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1. INTRODUCTION

Kidney stones are one of the most common disorders of the urinary tract. Each year, people make almost 3 million visits to health care providers and more than half a million people go to emergency rooms for kidney stone problems (Sailaja et al., 2011).

A kidney stone also known as a renal calculus which is a solid concretion or crystal aggregation formed in the kidney from dietary minerals in the urine. The existences of the kidney stones were first recorded thousands of years ago. In 1901, a kidney stone was discovered in pelvis of an ancient Egyptian Mummy and was dated to 4,800 BC. 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 that includes hereditary, dietary, geographical and infective diseases. The area of high incidence of urinary calculi includes British islands, Scandinavian countries, Central Europe, Northern Australia, Northern India, Pakistan and Mediterranean countries (Chauhan et al., 2008). 

Stone formation is more common in males than females, as females tend to deadlines after the menopause, which may explain the equal incidence for stone formation in older people of both sexes. High body mass index also associated with increased risk of stone formation. Not only in humans but animals and birds also suffer from the urinary stone problem.  The occurrence in some areas is so disquieting that they are known as “stone belts” (Choubey et al., 2010).

Urolithiasis (UL) is one of the most common diseases, with approximately 750, 000 cases per year in Germany. Although most patients have only one stone episode, 25% of patients experience recurrent stone formation. UL, therefore has a significant impact on quality of life and socioeconomic factors. The pathogenesis of calcium oxalate (CaOx) UL, which accounts for >80% of all stones, is only incompletely understood. This paper reviews trends in epidemiology and current concepts regarding the pathogenesis and pathophysiology of urinary stone disease (Knoll, 2010).
The incidence of urinary stone has been increasing over the last years while the age onset is decreasing (Devuyest and Prison 2007) once recurrent. The subsequent relapse risk is raised and the interval between recurrences is shortened (Moe, 2006).

High concentration of calcium carbonate in water and a low nutrient diet are contributing factors to this disease (Pathak et al., 2010). Among the various kinds of stones identified, calcium stones occur mainly in men, while phosphate stones found more in women. The pathogenesis of lithiasis seems to be multifactorial and complicated (Rajesh et al., 2010) calcium containing stones, especially calcium oxalate dehydrate (whewellite). Calcium oxalate phosphate (Apatite) are the most commonly occurring ones to an extent of 75-90% followed by 10-15%, Uric acid 3-10% and cystine 0.5-1% (Singh et al., 2011) Calcium oxalate monohydrate, thermodynamically most stable form is observed more frequently in clinical stones than calcium oxalate dihydrate and it has a greater affinity to renal tubular cells. Thus being responsible for the formation of stones in kidney (Amy et al., 2010).

The medical treatment of Urolithiasis is aimed to remove stones and prevent the development of new stones. Thus decreasing morbidity and surgical intervention. The management of kidney stone event mainly involves techniques like Extra Corporal Shock Wave Lithortripsy (ESWL) and percutaneous nephrolithotomy (PCNL) and other surgical procedures. The drawback in these procedures includes renal injury decreased renal function and increased incidence in stone recurrence along with the possibility of infection. Besides these, a treatment causes undesirable side effects such as hemorrhage, hypertension, tubular necrosis and subsequent fibrosis. The kidney stone forming patients are more prone to its recurrence and the treatment procedures influence the high cost for individuals and society (Bhuslate and Irwin, 2009).

Therefore, it is worth looking for an alternative to those conventional methods such as the use of medicine plants (Doudon. et al., 2006).

Plants have been used as traditional medicine for several thousand years. Medicinal plants as a group comprise approximately 8000 species and account for about 50% of all the higher flowering plant species in India (Prentice, et al., 2004). “World Health Organization” has recommended that traditional health and folk medicine systems were proved to be more effective in health problems worldwide. Herbals drugs constitute a major share of all officially recognized systems of health in India viz Ayurveda, Unani, Siddha, Homeopathy and Naturopathy except Allopathy (Verkoelen et al., 2000). Millions of Indians use herbal drugs regularly as spices home remedies, health foods as self-medication or also as drugs prescribed in the non-Allopathic systems (Gaur et al., 2010). The main advantages of using medical plants are that they do not produce side effects when compared with synthetic drugs. Because medicinal plants have high content of antioxidant compounds (Prentice, et al., 2004).

Many medicinal plants have been used since ages to treat urinary stones though the rationale behind their use is not well established through systematic and pharmacological studies, except for some composite herbal drugs and plant medicines are which great demand both in developed as well as in developing countries for the health care because of their wide biological and medicinal activities, higher safety margin and costs (Pawar et al., 2009).

  Weeds are comprised of the more aggressive, trouble some and undesirable elements      of the world’s vegetation. Aerva lanata was grown in waste places as weed and used as an important medicinal plant for a long period of time. Aerva Lanta commonly called in Tamil Sirru-pulay or Poolaipoo and in English stone breaking plant. It is biennial weed, native of South Asia, Saudi Arabia, Tropical Africa and South Africa, India, Srilanka etc. It belongs to the family Amaranthaceae Genus Aerva and species            A. Lanata. Leaf is used in hepatitis root in urinary strangers and decoction of the plant is used in catarrh of bladder, Flower and roots are used for headache relief (http://siddham.in/aerva-lanata).

Since not much documented evidences are available regarding its therapeutic benefits for Lithiasis. The aim of this research effort is to evaluate the antilithiatic potential of Aerva lanata. Antilithiatic potential of the flower extracts encompassing its preventive effect on calcium oxalate crystallization was studied in various in vitro assays and in vivo using male wistar rats.

  

The objectives of the present investigation are as follows.

· To evaluate the antilithiatic potential of different solvent extracts of Aerva lanata in vitro.

· To assess the antilithiatic potential of the aqueous extract of Aerva lanata in vivo using male Wistar rats.

2. REVIEW OF THE LITERATURE
LITHIASIS

Lithiasis (stone formation) is an important cause for acute and chronic renal failure, which includes nephrolithiasis (stone formation in kidney) and urolithiasis (stone formation in ureter or bladder or both)        (Lee et al., 2009). Urinary stones are located in the kidney and only a small percentage is lodged in the urinary bladder and urethra. Kidneys are the chemical filters of the body. Stones begin in the cup shaped part of the kidney (calix) some stay and grow, others move within the kidney or in to the ureter. There they can lodge, block the flow of urine and cause pain. Stone with size less than 5mm in diameter have a high chance of being preside, while those of 5.7mm have a 50% chance, and those over 7mm almost always require urological intervention (Ligeman et al., 2006). Most recent studies report the incidence of kidney and urethral stones that have increased significantly in both adult and children (Van Dervoort et al., 2007). 

Areas of high incidence of urinary calculi include the British Isles, Scandinavian countries, Northern Australia, Central Europe, Northern India, Pakistan and urinary stones. In India, 12% of the population is expected to have urinary stones, out of which 50% may end up with loss of kidneys or renal damage. Also, nearly 15% of the population of Northern India suffers from kidney stones (Joseph et al., 2005).  Kidney stone disease is a common disorder estimated to occur with a recurrence rate of 70 – 80 % in males and 47 – 60 % in females. It affects people who are in the age group between 30 and 60 years of age. Urolithiasis has become more common in children over the past few decades as a result of rapid variation in habits and increasing affluence. Changes in socio- economic conditions have greater changes in the incidence and type of urolithiasis in terms of both the site and the chemical composition of the calculi (Smith et al., 1992).                  

If stones grow to sufficient size (3 mm) they can cause obstruction of the ureter. Ureteral obstruction causes post renal azotaemia and hydronephrosis (distension and dilation of the renal pelvis and calyces), as well as spasm of the ureter. This leads to pain, most commonly felt in the flank and lower abdomen. Stone passage produces renal colic that usually begins as a mild discomfort and progresses to a plateau of extreme severity over 30–60 minutes. If the stone obstructs the urethra-pelvic junction, they moves down the ureter, pain moves downward and anterior. Stones at the urethra-vesicular junction often cause dysuria and urinary frequency is often mistaken for infection. Colic is independent of body position or motion and is described as a boring or burning sensation associated with nausea and vomiting. Stones less than 5 mm in diameter have a high chance of passage; those of 5–7 mm have a modest chance (50%) of passage, and those greater than 7 mm almost always require urological intervention (Zarse, 2004).

Urolithiasis is the formation of stones in the urinary tract, causing pain and bleeding which may lead to secondary infection (Atmani, 2003). Nephrolithiasis is worldwide in distribution and a common disorder estimated to occur in approximately 12% of the population (Al- Attar, 2010). The urinary tract, or system, consists of the kidney ureters, bladder and urethra, the kidney are bean-shaped organs located below the ribs towards the middle of the back, one on each side of the spiro. The kidneys remove extra water and wastes from the blood, producing urine.

The kidneys produce hormones that help in building strong bones and form red blood cells. Narrow tubes called ureters carry urine from the kidneys to the bladder, an oval-shaped chamber in the lower abdomen. Like a balloon, the bladder’s elastic walls stretch and expand to store urine, they flatten together when urine is emptied (Curhan et al., 2002). 

Kidney disease usually affects both the kidneys. The kidneys ability to remove chemicals and regulation of water are obstructed by diseases. Because of waste product accumulation excess of fluid build up occur. It causes severe swelling and symptoms of uraemia (kidney failure) (Kohutova et al., 2010).

The waste product in the kidney can occasionally form crystals that accumulate in the kidney. The urinary tract and kidney stone ailment have affected human beings since antiquity. The ancient Vedic literature describes stones as Ashmari. The occurrence of these stones has elevated in rural and urban societies (Zaidi et al., 2006). According to an estimate every year, a large population of India suffers from urinary tract and kidney stones, which were formed due to deposition of calcium, phosphate and oxalate. These chemicals start accumulating over a nucleus, which ultimately takes the shape of a stone (Misra et al., 2000). 

                                     FIGURE 1
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Recurrent stone formation is a common part of the medical care of patients with stone disease (Tiselius et al., 2003). Stone in the urinary tract are the common disorders because urine is a solution that contains a large number of chemical substances. These substances can crystallize easily and then grow in size to form stones (Raimaiah, 2005). Among the various kinds of stones identified, calcium stones occur mainly in men, while phosphate stone formation is more in women (Lee el al., 1991). It is very painful and proper cure is needed to get rid of the problem. Depending on where they are located, kidney stones are known as urinary calculi, urinary tract stone diseases, renal calculi, nephrolithiasis and urolithiasis (Sinha, 1996). 

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 seems to be more prone to urinary calculi disease (Singh et al., 2006). Though various kinds of stones have been identified, calcium stones are the most common in humans as well as rats, even though the technological development are in the present medical practice, the formation and growth of renal calculi continues to afflict human kind (Christina et al., 2005).

Phosphate stones were highly prevalent among the stone – formers in the past centuries and were often associated with urinary tract infections and poor nutritional conditions in both adults and children (Daudon et al., 2010).

Stone formation or lithiasis 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 super saturation of urinary salts and crystal retention in the urinary tract. A complex medley of inhibitors and promoters are involved. Deficiency of inhibitors and advance of promoters in the urine are almost certain to prevent the stone disease (Basavaraj et al., 2007). 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 nephrolithtomy or commended by the non- inverse technique or shock wave lithotripsy (Liegeman, 2006).

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 (Fiske, 1925) According to which these are classified in to acidic stones (uric acid  and Cystine) alkaline stones (struvite), and neural stones (calcium oxalate and calcium phosphate). A large number of people in this world are suffering from urinary stone problem. Calcium oxalate monohydrate and calcium oxalate dihydrate stones are the common types (Beghalia et al., 2008).

Calcium oxalate stones
Calcium oxalate stones are turned in two different types Calcium Oxalate Monohydrate (COM) or whewellite and Calcium Oxalate Dihydrate (COD) or weddelite and COM is the most thermodynamically stable form at room temperature in nature. Humans normally have the biological control mechanisms to prevent COM crystallization in urine by inducing inhibitors that decreased nucleation, growth and aggregation of COM crystals. In particular, inhibitors in urine will transform COM to calcium oxalate dehydrate (Asplin, 2008). 

Calcium Phosphate (CAP) stone   

Calcium phosphate kidney stones include apatite (Carbapatite or hydroxyl apatite (HAP),   Brushite, and Octacalcium Phosphate (OCP). HAP is thermodynamically most stable form of calcium crystals with the occurrence rate of apatite 4-10%,brushite 2-6% and octacalcium phosphate less than 1%. The first product that precipitates is an amorphous calcium phosphate, which subsequently is converted to the crystal phases OCP, and HAP or occasionally brushite (Amy et al., 2010). Among the majority of kidney stones, Caox is the main constituent and Cap is present in amounts ranging from 1% to 10%. When Cap becomes the main constituent (>50%) of stones (Evan et al., 2005) the stones are called cap stones (Coe et al., 2005).
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Uric acid calculi

Uric acid crystallizes as anhydrous compound (UAA), a dihydrane (UAD) or a mixture of both, a monohydrate form is very rare (Strohmaier et al., 2010). About 5–10% of all stones are formed from uric acid (Moe, 2006). Uric acid is a by- product of ingested or endogenous purine metabolism and is excreted in the urine primarily in insoluble form (Kramer et al., 2003). Uric acid stones occur especially in patients with unusual low urine pH and hyperuricosuria. In some patients, this very low urine pH is the result of a defect in renal ammonia secretion, which results in less bothering of secreted hydrogen ions. The tendency to form uric acid stones is reported to be increasing in obese people with metabolic syndrome (Niemann et al., 2008). 
Struvite stones

Struvite stones which are often branched (‘staghorn” stones) occur more often in women and in patients who have chronic urinary obstruction or a neurologic disorder. Struvite stones     are usually radio opaque on standard radiographic imaging but patient with struvite calculi may experience flank pain and have signs of systemic infection. There is good evidence that failure to treat struvite stones can lead to an increased risk of renal loss, sepsis and death     (Phillip and Hall, 2009).

Cystine stones
Hypercystine is due to an autosomal recessive genetic disorder that causes increased renal cystine excretion. The hypercystinuria produces recurrent urolithiasis due to low solubility of cystine at low urinary pH values      (Samplaski et al., 2009). 

Management of stones
Stone size influences the rate of spontaneous stone passage. Up to 98% of small stones (less than 5mm in diameter) may pass spontaneously through urination within four weeks of the onset of symptoms but for larger stones (5 to 10 mm in diameter), the rate of spontaneous passage decreases to less than 53%. Initial stone location also influences the likelihood of spontaneous stone passage. Spontaneous passage rates increase from 48% for stones located in the proximal ureter to 79% for stones located at the vesicoureteral junction, regardless of stone size (Gettman, 2005). Assuming there is no high-grade obstruction or associated infection in the urinary tract and symptoms are relatively mild, various non-surgical measures can be used to encourage the passage of a stone (Knudsen et al., 2007). Recurrent stone formers benefit from more intense management, including proper fluid intake and use of certain medications. In addition, it is also clear that careful surveillance is required in order to maximize the clinical course for people who are stone formers (Macaluso, 1999).

There are number of options for treatment of urinary calculi, including surgery, endoscopic procedures such as ureteroscopy, percutaneous nephrolithotomy and (ESWL) (Heilberg et al., 2006). 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 (Subrat et al., 2002).   

Pathogenesis of renal stone formation 

The genetic, metabolic, environmental and dietetic factors are involved in the pathogenesis of urolithiasis, all of them favor the crystallization of salts inside renal tubules, further retention and growing to form a stone given that urine is normally a supersaturated solution. Crystalluria is often observed in normal individual, but if crystals remain apart from each other. They are washed away by urine flow, however, some chemical and electrical forces trigger the process of aggregation. The crystals aggregate and attaches to the epithelium which allows them to grow further and form the stones (Khaskhali et al., 2009).

The kidney stone formation in the three broad conceptual categories require

· Excessive concentration of solutes in excess of their solubility in the urine 

· Imbalance of modifiers (promoters and inhibitors) and crystallization  in the urine 

· Epithelial abnormalities that allow attachment and subsequent growth of these crystals in to stones.

· These factors act in concert and eventuating in the formation of the kidney stones (Moe et al., 2010).

· Moreover, calcium oxalate (Caox) crystals, the main constituent of human urinary calculi may adhere in a specific manner or the plasma membrane of epithelial cells and this process is followed by endocytosis of the crystals resulting in cell damage or death. Damaged cells exhibit a proliferation response, increase the synthesis of fibrogentic substance promoting additional stimulus for crystal growth (Mirian et al., 2010). 

Calcium stone formation involves different phase of increasing accumulation of Caox and cap-nucleation, crystal growth, crystal aggregation and crystal retention. The stone formation supersaturates urine depending on urinary pH, ionic strength and solute concentration. Promoters of the stone formation facilitate stone formation while inhibitors prevent it                (Lingenman, 2006).

 The physico-chemical analysis describes stone formation as a supersaturated solution in which homogenous or heterogeneous nucleation can lead to initiation of crystal formation, which can then aggregate and grow (Bhuskute and Low et al., 2009). 

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 pure solution is known as homogenous nucleation. Urine is not a pure solution and nucleation in urine often occurs over an exciting surface or an alternative structures. This process is called heterogeneous nucleation (Basavaraj et al., 2007).

In the process of nucleation in the kidney, the free partials 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 the crystals can result in urinary microliths large enough to exclude collecting ducts (free particle nucleation) (Menon, 2002).

Crystal growth
Crystal growth is one of the prerequisites for stone formation. The driving force for crystallization is a reduction in the potential energy of the atoms or molecules when they form bonds with each other. The crystal growth process starts with the nucleation stage. Several atoms or molecules in a supersaturated liquid start forming clusters. 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 molecules, the physical properties of the material, supersaturation levels and pH that may form in the crystals structure (Zaidi et al., 2006).

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 particle in solution is determined by a balance of forces, between aggregating effects and disaggregation effects and also a small inter particle distance that favors particle aggregation (Basavaraj et al., 2007).

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. Retention might also depend on the composition of the renal tubular epithelial cell surface (Verkoelon et al., 2000).

Medical management of kidney stones

There are a number of practices for treatment of urinary calculi, including surgery, and endoscopic procedures such as ureteroscopy percutaneous nephlithotomy and ESWL. Medical management of urolithiasis is still a challenge for modern medical practice (Mohanty et al., 2010).

The management of stone development requires observation of 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 influences the choice of one type of intervention over the other (Nabi et al., 2007).

However there is an evidence that intervention in the form of life style and  medical therapy can reduce the rate of stone recurrence Thus, metabolic investigation and medical treatment are important elements in the clinical management of renal stone diseases (Taylor et al., 2001). 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 (Clark, 1925).

Treatment
The use of medications to speed up the spontaneous passage of ureteral calculi is referred to as medical expulsive therapy. Several agents including alpha adrenergic blockers and calcium channel blockers have been found to be effective. A combination of tamsulosin and a corticosteroid may be better than tamsulosin alone. These treatments also appear to be a useful adjunct to lithotripsy (Seitz et al., 2009).

              Most stones under 5 mm in diameter pass spontaneously. Prompt surgery may, nonetheless, be required with persons with only one working kidney, bilateral obstructing stones, and a urinary tract infection and thus, it is presumed, an infected kidney, or intractable pain. Beginning in the mid-1980s, less invasive treatments such as ESWL, ureteroscopy, and percutaneous nephrolithotomy began to replace open surgery as the modalities of choice for the surgical management of urolithiasis (Miller et al., 2007).

Shock wave lithotripsy

The introduction of shock wave lithotripsy in the early 1980s revolutionized the treatment of nephrolithiasis. A shock wave is generated by an external source to the patient that propagates through the body before being focused on a kidney stone wave that cause stone fragmentation directly by producing mechanical stresses or indirectly by the collapse of cavitations bubbles (Mcateer et al., 2005). This is the most common treatment for urolithiasis, which can have side effects (Evan et al., 2005).

Extracorporeal Shockwave Lithotripsy (ESWL)

 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 ureteral 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). ESWL might show some significant side effects such as renal damage. ESWL induced hypertension or renal impairment (Tombolini et al., 2010).

However treatments may pose their own problems. Potassium citrate is effective, but along with shockwave lithotripsy (SWL).The may promote the formation of cup stones (Park et al., 2009). Because Potassium citrate that increases (alkali condition) urine pH, this new pH condition would favour the retention of apatite, in that apatite becomes increasingly more insoluble at higher pH levels. However many pathways can lead to increased urinary super saturation (Coe, 2005).

Although some oral medications have positive effects, they are not effective in all patients ; 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 (Mattel and Hess, 2005).

 Citrates are being used in attempt to prevent recurrence of hypercalciuria and hyperoxaluria-induced calculi but scientific evidence and their efficiency is less convincing. Acetohydroxymic acid inhibits urease and has been used to treat struvite stone disease. Allopurinol is used to treat uric acid stones and for cysteine stones D-penicillamine (Depen), Tiopronone (Thiola), or  Captopril (capoten) can be given to convert the cysteine to a more soluble cysteine drug complex (Bashir et al., 2009).

Based on their hypercalciuric action thiazides are used to treat hypercalciuric nephrolithiasis patients. Indeed, it was reported that thiazides especially hydrochlorothiazide reduced the formation of stones significantly, when compared to a placebo group. Nevertheless, thiazide therapy is limited by side effects like fatigue, malasie, and constipation in certain circumstances associated with respect to monosodium urate leading on to hyperuricosuria. This agent might induce heterogeneous nucleation of Caox and indirectly promote Coax 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, practically means prevention, protecting the patient from further growth of existing stones and development of new stones and thus decreasing mortality (Aton, 2009). 

Prevention
Despite the major technical achievements for stone removal in the last three decades the problem of recurrence rate of kidney stones is approximately 15% in the first year and as high as 50% within five years of the initial stone. Effective kidney stone prevention is depending 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 help prevent the formation of new stones.  Patients suffering from stone diseases should be instructed to increase the fluid intake in order to maintain urine output of at least 2 L/D (Alon and Zimmerman et al., 2004).

Dietary role in lithiasis
Modern lifestyle, dietary habits and obesity emerge to be the promoters of idiopathic stone disease. Modern diets containing a lot of animal protein, refined carbohydrates and salts act on the metabolism like an acid concentration. To overcome this disadvantage, a sufficient supply of potassium and alkali is required. It is important to know that calcium should not be restricted. Usually the body does not absorb more calcium than is needed however, certain conditions can cause much calcium to be absorbed leading to excessive passage in the kidneys (Borghi et al., 2002).

Recent studies report that actual protein consumption in children in Europe and North America are 3 to 5 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).

A nutritionally poor diet that is low in animal protein and calcium, which 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 (Lee, 2008).

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 record.

Importance of medicinal plants
Plants have long been used as a source of medicine from ancient times. Today all over the world, medicinal plants have been used in virtually all cultures as a source of medicine since times immemorial. Herbal medicine is still the mainstay of healthcare in several developing countries. Medicinal plants are the oldest and most wide spread form of medication considering that medicinal uses have been documented for approximately 10,000 species and less than 200 of these are incorporated in western medicine, there is ample evidence to show that natural products are an important source of new chemical entities (Liu and Wang 2008). Among the conservative estimate of 250,000 flowering plants in the world, more than 8000 species are weeds. The weeds grow along with the crop plants and are regarded as nuisance for crops. But are the raw materials to the pharmaceutical industries as they yield chemicals used in formulation of various drugs (Auti et al, 2004).

Several recent studies have proved the weedy plants contain many medically useful active principles like alkaloids, glycosides, polyphenolics, steroids, tannins, resins, flavoniods, tetraploids and fatty acids that are able to cure many nutritional disorders and diseases  in the human health care system. The vast majorities of people in the world take care of themselves and use healing plants that have been used for hundreds of generation (Taylor et al., 2001). The most of the plants used by the rural communities have biologically active compounds that have been shown by generations to be effective against specific disorders. The global demand for herbal medicine is not only large, but also growing (Srivastava, 2000). The market for Ayurvedic medicines is estimated to be expanding at 20 per cent annually in India. Only 15 per cent of pharmaceutical drugs are consumed in developing countries (Subrat, 2002).

Medicinal plants are used as herbs or traditional medicine for various types of disease since ancient times. Recently the use of phytochemicals is considered to be safer and suitable to the human body. Medicinal plants are used for the preparation of various modern drugs; they are also used as the principle source of raw materials. (Gault et al.,2010). India with its glorious past and traditional medical system use pattern of different plants is one of eight major centre of origin and diversification of domesticated taxa, having rich biodiversity and is one of the 17 – mega diverse countries of the world. With only 2.5% of the land area, India already accounts for the 7.8% of the global recorded species (Kannaiyan, 2007). In recent years, use of plants in traditional medicine has increases the interests in ethno – botanical studies through out the world. In fact WHO estimated that 70% of populations from many countries are using traditional or folk medicines to cure various ailments (Jiofack et al., 2010).

Aerva lanata L. (Amaranthaceae) locally known as Sirupoolai in Tamil, Chaya (Hindi), Bhadra (Sanskrit), stone breaking plant (English). Prostrate or succulent, perennial herb or under shrub. It is traditionally known as, Pashana beda. Leaves are woolly, tormentors throughout and smaller in flowering branches. Flowers are very small, sessile, bisexual, greenish or dull white, often clustered with spikes. Seeds are kidney-shaped and shining black in colour. The root has a camphor like aroma and medicinally important. Decoction of the flowers is said to cure stones in any part of the stomach and that of the root is diuretic and cure for kidney stones (Trinchieri,, 2006). Aerva lanata has become the subject of intense pharmacological and chemicals studies for the last thirty years. Numerous studies have proven its versatile pharmacological activities, anthelmintic, demulcent, anti-inflammatory, diuretic, expectorant, hepatoprotective, Nephroprotective, anti-diabetic activity, anti-hyperglycaemic activity in rats, (Weiss, 2007) anti-microbial, cytotoxic (Evan et al., 2005), Urolithiatic, hypoglycemic, anti-hyperlipidaemice (Hennequin, 1993) anti-pharasitice and anti-helmentice activities (Basu, 2006). The plant extract is used to treat nasal bleeding, cough, scorpion stings, fractures and spermatorrhoea (Rodman, et al., 2010).

The present study evaluates the anti lithiatic effect of the flower extracts of Aerva lanata   in vitro and in vivo. The methodology adopted to analyses the various parameters is given in the next chapter.

3. METHODOLOGY

Kidney stone disease is an important public health problem. High concentration of calcium carbonate in water and low nutrient diet are contributing factors to this disease (Nimmannit et al., 2003). 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 range between 1 and 12% (Alok et al., 2008) and significantly affects the economy and public health as it has high rate of recurrence (Mohanty et al.,2010) A large number of Indian medicinal plants are being routinely used by practitioners of Ayurveda system of medicine in the treatment of urinary stone disease (Prasad et al, 2007). Many plants have also been reported all over the world which are able to inhibit kidney stones (Beghalia et al, 2008). Hence the present study was taken up to evaluate the antilithiatic potential of the plant Aerva lanata under in vitro and in vivo.

COLLECTION OF PLANT SAMPLE AND PREPARATION OF EXTRACT

The flowers of Aerva lanata were collected from Tirunelveli. The plant was identified and certified by the botanical survey of India, Tamil Nadu Agricultural University, Coimbatore. The Flowers of the plant Aerva lanata were collected cleaned and shade dried. The dried flower were powdered and passed through the coarse sieve (0.2mm). A series of extraction was carried out for the plant material. About 5g of the powered sample was taken in a thimble and placed in a soxhlet apparatus and was extracted by hot percolation method using 200ml of different solvents with increasing polarity namely petroleum ether, benzene, chloroform, ethyl acetate, methanol, ethanol and aqueous. The extraction was carried out until the plant material become colourless. The extract was collected and evaporated in a boiling water bath at 60ºC. The residue was mashed and stored in an air tight container in a refridgerator.

PREPARATION OF AQUEOUS EXTRACT

Aqueous extract of the plant sample also prepared as follows. To about 1g of the powered sample, added 100ml of distilled water and kept in a water bath at 60°C for 2 hrs. Filtered and centrifuged thrice, and the supernatant was collected, evaporated in a flash evaporator and stored in an air tight container in the refridgerator.

PREPARATION OF CYSTONE EXTACT

The Tablet of cystone was powdered and from this about 35mg of the powdered sample was dissolved in 900µl of distilled water and added 100µl of Tween 80. The extract was stored in an air tight container in the refridgerator.

CONCENTRATION OF EXTRACT

The plant extract obtained using various solvents were made up to a final concentration of 35µg /µl and were utilized for various assays.

TREATMENT GROUPS 

The treatment groups set up for the present study is categorized as follows

T1 – Control (extract) 

T2 – 50µg of extract

T3 – 100µg of extract

T4 – 200µg of extract

T5 – 400µg of extract

T6 – 800µg of extract

T7 – 1600µg of extract

T8 – 3200µg of extract

T1 served as control. In order to determine the extract that indicates the maximum effect among the various solvent extracts of increasing polarity that were used during extraction, treatment groups from T2 to T8 were set for all the solvents that were used in the present study during extraction.

In vitro CALCIUM OXALATE ASSAY

Unlike any other human diseases, the occurrence of urinary stones was documented for back in to antiquity. Amongst the many types of stones that can form, the most common are calcium oxalates. The physico-chemical theory of stone formation considers urine as a supersaturated solution in which homogenous or heterogeneous nucleation can lead to initiation of crystal formation, which can then aggregates and grow. Protocol for this assay should be described in appendix v followed by nucleation assay.
NUCLEATION ASSAY

              The stone formation begins from the occurrence of nuclei, which means the process of stone formation. We choose the classical model for the study of oxalate crystallization because of its simplicity and satisfactory reproducibility. This model includes the percentage inhibition of nucleation of calcium oxalate crystals by the presence of Aerva lanata extract. The method used was similar to that described by Hennequin et al., (1993) with some minor modifications. The detailed procedure has been explained in Appendix I.

GROWTH ASSAY

Newly formed crystals may combine to form a small, hard mass called as stones. The percentage inhibition of calcium oxalate crystal growth that was induced by the presence of Aerva lanata extract was analyzed as described by Chaudhary et al., (2008). The procedure was given in  Appendix II.

AGGREGATION ASSAY

The crystals in solution stick together to form large particles called as aggregation. The percentage inhibition on aggregation of calcium oxalate crystals induced in vitro by the presence of Aerva lanata extract was determined by the method of Hess et al., (1989) as presented    in the Appendix III.

EVALUATION OF ANTILITHIATIC ACTIVITY OF Tridax procumbens UNDER in vivo

       ANIMAL SELECTION

Healthy male wistar rats were received from Animal Breeding Centre, Agricultural University of Thrissur, Kerala. Male wistar rats weighed between 150- 200 gm were chosen for this study. The animals were acclimatized in polypropylene cages and maintained at 27± 2ºC, under 12 hr light/dark cycles. They were provided with rat chow and drinking water. The animal care and experimental protocols were in accordance with Institutional Animal Ethical Committee (IAEC) and the registration No.623/02/b/CPSCEA.

ETHYLENE GLYCOL INDUCED LITHIASIS

Ethylene glycol is a metabolic precursor of oxalate. Regular administration of ethylene glycol caused hyperoxaluria in ethylene glycol fed animals and causes increased renal retention and excretion of oxalate, calcium and phosphate (Choubey et al., 2010).  Ethylene glycol induced hyperoxaluric rats were used to assess the antilithiatic activity in male wistar rats. Animals were divided in to five groups containing four animals in each group.

TREATMENTS GROUPS 
· Control - Animals were feed with regular water and food for 28 days

· Lithiatic control-- animals were fed with 0.75% ethylene glycol in drinking  water up to      28 days. 

· Extract control - Treated with the aqueous extract of Aerva lanata (3.2mg/kg body weight) orally daily up to 28 days.

· Preventive regimen – Animals were feed with 0.75% ethylene glycol in drinking water and the aqueous extract of Aerva lanata (3.2mg/kg body weight) orally up to 28 days.

· Curative regimen – Animals were feed with 0.75% ethylene glycol in drinking water for   1 – 14 days and followed by the aqueous extract of Aerva lanata (3.2mg/kg body weight) from 15th to 28th days.

· Preventive regimen – Animals were feed with 0.75% ethylene glycol in drinking water and the cystone extract (3.2mg/kg body weight) orally up to 28 days.

· Curative regimen – Animals were feed with 0.75% ethylene glycol in drinking water for   1 – 14 days and followed by the cystone extract (3.2mg/kg body weight) from 15th   to 28th days.
           ASSESSMENT OF ANTILITHIATIC ACTIVITY

           COLLECTION AND ANALYSIS OF URINE

All animals were kept in metabolic cages separately and urine sample of all groups were collected from the period of treatment on 0th, 7th, 14th, 21st and 28th day. Animals had free access to drinking water and food was given for every 4th hour and left over night, during the urine collection period. One or two drops of toluene were added to the urine before stored in refridgerator. Calcium (Clark and Collip, 1985), oxalate (Hodgkinson and Williams, 1972) phosphate (Fiske and Sabbarow 1925), uric acid (Caraway 1955) and creatinine (Bonsnes and Taussky, 1945) levels in the urine were analyzed and the methods were given in the Appendix IV, V, VI, VII and VIII respectively.
        SERUM ANALYSIS

On 28th day, the blood was collected from the retro-orbital under anesthetic conditions and the animals were sacrificed by cervical decapitation. Serum was separated and further analyzed for estimation of creatinine by the methods as described for the analysis of urine.

        STATISTICAL ANALYSIS

The analysis was performed using Fischer’s LSD method (Version 3.1). Statistical significance was determined by one way analysis of variance (ANOVA), and also the two factorial statistics in WASP was also used. The result obtained for various in vitro and in vivo biochemical assays performed in the present study and the findings made during the study are discussed in the next chapter.

4. RESULTS AND DISCUSSION

Nephrolithiasis is a common disorder, affecting up to 10% of the population (Kumar et al., 2003). The incidence of urolithiasis is very common in Northern India. It is calculated that higher incidence may be due to wheat diets. People living in rocky areas, where the climate is hot and dry, seem to be more prone to urinary calculi disease       (Singh et al., 2006). Due to the significant side effects and failure to prevent recurrence by the present day treatment procedures for urolithiasis. Alternate treatment modalities using herbal products assume importance. A dramatic advancement in using phytotherapy for urolithiasis has been observed in recent years and many medicinal plants have been employed for centuries to treat urinary stones (Aggarwal et al., 2010).
In vitro crystallization systems are widely used for different purposes in urolithiasis research, since kidney stone formation is a complex process that forms a succession of several physico-chemical events including super saturation, nucleation, growth, aggregation and retention within the tubules (Pareta et al., 2011).

Medical management of lithiasis, today, includes lithotripsy and surgical procedures. Disappointingly, the underlying risk factors are not corrected by these techniques; hence there is a need to continue these medical supervision and therapy to prevent stone recurrence. The herbal source becomes a vital area in the search for new antilithiatic drugs, because the extracts and compounds isolated from them have demonstrated variety of biological activity (Betanabhalatla et al., 2009).

In the present study “Evaluation of the flower extracts of Aerva lanata for its antilithiatic potential under in vitro and in vivo conditions” has been investigated scientifically to validate its folkloric use for lithiasis.

In vitro CALCIUM OXALATE ANALSIS
Calcium oxalate is the most prevalent type of kidney stone and has been shown to occur in 70–80% of the kidney stone population (Asplin, 2002).

As an initial step towards understanding the antilithiatic potential, the in vitro calcium oxalate assays were carried out in this study using the leaf extract of Aerva lanata. This includes crystal nucleation, growth and aggregation. The inhibitory potency of the plant extracts were tested on the nucleation, growth and aggregation of the crystals which is predominantly present in most of the kidney stones.

NUCLEATION ASSAY

Renal calcium-containing concretions represent a major health care and financial burden worldwide, and enormous efforts are made by investigators to scale down the incidence rates.  The predominant component of renal calcium stones is calcium oxalate, mostly in the mono or dihydrate form. CaOx crystal nucleation, growth and agglomeration in urine are believed to be controlled by a balance between the ambient physico-chemical super saturation and inhibitors capable of acting on one or more of these crystallization steps.  To mimic this in the laboratory, CaOx crystallization processes resembling those occurring under in vivo conditions, several test procedures have been developed. However, studies on crystallization inhibition in diluted urine may lead to false conclusions; for example, the inhibitory action of small-molecular substances like citrate depend on their stoichiometry, and those of large molecular substances like proteins depend on molecular configuration (Fiske et al., 2001).
The extent to which the nucleation of calcium oxalate crystals were inhibited by the flower extracts of Aerva lanata was determined and presented in Figure 3.

The results of the assay performed indicate that all calcium oxalate monohydrate crystals were hexagonal in control samples. When the Aerava lanata flower extract at varying concentrations (100, 200, 400, 600, 800 and 1000 µg/ml) were added, the calcium oxalate monohydrate crystals lost their crystalline nature and also disaggregated into smaller particles. The microscopic examination at 400X magnification (Plate 4) revealed us the best results with the higher concentration as indicated by the dispersed, lesser and irregular shape of calcium oxalate crystals. 
This can lead to a reduced supersaturation of the particles. This property of extract is therefore advantageous, preventing urinary stone formation by inducing the desegregations into small particles and reducing the chance of retention in the urinary tract. The present study is in accordance with the result from several scientific reports. 

FIGURE 3
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Agarwal et al., (2012) reported that the inhibition of in vitro calcium oxalate crystal (major component of most urinary stones) formation by various extracts of Hyptis suaveolens, their investigations conclude that the inhibitory potency of aqueous extracts of Hyptis suaveolens (L.) was found to be comparable to that of cystone.

Deoda et al., (2011) reported that the aqueous extract of Nymphaea odorata are having good antilithiatic activity compared to stem and Black and white seeds of Dolichos Lablab.

Agarwal et al., (2010) had reported that a concentration dependent trend of inhibition was observed in oxalate induced renal tubular epithelial cell injury and inhibition of calcium oxalate crystallization in vitro. The maximum inhibition was obtained in 100% for calcium oxalate monohydrate nucleation and 170% for the growth assay with 1000 µg/ml of aqueous extract of Aerva lanata. 

GROWTH ASSAY

The aggregated clusters of calcium oxalate particles grow further. The extent to which the growth of calcium oxalate crystals were inhibited by the presence of the flower extracts of Aerva lanata was determined and presented in Figure 4 and plate 3 . Among the various solvent extracts analyzed, aqueous extract at its higher concentration (3200µg) possessed a significant (p<0.001) inhibitory effect against the crystal nucleation, aggregation and growth process. All other extracts also exhibited a considerable inhibitory action.

As observed in plate 5, the large number of crystals formed in the control group were maximally diminished and reduced in the presence of aqueous extract of Aerva lanata and also comparable to that of cystone treatment which evidenced its inhibitory potential.

Chaudary et al., (2010) reported that the Terminalia arjuna bark was evaluated on various stages of formation of calcium phosphate and on the growth of calcium oxalate monohydrate crystals in vitro. Results obtained indicated that Terminalia arjuna bark has the potential to inhibit the formation of both calcium phosphate and calcium oxalate crystals in vitro. Aqueous extract of Terminalia arjuna extract was the most effective in inhibiting formation of calcium phosphate and calcium oxalate crystals in vitro.
Manjula et al. (2012) reported that COM and COD are frequently found in urinary calculi (stones). The inhibitory effect of aqueous Costus igneus stem extract on the growth of COM crystals was studied. The results indicate that with an increase in the concentration of aqueous C. igneus extract, the mass of the formed crystals was gradually reduced.
FIGURE 4
[image: image4.emf]EFFECT OF Aerva lanata EXTRACT ON CALCIUM 

OXALATE CRYSTAL GROWTH

0

500

1000

1500

2000

2500

3000

Chloroform Methanol Ethanol Ethyl acetate Aqueous Cystone

Series of extraction

Inhibition %

50µg 100µg 200µg 400µg 800µg 1600µg 3200µg


In the control sample clear crystals in hexagonal shape were observed at 400X magnification under microscope. Upon the administration of the flower extract, dispersion of crystals, reduction in number and size of the crystals resulting in irregular shape of the crystals instead of hexagonal shape were observed. Thus the result of in vitro assays performed revealed that the aqueous extract of Aerva lanata remarkably inhibits the crystal formation at all the stages, thereby reducing the stone formation and dissolution of stones. It can be suggested that the flower extracts may contain antilithiatic effect.

The inhibitory effect of Erica multiflora, Ammodaucus leucotrichus, Ajuga iva, Atriplex halimus, Erica arborea, Globularia alypum (roots), Stipa tenacissima, Globularia alypum (flowers), Chamaerops humilis and Tetraclinis articulate were found to be dose dependent.  Extracts of Ammodaucus leucotrichus and Ajuga iva were also found to potently inhibit the nucleation, growth and aggregation phases of calcium oxalate crystallisation, while extracts of  Erica multiflora, and  Globularia alypum (flowers), inhibited nucleation and growth of the crystals but not their aggregation (Beghalia et al.,2008). 

AGGREGATION ASSAY
The third important step in calculus formation is aggregation that constitute the most effective mechanism to increase the size of the particle composition and structure of urinary stones (Dasanverma, 2008).

The next step to crystal nucleation is crystal growth, which is a critical step in the urinary stone formation due to agglomeration of particles. Figure 5 and plate 4 depicts the results of aggregation of the calcium oxalate crystal in the presence of the flower extract. It was found that calcium oxalate monohydrate crystal aggregation was steadily decreased by the increased concentration of flower extract. Microscopic view of calcium oxalate crystals showed that the crystal size was bigger and aggregated in the control. However, the size of the crystal was considerably reduced and very well dispersed by the presence of the flower extract of Aerva lanata. It is clearly evident that the flower extract reduced the crystal growth to a greater extent due to the inhibitory nature of the components present in the plant against the aggregation of the COM crystals which could ultimately prevent the stone formation.

FIGURE 5

     [image: image5.emf]EFFECT OF Aerva lanata EXTRACTS ON CALCIUM 

OXALATE CRYSTAL AGGREGATION

0

10

20

30

40

50

60

70

Pet Ether Chloroform Methanol Ethanol Ethylacetate Aqueous Cystone

Series of extraction 

Inhibition %

50µg 100µg 200µg 400µg 800µg 1600µg 3200µg


 Beghalia et al., (2008) have suggested in studies using certain Algerian medicinal plants Chamaerops humilis and Tetraclinis ariculata that may contain substance that inhibit the growth of COM crystals. This property of plant extract could be important in preventing kidney stone formation. Our studies are in concord with the studies that are previously reported in the antiurolithiatic potent of Tribulus terrestris on the growth of calcium oxalate monohydrate crystals (Joshi et al., 2003).

 Yadav et al., (2011) reported that kidney stone formation is a complex process that results from a succession of several physicochemical events including supersaturation, nucleation, growth, aggregation and retention within the kidneys. The efficacy of the two Siddha drugs, Aerva lanata and Vediuppu chunam as antilithiatic agents were studied in rats using 0.75% ethylene glycol in drinking water as a urolithiatic rat model.

Pareta et al. (2011) reported that the Achyranthes indica  Linn. Acts on nucleation as well as crystal growth stage. The hydro alcoholic extract of Achyranthes indica Linn. remarkably inhibits crystal formation in calcium oxalate urinary Lithiasis.
In vivo ANALYSIS 
The study of urinary chemistry with respect to the stone forming minerals will provide a good indication of risk of stone formation. 

In the treatment of kidney stones, plants are used as antilithiatic agent either to dissolve the stones or to aid their passing to guard against further retention. Many in vivo models have been developed to investigate the mechanisms involved in the formation of urinary stones to ascertain their effect of progression of the disease, Rats are the most frequently used animal model for calcium oxalate monohydrate crystal deposition in kidneys, a process that mimics the etiology of kidney stone formation in humans (Touhami et al., 2007)

In the present study, besides assessing the antilithiatic potential of the flower extracts of Aerva lanata under in vitro conditions, in vivo studies were also carried out using male wistar rats to confirm the biological action of plant.

pH OF URINE
Variation in pH of the urine samples of the rats are given in Table 1. The value depicts that there is only slight variation in the pH. 

TABLE 1
pH OF URINE

	Treatment groups
	0th day
	7th day
	14th day
	21st day
	8th day

	Group I
	7.3
	7.3
	7.0
	7.4
	7.4

	Group II
	7.2
	7.2
	7.5
	7.5
	7.5

	Group III
	7.5
	7.5
	7.5
	7.5
	7.5

	Group IV
	7.5
	7.5
	7.5
	7.5
	7.5

	Group V
	7.0
	7.0
	7.5
	7.5
	7.5

	Group VI
	7.0
	7.0
	7.5
	7.5
	7.5

	Group VII
	7.0
	7.0
	7.5
	7.5
	7.5

	Group VIII
	7.0
	7.0
	7.5
	7.5
	7.5


Similar studies carried out by Butterweck, (2009) suggested that the administration of 0.75% ethylene glycol has not shown much change in the urinary pH value.
Priya et al, (2010) reported that at the starting days the pH value is ~ 7.4, up to 12th day it fluctuates in between 7.3 to 7.5 and at the 28th day the values were found between 7.1 to 7.3 .A significant interpretations could not be made with the obtained pH values obtained.

TABLE 2
LEVELS OF CALCIUM EXCRETED IN THE URINE SAMPLES OF LITHIASIS INDUCED RAT

	TREATMENT GROUPS
	Days

	
	0
	7
	14
	21
	28

	Group I
	0.82±0.01
	0.75±0.01
	0.78±0.02
	0.80±0.08
	0.80±0.08

	Group II
	0.79± 0.01a
	3.31±0.01ab
	5.13±0.02a   
	5.87±0.02a
	6.76±0.02a

	Group III
	0.74±0.02
	0.75±0.01ab
	0.81±0.01
	0.84±0.01ab
	0.07±0.02a

	Group IV
	0.79±0.01
	1.62±0.02a
	1.51±0.01ab
	1.26±0.01a
	1.20±0.02ab

	Group V
	0.87±0.01ab
	2.98±0.01ab
	5.85±0.02a
	3.2±0.02a
	2.98±0.02ab

	Group VI
	0.87±0.01
	2.13±0.02a
	1.33±0.02ab
	1.18±0.01a
	0.86±0.01a

	Group VII
	0.83±0.01
	3.11±0.02ab
	5.90±0.02abc
	2.65±0.01a
	1.06±0.01abc

	CD(0.050)
	0.051
	0.058
	0.062
	0.050
	0.058


The values are mean ±SD for 4 animals in each group  

a – Statistically significant (P<0.001) compared to control 
b – Statistically significant (P<0.001) compared to lithiatic control (respective treatment days)

c - Statistically significant (P<0.001) compared to aqueous extract (respective treatment days)

The amount of calcium excreted in the urine samples of the rats in various treatment groups is depicted in Table 2. An increased calcium excretion was observed in the ethylene glycol induced urolithiatic rats. Throughout the study period, no significant change was observed in control and flower extract alone treated group. There is a steady increase in calcium excretion levels in lithiatic rats. These elevated levels were lowered by the administration of the aqueous extract of Aerva lanata.

 Our results gave a clear idea that the observed hypercalciuria in ethylene glycol induced urolithiatic rats might be the factors favoring the nucleation and precipitation of calcium oxalate and subsequent crystal growth. However, treatment with the flower extract of Aerva lanata visibly reduced the crystalline particles as well as the levels of calcium excreation significantly (p<0.001). Though the levels were not comparable either to the control or to the cystone treated group, a significant reduction in the levels were obtained suggesting that the driving component present in Aerva lanata flower extract responsible for lowering the calcium excretion may be isolated and purified. This purified form can render a better inhibitory effect when compared to crude flower extract.

 Parameshwar et al. (2001) had stated that the aqueous extract of Adonis aestivalis roots and leaves expressed similar activity in the evaluation of antilithiatic activity using male wistar rats. 

OXALATE
The data on urinary excretion of oxalate in the rat urine is represented in Table 3. The results indicate that the incidence of hyperoxalurea is observed in lithiasis induced rats as indicated by the increased level of oxalate in rat urine. These increased level decline significantly (p<0.001) when the flower extracts were administered.

Chaitanya et al (2010) revealed that the aqueous and alcoholic extract of Macrotyloma uniflorum cause the reduction in the oxalate excretion. The aqueous extract of Melia azedarach Linn, was studied in ethylene glycol induced lithiatic rats. The aqueous extract of M. azedarach reduced urinary calcium, oxalate, phosphate and elevated urinary magnesium level and urinary volume (Christina et al., 2006). 

TABLE 3
LEVELS OF OXALATE EXCRETED IN THE URINE SAMPLES OF LITHIASIS INDUCED RATS
	Treatment Groups
	Days

	
	0
	     7
	    14
	21
	8

	Group I
	1.49±0.01
	1.40±0.012
	1.39±0.01
	1.41±0.01
	1.45±0.02

	Group II
	1.83±0.02
	1.89±0.01ab
	1.91±0.03
	1.93±0.01
	1.95±0.03

	Group III
	1.8±0.01ab
	1.82±0.01ab
	1.82±0.03a
	1.83±0.03a
	1.80±0.02a

	 Group IV
	1.45±0.01ab
	1.53±0.03abc
	1.63±0.03abc
	1.61±0.03ab
	1.58±0.01ab

	 Group V
	1.6±0.01ab
	1.73±0.01a
	1.86±0.01abc
	1.63±0.01abc
	1.31±0.01ab

	Group VI
	1.71±0.02a
	1.81±0.03a
	2.51±0.02ab
	2.29±0.02a
	1.35±0.01ab

	Group VII
	1.8±0.01a
	1.96±0.02a
	2.02±0.01a
	1.85±0.03ab
	1.70±0.02ab

	CD (0.050)
	0.055
	0.059
	0.062
	0.055
	0.057


The values are mean ±SD for 4 animals in each group  
a – Statistically significant (P<0.001) compared to control 
b – Statistically significant (P<0.001) compared to lithiatic control (respective treatment days)

c - Statistically significant (P<0.001) compared to aqueous extract (respective treatment days)

PHOSPHORUS

 Urinary phosphate excretions of all the treatment groups were expressed in Table 4. A steep increase in phosphate excretion was observed in urolithiatic rats. Flower extract alone treated group showed a similar trend to the control group indicating its non toxic potential. While, in preventive and curative groups, excretion of phosphate was reduced significantly (p<0.001) when compared with ethylene glycol treated group.

TABLE 4
LEVEL OF PHOSPHORUS EXCRETED IN THE URINE SAMPLES OF LITHIASIS INDUCED RATS

	Treatment 
Groups
	Days

	
	0
	7
	14
	21
	28

	Group I
	3.61±0.01
	3.58±0.01
	3.59±0.02
	3.60±0.02
	3.61±0.01

	Group II
	3.64±0.02a
	4.89±0.01a
	5.33±0.01
	6.72±0.02
	7.33±0.02

	Group III
	3.63±0.01ab
	3.64±0.01ab
	3.63±0.01ab
	3.64±0.01ab
	3.65±0.01ab

	Group IV
	3.65±0.02a
	3.64±0.02ab
	3.73±0.02ab
	3.66±0.01ab
	3.61±0.02ab

	Group V
	3.47±0.01abc
	4.22±0.02abc
	4.87±0.01abc
	4.47±0.02abc
	3.11±0.01abc

	Group VI
	3.33±0.01c
	3.53±0.01abc
	3.54±0.01abc
	3.53±0.01abc
	3.47±0.01abc

	Group VII
	3.61±0.01ab
	3.98±0.02ab
	4.60±0.01ab
	4.02±0.01ab
	3.21±0.01ab

	CD (0.050)
	0.052
	0.042
	0.062
	0.049
	0.054


The values are mean ±SD for 4 animals in each group  
a – Statistically significant (P<0.001) compared to control 
b – Statistically significant (P<0.001) compared to lithiatic control (respective treatment days)

 c - Statistically significant (P<0.001) compared to aqueous extract (respective treatment days)

Jayekumari et al. (2011) had revealed that the administration of Dichrostachys cinerea extract can reduce and prevent the growth of urinary stones. 

Bahuguana et al, (2009) reported that the aqueous and alcoholic extract of E.coracana grain treatment significantly reduced the renal content of the stone forming constituents like phosphorus. Increased urinary phosphate excretion along oxalate stress seems to provide an environment appropriate for stone formation by forming calcium phosphate crystals, which epitaxically induces calcium oxalate deposition.




URIC ACID
Uric acid is known to promote calcium oxalate crystal growth (Sundararajan et al., 2006). The amount of uric acid excreted in urine samples of the rats in various treatment groups is depicted in Table 5.
The uric acid excretion also increases in lithiasis induced rats.  The amount of excretion is denoted in the Table 5. The comparison of urinary excretion of uric acid between lithiasis induced rats and the control revealed that, there is an increase in the amount of uric acid in lithiatic rats than the control. There is a significant (P<0.001) reduction in the levels of uric acid in the urine sample of the rats administered with the Aerva lanata extract. It is clearly evident that the presence of the plant extract caused a cessation of stone     formation as indicated by the lowered levels of uric acid. The results clearly evident the antilithiatic potential of the weed extract.
TABLE 5

LEVELS OF URICACID EXCRETED IN THE URINE SAMPLES OF                                                                LITHIASIS INDUCED RATS

	Treatment  Groups
	                     Days

	
	0
	7
	14
	21
	28

	Group I
	1.15±2.17
	1.16±3.47
	1.12±1.24
	1.09±0.36
	1.12±0.09

	Group II
	1.14±1.12bc
	1.17±0.96
	1.25±2.87ab
	1.26.43a
	1.29±1.59a

	Group III
	1.19±0.04c
	1.20±0.18a
	1.21±0.47abc
	1.20±0.59ab
	1.20±0.36a

	Group IV
	1.16±3.07a
	1.18±4.40ab
	1.26±2.09ab
	1.22±0.59ab
	1.17±0.07ab

	Group V
	1.10±1.16a
	1.13±1.15abc
	1.19±0.81ab
	1.14±1.08ab
	1.11±0.40ab

	Group VI
	1.11±1.16abc
	1.16±3.88a
	1.23±0.97ab
	1.17±0.63abc
	1.13±0.40ab

	Group VII
	1.17±2.76ab
	1.20±7.06a
	1.26±0.91ab
	1.22±0.28abc
	1.19±0.56ab

	CD (0.050)
	5.489
	0.363
	0.567
	1.882
	2.093


The values are mean ±SD for 4 animals in each group  
a – Statistically significant (P<0.001) compared to control 
b – Statistically significant (P<0.001) compared to lithiatic control (respective treatment days)

 c - Statistically significant (P<0.001) compared to aqueous extract (respective treatment days)

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

Chaitanya et a.l, (2010) reported that the administration aqueous and alcoholic extract of Macrotyloma uniflorum cause reduction in the uric acid level in the lithiasis induced rats and it restore the level to normal. 

CREATININE 

The concentration of creatinine present in the urine was expressed in Table 6. Increased creatine excretion in the lithiatic controlled groups may result in creatinuria, indicative of renal tissue damage.

The renal damage was reverted by the presence of flower extract of Aerva lanata in the preventive group (group IV) which evidence an initial increase till 14th day of the study causing renal damage and the levels decreased on the administration of the flower extract started from 14th day onwards reflecting the reversal of the renal damage. Curative groups (group 5) represents only a gradual increase in creatinine excretion which may not need to severe renal damage and also the levels were brought down. If the concentration of the extract is further increased there may be reduction in creatinine excretion which might be comparable to that of either the cystone treated rats or controlled rats. However, a significant (p<0.001) reduction in creatinine levels observed confirmed antilithiatic potential of the flower extract (aqueous) of Aerva lanata.
TABLE 6
LEVELS OF CREATININE EXCRETED IN THE URINE SAMPLES OF LITHIASIS INDUCED RAT
	Treatment Groups
	Days

	
	0
	7
	14
	21
	24

	Group I
	0.12±0.02
	0.13±0.01
	0.09±0.00
	0.12±0.00
	0.09±0.00

	Group II
	0.08±0.00a
	0.14±0.02a
	0.15±0.01
	0.21±0.01
	0.23±0.01

	Group III
	0.06±0.00b
	0.07±0.01
	0.14±0.01b
	0.16±0.00ab
	0.18±0.01b

	Group IV
	0.07±0.00b
	0.09±0.00
	0.11±0.00ab
	0.14±0.01ab
	0.14±0.00

	Group V
	0.09±0.03abc
	0.16±0.01ab
	0.17±0.01bc
	0.13±0.00ab
	0.10±0.00a

	Group VI
	0.10±0.01ab
	0.16±0.01ab
	0.18±0.00ab
	0.15±0.00abc
	0.15±0.01ac

	Group VII
	0.07±0.01b
	0.10±0.01ab
	0.16±0.00b
	0.14±0.00ab
	0.10±0.01a

	Group VIII
	0.12±0.02ab
	0.17±0.01ab
	0.19±0.00ad
	0.17±0.01a
	0.16±0.01a

	CD(0.050)
	0.024
	0.048
	0.044
	0.052
	0.033


The values are mean ±SD for 4 animals in each group  
a – Statistically significant (P<0.001) compared to control 
b – Statistically significant (P<0.001) compared to lithiatic control (respective treatment days)

 c - Statistically significant (P<0.001) compared to aqueous extract (respective treatment days)

Thus it can be concluded after assessing the potency of   Aerva lanata flower extract under in vitro and in vivo conditions, the flower extracts render a better inhibitory action against stone formation by inducing crystal dispersion, altering the morphology of the stones and reducing the size of the crystals.

Further, inhibitory property of the flower extract was also analyzed using male wistar rats. The results clearly represent the therapeutic potential of Aerva lanata flower extracts of lithiasis. These extracts were able to lower the elevated levels of calcium, oxalate, phosphorus, uric acid and creatinine in the urine samples of both preventive and curative groups.

The driving force responsible for the inhibitory property may be identified and purified. The purified component may then be tested for its anti lithiatic potential.

Thus it can be concluded that the aqueous extract of Aerva lanata can act as a good anti lithiatic agent.

5. SUMMARY AND CONCLUSION
Kidney stones are hard mineral and crystalline material formed within the kidney or urinary tract. Kidney stones are common, much pain full and more expensive. Urinary lithiasis is the result of an imbalance between inhibitors and promoters of the kidney. According to the clinical and epidemiological studies, calcium oxalate and calcium phosphate are the most frequently obtained crystalline compounds found in the kidney stones. Even though there are technological developments in the present medical practice, the formation and growth of renal calculi continues of afflict the human kind.

Medicinal plants continue to play an important role in the health care system of a large number of the world’s population. A number of plant extracts are used against diseases, in various traditional system of medicine such as Ayurvedic, Unnai and Sidha.

Traditional medicinal practices have been known to centuries in many parts of the world for the treatment of various human oilments. The use of synthetic drugs has revolutionized the treatment of urinary calculi. However, the indiscriminate use has led to cause adverse effect. Thus it was necessary for the need of novel herbal drug.

In the present study the candidate plant flowers of Aerva lanata were collected, shade dried and powered. Hence the aqueous extract from the powered flowers were used for the further analysis. In vitro crystallization systems are widely used to study the antilithiatic potential of the active compounds. This study indicates that the flower extract of Aerva lanata have inhibitory effect against crystal nucleation, growth and aggregation.

The flower act as a good inhibitor for the kidney stone formation. It act as an crystals and turn the crystals in to small size and keep the crystals as dispensed. These conditions favor the crystal elimination and prevent the crystal aggregation from the analyzed data, it can be concluded that the pathogenesis of kidney stone formation was found to be inhibited by the increasing concentrations of the flower extract. In present study, Male wistar rats were selected to induce urolithiasis because the urinary system of male rats resembles that of humans. Urinary supersaturating with respect to stone forming constituents is generally considered to be one of the causative factors in calculogenesis. Administration of ethylene glycol (0.75%) to young male Wister rats for 28 day period forms renal calculi composed mainly of calcium oxalate. The biochemical mechanisms for this process are related to an increase in the urinary concentration of oxalate stone formation in ethylene glycol feed which causes increased renal retention and excretion of oxalate following the induction of lithiasis the urinary volume and composition were found to be altered. 

In our study also the urinary output was markedly decreased in lithiatic control rats on 28 day, however in plant extract and standard treated rats the urinary volumes were increased when compared to that lithiatic group. This suggested that extract following ethylene glycol administration the excretion of calcium, oxalate, phosphate and protein were found to be increased in lithiatic group while in standard, curative and preventive groups these levels were significantly decreased(P<0.01) The magnesium level was decreased in lithiatic group while in standard and extract treated groups those levels were increased significantly(P<0.01) the Creatinine levels of extract treated rats restored to normal limits and the Creatinine clearance was also found to be improved.

These effects could conclude the Aerva lanata aqueous flower extracts shows better anti urolithiatic activity than cystone.
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APPENDIX I

NUCLEATION ASSAY

(Hennequin et al., 1993)
Solutions of calcium chloride and sodium oxalate were prepared separately at a final concentration of 3mM/L and 0.5mM/L respectively in a buffer containing Tris 0.5mM/L and NaCl 0.15mM/L of pH 6.5. Both the solutions were filtered thrice. For the assay, 950µl of calcium chloride and varying concentration of plant extract (final volume of 100µl) were pipetted out against a reagent blank (without extract). To this added 950µl of sodium oxalate and shook well at least for 2-3minutes. The absorbance was measured at 620nm. The relative inhibitory activity was calculated as follows:

            % relative inhibitory activity = ((C-S)/C) × 100

Where C is the rate of reduction of free oxalate without any extract and S is the rate of reduction of free oxalate with Tridax procumbens extract.

APPENDIX II

GROWTH ASSAY

(Chaudhary et al., 2008)
4mM calcium chloride and 4mM sodium oxalate of 1ml each were added to a 1.5ml of solution containing NaCl (10mM) buffered with Tris (10mM) at pH 7.2. To this 30µl of calcium oxalate monohydrate crystal slurry (1.5mg/ml acetate buffer) was added. Consumption of oxalate begins immediately after calcium oxalate monohydrate crystal slurry addition and was monitored for 600 seconds for the disappearance of absorbance at 214 nm. When plant extract was added into this solution, depletion of free oxalate ions will decrease if the extract inhibits calcium oxalate crystal growth. Rate of reduction of free oxalate was calculated using the baseline value and the value after 30 seconds incubation with or without the extract. The relative inhibitory activity was calculated as follows:

               % relative inhibitory activity = ((C-S)/S) × 100

Where C is the rate of reduction of free oxalate without any extract and S is the rate of reduction of free oxalate with Tridax procumbens extract.

APPENDIX III

AGGREGATION ASSAY

(Hess, et al., 1989)
Calcium oxalate monohydrate crystal seeds were prepared by mixing calcium chloride and sodium oxalate at 50mM /L. Both the solutions were equilibrated to 60°C in a water bath for 1hour and then cooled to 37°C overnight. The crystals were harvested by centrifugation and then evaporated at 37°C. Calcium oxalate monohydrate crystals were used at a final concentration of 0.8mg/ml buffered with Tris 0.05M / L and NaCl 0.15M / L at pH 6.5. Experiments were conducted at 37°C in the absence of the plant extract after arresting the stirring. The rate of aggregation was estimated by comparing the shape of the turbidity in the presence of the extract with that obtained in the control.

   Ir = (Turbidity of sample/ Turbidity of control) × 100

APPENDIX IV

ESTIMATION OF CALCIUM

(Clark and Collip, 1985)

To 2.0 ml of urine (supernatant of kidney homogenate) added 2.0 ml of water and 4% ammonium oxalate and allowed to stand over night. The precipitated calcium oxalate was centrifuged. Removed the supernatant with out disturbing precipitate. Added 3.0 ml of 2% ammonia along the sides of the tubes, mixed the precipitate, centrifuged and the supernatant poured off. This was repeated till the supernatant gave no precipitate with calcium chloride. This was done to remove excess of ammonium oxalate. Finally added 2.0 ml 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 0.01N potassium permanganate solution keeping the solution at 70º – 75ºC to faint pink color, which persisted for about a minute. For the blank, titrated 2.0 ml 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 V

ESTIMATION OF OXALATE IN URINE

(Hodgkinson and Williams, 1972)

MATERIALS REQUIRED

Electrolyte Zinc

Electrolyte zinc wire (3mm dia) was cut into the short length measuring approximately 5mm and weighed approximately 250mg. Immediately before use, the zinc was cleaned by immersing briefly in the freshly prepared 10N HNO3 (two volumes of concentrated HNO3 to one volume of water) and washed thoroughly in distilled water.

Chromotropic acid solution 

About 1g of 4, 5, dihydroxynapthalene 2,7-disulphonic acid and disodium salt “for formaldehyde determination” was dissolved in 100ml of distilled water and stored at 4°C.

Oxalic acid standard

About 1.023g of potassium oxalate monohydrate was dissolved in 100ml of distilled water and stored at 4°C. This solution contains 5mg of anhydrous oxalic acid per ml.

METHOD

Urine sample was acidified by the addition of concentrated HCl (1ml per 100ml of the urine) to ensure any crystals of calcium oxalate which may be present in the solution. 0.5ml of the urine was transferred into 25ml of graduated stoppered centrifuge tube followed by 1.5 ml of water and a drop of 0.04% bromo-thymol blue indicator solution. pH was adjusted to 7 (green) by the addition of diluted NaOH or diluted acetic acid solution. Then 2ml of the saturated aqueous calcium sulphate solution was added followed by 14ml of ethanol and the contents were mixed gently and allowed to stand at room temperature for at least 3hours or preferably overnight.

This solution was centrifuged at 2000rpm/min. The supernatant fluid was carefully poured off and the tube was allowed to drain for a few minutes on a filter paper. Mouth of the tube was wiped with clean tissue and the precipitate was dissolved in 2M of 2N H2SO4 solution. A piece of the freshly cleaned zinc was added and heated in a boiling water bath for 30 minutes (the tubes were left un stoppered to allow evaporation to final volume less than 0.5ml)

The zinc was removed with a bent glass rod and washed with 0.5ml of 1% chromotropic acid solution by adding to the tube. This operation was most conveniently carried out by fixing the tube almost horizontally in a report clamp and sliding the piece of zinc to the mouth of the tube, where it can be washed with the chromotropic acid solution before the final removal.

Concentrated H2SO4 was added slowly, with mixing and heating in a boiling water bath for 30 minutes. (The tubes do not need to be stoppered). Then the tubes was cooled and diluted to 20ml with 10N H2SO4 and the optical density was measured at 540nm. The developed colour was stable for several hours.

In standard Stock standard oxalic acid solution was diluted 100 times (50µg of oxalic acid per ml). Six tubes containing 0, 0.2, 0.4, 0.6, 0.8, and 1ml of diluted standard oxalic acid solution (0, 10, 20, 30, 40, and 50 µg of anhydrous oxalic acid) were prepared. Water was added to make the final voume of 1ml, followed by 1ml of 4N H2SO4 and a piece of freshly cleaned zinc and then proceed as described in procedure.

The concentration of oxalic acid in the original sample of urine was given by the equation:

mg of anhydrous oxalicacid/100ml=Reading from calibration curve(µg)x 100/0.5x1/1000

APPENDIX VI

ESTIMATION OF PHOSPHATE 

(Fiske and Sabbarow, 1925)

Into a series of test tubes, 0.5, 1.0, 1.5, 2.0 and 2.5ml of standard phosphorous solution was pipetted out and the volume was made up to 4.3ml with water and 0.5ml of molybdate I solution and 0.2ml of ANSA(1,2,4-amino-napthol sulphonic acid) reagent was added. 0.1ml of urine was taken and treated similarly with the molybdate II solution. The developed colour was read after 20 minutes in a colorimeter using red filter against a reagent blank at 660nm. Concentration of phosphorus present in the sample solution was calculated by plotting the concentration of phosphorus on X-axis and the colorimeter reading on Y-axis.

APPENDIX VII

ESTIMATION OF URIC ACID 

(Caraway, 1963)

 The  given 1 ml of  urine was diluted to 100ml with water. Into different tubes pipetted out 0.5-2.5ml of the working standard, corresponding to µg values 10, 20, 30, 40, and 50 respectively and made up to 3ml, and water as blank were taken in separate tubes. In a separate test tube with 8ml of water, added 1 ml of serum, 0.6ml of 10% sodium tungstate and 0.5ml of 2/3 N sulphuric acid. Shook well and centrifuged after 15 minutes. 3 ml of the supernatant was taken for the experiment. To all the tubes added 1 ml of uric acid reagent followed by 1ml of 14% sodium carbonate and let it stand for 25 minutes for the colour to develop. The colour was read in a colorimeter at 640nm against a reagent blank.

APPENDIX VIII

ESTIMATION OF CREATININE
(Bonsnes and Taussky, 1945)

Tubes containing 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0ml of the working standard solutions corresponding to µg values 10, 20, 30, 40, and 50 respectively were taken. The volume was made up to 3 ml with water in all the tubes. 3 ml of water was taken as blank. 1ml of the urine sample was made up to 100ml distilled water and from this 3ml was taken for the analysis. For serum analysis, took 3ml of water, added 2ml of serum, 1ml of 10 % sodium tungstate solution and 2 ml of 2/3 N sulphuric acid. Kept for 10 minutes and centrifuged. 3ml of the supernatant was pipetted out in a test tube. Along with these, a blank was also prepared. To all the tubes added 1ml of 0.04M Picric acid solution and then 1ml of 0.75N NaOH and allowed to stand for 20 minutes for the colour to develop. The tubes were shaken well and the colour developed was read in a colorimeter at 500nm against the reagent b
