Despite all this knowledge about urinary super saturation, the most important data appear to be related to the links between genetic variability and urine calcium excretion and pH, hence these risk factors seem to be at the very center of the problem of kidney stone disease (Coe et al., 2005).
2.3  PATHOGENESIS OF RENAL STONE FORMATION
Although increasing urine volume is an obvious way to reduce supersaturation patients examined in a variety of practice settings have been found to be able to increase their urine volume by an average of only 0.31L/day (Parks et al., 2003). Thus one approach to prevent stone formation would be to stop crystal retention and major therapeutic goal is the reduction of supersaturation (Khan, 2006).  
The pathogenesis of calcium oxalate stone formation is a multi step process.  The basis for calcium stone formation is supersaturation of the urine with stone forming calcium salts considered to be one of the causative factors in calculogenesis        (Selvam et al., 2001). Metabolic abnormalities such as hypercalciuria, hypercitraturia, hyperoxaluria, hyperuricosuria and gouty diathesis can change the composition or saturation of the urine so as to enhance stone formation (Worcester and Coe, 2008; Miller et al., 2007). 
FIGURE 2
ILLUSTRATION OF THREE PATHWAYS FOR KIDNEY STONE FORMATION AND GROWTH

[image: image9.emf]
Figure 2 illustrates the three pathways of kidney stone formation and growth. The first pathway (1) represents ‘free particle’ formation, either in the collection system of the kidney or along the nephron (asterisk). The second pathway (2) requires crystal nuclei to form in the lumen of a nephron at sites of cell injury, which results in crystal attachment and growth. In this illustration, crystal attachment occurred at the opening of a duct of Bellini, and a plug of crystalline material projects into a minor calix. The third pathway (3) suggests that crystals in the urine can become attached to a site of exposed crystalline deposits of interstitial calcium phosphate following loss of the normal urothelial covering of the renal papilla

Calcium stone formation involves different phases of increasing accumulation of CaOx and CaP – nucleation, crystal growth, crystal aggregation and crystal retention.  The stone formation requires super saturated urine.  Super saturation also depends on urinary pH, ionic strength, solute concentration and complexations.  Various substances in the body have an effect on one or more of the above stone forming processes, thereby influencing a person’s ability to promote or prevent stone formation.  Promoters of stone formation facilitate stone formation while inhibitors prevent it (Lingeman, 2006). 
ROLE OF STONE INHIBITORS AND PROMOTERS IN STONE FORMATION 

 Inhibitors are defined as molecules that increase the supersaturation required to inhibit nucleation, decrease crystal growth rate and aggregation, and inhibit secondary nucleation. In contrast promoters reduce the product formation of the supersaturated solution. An imbalance between urinary promoting and inhibiting factors has been suggested as more important in urinary stone formation. These substances include inorganic compounds, proteins and glycosaminoglycans. Abnormal function and or concentration of these compounds in the urine may modify physiochemical conditions to promote stone formation (Wesson et al., 2003).
2.3.1  Nucleation 

Nucleation is the process by which a new crystal is formed.  There are two types of nucleation –homogenous nucleation and heterogeneous nucleation.  The process of nucleation in a pure solution is known as homogenous nucleation.  Urine is not a pure solution and nucleation in urine often occurs over an existing surface, or an alternative structures. This process is called heterogeneous nucleation (Basavaraj et al., 2007).

 Different theories are proposed to explain the process of nucleation in the kidney (Figure 3). The free particle stone formation was mathematically impossible and proposed that the stone disease required the adherence of crystals to the renal epithelium (fixed particle nucleation) but modern computational methods have proposed that aggregation of free crystals can result in urinary microliths large enough to occlude collecting ducts (free particle nucleation) (Menon, 2002). Which is the site of initial crystal deposition? There has been increasing interest to find an answer to this question since the early suggestions of Randall’s plaque. In a landmark study, Evan et al. (2003) and Matlaga et al. (2007) had performed kidney biopsies from area adjacent to Randall’s plaque on stone forming patients.  In hypercalciuric calcium oxalate stone formers, they observed initial calcium phosphate deposition in the basement membrane of the thin limbs of the loop of Henle (Figure 4). They also found further extension to the vasa recta, then to the interstitial tissue surrounding the ducts of Bellini, and finally proceeding to the urothelium of the papillary tip. In patients with hyperoxaluria resulting from intestinal bypass initial crystal deposition was found in the lumens of a few collecting ducts and crystals were hydroxyapatite. No crystal deposits were seen in the interstitum or around the thin loop of Henle.
FIGURE 3
HENLE’S LOOP AND DUCT OF BELINI
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FIGURE 4

SCHEMATIC ILLUSTRATION OF CALCIUM STONE FORMATION
[image: image11.emf]
These findings raised further questions; why does the initial crystallization occur in these sites and why initial crystals are composed of calcium phosphate. Bushinsky (2003) hypothesized that physiological changes within the interstitium and vasa recta following ingestion and absorption of dietary calcium may decrease bicarbonate removal from the medullary interstitium. The resultant increased pH would reduce the solubility of calcium phosphate complexes and probably an extracellular matrix protein may promote heterogeneous nucleation. Stoller et al. (2004) suggested a possible intravascular phenomenon in the vasa recta may affect the adjacent urinary collecting system and may promote initial solid phase.
2.3.2  Crystal growth
After nucleation, crystal growth is the next major step of stone formation. What causes crystals to ‘grow’?  Crystal growth is one of the prerequisites for particle formation. The driving force for crystallization is a reduction in the potential energy of the atoms or molecules when they form bonds to each other. The crystal growth process starts with the nucleation stage. Several atoms or molecules in a supersaturated liquid start forming clusters; the bulk free energy of the cluster is less than that of the liquid.  The total free energy of the cluster is increased by the surface energy (surface tension), however, this is significant only when the cluster is small. Crystal growth is determined by the molecular size and shape of the molecule, the physical properties of the material, supersaturation levels and pH that may form in the crystal’s structure (Qiu et al., 2004).
2.3.3 Crystal aggregation

In this process crystals in solution stick together and form a large particle.  In various steps of stone formation, crystal aggregation is a more significant step than nucleation and growth because aggregation occurs very rapidly.  Aggregation of particles in solution is determined by a balance of forces, between aggregating effects and disaggregating effects and also a small interparticle distance that favors particle aggregation (Basavaraj et al., 2007).

2.3.4 Crystal retention 

Urolithiasis requires formation of crystals followed by their retention and accumulation in the kidney.  Crystal retention can be caused by the association of crystals with the epithelial cells lining the renal tubules. Crystal formation predominantly  depends on the composition of the tubular fluid; crystal retention might depend on the composition of the renal tubular epithelial cell surface (Verkoelon et al., 2000;      Schepers et al., 2002).
A non-adherent surface of the distal tubules, collecting ducts, ureters, bladder, and the urethra may provide a natural defence mechanism against crystal retention, and may become defective when the anti-adherence properties are compromised.  Verhulst et al. (2003) observed upregulated cell surface expression of hyaluronic acid, osteopontin, and their receptor CD44, as well as the formation of a hyaluronic acid-dependent cell coat, and suggested that it may play a crucial role in the process of crystal retention. 
2.4  MEDICAL MANAGEMENT OF KIDNEY STONES
Medical management of urolithiasis is still a challenge for modern medical practice (Mohanty et al., 2010).  The accepted management of stone disease ranges from observation to surgical removal of the stone. Various factors such as size of calculi, severity of symptoms, degree of obstruction, kidney function, location of the stone and the presence or absence of associated infection influence the choice of one type of intervention over the other (Nabi et al., 2007). There are a number of practices for treatment of urinary calculi, including surgery, and endoscopic procedures such as ureteroscopy, precutaneous nephrolithotomy and extracorporeal shockwave lithotripsy (Mohanty et al., 2010). 
However there is evidence that intervention in the form of life style advice and stone forms of medical therapy can reduce the rate of stone recurrence thus, metabolic investigation and medical treatment are both important elements in the clinical management of renal stone disease (Johri et al., 2010).  Reliable methods for identification of high risk patients are likely to be needed to identify and target early assessment and interventions to maximize health gain and improve outcomes (Cox and Coupland, 2010).
2.4.1 Treatment

Extracorporeal shockwave lithotripsy (ESWL) is a non invasive procedure which uses shock waves to fragment calculi (Silberstein et al., 2008).  This technique is the most widely used method for managing renal and uretral stones.  However, treatment success rates depend on stone composition, size, properties and location of the stone as well as the instrumentation type and frequency of shock (Knoll, 2007).  But, ESWL might show some significant side effects such as renal damage, ESWL induced hypertension or renal impairment (Tombolini et al., 2000).
 However, treatments may pose their own problems. Potassium citrate is effective, but, along with shock wave lithotripsy (SWL), they may promote the formation of CaP stones (Parks, 2009). Because potassium citrate increases (alkali condition) urine pH, this new pH condition would favor the retention of apatite, in that apatite becomes increasingly more insoluble at higher pH levels. However, many pathways can lead to increased urinary supersaturation (Coe, 2005). 
Not all standard pharmaceutical drugs used to prevent urolithiasis are effective in all patients and many even have adverse effects that compromise their long term use (Touhami et al. 2007).  Although some oral medications have positive effects, they are not effective in all patients.  Oral citrate is one of the most widely used medical therapies for preventing urinary stone disease (Serhat and Kupeli, 2006).  However this drug is not tolerated by all patients and some patients still remain active stone formers during this therapy (Mattle and Hess, 2005). 
Based on their hypercalciuric action, thiazides are used to treat hypercalciuric nephrolithiasis patients.  Indeed, it was reported that thiazides especially hydrtcholorothiazide reduced significantly the formation of stones when compared to a placebo group.  Nevertheless, thiazide therapy is limited by side effects like fatigue, malaise, impotence and constipation in certain circumstances associated with respect to monosodium urate leading to hyperuricosuria.  This agent might induce heterogenous nucleation of CaOx and promote indirectly CaOx crystallization by precipitation of urinary inhibitors.  Recently, it was shown that administration of indinavir, a protease inhibitor used to treat patients with AIDS, led to the formation of urinary stones (Atmani, 2003). The medical treatment of urolithiasis is aimed at protecting the patient from further growth of existing stones and development of new stones, thus decreasing morbidity and the need for surgical intervention. Hence, under these circumstances medical treatment, in practically means prevention (Alon, 2009).

2.4.2  Prevention

Despite the major technical achievements for stone removal in the last three decades the problem of recurrent rate of kidney stone is approximately 15% in the first year and as high as 50% within the five years of the initial stone (Tisellius, 2003).  Effective kidney stone prevention is dependent on the stone type and the identification of risk factors for stone formation.  An individualized treatment plan incorporating dietary changes supplements and medications can be developed to prevent the formation of new stones.  Regardless of the underlying etiology of the stone disease, patients should be instructed to increase their fluid intake in order to maintain a urine output of atleast 2L/day (Park and Peark, 2007). 
2.4.3 Dietary role in lithiasis


Epidemiologic observations leave no doubt that diet plays a major, if not the most important, role in the pathogenesis of urolithiasis. Much evidence has been put forward that the consumption of animal protein is closely related to the prevalence of stone disease in a given population. Animal protein intake has a great influence on the whole stone forming risk and the chemical composition of urinary calculi (Reddy et al., 2002).  Recent studies report that actual protein consumption in children in Europe and North America are three-time to five times higher than recommended (Prentice et al., 2004). The decreased urinary pH may potentiate uric acid lithiasis, and it enhances citrate reabsorption in the proximal tubules, thus decreasing the excretion of this important inhibitor of crystallization (Trinchieri et al., 2006).

As well as a protein-rich diet that enhances the risk for calcium oxalate and an upper urinary tract stone, a nutritionally poor diet that is low in animal protein, calcium and phosphate but high in cereal and therefore acidogenic is the main factor that leads to the development of bladder stones in children in undeveloped countries. This leads to the formation of urine with a relatively high content of ammonium and urate ions and, consequently, to the formation of ammonium acid urate stones (Rizvi et al., 2002). Recent studies have suggested an increased prevalence of urolithiasis and recurrence associated with obesity, with elevated urinary excretion of calcium, sodium, uric acid and oxalate (Siener et al., 2004; Calvert and Burgess 2005; Lee, 2008). Obese patients, associated with metabolic derangements such as insulin resistance and compensatory hyperinsulinemia may lead to the formation of calcium containing kidney stones     (Taylor et al., 2005). A recent metabolic trial demonstrated that insulin resistance was associated with defects in renal ammonium ion production (Abate et al., 2004).

In conclusion, none of the listed treatment modalities is without any side effects.  Thus the focus should be on the development of novel strategies for the prevention and treatment of kidney stone disease.  Herbal medicines could close a gap in this regard.  
2.5   IMPORTANCE OF MEDICINAL PLANT 

Natural products remain a prolific source for the discovery of new drugs and drug leads even from vedic period.  Indian natural products, particularly those from traditional medicinal plants which are reported in the classic texts like Ayurveda and Charalk Samhita, have contributed towards this ‘boom’ in drug discovery.  The traditional Indian system of medicine has a very long term history of usage in a number of diseases and disorders, but lacks recorded safety and efficacy data (Bhutani and Gohil, 2010).   
India has a very long safe and continuous usage of many herbal drugs in the officially recognized alternative systems of health viz., Ayurveda, yoga, Unani, Siddha, Homeopathy and Naturopathy (Vaidya and Devasagayam, 2006).  The relatively lower incidence of adverse reactions to plant preparations compared to modern conventional pharmaceuticals, coupled with their reduced cost, is encouraging both the consuming public and national health care institutions to consider plant medicines as alternatives to synthetic drugs (Nair et al., 2005).The WHO has recently defined traditional medicine (including herbal drugs) as comprising therapeutic practices that have been in existence, often for hundreds of years, before the development and spread of modern medicine and are still in use today (Pal and Shukla, 2003).
2.6 MEDICINAL PLANTS AS ANTILITHIATIC AGENTS

A large number of plant drugs have been used in India since ancient times which claim efficient cure of urinary stones (Bahuguna et al., 2009).  Theoretically an effective herbal medicine for stone diseases may inhibit nucleation, growth, or aggregation of crystals, or might help with expulsion of small crystals through an effect on urothelial adherence or by a diuretic mechanism of action (Miyaoka and Mongo, 2009). Kampou medicines are usually a mixture of two or more kinds of herbs and studies of individual components are uncommon.  It has been known to be used in the treatment of various diseases for hundreds of years.  It had been also used for prevention and treatment of urinary calculus (Atmani, 2003).
Hence it is imperative search for some new or less known medicinal plants, which may be potential source for bioactive compounds of therapeutic value. Such exploration assumes tremendous significance when herbal medicine is gaining importance throughout the world. Herbal medicine is still the mainstay of about 75 - 80% of the world population, mainly in the developing countries, for primary health care.  Herbal drugs constitute only those traditional medicines which primarily use medicinal plant preparations for therapy. The earliest recorded evidence of their use in Indian, Chinese, Egyptian, Greek, Roman and Syrian texts dates back to about 5000 years. The classical Indian texts include Rig veda, Atharvana veda, Charak Samhita and Sushruta Samhita. The herbal medicines or traditional medicaments have therefore been derived from rich traditions of ancient civilizations and scientific heritage (Kamboj, 2000).
The inhibition of growth of calcium oxalate crystals by extracts of Indian medicinal plants Solanum xanthocarpum and Pedalium murex was quite considerable (Patel et al., 2010). The supplementation of Spirulina has a beneficial effect on nephrolithiasis induced by ethylene glycol (Al-Attar, 2010).  The aqueous extract of Tribulus terrestris has been shown to possess an ability to inhibit calcium oxalate crystallization in vitro (Aggarwal et al., 2010).
The clinical beneficial effects of Phyllanthus niruri may be related to ureteral relaxation, helping to eliminate calculi or to clear fragments following lithotripsy, or also to a putative reduction of the excretion of urinary crystallization promoters such as calcium (Boim et al., 2010).
2.7  MEDICINAL VALUE OF Hibiscus rosa-sinensis

Hibiscus (Malvaceae) is a genus of herbs, shrubs and trees.  It is commonly known as China rose. The flowers have been reported to possess anti-implantation and antispermatogenic activities.  The petroleum ether extracts of the leaves and flowers have been shown to potentiate hair growth in vivo and in vitro.  Leaves and flowers also possess hypoglycemic activity (Gupta et al., 2009). 

Hibiscus rosa-sinensis has been used for the treatment of a variety of diseases as well as to promote wound healing.  The wound healing activity of the ethanol extract of Hibiscus rosa-sinensis flower was determined in rats, using excision, incision and wound models (Kate and Lucky, 2010).  Traditionally this plant is used for the control of dysfunctional uterine bleeding and as an oral contraceptive.  Some of the chemical constituents isolated from this plant are cyanidin, quercitin, hentriaconate, thiamine, niacin and ascorbic acids have been isolated (Nair et al., 2005).  In the present study, an effort has been made to establish the scientific validity for the antilithiatic property of Hibiscus rosa-sinensis flower extract by assessing the inhibition and dissolution activity of calcium oxalate crystals induced in vitro and using ethylene glycol induced male wistar rats. 

The materials used and the methodology adopted in the present study are explained in the next chapter.
3.0  METHODOLOGY

This chapter presents in brief the experimental procedure for assaying various parameters involved in the study entitled “In vitro and in vivo evaluation of antilithiatic potential of Hibiscus rosa-sinensis Linn”.


Nature has been a source of medicinal agents for thousands of years and an impressive number of modern drugs have been isolated from natural sources, many based on their use in traditional medicine.  Plants, a source of dominant role in the maintenance of human health since ancient times (Kate and Lucky, 2010). One among the unconventional therapy that we will focus in the present study is phytotherapy or                  the use of plants with medicinal value in the treatment of disease and disorders            (Nair et al., 2005).  
Now, herbal medicines are in great demand in the developing world for primary health care not because they are inexpensive but also for better cultural acceptability, better compatability with the human body and minimal side effects (Pal and Shukla, 2003).  Also in vitro, in vivo and clinical trials reveals that phytotherapeutic agents could be useful as either as an alternative or a complementary therapy in the management of urolithiasis (Butterweck and Khan, 2009).
The present study involves the preliminary evaluation of antilithiatic activity of the aqueous extract of Hibiscus rosa-sinensis flowers and the assessment of antilithiatic activity of the same using male wistar rats.
3.1 Plant collection and extraction 

3.1.1 Source of the plant material 

 The plant Hibiscus rosa-sinensis belongs to family “Malvaceae” and is commonly known as jasvand.  It is cultivated throughout India but the native country probably is China.  The buds have a sweet odour and bitter taste, cooling astringent, remove burning sensations of the body and relieve pain (Sawarkar et al., 2009).  The fresh flowers of Hibiscus rosa-sinensis (Plate 1(a)) collected from the local areas of Coimbatore and then air dried at room temperature, pulverized in a mixer-grinder, filtered and the powder was stored in a non toxic plastic bottle.

PLATE I
FRESH FLOWER AND POWDERED SAMPLE 
OF Hibiscus rosa-sinensis
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a. Fresh flower
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b. Powdered sample

3.1.2  Preparation of plant extract

 For aqueous extraction, 1g of air dried powder (Plate 1(b)) was placed in 100ml of distilled water and boiled for 6 hours and it was filtered through Whatman No. 1 filter paper and centrifuged at 3500 rpm for 1 minute. The supernatant was concentrated. Finally 1g material was extracted in 25ml of distilled water giving a concentration of 40mg/ 1ml.
3.2 Evaluation of antilithiatic potential in vitro

3.2.1 Nucleation assay

Nucleation is the process by which a new crystal is formed.  The percentage inhibition of nucleation of calcium oxalate crystals by the flower extract of Hibiscus rosa-sinensis was evaluated by the method of Atmani and Khan (2000) as given in the Appendix I.
3.2.2 Growth assay 

Crystal growth is a mojor stage of a crystallization process of arranging atoms or molecules that are in a fluid or solution state into an ordered solid state.  The process occurs in two steps - nucleation and growth (http://www.answer.com/topic/crystal).   The percentage inhibition of growth of calcium oxalate crystals induced in vitro by the flower extract of Hibiscus rosa-sinensis was evaluated by the method of Aggarwal et al. (2010) as given in the Appendix II.
3.2.3 Aggregation assay

The percentage inhibition of aggregation of calcium oxalate crystals induced in vitro by the flower extract of Hibiscus rosa-sinensis was evaluated by the method of Patel et al. (2010) as given in the Appendix III.
3.2.4 Crystallization assay in whole urine 

Human urine (24 hr) samples were collected and calcium oxalate crystal formation in urine was induced by the addition of calcium chloride and sodium oxalate.  The flower extracts of Hibiscus rosa-sinensis was evaluated for its potential against the stone formation in the urine sample by the method of Barros et al. (2003) as given in the Appendix IV

3.2.5  Estimation of Calcium oxalate by titrimetry

The ability of the flower extracts of Hibiscus rosa-sinensis to dissolve calcium oxalate was quantified by the method of Masood (2006) as given in Appendix V.

3.2.6 Estimation of Calcium phosphate by colorimetry 

The ability of the flower extracts of Hibiscus rosa-sinensis to dissolve calcium phosphate was quantified by the method of Garimella (1998) and Sakakura et al. (1999) as given in Appendix VI.

3.3 Evaluation of antilithiatic potential in vivo
3.3.1 Animal selection 
Healthy adult male wistar rats weighing between 100- 150 g were selected for the study.  The animals were acclimatized to standard laboratory conditions (temperature: 25±2° C) and maintained on 12 hour light and 12 hour dark cycle.  They were provided with regular rat chow and drinking water ad-libitum.  The animal care and experimental protocols were in accordance with Institutional Animal Ethical Cmmitttee (IEAC).

3.3.2 Ethylene glycol induced urolithiasis model

Ethylene glycol induced hyperoxaluria model was used to assess the antilithiatic activity in male wistar rats.  Animals were divided into four groups containing four animals in each group. 
Grouping of animals

Group I – control

Group II – plant extract control

Group III – ethylene glycol

Group IV – ethylene glycol + plant extract

Group I served as control and received regular rat feed and drinking water ad-libitum for 28 days.

Group II received aqueous extract (200mg/ kg body weight) and served as plant extract control. 

Group III received 0.75% ethylene glycol in drinking water and served as test control.

Group IV received 0.75% ethylene glycol in drinking water along with plant extract (200mg/ kg body weight) and served as preventive regimen.  Extracts were given once daily by oral route.  

3.3.3 Collection and analysis of urine 

Urine sample(24 hr ) of the rats  were collected before the  treatment and on the days of 7, 14, 21 and  28 after the treatment by keeping the animals  in separate metabolic cages and were analyzed for the following parameters. 

3.3.4 Estimation of calcium 

The amount of calcium in the rats urine sample was analyzed by the method of Clark and Collip (1925) as given in Appendix VII.

3.3.5 Estimation of phosphorus 

The amount of phosphorus in the rats urine sample was analyzed by the method of Fiske and Subbarow (1971) as given in Appendix VIII.

3.3.6 Estimation of magnesium

The amount of magnesium in the rats urine sample was analyzed by the method of Neill and Neely (1956) as given in Appendix IX.

3.3.7 Estimation of Creatinine 

The amount of creatinine in the rats urine sample was analyzed by the method of Bonser and Tausky (1945) as given in Appendix X.

3.3.8 Kidney homogenate analysis

The abdomen was cut open to remove both kidneys from each animal.  Isolated kidneys were cleaned off extraneous tissue and preserved in 10% formalin.  The kidneys were dried at 80°C in a hot air oven.  A sample of 100mg of the dried kidney was boiled in 10ml of 1N hydrochloric acid for 30 minutes and homogenized.  The homogenate was centrifuged at 2000 x g for 10 minutes and the supernatant was separated (Chaitanya, 2010).  Oxalates were precipitated by adding 1M calcium chloride solution and left overnight at 4°C.  The oxalates were then determined by titrimetry method (Khan et al., 2001).

3.3.9 Statistical analysis

The analysis was performed using SigmaStat statistical package (Version 3.1).  Statistical significance was determined by one-way analysis of variance ANOVA, followed by Fischer’s test was adapted to the parameters under study to test the level of significance.

The results obtained for the various in vitro assays and the biochemical parameters performed in the present study and the findings made during study are discussed in the next chapter.

4.0  RESULTS AND DISCUSSION


It has been well documented that calculi disease affects 12% of the world population and it is rising in the east western countries, attributed to their life style and dietary habits (Swathi et al, 2008). Due to significant side effects and failure to prevent recurrence by the present day treatment procedures for urolithiasis, alternative treatment modalities using herbal products assumed importance. A dramatic advancement in using phytotherapy for urolithiasis has been observed in recent years and many investigators have proposed further scientific study on its efficacy. Many medicinal plants have been employed for centuries to treat urinary stones though the rationale behind their use is not well established (Aggarwal et al., 2010). 

The traditional Indian system of medicine has a very long term history of usage in a number of diseases and disorders but lacks recorded safety and efficacy data (Bhutani and Gohil, 2000). Calcium oxalate urinary stones are the most common type of urinary stones. There is growing evidence that CaOx nephrolithiasis is associated with renal injury. Hyperoxalluria is a major risk factor for calcium oxalate nephrolithiasis (Moriyama et al., 2007). In vitro crystallization systems are widely used for different purposes in urolithiasis research. Since kidney stone formation is a complex process that form a succession of several physico-chemical events including super saturation nucleation, growth, aggregation and retention within renal tubules (Paretaet et al., 2011). 
As an initial step towards understanding the antilithiatic potential, the in vitro assays were carried out in the flower extract of Hibiscucs rosa-sinensis in the present study, and an extension study was also done using rats to reiterate the antilithiatic activity of Hibiscucs rosa-sinensis flower extracts. 

Antilithiatic activity of Hibiscus rosa-sinensis was evaluated in vitro with regard to the preliminary assays as follows-nucleation assay, growth assay, aggregation assay, crystallization assay and dissolution of calcium oxalate and calcium phosphate. Flower extracts at different concentration (ranging from 100(g/ml to 1000(g/ml) were used to assess the inhibitory potential of the same against the pathogenesis of the crystal formation. In the in vitro assay CaOx crystals were grown by mixing calcium chloride and sodium oxalate. 
Nucleation is an essential step in renal stone formation. It may occur at a seed crystal, but in the absence of seed crystal, it usually occurs at some particle of dust or at some imperfection in the surrounding vessel. Crystals grow by the ordered deposition of material from the fluid or solution state to a surface of the crystal. The shapes of crystals depend on both the internal symmetry of the material and on the relative growth rate of the faces of the crystal (http://www.answer.com/topic/crystal). 
The results of nucleation assay performed in the study is shown is shown in  Figure 5.  CaOx nucleation was monitored in the presence and absence of plant extract using light microscope. 
Calcium oxalate monohydrate (COM) assumes the hexagonal shape (Qiu et al., 2003; Sheng et al., 2004; Thongboonkerd et al., 2005; Yu et al., 2005) and most CaOx particles had the octahedral shape of COD (Jung  et al., 2004; Walton et al., 2005). When Hibiscus rosa-sinensis flower extract concentration is increased, the amount of COM particles decreased, and those of calcium oxalate dihydrate (COD) gradually increased, indicating the inhibition of crystal nucleation, since formation of COD will not favour crystal nucleation.  Plate 2 indicates that all CaOx particles were hexagonal in shape in the control.

In addition surface structures of COM and COD differ in their affinities for cell membranes (Yu et al., 2004).  COM has higher affinity for renal tubules cells and for cell membranes than COD (Pachana et al., 2010).  Hence a preferential adsorption to cell membrane of COM crystals induces kidney stones (Yu et al., 2004).  In contrast COD prevents kidney stones because it is excreted in urine.

Pachana et al. (2010) revealed that the conversion of COM to COD may be due to the presence of cyanidin, ascorbic acid, citric acid, succinic acid and oxalic acid the inhibitors of stone formation.   

The present study is in agreement with the studies previously reported as regards the anti-urolithiatic potency of alcoholic and aqueous extracts of Solanum xanthocarpuem and Pedalium murex Linn on the inhibition of calcium oxalate crystals in vitro (Patel      et al., 2010). Beghalia et al.(2008) have suggested that the flower extract may contain substances that inhibit the growth of calcium oxalate monohydrate crystals. This property of plant extract could be important in preventing kidney formation. 
FIGURE 5
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                 The values are expressed as Mean ± S.D. of triplicate

  FIGURE 6
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PLATE 2

EFFECT OF Hibiscus rosa sinensis FLOWER EXTRACT  ON CRYSTAL NUCLEATION OF CALCIUM OXALATE CRYSTALS 
INDUCED  in vitro
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PLATE 3
EFFECT OF Hibiscus rosa sinensis FLOWER EXTRACT  ON CRYSTAL GROWTH OF CALCIUM OXALATE CRYSTALS 
INDUCED in vitro
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          a. Without plant extract                     b. With plant extract

Therefore our results clearly indicate that Hibiscus rosa-sinensis flower extract act as a good inhibitor for kidney stones once they induce the formation of COD.
The next step to crystal nucleation is crystal growth which is a critical step in the urinary stone formation due to agglomeration of the particles. The rate of growth of crystals was made in the absence and presence of the flower extract. The reaction of CaCl2 and Na2C2O4 with crystal seed led to the deposition of CaOx on the crystal surface thereby decreasing free oxalate that is detectable by spectrophotometry at wavelength of 214nm. When the extract is added to this solution, depletion of free oxalate ‘ions’ will decrease if the test sample inhibits CaOx crystal growth (Aggarwal et al., 2010). 

Figure 6 depicts that the growth of the calcium oxalate crystals were steadily decreased by the increased concentration of flower extract. Micrographic view of CaOx shown with and without plant extract in plate 3(a) and (b) reveals that in the absence of the plant extract the crystal size was bigger and highly aggregated. However, the size of the crystal was considerably reduced and very well dispersed by the presence of flower extract of Hibiscus rosa-sinensis indicating that the flower extract reduced the crystal growth to a greater extent which could ultimately prevent the stone formation.

 The third important step in calculus formation is aggregation that constitutes the most effective mechanism to increase the size of particle composition and structure of urinary stone (Das and Verma, 2008). Figure 7 depicts results of crystallization method. Addition of the flower extract to the reaction mixture (calcium chloride and sodium oxalate) revealed that the flower extract induces the formation of more CaOx crystals.  However it prevented the aggregation of crystals drastically.  The flower extract may contain substances that inhibit CaOx crystal aggregation as reflected in the plate 4.  Though the number of crystals formed in the flower extract treated group were more but they remain disaggregated while in the control, the crystals were highly aggregated and an increase in crystal growth was observed.

A similar trend was observed by Atmani and Khan (2000) who have reported that the results could be considered negative because the flower extract promoted only the dispersion of crystals rather than decreasing the number of crystals formed.  

PLATE 4
EFFECT OF Hibiscus rosa sinensis FLOWER EXTRACT ON AGGREGATION OF CALCIUM OXALATE CRYSTAL INDUCED in vitro
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FIGURE 7
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However, crystalluria alone is not a risk factor for lithiasis because it is common in both healthy subjects and stone-formers and also proposed they proposed that Herniaria hirsute promoted the formation of calcium oxalate dihydrate crystals, despite the presence of calcium oxalate monohydrate crystals. They also said that the plant may contain substances that inhibit calcium oxalate aggregation. 
The limiting factors in stone formation could be those processes that affect the size of the particles formed, because particles may become large enough to occlude the urinary tract, leading to stone formation (Beghalia et al., 2008). Hibiscus rosa-sinenesis can be used to prevent calcium oxalate crystal growth. 

Crystallization represents the fourth step of urinary stone formation. Inhibition of crystallization by the flower extracts of Hibiscus rosa-sinensis was analysed using human urine (24 hour).  Stones results from a stepwise change in which dissolved salts condense into solids and this transformation is influenced by super saturation (Basavaraj et al., 2007). 

Figure 8 shows that the number of crystals formed as estimated from the turbidity of the solution at 620nm immediately and after 24 hr induction of crystals. The optical density increased with the increase in concentration of flower extracts. The crystals induced in human urine in each tube were centrifuged and the precipitate obtained was viewed under light microscopy under 45 X. 
FIGURE 8
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PLATE 5

EFFECT OF Hibiscus rosa sinensis FLOWER  EXTRACT ON CRYSTALLIZATION OF  HUMAN URINE
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Super saturation in relation to calcium oxalate and phosphate salts is the driving force for crystallization in solutions like urine, which means that in urine crystals are formed spontaneously. If inhibitors of crystal formation were not able to act and control their size, the final result will be nephrolithiasis (Carvalho et al., 2002; Kurutz et al., 2003). When the CaOx super saturation was higher, there was almost no space for inhibitors of crystallization to act and the crystals aggregated immediately (Carvalho and Vicira, 2004). 
In the present study the turbidity of the flower extract treated sample showed increasing optical density with increasing concentration.  Increase in optical density indicates increase in number of crystals but of reduced size and less aggregation.   The reason behind this may be super saturation.  Since super saturation is reduced in the present study, it prevented crystallization and it may be due to the presence of inhibitors of the plant extract interfering in the crystallization process. Reduced super saturation reduces the chance of retention in the urinary tract (Atmani and Khan, 2000). 
It is evident from the results reported by Barros et al., (2003) P.niruri exert an inhibitory effect on CaOx crystal growth and aggregation in human urine, suggesting that it may interfere with the early stages of stone formation and may represent an alternative form of treatment for urolithiasis.  In similar lines Hibiscus rosa-sinensis flower extract exerted its antilithiatic potential by inhibiting the CaOx crystal growth in human urine.


Calcium phosphate and calcium oxalate are the most common crystalline constituents of human urinary stones (Das and Verma, 2008). The dissolution percentage depicted in the table 1 shows that the quantity of the calcium oxalate and calcium phosphate, actually the plant extract could dissolve. The dissolution rate of calcium oxalate and calcium phosphate was found to be increased with increasing concentration of the flower extract. In normal physiochemical condition repulsion force occurs between the calcium phosphate (CaP) crystals and tubular cells and may results in elimination of small CaP crystals either by dissolution or through spontaneous passage in urine. CaP induces the primary nucleation of CaOx crystal (Basavaraj et al., 2007). Hence if CaP dissolution is increased then the CaOx crystallization could be prevented.  Dissolution assay of CaOx and CaP by the Hibiscus rosa-sinensis flower extract exerted an increased dissolution percentage with its increased concentration.

Nair et al. (2005) reported that chemical constituents such as cyanidin, ascorbic acid were isolated from Hibiscus rosa-sinensis. It may be involved in the inhibition of steps involved in crystallization. 
In the present study , besides enumerating the antilithiatic potential of Hibiscus rosa-sinensis flower extract in vitro an effort was also made to validate in vivo using male wistar rats. 
TABLE 1

DISSOLUTION OF CALCIUM OXALATE BY DIFFERENT CONCENTRATION

OF Hibiscus rosa-sinensis FLOWER EXTRACT in vitro
	Name
	Sample
(mg/ml)
	Vol. of stdandard KMnO4(ml)
	Wt. of calcium estimated (mg)
	Wt. of calcium reduced

(mg)
	Percentage dissolution

%

	Control
	-
	0.50
	0.0949
	-
	-

	Flower extract
	0.1
	0.40
	0.0759
	0.019
	20.02

	
	0.2
	0.40
	0.0759
	0.019
	20.02

	
	0.4
	0.35
	0.0664
	0.029
	30.03

	
	0.6
	0.30
	0.0569
	0.038
	40.04

	
	0.8
	0.25
	0.0475
	0.0474
	49.94

	
	1.0
	0.20
	0.0380
	0.0569
	59.95


  Weight of calcium estimated in the plant extracts with respect to control values


The therapeutic dosage was decided based on literature available and 200mg/kg body weight of flower extract was orally fed to the experimental animals. Many in vivo models have been developed to investigate the mechanisms involved in the formation of urinary stones, and to ascertain the effect of various therapeutic agents as the development and progression of the disease (Atmani et al., 2004). Rats are the most frequently used animals in models of CaOx deposition in the kidneys, a process that mimics the etiology of kidney stone formation in humans (Touhami et al., 2007). In tune with this background, rats of 100-150g of good health condition were chosen for the present study.  

TABLE 2

DISSOLUTION OF CALCIUM PHOSPHATE BY DIFFERENT CONCENTRATION OF Hibiscus rosa-sinensis FLOWER 
EXTRACT in vitro
	Name
	Sample

mg/ml
	Wt. of calcium estimated (mg)
	Wt. of calcium reduced (mg)
	Percentage dissolution

%

	control
	-
	0.9103
	-
	-

	Flower extract
	0.1
	0.5724
	0.3379
	37.12

	
	0.2
	0.5241
	0.3862
	42.43

	
	0.4
	0.5724
	0.3379
	37.12

	
	0.6
	0.4276
	0.4827
	53.02

	
	0.8
	0.2344
	0.6759
	74.25

	
	1.0
	0.1862
	0.7241
	79.55


             Weight of calcium estimated in the plant extracts with respect to control values

Different chemicals used to induce lithiasis in experimental animals include ethylene glycol, glycolic acid and ammonium oxalate. Kidney being the principal target for ethylene glycol toxicity and its administration to the experimental animals for a period of 4 weeks, would result in substantial excretion of oxalate and deposition of micro crystals in kidney (Betanabhatla et al., 2007). In the present study stone was induced in rats by the administration of ethylene glycol.  0.75% ethylene glycolated water was administered for  the respective groups. 
The urinary output of all the four groups of rats (Control and experimental) on 28th day is as follows in the figure 9. 
The results have shown that the urine output of the rats supplemented with ethylene glycol  and flower  extract was  increased significantly which might be due to due to mild diuretic activity of the flower extract when compared to that of the urine output of the lithiatic control supplemented only with ethylene glycol. Such an effect may be advantageous in the lithiatic condition, as an increase in output is recommended to reduce the possibility of stone formation. The urine output of flower extract treated group was significantly different from that of the lithiatic control and in ethylene glycol plus flower extract treated rats the urinary volumes were increased when compared to that lithiatic control. This suggested that extract might have mild diuretic activity. 
FIGURE 9
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Values are expressed as mean ± S.D. of 4 observations.
             a - Statistically significant (P<0.001) compared to control
                    b - Statistically significant (P<0.001) compared to the lithiatic control


The present study is supported by the investigations on the effect of Ammi visnaga seeds on kidney stones revealing that the antilithiatic effect is mainly because of highly potent diuretic activity (Khan et al., 2001). 
It is clearly evident from the graphical representation (Figure 8), a steep decline in the volume of rats urine treated with ethylene glycol was observed. However, administration of the flower extract along with ethylene glycol to the rats showed a significantly increased urinary output thereby reducing the possibility of stone formation, suggesting that the extract might have mild diuretic activity.

Microscopic observation (plate 6) revealed that the flower extract of Hibiscus rosa-sinensis visibly reduced the crystal size, in addition flower extract treated rats excreted more COD crystals which is of a reduced size than COM.  

Rats treated with Hibiscus rosa-sinensis showed an excretion of COD in the urine. As discussed earlier presence of more COD when compared to COM, generally prevents the stone formation.  More over, crystals observed were lesser in size when compared to ethylene glycol treated sample rats. It is important to emphasize here, that the change in crystal structure in ethylene glycol plus flower extract treated group have several positive virtues.    
PLATE 6
LIGHT MICROSCOPIC VIEW OF CRYSTALS IN RAT URINE ON 
28TH DAY OF TREATMENT 


              Group I



            Group II



      Group III
  




  Group IV
The study reported by Atmani et al., (2009) reveals that substances from the plant may end up in the urine and exert their action directly or indirectly on crystals and also the appearance of more COD than COM particles is beneficial since COM crystals have high adhesion affinity to renal epithelial cells as compared to COD particles.  Pachana          et al. (2010) demonstrated that Hibiscus sabdarifa act as a good inhibitor for kidney stones as they induce the formation of COD. 
The study of urinary chemistry with respect to the stone forming minerals will provide a good indication of the risk of stone formation. It is suggested that Hibiscus rosa-sinensis extract act as good inhibitor for kidney stones since they induce the formation of COD.

Table 3 depicts the amount of calcium excreted in the various treatment groups An increased calcium excretion was observed in the ethylene glycol induced urolithic rats.    
TABLE 3
EFFECT OF Hibiscus rosa-sinensis FLOWER EXTRACT ON URINARY EXCRETION OF CALCIUM

	Days
	Calcium content (mg/24 hr urine)

	
	Control
	Flower extract treated

	
	Without ethylene glycol
	With ethylene glycol
	Without ethylene glycol
	With ethylene glycol

	1
	2.40±1.13
	3.60±0.80
	2.00±1.38 a
	3.80±1.15ab

	7
	4.48±2.20
	4.88±0.99 a
	2.60±0.20 a
	2.80±0.23ab

	14
	4.40±1.03
	7.60±1.03 a
	4.20±2.29ab
	5.00±1.17ab

	21
	3.20±0.92
	7.00±0.76 a
	4.40±1.03ab
	4.40±1.03ab

	28
	3.40±0.76
	7.00±0.76 a
	2.80±1.03ab
	3.20±0.92ab


Values are expressed as mean + S.D. of 4 observations.

a - Statistically significant (P<0.001) compared to control for its respective treatment days
b - Statistically significant (P<0.001) compared to the lithiatic control for its respective treatment days
However, the flower extracts of Hibiscus rosa-sinenis lowered the level of calcium excretion. Treatment with M-uniflorum seed aqueous and alcoholic extract reduced the level of calcium excretion in ethylene glycol induced urilithic rats. Moreover, several investigations demonstrated that ethylene glycol treatment increased urinary calcium excretion significantly in lithiatic rats (Christina et al., 2002; Karadi et al., 2006; Verma et al., 2009). 
Increased calcium excretion might be a factor favouring the nucleation and precipitation of calcium oxalate of apatite (Calcium phosphate) from urine and subsequent crystal growth (Soudarajan et al., 2006).
Thus the results reveal that the flower extract of Hibiscus rosa-sinenis posses components that inhibit the process of crystal nucleation, precipitation of calcium oxalate crystals in urine and crystal growth as reflected by its ability to reduce the calcium excretory levels in urine ultimately preventing the stone formation.
Urinary excretion of control group and flower extract treated group are tabulated in the Table 4. An increase in urinary phosphate was observed in calculi induced rats supplemented with ethylene glycolated water alone. Increased urinary phosphate excretion along with oxalate stress seems to provide an environment appropriate for stone formation by forming calcium phosphate crystals, which epitaxically induces calcium oxalate deposition (Bahuguna et al., 2009).
On M. uniflornm aqueous and alcoholic extract treatment, the phosphate level was maintained to normal and reduced the risk of stone formation. (Chaitanya et al., 2010). 
Treatment with Hibiscus rosa-sinesis flower extract in the present study also reduced the phosphate level, thus reduced the risk of stone formation. 
 In contrary to the above results, in lithiatic control group the magnesium excretion was gradually decreased following ethylene glycol treatment. Subsequent administration of the extract enhanced the magnesium excretion in the prevention regimens restored to normal level compared with lithiatic control.  
TABLE 4
EFFECT OF  Hibiscus rosa-sinensis FLOWER EXTRACT ON URINARY EXCRETION OF PHOSPHORUS

	Days
	Phosphorus content (mg/24 hr urine)

	
	Control
	Flower extract treated

	
	Without ethylene glycol
	With ethylene glycol
	Without ethylene glycol
	With ethylene glycol

	1
	2.43±1.01
	2.94±1.16
	2.94±1.16
	2.94±1.16

	7
	2.52±0.00
	4.77±0.87
	3.27±0.87b
	4.40±0.75b

	14
	1.45±0.00
	4.87±0.76a
	1.83±0.76b
	3.35±1.46b

	21
	2.44±0.62
	4.92±0.62a
	2.44±0.62ab
	4.30±0.62b

	28
	2.07±0.72
	4.28±0.63a
	1.45±0.00ab
	3.34±0.72ab


 Values are expressed as mean + S.D. of 4 observations.

 a -Statistically significant (P<0.001) compared to control for its respective treatment days
 b -Statistically significant (P<0.001) compared to the lithiatic control for its respective treatment days
Magnesium is the fourth most abundant mineral in the body. In a super saturated CaOx solution 2 mmol/L of magnesium reduced particle number by 50% (Basavaraj           et al., 2007). Magneisum can complex with oxalate and decrease the oxalate absorption and urinary excretion in a manner similar to calcium by binding to oxalate in the gut (Liebman and Costa, 2000). 
Numerous studies in vitro demonstrated that magnesium is a potent inhibitor of calcium oxalate crystallization inhibiting especially crystal nucleation and growth (Atmani, 2000). 
The ethanolic extrat of Asperagus racemous had an inhibitory potential on lithiasis induced by oral and administration of 0.75% ethylene glycolated water to adult male wistar rat for 28 days. The ethanolic extract, significantly reduced the elevated level of concentration of magnesium, which is considered as one of the inhibitors of crystallization (Christina et al., 2005)  
It is evident from the results reported by Miyaoka and Mongo (2009) increased magnesium excretion, increased urinary volume includes Takuskya’s beneficial effect on antilithiatic potential.

Thus it is perceivable that the increase in magnesium levels by the flower extracts of Hibiscus rosa-sinensis in the present study proves its antilithiatic potential.
TABLE 5

EFFECT OF  Hibiscus rosa-sinensis FLOWER EXTRACT ON URINARY EXCRETION OF MAGNESIUM
	Days
	Magnesium content (mg/24 hr urine)

	
	Control
	Flower extract treated

	
	Without ethylene glycol
	With ethylene glycol
	Without ethylene glycol
	With ethylene glycol

	1
	1.66±0.13
	1.73±0.07
	1.53±0.10
	1.92±0.21

	7
	1.76±0.55
	1.66±0.18
	1.49±0.29
	1.65±0.35

	14
	1.04±0.07
	0.70±0.06 a
	0.99±0.05ab
	0.85±0.08ab

	21
	0.97±0.05
	0.54±0.08 a
	0.95±0.08ab
	0.83±0.23ab

	28
	1.14±0.12
	0.52±0.04 a
	1.12±0.16ab
	0.98±0.05ab


 Values are expressed as mean + S.D. of 4 observations.

 a - Statistically significant (P<0.001) compared to control for its respective treatment days
 b - Statistically significant (P<0.001) compared to the lithiatic control for its respective treatment days
The aqueous extract of Melia azedarach Linn, was studied against ethylene glycol induced nephrolithiasis in male albino rats. The aqueous extract of M. azedarach reduced urinary calcium, oxalate, phosphate and elevated urinary magnesium levels and urine volume (Christina et al., 2006). 
 In the present dissertation the administration of Hibiscus rosa-sinensis flower extracts decreased the level of calcium, phosphate, oxalate and increased magnesium proving the strong preventive action against the formation of urinary stones. 

The rates of creatinine clearance by the experimental groups are tabulated in the table 6. The creatinine clearance was found to be improved in the ethylene glycol plus flower extract treated group when compared to ethylene glycol alone treated group. 

In urolithiasis, the glomerular filtration rate decreases due to stones in the urinary system obstructing urine outflow. This leads to the accumulation of waste products particularly nitrogenous substances such as urea, creatinine and uric acid get accumulated in blood (Bahuguna et al., 2009). 
TABLE 6

EFFECT OF Hibiscus rosa-sinensis  FLOWER EXTRACT ON CREATININE CLEARANCE ON 28th DAY OF TREATMENT

	Creatinine clearance ml/min

	Sample
	Control
	Flower extract treated

	Without ethylene glycol
	0.173±0.14
	0.078±0.07ab

	With ethylene glycol
	0.081±0.03 a
	0.184±0.20ab


           Values are expressed as mean + S.D. of 4 observations.
               a - Statistically significant (P<0.001) compared to control
     b - Statistically significant (P<0.001) compared to the lithiatic control

The findings of Al-Attar, (2010) revealed a significant changes in the levels of creatinine in rats treated with ethylene glycol and Spirulina. 

On end of the 28th day of experiment rats were sacrificed and the abdomen was cut open and the kidneys were removed from each animal.  The wet weight and the dry weight of the kidney were noted for analysis and the amount of oxalate deposited in the kidney was estimated in the homogenate of the dry kidney.
Hyperoxaluria is another major risk factor in the pathogenesis of urolithiasis. Oxalate plays an important role in stone formation and has about 15 fold greater effect than urinary calcium (Chaitanya et al., 2010). The quantity of oxalate present in kidney of normal group and lithiatic group were shown in Table 7. The oxalate level of ethylene glycol treated rats was found to be increased when compared to the control rats.  This indicates that stone formation was induced in the ethylene glycol treated rats.

In our study, an increase in oxalate was observed in ethylene glycol treated rats implicating the manifestation of stone formation. However administration of           H.rosa-sinensis reduced oxalate deposition in the kidneys as a preventive measure when compared to respective controls. It is beneficial that the decrease in oxalate levels by the presence of flower extract of Hibiscus rosa-sinensis for stone pathogenesis.

TABLE 7

EFFECT OF Hibiscus rosa-sinensis FLOWER EXTRACT ON 
KIDNEY OXALATE DEPOSITION

	Amount of oxalate mg/g of kidney

	Sample
	Control
	Flower extract treated

	Without ethylene glycol
	1.80±0.45
	1.65±0.25ab

	With ethylene glycol
	2.92±1.02 a
	1.65±0.7ab



  Values are expressed as mean + S.D. of 4 observations

            a - Statistically significant (P<0.001) compared to control

             b - Statistically significant (P<0.001) compared to the lithiatic control

The observations of Soundarajan et al. (2006) suggested that calcium oxalate excretion was significantly increased in urine of ethylene glycol induced urolithiatic rats. Additionally, they stated that ethylene glycol disturbs oxalate metabolism by way increase the substrate availability that increase the activity of oxalate synthesizing enzymes in rat.

TABLE 8
EFFECT OF Hibiscus rosa-sinensis ON KIDNEY WEIGHT OF THE 
RATS FED ON ETHYLENE GLYCOL 
FOR 4 WEEKS

	Treatment group
	Kidney weight(g)

	
	Wet
	Dry

	Group I
	0.516±0.04
	0.247±0.03

	Group II
	0.656±0.07
	0.313±0.04

	Group III
	0.589±0.21
	0.290±0.13

	Group IV
	0.534±0.15
	0.230±0.03


The effect of H. rosa sinensis on kidney weight of the rats fed on 0.75% ethylene glycol for 4 weeks was studied (Table 8). It indicates that the kidney weight were prominently increased ethylene glycol treated animals, as compared to normal control group. However, the increase in kidney weight of H.rosa-sinensis treated group was restored to the control values.

  
The observation of Khan et al. (2001) suggested that there was an increase in kidney weight in glycolic acid treated animals, as compared to normal control group but the kidney weight of Ammi visnaga treated group was minor. 

All these observation enabled to confirm the inhibitory potential of H.rosa-sinensis on ethylene glycol induced lithiasis. The mucilage, present is the extract may be the reason for antilithiatic activity against ethylene glycol induced lithiasis               (Sawarkar et al., 2009). The mechanism underlying the effect of H.rosa-sinensis on nephrolithiasis induced by ethylene glycol is still unknown, but is apparently related to increased diuresis and lowering of urinary concentrations of stone forming constituents. 
The assays performed in vitro and in vivo suggest that the candidate plant inhibits the crystal formation by inhibiting major steps of crystallization such as nucleation, growth, aggregation and crystallization and by reverting back the ionic constituents to the near value of the control in in vivo condition. This may be due to the presence of inhibitors present in the flower extract. This implies that flower extracts of Hibiscus rosa-sinensis has potential to inhibit crystal formation in vitro and in vivo.
These findings thus prompt the necessity for further study to carry out the antilithiaitic effect of H.rosa-sinensis by isolation of constituents and find out the actual constituent that active against stone formation. 
5.0  SUMMARY AND CONCLUSION

Kidney stone disease has afflicted human kind since antiquity and can persist, with serious medical consequences, throughout a patient’s lifetime. In addition, the incidence of kidney stones has been increased in most societies in the last five decades, especially in association with economic development. According to clinical and epidemiological studies, calcium oxalates followed by calcium phosphate are the most frequently encountered crystalline components found in analyzed stones. The occurrence of the kidney stones would be that the urine of stone formers is supersaturated with stone minerals, which consequently precipitate in their urine. In healthy subjects the so called urinary inhibitors alter the process of crystallization and consequently prevent the development of kidney stones. 
Inspite of tremendous advances in the field of medicine there is no truly satisfactory drug for the treatment of nephrolithiasis. Recently there is increasing evidence that many healthy natural food and medicinal herbal supplements have the potential to become valuable complementary therapy in the protection against nephrolithiasis and urolithiasis.

 The present investigation entitled “In vitro and in vivo evaluation of antilithiatic potential of Hibiscus rosa-sinensis Linn.” was aimed to characterize the inhibition of calcium oxalate crystals.  The flowers of the candidate plant were collected and dried at room temperature.  The dried flower sample were powdered and used for the extract preparation which was then used for the further analyses of the study.  

In vitro crystallization systems are widely used for different purposes in urolithiasis research. The percentage inhibition of nucleation, crystal growth, inhibition of aggregation and crystallization and dissolution of calcium oxalate and calcium phosphate were determined in the flower samples under in vitro conditions.  The ionic parameters of urine such as calcium, oxalate, phosphorus, magnesium and creatinine clearance were also analysed in vivo in male wistar rats.

The present study indicated that the plant extract have inhibitory effect against crystal nucleation and aggregation, thus may be beneficial for the treatment of urolithiasis. Thus this study puts forth the possibility of using H.rosa-sinensis as therapeutic agents to treat urolithiasis. 
It acts as a good inhibitor for kidney stone formation as they induce the formation of calcium oxalate monohydrate by reading with calcium instead of oxalate. The formation of COD rather than COM is a positive signature for the prevention of crystal aggregation.  Thus the present study, the pathogenesis of crystal formation was found to be inhibited by the increasing concentration of flower extract of Hibiscus rosa-sinensis.  

All the in vitro assays performed in the study revealed that the flower extract of Hibiscus rosa-sinensis at various concentrations exhibited a very good inhibitory effect against crystal nucleation, crystal growth, and crystal aggregation. Also it has considerable dissolution ability as it could enhance the dissolution of calcium oxalate crystals under in vitro conditions.  It is clearly evident that the components present in the flower extract might be responsible for its preventive action against kidney stone formation. Therefore the components present in the extract can very well be used for medicinal preparations for the treatment of lithiasis.

 The parameters such as calcium, oxalate, phosphorus, and magnesium and creatinine clearance were analyzed in male wistar rats in the urine sample at intervals of seven days.  The flower sample found to contain mild diuretic activity since it elevated the urine output to near normal of the control. The excretion of calcium, phosphorus and kidney deposition of oxalate was found to be decreased in the ethylene glycol induced flower extract treated group indicating that extract may contain inhibitors that would interfere in the formation of kidney stones.  The magnesium level was found to be increased in the ethylene glycol induced flower extract treated group compared to lithiatic control.  The creatinine clearance was also found to be improved.  The presented data indicates that administration of the aqueous extract of H.rosa-sinesis flowers to rats fed with ethylene glycol induced lithiatic groups enhanced the inhibitory potential against renal calculus and thus prevented the growth of urinary stones, supporting folk information regarding antilithiatic potential of the plant. The mechanism underlying this effect is still unknown, but it apparently related to mild diuretic activity and lowering of urinary concentration of stone forming constituents. These effects could conclude the H.rosa-sinesis flower possess antilithiatic activity.  

Recommendation for future study

· The active principles present in the flower extract of the selected plant species can be isolated and the actual mechanism involved in antilithiatic activity of the plants can be studied.

· The isolated compounds from the selected plants can be purified and tested in vivo.

· Clinical trials can be carried out for the disease prevention and health preservation.
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APPENDIX I
NUCLEATION ASSAY

(Atmani and Khan, 2000)
Solutions of calcium chloride and sodium oxalate were prepared at a final concentration of 3 mmol/L and 0.5mmol/L respectively, in a buffer containing Tris 0.5mmol/L and NaCl 0.15 mmol/L at pH6.5.  Both solutions were filtered three times through 0.22µm filter: 950 µl of calcium chloride solution was mixed with 50 µl of the flower extract at different concentrations. Crystallization was initiated by the addition of 950 µl of sodium oxalate solution.  The final solution was magnetically stirred at 800 rpm using a PTFE-coated stirring bar. The temperature was maintained at 37˚C.  The OD of the solution was monitored at 620nm.  The rate of nucleation was estimated by comparing the induction time in the presence of the extract and in the absence of the extract.  

APPENDIX II
GROWTH ASSAY

(Aggarwal et al., 2010)
        An aqueous solution of 10mM Tris-HCl containing 90 mM NaCl was adjusted to pH7.2 with 4N HCl.  Stone slurry (1.5mg/ml) was prepared in 50mM sodium acetate buffer (pH5.7).  CaOx monohydrate seed was added to a solution containing 1mM CaCl2 and 1mM sodium oxalate.  The reaction of   CaCl2 and Na2C2O4 with crystal seed led to deposition of CaOx on the crystal surfaces, thereby decreasing free oxalate that is detectable by spectrophotometry at wave length 214nm.   When aqueous extract solution is added into this solution, depletion of free oxalate ions will decrease if the test sample inhibits CaOx crystal growth.  The relative inhibitory activity was calculated as follows: % relative inhibitory activity=[(C-S)/C]x100, where C is the rate of reduction of free oxalate without any test sample and S  is the rate of reduction of free oxalate with a test sample.  

APPENDIX III
AGGREGATION  ASSAY

(Patel et al., 2010)
‘Seed’ CaOx monohydrate (COM) crystals were prepared by mixing calcium chloride and sodium oxalate at 50mmol/L.   Both solutions were equilibrated to 60˚C in a water bath for 1 hour and then cooled to 37˚C overnight. The crystals were harvested by centrifugation and then evaporated at 37˚C.  CaOx crystals were used at a final concentration 0f 0.8mg/ml, buffered with Tris 0.5 mmol/L and NaCl 0.15mmol/L at pH 6.5.  Experiments were conducted at 37˚C in the absence and presence of the plant extract.  The percentage aggregation inhibition rate (Ir) was then calculated by comparing the turbidity in the presence of the extract with that obtained in the control using following formula

             Ir = (1-turbidity sample/turbidity control) x 100
APPENDIX IV
CRYSTALLIZATION ASSAY

(Barros et al., 2003)

            Urine samples (24 hour) were obtained from healthy individuals and were centrifuged at 5,000 rpm for 8 minutes, the supernatant was then transferred to a clean tube, and the   pH was adjusted to 6.0.  CaOx precipitation was induced by adding 40µl of 0.1M sodium oxalate per ml of urine (corresponding to 0.536mg), every 30 minutes (0,30, 60, 90min) under shaking at 37˚C, resulting in a final concentration of 2.14 mg/ml of urine.  Each urine sample was divided into aliquots, one of which was used as a control while in the other CaOx precipitation was induced in the presence of Hibiscus rosa-sinensis extract, which was added to the sample 30min before the crystallization process. The crystals obtained were analyzed immediately and 24 hour after crystallization process.  The semiquantitative analysis of crystals was estimated by turbidity.  Crystals were also analyzed by light microscopy.  After crystallization, samples were centrifuged at 3,000 rpm for 5min and the supernatant was partially discarded, with approximately 10% of the initial volume being left and rehomogenised.  One drop was transferred to a Neubauer chamber and the crystals were analysed.  

APPENDIX  V
ESTIMATION OF CALCIUM OXALATE BY TRITIMETRY

(Massod, 2006)

Kidney stones usually differ in chemical compositions in individual patients from varying regions from Europe, America to south East Asia and India. But Calcium oxalate is the major chemical, insoluble at the pH 7.4 (The Blood) caused due to Hypercalciuria, Hypocitraturia, Hyperoxalaria or Hyperuricosuria; thus gets deposited in the kidney, in the form of stones. 

PRINCIPLE 

Weighed quantity of calcium oxalate is reacted with the extract/compound/ standard, calcium oxalate may get dissolved based on the ability of test substance to dissolve it in a semi permeable membrane, suspended in Tris Buffer, pH 7.4. The remaining undissolved calcium oxalate is then estimated in acidic condition by titrating against 0.1 N KMnO4 to a stable light pink end point.  The amount of undissolved calcium oxalate is then subtracted from the total quantity used in the experiment in the beginning, to know how much quantity of calcium oxalate actually the test substance could dissolve.

REQUIREMENTS 
i) Preparation of Calcium oxalate by homogenous precipitation 
Equimolar solution of Calcium chloride dihydrate dissolved in distilled water and Sodium oxalate (A.R) dissolved in 10 ml of 2N H2SO4 and distilled water, sufficient quantity is allowed to react in a beaker. The resulting precipitate was calcium oxalate which was freed from traces of sulfuric acid by ammonia solution. Washed with distilled water and dried at a temperature 60° C for 4 hours. 

ii) Preparation of the Semi permeable membrane from farm eggs 
The semi permeable membrane of eggs lies in between the outer calcified shell and the inner contents like albumin and yolk. 

Shell was removed chemically by placing the eggs in 2 M HCl for over night, which caused complete decalcification. Further, washed with distilled water and carefully with a sharp pointer a hole is made on the top and the contents squeezed out completely from the decalcified egg. Washed thoroughly with distilled water, and placed it in ammonia solution, in the moistened condition for a while and then rinsed it with distilled water. Stored in a refrigerator at a pH of 7- 7.4. 

METHOD 
Weighed exactly 1 mg of the calcium oxalate and 10 mg of the extract/ compound/ standard and packed it together in semi permeable membrane by suturing. This was allowed to suspend in a conical flask containing 100 ml 0.1 M Tris buffer.  One group served as negative control (contained only 1 mg of calcium oxalate).  Placed the conical flask of all groups in a incubator, pre heated to 37°C for 2 hours, for about 7-8 hours.  Removed the contents of semi permeable membrane from each group into a test tube.  Added 2 ml of 1 N sulphuric acid and titrated with 0.9494 N KMnO4 till a light pink color end point obtained. 1ml of 0.9494N KMnO4 equivalent to 0.1898 mg of Calcium.

APPENDIX VI

ESTIMATION OF CALCIUM PHOSPHATE BY COLORIMETRY

(Gorimella, 1998 and Sakakura et al., 1999)

Calcium phosphate is the second major chemical present in the kidney stones, insoluble at the pH 7.4 (The Blood), caused due to Renal tubular acidosis or uric acid; thus gets deposited in the kidney, in the form of stones.

PRINCIPLE 
Weighed quantity of calcium phosphate is reacted with the extract/ compound/ standard, calcium phosphate may get dissolved based on the ability of test substance to dissolve it in a semi permeable membrane, suspended in Tris Buffer, pH 7.4. The remaining undissolved calcium phosphate is then reacted with Molybdic-Sulfuric Reagent and Reducing solution to form a stable greenish-blue colored complex, whose optical density is measured at 600-750 nm.

A Standard calibration curve drawn by plotting the optical density values of various groups against concentration. The amount of undissolved calcium phosphate is determined by extrapolation, which is then subtracted from the total quantity of calcium phosphate used for the experiment in the beginning, to know how much quantity of calcium phosphate actually the test substance could dissolve. 

REQUIREMENTS 

i) Preparation of Calcium phosphate by homogenous precipitation 
Equimolar solution of Calcium chloride dihydrate (dissolved in distilled water and Disodium hydrogen phosphate (A.R) dissolved in 10 ml of (2N H2SO4) and distilled water. 

                               Ca2+            +         PO42-                                                   CaPO4(s) 

                            Calcium Ion        Phosphate Ion   
       Calcium phosphate 

                                                                                                            Precipitates

         
The resulting precipitate was calcium phosphate which was freed from traces of sulphuric acid by ammonia solution.  Washed with distilled water and dried at a temperature 60°C for 4 hours. 

ii) Preparation of the Semi permeable membrane from farm eggs 
           This is prepared in the same way as described earlier. 

iii) Preparation of Molybdate-sulphuric acid reagent 
       
This is prepared by mixing 2 parts of 5% v/v solution of Sodium molybdate (A.R), 1 part of 10 N sulphuric acid and 1 part of distilled water. 

iv) Preparation of reducing solution 
1 g. of p-Phenylene diamine is dissolved in 100 ml of 3 % w/w solution of Sodium bisulfite to get the required solution. 

METHOD 
Weighed exactly 1 mg of the calcium phosphate and 10 mg of the extract and packed it together in semi permeable membrane by suturing. It was allowed to suspend in a conical flask containing 100 ml of 0.1 M TRIS buffer.  One group served as negative control (contained only 1 mg of calcium phosphate).  Placed the conical flask of all groups in a incubator, pre heated to 37° C for 2 hours, for about 7-8 hours. Removed the contents of semi permeable membrane from each group into a test tube .  Added 2 ml of 1 N sulphuric acid, 2.5 ml of Molybdic-sulphuric acid reagent, 1 ml of reducing solution and made up the volume to 10 ml using distilled water. Series of dilutions of calcium phosphate were prepared, (200, 400, 600, 800 and 1000 μg/ml) containing 2.5 ml of Molybdic-sulphuric acid reagent, 1 ml of reducing solution and made up the volume to 10 ml using distilled water respectively. Measured the optical density of standard dilutions and for the groups under study in colorimeter at 620 nm. The undissolved calcium phosphate was determined from the standard calibration curve by extrapolation.

APPENDIX VII
ESTIMATION OF CALCIUM

(Clark and Collip, 1985)
PRINCIPLE

Calcium is precipitated from the solution as calcium oxalate.  The precipitate is dissolved in acid and the amount of oxalate is determined tritimetrically with potassium permanganate.

REAGENTS
1. 4% Ammonium oxalate solution

2. 2% ammonia solution

3. 0.01N KMnO4

4. 2N sulphuric acid
PROCEDURE

To 2.0ml of the urine, added 2.0ml of water and 1.0ml of 4% ammonium oxalate and allowed to stand overnight.  The precipitated calcium oxalate was centrifuged.  Removed the supernatant without disturbing precipitate.  Added 3.0ml of 2% ammonia in the sides of the tube, mixed the precipitate centrifuged and the supernatant poured off.  This was repeated till supernatant gave no precipitate with calcium chloride.  This was done to remove excess of ammonium oxalate.  Finally added 2.0ml of 2N H2SO4 was added, mixed and warmed in a beaker containing almost boiling water to complete the solution of oxalate.  Removed and titrated with 0.01 N potassium permanganate solution keeping the solution at 70-75°C to a faint pink color, which persisted for about a minute.  As a blank, titrated 2.0ml of sulphuric acid to the same end point, the difference between the two titration gave the volume of 0.01N permanganate required to titrate the calcium oxalate.

APPENDIX –VIII
ESTIMATION OF PHOSPHORUS

(Fiske and Subbarow, 1971)

PRINCIPLE

Phosphate solution is treated with an acid molybdate reagent, which reacts with inorganic phosphates to form phosphomolybdic acid hexavalent  molybdenum of the phosphomolybdic acid is reduced by the addition of 1, 2, 4- aminonapthol sulphonic acid to produce a blue color, which is probably a mixture of lower oxides of molybdenum.  The blue color produced is proportional to the amount of phosphorus present and it is estimated colorimetrically at 660nm. 

REAGENTS 

1. Molybdate I solution 

2. Molybdate II solution 

3. 15% sodium bisulfate

4. 20% sodium sulfite

5. ANSA reagent

 
  6. Standard phosphate solution

PROCEDURE


 Into a series of test tubes, pipetted out 0.5, 1.0, 1.5, 2.0, and 2.5 ml of standard solution corresponding to µg of phosphorus.  Made up the volume to 4.3ml with water and added 0.5ml molybdate I solution and 0.2ml of ANSA.  0.1ml of urine was taken and treated similarly with molybdate II solution.  The color developed was read after 20 minutes in a colorimeter using red filter against a reagent blank at 660nm.  By plotting the concentration of phosphorus on X-axis and the colorimeter reading on            Y-axis, the concentration of phosphorus present in the sample solution was calculated.

APPENDIX-IX
ESTIMATION OF CREATININE

(Alkaline picrate method, 1945)

PRINCIPLE 

The method makes use of the Jaffe’s reaction, the production of a mahogany red color with an alkaline picrate solution.  The intensity of the color developed is compared in a colorimeter against a reagent blank at 540nm.

Urine contains both creatine and creatinine. Creatine is converted to creatinine by boiling for one hour in the presence of picric acid.  The total creatinine is found out from which the amount of creatine is calculated.

REAGENTS
1. Picric acid 0.04M solution

2. 0.75N sodium hydroxide

3. Stock solution of creatine 

4. Dissolve creatinine in N/10 hydrochloric acid and made upto 100ml with the same.

       5. Working standard: diluted 1.0ml stock solution to 50ml with water. This contains 20 µg of creatinine per ml.

PROCEDURE


Tubes containing 0.5ml to 3.0ml of the working standard solutions corresponding to values of 10 µg to 60 µg were taken. The volume was made upto 3.0ml of water in all the tubes. 3. 0 ml of water was taken as blank.  1.0ml of the given urine sample was made upto 100ml with distilled water.  From this 3.0ml was taken for the experiment.  To all the tubes namely the blank, standard urine added 1.0ml of 0.04 M picric acid solution and then 1.0ml of 0.75N sodium hydroxide and allowed to stand for 20 minutes the color developed was read in a colorimeter at 500nm against the reagent blank.

APPENDIX –X
ESTIMATION OF MAGNESIUM

COLORIMETRIC METHOD USING TITAN YELLOW

(Neill and Neely, 1956)

Titan yellow gives a red color with magnesium. Neill and Neely modified earlier methods by using gum ghatti as the color stabilizer and including calcium in the standard.  Calcium intensifies the color so this allows for the effect of calcium present in the serum. 

REAGENTS 
1. Sodium tungstate, 10% solution

 2. Sulphuric acid, 2/3 N.

 3. Gum ghatti, 0.1%.  Suspend 0.1g of powdered gum ghatti in a muslin bag in 100ml of distilled water for twenty- four hours.  The solution keeps well at room temperature. 

4. Titan yellow, (0.05%solution) Dissolve 0.1g of the powdered dye in 200ml of distilled water.

5. Sodium hydroxide, 4N

6. Stock standard solution, containing 1mg /ml. Dissolved 8.458g of MgCl2, 2H2O in distilled water and make up to a liter or 10.094g of MgNH4PO4, 6H2O in           0.1 N hydrochloric acid and make up to a liter with water.

7. Working standard solution Diluted 1ml of stock solution to 200ml with water. This solution contains 5µg Mg /ml.

8. Calcium chloride solution, 0.05mg Ca/ml. Dissolved 13.88mg of calcium chloride, in water and made up to 100ml.  
TECHNIQUE

Diluted 1ml of serum with 5ml of distilled water and precipitate proteins by adding 2ml of 10% sodium tungstate and 2ml of 2/3 N sulphuric acid.  Centrifuged and to the 5ml of the supernatant fluid obtained, in turn added 1ml distilled water, 1ml of the gum ghatti, 1ml of 0.05%, titan yellow and 2ml of 4N sodium hydroxide. At the same time put up 1ml of calcium chloride and 2.5ml of the standard and 2.5ml of water, as blank and standard respectively, completing these in the same way as the test. Read standard and unknown against the blank, using a green filter or with the instrument set at 520nm.  
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Effect of Hibiscus rosa-sinensis flower extract on CaOx crystal aggregation in vitro 
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Effect of Hibiscus rosa-sinensis flower extracts on CaOx crystallisation in vitro in human urine
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