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1. INTRODUCTION 

 Traditional medicine is a compilation of skills used in various cultures in 

different parts of the world in order to maintain good health both physically and 

mentally. Traditional medicine is unique in various parts of the world1.  It  is  a  

continuous process of developing new techniques by an individual or by the 

community and transforms them to practices. Traditional medicines (TM) are 

gaining importance to cater the health care needs and health sector reform. It has 

been observed that many patients use TM therapies along with conventional 

medicine in developed countries2.Traditional medicine serves the health needs of 

most people in the developing countries3. It is an urgent challenge to deliver better 

health care to the poor and make it more accessible and affordable to 

them4.Traditional medicine offers affordable health care, especially for chronic 

physiological states and more helpful for preventive aspects. It  can  also  serve  as  a  

rich knowledge resource for new drugs5-8. 

 Drug discovery is a process in which new medicines are identified using 

various fields like biology, bio technology, chemistry, leads from traditional 

medicine etc. Understanding of various approaches applied in the traditional systems 

of  medicine  and  developing  them as  health  strategies  for  future  is  essential9. More 

than half of the small molecules have their origin from medicinal plants especially in 

this decade. Drug discovery based on traditional therapies and ethno pharmacology 

are considered as important strategic options in the present scenario10.  

 Traditional and health sciences are gaining attention throughout the world 

both in the aspects of research and practice. The approach involving the use of ethno 

pharmacology, reverse pharmacology, individualistic medicine in a holistic way is 

considered novel in present day research in drug discovery process1. Personalized 

medicine is a unique approach in traditional systems of medicine. Many of the 

anticancer and anti-infective drugs could be traced to natural origins11. Medicines 

used in the traditional systems of medicine have a history of use for many years and 

hence they are considered relatively safe than the new chemical entities produced 

synthetically entering the human trial12. 
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 Reverse pharmacology approach aims at exploring leads from 

documented clinical experiences and experiential observations by trans disciplinary 

exploratory studies and through robust preclinical and clinical research13. In the 

reverse pharmacological approach safety is given the priority while studying the 

efficacy is for validating them scientifically. Reverse pharmacological approach 

combines the traditional practices and the modern technology wherever possible so 

that safe and better leads are introduced14.  

 Traditional medicine according to WHO include health practices and 

knowledge about plant or mineral based medicines, therapies or manual techniques  

and exercises either applied singly or in combination for the prevention and 

treatment  of  various  ailments  and  also  used  in  the  diagnosis  of  the  disease.  The  

traditional systems of medicine in India are collectively given the name AYUSH, 

which include Ayurveda, Yoga and naturopathy, Unani, Siddha and Homoeopathy15. 

There  are  many  scattered  folklore  stream  seen  all  over  India  which  have  not  been  

categorized so far16.   These  systems have  their  deep  roots  embedded in  the  Indian  

cultural and religious practices. 

 Siddha system of medicine is one of the oldest therapeutic systems 

prevalent predominantly in southern part of India. It makes use of plant, mineral and 

herbomineral preparations to a larger extent15.  A  civilization  that  was  highly  

developed flourished in south India and has a history older than the Aryan 

civilization in the north seems to be the precursor of Siddha medicine of today. 

Eighteen siddhars are considered to have developed this system. Siva and Sakthi are 

the two dominant entities in siddha system and they are inseparable. These Siva and 

Sakthi are comparable to matter and energy. As matter cannot exists without energy 

and vice versa, so also is the existence of Siva and Sakthi16. 

 In Siddha system of medicine drug preparation methods, currently termed 

pharmaceuticals were a distinct forte. Siddha literatures carry information about 

selection of drugs, meticulous descriptions on drug processing, administration 

methods, and indications for various human ailments. They cover intricacies on 

various inorganic pharmaceutical preparations that encompass usage of metals, 
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minerals, animal products and salts with or without plant drugs. These inorganic 

groups of drugs are usually appreciated for their smaller dosage, long shelf life and 

easy palatability, most importantly for their sustainable quicker results in wide range 

of degenerative diseases17.  

 The chemistry behind the preparations and the formulations in Siddha 

system of medicine is much deeper apart from medicine and alchemy. The Siddhars 

have mastered several processes like calcinations, sublimation, distillation, fusion, 

fermentation etc. The use of gold and silver for cupellation in the alchemical process 

was easily handled by siddhars. The conversion of metals to their oxides and 

sulphide forms using specific herbal juices is unique to siddha medicine. The dosage 

and  the  anupanam  (vehicle)  for  the  medicine  are  specific  to  specific  diseases.  The  

same medicine with different vehicles is indicated for various ailments.  

 The  diagnosis  of  diseases  ie  noi  nadal  is  perfectly  done  if  only  the  root  

cause of the disease is identified. This is referred as noi mudhal nadal. Identification 

of cause to the ailment is derived by the examination of eight vital parameters 

namely nature of pulse, urine, changes in eyes, voice texture, colour of body, 

tongue, and sense of touch and nature of stools. This is referred as envagai thervu in 

this system. This system has channelized a detailed procedure of urine examination 

called  as  neer  kuri  which  analyses  the  colour,  volume,  density,  smell  etc  of  urine.  

There are specifications of oil spreading pattern in urine which is referred as nei 

kuri. Siddha approaches a person’s ailment in a holistic way i.e. considering the 

person as a whole, his body constitution etc in treating him. The treatment pattern in 

each individual is different. Many internal and external factors are taken in to 

account in the diagnosis and treatment aspects.  

 Noi nilai or disease in Siddha can be defined as the state arising from the 

inability of bodily nature to meet with or neutralize the increased or morbid effects 

resulting from varied changes taking place in the system. According to Siddha 

philosophy, disease in man originates not only by the individual’s habits but also by 

several influences which act on him which include intrinsic and extrinsic factors. 

The thathus when deranged become thodams and result in various diseases. 
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 Siddhars have classified diseases numbering 4448 and it is mentioned in Agasthiar 

rathina churukka naadi nool. In Siddha system of medicine the urinary tract diseases 

are broadly classified in to two types namely,  

1. Diseases which decrease the normal urinary output (Neerarugal noigal) 

2. Diseases which increase the normal urinary output (Neer perugal noigal) 

 Among them they classify kalladaippu noi and other obstructive 

uropathies come under neerinai arukkal noigal. They define that dietary factors 

play an important role in the formation of calculi.  Derangement in the pitha humor 

results in highly concentrated urine and accumulation of salts in the urinary tract18. 

The features mentioned in kalladaippu noi can be compared with urolithiasis 

mentioned in modern medicine. 

 Urolithiasis refers to the formation of stones in the urinary tract.  It  is  the 

third  most  common  affliction  of  the  urinary  tract.  Kidney  stone  affects  5-15%  of  

world population not sparing any geographical, cultural or racial group 19.  

 Since the beginning of recorded history, human beings have grappled with 

the consequences of unwanted precipitation of insoluble salts from body fluids, 

especially within the urinary tract20.  Aggregation  of  crystals  with  small  amount  of  

protein and glycoprotein forms the urinary calculi. There are various types of calculi 

and the distribution of these types varies accordingly. Diet and environmental play a 

key role in the formation of calculi ad the genetic factors too make a significant 

contribution21. 

 Urolithiasis is a recurrent renal disease affecting 4-8% in U.K, 15% in 

U.S, 20% in Gulf countries and 11% population in India. The recurrence rate in the 

stone  formation  is  very  high.  The  data  suggests  that  there  is  a  40%  chance  of  

developing a stone after 3 years of treatment in an individual. This rate goes further 

higher to 75% by 10 years it is estimated that every patient develops another stone 

eventually by 25 years22. 

 There are several types of calculi. Among them the most commonly 

occurring stones are calcium oxalate and calcium phosphate. Magnesium 
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ammonium phosphate (struvite), uric acid and cysteine are the others types of calculi 

commonly seen among stone formers23. Calcium oxalate (CaOx) stone contributes 

60 to 80% of the stones formed either singly or along with phosphate stones. 

 When the salts which are responsible for stone formation exceed the limit 

of metastability for that salt in solution, supersaturation of these salts results and 

predispose to stone formation. This results due to excess excretion of stone forming 

constituents,  deficient  or  inactivity  of  the  stone  inhibitors  in  urine  or  simply  a  low 

urine volume24. 

 The steps involved in the calcium oxalate stone formation include 

nucleation followed by calcium oxalate crystal growth and aggregation and finally 

the retention of these crystals in the urinary tract25.  A  person  is  liability  to  stone  

formation depends on various factors in the body and the equilibrium between the 

stone promoters and stone inhibitors. Promoters of stone formation facilitate stone 

formation which includes low urine volume, low urine pH, calcium, sodium, oxalate 

and urate 26. The inhibitors include magnesium, citrate, Tamm- Horsfall protein, 

nephrocalcin, uropontin etc. 

 Drugs that are helpful in Urolithiasis exert their action by multiple 

mechanisms like being a diuretic that increases the urine volume and pH, crystal 

inhibition activity which is helpful in balancing the stone promoters and inhibitors, 

lithotriptic activity, improving renal function, by being an anti-oxidant, anti-

microbial and an anti-inflammatory agent. They may possess any one of the above 

said properties or in combination25 

 In Siddha system of medicine many formulations have been indicated for 

urolithiasis. Herbal drugs in Siddha literature were validated to a larger extent. As 

already discussed, herbomineral and herbometallic drugs add to the strength of 

Siddha medicine. The efficacy is more with minimum dose when compared to herbs. 

One of the drugs indicated for urolithiasis is Kara sooda sathu parpam. The 

ingredients used in the preparation of this drug have strong indications for 

urolithiasis in the literature. Here the study is focused to explore the chemistry, 

safety and efficacy of the drug in experimental animals. 
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2. AIM AND OBJECTIVES 

AIM: 

 To standardise the study drug and scientifically evaluate its safety 

and efficacy for the management of Kalladaippu noi/ Urolithiasis.  

The objectives of the present work are as follows: 

Standardisation of the study drug 

 Identification and authentication of the ingredients 

 Preparation of the drug in three different batches and analyze them 

 Analyzing the drug as per the protocol given by PLIM, for analyzing 

 parpam 

 Analyzing  the  elements  present  in  the  drug  by  ICP-OES,  EDAX  

 methods 

 Analyzing the particle size of the drug by DLS and SEM methods 

 Analyzing the functional groups of the drug by FTIR 

 Analyzing the nature of the drug by XRD 

 Thermogravimetric analysis (TGA) of the study drug 

In vitro studies 

 Evaluation of inhibition of calcium oxalate crystals by the study drug 

through single diffusion gel growth technique 

 Evaluation  of  anti-oxidant  property  of  the  drug  by  DPPH and Nitric  

oxide scavenging assays 

 Evaluation of anti-microbial activity of the study drug against E.coli 

and Proteus mirabilis 
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In vivo studies 

Toxicity studies 

 Evaluation of the safety of the study drug by acute and long term 

toxicity studies 

Pharmacological studies 

 Evaluation of anti urolithiatic activity by Ethylene glycol induced 

 lithiasis in rats 

 Evaluation of anti urolithiatic activity by Zinc implantation method in 

 rats 

 Evaluation of Diuretic potential of the drug in rats 

 Evaluation of acute and chronic anti-inflammatory activity the drug 

 in rats 
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3.  REVIEW OF LITERATURE 

 

 The literature review will be discussed under the following aspects 

 

 

 

3.1a. BASIC PRINCIPLES OF SIDDHA MEDICINE 

Panchabhoothic principle of siddha medicine 

 According to Siddha the universe is made of five bhoothas. They form the 

elements of macrocosm and microcosm. Hence Siddha strongly believes that 

“Andathil ullathey pindam” which infers that the elements of macrocosm and 

microcosm are the same. The five bhoothas are as follows: 

• Basic principles
• Kalladaippu noiSiddha aspects

• Disease description and 
management

• Recent research insights
Urolithiasis

• Ethnomedical aspect
• Research aspectDrug

• Principles
• Applications

Modern 
analytical 
techniques
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1. Prithuvi(solid), 

2. Appu (fluid),  

3. Theyu (fire),  

4. Vayu (gas) and  

5. Aakayam (ether).  

 “Nilam neer thee vali visumbhodainthum kalantha mayakkam 

ulagam aathalin”27. It is well understood by the above saying that all particles are 

the combination of five bhoothas. The human body including the physiological 

functions, the pathological states in the body, medicines used in the treatment of 

diseases, food we eat, the external and the internal environment etc, all fall within 

the five elemental categories. 

 The bhootha earth is responsible for giving shape to the body. The parts in 

the body representing this bhootha include the musculoskeletal system, hair, skin 

and  nerves.  The  parts  like  fat,  semen,  urine  and  other  secretions  of  the  glands  

represent the water bhootha. Fire is responsible for sleep, emotions and gives vitality 

to  the  body.  It  also  helps  in  digestion  and  functions  of  respiratory  and  circulatory  

system. Air helps in all movements of the body like stansing walking etc. Ether 

plays a role in the emotional aspects like desire, love etc.  

Siddha physiology 

 The normal physiology of the body depends on the proper functioning of 

the three humours namely Vali, Azhal and Iyam, which again is the combination of 

five bhoothas.  

Vali28: 

 It is also called as Vayu, Anilam in Tamil. It is responsible for all 

movements in the body. It connects the body and soul. It also holds the life force in 

the body and hence called as Pranan. 
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The major functions of vali are 

 Responsible for the function of gnanenthriyam ( Five senses) and 

 kanmenthiriyam ( Mouth, Legs, Hands, Caecum, Uterus) 

 Thought 

 Neuronal transmission 

 Happiness 

 Respiration 

 Functioning of heart 

 Blood circulation 

 Digestion and absorption of food 

 Secretion of glands 

 Excretion of urine and faeces 

Azhal28: 

 It represents the heat in the bodily activities. Though it is compared to 

fire, it is not exactly the fire, but holds certain characteristics of fire. All enzymatic 

activities and amino acids can be grouped under the Azhal thathu. The major 

functions are 

 Intellect 

 Understanding 

 Courage 

 Maintenance of body temperature 

 Digestion 
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 Appetite 

 Thirst 

 Body contour 

 Eye sight 

Iyam28: 

 It is also called as silethumam. “Sileth” means that which binds. It is 

responsible for one’s characters like kindness, love, pardoning attitude etc. The 

major functions are 

 Balancing of water content in the body 

 General health 

 Lubrication 

 Growth 

 Strength 

 Taste 

 Good memory 

Disease in siddha 

 Derangement of seven thathus ( Saaram, seneer, Oon, Kozhuppu, Enbu, 

Moolai, Vindhu) by external factors like improper food, derangement of three 

thathus i.e Vali, Azhal, Iyam and the response by the body to the improper 

functioning of these thathus leads to a group of symptoms called “Diseases”27 
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Diseases of the urinary tract 

 Moothira noi represents various diseases of the urinary tract in Siddha. 

Disease with symptoms of expulsion of gravel in urine, oliguria, burning 

micturition, excess urination both in quantity and frequency, presence of glucose or 

semen in urine are grouped under Moothira noi18. 

Major classification 

“Neeriru vinai gunathai neeyari virithu solvaam 

 Neerinai perukkal onru neerinai arukkal onru 

     Neerizhivudane kollum neerkattu vinaigal onru” 

- Theran karisal 

The Urological disorders are classified as follows: 

1. Neerinai arukkal noigal: eg. Kalladaippu, Neerchurukku, Neerkattu, 

Sottu neer 

2. Neerinai perukkal noigal: eg. Inippu neer, Theli neer 

3.1b.  KALLADAIPPU NOI  

 Kalladaippu noi, also called as Achmari is characterized by sudden 

stoppage of urine  while urination, pain in the tip of  the genitalia, burning sensation 

over the urethral orifice, pain on the back radiating to sides 

Epidemiology29 

 More common in men and the age of onset is third to fourth decade 

 Elavenil, muthuvenil ( early and late summer) aggravate the disease 

 Palai (arid tract), neithal(coastal tract) and mullai (sylvian tract) 

 reportedly higher compared to other areas  
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Aetiology18 

 Intake of stagnant water 

 Water contaminated by dry leaves 

 Intake of foods that increase pitha and vatha humors 

 Blockage of Semen 

 Intake of food contaminated with stones and sand and increased 

 intake of curd and bones 

 Secondary to meganoi 

There are 4 types mentioned by in Yugi Chindhamani 

1.  Vali Kalladaippu 

2.  Azhal Kalladaippu 

3.  Iyya Kalladaippu 

4.  Mukkutra Kalladaippu 

General symptoms18 

 Increased frequency of urine 

 Partial voiding of urine with sudden obstruction 

 Unbearable pain in the penile region 

 Obstruction  of  the  calculi  in  the  urethral  orifice  causing  pain  and  

 inflammation in that region 

 Irregular shaped stones with sharp edges produces pain in the lower 

 abdomen, irritation and pain in the urethra and leads to haematuria 
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Pathology18 

Fig 3.1: Pathogenesis of Kalladaippu noi 

 
 

Changes in humours18 

 Increase in Vatha humor 

 Increase in Pitha humor 

 Affected Kizh nokkung kal 

Vali kalladaippu18 

 Pain below the umbilicus 

 Obstruction in the urinary flow 

 Unbearable pain 

 Flatulence 

 Discharge of urethral tissues in urine  

Improper food 
and water

Derangement in 
Azhal humour

Decrease in 
bodily fluids

Dimuinition of 
urine output

Saturation of 
salts

Inefficiency of 
Udhana vayu to 
remove excess 

salts

Precipitation of 
salts

Calculi 
formation
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Azhal kalladaippu18 

 Extreme burning sensation in the urethral orifice as that of fire 

 Increased body temperature 

 Haematuria 

 Pain in the urethral orifice 

 Discharge of reddish stones in the urine 

Iyya kalladaippu18 

 Pain in the umbilicus 

 Radiating pain to the hip and thighs 

 Discharge of white coloured stones in the urine 

Mukkuttra kalladaippu18 

 Pain in the urethral orifice 

 Obstruction during urination 

 Discharge of handful of stones similar to sand in urine 

 Discharge of semen along with urine 

Diagnostic signs29 

 Naa / Tongue: Coated, increased salivation, bitter or sour taste 

 Niram / Colour: Pale 

 Mozhi / Speech: Depressive speech due to pain 

 Vizhi / Eye: Normal colour, dry, burning sensation 

 Malam / Stool: Normal 

 Moothiram / Urine 
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 Neerkuri 

1. Niram (Colour) – Turbid/ Milky 

2. Adarthi (Density) – Increased 

3. Manam ( Odour) – Obnoxious 

4. Nurai ( Froth) – Decreased 

5. Enjal ( Deposits) – Presence of small stones 

Neikuri: Ring, Ring with pearl, Sieve formation 

 Sparisam / Touch: Cold, abdominal tenderness 

 Naadi / Pulse: Rapid in character 

       Azhal naadi, Vali azhal naadi 

Differential diagnosis29 

 Naangoozh thabitham ( Appendicitis) 

 Karuppai kattigal ( Tumour of uterus) 

 Neerkiricharam ( Urinary tract infection) 

Prognosis of the disease 

 Vali, Azhal, Iyam types are curable 

 Mukkuttra kalladaippu cannot be cured 

Treatment29 

1. Normalization of altered uyir thathukkal by emesis and purgation 

 Agathiyar kuzhambu 

 Sanjeevi mathirai 
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2. Internal medicines 

Kudineer:   

 Neermulli kudineer 

 Sirupeelai kudineer 

 Mandoorathy adai kudineer 

 Peramutty kudineer  

 Maavilingam kudineer 

Saaru:  

 Mullangi (Raphanus sativus) 

 Vaazhai thandu (Musa paradasica) 

 Elumicham thulasi (Ocimum gratissimum) 

 Sirupeelai (Aerva lanata) 

Karkam: 

 Sirupeelai karkam 

Chooranam:  

 Sirupeelai chooranam 

 Thiripala chooranam 

 Thiratchaathy chooranam 

 Seenthil chooranam 
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Parpam:  

 Kungiliya parpam 

 Nandukkal parpam 

 Silasathu parpam 

 Sangu parpam 

 Venkara parpam,  

 Padikara parpam 

 Viralmeen thalaikal parpam 

Chendhooram:  

 Vediannabedhi chendhooram 

 Jala manjari 

 Padikara chendhooram         

3. External medications: Oil bath with one of the following 

 Kaiyan thylam 

 Vettiver thylam 

 Maha santhanathy thylam 

4. Pathiyam( Diet) 

 Add : Rice or kanji of Barley, Greens, Tender vegetables, Fruits 

 Avoid: Salt, tomato, cabbage, cauliflower, protein rich food, dairy 

products, alcoholic beverages 
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5. Preventive therapy 

 Katrazhai karpam (Aloe vera) 

 Naanal kudineer (Juice of Saccharum spontaneum) 

 Nelli karpam (Emblica officinalis) 

 Drinking 3-5 lit of water everyday 

 Frequent urination 

3.2a.  UROLITHIASIS 

 Urolithiasis is the term used to refer stone occurring anywhere in the 

urinary tract. Ureterolithiasis and nephrolithiasis are specific medical terminologies 

referring to the stone formation in ureter and in the kidney respectively. 

Supersaturation of urine with salts and minerals like calcium oxalate, struvite, uric 

acid and cysteine leads to the formation of calculi in the urinary tract. About 60 – 

80% of stones belong to calcium oxalate and calcium phosphate or of mixed 

composition.  The  size  of  these  stones  varies  from  gravel  like  to  stag  horn  calculi.  

The  symptoms  arise  based  on  the  position  of  the  stone  and  also  the  degree  of  

mobility and the location of the stone in the urinary tract. Present research studies 

reveal the presence of nanobacteria in the formation of stone. They form a calcium 

phosphate shell respectively. 

3.2.1 Epidemiology 

 Kidney stones often remain undetected for years30 

 One  tenth  of  male  population  suffer  at  least  an  episode   in  their  

lifetime31 

 Recurrences are common, two prospective studies having shown that 

up to 50% of stone formers will suffer at least one further episode32,33 

 Women succumb to the disease much less frequently, forming stones 

one-half to one-third as often as men, although, not unexpectedly, 

they are more prone to infection related stones 
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Fig 3.2: Epidemiological factors contributing to crystal nucleation and 

retention34 

      

3.2.2 Aetiology35 

1. Dietic 

 Deficiency of Vitamin A causes desquamation of epithelial tissue 

which forms a nidus around which the stone is formed. 

2. Altered urinary solutes and colloids 

 Increased concentration of urinary solutes. 

 Reduction in urinary colloids reduces the adsorption of solutes or 

mucoproteins which chelate calcium, leading to the stone forming 

components to come out of solution. 

3. Decreased urinary citrate 

 Presence of citrate in urine as citric acid, helps to keep insoluble 

calcium phosphate and citrate in solution. 
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4. Renal infection 

 Infection is one of the predisposing factors in formation of urinary       

       calculi 

 

 Stone  formation  is  commonly  seen  when urine  is  infected  with  urea  

splitting streptococci, staphylococci and especially Proteus species 

 Escherichia coli is the commonest bacteria seen in the nuclei of 

urinary stones 

5. Inadequate urinary drainage and urinary stasis enhance stone formation 

6. Prolonged immobilization 

 Prolonged immobilization causes calcium phosphate calculi 

formation. This is due to the increased excretion of urinary calcium. 

7. Hyperparathyroidism 

 Leads to hypercalcaemia and hypercalciuria 

 In case of recurrent or multiple stones, this cause should be 

eliminated by appropriate investigations 

8. Randall’s plaque and Carr microlith 

 Initial  lesion  being  an  erosion  at  the  tip  of  the  renal  papilla  and  the  

deposition  of  calcium  on  this  erosion  produces  a  lesion  called   

Randall’s plaque 

 Carr postulated that minute concretions (microliths) regularly occur 

in renal parenchyma and these particles are carried by lymphatics to 

the sub endothelial region, where they may accumulate, ulcerate and 

result in stone formation.   
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3.2.3 Types of stones35 

Calcium Oxalate Calculus 

 Commonest among the  renal calculi 

 Irregular in shape 

 Hard in texture 

 Invariably small in size 

 Surface  of  calculus  appears  to  be  discoloured  due  to  pigments  of  

 altered blood 

 Calcium oxalate monohydrate (COM) stone is very hard  

 COM absorbs x rays well 

Phosphate calculus 

 Smooth surfaced, dirty white in colour and solitary. 

 Usually occurs as calcium phosphate 

 Sometimes combined with Ammonium magnesium phosphate which 

is also called as struvite stones. 

 Stag  horn  calculus  refers  to  the  stone  which  fills  the  entire  renal  

pelvis. 

 Seen in alkaline urine  

 Proteus infection is a predisposing factor for this type of calculi. 

Uric acid and urate calculus 

 Hard smooth and often multiple 
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 Yellow to reddish brown and occasionally with a multifaceted 

 appearance 

 Pure uric acid stones are radiolucent 

 The tend to form in acidic urine 

Cysteine calculi 

 Uncommon, seen in cystinuria. 

 Cysteine crystals are hexagonal translucent white 

 Often appear as multiple stones 

 Grow to form a cast of the renal pelvis and calyces 

 Pink  or  yellow  when  first  removed,  but  they  change  colour  to  a  

 greenish  

 Appear in acidic urine. 

 Extremely hard, resistant to Extra corporeal shock wave 

 lithotripsy (ESWL) 

Xanthine calculi 

 Extremely rare 

 The surface of the calculi is smooth and often  round shaped 

 The calculi appears in brick red colour  

 Cross section of the stone is seen as lamellation 

 Secondary to congenital deficiency of xanthine oxidase. 
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Indinavir calculi 

 Radiolucent. 

 Occurs due to Indinavir use 

 Seen in 6% of patients using Indinavir. 

Silicate stones 

 Rare form of stone 

 This stone is formed with the long term usage of antacids containing 

silica. 

3.2.4 Pathogenesis 

 The steps involved in the calcium oxalate stone formation include 

nucleation followed by calcium oxalate crystal growth and aggregation and finally 

the retention of these crystals in the urinary tract25. A person’s liability to stone 

formation depends on various factors in the body and the equilibrium between the 

stone promoters and stone inhibitors. The factors that aggravate the stone formation 

are decrease in the urinary volume, low pH, calciuria, increased oxalate excretion 

etc 26. The inhibitors include magnesium, citrate, Tamm- Horsfall protein, 

nephrocalcin, uropontin etc. 

3.2.5 Clinical presentation  

 Many stones are silent and do not produce any symptoms. 

 Patients mostly diagnosed for urolithiasis when undergoing 

 investigations for some other condition.  

 The classical feature is sudden severe pain both in renal and ureteric 

 calculi.  
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 Typical renal calculi pain starts in the loin about the level of the 

 costo- vertebral angle and moves to the groin 

 Tenderness felt in the loin and in the renal angle 

 A movable stone is more painful. 

 Radiation of pain is felt even in testis and scrotum in males and in the 

 labia in female and ends in the anterior thigh portion. 

Other symptoms which may be present include: 

 Fever with rigor 

 Dysuria 

 Haematuria 

 Urinary retention 

 Nausea and vomiting 

3.2.6 Investigation of suspected urinary stone disease35 

 Radiography 

 Excretion urography 

 Ultrasound scanning 

3.2.7 Management of stone disease 

Conservative management35 

 Most small stones (< 5mm) will pass spontaneously and can be 

treated conservatively 
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Non-surgical therapies 

Fluid therapy36 

 Intake of more amounts of fluids prevents supersaturation of urine. 

This method has scientifically proved to prevent the occurrence of 

kidney stones. 

Diuretic therapy 

 Increased renal fluid output facilitates stone passage due to  increased     

        hydrostatic pressure within the ureter37, 38 

 Diuretic therapy is not recommended in acute ureteric stones39 

Expulsive therapy 

 Expulsive therapy aims in the spontaneous passage of ureteric calculi 

with the help of drugs40. Calcium channel blockers, alpha-1 

adrenergic receptor antagonist are some good examples for drugs 

used in expulsive therapy39.  

Herbal therapy 

 Medicinal plants used in urolithiasis act as antilithiatic by decreasing 

the  calcium  ion  in  the  urine,  thus  altering  the  ionic  composition  of  

urine39 

 Some of the herbs act as diuretics40 

 Some medicinal plants act by inhibiting the mineralization of calcium 

phosphate and calcium oxalate crystals41 
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Probiotic therapy 

 Probiotic therapy aims by providing colonies of Oxalobacter 

formigens which degrades the oxalate in the gut. This paves way to 

decreased absorption of oxalate and thus decreasing the urinary 

calcium oxalate 42. 

Modern methods of stone removal35 

 Percutaneous nephrolithotomy 

 Extracorporeal shock wave lithotripsy (ESWL) 

Surgical methods35 

 Pyelolithotomy 

 Extended pyelolithotomy 

 Nephrolithotomy 

3.2.8 Prevention of recurrence35 

 Urine to be investigated for infection 

 In patients with bilateral and recurrent stone formation, serum should 

be investigated for calcium, uric acid and urine investigated for urate, 

calcium, phosphate. 

 Analysis of the expelled stone will be helpful 

 Moderate intake of milk products,   strawberries,  plums, spinach and 

 asparagus 

 Patients suffering from cystinuria should avoid eggs, meat and fish. 

 Fluid intake should be increased appropriately  

 Avoid oxalate rich food like tomato, cauliflower etc 
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3.2b.  RECENT RESEARCH INSIGHTS IN UROLITHIASIS 

3.2.1 Oxidative stress and calcium oxalate kidney stone formation 

Reactive oxygen species (ROS) 

 Free  radicals,  atoms  with  unpaired  electrons  are  grouped  under  

reactive oxygen species43 

 Reactive oxygen species are produced in our body by various 

pathways and some examples are hydrogen peroxide, superoxide 

anion etc44 

 ROS are regularly produced in the cells in a steady state as required 

and cleared then and there by the anti-oxidants and scavengers 

present in the body43. 

 ROS produce chemical modifications in the body cells and damage 

the proteins, lipids, carbohydrates and nucleotides45. 

 The functions of renal and cardiovascular systems are modulated by 

these ROS through redox dependent signaling pathways45. 

Oxidative stress (OS) in hyperoxaluria 

 Over  production  of  ROS  with  down  regulation  of  the  expression  of  

anti-oxidant enzymes results in reduction of cellular anti-oxidant 

capacity and hence oxidative stress is produced46. 

 The life span of ROS is short and they do not travel long distances44. 

 Oxidative stress is produced when reaction occurs between the by-

products of reactive oxygen species and the cell content44.  

 Malondialdehyde and isoprostanes are the most common by-products 

of reactive oxygen species induced oxidative stress44 
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Fig 3.3: Mechanisms of development of oxidative stress in Urolithiasis 

 

Fig 3.4: Angiotensin II stimulated NADPH oxidase activation47 
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Fig 3.5: Schematic representation of various cellular and extracellular events 
due to oxidative stress in the formation of stone48 
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3.2.2 Role of anti-oxidants in urolithiasis 

 Antioxidants and free radical scavengers prevent cellular damage 

and helpful in the repair process44, 49, 50 

 In an in vitro study cell line study it was found that catalase 

decreased the lactase dehydrogenase release, and hydrogen 

peroxide and 8-isoprostane production 49. 

 When renal epithelial cells were treated with oxalate, calcium 

oxalate and uric acid crystals it was found that anti-oxidant 

enzymes provided protection from cellular injury43. 

 Pre-treatment with free radical scavengers and enzymes 

significantly decreased the expression and production of MCP-1 

shows the protective effect of the anti-oxidants against cellular 

injury46. 

 Citrate significantly increased the glutathione production in culture 

medium. It also decreased the production of hydrogen peroxide and 

8-isoprostane.It also improved the cell viability by decreasing the 

LDH release 43. 

 Losartan, an angiotensin converting enzyme inhibitor acts as an 

anti-oxidant by significantly increasing the glutathione levels and 

decreasing the thiobarbituric acid levels in rat kidneys51 

3.3 PROFILE OF THE INGREDIENTS OF KARA SOODA SATHU 

PARPAM (KSSP) 

3.3.1 Vengaram (Borax/Sodium bi borate) 

Formula:    2 4 5 4 2Na B O (OH) .8H O  

Colour:    Colourless, grey, white. 

System:    Monoclinic 
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Physical Properties of Borax 

Lustre : Vitreous, resinous, earthy 

Diaphaneity (Transparency) : Translucent, Opaque 

Colour : Colourless, grey, white, yellowish, 

seldom bluish or greenish; Colourless 

in transmitted light. 

Streak   : White 

Hardness (Mohs)  : 2 - 2½ 

Tenacity    : Brittle 

Cleavage   : Perfect 

Fracture   : Conchoidal 

Density (measured) : 1.715(2) g/cm3 

Density (calculated) : 1.7 g/cm3 

 Borax, chemically known as sodium bi borate is an important boron 

compound, a mineral, and a salt of boric acid. Powdered borax is white in colour. It 

consists of soft colorless crystals that dissolve easily in water52. 

Natural sources: 

 It occurs as a natural deposit. Crude borax is found in masses by 

evaporation of water, on shores of dried up lakes in India and Tibet; it is also 

obtained from the mud of lakes surrounded by hills in Nepal.  

 Natural deposits of borax occur in Turkey, California, Atacama Desert, 

Bolivia, Tibet and Romania. 53 
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Characters 

 It is a compound of boric acid and soda. In the native state it exists as an 

impure saline incrustation of a dirty white colour. It exists as crystalline tough 

masses  or  in  the  form  of  translucent  irregular  masses.  It  becomes  opaque  when  

exposed to air.  

Siddha literature 

 Suvai (Taste): Sweet, astringent 

 Veeriyam     : Veppam (Hot) 

 Vengaram has sweet and astringent taste. When taken internally it has 

coolant, diuretic, lithontriptic, emmenogogue activities. On external use it has 

emollient, antiseptic and astringent activities.  

 “Sori pudai yen kunma namai soriyaasam pari kragani kallunam pannoi” 

 “Vengaram sethumathai verupannume kadugu Thangusila neermuriya    

                   thaanvaangum” 

 It relieves kaba and urinary diseases54. 

Simple home remedies in siddha54: 

 Purified borax is applied with honey for stomatitis 

 Purified borax is used with ghee for ulcers of tongue and lips 

 Purified borax is dissolved in water and can be gargled for stomatitis. 

It can also be used for washing fissure in anus 

 650 mg to 1.3 g of purified borax with tender coconut is indicated for 

retention of urine 

 It is used in many external applications used for skin diseases 
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 As a solvent it is given in uric acid diathesis with good results.  

 Externally borax is used in lotion for acne, freckles, chloasma etc55. 

 It is also useful in itching seen in urticaria, psoriasis, pruritus 

pudendi, vulvi, scroti and ani55. 

Scientific validations 

Toxicity study 

 Borax chemically known as sodium tetra borate deca hydrate is acutely 

non toxic56. It’s LD50 (median lethal dose) score is tested at 2.66 g/kg in rats57. The 

effects seen due to constant exposure include gastro intestinal symptoms like nausea, 

vomiting, diarrhea, and abdominal pain, respiratory and skin irritation. Other less 

frequent effects include headache and lethargy58.  

Anti-inflammatory  

 Tankana bhasma (Borax) has got potent anti-inflammatory and healing 

properties. Hence, it has been used as a treatment in chronic tonsillitis in the form of 

a  gargle.  To  ensure  scientific  validity  of  the  efficacy,  a  comparative  study  was  

conducted between Aspirin tablet and Tankana bhasma which was statistically 

analysed. In the study, Tankana bhasma showed significant relief of symptoms that 

were statistically significant59. 

Anti-histaminic and bronchodilator activity 

 Antihistaminic activity of Linga mathirai (LM), in which borax is an 

ingredient, was studied in guinea pigs. Histamine induced bronchospasm assay was 

used. LM was studied at doses of 100, 200 and 400 mg/kg body weight for 

antihistamine and bronchodilator activities. The moderate dose level showed a 

significant anti-histaminic and bronchodilator activity60. 
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Ovulation inducing and folliculogenetic activity 

 This study investigated the ovulation inducing and folliculogenetic 

activity in female Wistar albino rats. The groups treated with uppu parpam showed a 

significant increase in the hormonal levels especially the FSH, LH and estradiol. It 

also increased the folliculogenesis. Hence it is suggested that uppu parpam is helpful 

in treating reproductive hormonal disorders and infertility in females61. 

3.3.2 Karpoora silasathu (Gypsum) 

 Gypsum is a soft sulfate mineral composed of calcium sulfate dihydrate, 
62. Gypsum is moderately water-soluble. It exhibits a retrograde solubility, becoming 

less soluble at higher temperatures63. 

  Formula :     4 2CaSO .2H O  

 Colour     :     Colourless to white, 

 System     :     Monoclinic 

Physical Properties of Gypsum 

Lustre  : Vitreous, Silky, Pearly, Dull 

Diaphaneity (Transparency) : Transparent, Translucent, and 

Opaque 

Comment  : Wide range of luster based on 

varieties, pearly on {010} 

Colour  : Colourless to white, often tinged 

other hues due to impurities; 

Colourless in transmitted light. 

Streak  : White. 

Hardness (Mohs)  : 2 
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Hardness Data  : Mohs hardness reference species 

Comment  : Hardness varies with direction down 

to 1.5 

Tenacity  : Flexible 

Cleavage  : Perfect 

Fracture  : Splintery, Conchoidal 

Translation gliding  : Readily undergoes translation gliding 

with T{010}, t{[001],  which can also 

be generated by torsion about [001], 

or bending {010} about [010]. 

Comment  : Also inelastic. Breakage depends on 

orientation. 

Density (measured)  : 2.312 - 2.322 g/cm3 

Density (calculated)  : 2.308 g/cm3 
 

Occurrence: 

 Gypsum is a mineral seen along with minerals like halite and sulfur. This 

is also seen along with sedimentary rocks. The deposits occur as strata64. 

 In India gypsum occurs mainly in Andhra Pradesh and Rajasthan. Other 

states of occurrence include Gujarat, Jammu and Kashmir, Himachal Pradesh, Uttar 

Pradesh and Tamil Nadu65. 

Siddha literature 

 According to siddha literatures Karpoora silasathu has diuretic, 

lithontriptic, astringent and styptic activity. 
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“ Kalladaippu megam gana thoolam vithirathy 

   Solladaikku neerarugal sonithakkaan” 

 Karpoora silasathu is indicated for urolithiasis, obesity and urinary tract 

infections54. 

Scientific validations 

Toxicity study 

 Vedikara silasathu parpam (VSP) and Nerunjil kudineer (NK) are two 

siddha formulations tested for toxicity by studying the effect produced by acute and 

sub-acute toxicity studies. These formulations are indicated for urinary tract 

infection. The acute toxicity study revealed that the formulations were safe at 

2000mg/kg/p.o. In the repeated oral toxicity study there were no significant changes 

observed in the feed and water intake, body weight, haematology, bio chemical 

parameters in the treated groups compared to normal control66. 

Anti-inflammatory and anti-nociceptive activity 

 In the carrageenan induced paw oedema technique, rats at the dosage of 

500mg/kg/p.o of VSP and NK, significant inhibition of inflammatory progression 

was observed than the control group. In the tail flick method, Vedikara silasathu 

parpam (VSP) and Nerunjil kudineer (NK) at dosage of 500/kg, increased the tail 

withdrawal time significantly when compared to the control group67.  

Anti-microbial activity 

 The aqueous extract of Silasathu paavanai, a siddha herbo mineral drug 

showed good anti-microbial activity against E.coli. It contained essential elements 

like magnesium and zinc which are considered as stone inhibitors.68. 
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Diuretic activity 

 In the acute toxicity study of Karpura silasathu bhasmas which contained 

calcium as a mojor element, the LD50 was found to be 4.625 g/kg p.o. The dose of 

200 mg/kg p.o. showed significant diuretic activity and the activity 69.  

Anti-ulcer activity 

 Silasathu parpam has significant anti-ulcer activity tested by phenyl 

butazone induced and stress induced gastric ulceration in Wistar rats70 

3.3.3 Vediuppu (Potassium nitrate) 

 Potassium nitrate is a chemical compound with the formula KNO3. It is an 

ionic salt of potassium ions K+ and nitrate ions NO3 . Potassium nitrate is also called 

as saltpeter71 

Physical properties 

Molecular formula : KNO3 

Molar mass : 101.1032 g/mol 

Appearance : white solid 

Odor : odorless 

Density : 2.109 g/cm3 (16 °C) 

Melting point : 334 °C 

Boiling point : decomposes at 400 °C 

Solubility in water : 133 g/L (0 °C) 

  316 g/L (20 °C) 

  2460 g/L (100 °C)[2] 

Solubility : slightly soluble in ethanol Soluble in glycerol, 

ammonia 
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Basicity (pKb) : 15.3[3] 

Refractive index (nD) : 1.5056 

Crystal structure : Orthorhombic, Aragonite 

Natural occurrence 

 Chiefly found with peroxide of iron in shilajit or in alum earths of Nepal 

or prepared from the alum shales in the Punjab, Rajputanas, Bihar and Cutch states.  

 Natural deposits of Potassium nitrate occur in the desert regions. The 

north western provinces of China have a large amount of deposits of potassium 

nitrate. Chinese alchemists were much familiar with salt petre. They call it as xiao 

shi (solve stone)72. 

Siddha literature 

 Vediuppu is a coolant, diaphoretic and diuretic according to siddha 

medicine. 

 “Mallaarum attakunmam madhar udhara katti 

   Kallaam adhaippu neerkattu – ellaame” 

 By the above verse it is understood that vediuppu is indicated in acid 

peptic disease, urinary infections and urinary retention54.  

Simple home remedies in siddha54: 

 Vediuppu is advised to take along with kanji and honey for dysuria 

 It is used as an inhalation therapy for respiratory disorders 

 It is applied with water externally for reducing the swelling of joints. 

Clothes saturated with it should be constantly applied over the 

swollen part.  
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 It is used as an external application for headache 

 A mixture of nitre 2 parts and leaf juice of radish 1 part is helpful in 

the retention of urine. 

 Solution of nitre is a good topical application for bruises, abrasions 

and for the cure of freckles. 

Scientific validations 

Toxicity study 

 Vediuppu Chendhuram (VC) is indicated for urinary tract infections and 
retention of urine in Siddha system of medicine. By the acute and sub-acute toxicity 
studies, it was found that the dose of 300 mg/kg body weight and 200 mg/kg body 
weight were safe by oral administration. Other parameters like food and water 
intake, body weight didn’t show any significant changes in the treated groups when 
compared to control. The haematological biochemical parameters were within 
normal limits. Histopathological studies revealed no abnormalities in the organs73. 

Anti-androgenic potential 

 In the present study, the efficacy of Vedi annabedhi chendhuram was 
studied for Benign Prostatic Hyperplasia. Male Wistar rats were used in the 
study.The drug Vedi annabedhi chendhuram decreased the elevated serum acid 
phosphate levels and restored the increased organ weight. It also showed a normal 
cellular pattern of the prostate gland in the drug treated groups which were 
supported by the histopathological studies. Thus these results show the preventive 
effect of the formulation against Benign Prostatic Hyperplasia74. 

Anti-platelet aggregation and thrombolytic activity 

 The in vitro antiplatelet aggregation and thrombolytic activity of the drug 
Cheenalinga chendooram (CLC) showed that the effective doses were 75 g/ml and 
300 g/ml and hence useful in treating cardiovascular diseases and cerebrovascular 
accident75. 
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Anti urolithiatic activity 

 The liquid form of Vediyuppu cheyaneer showed a significant 

antiurolithiatic activityat 500 mg/kg in vivo on ethylene glycol induced 

hyperoxaluria rats. The standard furosemide (20 mg/kg) and Cystone (750 mg /kg) 

were used as comparison for diuretic and antiurolithiatic activity respectively76. 

Ovulation induction and folliculogenetic activity 

 This study investigated the ovulation inducing and folliculogenetic 

activity in female Wistar albino rats. The groups treated with uppu parpam showed a 

significant increase in the hormonal levels especially the FSH, LH and estradiol. It 

also increased the folliculogenesis. Hence it is suggested that uppu parpam is helpful 

in treating reproductive hormonal disorders and infertility in females61. 

3.3.4 Chitrandathol (Egg shell of Gallus domesticus) 

 Egg shells,  especially of birds are composed of calcium carbonate.  They 

dissolve in various acids, including the vinegar used in cooking77. Calcium 

carbonate is the major chemical constituent present in the egg shell comprising 94%. 

The  chemical  constituents  present  are  calcium  phosphate  (1%),  magnesium  

carbonate (1%). The organic matter comprises 4% of the total content78. 

 Calcium  is  the  major  element  present  in  egg  shell.  The  other  elements  

include magnesium, boron, copper, iron, manganese, silicon and zinc. Eggshell 

calcium is 90% absorbable79. 

Siddha literature 

 It is mentioned as a demulcent, laxative and useful in vatha and kaba 

diseases and heals ulcers54. It is one of the raw materials from zoological origin for 

chunnam preparation80. 
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Scientific validations 

1. Increases bone mineral density81. 

2. The egg shell powder with vitamin D3 improves the bone mineral 

density without significantly increasing the blood calcium levels82. 

3. Anda odu parpam (Parpam made out of egg shells) had a protective 

effect against reproductive toxicity induced by the 

Tetrachlorodibenzo-P-Dioxin (TCDD) in male rats and helpful in the 

treatment of male infertility83. 

3.3.5 Palagarai (Cyprea moneta) 

 Monetaria moneta, commonly known as the money cowry belongs to the 

family Cypraeidae. These shells were used in trade in many countries of pacific and 

Indian ocean in the place of coins long before the usage of coins. This practice is 

still seen among the African tribes84. 

Natural occurrence 

 Cyprea moneta is found widely in Indo-Pacific tropical waters. It is also 

present in South Africa, Central America, Japan, Midway and Hawaii, and northern 

New South Wales84. 

Siddha literature54 

 It possesses bitter taste and is an expectorant and febrifuge. It is indicated 

in fever, eye diseases, thirst, vatha, indigestion, jaundice, hepatosplenomegaly and 

bronchial asthma54. 

  “ Mandham dhaagam grahani maavida suram kannoi 

     Thondham parinaamasoolai kayam” 
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Scientific validations 

Toxicity study 

 Animals  (mice)  treated  with  palagarai  parpam  did  not  show  any  sign  of  

toxicity in the acute toxicity study. Acute and sub chronic toxicity study showed 

nontoxic nature and high safety profile in rodents85 

Anti-pyretic, wound healing and anti-microbial activity 

 Processed  shells  of  Cyprea moneta efficiently  reduced  the  body  

temperature of rats that was made hyper thermic by yeast injection. The wound 

healing process ended with the production of scar indicating complete tissue 

regeneration in C.moneta administered rats. The anti-microbial activity was 

maximum in Proteus vulgaris followed by Micrococcus sps and Solmonella abory86. 

Other studies 

 Shell powder is proved to be good anti-inflammatory and effective in 

conjunctivitis. It is also used as a good calcium supplement in humans and animals 

and an inhibitor of cancer in mice87. 

 High content of calcium confirms its medicinal role in bone formation. 

Sodium present in it is an extracellular cation involved in the regulation of plasma 

volume, acid base balance, and nerve and muscle contraction. Iron plays crucial 

roles in haemopoiesis and cell mediated immunity88. 

Chemical constituents 

 The ash of Cyprea moneta contains phosphate, fluoride and carbonate of 

calcium, magnesium, phosphate and manganese89. 

 Palagarai parpam is highly crystalline calcium carbonate in the calcite 

form. It contains trace elements like Mg, Al, K, Fe and Zn90. 
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3.3.6 Padigaram (Alum) 

 Alum, also called potassium aluminium sulphate has wide applications in 

industrial  processes.  It  is  soluble  in  water.  It  has  an  astringent,  acid,  and  sweetish  

tastes91. 

 Formula   :    4 2 2KAl(SO ) .12H O  

                Colour     :     Colourless to white, 

 System     :     Isometric 

Physical Properties of Potash Alum 

Lustre : Vitreous 

Diaphaneity (Transparency) : Transparent 

Colour : Colourless 

Hardness (Mohs) : 2 

Cleavage : Poor/Indistinct 

Fracture : Conchoidal 

Density (measured) : 1.757 g/cm3 

Density (calculated) : 1.753 g/cm3 

Siddha literature 

 It is referred as an astringent, styptic, anti-septic and anti-spasmodic in 

Siddha. 

 “Seenamenum kaaramadhu  seerivarum pallaranai 

 Aanaikkaal kannoi anilamodu maanilathil” 
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 It is indicated in filariasis, eye diseases, bleeding disorders, diarrhoea, 

dysentry, gum diseases, menorrhagia and leucorrhoea54. 

Simple home remedies in siddha54: 

 Alum is dissolved with water and used for washing the wounds 

 Alum is dissolved in water and applied as a bandage to stop bleeding 

of incised wounds 

 Alum is given with leaf juice of Adathoda vasica in treating 

leucorrhoea 

 It  is  dissolved  in  water  and  washed  externally  in  the  anal  region  to  

stop bleeding 

 It is used in the preparation of hair dyes 

 In diarrhoea, a compound powder of alum, catechu and cinnamon 

mixed with honey is given in repeated doses. 

 In hemorrhages from kidneys, uterus and other internal organs alum 

in doses of 10 to 20 grains is advised 

Scientific validation 

Chronic toxicity and tumourogenicity study 

 The tumorigenic potential of Aluminium potassium sulphate, when 

investigated in B6C3F1 mice, significantly decreased hepatocellular carcinoma in 

female mice. Hence by this study it is revealed that chronic administration of APS 

didn’t produce any tumorigenic effect in B6C3F1 mice92. 
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Anti-platelet activity 

 The in vitro antiplatelet aggregation and thrombolytic activity of the drug 

Cheenalinga chendooram (CLC) showed that the effective doses were 75 g/ml and 

300 g/ml and hence useful in treating cardiovascular diseases and cerebro vascular 

accident74 

 Alum i.v. injection significantly reduced the collagen induced platelet 

aggregation and increased the bleeding time in rabbits93. 

Anti-bacterial activity 

 In a study it was found that Alum had potential anti-bacterial activity 

against Proteus mirabilis. This bacterium is the most common organism causing 

UTI in patients with urolithiasis. The MIC of alum against the organism was found 

to be 0.8 mg/ml94. 

 In another study, the drug Kodasuri veeravaippu, in which alum was an 

active ingredient, the anti-microbial activity was studied against certain human 

pathogenic bacteria. It was inferred that the drug exhibited potent anti-microbial 

activity against the organisms especially Escherichia coli and Proteus mirabilis. The 

results were comparable with the standard drug Ciprofloxacin95. 

3.3.7 Elumichai (Citrus limon) 

 The lemon (Citrus limon) by habitat is a small evergreen tree widely seen 

in India. The fruit is bright yellow in colour and ellipsoid shaped. It is used 

worldwide for both culinary and non-culinary purposes. The citric acid present in 

the fruit gives them a sour taste96 
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Scientific validation 

Anti-oxidant activity 

 It was inferred that the presence of phenols and flavonoids present in the 

peel of Citrus limon were responsible for its good anti-oxidant activity assayed by 

DPPH scavenging method 97. 

Anti-microbial activity 

 The fresh crude lemon juice showed highest anti-microbial activity 

against Solmonella para B and Shigella sonnei. The efficacy was compared with 

Ampicillin98. 

Anti-nociceptive effect 

 The anti-nociceptive activity of Citrus limon essential oil (EO) when 

assessed in mice showed significant reduction in the number of writhes and the 

number of paw licks99. 

Anti urolithiatic activity 

 The anti urolithiatic activity of lemon juice was evaluated in vitro by 

artificial urine method. The inhibition of calcium oxalate crystal growth increased 

with the increase in concentration of lemon juice100 

3.4 MODERN ANALYTICAL TOOLS 

3.4.1 X ray diffraction (XRD)101 

 X ray diffraction is a technique used for analysing the atomic and 

molecular structure of crystalline solids. It is also useful in biochemistry to solve the 

3D structures of complex bio-molecules. This technique serves as a bridge between 

physics, chemistry, and biology. At x rays cause ionization is made use in this 
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technique. On measuring the angles and intensities of diffracted beam, details about 

the electron distribution in a three dimensional crystal can be analysed. 

The components of an X- ray diffractometer include  

1. X-ray source 

2. Device for restricting wavelength range “goniometer” 

3. Sample holder 

4. Radiation detector 

5. Signal processor and 

6. Readout 

Fig 3.6: Parts of x ray diffractometer 

 

 A continuous beam of x-rays is incident on the crystal. The diffracted 

radiation reflected from the layers of the crystal is reflected as diffractive pattern. 

The diffraction pattern is detected by photographic film.  
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Fig 3.7: Principle of x ray diffraction 

 

 Bragg’s law: The x ray diffractometer works using the principle of 

Bragg’s law = 2d sin  

Applications of X ray diffraction 

 Determination of crystal  structure 

 Phase identification/ transition 

 Grain size / micro-strain 

 Texture/stress( i.e.polymer, fibre ) 

 Determination of thin film composition 

 Industry Identification of archaeological materials 

3.4.2 Fourier transform infrared spectroscope (FTIR)101, 102 

 Fourier-transform infrared spectroscopy is a vibrational spectroscopic 

technique, meaning it takes advantage of asymmetric molecular stretching, vibration 

and rotation of chemical bonds as they are exposed to designate.  
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Instrumention 

 The light originates from the He-Ne laser. Half of the light is reflected 90 

degrees and hits a fixed mirror, while the other half passes through the beam splitter 

and hits the moving mirror. The split beams are recombined, but having traveled 

different distances, they exhibit an interference pattern with each other. As they pass 

through the sample, the detector collects the interfering signals and returns a plot of 

response v. mirror displacement known as an interferogram 

Applications 

Applications are vast and diverse. Some of them are 

• Compositional analysis of organic, inorganic and polymers 

• Biological and biomedical fields like detection of water in biological 

 membranes 

• Analysis of aircraft exhausts 

• Measurement of toxic gas in fuels 

• Combustion  

• Gas analysis 

3.4.3 Inductively coupled plasma optical emmision spectroscopy  

(ICP-OES)103 

 Inductively coupled plasma optical emission spectroscopy (ICP-OES) is 

an analytical technique helpful in the detection of trace metals. Each element 

produce a particular wavelength of electromagnetic radiation is the principle behind 

this technique. The intensity of the radiation is directly proportional to the 

concentration of the element. 

 



   

51 

Applications 

 Determination of metals. 

 Useful in mineral processing procedures 

 Analyze trace elements in soil 

 Determine nutrient levels in agricultural soils 

3.4.4 Thermogravimetric analysis (TGA)104 

 Thermogravimetric  analysis  includes  the  study  of  change  in  weight  of  a  

system under examination as the temperature is increased in a predetermined rate. 

TGA can provide information about physical and chemical phenomena like 

oxidation and reduction processes.  

 The instrument includes a recording balance, a furnace, furnace 

programmer or controller and a recording device. 

Applications 

Characterization of  

 Thermal stability 

 Material purity 

 Determination of humidity 

Examination of 

 Corrosion studies (e.g. oxidation or reactions with reactive gases) 

 Gasification processes 

 Kinetic processes 
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3.4.5 Dynamic light scattering studies (DLS)105 

 Dynamic light scattering technique is used to determine the size 

distribution profile of a sample. When a beam of monochromatic light hits a particle 

in Brownian motion, there results a change in the incoming light. This change is 

related to the size of the particle. 

Applications 

 Check the monodispersibility and optimal stability of samples 

 Estimate the molecular weight of proteins 

 Provide shape of protein if molecular weight is known 

 analyze nano particles 

 Best used for submicron particles and can be used to measure particle 

with sizes less than a nanometre 

3.4.6 Scanning electron microscope (SEM) 106 

 A scanning electron microscope (SEM) makes use of a beam of electrons 

to produce the image of the sample to be studied. The electron beam scans the 

sample in raster scan pattern. These electrons interact with atoms in the sample, 

producing various signals which give the information about the topography and the 

composition  of  the  sample  under  study.  The  image  of  the  sample  is  obtained  with  

the combination of beams position and the detected signals.  

 Scanning electron microscopy has a magnification range 15x to 200,000 x 

with  a  resolution  of  50  Å.  It  has  an  excellent  depth  of  focus  and  the  sample  

preparation is relatively easy. 
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Fig 3.8: Signals in Electron microscopy 

 

Applications 

• The image obtained by SEM give an idea about the topography of the 

 object. 

• Morphology especially the shape and size of the particles can be 

 studied. 

• Composition of the particle can be analyzed when it is coupled with 

 EDAX  

• Crystallographic information of the particles is obtained 

3.4.7 Energy dispersive x- ray analysis (EDAX)107 

 Energy dispersive x-ray analysis helps in the elemental analysis 

or chemical characterization of a sample. It is mostly coupled with Scanning 

electron microscopy. It uses x rays to excite the atomic structure of a sample, by 

which a unique x ray emission spectrum is obtained. By the x ray emission pattern 

the elements are identified.  
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 A high-energy beam of charged particles is focused into the sample which 

causes electrons to excite to higher energy shell levels from lower energy shell. The 

energy dispersive spectrometer measures the number and the energy of x rays 

produced  due  to  this  excitation  and  gives  the  elemental  composition  of  the  sample  

based on this principle.  

Applications 

 Helps in the detection of elements from beryllium to uranium. 

 Quantification of elements is also possible 
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4. PLAN OF WORK 
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5. MATERIALS AND METHODS 

 

5.1 PREPARATION OF THE DRUG KARA SOODA SATHU PARPAM 

 The following steps are involved in the preparation of the drug 

1. Procurement of raw materials 

2. Authentication of raw materials 

3. Purification of raw materials 

4. Preparation of  the drug in different batches 

Ingredients of Kara sooda sathu parpam 

1) Fried Vengaram (Borax / Sodium bi borate)  

2) Karpoora silasathu (Gypsum)                          

3) Vediuppu (Potassium nitrate / salt petre )   

4) Chitrandathol (Egg shell of Gallus domesticus )    

5) Palagarai (Cyprea moneta.Linn)   

6) Padigaaram (Alum / Alumen)    

7) Lemon juice (Citrus limon)     

5.1.1 Procurement of raw materials 

 The mineral drugs were procured from market sample at Govindhasamy 

chetty store, Chennai and egg shell was procured from Institute of Poultry 

Production and Management, Madhavaram milk colony during september 2011. 
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5.1.2 Authentication of raw materials 

Authentication of botanical 

 Citrus limon was authenticated by the Asst.Professor, Dept of medicinal 

botany, National institute of Siddha, Chennai 

Authentication of minerals 

 The minerals borax, gypsum, alum, potassium nitrate were authenticated 

by Professor, Dept of Geology, University of Madras, Guindy campus, Chennai 

based on  their macroscopic and microscopic characteristics. 

Authentication of animal products 

 The  shell  of  Cyprea moneta was authenticated by officer in charge, 

Marine Biology Regional Centre, Zoological Survey of India, Santhome high road, 

Chennai. The Egg shell of Gallus domesticus was procured from Institute of Poultry 

Production and Management, Madhavaram milk colony, Chennai and authenticated 

by Professor and Head of the Institute. 

5.1.3 Purification of raw materials54 

Purification of  Vengaram( Borax) 

 Weighed amount (100gm) of vengaram was powdered and fried in an 

earthen pot. 

Purification of Karpoora silasathu( Gypsum) 

 Weighed Karpoora silasathu (100gm) was boiled in tender coconut water, 

washed and dried 
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Purification of Vediuppu ( Potassium nitrate) 

 Known quantity (100gm) of the salt was dissolved in 200ml of water and 

egg white yolk was added while boiling and the impurities were removed and 

filtered. The filterate was dried and the salt is recovered. The process was repeated 

seven times. 

Purification of Chitrandathol ( Egg shell) 

 Egg shells (140gm) were soaked and boiled in 300ml of water in which 

60gm of Kariuppu ( Sodium chloride) was dissolved. 

Purification of Palagarai ( Cyprea moneta) 

 The shells weighing 100gm were soaked in 100ml of lemon juice till all 

juice got dried. Then the shells were washed and dried. 

Purification of Padigaram (Alum) 

 Known quantity of Alum (100gm) is dissolved in 500ml of water and 

heated till all water got evaporated. The impurities were removed by filteration and 

the salt was recovered by drying 

5.1.4 Preparation of the drug108 

 The purified ingredients were ground with sufficient quantity of lemon 

juice and made into pellets and subjected to pudam in karchunna moosai (crucible 

made of limestone) with 12 – 15 numbers of cow dung cakes according to the 

weight of villai . The calcinized pellets were ground to fine powder and stored in an 

air tight glass container. The drug was prepared in five batches and among them 

three batches were analysed for quality control purposes. 
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Table 1: Quantity of the ingredients indicated in the preparation of KSSP as 

given in siddha literature 

Sl.no Tamil name Scientific name Quantity Quantity in 
gm 

1 Vengaram Borax/ Sodium bi 
borate 

½ palam 17.5 

2 Karpoora silasathu Gypsum ½ palam 17.5 

3 Vediuppu Potassium nitrate/ 
Salt petre 

½ palam 17.5 

4 Chitrandathol Egg shell of Gallus 
domesticus 

½ palam 17.5 

5 Padigaram Alum/ Alumen ½ palam 17.5 

6 Palagarai Shell of Cyprea 
moneta 

½ palam 17.5 

7 Pazhachaaru Juice of Citrus limon Essential 
quantity 

- 

 

Route of administration :  Oral 

Dosage of medicine :  1 -1 ½ panavedai (488-732mg) 

Duration of treatment :  45 days. 

Anupaanam :   Lemon juice. 

Indications :  Kalladaippu, Neeradaippu, Neerchurukku, 

Sadhaiadaippu. 

5.2 ANALYSIS OF THE DRUG KSSP 

1. Analysis of the drug in different batches as per PLIM guidelines 

and analytical specifications for parpam 

2. Qualitative analysis of the drug in different batches for acid and 

basic radicals and preliminary phyto chemicals 
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3. Analysis of the drug in different batches by modern analytical tools 

like CHN analysis, ICP-OES, FTIR, XRD, TGA, SEM-EDAX and 

DLS. 

5.2.1 Analytical specifications of parpam as per PLIM guidelines109 

 This was done as per the protocol for testing of Ayurveda, Siddha and 

Unani medicines by Pharmacopoeia laboratory of Indian medicine, Ghaziabad 

(PLIM), New Delhi. 

Table 2: Analytical specification of parpam as per PLIM Guidelines 

SL No Tests 

1 
Description 
Colour 
Odour 

2 Identification 

3 Particle size. Mesh size 200-300 

4 Loss on drying at 105  C 

5 Total ash 

6 Acid insoluble ash 

7 Water soluble ash 

8 Assay of element(s) 

9 

Siddha specifications 
Lustreless 
Fine enough to enter the crevices of finger 
Floats on water 
Smokeless 
Tasteless 
Irreversible 
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1. Determination of moisture content (Loss on drying)110 

Apparatus / Chemicals required 

1. Analytical balance range, 0 to 210 g 

2. Air circulated oven 

3. Beaker – 100 ml 

4. Desiccator 

Procedure 

 Accurately weigh 4 g of the drug. Place it in a preweighed beaker and dry 

at 105º C constantly for 5 hours.  Now weigh the drug. Continue drying and 

weighing every one hour. This process has to be continued until the two 

corresponding  weights  don’t  exceed  0.25  percent.  Constant  weight  is  said  to  be  

obtained when drying and cooling for 30 minutes in a desiccator didn’t show a 

difference more than 0.01 g.  

 The moisture content is expressed as percentage/w 

Calculation 

o Loss in weight of the samplePercentage of loss on drying at 105 C = ×100
Weight of the sample taken

 

2. Determination of total ash110 

 Apparatus/ chemicals required 

 Analytical balance range, 0-210 g, least count 0.0001 g 

 Muffle furnace 

 Water bath 

 Silica dish 

 Desiccator 
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Procedure 

 Incinerate about 2 – 3 g accurately weighed of the ground drug in a pre-

weighed silica dish. Calculate the percentage of ash with reference to the air dried 

drug. 

Calculation 

 Weight of ashPercentage of total ash = ×100
Weight of the sample taken

 

3. Determination of Water soluble ash110 

Apparatus / Chemicals required 

1. Analytical balance, range 0 to 210 g 

2. Muffle furnace 

3. Silica dish 

4. Whatman 41 filter paper 

5. Distilled water 

Procedure 

 Boil  the  ash  obtained  from  above  test  for  few  minutes  with  25  ml  of  

distilled water; repeat the process for one more time.  Filter the insoluble matter on 

an ashless filter paper and ignite in a silica crucible to constant weight. Calculate the 

percentage of water soluble ash with reference to the air dried drug. 

Calculation 

Weight of the total ash weight of water insoluble residue Percentage of water soluble ash = ×100
Weight of the sample 
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4. Determination of Alkalinity110 

Apparatus / Chemicals required 

1. Conical flasks 

2. Whatman 41 filter paper 

3. Distilled water  

4. Graduated pipette 10 ml 

5. 0.1 N Hydrochloric acid 

6. Phenolphthalein indicator 

Procedure 

 Add few drops of phenolphthalein indicator to the filtrate collected from 

water soluble ash analysis. Titrate against 0.1 N Hydrochloric acid. End point is the 

disappearance  of  pink  colour.  Report  the  alkalinity  per  gram  of  the  sample  (ml  of  

0.1N HCl/g of the sample). 

Determination of acid insoluble ash110 

Apparatus/ chemicals required 

 Analytical balance range, 0-210 g, least count 0.0001 g 

 Muffle furnace 

 Silica dish 

 Hydrochloric acid AR 

 Distilled water 
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Procedure  

 Boil the ash obtained from the above test for 5 min with 25 ml of dilute 

hydrochloric acid. Filter the insoluble matter on an ash less filter paper, wash with 

hot water and ignite in a silica crucible to constant weight. Calculate the percentage 

of acid insoluble ash. 

Calculation 

             Weight of the acid insoluble residuePercentage of Acid - insoluble ash = ×100
Weight of the sample 

 

5. Determination of pH110 

 10 gram of sample was weighed and mixed with 90 ml of distilled water. 

The mixture was stirred for three hours of time using rotary shaker. Then the pH was 

measured using pH meter. 

5.2.2a.  Preliminary phytochemical analysis 111, 112 

 The preliminary phytochemical tests were studied for the identification of 

the nature of chemical constituents. The following chemical tests were carried out as 

per the methods described in standard books.  

1.  Test for tannins: 

 1ml of sample was taken; to that few drops of 0.1 % ferric chloride was 

added. Appearance of brownish green or blue black coloration indicates the presence 

of tannins. 

2.  Test for saponin: 

 1  ml  of  sample  was  taken,  to  that  2  ml  of  water  was  added  .The  

suspension was shaken in a graduated cylinder for 15 minutes. Foam formation 

indicates that saponin is present. 
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3.  Test for flavonoids: 

 Add concentrated hydrochloric acid and magnesium chloride to 1 ml of 

sample. Appearance of tomato red colour indicates the presence of flavonoids. 

4.  Test for alkaloids: 

 Add a few drops of dragandroff reagent to 1 ml of sample. A prominent 

yellow precipitate indicates the test as positive to alkaloids. 

5.  Test for protein: 

 Add few drops of Millon’s reagent to 1 ml of sample. A white precipitate 

indicates the presence of protein.  

6.  Test for steroids: 

 Add two drops of 10% concentrated sulphuric acid to 1 ml of sample and 

observed for change of colour to green. This colour change indicates the presence of 

steroids. 

7.  Test for anthraquinones: 

 Add aqueous ammonia to 1 ml of sample and observed for change in 

colour. Appearance of pink, red, or violet colour in aqueous layer indicates the 

presence of anthraquinones. 

8.  Test for phenolic compounds 

 Substance in water was added with 5% alcoholic ferric chloride. Dark 

blue or green colour shows the presence of phenol. 

9.  Test for triterpenoids 

 To a few mg of the extract, add tin and thionyl chloride and heat in water 

bath. Purple colour indicates the presence of triterpenoids. 
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10.  Test for glycosides 

 Substance was treated with anthrone and concentrated sulphuric acid. On 

heating over a water bath, the appearance of green colour shows the presence of 

glycoside. 

11.  Test for reducing sugar (Fehling’s test) 

 To the sample solution, Fehling’s reagent was added. The appearance of 

brick red precipitation or colouration indicates the presence of reducing sugar. 

12.  Test for quinones 

 Add few drops of concentrated sulphuric acid to few mg of extract. 

Appearance of red colour shows the presence of Quinone. 

5.2.2b.  Qualitative analysis of KSSP 

Test for acid radicals 

1. Test for sulphate 

 To 2 ml of extract 4 % ammonium oxalate solution was added. 

Cloudy appearance / white precipitate indicate the presence of 

sulphate. 

 2 ml of Sodium carbonate extract was added with 2 ml of dilute 

Hydrochloric  acid  until  the  effervescence  ceases  off.   Then  2  ml  of  

barium chloride solution was added. Appearance of white precipitate 

insoluble in concentrated Hydrochloric acid indicates the presence of 

sulphate. 
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2. Test for chloride  

 2 ml of sodium carbonate extract was added with dilute nitric acid till the 

effervescence ceases. Then 2 ml of silver nitrate solution was added. Appearance of 

cloudy white precipitate completely soluble in excess of Ammonium hydroxide 

solution indicates the presence of chloride. 

3. Test for phosphate 

 2ml of the extract was treated with 2 ml of ammonium molybdate solution 

and 2 ml of concentrated nitric acid. Appearance of yellow precipitate / cloudy 

appearance with yellow colour indicates the presence of phosphate. 

4. Test for carbonates 

 2 ml of the extract was treated with 2 ml of magnesium sulphate solution. 

Cloudy appearance/white precipitate indicates the presence of carbonates 

5. Test for sulphide  

 1 gm of the substance was treated with 2 ml of concentrated Hydrochloric 

acid. Colourless rotten egg smelling gas turning lead acetate paper black on 

warming indicates the presence of sulphide. 

6. Test for nitrate  

 1 gm of the substance was heated with copper turning and concentrated 

sulphuric  acid  and  the  test  tube  was  viewed vertically  down.  Copious  evolution  of  

reddish brown gas indicates the presence of nitrate 

7. Test for fluoride and oxalate  

 2 ml of the extract was added with 2 ml of dilute acetic acid and 2 ml 

of calcium chloride solution and heated. Cloudy appearance/ White 

precipitate indicate the presence of fluoride/ oxalate. 
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 5 drops of clear solution was added with 2ml of dilute sulphuric acid 

(H 2 SO 4)  and  slightly  warmed.   To  this,  1  ml  of  dilute  potassium  

permanganate solution (KMnO4) is added. Decolourisation of 

potassium permanganate solution indicates the presence of oxalate. 

Test for basic radicals 

8. Test for lead 

 2 ml of the extract was added with 2 ml of potassium iodide solution. 

Yellow precipitate soluble in hot water and reappearing as “Golden Yellow fumes” 

on cooling indicates the presence of lead. 

9. Test for copper 

 One pinch of substance was made into paste with concentrated 

Hydrochloric acid in a watch glass and introduced into the non-

luminous part of the flame. Appearance of bluish green coloured 

flame indicates the presence of copper. 

 2  ml  of  the  extract  was  added  with  excess  of  ammonia  solution.  

Bluish precipitate or deep blue coloured solution indicates the 

presence of copper.  

10. Test for aluminium 

 To the 2 ml of the extract sodium hydroxide solution was added in drops 

to excess. Appearance of white precipitate soluble in excess of Sodium Hydroxide 

indicates the presence of aluminium.  

11. Test for Iron  

 To  the  2ml  of  extract  2ml  of  Ammonium  thiocyanate  solution  was  

added. Appearance of blood red colour indicates the presence of iron. 
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 To the 2 ml of extract 2 ml of Ammonium thiocyanate solution and 2 

ml of concentrated nitric Acid was added. Appearance of blood red 

colour indicates the presence of iron. 

12. Test for zinc  

 To the 2 ml of extract, sodium hydroxide solution was added in drop of 

excess. Appearance of white precipitate solution in excess of sodium hydroxide 

solution indicates the presence of zinc. 

13. Test for calcium 

 2  ml  of  the  extract  was  added  with  2  ml  of  4  %  Ammonium  oxalate  

solution. Cloudy appearance /white precipitate indicate the presence of calcium. 

14. Test for magnesium  

 To the 2 ml of the extract sodium hydroxide solution was added in drops 

to excess. Appearance of white precipitate, insoluble in excess of sodium hydroxide 

solution indicates the presence of magnesium. 

15. Test for ammonium 

 To  2  ml  of  extract  few  ml  of  Nessler’s  reagent  and  excess  of  sodium  

hydroxide solution were added. Appearance of reddish brown precipitate indicates 

the presence of ammonium. 

16. Test for potassium 

 A pinch of substance was treated with 2 ml of sodium nitrite solution, 

treated with 2 ml of cobalt nitrite in 30% glacial acetic acid. Appearance of 

yellowish precipitate indicates the presence of potassium 
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17. Test for sodium 

 2 pinches of the substance was made into paste by using Hydrochloric 

acid and introduced into the blue flame. Appearance of yellow colour flame 

indicates the presence of sodium. 

18. Test for mercury 

 2 ml of the extract was treated with 2 ml of Sodium hydroxide solution. 

Appearance of yellow precipitate indicates the presence of mercury 

19. Test for Arsenic 

 2  ml  of  extract  was  treated  with  2  ml  of  silver  nitrate  solution.  Yellow  

precipitate / brownish re precipitate indicates the presence of arsenic. 

5.2.3 Analysis of the drug KSSP by modern analytical tools 

1.  Carbon, Hydrogen, Nitrogen (CHN) analysis 

 The determination of carbon, hydrogen and nitrogen was done with 

CHNS/O analyzer (PE 2400 Series II). Conversion of the sample elements to simple 

gases like CO2, H2O and N2 through the method of combustion is the principle used 

in the analyzer. Oxidation of the sample was done first using classical reagents. The 

gases produced in the zone will include Carbondi oxide, water and nitrogen. 

Halogens and sulphur were removed by scrubbing agents. The resulting gases were 

homogenized and allowed to de-pressurize in a column. The column separates the 

gases. Specific thermal conductivities of the gases are helpful in their detection114.  

2. Inductively coupled plasma optical emission spectrometric (ICP-

OES) analysis 

 Assessment of metallic constitution was made byInductively coupled 

plasma optical emission spectrometer (Perkin-Elmer 5300 DV ICP-OES) 110. 
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3. Fourier transform infra-red spectrometric (FTIR) analysis 

 FT-IR spectra were recorded using a Fourier transform spectrometer 

(FTIR-6300, JASCO International Company, Japan). The spectra were collected 

from wavelength of 4000 cm-1 to 400 cm-1 with 4cm-1 resolution over 40 scans. 

All spectra were collected against the background spectra of KBr115. 

4. X ray diffraction (XRD) analysis 

 The powder x-ray diffraction patterns of the solid samples were recorded 

on x ray diffractometer (Rigaku CD MAX 2 VCc model). The range of diffraction 

angle used to analyse the sample was 20-80 . The wavelength of the radiation used 

was 1.5405 A 116 

5. Thermogravimetric (TGA) analysis117 

 Thermal properties of the drug samples were investigated on 

thermogravimetric analyser (TA instrument Q-500 model). The thermogravimetric 

analysis (TGA) were carried out at the rate of 20°C/ min. TGA curves were obtained 

by heating the drug samples in the temperature range, room temperature – 900  C. 

The rate of nitrogen flow used was 50ml/min.  

6. Dynamic light scattering (DLS) analysis118 

 Particle size distribution in the bulk powder was analyzed using ZEN 

3600 (Nanozs ZEN 3600, Malvern Instruments Ltd., UK) analyzer using dynamic 

light scattering technology.   

7. SEM-EDAX analysis119 

 The SEM images of the drug were taken using Carl Zeiss MA15/EVO 18 

scanning electron microscope. The elements present in the drug was analysed by 

EDAX attached to the above instrument.  
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5.3 IN VITRO STUDIES 

5.3.1 Evaluation of anti-oxidant activity of the drug by DPPH 

spectrophotometric assay120 

             The scavenging ability of the drug KSSP against 2, 2-diphenyl-1-

picrylhydrazyl (DPPH) was measured by the method of Mensor et al. (2001). 

Principle 

             DPPH radical is reduced to diphenyl picryl hydrazine when reacts with anti 

oxidants and this is identified by the appearance of yellow colour from purple.    

Reagents 

 Standard (Ascorbic Acid) :   1mg/ml in Dis. Water  

 DPPH :  0.006% in 10% Methanol.  

(2, 2-diphenyl-1-picrylhydrazine)   (i.e) 

3mg in 50ml of 95% Methanol. 

 95% Methanol 

Procedure 

 Test tubes were labelled as S1-S5 and different concentration of standard 

solution were added as 20, 40, 60, 80, 100µL. The plant extract was added as the test 

solution in tubes T1-T5 as 20, 40, 60, 80, 100µL. 1.0ml of DPPH was added to all 

the tubes. All the tubes were made up to 3.0ml of 95% methanol and it was 

incubated at dark for 30 minutes. Pale yellow colour was developed which can be 

estimated spectrophotometrically at 515nm.  
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The radical scavenging activity was calculated as follows: 

             Abs control – Abs sample 
% of DPPH radical scavenging  activity = ×100

Abs control 
 

5.3.2 Evaluation of anti-oxidant activity by Nitric oxide scavenging 

assay121,122 

Principle: 

 NO2 containing sample when treated with the Griess reagent forms a red 

pink colour thus the presence of nitrite was determined. Formation of a diazonium 

salt and appearance of pink colour occurs when sulphanilamide and an azo dye 

agent namely N-alpha-naphthyl-ethylenediamine is added respectively.  

Materials required: 

1. NaNO  

2. Sulphanilamide 

3. Naphthyl ethylene diamine 

4. Microtitre plate 

5. Phosphoric acid 

6. Distilled water 

Procedure: 

 Nitric oxide scavenging activity was measured spectrophotometrically. The 

drug KSSP, prepared in ethanol was added to different test-tubes in varying 

concentrations (0.01, 0.025, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5 mg/ml). Sodium 

nitroprusside (5mM) in phosphate buffer was added to each test tube to make 

volume up to 1.5ml. Solutions were incubated at 25ºC for 30 minutes. Finally, 1.5ml 
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of Griess reagent was added to each test tube and absorbance measured at 546 nm. 

The scavenging activity was measured with reference to ascorbic acid as standard.  

 

5.3.3 Study of inhibitory potential of the drug against calcium oxalate 

crystal growth by single diffusion gel growth technique123 

 The chemicals used for the experiment were of analytical grade. Synthetic 

urine method, single diffusion gel growth method etc. are the in vitro methods that 

are helpful in the analysis of the growth of urinary calculi. Among them single 

diffusion gel growth technique is the simplified one to study the growth of calcium 

oxalate  crystals.  Gel  was  set  by  mixing  sodium  meta  silicate  solution  of  density  

1.03g cm-3 with 5% (v/v) glacial acetic acid. The pH of the gel is set to 7.5. Calcium 

chloride  and  0.5M  oxalic  acid  were  allowed  to  react  for  the  formation  of  calcium  

oxalate  crystals.  Calcium  chloride  was  incorporated  in  the  gel  and  the  oxalic  acid  

was  added  as  supernatant  solution  after  the  gel  was  set.  The  experiments  were  

conducted at room temperature (370 C). Tiny crystals appearing as white column of 

microscopic sizes were formed within 24 hours after the experiment period. The 

same procedure was repeated in the presence of the drug KSSP in various 

concentrations to evaluate the inhibitory effect of the drug. The crystals were 

harvested after 15 days and analysed using light microscopy, FTIR, XRD, SEM 

methods 

5.3.4 Evaluation of anti-microbial activity of the drug124 

Organisms tested: E.coli (MTCC 9537) and Proteus mirabilis (MTCC 1429) 

Preparation of inoculum: 

 Stock cultures of E.coli and Proteus mirabilis were maintained at 4°C on 

nutrient agar slant. Subcultures were prepared by transferring a loop full of culture 

from the stock cultures into the test tubes containing nutrient broth and incubated for 

24hrs at 37ºC. This was used in the experiment to study the inhibitory activity of the 

drug.  
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Agar disc diffusion method: 

 Antibacterial activity of the drug KSSP was determined by disc diffusion 

method. Muller Hinton agar medium (MHA) was used for the culture of E.coli and 

Proteus mirabilis.  Muller  Hinton  agar  medium was  poured  in  to  the  petriplate  and  

allowed to solidify. The inoculums were spread on the solid plates with sterile swab 

moistened with the bacterial suspension. The discs were placed in MHA plates and 

20 µl of sample of concentrations 1000µg, 750µg and 500 µg of the drug KSSP 

were placed in the disc .The plates were incubated at 37ºC for 24 hrs. The diameter 

of zone of inhibition indicates the anti-microbial activity of the drug. 

Procedure for Minimum Inhibitory Concentration (MIC):  

 Minimum  Inhibitory  Concentration  (MIC)  is  defined  as  the  lowest  

concentration  of  an  antimicrobial  agent  that  inhibits  the  visible  growth  of  a  

microorganism. The MIC of the drug KSSP was determined by the macro dilution 

broth method as described by the NCCLS. Suspensions containing the bacteria were 

adjusted to the logarithmic-phase growth so that it matches the turbidity of a 0.5 

McFarland standard. This corresponds to approximately 108 CFU/mL of bacteria. 

The same amounts of bacteria were added to all tubes and the tubes were incubated 

at 37 °C for 24 h. The tubes with the bacterial suspension alone are taken as positive 

control.  Each  tube  was  examined  for  growth  and  compared  to  the  control.  The  

absence of growth was defined as antibacterial activity. 

5.4 IN VIVO STUDIES 

PART A: TOXICITY STUDIES 

5.4.1 Acute toxicity test125 

 Acute toxicity study was carried out according to WHO guidelines for 

ISM drugs. Administration was done only by oral route since it is the recommended 

route in human use. 
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Approval for the study 

 The protocol of this study was approved by the Institutional Animal 

Ethical Committee of National Institute of Siddha, Chennai, India and the approval 

number being NIS/IAEC/I/2011/7(A) 

Experimental animals 

 Healthy adult Wistar rats weighing between 130-175g were used for the 

study. They were procured from, NCLAS, NIN, Hyderabad. 

Housing of animals 

 The animals were housed in polypropylene cages in the animal house. All 

animals were kept in well ventilated animal house with 100% fresh air and a 12- 

hour light/dark artificial photoperiod. Room temperature and relative humidity was 

maintained between 20±20 C and 50-70% respectively. The animals were used for 

the study after the acclimatization period of one week. 

Feed and water 

 The animals were fed with feed purchased from M/s. Provimi Animal 

Nutrition  India  Pvt  Ltd,  Bengaluru  and  purified  water  (  Kent  RO  water  filter  cum  

purifier) ad libitum. The animals were examined at regular intervals for behavioural 

abnormalities.  

Identification of animals 

 Animals were marked with picric acid for individual identification and 

housed with appropriate identification in cages with cage cards.  

Grouping of animals 

 After acclimatization period, all the animals were randomly grouped into 

control, vehicle control and drug treated groups, containing ten animals (5 per sex). 
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Table 3: Acute toxicity- Grouping of animals 

No. Group No. of rats 

1 Normal control (Normal saline 5ml/kg b.w) 10 (5 male, 5 female) 

2 Vehicle control (Lemon juice  5ml/kg b.w) 10 (5 male, 5 female) 

3 Therapeutic dose × 10 times (875 mg/kg b.w) 10  (5 male, 5 female) 
 

Experiment details 

 The animals were fasted overnight with free access to water ad libitum. 

The study was conducted with single dose administration of drug.  The animals in 

normal  control  group received  normal  saline  5ml/kg  b.w.  The  animals  in  Groups  2  

and 3 received 5ml/kg b.w of lemon juice and the drug Kara sooda sathu parpam 

(KSSP) 875 mg/kg body weight in lemon juice respectively. The animals were 

observed continuously for first 72 hours and 14 days post administration for any 

signs of behavioural changes, toxicity, mortality and body weight changes. 

Preparation of the drug 

 The drug KSSP was prepared freshly at the concentration of 200mg/ml of 

lemon juice and administered to animals with respect to their individual weights.  

Observation 

 The behavioural pattern and any abnormal clinical signs of animals were 

observed continuously during the first 1 hr. after dosing and at intervals for the next 

24 hrs. This routine observation of animals continued till 14th day of the experiment. 

All observations were systematically recorded with respect to the groups of 

treatment. Changes in skin and fur, eyes and mucous membranes, behavioural 

pattern were observed. Other observations include tremors, convulsions, salivation, 

diarrhoea, lethargy, coma and mortality. 
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 Body weight was recorded for all animals once in a week till the 

completion of experiment. At the end of 14 days, all animals were subjected for 

gross necropsy and observed for any pathological changes. 

5.4.2  Long term toxicity study (90 days)126 

 According to WHO guidelines for ISM drugs, the minimum period for 

long term toxicity study requirement for a drug which is administered for 45 days 

clinically is 3 months. Hence 3 month period was selected for the study. 

Approval for the study 

 The protocol of this study has been approved by the Institutional Animal 

Ethical Committee of National Institute of Siddha, Chennai, India and the approval 

number being NIS/IAEC/I/2011/7(A) 

Experimental animals 

 Healthy adult Wistar rats weighing between 130-250gm were used for the 

study. They were procured from, NCLAS, NIN, Hyderabad. 

Housing of animals 

 The animals were housed in polypropylene cages in the animal house. All 

animals were kept in well ventilated animal house with 100% fresh air and a  

12- hour light/dark artificial photoperiod. Room temperature and relative humidity 

was set to be maintained between 20±20 C and 50-70% respectively. The animals 

were used for the study after the acclimatization period of one week. 

Feed and water 

 The animals were fed with feed purchased from M/s. Provimi Animal 

Nutrition  India  Pvt  Ltd,  Bengaluru  and  purified  water  (  Kent  RO  water  filter  cum  

purifier) ad libitum. The animals were examined at regular intervals for behavioural 

abnormalities.   
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Identification of animals 

 Animals were marked with picric acid for individual identification and 

housed with appropriate identification in cages with cage cards.  

Grouping of animals 

 After acclimatization period, all the animals were randomly grouped into 

control, vehicle control and drug treated groups, containing ten animals (5 per sex). 

Table 4: Long term toxicity- Grouping of animals 

No. Group No. of rats 
1 Normal control (Normal saline 5ml/kg b.w) 10 (5 male, 5 female) 
2 Vehicle control (Lemon juice  5ml/kg b.w) 10 (5 male, 5 female) 
3 Therapeutic dose (87.5 mg/kg b.w) 10 (5 male, 5 female) 
4 Therapeutic dose × 5 times (437.5 mg/kg b.w) 10 (5 male, 5 female) 
5 Therapeutic dose × 10 times (875 mg/kg b.w) 10  (5 male, 5 female) 

6 Therapeutic dose ×10 times (875 mg/kg b.w) 
(Recovery) 6  (3 male, 3 female) 

 

Experiment details 

 The animals were administered with the drug once daily for 90 days.  The 

animals in normal control group received normal saline 5ml/kg b.w. The animals in 

Groups 2, 3, 4 and 5 received 5ml/kg b.w of lemon juice, drug KSSP 87.5 mg/kg, 

437.5 mg/kg b.w and 875mg/kg b.wt in lemon juice respectively. The animals in 

group 6 received the drug KSSP 875 mg/kg for 90 days and they allowed recovering 

for a period of 3 weeks if any toxicity arises. During the recovery period the animals 

in group 6 didn’t receive any drug. 

 The weight of individual rat is recorded every week. The food and water 

intake were recorded daily. After the experiment period, rats were anaesthetised 

with Sodium Thiopentone 50 mg/kg b.w.  The rat blood samples were collected 

from retro orbital plexus in to sample bottles containing EDTA (ethylene diamine-
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tetra acetate) for haematological analysis and sample bottles without EDTA for 

serum separation for biochemical analysis.  

 The organs collected for histopathological studies after sacrificing the 

animals were heart, lungs, spleen, kidneys, liver, stomach, intestine, testicles in 

males, ovaries in females, brain and thymus. They were examined for any gross 

lesions and any notable change is recorded. Finally they were preserved in 10% 

formalin.  

Preparation of the drug 

 The drug KSSP was prepared freshly at the concentration of 200mg/ml of 

lemon juice and administered to animals orally with respect to their individual 

weights. The drug was prepared freshly every day and administered. 

Haematological analysis 

 Blood samples were analysed by established procedures using automated 

Bayer haematology analyser. Parameters included total and differential white blood 

cell (WBC) count, red blood cell (RBC) count, red blood cell (RBC) count, 

haemoglobin (Hb), platelet count, mean cell haemoglobin concentration (MCHC), 

mean red cell volume (MCV), and mean cell haemoglobin (MCH). 

Biochemical analysis 

 Serum samples were analysed for creatinine, urea, albumin, total protein, 

cholesterol, glucose, uric acid, bilirubin, SGOT and SGPT using chemical analyser 

RA 50. Serum electrolytes concentration was determined by Transasia electrolyte 

analyser EC lyte transasia.  

Histopathological study 

 Fixation of the tissues collected was done with 10% formalin. They were 

dehydrated in graded alcohol and embedded in paraffin. Finally they were cut into 



   

81 

4–5 m thick sections. Haematoxylin-eosin was used to stain the sections and 

assessed using a Model N-400ME photomicroscope.  

Statistical analysis 

 Data analysis was carried out using one-way ANOVA followed by 

Dunnet’s test by SPSS software, version 17 and results expressed as mean ± S.E.M.  

p value  < 0.05 was considered significant. 

PART B: PHARMACOLOGICAL STUDIES 

I. Anti urolithiatic activity 

5.4.3  Evaluation of anti urolithiatic activity by Ethylene glycol (EG) 

induced lithiasis in rats 

Materials/ chemicals used 

1. Ethylene glycol (Nice chemicals pvt. ltd.) 

2. Cystone (Himalaya drug company) 

Experimental animals 

 Male Wistar rats of body weight 150-200g were selected to induce 

lithiasis and housed in standard environmental conditions (22±1° C, Humidity 

60±5% and 12h dark 12h light cycle). The IAEC approval number is   

NIS/IAEC/I/2011/7(A). The animals were procured from, NCLAS, NIN, 

Hyderabad. 

 All animals were acclimatized for a period of seven days to the laboratory 

conditions prior to experimentation. In this study only male rats were used since 

their urinary system resembles the human urinary system and the amount of stone 

deposition is significantly higher in this gender when compared to females127, 128, 129.  
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Induction of experimental urolithiasis 

 Ethylene glycol (0.75%) induces hyperoxaluria in rats. This chemical 

method of induction was used to study the anti urolithiatic activity of the drug. The 

oxalate metabolism in this method of induction is highly similar as that of humans.  

Experimental design 

Table 5: Anti urolithiatic activity by Ethylene glycol method- Grouping of 

animals 

No Groups No of rats 

1 Normal control 6 

2 Ethylene glycol control 6 

3 Vehicle control (Lemon juice 5ml/kg) 6 

4 Cystone (750 mg/kg bw) 6 

5 KSSP (87.5mg/kg b.w)( Preventive regimen) 6 

6 KSSP (131.5mg/kg b.w)( Preventive regimen) 6 

7 KSSP (87.5mg/kg b.w)(Curative regimen) 6 

8 KSSP (131.5mg/kg b.w)( Curative regimen) 6 

 

 The rats were randomly divided in to eight groups of six animals in each 

group.  Group 1  served  as  normal  control  and  was  fed  with  normal  diet  and  water.  

Groups 2-8 received ethylene glycol (0.75%) in drinking water for the induction of 

calculi. Groups 3, 4, 5 and 6 received lemon juice 5ml/kg, Cystone (750 mg/kg 

b.w.), KSSP (87.5mg/kg b.w) and KSSP (131.5 mg/kg b.w) from day 1 to 28th day 

along with administration of ethylene glycol in drinking water. Groups 5 and 6 

served as preventive regimen. Groups 7 and 8 received KSSP (87.5mg/kg b.w) and 

KSSP (131.5 mg/kg b.w). Groups 7 and 8 served as curative regimen130. 

  



   

83 

Parameters for assessment of antiurolithiatic activity  

1 Analysis of urine  

 Urine was collected by placing the rats individually in metabolic cages on 
28th day and analysed for calcium131and oxalate132content. 

2 Serum analysis 

 Rat  blood  samples  were  collected  from  the  retro-orbital  plexus  under  
anaesthetic conditions and animals were sacrificed by excess anaesthesia. Serum 
was used to estimate creatinine, urea nitrogen and uric acid133. 

3 Kidney homogenate analysis 

Sample preparation: 

1. A 10% tissue homogenate of kidney was prepared in tris-HCl buffer pH 
7.4. 

i. Determination of oxalate135:  

 The test tubes were first marked as reagent blank, standard, sample and 
control. The oxalate reagents were warmed at any temperature between ambient and 
37 C. 1 ml of Oxalate reagent A was added to each test tube. 50µl of the supernatant 
of  the  sample,  deionized  water  and  standard  was  added  to  the  sample,  control  and  
standard tubes respectively. 0.1 ml of oxalate reagent B was added to each tube and 
gently mixed by inversion and incubated at desired temperature for 5 minutes and 
read the absorbance at 590nm.  

ii.  Estimation of Calcium134: 

 One  gram  of  sample  was  taken  and  digested  with  1  ml  of  concentrated  
H2SO4,  2  ml  of  concentrated  HNO3 and 2 ml of concentrated perchloric acid until 
dryness. 10 ml of 0.5N HCl was added to the residue and it was kept in boiling 
water for 15 min. The extract was filtered and made up to 100 ml with double 
distilled water. The samples were analysed for calcium using Atomic Absorption 
Spectrophotometric (AAS) Method. 
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iii. Enzyme assays 

 30% w/v homogenate of kidney and liver from all groups was prepared in 

0.9% buffered KCl (pH 7.4) for the estimation of superoxide dismutase (SOD), 

catalase (CAT) and malondialdehyde (MDA). 

a.  Malondialdehyde (MDA) assay136 

Standardisation 

 1, 5, 10, 25, 50 and 100 µM/L of MDA was kept in boiling water bath for 

15 min. To the standard, add 1 ml of Trichloroacetic acid TCA–2-thiobarbituric acid 

(TBA)–HCl reagent. The mixture was cooled and centrifuged. The supernatant was 

taken and the optical density of the pink colour formed is read at 535 nm. The 

standard curve was plotted as concentration vs OD values. 

Assay for sample 

 100 l of the homogenate was diluted to 500 l with distilled water. The 

samples were kept in boiling water bath for 15 min. To the diluted sample 1 ml of 

Trichloroacetic acid TCA–2-thiobarbituric acid (TBA)–HCl reagent was added, 

cooled and centrifuged. The supernatant was taken and the optical density of the 

pink colour formed was read at 535 nm.  

Calculation 

 The amount of MDA present in the sample is proportional to the optical 

density of the test sample. This is calculated by the plotting against the standard 

graph and multiplied by the respective dilution factors and the final concentration is 

expressed as M/L. 

 Final conc.of  MDA (µM/L) = Conc. obtained × Dilution factor   
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b. Superoxide assay137 

Chemicals Required 

 0.067 M Potassium phosphate buffer, pH 7.8 

 1M Ethylene diamine tetraacetic acid (EDTA) containing 0.3 mM 

sodium cyanide 

 0.12 mM Riboflavin  

 1mM Nitroblue tetrazolium (NBT)  

 Enzyme 

Spectrophotometric assay 

 Pipette into a series of tubes containing the mixture of 0.2 ml 

EDTA/Cyanide, 0.1 ml NBT, enzyme and 3 ml of phosphate buffer: q.s. Several 

tubes without enzyme addition were used as controls  

 A series  of  samples  ranging  from 0.1-10  µg is  recommended.  The  tubes  

were placed in a light box providing uniform light intensity and incubate them for 5-

8 minutes. 0.05 ml riboflavin was added to each tube. All the tubes were incubated 

in the light box for 12 minutes and absorbance read at 560nm.The percent inhibition 

of NBT reduction was determined. The percent inhibition was plotted against 

amount of enzyme to determine the amount of enzyme resulting in 50 % of 

maximum inhibition. 

Calculation 

 Unit/mg =         1000/ µg enzyme resulting in 50% maximum inhibition 
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c. Catalase assay138 

Reagents 

 Hydrogen peroxide (0.01N) in phosphate buffer at pH 6.8 

 Potassium permanganate (0.005 N)  

 Diluted catalase enzyme 

 Concentrated sulphuric acid 

Procedure 

 Dilutions of catalase enzyme were made and placed in an ice-water bath. 

To 50 ml. 0.01N hydrogen peroxide containing 0.007 M phosphate buffer at a pH of 

6.8,1 ml of properly diluted enzyme was added. 5 ml of this solution was pipetted 

into a reaction tube containing 2 ml of the 5 N sulphuric acid. 10 ml of the 

permanganate solution was added. The process was repeated after 3, 6, 9, and 12 

minutes.  

 2  ml  of  acid,  5  ml  of  distilled  water,  and  10  ml.  of  the  permanganate  

solution served as blank. The volume of permanganate remaining after the reaction 

with hydrogen peroxide was calculated according to the following formula: 

 
permanganate usedDbl.- Ds. =

Slope
 

 Where Dbl.  is  the  optical  density  of  the  blank  reading,  Ds. is the optical 

density of the sample reading, and “slope” is the average slope of the standard curve 

calculated as described above.  
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4 Histopathological study 

 Fixation of the tissues collected was done with 10% formalin. They were 

dehydrated in graded alcohol and embedded in paraffin. Finally they were cut into 

4–5 m thick sections. Haematoxylin-eosin was used to stain the sections and 

assessed using a Model N-400ME photomicroscope.  

Statistical analysis 

 Data analysis was carried out using one-way ANOVA followed by 

Dunnett’s test by SPSS software, version 17 and results expressed as mean ± S.E.M.  

p value < 0.05 was considered significant. 

5.4.4 Induction of bladder calculi by zinc disc implantation method in 

experimental rats 

Animal selection 

 Adult male Wistar rats weighing between 225-325gm were used for the 

study. The animals were housed in standard laboratory conditions. They were 

housed in polypropylene cages of standard size. The animals were fed with feed 

purchased from M/s. Provimi Animal Nutrition India Pvt Ltd, Bengaluru and 

purified water ( Kent RO water filter cum purifier) ad libitum. The experimental 

IAEC registration number is 1248/AC/09/CPCSEA – 9/Dec 2013/2. . The rats were 

procured from, NCLAS, NIN, Hyderabad. 

Preparation of zinc discs 

 Zinc plates were procured from local market and made in to a thin film. 

Discs of 2mm size were prepared which weighed around 8 – 10mg. Care was taken 

that the margins of the discs were smooth and rounded so that no injury will be 

produced on the bladder walls when implanted. 
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Surgical procedure 

 Rats were anaesthetized with Thiopentone sodium (50 mg/kg) i/p. The 

abdomen was opened by a suprapubic incision. After careful exposure of the urinary 

bladder the urine was gently aspirated with a sterile syringe. A small nick was made 

at the apex without causing any damage to the bladder. A disc previously weighed 

was carefully placed inside the bladder. The nick of the bladder was closed by a 

single stitch using chromic catgut (4-0), the abdominal layers with chromic catgut 

(3-0) and skin with silk thread. Food and water containing 0.75 % ethylene glycol 

was given ad libitum. The experiment was carried out for a period of eight weeks in 

curative regimen and four weeks in preventive regimen. After the experiment period 

the rats were sacrificed and the stones were harvested and weighed. The anti 

urolithiatic activity was assessed by comparing the weight of stones formed in the 

drug treated groups with control139-143.  

Post-operative care 

 The recovery cage was lined with paper towels for speedy healing 

process. The rodents were housed individually to avoid cannibalism and suture 

removal.  Postoperative  animals  were  monitored  daily  until  the  animals  were  

stabilized. All postsurgical examinations were recorded, including any 

complications encountered. 

Experimental design 

Table 6: Zinc implantation method- Grouping of animals 

No Group No of Rats 

1 Curative control 6 

2 Curative treatment dose 1 KSSP (87.5mg/kg b.w) 6 

3 Curative treatment dose 2 KSSP (131.5mg/kg b.w) 6 

4 Preventive  control  6 

5 Preventive treatment dose 1 KSSP (87.5mg/kg b.w) 6 

6 Preventive treatment dose 2 KSSP (131.5mg/kg b.w) 6 
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 Operated animals were randomly divided in to the following groups and 

the details of treatment procedure along with surgical implantation are as follows. 

Group 1:  Curative control (0.75% ethylene glycol for 4 weeks followed by water 

for 4 weeks)  

Group 2:  Curative treatment (0.75% ethylene glycol for 4 weeks followed by KSSP 

dose 1for 4 weeks) 

Group 3: Curative treatment (0.75% ethylene glycol for 4 weeks followed by KSSP 

dose 2 for 4 weeks).  

Group 4: Preventive control (0.75% ethylene glycol for 4 weeks)   

Group 5: Preventive treatment (0.75% ethylene glycol+ KSSP dose 1, orally for 4 

weeks) 

Group 6: Preventive treatment (0.75% ethylene glycol+ KSSP dose 2, orally for 4 

weeks) 

 After  a  period  of  eight  weeks,  the  rats  were  sacrificed  and  zinc  disc  

implants/stones were removed from the bladder and dried. Stones taken out were 

weighed6-10.  

Parameters for assessment of antiurolithiatic activity 

1 Weight of stones formed 

 The dried stones were weighed and the difference between the initial and 

final weights of zinc discs gave the weight of the stone deposited 

2 Serum analysis 

 Rat  blood  was  collected  from  the  retro-orbital  plexus  under  anaesthesia.  

Creatinine, urea nitrogen and uric acid were estimated133. 
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3 Confirmation of implantation and stone formation by radiographs 

 Radiographs were taken by anaesthetising the animals and placing the 

animals in lateral position. The radiographs were taken using SIEMENS 500 MA 

make, with 80MA, 50KV, 2.5 MAS and the exposure time being 0.03 seconds. The 

radiographs were taken twice, once after implantation of zinc discs and the next just 

prior to sacrifice (i.e. after 8 weeks) 

4 Histopathological assessment 

 The urinary bladder and kidney tissues obtained from experimental 

animals were fixed in 10% formalin. They were dehydrated in graded alcohol and 

embedded in paraffin.  Finally they were cut into 4–5 m thick sections. 

Haematoxylin-eosin was used to stain the sections and assessed using a 

photomicroscope (Model N-400ME; CEL-TECH Diagnostics, Hamburg, Germany). 

5 Analysis of stones 

1. FTIR Analysis 

 FT-IR  spectra  of  the  stones  were  recorded  using  a  Fourier  transform  

spectrometer; (FTIR-6300, JASCO International Company, Japan. The spectra were 

collected from wavelength of 4000 cm-1 to 400 cm-1 with 4cm-1 resolution over 40 

scans. All spectra were collected against the background spectra of KBr. 

2. XRD Analysis 

 The powder x-ray diffraction patterns of the solid samples were recorded 

on  Rigaku  CD  MAX  2  VCc  model  of  x  ray  diffractometer  over  the  range  of  

diffraction angle 20-80 . The wavelength of the radiation used was 1.5405 Å 
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3. SEM-EDAX Analysis 

 The SEM images of the drug were taken using Carl Zeiss MA15/EVO 18 

scanning electron microscope. The bulk elemental composition of the samples was 

found out by EDAX attached to the above instrument.  

Statistical analysis  

 Data analysis was carried out using one-way ANOVA followed by 

Dunnett’s test by SPSS software, version 17 and results expressed as mean ± S.E.M. 

p value < 0.05 was considered significant. 

5.4.5  Diuretic activity 

Experimental animals 

 Male Wistar rats weighing 150-250g were procured from Laboratory 

animal medicine unit, TANUVAS, Madhavaram milk colony, Chennai, for the 

study. The animals were maintained in standard laboratory conditions. The animals 

had free access to feed purchased from M/s. Provimi Animal Nutrition India Pvt 

Ltd, Bengaluru and purified water ( Kent RO water filter cum purifier) ad libitum. 

The experiment’s IAEC approval number is 1248/AC/09/CPCSEA – 9/Dec 2013/2. 

The animals were acclimatized before starting the experiment.  

Experimental design 

Table 7: Diuretic activity- Grouping of animals 

No Group No of Wistar rats 

1 Control Normal saline (25ml/kg b.w) 6 

2 Vehicle control Lemon juice ( 5ml/kg b.w) 6 

3 Standard drug Furosemide (20mg/kg b.w) 6 

4 Test Drug dose I KSSP (87.5mg/kg b.w) 6 

5 Test Drug dose II KSSP (131.5mg/kg b.w) 6 
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 The method of Lipschitz et al 1943 was employed for studying the 

diuretic activity of the drug. The animals were divided into five groups of six 

animals each. The animals were fasted and deprived of food and water for 18hrs 

prior to experiment. Group 1 received normal saline (25ml/kg, p.o.). Group 2 

received the vehicle, Lemon juice (5ml/kg.bw) in normal saline. Group 3 received 

standard drug furosemide (20mg/kg) in saline. Groups 4 and 5 received the drug 

KSSP 87.5mg/kg.bw and KSSP 131.5mg/kg. b.w respectively in normal saline. 

After oral administration each animal was placed in individual metabolic cages. The 

urine was collected using measuring cylinders up to 5 hrs after dosing and the total 

urinary output for 24 hrs was recorded144, 145.  

Measurement of Urine Output and Analysis of electrolytes  

 Na+ and K+ concentrations were measured using a flame photometer 

(Toshniwal group model TCM-35).  

Serum analysis 

 The serum sodium, potassium and chlorides were estimated. 

Statistical analysis  

 The results were expressed as the mean ± S.E.M. The results obtained 

from the present study were analysed using one-way ANOVA followed by Dunnet’s 

tests. Data was computed for statistical analysis using SPSS software version 17. 

Differences between the data were considered significant at p < 0.05 
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III.  Anti-inflammatory activity 

5.4.6  Evaluation of acute anti-inflammatory activity of the drug by 

carrageenan induced rat paw oedema method in rats 

Experimental animals 

 Male Wistar rats weighing 150-250 gm were procured from Laboratory 

Animal Medicine Unit, TANUVAS, Madhavaram milk colony, Chennai, for the 

study. The animals were maintained in standard laboratory conditions. The animals 

had free access to feed purchased from M/s. Provimi Animal Nutrition India Pvt 

Ltd, Bengaluru and purified water ( Kent RO water filter cum purifier) ad libitum. 

The experiment’s IAEC approval number is 1248/AC/09/CPCSEA – 9/Dec 2013/2. 

The animals were acclimatized before starting the experiment.  

Experimental design 

Table 8: Acute anti-inflammatory- Grouping of animals 

No Group No of Wistar rats 

1 Carrageenan control 6 

2 Vehicle control Lemon juice ( 5ml/kg b.w) 6 

3 Standard drug (Indomethacin 10mg/kg b.w) 6 

4 Test Drug dose I KSSP (87.5mg/kg b.w) 6 

5 Test Drug dose IIKSSP (131.5mg/kg  b.w) 6 
 

 Animals were divided into five groups (n=6) and fasted overnight with 

water ad libitum prior to the day of experiment. The control group received normal 

saline, group 2 received vehicle, lemon juice (5ml/kg b.w),while other groups 3, 4 

and 5 received the standard drug, Indomethacin (10mg/kg b.w), KSSP (87.5mg/kg 

b.w) and KSSP (131.5mg/kg b.w) respectively. The level of lateral malleolus was 

marked in the left paw. Initial basal paw volume was measured using UGO Basile 
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7140 plethysmometer by immersing the paw till the level of lateral malleolus. The 

instrument uses the volume displacement method to measure the paw volume. The 

animals were given drug treatment. 0.1ml of 1% solution of carrageenan was 

injected into the sub-plantar side of the left hind paw after an hour of drug 

administration.  The  paw  volume  was  measured  again  at  1,  2,  3,  4  &  5  hours  after  

challenge146.  

The percent Inhibition is calculated using the formula as follows.  

 Percent edema inhibition = [1- (Vt / Vc)] X 100  

 Vt and Vc are edema volume in the drug treated and control groups 

respectively 

Statistical analysis  

 Data analysis was carried out using one-way ANOVA followed by 

Dunnet’s test by SPSS software, version 17 and results expressed as mean ± S.E.M. 

p value < 0.05 was considered significant. 

5.4.7  Evaluation of chronic anti-inflammatory activity of the drug by 

cotton pellet granuloma method 

Experimental animals 

 Healthy adult male Wistar rats weighing 150-250 g were obtained from 

Laboratory animal medicine unit, TANUVAS, Madhavaram milk colony, Chennai 

and were housed in standard laboratory conditions. Animals had free access of food 

and water. After one week of acclimatization, the animals were used for 

experimentation. The experimental protocol was approved by the Institutional 

Animal Ethical Committee (IAEC) (1248/AC/09/CPCSEA – 9/Dec 2013/2). 
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Experimental design 

Table 9: Chronic anti-inflammatory study- Grouping of animals 

No Group No of Wistar rats 
1 Control 6 
2 Vehicle control Lemon juice ( 5ml/kg b.w) 6 
3 Standard drug Indomethacin (5mg/kg b.w) 6 
4 Test Drug dose I KSSP (87.5mg/kg b.w) 6 
5 Test Drug dose II KSSP (131.5mg/kg b.w) 6 

 

 The animals were divided into five groups (n=6). They were fasted 

overnight and allowed free access to water. Group 1 served as control and received 

normal saline, Group 2 received lemon juice (5ml/kg b.w) .Groups  3,  4  and  5  

received Indomethacin (5mg/kg b.w), KSSP (87.5mg/kg b.w) and KSSP 

(131.5mg/kg b.w)  respectively. The animals were treated for 8 days. One hour after 

the first dosing, the animals were anesthetized with sodium thiopentone (50mg/kg 

b.w; i/p) and sterile cotton pellet of 10 mg weight was inserted one in each groin of 

rats by making small subcutaneous incision and closed with sterile catgut. The 

animals were sacrificed by excess anaesthesia on the 8th day and cotton pellets were 

removed surgically.  Pellets were separated from extraneous tissue and dried at 60°C 

until weight become constant. The net wet weight and dry weight were calculated in 

all the groups. The percentage difference in the granuloma weight of the drug treated 

groups was statistically compared with group 1.  The percentage inhibition increase 

in the weight of the cotton pellet was calculated147, 148.  

Statistical analysis  

 Data analysis was carried out using one-way ANOVA followed by 

Dunnet’s test by SPSS software, version 17 and results expressed as mean ± S.E.M. 

Significance was considered at values of p < 0.05. 
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6. RESULTS 

6.1 PREPARATION OF KARA SOODA SATHU PARPAM (KSSP) 

6.1.2 Authentication of Palagarai 

 Two different market samples in the name of palagarai were procured and 

given for authentication. One sample was identified as Cyprea annulus and the other 

as Cyprea moneta. Cyprea annulus has a golden ring on the dorsal surface and 

Cyprea moneta has stripes on the dorsal surface (Fig.6.3.5&Fig.6.3.6). 

6.1.3 Purification of ingredients 

1.  Purification of palagarai 

 Purification of 100g palagarai in 2 samples yielded 98g and 97 g after 

purification. There was no much difference in the weight of the ingredient after 

purification. Palagarai was pure white in colour and lost its lustre after purification 

as in Fig.6.2.3. The organic content in the shell was removed after purification.  

Table.10. Purification of Palagarai 

Sample 
no 

Quantity of raw 
material(gm) 

Lemon juice 
used(ml) 

Soaking 
time( hr) 

Weight after 
purification(gm) 

Loss of 
weight(gm) 

1 100 100 24 98 2 

2 100 100 24 97 3 
 

2. Purification of vengaram 

 Purification of 100g of vengaram as 2 samples yielded 53g and 58g after 

purification. The weight loss percentage was 47 and 42 respectively. Vengaram 

turned to light weight round shaped ball like structures and became more 

voluminous (Fig.6.2.5) 
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Table.11. Purification of Vengaram 

Sample 
no 

Quantity of raw 
material(gm) 

Weight after 
purification(gm) 

Loss of weight(gm) 

1 100 53 47 

2 100 58 42 
 

3. Purification of Karpoora silasathu 

 Karpoora silasathu purified as 2 samples each weighing 100g yielded 97g 

and  98g  respectively.  The  loss  of  weight  is  much  less.  It  became  transparent  and  

brittle after purification (Fig.6.2.1.).  

Table.12. Purification of Karpoora silasathu 

Sample 
no 

Quantity of raw 
material(gm) 

Quantity of 
tender coconut 

water (ml) 

Weight after 
purification(gm) 

Loss of 
weight(gm) 

1 100 300 97 3 

2 100 300 98 2 
 

4. Purification of padigaram 

 Purification of padigaram in 2 samples weighing 100g each yielded 55g 

and 48g respectively. The percentage of weight loss is 45 and 52 respectively. 

Padigaram turned to light yellow in colour after purification process (Fig.6.2.2). 

Table.13. Purification of Padigaram 

Sample no 
Quantity of raw 

material(gm) 
Quantity of 
water(ml) 

Weight after 
purification(gm) 

Loss of 
weight(gm) 

1 100 500 55 45 

2 100 500 48 52 
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5. Purification of chitrandathol (Egg shell) 

 Chitrandathol weighing 140g when purified yielded 125.5g and 122g in 

two different times of purification. Egg shell got cleaned off the membranes and 

other organic matter after purification. 

Table.14. Purification of Egg shell 

Sample no 
Quantity of raw 

material(gm) 
Weight after 

purification(gm) 
Loss of weight(gm) 

1 140 125.5 14.5 

2 140 122 18 
 

6. Purification of vediuppu 

 As per the Siddha literature vediuppu is purified in 7 steps. Hence 100g of 

vediuppu yielded 35g after seven steps of purification. The weight loss percentage is 

65. Vediuppu turned bright in colour after purification. 

Table.15. Purification of Vediuppu (Processing for 7 times) 

Sample no 
Quantity of 

raw material 
(gm) 

Quantity of 
water 
(ml) 

Weight after 
purification 

(gm) 

Loss of weight 
(gm) 

1 100 200 99 1 

 99 200 85 14 

 85 170 73 12 

 73 140 58 15 

 58 120 48 10 

 48 100 39 9 

 39 80 35 4 
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7. Preparation of limestone moosai 

 The  earthen  vessel  was  coated  with  limestone  to  a  thickness  of  1  cm,  

dried and used for pudam.  

6.1.4a.  Preparation of KSSP  

 It was noted that the loss percentage in the preparation of this drug is 

more and hence careful administration of pudam and number of varattis should be 

strictly adhered. The raw material should be taken in larger quantities to reduce loss 

percentage. 

6.1.4b.  Preparation of KSSP in different batches 

 The drug KSSP when prepared as per the quantity indicated in the text 

yielded 60g, 58.5g and 63g of final product in the first three batches. An attempt was 

made to increase the quantity of ingredients with the same proportion as mentioned 

in the text to increase the yield of the final product. In batch 4 the ingredients were 

taken twice the quantity and in batch 5, thrice the quantity as mentioned in the 

literature. The yield was 100.25g and 199g in batch 4 and batch 5 respectively.    

Table.16. Batch wise details of preparation of KSSP 

Batch 

Quantity of 
each 

ingredient 
(gm) 

Quantity 
of lemon 

juice 
(ml) 

Hours of 
grinding 

Weight of 
pellets 
before 
pudam 
(gm) 

No of 
varatti 

Weight of 
pellets 
after 

pudam 
(gm) 

Weight of 
Parpam 

(gm) 

KSSP1 17.5 80 5 96 15 63 60 
KSSP2 17.5 35 4 93.45 12 62 58.5 
KSSP3 17.5 35 4 101.2 12 65 63 
KSSP4 35 65 5 197 97 12 52 50.25 

95 12 51 50 
KSSP5 52.5 120 4 313 156 15 110.25 109 

157 15 92.5 90 
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6.2 ANALYSIS OF THE DRUG KSSP. 

6.2.1a.  Characterisation of the drug KSSP (PLIM guidelines) 

Table 17: Organoleptic characters of different batches of KSSP 

Parameters Batch 1 Batch 2 Batch 3 

Colour Greyish white Greyish white White 

Odour No odour No odour No odour 

Taste Tasteless Tasteless Tasteless 

Touch Fine to touch Fine to touch Fine to touch 

Appearance Powdery appearance Powdery appearance Powdery appearance 
 

6.2.1b.  Physicochemical analysis of KSSP 

 The results of the physicochemical analysis of different batches of KSSP 

are given in table 18. The loss on drying at 105° C was found to be 1.902%, 0.699% 

and  1.582%  in  Batch  1,  2  and  3  respectively.  Low  moisture  content  (5%  -  8%)  is  

always desirable for higher stability of drugs. Similarly the total ash content was 

75.09%, 38.60% and 69.89%. The alkalinity (ml 0.1 N HCl/g) was 29.83%, 15.76% 

and 24.56%. The acid insoluble ash was 0%, 19.56% and 0.43%. The pH (10% 

solution) was 10.08, 10.14 and 10.2 respectively 

Table 18: Physicochemical analysis of the drug KSSP 

Parameter Batch  1 Batch  2 Batch  3 

Loss on drying at 105° C 1.902% 0.699% 1.582% 

Total ash 75.09% 38.60% 69.89% 

Water soluble ash 29.83% 15.76% 24.56% 

Alkalinity(ml 0.1N HCl/g) 21.4% 20.4% 20.2% 

Acid insoluble ash 0% 19.56% 0.43% 

pH( 10% solution) 10.08 10.14 10.2 
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6.2.1c.  Siddha specifications for parpam 

 Colourless, lustreless, fineness, floating property over still water, tasteless 

and odourless are mentioned as properties of parpam in Siddha literature. The 

observed siddha specifications of the drug are listed in the table 19.  

Table 19: Siddha specifications of different batches of KSSP 

Sl.no Specifications Batch 1 Batch 2 Batch 3 
1 Lustre Lustreless Lustreless Lustreless 
2 Fineness Fine enough to 

enter the crevices of 
fingers 

Fine enough to 
enter the crevices of 
fingers 

Fine enough to enter 
the crevices of fingers 

3 Smokeless Yes Yes Yes 
4 Taste Tasteless Tasteless Tasteless 
5 Reversibility Irreversible Irreversible Irreversible 

 

6.2.2a.  Preliminary phytochemical analysis 

Table 20: Preliminary phytochemical analysis of KSSP 

Sl.no Name of the test Result 
1 Test for Tannin Positive 
2 Test for Flavonoid Negative 
3 Test for Saponin Positive 
4 Test for Protein Positive 
5 Test for Anthraquinones Negative 
6 Test for Steroids Positive 
7 Test for Phenol Negative 
8 Test for Triterpenoids Negative 
9 Test for Glycosides Negative 
10 Test for reducing sugar(Fehling’s test) Negative 
11 Test for Quinones Negative 
12 Test for Alkaloids Negative 
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 Preliminary phytochemical analysis was carried out to reveal the 

secondary metabolites in the drug since lemon juice is added to grind the drug. The 

study revealed the presence of tannins, saponin, protein and steroids.  

6.2.2b.  Qualitative analysis of KSSP 

Table 21: Qualitative analysis of the drug for acid and basic radicals 

Sl. No Test Batch 1 Batch 2 Batch 3 

1 Test for sulphate          + + + 

2 Test for Chloride  + + + 

3 Test for Phosphate - - - 

4 Test for carbonates + + + 

5 Test for Sulphide - - - 

6 Test for Nitrate  + + + 

7 Test for fluoride and oxalate - - - 

8 Test for lead - - - 

9 Test for copper - - - 

10 Test for aluminium + + + 

11 Test for iron + + + 

12 Test for zinc + + + 

13 Test for calcium + + + 

14 Test for magnesium + + + 

15 Test for ammonium - - - 

16 Test for potassium - - - 

17 Test for sodium - - - 

18 Test for mercury - - - 

19 Test for arsenic - - - 

20 Test for starch - - - 
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Table 22: Summary of acid and basic radicals present in the drug 

Acid radicals present in the drug 

Sulphate 
Chloride 
Nitrate 
Carbonate 

Basic radicals present in the drug 

Calcium 
Aluminium 
Iron 
Zinc 
Magnesium 

 

 This is a very preliminary analysis which reveals the presence of elements 

qualitatively and further helps in the quantitative estimation of the same. The acid 

radicals  present  in  all  the  three  batches  of  the  drug  were  sulphate,  chloride,  nitrate  

and carbonate. The basic radicals present in all the three batches of the drug were 

calcium, aluminium, iron, zinc and magnesium.  

6.2.3 ANALYSIS OF KSSP BY MODERN ANALYTICAL TOOLS 

6.2.3.1  CHN analysis of KSSP 

Table 23: CHN Analysis of the ingredients of KSSP before and after 

purification 

Sl. No Ingredients Carbon (%) Hydrogen (%) Nitrogen (%) 

 BP AP BP AP BP AP 

1 Vengaram 0.17 0.13 3.13 2.54 0.20 0.02 

2 Karpoora silasathu 0.01 0.08 1.43 1.92 0.11 0.01 

3 Vediuppu 0.31 0.76 0.11 0.01 13.61 13.56 

4 Chitrandathol 12.61 13.11 0.35 0.14 0.56 0.60 

5 Padigaram 0.25 0.06 5.61 5.29 3.07 3.30 

6 Palagarai 11.84 12.07 0.17 0.17 0.06 0.02 
BP – Before pudam, AP – After pudam 
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 It has been observed that there are minor changes in the carbon, hydrogen 

and nitrogen composition of the ingredients, before and after purification 

Table 24: CHN Analysis of KSSP 

Carbon (%) 3.47 

Hydrogen (%) 0.26 

Nitrogen (%) 0.02 
 

Fig 6.5: CHN analysis of drug KSSP 

 

 The carbon, hydrogen and nitrogen analysis revealed that the drug KSSP 

has negligible amount of nitrogen present in it. It is also observed that the carbon, 

hydrogen and nitrogen present in the drug are 3.5%, 0.26% and 0.02%. 
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6.3.2.2 ICP-OES Analysis 

Table 25: Elemental analysis of KSSP by ICP-OES method 

Elements 
Batch 1 
(ppm) 

Batch 2 
(ppm) 

Batch 3 
(ppm) 

Mg 3.747 3.966 2.947 

Si 0.768 0.562 0.391 

K 147.15 127.09 135.66 

Ca 380.51 346.99 326.07 

Fe 1.194 0.755 0.548 

Cu 0.122 0.041 0.008 

Mn 0.030 0.020 0.020 

P 0.810 0.595 0.610 

Cr 0.030 0.010 0.010 

Zn 0.480 0.400 0.510 

Na 72.490 75.655 12O.95 

B 80.17 72.40 75.61 

Sr 0.948 0.852 0.800 

Se BDL BDL BDL 

V BDL BDL BDL 

Pb 0.090 BDL BDL 

Hg BDL BDL BDL 

As BDL BDL BDL 

Cd BDL BDL BDL 

Cl 14641 14393 15882 
 

 It has been observed that the heavy metals like mercury, arsenic, lead and 

cadmium are in below detectable limits. The major content of the drug seems to be 

calcium followed by potassium, sodium, boron, magnesium and iron in all the three 

batches. Minor quantities of silicon, copper, manganese, phosphorous, chromium, 

zinc and strontium are present in all the batches of the drug.  
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6.2.3.3 FTIR analysis of the drug 

Fig 6.6: FTIR analysis different batches of the drug 

 

 The peak observed at 1792cm-1 is  due  to  the  C=O  stretching  and  C-C  

stretching is observed around 874 cm-1, C-O-C stretching is found at 1133 cm-1  

which evidenced the presence of organic content in KSSP samples before 

administration of pudam. Further the peak observed at, 2515 cm-1 confirms the 

presence of nitrates. A broad band around 1000 to 1100 cm-1 is  due  to  SO4
2-. The 

broad peak observed at 1300 cm-1 is due to the presence of nitrate ion. The presence 

of carbonate is confirmed by the broad peak observed at 1452 cm-1. The broad peak 

observed at 3430 cm-1 is due to the OH stretching of water and the broad band 

observed at 1600 to 1700 cm-1 is due to the OH bending of water in KSSP. The 

broad band observed from 1400 to 1800 cm-1  clearly depicts intermolecular 

hydrogen bonding of organic content with water in KSSP before pudam and the 

broad band disappears on KSSP 2, KSSP4, KSSP7, due to the elimination of water 

on heating. 
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6.2.3.4 XRD analysis of the drug 

Fig 6.7.1: XRD Analysis Batch 1 
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Fig 6.7.2:XRD Analysis Batch 2 
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Fig 6.7.3: XRD Analysis Batch 3 
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Fig 6.7.4: XRD analysis of KSSP 
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 The  XRD  patterns  of  the  different  concentration  of  drug  were  shown  in  

the Fig. 6.7.4. The ingredients of drug such as borax (JCPDS 12-0258), calcium 

sulfate (JCPDS 86-2270), potassium Nitrate (JCPDS 74-1198), calcium Carbonate 

(JCPDS 85-1108) and alum (JCPDS 77-2000) were good correlation with the 

available JCPDS values. The KSSP3 showed well defined crystalline peaks when 

compared  to  KSSP2 and  KSSP1 resulting  in  the  formation  of  all  the  phases  of  the  

ingredients of the drug.  

 XRD  scans  of  three  different  batches  of  KSSP  are  found  to  be  

similar(showed main peaks near 29.2°, 32.2°, 36.3°, 39.4°, 43.2°, 47.5° and 48.71°). 

XRD results revealed that KSSP mainly consists of calcium carbonate, as indicated 

by diffraction peaks at 2  around 29.2°, 39.4°, 43.2° and 47.5°. The peak at 32.2° is 

due to calcium oxide.  

6.3.2.5 TGA analysis of KSSP 

Table 26: Percentage weight loss of KSSP by Thermogravimetric analysis 

Batch Percentage weight loss Temperature (C) 

 
Batch 1 

5.6 325 

12.6 625 

7.6 910 

 
Batch 2 

5.8 200 

2.1 310 

7.3 550 

11.6 910 

 
Batch 3 

4.6 200 

13.9 600 

7.7 910 
 

 TGA plots all the three batches are shown in the Fig 6.8.1-6.8.3. The 

weight loss percentage is given in the table 26. Weight loss of 5.6% of the drug was 
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observed at 3250 C followed by 12.6% and 7.6% in 6250 C and 9100 C in Batch 1. In 

batch 2, the weight loss was 5.8% in 2000 C followed by 2.1%, 7.3% and 11.6% at 

3000 C, 5500 C and 910° C. In batch 3, the weight loss was 4.6%, 13.9% and 7.7% at 

2000 C, 6000 C and 910° C respectively. In batch 1 and 3, the percentage loss at 

910°C is almost the same. But in batch 2 it is 11.6%. The stability of the drug even 

at a very high temperature more than 9100 C shows that the drug has a higher shelf 

life. 

6.3.2.6 Particle size analysis by Dynamic Light Scattering 

Fig.6.9.1. DLS Study of the drug with water 
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Fig. 6.9.2.DLS Study of the drug batch 1 with lemon juice 

 

 

 

 

 

 

 

 

Fig.6.9.3.DLS Study of the drug batch 2 with lemon juice 
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Fig.6.9.4.DLS Study of the drug batch 3 with lemon juice 

 

 

 

 

 

 

 

Table 27: Particle size of KSSP by DLS method 

Sl.no Medium Average particle 
size(nm) 

Particle size 
range(nm) 

1 Distilled water 222.33 83.64 – 474.13 
2 Lemon juice (Batch 1) 42.81 

252.49 
26.24 – 82.5 

88.25 – 902.83 
3 Lemon juice (Batch 2) 50.90 

277.71 
23.79 – 78.01 
72.59 – 898.94 

4 Lemon juice (Batch 3) 56.32 
342.77 

29.21 – 94.27 
105.12 – 942.31 

 

 Analysis by Dynamic Light Scattering was carried out to screen the 

particle size distribution of the drug KSSP in different batches. The dynamic light 

scattering study of the drug with water revealed that majority of the particles fall 

between the ranges of 100 – 400nm. The average particle size is 250nm. The DLS of 

the drug with lemon juice revealed an additional peak with an average particle size 

of 50nm in all the three batches. The average particle size is 250nm in all the three 

batches. The use of anupanams is to reduce the particle size of the drug and enhance 

absorbance is well established by this study.  
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6.3.2.7  Zeta potential analysis of the drug KSSP 

Fig.6.9.5.Zeta potential of drug KSSP 

 

 

 

 

 

 

 

 Zeta potential is the electrical potential developed at the solid liquid 

interface in response to the relative movement of the particle and the solvent. The 

zeta potential of the drug was studied with double distilled water. This is a good 

indicator of the electrical potential of the drug. When the zeta potential of the drug is 

higher, higher is the surface potential of charged particles. The zeta potential of the 

drug shifted from – 49.02Mv to – 11.21mV indicating greater surface potential of 

the drug and is illustrated in the Fig 6.9.5. 

6.2.3.8 Scanning Electron Microscopic study (SEM) of KSSP 

 SEM images  showed difference  in  size  and  morphology of  the  particles.  

The SEM micrographs were taken for batch 1 KSSP. It is observed that the 

morphology of the particle is heterogeneous and there is aggregation of particles. 

The particles size differs from 371.9nm – 490nm in Fig.6.10.1a, 175.8nm – 322.3nm 

in Fig.6.10.1b and 82.03nm – 105.7nm in Fig 6.10.1c. 
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 The SEM images were taken with 25.00 KX and 50.00 KX for batch 2 

KSSP. It can be observed that the particle size varied and the distribution is 

heterogeneous. The particle size varied between 70.31nm – 117.8nm and 58.59nm – 

63.38nm as in Fig.5.10.2. Particle agglomeration can be visualised in batch 2.  

 The SEM images were taken at 15.00 KX, 25.00 KX and 50.00 KX 

magnifications for batch 3 KSSP. More amount of agglomeration of particles is 

observed in this batch. The particle size too varied between 138.1nm – 196nm and 

105.5nm – 152.3nm. Agglomeration of particles is clearly visualised in Fig.6.10.3. 

Particles of nano range are seen in all batches.  

6.2.3.9 EDAX Analysis of KSSP 

Table 28: Elemental composition of KSSP batch 1 by EDAX method 

Element App Intensity Weight% Weight% Atomic% 
O 25.44 0.5648 62.01 0.30 78.31 
Na 1.58 0.6693 3.25 0.11 2.85 
Al 0.61 0.7493 1.11 0.06 0.83 
S 4.73 0.9620 6.77 0.10 4.27 
Cl 0.93 0.8038 1.59 0.06 0.91 
K 5.31 1.0771 6.79 0.10 3.51 
Ca 12.93 0.9636 18.48 0.18 9.32 
 

Table 29: Elemental composition of KSSP batch 2 by EDAX method 

Element App Intensity Weight% Weight% Atomic% 
O  25.60 0.5941 59.14 0.33 76.24 
Na  3.05 0.6986 5.98 0.12 5.36 
Al  0.45 0.7446 0.82 0.05 0.63 
S  4.46 0.9372 6.53 0.10 4.20 
Cl  1.71 0.7910 2.97 0.07 1.73 
K  4.92 1.0528 6.41 0.10 3.38 
Ca  11.15 0.9551 16.02 0.16 8.24 
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Table 30: Elemental composition of KSSP batch 3 by EDAX method 

Element App Intensity Weight% Weight% Atomic% 

O  19.39 0.5235 55.99 0.37 74.23 

Na  2.36 0.6958 5.12 0.12 4.72 

Al  0.53 0.7514 1.06 0.05 0.83 

S  4.18 0.9419 6.70 0.11 4.43 

Cl  0.86 0.7955 1.64 0.06 0.98 

K  5.06 1.0706 7.15 0.11 3.88 

Ca  12.83 0.9602 20.20 0.20 10.69 
 

 It is found that mass percentage of calcium, sulphur, potassium, sodium, 

chlorine and aluminium are 9.32, 4.27, 3.51, 2.85, 0.91 and 0.83 percentages in 

batch  1.  In  batch  2,  mass  percentages  of  calcium,  sulphur,  potassium,  sodium,  

chlorine and aluminium are 8.24, 4.20, 3.38, 5.36, 1.73 and 0.63 percentages 

respectively. . In batch 3, mass percentages of calcium, sulphur, potassium, sodium, 

chlorine and aluminium are 10.69, 4.43, 3.38, 4.72, 0.98 and 0.83 respectively. It 

was found that the percentage of elements present in all the batches were same. 

6.3  IN VITRO STUDIES 

6.3.1 DPPH radical scavenging activity  

Table 31: Scavenging activity of the drug and the standard by DPPH method 

Concentration 
g/ml) 

% of scavenging activity 
Ascorbic acid Kara sooda sathu parpam (KSSP) 

Control 0.00 0.00 
20 3.47 9.27 
40 10.62 22.94 
60 34.16 42.01 
80 58.82 60.1 
100 77.7 83.9 
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 In DPPH method, the absorbance was measured at 515 nm. Lower 

absorbance of the reaction mixture indicates higher free radical scavenging activity. 

Ascorbic acid was used as a reference compound. The drug treated showed decrease 

in the DPPH concentration indicating the scavenging ability of the drug. A 100 

µg/ml of the drug exhibited 83.9 % and ascorbic acid 77.7% inhibition respectively 

and the IC50 value for the drug was found to be 71µg/ml 

6.3.2 Nitric oxide radical scavenging activity  

Table 32:  Scavenging activity of the drug and the standard by Nitric oxide 

method 

Concentration (µg/ml) 
% of scavenging activity 

Ascorbic acid KSSP 
Control 0.00 0.00 

10 17 18 
25 26 28 
50 34 39 
100 48 62 
200 54 74 
300 66 82 
400 73 96 
500 77 97 

 

 The scavenging activity of drug was in dose dependent manner. A 500 

µg/mL of the drug and ascorbic acid exhibits 97 % and 77% inhibition respectively 

and the IC50 value of the drug was found to be 64µg/ml 

6.3.3 Inhibition of Calcium oxalate crystal growth by KSSP by single 

diffusion gel growth technique 

 The effect  of various concentrations of the drug KSSP on the nucleation 

and crystallization characteristics of COM crystals was determined by analyzing the 

crystals formed in the presence and absence of drug. In this method pure CaCl2 

(Calcium chloride ) incorporated in the gel was allowed to react with 0.5M Oxalic 
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acid  solution  as  a  supernatant  resulted  in  the  formation  of  crystals  within  24h  

(Fig.6.13.1). In the presence of the drug the nucleation was delayed and reduced 

mass of crystals were observed 96h after adding the supernatant solutions. 

1. Light microscopic studies 

 The crystals harvested from control showed hexagonal shaped COM 

crystals as shown in Fig 6.14. the lemon juice treated samples showed tiny spherical 

and cubic shaped crystals as in Fig 6.14. the spherulitic crystals were obtained in the 

25mg, 75mg and 125mg drug treated samples (Fig 6.14). The change in the 

morphology of the COM crystals is due to the inhibitory effect of the drug in various 

concentrations. 

2. X – Ray Diffraction studies 

 

Fig 6.15.1: X ray diffraction study of calcium oxalate crystals  
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Fig 6.15.2: X ray diffraction study of calcium oxalate crystals treated with 

lemon juice 

 

Fig 6.15.3: X ray diffraction study of Calcium oxalate crystals treated with 

25mg of drug 
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Fig 6.15.4: X ray diffraction study of calcium oxalate crystals treated with 

75mg of drug 

 

Fig 6.15.5: X ray diffraction study of calcium oxalate crystals treated with 

125mg of drug 
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 The XRD patterns of CaOx showed the characteristic peaks of calcium 

oxalate monohydrate (COM) crystals. It was in good correlation with the COM 

(COM; JCPDS 20-0231 card). The lemon Juice treated CaOx samples showed both 

COM and COD phases with prominent peaks of COD (COD; JCPDS 17-0541 card). 

The COM crystal growth gets reduced in the presence of lemon juice leading to the 

COD  formation  owing  to  the  inhibitory  effect  of  the  lemon  juice  under  in vitro 

condition.  On  adding  drug,  at  lower  concentration  (25mg  Drug),  the  crystals  were  

reduced prominently comparing to the lemon juice with the other peaks of drug 

ingredients such as borax (JCPDS 12-0258), calcium sulfate (JCPDS 86-2270), 

potassium nitrate (JCPDS 74-1198), calcium carbonate (JCPDS 85-1108) and alum 

(JCPDS 77-2000). Increasing the drug dosage (75mg Drug), the intensity of the 

COM crystals reduced. At higher concentration (125mg Drug), the intensity of both 

the COM and COD phases reduced drastically leaving the ingredients of the drug in 

the in vitro system. Hence the study proves that the drug has a significant inhibitory 

effect on calcium oxalate crystals. 

3. FTIR studies 

Fig 6.16.1: Vibrational modes of COM 
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Table 33: Vibrational modes of COM by FTIR analysis 

Wave number(cm-1) Assignments 

3489 
3256 
3062 

 
Symmetric and asymmetric O-H stretch 
 

3338 Intermolecular hydrogen bonded O-H stretch 

1617 C-O asymmetric stretch (Asymmetric stretching of water) 

1316 C-O stretching and O-H bending 

1131 Symmetric stretching of water 

949 O-H deformation 

885 C-C stretching (Rocking mode of water) 

781 Out of plane C-H bending mode (Translational mode of 
water) 

662 Hydrogen bonded out-of-plane O-H bending mode 
(Translational mode of water) 

517 O-C-O in plane bending (Wagging mode of water) 
 

Table 34: Vibrational modes of CODby FTIR analysis 

Wave number(cm-1) Assignments 

3750 -2900 Symmetric and asymmetric O-H stretch 

1616 (broad peak) C-O asymmetric stretch (Asymmetric stretching of water) 

1316 C-O stretching and O-H bending 

1095 Symmetric stretching of water 

915 O-H deformation 

781 
Out of plane C-H bending mode (Translational mode of 
water) 

519 O-C-O in plane bending (Wagging mode of water) 
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Table 35: Vibrational modes of the drug KSSP by FTIR analysis 

Wave number(cm-1) Assignments 

2515 Presence of nitrates 

1792 C=O stretch 

1452 Presence of carbonate 

1000-1100 Presence of sulphate  

874 C-C stretch  
 

 

Fig 6.16.2: FTIR of CaOx treated with lemon juice 
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Fig 5616.3: FTIR of CaOx treated with 25mg of drug 

 

 

Fig 6.16.4: FTIR of CaOx treated with 75mg of drug 
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Fig 6.16.5: FTIR of CaOx treated with 125mg of drug 

 

 The FTIR spectra of CaOx crystals obtained is shown in the Fig.6.15.1.  

The peaks at 3489, 3256 and 3062 cm-1 are due to symmetric and asymmetric O-H 

stretching. The OH stretching frequency is used as a test and measure of hydrogen 

bonds. The peak at 3338 cm-1 is due to intermolecular hydrogen bonded O-H 

stretch. This indicates the presence of water molecule in COM crystal. 

 The C-O stretching appears at 1617 and 1316 cm-1. This indicates the 

presence of carboxylate anion in COM crystal. The band at 885 cm-1 specifies C-C 

stretching which shows the presence of two carboxylate anion. This confirms the 

existence of oxalate group in COM (Fig 6.15.1). 

 The bands at 662 and 781cm-1 are due to the out plane O-H bending and 

C-H bending mode respectively and the band at 517cm-1 arises due to O-C-O in 

plane bending. The discrete formation of two bands at 781 and 517cm-1 is important 

to distinguish COM from COD. 
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 In Fig 5.15.3, 5.15.4 & 5.15.5, the band at 2515cm-1 indicates the 

presence of nitrates. The band at 1792cm-1 is due to C=O stretching. The presence 

of carbonate is confirmed by the band 1452cm-1. The bands between 1000 – 

1100cm-1 is due to the presence of sulphate. The band at 874cm-1 is due to C-C 

stretching and these are the characteristic features of the drug. The FTIR studies 

revealthe presence of all functional groups of COM, COD and other constituents of 

the drug. 

4. Scanning Electron Microscopic studies 

Table 36: Particle size of the calcium oxalate crystals from SEM studies 

Sample Length  (µm) Breadth (µm) 

CaOx 97±19 40±12 

CaOx + Lemon Juice 73±16 35±20 

25mg KSSP Treated 51±7 31±8 

75mg KSSP Treated 19±9 10±2 

125mg KSSP Treated 16±4 8±2 

 

 The change in the morphology and the size of the crystals were studied by 

scanning electron microscope. The average length and breadth of the hexagonal 

COM crystals were found to be 97±19 µm and 40±12 µm respectively as shown in 

Fig.6.17.1. The CaOx crystals treated with lemon juice showed spherulite like 

crystals on further magnification deformed COM crystals was observed and their 

average length and breadth of were found to be 73±16 µm and 35±20 µm 

respectively (Fig.6.17.2). The CaOx crystals treated with 25mg drug showed 

Spherulites of agglomerated undefined hexagonal COM crystals partially converted 

to tetragonal crystals which were the characteristic morphology of COD crystals. 

The average length and breadth of were found to be 51±7 µm and 31±8 µm 
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respectively (Fig.6.17.3). The CaOx crystals treated with 75mg drug showed 

Spherulites of agglomerated undefined hexagonal crystals with the drastic change in 

the morphology. The average length and breadth of were found to be 19±9 µm and 

10±2 µm respectively (Fig.6.17.4). The CaOx crystals treated with 125mg drug 

showed spherulites of agglomerated platy crystals morphology. The average length 

and breadth of were found to be 16±4 µm and 8±2 µm respectively (Fig.6.17.5).The 

Particle  size  of  the  calcium  oxalate  was  reduced  drastically  after  treating  with  the  

drug showing the inhibitory effect of the drug. 

6.3.4.Anti-microbial activity of KSSP 

Table 37: Zone of inhibition of KSSP against E.coli and P.mirabilis 

Organisms 

Concentration of KSSP(µg/ml)  

Ampicillin 

(1mg/ml) 

 

 

Negative control 

Lemon extract 
20µl 

1000 750 500 

IZ AI IZ AI IZ AI 

E. coli 14mm 0.87 10mm 0.62 8mm 0.5 16mm 6mm 

Proteus 
mirabilis 

14mm 0.87 12mm 0.75 8mm 0.5 16mm 6mm 

 

IZ: Zone of inhibition          AI: Activity index 

Table 38: Minimum Inhibitory Concentration of KSSP against E.coli and 

P.mirabilis 

Organism MIC of KSSP 

E. coli 200 µg/ml 

Proteus mirabilis 200 µg/ml 
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 The results in the table 37 shows the zone of inhibition of various 

concentrations of the drug against two microorganisms, E.coli and Proteus mirabilis 

which are commonest cause for urinary tract infection in patients suffering from 

urolithiasis. The zone of inhibition and the activity index are tabulated 

correspondingly. The zone of inhibition of the drug KSSP against E.coli was 8mm, 

10mm and 14mm at 500, 750 and 1000µg/ml concentrations respectively and 8mm, 

12mm and 14mm against Proteus mirabilis at 500, 750 and 1000µg/ml 

concentrations respectively. The standard Ampicillin produced 16mm inhibition at 

1mg/ ml concentrations against both the organisms.  

 MIC is  defined  as  the  lowest  dilution  of  the  drug  required  to  inhibit  the  

growth of the organism. The MIC of the drug against both the organisms was found 

to be 200µg/ml.  

6.4 IN VIVO STUDIES 

PART A: TOXICITY STUDIES 

6.4.1 Acute toxicity: 

                Acute toxicity study was conducted as per WHO guidelines for ISM drugs 

with  minor  modifications.  There  was  no  treatment  related  mortality  or  signs  of  

toxicity developed in both the control and KSSP treated animals throughout the 

study. No significant changes were observed in body weight gain (Table 39). No 

significant changes were observed in wellness parameters used for the evaluation of 

toxicity. Skin, fur, eyes, mucous membranes, behavioural pattern, salivation of 

treated as well as the control animals was normal. Other symptoms like tremors, 

lethargy, diarrhoea and coma did not occur in any of the animal. There were no 

gross pathological changes in the vital organs in both groups.  
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Table 39: Body weight (gm) of animals in acute toxicity study 

Groups Gender 0th Day Week 1 Week 2 

Normal control 
Male 139.80 ± 2.54 147.00 ± 2.66 157.40 ± 1.72 

Female 172.80 ± 2.52 188.00 ± 2.76 198.60 ± 3.26 

Vehicle control 
(Lemon juice) 

Male 137.00 ± 2.14 141.40 ± 2.14 156.40 ± 2.46 

Female 174.80 ± 2.08 200.60 ± 5.94 216.00 ± 5.97 

Therapeutic dose × 
10 times (875mg/kg) 

Male 148.60 ± 2.48 162.20 ± 5.37 169.60 ± 4.23 

Female 157.80 ± 4.80 182.00 ± 5.12 196.00 ± 6.63 
 

6.4.2  Long term toxicity study (90 Days) 

Effect of KSSP on Body weight, Food and Water intake 

 No treatment related toxicity signs and mortality were observed in both 

sexes treated with 87.5, 437.5 and 875mg/kg of KSSP orally for a period of 90 days 

and in the recovery group. There were no significant changes observed in the body 

weight of control and the treated groups during the study as in the table 40. There 

were no significant changes in the feed and water intake of KSSP treated and normal 

control groups. 

Effect of KSSP on Organ weight 

 The organ weight of the animals weighed after sacrifice is given in table 

41. KSSP didn’t show any significant change on the weight of internal organs 

namely brain, heart, lungs, liver, spleen, thymus, kidneys, testis in males and ovary 

in females 

Effect of KSSP on Biochemical parameters 

 There was a significant increase (p<0.05) in the cholesterol level in the 

group treated with lemon juice at the dose of 5ml/kg (103.30±5.53 mg/dl), group 

treated with 87.5mg/kg KSSP (117.50±13.85 mg/dl) and recovery group treated 
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with 875 mg/kg KSSP (105.67±7.08 mg/dl) when compared with the normal control 

group treated with distilled water (62.11±6.59 mg/dl) (Table.42). Though there was 

a significant increase in the cholesterol levels they fall in the normal physiological 

range of the animals. There was a significant increase (p<0.01) in the bilirubin level 

in the group treated with lemon juice (0.64±0.07 mg/dl) when compared to the 

normal control (0.38±0.03 mg/dl). This increase in the bilirubin level too falls under 

the  normal  physiological  range.  There  was  a  significant  decrease  (p<0.05)  in  the  

SGOT level in the group treated with 87.5 mg/kg KSSP (92.20±12.90 IU/L) when 

compared to the control animals (134.44±6.16 IU/L) as in Table 42. There was a 

significant increase (p<0.01) in the calcium level in the group treated with 87.5 

mg/kg KSSP (11.34±0.11 mEq/L) and in the recovery group treated with 875 mg/kg 

KSSP (11.39±0.08 mEq/L) when compared to control group (9.78±0.44 mEq/L). 

This increase in the calcium level fall under the normal physiological range. No 

significant changes were observed in the biochemical parameters like sugar, urea, 

creatinine, triglycerides, total protein, albumin, SGPT, sodium and potassium levels. 

Effect of KSSP on Haematological parameters 

 The drug KSSP did not produce any significant changes in the 

haematological parameters after administration of the drug for 90 days orally except 

that there was a significant (p<0.05) decrease in the MCHC concentration in the 

group treated with lemon juice (32.61±0.22 g/dl) and KSSP treated group at the dose 

of 87.5mg/kg (32.78±0.29 g/dl) when compared to normal control group 

(34.40±0.21 g/dl). There was a significant increase (p<0.05) in the lymphocyte 

count in the recovery group treated with 875mg/kg dose of KSSP (6.44±0.81 

103/uL) when compared to normal control (3.98±0.35 103/uL).  There  was  a  

significant increase (p<0.05) in the RBC value (9.19±0.77 106/uL) when compared 

to normal control (5.63±0.26 106/uL). There was also significant increase (p<0.05, 

p<0.01 and p<0.05) in the haemoglobin, HCT and MCV values in the recovery 

group treated with 875mg/kg for 90 days and left untreated for 21 days after 90 days 

of drug administration (Hb: 15.63±1.52%, HCT: 45.82±4.16% and MCV: 

49.80±0.68 fL) when compared to normal control (Hb: 9.01±0.43%, HCT: 

26.13±1.19% and MCV: 46.52±0.35 fL). Although there is an increase in the RBC, 
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Hb, HCT and MCV in the recovery group, they all fall in the normal physiological 

range of rats. The values of haematological parameters are given in the table 44  

and 45. 

Effect of KSSP in the Histopathology of organs 

 The histopathological investigations revealed that there were no 

abnormalities found in brain, heart, lungs, liver, thymus, stomach, spleen, intestine, 

kidneys, testis, uterus and ovary of animals both in control and drug treated groups 

and also in the recovery group treated with KSSP 875mg/kg (Table 46). There was 

congestion in the kidney tissue and infiltration of eosinophils observed in the 

intestine of one male animal in the group treated with 875mg/kg of KSSP. The 

organs were normal in the recovery group. 

No Observed Adverse Effect Level (NOAEL) 

 There were no significant clinical changes in the haematological, 

biochemical and histopathological alterations observed in the 10 times of therapeutic 

dose (875mg/kg) treated orally for 90 days when compared with the normal control 

animals. The no observed adverse effect level (NOAEL) of KSSP is greater than 

875mg/kg/day in rats and hence the drug is safe for oral administration.  
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Table 40: Body weight (gm) of animals in long term toxicity study 
 

Groups Treatment Gender Week 0 Week 
1 

Week 
2 Week 3 Week 

4 
Week 

5 
Week 

6 
Week 

7 
Week 

8 Week 9 Week 
10 

Week 
11 

Week 
12 

Week 
13 

1 Normal control Male(n=5) 198.40 
±  6.66 

218.80 
± 6.93 

237.60 
± 8.66 

259.20 
± 10.16 

262.20 
± 7.69 

267.20 
± 8.11 

291.00 
± 6.19 

297.40 
± 6.90 

297.60 
± 6.67 

308.20 
± 8.00 

315.20 
± 9.53 

315.80 
± 10.59 

325.20 
±  8.15 

325.00 
± 9.79 

Female(n=5) 142.00 
±2.30 

156.40 
±2.58 

169.80 
±0.86 

182.60 
±1.33 

194.20 
±2.67 

199.60 
±2.69 

207.20 
±4.84 

208.00 
±3.08 

208.20 
±4.42 

210.00 
±5.42 

211.80 
±4.93 

217.20 
±3.62 

218.40 
±5.94 

219.80 
±6.21 

2 Vehicle control 
(Lemon juice) 

Male(n=5) 148.60 
±  2.73 

183.00 
± 3.52 

205.60 
± 3.87 

226.60 
± 6.11 

236.60 
± 8.15 

248.60 
± 8.41 

258.80 
± 7.40 

271.40 
± 7.37 

266.40 
± 7.59 

281.40 
± 8.61 

292.00 
± 9.21 

298.80 
± 9.07 

302.40 
± 8.98 

308.80 
± 7.86 

Female(n=5) 145.40 
±8.21 

156.80 
±6.76 

170.60 
±6.67 

181.00 
±7.63 

187.60 
±8.58 

189.00 
±9.17 

190.00 
±7.97 

199.00 
±8.54 

192.80 
±8.42 

205.20 
±7.91 

205.80 
±7.25 

209.60 
±7.98 

209.60 
±7.59 

214.60 
±7.15 

3 Therapeutic 
dose of  KSSP 
(87.5 mg/kg) 

Male(n=5) 152.60 
± 3.60 

191.00 
± 4.95 

205.20 
± 3.43 

226.00 
± 4.30 

244.00 
± 3.59 

263.00 
± 3.33 

278.60 
± 3.53 

285.00 
± 3.36 

268.80 
± 2.99 

291.20 
± 3.71 

305.00 
± 5.07 

312.40 
± 6.18 

314.40 
± 5.33 

323.00 
± 8.20 

Female(n=5) 133.40 
±6.79 

149.20 
±6.70 

161.40 
±5.62 

169.20 
±4.40 

177.00 
±3.15 

179.40 
±5.65 

188.00 
±3.29 

191.40 
±3.16 

189.60 
±4.30 

195.80 
±4.82 

196.80 
±4.53 

200.00 
±3.08 

201.00 
±4.04 

199.20 
±5.16 

4  Therapeutic 
dose of  KSSP × 
5 times 
(437.5 mg/kg) 

Male(n=5) 137.80 
±2.82 

167.40 
±5.55 

182.40 
±5.24 

201.20 
±6.36 

217.80 
±8.53 

237.80 
±8.11 

249.40 
±8.74 

256.60 
±9.07 

258.80 
±4.10 

273.20 
±7.72 

281.60 
±8.49 

282.60 
±7.97 

285.40 
±9.05 

293.20 
±9.63 

Female(n=5) 138.20 
±6.74 

152.40 
±6.41 

161.20 
±6.09 

169.40 
±4.50 

179.00 
±6.67 

182.00 
±6.61 

182.80 
±5.44 

190.00 
±5.55 

187.00 
±5.33 

195.60 
±7.19 

196.80 
±8.49 

192.60 
±6.21 

198.20 
±9.47 

198.40 
±7.56 

5 Therapeutic 
dose of  KSSP × 
10 times(875 
mg/kg) 

Male(n=5) 136.00 
± 6.11 

173.20 
± 4.66 

192.00 
± 5.89 

210.20 
± 4.32 

225.00 
± 7.57 

247.80 
± 6.97 

254.60 
± 6.82 

265.00 
± 7.24 

262.00 
± 8.20 

281.20 
± 10.16 

291.20 
± 11.53 

288.00 
± 9.81 

297.80 
± 12.24 

302.80 
± 13.54 

Female(n=5) 140.60 
±2.50 

156.20 
±4.36 

164.20 
±4.80 

167.60 
±5.34 

180.20 
±7.50 

176.00 
±7.09 

188.00 
±6.78 

195.40 
±8.06 

191.40 
±7.31 

203.00 
±9.03 

207.20 
±10.32 

204.00 
±7.84 

209.00 
±9.04 

207.60 
±9.47 

6 Recovery group 
Therapeutic 
dose of  KSSP × 
10 times 
(875 mg/kg) 

Male(n=3) 247.33 
± 3.28 

259.33 
± 4.06 

260.67 
± 4.81 

268.33 
± 3.84 

274.00 
± 6.08 

282.00 
± 4.04 

283.33 
± 6.23 

293.00 
± 7.64 

294.67 
± 7.84 

305.33 
± 9.68 

313.67 
± 6.98 

310.33 
± 7.06 

315.00 
± 7.00 

318.33 
± 6.89 

Female(n=3) 177.00 
±1.00 

186.33 
±1.33 

184.00 
±2.65 

194.00 
±5.57 

202.33 
±3.33 

195.33 
±2.73 

199.67 
±4.26 

200.00 
±5.51 

205.67 
±2.73 

211.00 
±4.36 

211.33 
±3.84 

214.33 
±2.96 

205.67 
±3.18 

212.00 
±3.06 
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Table 41: Effect of KSSP on organ weight (gm) of long term toxicity study of KSSP 

Groups Treatment Gender Brain Heart Lung Liver Spleen Thymus Right 
Kidney 

Left 
Kidney Testis Ovary 

1 Normal 
control 

Male(n=5) 1.62±0.08 1.04±0.04 1.83±0.13 10.26±0.46 1.01±0.10 0.46±0.05 1.36±0.09 1.34±0.06 2.76±0.10 - 
Female(n=5) 1.61±0.02 0.72±0.02 1.44±0.20 7.07±0.17 0.66±0.04 0.36±0.02 0.85±0.03 0.82±0.04 - 0.11±0.00 
Total(n=10) 1.62±0.04 0.88±0.06 1.63±0.13 8.67±0.58 0.84±0.08 0.41±0.03 1.11±0.10 1.08±0.09 2.76±0.10 0.11±0.00 

2 Vehicle control
(Lemon juice) 

Male(n=5) 1.68±0.06 0.94±0.03 1.60±0.09 8.28±0.17 0.90±0.05 0.42±0.06 1.13±0.02 1.07±0.02 2.96±0.07 - 
Female(n=5) 1.59±0.06 0.75±0.02 1.42±0.04 6.56±037 0.70±0.04 0.36±0.02 0.79±0.03 0.79±0.04 - 0.11±0.01 
Total(n=10) 1.64±0.04 0.85±0.04 1.51±0.06 7.42±0.35 0.80±0.05 0.39±0.03 0.96±0.06 0.93±0.05 2.96±0.07 0.11±0.01 

3 Therapeutic 
dose of  KSSP 
(87.5 mg/kg) 

Male(n=5) 1.78±0.04 1.04±0.05 2.34±0.50 9.38±0.40 0.94±0.05 0.47±0.03 1.28±0.06 1.22±0.05 2.94±0.09 - 
Female(n=5) 1.62±0.05 0.69±0.03 1.18±0.04 5.44±0.20 0.64±0.04 0.29±0.02 0.80±0.02 0.77±0.01 - 0.11±0.01 
Total(n=10) 1.70±0.04 0.87±0.06 1.76±0.31 7.41±0.69 0.79±0.06 0.38±0.03 1.04±0.08 0.99±0.08 2.94±0.09 0.11±0.01 

4 Therapeutic 
dose of  KSSP 
× 5 times 
(437.5 mg/kg) 

Male(n=5) 1.71±0.03 0.98±0.02 1.60±0.07 7.96±0.30 0.83±0.04 0.34±0.04 1.12±0.05 1.12±0.04 3.07±0.12 - 
Female(n=5) 1.60±0.04 0.68±0.06 1.15±0.02 5.47±0.47 0.62±0.05 0.33±0.02 0.74±0.05 0.71±0.04 - 0.11±0.01 

Total(n=10) 1.66±0.03 0.83±0.06 1.37±0.08 6.71±0.49 0.73±0.05 0.34±0.02 0.93±0.07 0.91±0.07 3.07±0.12 0.11±0.01 

5 Therapeutic 
dose of  KSSP 
× 10 times (875 
mg/kg) 

Male(n=5) 1.61±0.06 1.07±0.09 1.77±0.13 7.88±0.40 0.79±0.03 0.43±0.02 1.12±0.07 1.14±0.08 2.97±0.12 - 
Female(n=5) 1.50±0.02 0.68±0.05 1.29±0.16 5.59±0.45 0.65±0.11 0.30±0.01 0.76±0.04 0.74±0.05 - 0.11±0.01 

Total(n=10) 1.56±0.03 0.88±0.08 1.53±0.13 6.74±0.48 0.72±0.06 0.37±0.02 0.94±0.07 0.94±0.08 2.97±0.12 0.11±0.0 

6 Recovery 
group 
Therapeutic 
dose of  KSSP 
× 10 times 
(875 mg/kg) 

Male(n=3) 1.78±0.03 0.94±0.02 1.47±0.15 8.40±0.50 0.85±0.04 0.33±0.01 1.11±0.03 1.08±0.00 4.55±1.77 - 
Female(n=3) 1.69±0.05 0.68±0.03 1.42±0.07 5.58±0.24 0.51±0.04 0.36±0.03 0.75±0.07 0.76±0.06 - 0.10±0.00 

Total(n=6) 1.73±0.03 0.81±0.06 1.45±0.08 6.99±0.68 0.68±0.08 0.35±0.01 0.93±0.09 0.92±0.08 4.55±1.77 0.10±0.00 
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Table 42: Effect of KSSP on Biochemical parameters of long term toxicity study 
 
 

Groups Treatment Gender Blood Sugar 
(mg/dl) 

Blood Urea 
(mg/dl) 

Creatinine 
(mg%) 

Cholesterol 
(mg/dl) 

TGL 
(mg/dl) 

T.protein 
(gm%) 

Albumin 
(gm%) 

Bilirubin 
(mg/dl) 

SGOT 
(IU/L) 

SGPT 
(IU/L) 

1 Normal control Male 
(n=5) 102.50±8.0 35.00± 1.68 0.58± 0.05 63.50± 9.67 87.00±18.77 7.65± 0.44 3.03± 0.27 0.33± 0.05 137.50± 5.55 65.00± 0.41 
Female 
(n=5) 95.80± 7.35 29.80± 2.08 0.62± 0.02 61.00± 9.98 101.40±20.71 7.56± 0.44 3.60± 0.20 0.42± 0.04 132.00± 10.71 63.60± 4.60 
Total 
(n=10) 98.78± 5.41 32.11± 1.59 0.60± 0.02 62.11± 6.59 95.00± 13.57 7.60± 0.29 3.34± 0.18 0.38± 0.03 134.44± 6.16 64.22± 2.44 

2 Vehicle control 
(Lemon juice) 

Male 
(n=5) 114.40±9.15 29.60± 1.99 0.72± 0.04 105.00± 7.48 106.00± 23.95 7.48±0.37 3.60±0.16 0.48± 0.04 137.75± 6.61 53.60± 1.40 
Female 
(n=5) 94.80± 5.70 35.50± 1.55 0.62± 0.05 101.60± 8.95 69.40± 11.89 7.92± 0.43 3.52± 0.30 0.80± 0.07 161.00± 3.21 52.33± 4.18 
Total 
(n=10) 104.60±6.04 32.22± 1.61 0.67± 0.03 103.30a±5.53 87.70± 14.00 7.70± 0.28 3.56± 0.16 0.64**±0.07 147.71± 6.00 53.13± 1.62 

3 Therapeutic 
dose of  KSSP 
(87.5 mg/kg) 

Male 
(n=5) 113.00±8.73 25.80± 2.87 0.70± 0.09 99.00± 21.45 131.20± 10.08 10.88±3.38 3.62± 0.32 0.26± 0.02 110.40± 16.75 50.00± 6.45 
Female 
(n=5) 88.20± 5.12 38.40± 4.31 0.62± 0.10 136.00±15.23 94.20± 7.11 10.20± 1.28 3.88± 0.32 0.32± 0.04 74.00± 17.40 57.00± 4.89 
Total 
(n=10) 100.60±6.31 32.10± 3.22 0.66± 0.06 117.50a±13.85 112.70± 8.47 10.54± 1.71 3.75± 0.22 0.29± 0.02 92.20a± 12.90 53.50± 3.99 

4 Therapeutic 
dose of  KSSP × 
5 times(437.5 
mg/kg) 

Male 
(n=5) 122.20±9.02 40.00± 2.93 0.74± 0.09 73.80± 6.22 99.80± 10.81 8.44± 0.25 2.98± 0.07 0.32± 0.02 126.20± 14.99 65.40± 9.09 
Female 
(n=5) 93.40± 7.95 30.80± 1.39 0.72± 0.06 105.80± 13.67 99.00± 15.31 7.78± 0.22 3.10± 0.08 0.40± 0.04 148.20± 11.89 49.00± 2.59 
Total 
(n=10) 107.80±7.43 35.40± 2.17 0.73± 0.05 89.80± 8.86 99.40± 8.84 8.11± 0.19 3.04± 0.05 0.36± 0.03 137.20± 9.74 57.20± 5.23 

5 Therapeutic 
dose of  KSSP × 
10 times(875 
mg/kg) 

Male 
(n=5) 96.80± 8.34 32.60± 3.60 0.66± 0.04 94.20± 8.44 121.40± 17.00 7.62± 0.25 2.64± 0.15 0.42± 0.04 129.00± 8.12 48.60± 3.41 
Female 
(n=10) 81.60± 9.58 32.60± 1.63 0.66± 0.05 91.60± 9.01 88.40± 12.16 8.40± 0.43 2.90± 0.11 0.38± 0.05 129.20± 15.95 45.00± 3.96 
Total 
(n=10) 89.20± 6.50 32.60± 1.86 0.66± 0.03 92.90± 5.84 104.90± 11.28 8.01± 0.27 2.77± 0.10 0.40± 0.03 129.10± 8.44 46.80± 2.54 

6 Recovery group 
Therapeutic 
dose of  KSSP × 
10 times(875 
mg/kg) 

Male 
(n=3) 108.67±10.99 31.67± 1.20 0.53± 0.03 104.00± 11.02 152.33± 53.65 7.87± 0.58 2.60± 0.29 0.47± 0.03 141.67± 32.66 114.67± 30.20
Female 
(n=3) 113.00± 8.50 36.00± 1.00 0.53± 0.03 107.33± 11.26 149.33± 41.49 7.87± 0.09 3.13± 0.29 0.57± 0.07 174.00± 7.21 55.67± 2.33 
Total 
(n=6) 

110.83± 6.29 
 

33.83± 1.19 
 

0.53± 0.02 
 

105.67a± 7.08 
 

150.83± 30.34 
 

7.87± 0.26 
 

2.87± 0.22 
 

0.52± 0.04 
 157.83± 16.61 85.17± 18.91 

Results are expressed as Mean ±SEM, ap<0.05,bp<0.01, cp<0.001, Compared to group 1. 
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Table 43: Effect of KSSP on serum electrolytes of long term toxicity study 
 

Groups Treatment Gender 
Sodium 
(mEq/L) 

Potassium 
(mEq/L) 

Chloride 
(mEq/L) 

Calcium 
(mEq/L) 

1 Normal control Male(n=5) 134.25± 1.70 7.00± 0.00 107.25±1.11 9.98± 0.46 
Female(n=5) 131.40± 0.98 6.28± 0.20 106.00±0.84 9.64± 0.75 
Total(n=5) 132.67± 1.00 6.60± 0.16 106.56±0.67 9.78± 0.44 

2 Vehicle control 
(Lemon juice) 

Male(n=10) 133.50± 0.29 7.15± 0.09 105.25±0.48 9.85± 0.54 
Female(n=5) 134.33± 0.33 6.47± 0.18 105.33±0.33 9.12± 0.89 
Total(n=10) 133.86± 0.26 6.86± 0.16 105.29±0.29 9.48± 0.47 

3 Therapeutic dose of  
KSSP 
(87.5 mg/kg) 

Male(n=5) 134.40± 0.87 7.60± 0.68 107.00±0.84 11.21± 0.12 
Female(n=5) 133.40± 1.33 6.84± 0.16 108.00±0.89 11.45± 0.16 
Total(n=10) 133.90± 0.77 7.22± 0.35 107.50±0.60 11.34± 0.11 b 

4 Therapeutic dose of  
KSSP × 5 times(437.5 
mg/kg) 

Male(n=5) 135.00± 0.77 6.80± 0.20 107.00±0.71 10.68± 0.10 
Female(n=5) 133.00± 0.41 7.00± 0.15 106.50±0.65 10.09± 0.20 
Total(n=10) 134.11± 0.56 6.89± 0.13 106.78±0.46 10.43± 0.15 

5 Therapeutic dose of  
KSSP × 10 times(875 
mg/kg) 

Male(n=5) 133.80± 0.58 7.00± 0.35 107.20±0.58 9.79± 0.16 
Female(n=5) 134.00± 0.45 6.84± 0.15 107.40±0.24 10.18± 0.28 
Total(n=10) 133.90± 0.35 6.92± 0.18 107.30±0.30 9.96± 0.16 

6 Recovery group 
Therapeutic dose of  
KSSP × 10 times(875 
mg/kg) 

Male(n=3) 134.67± 0.33 6.73± 0.07 105.33±0.88 11.40±0.13 
Female(n=3) 132.00± 0.58 6.70± 0.06 104.67±0.88 11.39± 0.11 
Total(n=6) 133.33± 0.67 6.72± 0.04 105.00±0.58 11.39± 0.08 a 

Results are expressed as Mean ±SEM, ap<0.05,bp<0.01, cp<0.001, compared to group 1. 
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Table 44:  Effect of KSSP on Haematological parameters in long term toxicity study 
 

Groups Gender WBC 
(103/uL) 

LYM 
(103/uL) 

MON 
(103/uL) 

GRA 
(103/uL) LYM % MON % GRA % RBC 

(106/uL) 
HB 
% 

HCT 
% 

1.Normal 
control 

Male(n=5) 8.26±1.29 4.48±0.63 0.32±0.07 3.46±0.62 54.56±1.60 3.88±0.18 41.56±1.48 5.96±0.44 9.46±0.79 27.32±2.17 
Female(n=5) 5.80±0.38 3.48±0.1 0.16±0.02 2.16±0.22 60.18±1.64 3.44±0.18 36.38±1.61 5.29±0.21 8.56±0.36 24.94±1.01 
Total(n=10) 7.03±0.76 3.98±0.35 0.24±0.04 2.81±0.38 57.37±1.43 3.66±0.14 38.97±1.34 5.63±0.26 9.01±0.43 26.13±1.19 

2.Vehicle 
control 
(Lemon juice) 

Male(n=5) 8.92±0.64 5.22±0.38 0.34±0.05 3.36±0.24 58.54±0.90 3.78±0.29 37.68±0.70 7.37±0.33 11.64±0.56 35.80±1.88 
Female(n=5) 5.64±0.89 3.54±0.54 0.18±0.05 1.92±0.46 63.74±4.03 3.42±0.24 32.84±3.83 5.41±0.99 9.20±1.99 27.94±5.83 
Total(n=10) 7.28±0.75 4.38±0.42 0.26±0.04 2.64±0.34 61.14±2.13 3.60±0.19 35.26±2.00 6.39±0.59 10.42±1.06 31.87±3.17 

3.Therapeutic 
dose of  KSSP 
(87.5 mg/kg) 

Male(n=5) 7.68±0.89 4.50±0.58 0.26±0.04 2.92±0.31 58.30±1.82 3.42±0.17 38.28±1.70 5.72±0.42 9.14±0.48 27.65±2.07 
Female(n=5) 7.10±0.83 4.55±0.46 0.23±0.05 2.33±0.37 63.95±2.27 3.53±0.30 32.53±2.00 5.75±0.62 9.52±1.08 29.28±3.35 
Total(n=10) 7.42±0.59 4.52±0.36 0.24±0.03 2.66±0.25 60.81±1.66 3.47±0.15 35.72±1.58 5.74±0.37 9.33±0.56 28.56±1.98 

4.Therapeutic 
dose of  KSSP 
× 5 times 
(437.5 mg/kg) 

Male(n=5) 8.44±1.21 5.08±0.69 0.30±0.05 3.06±0.52 60.66±1.94 3.76±0.19 35.58±1.87 6.63±0.39 10.74±0.71 31.16±1.98 
Female(n=5) 7.06±0.77 4.40±0.50 0.22±0.02 2.44±0.32 61.80±2.22 3.30±0.19 34.90±2.21 5.56±0.44 9.20±0.72 26.72±2.12 
Total(n=10) 7.75±0.72 4.74±0.42 .26±0.03 2.75±0.30 61.23±1.40 3.53±0.15 35.24±1.37 6.10±0.33 9.97±0.54 28.94±1.56 

5.Therapeutic 
dose of  KSSP 
× 10 times 
(875 mg/kg) 

Male(n=5) 7.88±0.79 4.48±0.50 0.34±0.07 3.06±0.50 57.14±4.33 4.42±0.63 38.44±3.74 7.90±1.46 12.86±2.44 35.74±6.80 
Female(n=5) 6.98±0.86 3.88±0.50 0.26±0.04 2.64±0.47 59.48±2.70 3.66±0.18 36.86±2.63 5.31±0.20 8.88±0.46 25.22±1.22 
Total(n=10) 7.43±0.57 4.18±0.35 0.30±0.04 2.85±0.33 58.31±2.44 4.04±0.33 37.65±2.17 6.60±0.82 10.87±1.35 30.48±3.70 

6.Recovery 
group 
Therapeutic 
dose of  KSSP 
× 10 times 
(875 mg/kg) 

Male (n=3) 11.30±0.10 6.45±0.05 0.40±0.00 4.45±0.15 57.15±1.05 3.40±0.10 39.45±1.15 9.19±0.72 15.10±1.19 44.77±2.96 
Female(n=3) 9.87±2.07 6.43±1.48 0.30±0.06 3.13±0.53 64.43±1.25 3.50±0.47 32.07±1.16 9.19±1.56 16.17±3.13 46.87±8.76 
Total(n=6) 10.44±1.19 6.44±0.81 a 0.34±0.04 3.66±0.44 61.52±1.94 3.46±0.26 35.02±1.95 9.19±0.77 a 15.63±1.52 a 45.82±4.16 b 

Results are expressed as Mean ±SEM, ap<0.05,bp<0.01, cp<0.001, compared to group 1. 
 



   

 
 
   

136 

Table 45: Effect of KSSP on Haematological parameters in long term toxicity study 
 

Groups Gender MCV(fL) MCH(pg) MCHC(g/dl) RDW% PLT(103/uL) MPV(fL) PDW% PCT % 
1.Normal control Male(n=5) 45.84±0.41 15.74±0.26 34.52±0.39 12.44±0.17 241.80±15.07 5.68±0.05 14.52±0.07 0.14±0.01 

Female(n=5) 47.20±0.39 16.12±0.15 34.28±0.18 10.12±0.05 173.20±16.07 5.72±0.06 14.84±0.09 0.10±0.01 
Total(n=10) 46.52±0.35 15.93±0.15 34.40±0.21 11.28±0.40 207.50±15.45 5.70±0.04 14.68±0.07 0.12±0.01 

2.Vehicle control 
(Lemon juice) 

Male(n=5) 48.56±0.53 15.72±0.18 32.50±0.35 11.36±0.20 231.80±9.04 5.60±0.14 14.72±0.13 0.13±0.01 
Female(n=5) 51.06±1.23 16.68±0.54 32.72±0.30 10.84±0.16 232.20±58.74 6.06±0.13 15.18±0.16 0.14±0.04 
Total(n=10) 49.81±0.75 16.20±0.31 32.61±0.22a 11.10±0.15 232.00±28.01 5.83±0.12 14.95±0.12 0.14±0.02 

3.Therapeutic dose of  
KSSP 
(87.5 mg/kg) 

Male(n=5) 48.45±0.85 15.98±0.29 33.10±0.27 12.00±0.31 234.75±20.58 5.75±0.09 14.70±0.09 0.13±0.01 
Female(n=5) 50.86±0.77 16.48±0.18 32.52±0.48 10.42±0.16 274.00±62.83 5.80±0.16 14.92±0.17 0.16±0.04 
Total(n=10) 49.79±0.68 16.26±0.18 32.78±0.29 a 11.12±0.32 256.56±34.85 5.78±0.09 14.82±0.10 0.15±0.02 

4.Therapeutic dose of  
KSSP × 5 times 
(437.5 mg/kg) 

Male(n=5) 47.02±0.78 16.12±0.37 34.40±0.45 12.16±0.22 243.60±20.69 5.50±0.05 14.46±0.10 0.13±0.01 
Female(n=5) 48.20±0.62 16.50±0.30 34.40±0.62 11.42±0.13 268.60±24.92 6.82±0.25 15.74±0.20 0.19±0.02 
Total(n=10) 47.61±0.51 16.31±0.23 34.40±0.36 11.79±0.17 256.10±15.83 6.16±0.25 15.10±0.24 0.16±0.01 

5.Therapeutic dose of  
KSSP × 10 times 
(875 mg/kg) 

Male(n=5) 45.24±0.43 16.18±0.12 35.92±0.26 11.72±0.30 177.60±22.11 5.94±0.22 14.90±0.20 0.11±0.01 
Female(n=5) 47.54±0.64 16.64±0.32 35.16±0.43 10.94±0.11 211.40±14.80 6.44±0.14 15.48±0.13 0.14±0.01 
Total(n=10) 46.39±0.53 16.41±0.18 35.54±0.27 11.33±0.20 194.50±13.75 6.19±0.15 15.19±0.15 0.12±0.01 

6.Recovery group 
Therapeutic dose of  
KSSP × 10 times 
(875 mg/kg) 

Male(n=5) 48.83±0.84 16.40±0.32 33.67±1.03 12.03±0.33 225.67±42.44 5.77±0.09 14.83±0.07 0.13±0.03 
Female(n=3) 50.77±0.82 17.43±0.38 34.37±0.23 10.93±0.19 212.33±10.73 5.83±0.13 14.90±0.06 0.12±0.00 
Total(n=3) 49.80±0.68 a 16.92±0.32 34.02±0.50 11.48±0.30 219.00±19.80 5.80±0.07 14.87±0.04 0.13±0.01 

Results are expressed as Mean ±SEM, ap<0.05,bp<0.01, cp<0.001, Compared to group 1. 
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Table 46:  Histopathology investigation of control and KSSP treated 

animals for 90 days 

Sl.no Tissue Treatment Male Female 
1 Brain Normal control NAD NAD 

KSSP(875.5mg/kg) NAD NAD 
Recovery group  KSSP(875.5mg/kg) NAD NAD 

2 Heart Normal control NAD NAD 
KSSP(875.5mg/kg) NAD NAD 
Recovery group  KSSP(875.5mg/kg) NAD NAD 

3 Lung Normal control NAD NAD 
KSSP(875.5mg/kg) NAD NAD 
Recovery group  KSSP(875.5mg/kg) NAD NAD 

4 Liver Normal control NAD NAD 
KSSP(875.5mg/kg) NAD NAD 
Recovery group  KSSP(875.5mg/kg) NAD NAD 

5 Thymus Normal control NAD NAD 
KSSP(875.5mg/kg) NAD NAD 
Recovery group  KSSP(875.5mg/kg) NAD NAD 

6 Stomach Normal control NAD NAD 
KSSP(875.5mg/kg) NAD NAD 
Recovery group  KSSP(875.5mg/kg) NAD NAD 

7 Spleen Normal control NAD NAD 
KSSP(875.5mg/kg) NAD NAD 
Recovery group  KSSP(875.5mg/kg) NAD NAD 

8 Intestine Normal control NAD NAD 
KSSP(875.5mg/kg) Infiltration of 

Eosinophils 
NAD 

Recovery group  KSSP(875.5mg/kg) NAD NAD 
9 Kidney Normal control NAD NAD 

KSSP(875.5mg/kg) Congestion and 
tubular cast 

NAD 

Recovery group  KSSP(875.5mg/kg) NAD NAD 
10 Testis Normal control NAD  

KSSP(875.5mg/kg) NAD  
Recovery group  KSSP(875.5mg/kg) NAD  

11 Uterus Normal control  NAD 
KSSP(875.5mg/kg)  NAD 
Recovery group  KSSP(875.5mg/kg)  NAD 

12 Ovary Normal control  NAD 
KSSP(875.5mg/kg)  NAD 
Recovery group  KSSP(875.5mg/kg)  NAD 
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PART B: PHARMACOLOGICAL STUDIES 

I. Anti urolithiatic activity 

6.4.3 Evaluation of anti urolithiatic activity by Ethylene glycol (EG) 

induced lithiasis in rats 

 In the present study, hyperoxaluria and crystallization was induced by the 

administration of 0.75% Ethylene glycol in drinking water to rats for 28 days. The 

calculi  preventive  and  curative  effects  of  the  drug  KSSP  were  analysed  and  

compared with the calculi induced group by investigating the urine markers, serum 

markers, histopathology of kidneys and estimating the calcium and oxalate in renal 

tissue. The anti-oxidant effect of the drug was studied by estimating the amount of 

anti-oxidant enzymes in liver and kidney tissues of the calculi induced group and the 

drug treated groups. 

Effect of KSSP on body weight 

 The  effects  on  body  weight  in  normal  control,  calculi  induced  and  drug  

treated groups were observed every week and statistically compared. The results 

were  shown  in  the  table  49.  There  was  a  significant  decrease  in  the  weight  in  the  

calculi induced group, vehicle control, KSSP 87.5mg/kg treated groups of 

preventive and curative regimen, especially in the 4th week of the study when 

compared with the normal control animals. There was a gradual increase in weight 

of animals in the drug treated groups and they were not statistically significant. 
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Table 47:  Body weight (gm) of animals in Ethylene glycol induced lithiasis model 

Groups 0th Day Week 1 Week 2 Week 3 Week 4 Week 5 

1.Normal control 197.83 ± 5.49 218.50 ±5.32 235.67±7.03 254.83±7.12 263.00†±6.40 267.83±6.65 

2.Ethylene glycol control 184.33±4.81 212.00±9.11 219.83±9.67 219.67±10.13 222.33±10.24a 233.17±12.47 

3.Vehicle control 199.67±4.46 226.67±6.51 229.17±7.89 237.67±8.89 235.83±8.81a 239.50±10.29 

4.Standard 
(Cystone 750mg/kg) 

199.67±4.32 211.50±6.52 227.33±7.46 247.33±20.77 225.33±9.83 231.67±11.68 

5.KSSP(Preventive 
regimen) 87.5mg/kg 

186.17±5.15 

 
188.17±6.32 214.33±8.48 220.00±8.87 222.67±8.03a 233.00±8.65 

6.KSSP(Preventive 
regimen) 131.5mg/kg 

195.50±4.06 
 

218.33±5.65 
 

232.00±7.04 
 

221.00±6.91 
 

233.67±8.79 
 

245.50±9.58 
 

7.KSSP(Curative 
regimen) 87.5mg/kg 

194.00±3.13 

 

218.50±4.79 

 

216.50±6.27 

 

223.00±7.21 

 

226.83±7.11a 

 

235.00±7.64 

 

8.KSSP(Curative 
regimen) 131.5mg/kg 

207.17±3.35 
 

228.17±5.84 
 

239.33±6.45 
 

242.67±7.81 
 

248.00±9.51 
 

252.00±10.29 
 

Results are expressed as Mean ±SEM, ap<0.05, bp<0.01, cp<0.001, Compared to group 1. dp <0.05,ep < 0.01, fp<0.001, Compared 
to group 2 .  
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Effect of KSSP on renal markers and stone markers in plasma. 

               The effect of renal markers like urea, creatinine, uric acid and stone 

markers like calcium, inorganic phosphorus and magnesium in plasma were 

estimated in all the groups. The results are shown in the table 48. 

                The urea level in the normal control was 12.56±0.76 mg/dl. It was 

significantly elevated to 31.03±1.77 mg/dl in the calculi induced group when 

compared to the normal control. There was a significant decrease in the urea levels 

of lemon juice treated (13.85±0.42 mg/dl), Cystone treated (14.32±1.42 mg/dl) and 

drug treated groups both in preventive regimen (15.25±0.98 mg/dl, 16.07±1.18 

mg/dl) and curative regimen (14.90±0.88 mg/dl, 18.65±2.14 mg/dl) when compared 

to calculi induced group. 

             Serum creatinine was 0.47±0.05 in normal control group and got 

significantly elevated to 1.09±0.12 in calculi induced group. The level was 

significantly reduced to 0.50±0.02 in lemon juice treated group, 0.55±0.06 in 

Cystone treated group, 0.51±0.01 and 0. 50±0.04 in KSSP treated preventive 

regimen groups and 0.44±0.06 and 0.55±0.06 in KSSP treated curative regimen 

groups. 

             The uric acid level in normal control group was 0.88±0.05 mg/dl. It was 

significantly elevated to 1.48±0.07 mg/dl in the calculi induced group. The level was 

significantly decreased to 0.98±0.12 mg/dl in lemon juice treated group, 1.03±0.12 

mg/dl and 0.94±0.08 mg/dl in KSSP treated preventive regimen groups and 

0.88±0.18 mg/dl, 1.07±0.07 mg/dl in the KSSP treated curative regimen groups. 

 The calcium levels in normal control and calculi induced group were 

12.10±0.20 mg/dl and 11.80±0.21 mg/dl respectively. There were no significant 

changes in the drug treated groups when compared with normal control and calculi 

induced groups. There was a significant decrease in the calcium level of the group 

treated with the standard drug Cystone 750 mg/kg (11.57±0.10 mg/dl) 
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               The inorganic phosphorus level was 7.05±0.18 mg/dl in normal control 

group and elevated to 8.12±0.39 mg/dl in the calculi induced group. The phosphorus 

level was significantly reduced to 6.81±0.23 mg/dl in the preventive regimen group 

treated with 131.5 mg/kg KSSP, 5.98±0.77 mg/dl and 6.28±0.23 mg/dl in the 

curative regimen treated with 87.5 mg/kg and 131.5 mg/kg KSSP respectively.   

 The magnesium level in the normal control group was 1.80±0.06 mg/dl. 

There was a significant increase in the magnesium level in the preventive regimen 

group treated with 87.5 mg/kg (1.98±0.01 mg/dl) and in the curative regimen treated 

with 131.5 mg/kg KSSP (2.11±0.07 mg/dl) when compared to normal control group. 

Table 48:  Effect of KSSP on renal markers in serum in ethylene glycol 

induced lithiasis model 

Groups Urea 
(mg/dl) 

Creatinine 
(mg/dl) 

Uric acid 
(mg/dl) 

Calcium 
(mg/dl) 

Phosphorus 
(mg/dl) 

Magnesium 
(mg/dl) 

1. Normal 
control 

12.56 ± 0.76 
 

0.47±  0.05 
 

0.88 ± 0.05 
 

12.10 ±0.20 
 

7.05 ± 0.18 
 

1.80 ± 0.06 
 

2. Ethylene 
glycol 
control 

31.03±1.77c 
 

1.09 ± 0.12 a 
 

1.48±0.07b 
 

11.80 ±0.21 
 

8.12± 0.39 
 

2.14± 0.07a 
 

3. Vehicle 
control 

13.85±0.42f 
 

0.50± 0.02 e 
 

0.98±0.12 e 
 

11.83±0.06 
 

6.95± 0.34 
 

2.16 ± 0.16 
 

4. Standard 
 (Cystone 

750mg/kg) 

14.32±1.42f 
 

0.55±0.06 e 
 

1.14±  0.16 
 

11.57±0.10 a 
 
 

7.46± 0.39 
 2.75 ± 0.61 

5.KSSP(Preve
ntive 
regimen) 

 78.5mg/kg 

15.25±0.98 f 
 

0.51± 0.05 e 
 

1.03† ± 0.12 
 

11.67 ± 0.10 
 

7.22 ± 0.45 
 

1.98± 0.01 a 
 

6.KSSP(Preve
ntive 
regimen) 

 131.5mg/kg 

16.07±1.18 f 
 

0.50± 0.04 e 
 

0.94±0.08 e 
 

11.84 ± 0.15 
 

6.81 ± 0.23d 
 

2.15 ± 0.16 
 

7.KSSP 
(Curative 
regimen) 

 7.5mg/kg 

14.90±0.88 f 
 

0.44±0.06 e 
 

0.88† ± 0.18 
 

11.93 ± 0.12 
 

5.98†± 0.77 d 
 

1.97 ± 0.14 
 

8.KSSP 
(Curative 
regimen) 

 131.5mg/kg 

18.65 ± 2.14e 
 

0.55 ± 0.06 e 
 

1.07 ±0.07 e 
 

12.37 ± 0.33 
 

6.28 ± 0.23 e 
 

2.11± 0.07 a 
 

Results are expressed as Mean ±SEM, ap<0.05, bp<0.01, cp<0.001, Compared to group 1. dp 
<0.05,ep < 0.01, fp<0.001, Compared to group 2  
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Effect of KSSP on the stone markers in urine 

              The urinary stone markers like calcium and oxalate were estimated in all 

the groups and compared with normal control and calculi induced group. 

 The calcium level in normal control was 1.10 ± 0.10 mg/dl. The level got 

significantly increased to 3.19 ± 0.06 mg/dl in calculi induced group when compared 

with normal control group. The calcium level got significantly reduced to 1.50 ± 

0.40 mg/dl in Cystone treated group. There was also a significant decrease in the 

preventive regimen groups treated with 87.5 mg/kg (1.65 ± 0.05 mg/dl) and 131.5 

mg/kg (0.63 ± 0.09 mg/dl). It also got significantly reduced to 0.95 ± 0.21 mg/dl in 

curative regimen treated with 131.5 mg/kg KSSP when compared to the calculi 

induced group. 

 The oxalate level was 1.70 ± 0.10 mg/dl in normal control group. The 

level got significantly elevated to 4.53 ± 0.15 mg/dl in the calculi induced group. 

The level was significantly reduced to 1.40 ± 0.10 mg/dl, 1.85 ± 0.35 mg/dl, 0.90 ± 

0.40 mg/dl, 1.95 ± 0.27 mg/dl, 0.78 ± 0.10 mg/dl and 1.55 ± 0.45 mg/dl) in the 

groups treated with lemon juice, Cystone 750 mg/kg, preventive regimens groups 

and curative regimen groups respectively. 

Table 49:  Effect of KSSP on the stone markers in urine in ethylene glycol 

induced lithiasis model 

Groups Calcium(mg/dl) Oxalate(mg/dl) 
1.Normal control 1.10 ±  0.10 1.70 ±  0.10 
2.Ethylene glycol control 3.19 ± 0.06 c 4.53 ± 0.15 b 
3.Vehicle control 0.90 ±  0.30 1.40 ±  0.10 e 
4.Standard(Cystone 750mg/kg) 1.50 ±  0.40 e 1.85 ± 0.35 e 
5.KSSP(Preventive regimen)87.5mg/kg 1.65 ±  0.05 f 0.90 ± 0.40 e 
6.KSSP(Preventive regimen)131.5mg/kg 0.63  ±  0.09 a f 1.95 ±  0.27 e 
7.KSSP(Curative regimen)87.5mg/kg 0.95  ±  0.21 f 0.78  ± 0.10 b f 
8.KSSP(Curative regimen)131.5mg/kg 1.70 ±  0.90 1.55 ±  0.45 e 
Results are expressed as Mean ±SEM, a p<0.05, b p<0.01, c p<0.001, Compared to 
group 1. d p <0.05,ep < 0.01, fp<0.001, Compared to group 2 .  
 



   

143 

Effect of KSSP on anti-oxidant enzymes in liver and kidney 

                 There was a decrease in malondialdehyde enzyme in the kidney tissue of 

calculi induced group (3.27±0.79 µM/L) when compared to normal control group 

(5.80±1.00 µM/L). No significant change was observed in the drug treated groups 

when compared to calculi induced group. There was also a significant decrease in 

the enzyme in the liver tissue in calculi induced group (0.40±0.12 µM/L) when 

compared to normal control group (1.00±0.00 µM/L). No significant change was 

observed in the liver tissues of the drug treated group when compared to the calculi 

induced group (Table 51). 

 The  catalase  level  in  the  kidney  tissue  of  normal  control  group  was  

109.0±6.20 U/mg and there was a significant decrease to 33.80±4.59 U/mg in the 

calculi induced group. There was a significant increase in the Cystone treated group 

(63.00±4.76 U/mg). The enzyme levels were significantly increased to 75.50±6.74 

U/mg and 92.10±6.87 U/mg in the preventive regimen treated with 87.5mg/kg and 

131.5mg/kg KSSP. The catalase level increased significantly in the curative regimen 

too treated with 87.5mg/kg (107.33±3.89 U/mg) and 131.5mg/kg KSSP 

(122.30±4.82 U/mg) when compared to the calculi induced group. The catalase level 

was 121.90±9.00 U/mg in normal control group and it significantly reduced to 

32.73±1.92 U/mg in the calculi induced group. The level of the enzyme significantly 

increased to 88.03±6.76 U/mg and 102.63±2.80 U/mg in the preventive regimen 

groups. Similarly there was a significant increase in the enzyme levels in the 

curative regimen i.e 116.60±1.45 U/mg and 137.70±2.66 U/mg treated with 87.5 

mg/kg and 131.5 mg/kg KSSP respectively when compared to calculi induced 

group.  

 There was no significant decrease of superoxide dismutase levels in the 

kidney  tissue  when  compared  to  normal  control  group.  There  was  a  significant  

increase in the enzyme level in the lemon juice treated group (68.05±4.12 U/mg) 

when compared to normal control group. There were no significant changes in the 

drug treated groups. The superoxide dismutase level was significantly reduced to 

28.78±6.90 U/mg in the liver tissue of calculi induced group when compared to 
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normal control (54.71±0.49 U/mg). No significant changes were observed in the 

drug treated groups when compared to calculi induced group.  

 

Table 50:  Antioxidant enzymes in Kidney in ethylene glycol induced lithiasis 

model   

Groups 
Malondialdehyde 

M/L). 
Catalase 
(U/mg) 

Superoxide dismutase 
(U/mg) 

1. Normal control 5.80 ± 1.00 109.00 ±6.20 45.65 ± 0.55 

2. Ethylene glycol 
control 

3.27 ± 0.79 33.80±4.59 b 40.09 ±13.40 

3. Vehicle control 6.13 ± 2.54 38.17±5.25 b 68.05± 4.12 a 

4. Standard(Cystone 
750mg/kg) 

3.87 ± 1.70 63.00 ±4.76 b d 69.47 ± 14.64 

5. KSSP(Preventive 
regimen)87.5mg/
kg 

3.87 ± 0.74 75.50±6.74 a e 79.31± 8.46 

6. KSSP(Preventive 
regimen)131.5mg
/kg 

4.13 ± 0.87 92.10± 6.87 e 64.42 ± 14.54 

7. KSSP(Curative 
regimen)87.5mg/
kg 

4.13 ± 0.35 107.33±3.89 f 59.21± 17.57 

8. KSSP(Curative 
regimen)131.5mg
/kg 

2.40 ± 0.69 122.30±4.82 f 47.25± 3.01 

Results are expressed as Mean ±SEM, a p<0.05, b p<0.01, c p<0.001, Compared to 
group 1. d p <0.05,ep < 0.01, fp<0.001, Compared to group 2.  
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Table 51:  Antioxidant enzymes in liver in ethylene glycol induced lithiasis 

model 

Groups 
Malondialdehyde 

M/L). 
Catalase 
(U/mg) 

Superoxide 
dismutase 

(U/mg) 

1. Normal control 1.00 ±  0.00 
 

121.90± 9.00 54.71 ± 0.49 

2. Ethylene glycol 
control 

0.40± 0.12 a 32.73±1.92 25.78± 6.90 a 

3. Vehicle control 0.73± 0.07 21.30±8.71 b 20.32± 8.60 

4. Standard(Cystone 
750mg/kg) 

0.47± 0.13 75.10 ±6.09 a e 27.17± 3.88 a 

5. KSSP(Preventive 
regimen)87.5mg/kg 

0.67± 0.07 a 88.03 ±6.76 e 52.43 ± 8.57 

6. KSSP(Preventive 
regimen)131.5mg/kg 

0.67 ± 0.18 102.63±2.80 f 32.74± 4.44 a 

7. KSSP(Curative 
regimen)87.5mg/kg 

0.40±0.00 c 116.60±1.45 f 27.01± 6.37 a 

8. KSSP(Curative 
regimen)131.5mg/kg 

0.60 ± 0.12 137.70±2.66 f 27.87±5.48 a 

Results are expressed as Mean ±SEM, a p<0.05, b p<0.01, c p<0.001, Compared to 
group 1. d p <0.05,ep < 0.01, fp<0.001, Compared to group 2.  
 
 

Effect of KSSP on calcium and oxalate in renal tissue 

               The oxalate content was 1.02±0.01 mg/g in the kidney tissue of normal 

control group. The level significantly increased to 3.66±0.04 mg/g in calculi induced 

group. The level of oxalate significantly reduced to 1.08±0.01 mg/g in lemon juice 

treated, 0.96±0.01 mg/g in Cystone treated 0.78±0.01 mg/g, 1.01±0.01 mg/g in 

preventive regimen groups and 1.11±0.02 mg/g, 1.01±0.00 mg/g in curative regimen 

groups respectively. 
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               The calcium content significantly increased to 7.26±0.02 mg/g in calculi 

induced when compared to normal control animals (2.21±0.01 mg/g). The calcium 

level significantly reduced to 2.22±0.00 mg/g and 1.85±0.04 mg/g in lemon juice 

treated and Cystone treated groups. The level significantly decreased to 1.58±0.01 

mg/g and 1.57±0.01 mg/g in the preventive regimen groups treated with 87.5 mg/kg 

and 131.5 mg/kg KSSP. The level of calcium significantly reduced to 2.25±0.01 

mg/g and 1.54±0.00 mg/g in the curative regimen groups when compared to calculi 

induced group.  

Table 52:  Calcium and Oxalate in kidney tissue in ethylene glycol induced 

lithiasis model 

Groups Oxalate (mg/g) Calcium(mg/g)  

1. Normal control 1.02 ±0.01 2.21± 0.01 

2. Ethylene glycol control 3.66 ± 0.04c 7.26 ± 0.02 c 

3. Vehicle control 1.08 ±0.01 bf 2.22 ±0.0 f 

4. Standard(Cystone 
750mg/kg) 

0.96 ± 0.01a f 1.85 ± 0.04 b f 

5. KSSP(Preventive 
regimen)87.5mg/kg 

0.78 ± 0.01 cf 1.58 ± 0.01 cf 

6. KSSP(Preventive 
regimen)131.5mg/kg 

1.01 ±0.01 f 1.57 ± 0.01 cf 

7. KSSP(Curative 
regimen)87.5mg/kg 

1.11 ± 0.02 a f 2.25 ±0.01 f 

8. KSSP(Curative 
regimen)131.5mg/kg 

1.01±0.00 f 1.54±0.00 cf 

Results are expressed as Mean ±SEM, a p<0.05, bp<0.01, c p<0.001, Compared to 
group 1. d p <0.05,ep < 0.01, fp<0.001, Compared to group 2.  
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Table 53:  Effect of KSSP on Renal histopathology in ethylene glycol induced 

lithiasis model 

Group Treatment Observations 

1 Normal saline 5ml/kg No abnormalities seen 

2 0.75% Ethylene glycol Appearance of extensive crystals in tubular 
lumen 

3 Lemon juice 5ml/kg Crystals seen in tubular lumen 

4 Cystone 750 mg/kg No abnormalities seen with appearance of 
occasional crystals 

5 KSSP 87.5 mg/kg 
(Preventive regimen) 

No abnormalities detected  
Mononuclear cell infiltration and occasional 
crystals seen 

6 KSSP 131.5 mg/kg 
(Preventive regimen) 

Occasional crystals seen 
Regeneration and recovery of tubular 
epithelial cells seen. 
Cast present.  

7 KSSP 87.5 mg/kg 
(Curative regimen) 

Rare crystals seen. 
Cast present 

8 KSSP 131.5 mg/kg 
(Curative regimen) 

Mild crystals with cast seen. 
Regeneration of epithelial cells seen. 

 

 The histopathological investigation of kidney tissues revealed the normal 

architecture in normal control animals. Administration of ethylene glycol in drinking 

water produced extensive crystals in the tubular lumen of kidneys. In lemon juice 

treated group crystals were present in tubular lumen and there was epithelial cell 

degeneration. In standard drug, cystone treated group no abnormalities were 

detected with only presence of occasional crystals. In the preventive regimen no 

abnormalities were detected with mononuclear cell infiltration and occasional 

crystals. Regeneration and recovery of tubular epithelial cells were seen in the 

preventive regimen treated with 131.5 mg/kg KSSP from day 1 – day 28 along with 

EG in drinking water. So also rare crystals with cast and mild crystals with 
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regeneration of epithelial cells were observed in curative regimen. These results 

show the preventive and curative effects of the drug in urolithiasis. 

6.4.4 Zinc implantation method 

                Implantation of zinc disc in the urinary bladder of the animals served as a 

nidus to stone formation. Significant amount of stone deposition on the zinc disc 

was observed in the control and treated groups. The evaluation of anti urolithiatic 

activity  was  done  by  comparing  the  stone  weight,  renal  markers,  x  ray  and  

histopathology of the kidneys and urinary bladder of animals from control and drug 

treated groups. 

Effect of KSSP on body weight 

                There was no significant change in the body weight of the animals in the 

control and drug treated groups. There was a gradual weight gain from week 1 to 

week 8 in curative groups and from week 1 to week 4 in preventive groups as in 

table 54. 
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Table 54:  Body weight (gm) of animal in zinc implantation model of 

lithiasis induction 

Groups Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 

1.Curative 
control 

308.00 ± 

9.57 

323.80 ± 

10.82 

321.80 ± 

9.26 

322.20 ± 

9.45 

322.40 ±
9.15 

324.00 ± 

9.54 

327.20 ± 

9.33 

322.20 ± 

16.10 

2.Curative 
regimen-1 

 (KSSP 
87.5mg/kg) 

319.17 ± 

16.86 

338.83 ± 

16.70 

336.50 ± 

16.57 

337.00 ± 

16.79 

338.17 ±
16.84 

339.50 ± 

16.80 

340.00 ± 

17.03 

336.50 ± 

16.35 

3.Curative 
regimen-2 

 (KSSP 
131.5mg/kg) 

320.33 ± 

13.72 

322.83 ± 

12.59 

322.33 ± 

12.10 

322.33 ± 

12.39 

320.50 ±
13.86 

321.83 ± 

13.84 

323.67 ± 

14.78 

333.17 ± 

16.78 

4.Preventive 
control 

238.20 ± 

6.10 

268.20 ± 

9.11 

271.80 ± 

8.03 

291.00 ± 

8.26 
- - - - 

5.Preventive 
regimen-1 

 (KSSP 
87.5mg/kg) 

288.00†± 

13.04 

303.50 ± 

12.77 

295.83 ± 

11.90 

311.67 ± 

15.92 
- - - - 

6.Preventive 
regimen-2 

 (KSSP 
131.5mg/kg) 

269.67 ± 

21.45 

292.33 ± 

20.31 

299.17 ± 

18.92 

308.17 ± 

13.88 
- - - - 

Results are expressed as Mean ±SEM, a p<0.05, bp<0.01, c p<0.001, Compared to 
group 1. d p <0.05,ep < 0.01, fp<0.001, Compared to group 4.  
 
 

Effect of KSSP on serum parameters 

              The urea level got significantly reduced to 36.33±0.67 mg/dl and 

36.40±1.63 mg/dl in the drug treated curative groups when compared to curative 

control group (44.20±1.46 mg/dl). There was no significant change in the urea level 

between preventive control and drug treated groups. 
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              The creatinine level was 0.80±0.03 mg/dl in the curative control group. The 

level significantly reduced to 0.48±0.02 mg/dl and 0.44±0.02 mg/dl in the drug 

treated groups treated with 87.5 mg/kg and 131.5 mg/kg KSSP when compared to 

control group. There was no significant change in the creatinine levels of the 

preventive control and treated groups. 

             There was no significant change in the uric acid of the control and drug 

treated groups both in the preventive and curative regimens as shown in the table 55. 

Table 55:  Effect of KSSP on serum parameters in zinc implantation model 

of lithiasis induction 

Groups 
Urea 

(mg/dl) 
Creatinine 

(mg/dl) 
Uric acid 
(mg/dl) 

1.Curative control 44.20 ± 1.46 0.80 ±   .03 1.42 ±  0.13 

2.Curative regimen-1 
(KSSP 87.5mg/kg) 

36.33 ± 0 .67 b 0.48 ± 0.02 c 1.58 ± 0.07 

3. Curative regimen-2 
(KSSP 131.5mg/kg) 

36.40±  1.63 b 0.44 ± 0.02 c 1.50 ± 0.11 

4.Preventive control 36.40 ± 1.63 0.44 ± 0.02 1.50 ± 0.11 

5.Preventive regimen-1 
(KSSP 87.5mg/kg) 

34.17 ± 1.89 0.47 ± 0.03 1.47 ± 0.10 

6.Preventive regimen-2 
(KSSP 131.5mg/kg) 

36.17 ± 1.01 0.48 ± 0.03 1.63 ± 0.19 

Results are expressed as Mean ±SEM, a p<0.05, bp<0.01, c p<0.001, Compared to 
group 1. dp <0.05,ep < 0.01, fp<0.001, Compared to group 4.  
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Table 56:  Effect of KSSP on weight of stones in zinc implantation model of 

lithiasis induction 

Groups Weight of stones(mg) 

1. Curative control 748.2±  153.9 

2. Curative regimen-1 (KSSP 87.5mg/kg) 147.3±  63.1a 

3. Curative regimen-2 (KSSP 131.5mg/kg) 22.0± 0.8 b 

4. Preventive control 34.3± 2.5 

5. Preventive regimen-1 (KSSP 87.5mg/kg) 24.2± 3.5 

6. Preventive regimen-2 (KSSP 131.5mg/kg) 18.9± 0.7f 
Results are expressed as Mean ±SEM, a p<0.05, bp<0.01, c p<0.001, Compared to 
group 1. dp <0.05,ep < 0.01,fp<0.001, Compared to group 4.  
 

 The weight of stone formed in the curative control group was 748.2± 

153.9 mg. The stone weight significantly reduced to 147.3± 63.1 mg and 22.0± 0.8 

mg in the group treated with 87.5mg/kg and 131.5 mg/kg KSSP respectively when 

compared to curative control group. 

 The weight of stone formed in the preventive control group was 34.3± 2.5 

mg. The weight of stone significantly reduced to 18.9 ± 0.7 mg in the group treated 

with 131.5 mg/kg KSSP when compared to preventive control group. 

X ray findings 

 The implantation of zinc discs in the urinary bladder of the animals was 

confirmed by taking x rays after surgical procedure in the animals from all the 

groups. The presence of zinc disc in all the groups is shown in the fig 6.23.1 and fig. 

6.23.2. The x ray radiographs were taken in the animals of all groups at the end of 

the  experiment  period  before  sacrificing  the  animals.  Significant  amounts  of  stone  

deposition with appearance of multiple stones were noticed in curative control group 

(fig. 6.23.3a). The reduction in size and the number of stones were noticed in drug 

treated  groups  as  shown  in  the  fig  6.23.3b.  Deposition  of  stones  was  noted  in  the  

preventive control and drug treated groups as shown in the fig 6.23.4. Noticeable 
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change in the size and number of stones were not observed in the x rays of 

preventive control and drug treated groups.   

Analysis of water in the animal facility 

Table.57. The quality of water used in the animal facility 

Sl.no Parameters Units Result 
Physical and chemical parameters 

1 Appearance - Slightly turbid 
2 Colour Hazen units 5 
3 Odour - Agreeable 
4 pH value at 250 C - 6.62 
5 Electrical conductivity at 250 C Micromhos/cm 300 
6 Turbidity NTU 2.8 
7 Total dissolved solids mg/L 177 
8 Chlorides as Cl mg/L 76.4 
9 Total hardness as CaCO3 mg/L 16 

10 Calcium as Ca mg/L 4.4 
11 Magnesium as Mg mg/L 1.2 
12 Alkalinity Phenolphthalein as 

CaCO3 
mg/L Nil 

13 Total alkalinity as CaCO3 mg/L 19.3 
14 Residual Chlorine mg/L BLQ 
15 Sulphate as SO4 mg/L 2.3 
16 Manganese as Mn mg/L 0.01 
17 Nitrate as NO3 mg/L 9.1 
18 Fluorides as Fl mg/L BLQ 
19 Copper as Cu mg/L 0.01 
20 Total iron as Fe mg/L 0.12 

Bacteriological examination 
1 Total coliforms MPN/100 ml < 2 
2 Thermotolerant coliforms MPN/100 ml < 2 
3 E.coli MPN/100 ml < 2 
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Table 58:  Histopathological findings in zinc implantation model of lithiasis 

induction 

Group Treatment Tissue Observations 

1 Zinc disc implantation + 
0.75% EG treatment in water 
(week 1-8) 

Kidney Heavy mono nuclear cell 
infiltration present 

Urinary bladder Mono nuclear cell 
infiltration present. 
Mild neutrophilic 
infiltration seen. 

2 Zinc disc implantation + 
0.75% EG treatment in water 
+ KSSP 87.5 mg/kg (week 4-
8) 

Kidney No abnormalities seen with 
presence of occasional cast 

Urinary bladder Mild MNC infiltration seen 

3 Zinc disc implantation + 
0.75% EG treatment in water 
+ KSSP 131.5 mg/kg (week 
4-8) 

Kidney Moderate tubular cast seen. 
Moderate MNC infiltration 
seen 

Urinary bladder NAD. 
Mild neutrophilic 
infiltration seen. 

4 Zinc disc implantation + 
0.75% EG treatment in water 
(week 1-4) 

Kidney Tubular cast and mild 
crystals present. 
Focal loss of tubules seen 

Urinary bladder Focal epithelial hyperplasia 
seen 

5 Zinc disc implantation + 
0.75% EG treatment in 
water+ KSSP 87.5 mg/kg 
(week 1-4) 

Kidney Less tubular cast present 

Urinary bladder Focal epithelial hyperplasia 
seen 

6 Zinc disc implantation + 
0.75% EG treatment in water 
+ KSSP 131.5 mg/kg (week 
1-4) 

Kidney Moderate tubular cast seen. 

Urinary bladder Focal epithelial hyperplasia 
seen 
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Analysis of the animal stones 

Fig. 6.26.1. XRD analysis of stone obtained from curative control group
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Fig. 6.26.2. XRD analysis of stone obtained from preventive control group 
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 The XRD pattern of animal stone (Fig. 6.26.1) exhibited the presence of 

struvite crystals (JCPDS - 71-2089). The sharp and high intensity of the peaks 

revealed it has better crystallinity. Whereas the XRD profile of animal stone 

(Fig.6.26.2) showed the less intense characteristics peaks (101) and (020) of calcium 

oxalate monohydrate (JCPDS - 20-0231) along with struvite phase. 

 In the FTIR study, the stretching frequency at 3270 cm-1 is due to the 

presence of OH and N-H stretching. The NH4 +ion are found in 2932 cm-1. The 

stretching at 1445 cm-1 is due to N-O asymmetric stretching vibration. The band 

occurring at 1002 cm-1 is due to ionic phosphate. The stretch at 570 cm-1 indicates 

the metal oxygen bond. The above frequencies denote the presence of characteristic 

struvite calculi. The stretch at 3062 cm-1 denotes the symmetric and asymmetric O-

H stretch. The band at 1617 cm-1 is due to C-O asymmetric stretch. The band at 946 

cm-1 is due to O-H deformation. The characteristic peak located at 662 cm-1 and 946 

cm-1 confirms the presence of calcium oxalate monohydrate in the stones. These 

results are in accordance with the xrd analysis. The SEM and EDAX analysis are 

shown in the Fig. 6.26.3 – 6.26.8. 

6.4.5  DIURETIC ACTIVITY 

               The diuretic activity of the drug was assessed by the method described by 

Lipschitz et al1943. The activity was evaluated by measuring the urine volume and 

the electrolytes in the urine and the serum. 

Effect of KSSP on Urine volume 

 The urine volume significantly increased to 4.98±0.89 ml in the group 

treated with furosemide when compared to normal control (0.22±0.08 ml) after 2hr 

of administration of the drug. The volume significantly increased to 1.32±0.89 ml 

and 1.37±0.21 ml in the groups treated with lemon juice and 87.5 mg/kg KSSP after 

2hr of administration of the drug. 

 After 3hr of administration of the drug the urine volume increased to 

5.13±0.96 ml in the standard control group and 1.80±0.47 ml and 1.50±0.15ml in 



   

156 

lemon juice treated and 87.5 mg/kg KSSP treated groups respectively when 

compared to normal control (0.28±0.15 ml). 

 The urine volume significantly increased to 5.58±1.03ml and 5.73±1.04 

ml after 4hr and 5hr administration of the drug when compared to control group 

(1.15±0.69 ml, 1.92±0.65 ml). There were no significant changes in the drug treated 

groups at 4h and 5h administration when compared to normal control. The 24hr 

urine volume, Diuretic index and Diuretic activity are shown in the table 59. 
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Table 59: Effect of KSSP on urine volume (ml) in rats 

Groups 1 hr 2 hr 3 hr 4 hr 5 hr 24 hr 
Diuretic 

index 
Diuretic 
activity 

1. Normal control 0.10±0.03 0.22±0.08 0.28±0.15 1.15±0.69 1.92±0.65 3.72±0.82 1.00 - 

2. Vehicle control 
(Lemon juice) 

0.18±0.05 1.32±0.43a 1.80±0.47 a 1.92±0.46 1.98±0.46 3.15±0.71 0.86 0.5 

3. Standard 
 (Furosemide 20mg/kg)  

1.52±0.42 a 4.98±0.89c 5.13±0.96b 5.58±1.03 b 5.73±1.04 a 6.25±1.11 1.68 1.0 

4. KSSP 87.5 mg/kg 1.05±0.20 b 1.37±0.21 b 1.50±0.15 c 1.63±0.14 1.85±0.10 6.22±0.87 1.67 0.99 

5. KSSP 131.5 mg/kg 0.32±0.08 a 0.43±0.07 0.68±0.12 1.25±0.19 1.57±0.13 5.37±0.84 1.44 0.85 
Results are expressed as Mean ±SEM, ap<0.05,bp<0.01, cp<0.001, Compared to group 1. 
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Effect of KSSP on urine electrolytes 

              The excretion of sodium in urine significantly increased to 92.67±1.80 
mmol/L, 87.17±2.37 mmol/L, 83.33±1.12 mmol/L and 83.33±3.90 mmol/L in lemon 
juice treated, furosemide treated, 87.5 mg/kg KSSP, 131.5 mg/kg KSSP treated 
groups respectively when compared to normal control (57.17±5.79 mmol/L) 

               The potassium level significantly increased to 60.50±2.18 mmol/L and 
62.40±0.89 mmol/L in KSSP treated groups when compared to normal control 
(53.78±1.29 mmol/L) 

 Similarly the chloride levels significantly increased to 117.83±5.59 
mmol/L in lemon juice treated, 149.00±11.36 mmol/L in furosemide, 140.50±13.05 
mmol/L in 87.5 mg/kg KSSP treated and 172.00±8.25 mmol/L in 131.5 mg/kg 
KSSP treated groups when compared to normal control (95.82±1.11 mmol/L) 

Table 60: Effect of KSSP on urinary electrolytes 

Groups 
Na+ 

(mmol/L) 
K+ 

(mmol/L) 
Cl- 

(mmol/L) 

1.Normal control 57.17±5.79 53.78±1.29 95.82±1.11 

2.Vehicle control 
(Lemon juice) 

92.67±1.80b 45.03±1.16 b 117.83±5.59a 

3.Standard 
(Furosemide 20mg/kg)  

87.17±2.37 b 51.83±2.87 149.00±11.36 b 

4.KSSP 87.5 mg/kg 83.33±1.12 b 60.50±2.18 a 140.27±13.05 a 

5.KSSP 131.5 mg/kg 83.33±3.90 b 62.40±.89c 172.00±8.25 c 
Results are expressed as Mean ±SEM, ap<0.05,bp<0.01, cp<0.001, Compared to 
group 1. 
 

Effect of KSSP on serum electrolytes 

              There was no significant change in the sodium and bicarbonate levels in the 

drug treated when compared to normal control. There was a significant decrease in 

the potassium level of furosemide treated group (5.80±0.10 mmol/L) when 
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compared to normal control (6.82±0.38 mmol/L). The chloride level significantly 

decreased to 97.80±0.58 mmol/L in lemon juice treated and 91.40±1.03 mmol/L in 

furosemide treated groups when compared to normal control (100.00±0.63 mmol/L). 

Table 61: Effect of KSSP on serum electrolytes 

Groups 
Na+ 

(mmol/L) 
K+ 

(mmol/L) 
Cl- 

(mmol/L) 
HCO3 

(mmol/L) 

1.Normal control 139.60±.75 6.82±.38 100.00±.63 23.22±.11 

2.Vehicle control 

Lemon juice) 
137.80±.66 6.88±.52 97.80±.58 a 22.87±.05 

3.Standard(Furosemide 
20mg/kg) 

137.20±.73 5.80±.10a 91.40±1.03c 22.14±.28 

4.KSSP 87.5 mg/kg 138.67±.21 6.05±.19 100.67±.42 23.32±.05 

5.KSSP 131.5 mg/kg 141.00±1.00 6.47±.23 102.33±1.20 23.70±.20 
Results are expressed as Mean ±SEM, ap<0.05,bp<0.01, cp<0.001, Compared to 
group 1. 
 

III.  ANTI INFLAMMATORY ACTIVITY 

6.4.6 Acute anti-inflammatory activity of KSSP by carrageenan induced 

rat paw oedema method 

Table 62:  Anti-inflammatory activity of KSSP in experimental rats by 

carrageenan method 

Group 0 hr 1 hr 2 hr 3 hr 4 hr 5 hr Percentage 
inhibition 

Carrageenan 
control 0.59±0.06 1.41±0.04 1.98±0.04 2.14±0.08 2.29±0.05 2.76±0.01 - 

Lemon juice 1.00±0.04 1.32±0.02 1.44 b±0.02 1.37 b±0.04 1.49 b±0.03 1.51 b±0.04 45.29 
Indomethacin 
(10mg/kg) 

0.94±0.05 1.16b±0.03 1.28 b±0.05 1.17 b±0.05 1.11 b±0.01 1.07 b±0.02 61.24 

KSSP 
87.5mg/kg 0.55±0.04 0.9 b±0.01 1.3 b±0.08 1.53 b±0.09 1.49 b±0.06 1.41 b±0.03 48.92 

KSSP 
131.5 mg/kg 

0.58±0.04 1.09 b±0.03 1.29 b±0.04 1.49 b±0.08 1.71 b±0.02 2.00 b±0.08 27.54 

Results are expressed as Mean ±SEM, a p<0.05, b p<0.01, c p<0.001, Compared to 
group 1. 
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 The acute anti-inflammatory activity of the drug was evaluated by 

carrageenan induced rat paw oedema method. The results are shown in table 62. It is 

observed that in the carrageenan control group there was a gradual increase in the 

paw volume and reaches maximum in the 5th hour after injection. In the lemon juice 

treated group there was a significant reduction in the paw volume during the 2nd, 3rd, 

4th and  5th hour after injection. The percentage reduction was 45.29. The standard 

drug Indomethacin showed significant reduction of paw volume from 1- 5 hours 

after injection with a maximum inhibition percentage of 61.24. Similarly the drug 

treated groups showed a significant reduction in the paw volume and the dose of 

87.5 mg/kg showed a better inhibitory activity than the dose of 131.5 mg/kg with 

48.92% inhibition.  

6.4.7 Chronic anti-inflammatory activity of KSSP by cotton pellet 

granuloma method 

Table 63:  Anti-inflammatory activity of KSSP by cotton pellet induced 

granuloma 

Group 
Mean of wet cotton 

pellets(mg) 
Percentage 
inhibition 

Mean of dry 
cotton pellets(mg) 

Percentage 
inhibition 

Control 226.6±13.8 - 101.0±2.4 - 

Lemon juice 146.4a±19.1 35.4 58.7 a±5.6 41.9 

Indomethacin 
(5mg/kg) 

111.5b±15.0 50.8 60.7 a±5.2 39.9 

KSSP 
87.5mg/kg 

123.3 a±14.5 45.6 52.8b±7.3 47.7 

KSSP 
131.5 mg/kg 

135.6 a±6.8 40.2 58.9 a±3.9 41.7 

Results are expressed as Mean ±SEM, a p<0.05, b p<0.01, c p<0.001, Compared to 
group 1. 
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 The effect of the drug KSSP on the granuloma weight and the standard 

drug compared to control is given in the table 63. In the lemon juice treated group 

the inhibition in wet and dry weight of the pellet were 35.4 and 41.9. The standard 

drug indomethacin showed an inhibition of 50.8 and 39.9 percent in wet and dry 

weight of the pellet. In the drug treated groups the percentage inhibition in wet and 

dry weight of the pellet were 45.6, 47.7 in the dose of 87.5mg/kg and 40.2, 41.7 in 

the dose of 131.5 mg/kg.  
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7. DISCUSSION 

 The history of urinary stones in mankind dates back to 4000 BC, first 

reported in Egyptian mummies. Some references about urolithiasis are seen in 

several documents in India between 3000 and 2000 BC149. It has described as 

Kalladaippu noi in “Yugi Vaithiya Chinthamani” in Siddha system of medicine.  

 The  probability  of  stone  formation  in  humans  is  based  on  diet  and  socio  

economic status varies in different countries namely 5 – 9% in Europe, 12% in 

Canada, 13-15% in USA and 20% in Saudi Arabia. Countries of Middle East, North 

Africa, Mediterranean regions, north western states of India and southern States of 

USA comprise the “stone belts” of the world150. 

 In India the prevalence rate is 15%151. There are two high incidence stone 

belts in India.  One starts from Amritsar to Uttar Pradesh covering Delhi and Agra in 

the middle. The other belt starts from Jamnagar and extends, inwards towards 

Jabalpur in Central India. West Bengal and the coastal area of Andhra Pradesh, 

Tamil Nadu, Kerala, Karnataka and Maharashtra come under low incident area in 

India152. A large number of urinary stone episodes have been reported in Purnia 

division, situated in the North Eastern part of Bihar153. 

Geographical variation in urolithiasis 

 Environmental factors like hot, arid or dry climate seen especially in the 

mountains, desert and tropical areas are responsible for the geographical distribution 

of the disease154.  The prevalence of the disease in the southern and eastern parts of 

India is comparatively less than the North Western regions.  Extremely hot 

temperature of 450C  and  even  more  during  summer  in  north  western  regions  and  

relatively uniform hot climate throughout the year in the Southern parts may be the 

reason for the difference. Also the inability of the body to adapt to these changes in 

weather and failure to increase the fluid intake is responsible for increased incidence 

of the disease in north western parts of India155. 
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 In Siddha literature too, Pitham (heat) is said to be the humour affected in 

this disease. Lack of adequate fluid intake is also one of the etiological factors of the 

disease as per Siddha science.  

Management of urolithiasis by phytomedicines 

 The use of medicinal plants as therapeutic agents to treat is in practice for 

millennium worldwide. Around 800 plants are being used in various indigenous 

systems of medicines throughout  the world156. Management of urolithiasis has 

been revolutionized in the last two decades by combined therapy of surgical 

procedures along with medications and dietary procedures. Still persistence of 

recurrence in the stone formation needs to be overcome. With this objective 

phytotherapy emerged as an adjunct to these conventional methods.  

 There is a large number of plant species descried in many pharmacopoeias 

worldwide as anti urolithiatic agents156.   Various  plants  have  been  studied  for  

inhibition of formation of calcium stones both in vitro and   in vivo157, 158. 

 Tribulus terrestris, commonly available plant in India decreases the 

excretion of oxalate in urine by altering the oxalate secreting enzymes159. It also 

possesses protective effect on the renal epithelium160.   Crataeva nurvula, another 

plant is helpful in urolithiasis by reducing the liver enzyme glycolate oxidase and 

renal oxalate crystallization with elevated urinary magnesium161. 

 Boerrhavia diffusa and Bryophyllum  pinnatum are   effective by reducing 

the size and promoting the formation of CaOx  dihydrate in place of CaOx  

monohydrate which is more injurious to renal epithelia162. Similar studies have been 

carried out in many herbs. 

 These plants exert their action in the management of urolithiasis by being 

a diuretic, increasing urinary citrate, antioxidant, antimicrobial and crystal inhibition 

properties.  
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Management of Urolithiasis in Siddha 

 Kalladaippu noi (Urolithiasis) in Siddha has been categorized under 

Neerinai Arukkal noigal by saint Therar. Siddhar Yugi has classified the disease to 

4 different types based on the clinical symptoms and nature of the stone. The major 

humour  affected  in  this  disease  is  Pitham.  Kabam  and  Vatham  are  affected  

secondarily.   

 Management of Kalladaippu noi is by advocating drugs that are diuretics 

(Siruneer Perukkigal), anti urolithiatics (Karkaraichi, Katrugalaakki) and by dietary 

factors. Many herbs like Sirupeelai, (Aerva lanata),  Nerunjil  (Tribulus terrestris), 

Neermulli (Asteracantha longifolia), Seeragam ( Cuminum cyminum), Vellari vithai 

(Cucumis sativus), Maavilingam (Crataeva magna) etc are indicated for 

Urolithiasis. 

 Drugs from mineral origin include Navacharam (Ammonium sal 

ammoniac),  Karpoora  silasathu  (Gypsum),  Nandukkal  (Fossil  Stone  crab),  

Vengaram (Sodium bi borate) are indicated for Urolithiasis. Other diuretics 

mentioned in the Siddha literature include Evatcharam (Potassium carbonate), 

Vediuppu (Potassium nitrate), Kalnar (Asbestos) and Komuthira Silasathu 

(Asphaltum). Many formulations including kudineer, choornam, parpam, chunnam 

etc have been indicated in this disease. Two Siddha drugs Aerva lanata and 

Vediuppu chunnam have been evaluated for their antilithiatic activity. It has been 

observed that they reduced the oxalate synthesizing enzymes and also reduced the 

urinary excretion of calcium, oxalate urine acid, phosphorus and protein with an 

increase in magnesium excretion in rats163, 164. 

 Many herbal drugs have been evaluated scientifically for their potentials 

in preventing and curing the disease. Mineral and herbo mineral formulations are 

unique to Siddha medicine. Mineral drugs have higher shelf life when compared to 

herbal drugs and the dose is minimal. These features led to the selection of a mineral 

based formulation in this study to evaluate its efficacy towards Urolithiasis, which is 

the third most common urinary disorder.     
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7.1 Kara Sooda Sathu Parpam 

 Kara  Sooda  Sathu  parpam  is  a  herbo  mineral  formulation  and  the  

ingredients include Vengaram (Borax), Karpoora silasathu (Gypsum), Vediuppu 

(Potassium nitrate / salt petre), Chintrandathol (egg shell), Palagarai (Cyprea 

moneta)   Padigaram  (Alum)  and  Lemon  juice  (Citrus limon) for grinding. The 

prepared drug is also administered in lemon juice (Anupanam). 

 Vengaram  has  sweet  and  astringent  taste.  It  has  coolant,  diuretic  and  

lithontriptic activity. It is indicated in urinary diseases54.  It  has  been  evaluated  for  

anti-inflammatory property59. Many formulations like Vedikara silasathu parpam, 

Aaradhara parpam indicated for Urolithiasis contains Vengaram as a major 

ingredient. 

 As per Siddha literature, Karpoora silasathu (Gypsum) has diuretic, 

lithontriptic, astringent and styptic activities. It is indicated for urolithiasis and is 

well understood by the line ‘Kalladaippu megam ganathoolam vithirathy”. It has 

been validated for anti-inflammatory67, anti-nociceptive67, anti-microbial67 and 

diuretic 69activities.   

 Vediuppu (Salt petre) is a coolant, diaphoretic and diuretic according to 

Siddha. It is indicated for urinary infections and retention of urine. Drugs made out 

of Vediuppu like Vediuppu cheyaneer76 and Vediuppu chunnam156 has been 

validated for anti urolithiatic activity.    

 Chitrandathol (egg shell) is a demulcent, laxative and useful in Vatha and 

Kaba diseases and heals ulcers. Egg shell contain calcium and the following micro 

elements namely magnesium, boron, copper, iron, manganese, molybdenum, sulphur 

and zinc. It is evaluated that it increases the bone mineral density81. 

 Palagarai (Cyprea moneta)  possess  bitter  taste  and  is  an  expectorant  and  

febrifuge. It is said to possess antipyretic activity, wound healing and antimicrobial 

activities86.     
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 Padigaram (Alum) is a good astringent. It has styptic, antiseptic and anti-

spasmodic properties according to Siddha literature. It is found to possess 

antibacterial activity against Proteus mirabilis which is the commonest pathogen 

causing upper urinary tract infections94. 

 Elumichai (Citrus limon) possesses anti-oxidant97, Antimicrobial98, 

Antinociceptive99 and antiurolithiatic100 activities. 

Table 64:  Potency of the ingredients of Kara sooda sathu parpam in the 

management of Urolithiasis 

Sl.No Name of the ingredients 
Strengths as in siddha 

literature 
Strengths as per 

scientific validations 

1 Vengaram(Borax) Diuretic, Lithontriptic Anti-inflammatory22 

2 Karpoora 
silasathu(Gypsum) 

Diuretic, Lithontriptic Anti-inflammatory30, 
Antinociceptive30,  
Antimicrobial31 
Diuretic32 

3 Vediuppu(Potassium 
nitrate) 

Coolant, Diuretic Antiurolithiatic39 

4 Chitrandathol(Egg shell) Demulcent  

5 Palagarai(Cyprea 
moneta) 

Febrifuge Antipyretic50, 
Antimicrobial50,  
Anti-inflammatory51 

6 Padigaram(Alum) Anti-septic, Anti 
spasmodic, Styptic 

Antimicrobial58 

7 Elumichai(Citrus limon) Helpful in pitha 
diseases 

Antimicrobial62,  
Antinociceptive63, 
Antiurolithiatic64 

 

 The ingredients as individual drugs possess good potentials for the 

management of urolithiasis and also work by synergistic effects. 
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7.1.2 Authentication of Ingredients 

 The  correct  identification  and  the  quality  of  the  raw  material  is  an  

important step which leads to reproducibility of the drug both in efficiency and 

safety issues165, 166. Authentication is a critical step for successful and reliable 

clinical applications and for further experimental studies.  

 The mineral drugs like gypsum, borax, alum and potassium nitrate were 

authenticated by the macroscopic geological properties specific to the drugs. The 

egg shell was authenticated as the breed of chicken of Pure Aseel (Gallus gallus 

domesticus). The Citrus limon used for grinding the medicine was authenticated by 

macroscopic characters. Two different market samples of palagarai was procured 

and  given  for  authentication.  It  was  inferred  that  one  was  Cyprea moneta and the 

other was Cyprea annulus. This was identified with the characteristic features 

described by Linnaeus, 1758. Cyprea annulus has a golden ring on the surface and 

Cyprea moneta has band like stripes on the dorsal surface (Fig 6.3.5 & 6.3.6). The 

palagarai mentioned in Siddha literature in Cyprea moneta. Hence authentication of 

the raw materials by concerned experts helped to use the correct ingredients in the 

formulation.  

7.1.3 Purification of Ingredients  

 Drug is a substance used as medicine. Any drugs either plant or mineral 

origin is used as raw state or in some modified form167-169. These modifications 

include the purification process of the drugs as mentioned in Siddha texts. Specific 

purification methods for herbal and minerals drugs are given in siddha literature. 

These purification methods enhance the removal of natural impurities present in the 

drug. In some drugs they are helpful in reducing the toxic substance of the drugs and 

increase their palatability. For example the purification of Croton tiglium seeds, 

boiling with cow dung juice and urine and with lemon juice is reported to remove 

the higher concentration of crotonoleic acid to make the seeds palatable for 

ingestion. Similarly the betel leaf and black pepper  used in the purification of 
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Pooram (Colomel) by reducing the trace and toxic heavy metal concentration to 

desirable quantity170.  

 The drugs like palagarai, chitrandathol and karpoora silasathu didn’t lose 

their  weight  after  purification  process.  They  lost  their  luster  and  got  devoid  of  

organic impurities after purification. The   minerals like vengaram, vediuppu and 

Padigaram decreased to half the quantity from initial weight taken for purification. 

The water content in vengaram is lost by heating it because weightless circular balls 

after purification. Vediuppu and padigaram were dissolved in water and the salts 

were recovered after cooling. The process was repeated 7 times for purifying 

vediuppu. Hence the weight after recovery of these salts by purification is reduced. 

Hence large quantities can be used for purification and stored. The other main 

objectives of purification process is to increase the brittleness, enhance safety, 

enhanced potency and to produces synergistic effect171-175. 

7.1.4 Process standardization of KSSP 

 The importance of use of medicines from indigenous system of medicine 

in chronic ailments is stressed by World Health Organization176. For the 

globalisation of these drugs, quality control is inevitable. When it comes to bulk 

production of these drugs, quality control becomes an imperative need. It is 

important to document each and every step in the process of the preparation of the 

drug for repeatability and reproducibility. This includes from step of authentication 

till the preparation of the final product. In this study the quantity of raw material 

before and after purification is documented. The quantity as in the literature was 

used to prepare the drug. The drug was also prepared with taking two times and 

three times quantity of the ingredients without changing the proportion as said in the 

literature and analyzed. Various factors like environmental conditions, quantity of  

juice added for grinding the ingredients were taken care and analyzed and been 

documented. It is observed that the use of more amounts (two times / three times) of 

ingredients results in reduction of loss percentage of the final product. Since mineral 

drugs are used, it is ideal to prepare this drug in early summer or during the summer 

seasons. The seasonal variation influences the yield of the drug. During other 
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seasons the pellets may dry during the day time and starts melting during the night 

hours even when kept air  tight.  The juice added to grind the raw materials and the 

duration of grinding should also be minimal.  

7.2 ANALYSIS OF THE DRUG 

7.2.1a.  Siddha specifications for the drug KSSP 

 The Siddha specifications of the drug in different batches are listed in 

table 19. Generally the colour of the parpam is greyish white to white in colour. The 

drug is odourless and lustreless. When rubbed between the thumb and index finger it 

was observed that the parpam entered the crevices of the finger (fig 6.4). When 

sprinkled over still water it floated over the surface of water (fig 6.4). When a small 

amount was kept on tongue it was found to be tasteless. These features show that the 

drug KSSP has been properly processed and prepared. 

7.2.1b.  Physicochemical analysis of KSSP 

 Low moisture content (5% - 8%) is always desirable for higher stability of 

drugs177. Ash values are the criteria to judge the identity and purity of crude drugs, 

where total water soluble and acid insoluble ashes are considered. The results 

revealed that KSSP is free from unwanted organic and inorganic compounds and 

preparation site is free from dust and other soil matter etc. The results also indicate 

that the drug has good water solubility. 

 The  value  of  total  ash  in  the  drug  is  high  because  of  the  presence  of  

minerals. Acid insoluble ash value of the drug shows that a very small amount of the 

inorganic component is insoluble in acid. It indicates that the presence of substances 

such as silica and rice husk is very less and a low acid insoluble ash value may also 

affect the amount of the component absorbed in the gastro intestinal canal when 

taken orally178. 
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7.2.2 Preliminary phytochemical analysis of KSSP 

 The preliminary phytochemical analysis of KSSP revealed the presence of 

tannin, saponin and steroids. Tannins appear to exert a protective effect against 

oxidative stress induced cell death.179 Tannins can also be effective in protecting the 

kidneys. They have been reported to have anti-microbial effects180. 

 The biological activities of saponin range from anti-bacterial, anti 

leishmanial, anti-fungal, anti-malarial, anti plasmodial, anti-viral to anti tumoural181. 

The anti-microbial activity of saponin can be observed by the ability to form 

complexes with cholesterol membrane which results in permeability, followed by 

leakage of cytoplasmic contents. Saponin derivatives were found in many medicinal 

herbs claimed anti urolithiatic properties182. 

 The evaluation of anti-inflammatory activity of saponin has been 

performed with models of inflammation with carrageenan183. The mechanisms 

considered for this activity inhibiting the degradation of glucocorticoid release of 

mediators of inflammation, inhibition of enzyme formation and inhibition of 

increased vascular permeability184. 

 Phytosterols do have anti-inflammatory and anti-oxidant properties185.  

7.2.2b.  Qualitative Analysis of KSSP 

 The qualitative analysis of KSSP revealed the presence of sulphate, 

chloride, nitrate and carbonate. The basic radicals in KSSP include calcium, 

aluminium, iron, zinc and magnesium.  

 Sulphur is an essential component of Vitamins, Biotin and co enzyme186-

188. Chlorides are important in water balance, osmotic pressure regulation and to 

maintain acid base equilibrium186, 188.    

 Nitrogen has an important role in digestion of food and growth189. 



   

171 

 Calcium and magnesium are essential to repair worn out cells. They are 

also helpful in maintaining body mechanisms and building RBCs190. 

  Zinc is an essential component of all cells. It is found in over 200 

enzymes and hormones in human body190.   

 Iron  is  essential  to  carry  oxygen  from  lungs  to  rest  of  the  body.  It  also  

helps in maintain a healthy immune system and aiding energy production190. 

7.2.3 Analysis of the drug by modern analytical tools 

1.  CHN analysis of KSSP  

 At high temperature during the preparation of parpam, the presence of 

organic compounds is rare191. The content of carbon in KSSP is 3.47% which shows 

that only minimal amount of organic compounds may be present in the parpam. The 

negligible amount of nitrogen in the parpam may be due to the presence of amino 

acids. It can be inferred that lemon juice serves as a medium for the reaction of 

ingredients to form the parpam and will be burnt out after incineration process 

resulting in low percentage of carbon. The presence of the macro molecule carbon 

linked with the parpam will significantly enhance the efficacy and makes the drug 

biologically assimilable191.  

2. ICP - OES Analysis of KSSP 

 ICP - OES analysis of KSSP revealed that the major elements present in 

the drug include magnesium, potassium, calcium, iron, sodium and boron. Other 

elements present in minor quantities are copper, manganese, phosphors, chromium, 

zinc and strontium. The heavy metals like selenium, vanadium, lead, mercury, 

arsenic and cadmium were in below detectable limits as recommended by the WHO 

guidelines.    

 Magnesium is one of the important minerals present in the body. It is 

largely found in bones. Magnesium from diet is absorbed in the small intestine and 
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excreted by kidneys192. It has been reported that magnesium when mixed to a super 

saturated solution (2 mmol / L) of calcium oxalate decreased the particle number by 

50%193. The super saturation in urine is decreased since magnesium forms 

complexes with oxalate and decrease the oxalate absorption and urinary exertion194. 

Magnesium ion has an inhibitory effect on calcium oxalate stone formation by 

preventing the growth of CaOx crystals195 , inhibiting the nucleation rate196 , 

Increasing urine pH197 and by potentiating  the citrate induced prolongation of CaOx 

crystal agglomeration time and inhibiting CaOx crystallization through the action of 

citrate 198.  

 In  a  double  blind,  placebo  controlled  trial  it  was  found that  provision  of  

potassium magnesium citrate reduced the increased risk of renal stone disease 

associated with immobilization199. 

 Potassium is an essential macro mineral in human nutrition. It is useful in 

maintaining fluid and electrolyte balance in the body200. Potassium citrate when 

administered orally causes sustained rise in urinary citrate and pH201. Potassium 

citrate has a hypocalciuric effect because of enhanced renal calcium absorption and 

is usually transient202. 

 High urinary potassium increases renal tubular phosphate absorption and 

inhibits 1, 25-dihydroxyvitamin synthesis203. This decrease in 1-25 

dihydroxyvitamin slows intestinal calcium absorption204.  

 Increased intake of phosphorus results in decrease of calcitriol production 

and enhance the urinary excretion of pyrophosphate. Pyrophosphate is a natural 

inhibitor of oxalate precipitation. It is also a urinary acidifier and thus helps in 

preventing stone formation205. 

  A 14 year prospective study showed that there was 64% decreased 

incidence of urolithiasis reported when supplemented with calcium rich diets206. 

Bataille et al 207demonstrated that dietary calcium restriction increased urinary 

oxalate excretion in normocalciuric and hypercalciuric calcium stone formers and 
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controls. This increase in urinary oxalate is due to less calcium availability for 

oxalate binding in alimentary tract thus leaving free oxalate for intestinal absorption.  

 Boron supplementation was found to decrease the urinary oxalate 

excretion thus plays an effective role in urolithiasis. Boron indirectly influences 

PTH activity and influences calcium, phosphorus, magnesium and cholecalciferol 

metabolism. In a study it was observed that boron decreased oxalate production in 

women fed with magnesium deficient diets208. 

 Iron is present in several enzymes and protein responsible for oxygen 

activation and transport209. 

 Sodium and chloride helps in the maintenance of osmotic pressure, acid 

base balance, transmission of nerve impulses, nutrient uptake, waste excretion and 

water metabolism210.  

 Zinc is a constituent of more than 200 enzymes and their activator too. It 

is helpful in unclear acid metabolism, protein synthesis and carbohydrate 

metabolism. It helps in wound healing, immune response, foetal development and 

growth rate211. 

 Copper  is  a  component  of  several  enzymes  eg.  oxidases.   It  acts  as  a  

catalyst in haemoglobin formation, cardiac function, cellular respiration, connective 

tissue development, pigmentation, bone formation, myelin formation and immune 

function212.      

 Manganese is a component and activator of enzymes like 

glycosyltransferase. It is helpful in lipid and carbohydrate metabolism, bone 

development, reproduction, cell membrane integrity (mitochondria)213. 

 Profiling of toxin metals in pharmaceutical products is a major area of 

concern. Pharmacopoeias insist the test for heavy metals determination of drugs214. 

The present study shows that the heavy metals are in below detectable limits 

inferring the nontoxic nature of the drug by heavy metal contamination. 



   

174 

 Parpam are very fine powders made by calcinations of mineral or metals 

by adding relevant herbal juices to them. They are considered to be more potent to 

address a large number of chronic ailments.  Emphasis is given to the dosage of 

these medicines and the anupanams to be administered for them. Some examples for 

anupanams used for the administration of parpam are milk, butter, honey, butter 

milk, tender coconut water, lemon juice etc. These anupanams play a vital role in the 

safety of parpams and their bioavailability215.  Minerals  /  metals  when  treated  with  

herbal juices results in the reduction of particle size enabling its potency to higher 

levels216 and making them more effective even in low doses217. 

 Presently a better understanding of these parpam with respect to their 

chemical composition, structure and particle size is achieved by analysing these 

drugs by modern analytical tools like, x-ray diffraction, Infrared spectroscopy, 

Scanning electron microscopy, Energy dispersive x-ray analysis and Dynamic light 

scattering studies etc.    

3. FTIR study of KSSP  

 The Fourier transform infrared spectroscopic studies revealed that the 

broad band observed in KSSP before pudam depicts intermolecular hydrogen 

bonding of organic content with water. This band disappears in the final product 

after pudam in all the three batches.  Hence the final product is devoid of organic 

content and water. The other peaks, revealed the presence of nitrate, carbonate in 

different batches of KSSP. 

 The absence of organic matter in the final product shows that the drug is 

prepared with proper cleanliness and confirms the absence of contamination from 

external organic matter218. This is in agreement with the earlier infrared study of 

bhasmas216.   The  IR  spectrum  of  the  three  batches  of  the  drugs  showed  a  similar  

pattern and hence can be used as a finger print of the drug (fig.6.6)   
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4. XRD Analysis of KSSP 

 The  XRD  pattern  of  the  drugs  KSSP  shows  that  the  drug  is  in  the  

crystalline form. The crystalline peaks were well defined in batch 3 when compared 

to  Batch  1  and  2.  The  pattern  also  confirms  the  presence  of  the  ingredients  borax,  

calcium, sulphate, potassium nitrate, calcium carbonate and Alum resulting in the 

formation of all phases of the ingredients of the drugs.  

5. TGA analysis of KSSP 

 The TGA plots of the three batches of KSSP showed slightly variable 

pattern  of  weight  change  at  different  temperatures.  The  major  change  in  weight  is  

seen between 3000C to 7500C in all the three batches. The TGA analysis confirmed 

the absence of moisture. 

6. DLS study of KSSP 

 Analysis by dynamic light scattering was carried out to screen the particle 

size distribution in the different batches. The study was carried out with water as 

medium initially and also with lemon juice to study the effect of anupanam in 

particle size variation. In all the three batches the size of the particles was between 

100 – 400 nm and the average size was 250nm.  It may be noted that there was an 

additional peak when the drugs was analysed with lemon juice as shown in 

Fig.6.9.2. The average size of the peak was 50 nm.  

 This additional peak corresponds to particles in nano range. Hence it can 

be  inferred  that  one  of  the  roles  of  anupanam  is  to  reduce  the  particle  size  of  the  

drug thus enhancing the bioavailability of the drugs.  

 In the previous studies it is reported that particles of nano size attach with 

the cell surface and diffuse readily inside the cells219.  Also  the  size  of  the  particle  

influences the efficacy of the drug220, 221.  
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6.1. Zeta potential of KSSP 

 The  zeta  potential  of  the  particles  strongly  depends  on  the  pH  and  

electrolyte concentration of the drug222.  Zeta  potential  is  the  potential  difference  

between the surface of tightly bound layer and shear plane and electro ventral region 

of the solution. It indicates the degree of repulsion between similarly charged 

particles lying adjacent to each other. High Zeta potential whether positive or 

negative indicates higher stability223. 

 The negative charge of the drug indicates the presence of stable system. 

The shift of Zeta potential from – 49.02 mV to - 11.21 mV indicates that the drug 

will be stable in the gastro intestinal tract after ingestion.  

7. Scanning electron microscopic studies of KSSP 

 The scanning electron micrographs were taken to study the size and 

morphology of the drug particles are shown in fig 5.10.1. The images were taken at 

different batches. The particle size in nano range is seen in batch 1 and 2. The 

particle size ranged from 5 m to 0.45 m in Batch 1. The particles were irregular in 

size showing spherical morphology. The average particle size is 1.8 m in Batch 1. 

 The particle size ranged from 100 nm to 1.5 m in Batch 2.The particles 

showed few agglomerated spheres and spherical morphology. The average particles 

size was found to be 430nm. This correlated with the DLS study of Batch 2(fig 

6.10.2.) 

 The particle size ranged from 1 m to 140 nm in batch 3. The particle 

showed agglomerated spherical morphology. The average particle size was found to 

be 0.34 m (fig 6.10.3).  

 By these observations it is evident that the drug KSSP contains particles 

of various sizes and shapes. This parpam consists of particles from nano to micro 
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size.  The interaction of biological system with particles depends on various factors 

which include size, shape, and composition etc224. 

 Moreover particle size depends on the nature of drug and number of 

calcinations cycles. The combination of both nano and sub micro size particles are 

responsible for the absorption and adsorption behaviour of the drug respectively 

under therapeutic conditions215, 225.  

8. EDAX analysis of KSSP 

 The EDAX analysis showed the pressure of calcium, sulphur, potassium, 

sodium, chlorine, and aluminium in all the three batches as shown in Table 28 - 30. 

The percentage of distribution of these elements is the same in all the three batches. 

The higher counts for oxygen in the three batches of drug supports the presence of 

elements in their oxide form. EDAX provides the concentration of important 

elements present in the drug in a faster way than the ICP-OES analysis. This study 

provides information of the elements present in the drug and their possible chemical 

forms which is in par with ICP-OES and XRD studies.  

 Similar  studies  have  been  carried  out  for  a  metal  based  Siddha  drug  

Arumuga Chendooram.  By XRD analysis it was found that SnO, Fe2O3 and HgS are 

the major crystalline materials in the drug.  

 The  SEM  study  showed  difference  in  size  and  agglomeration  of  the  

particles. The EDAX and ICP-OES analysis revealed the presence of mercury, 

sulphur, from, Sodium, chlorine and Silicon218.  

 Other recent studies revealed the presence of globular particles with 

average size of 56-57 nm in Swarna bhasmas.  Similar studies have been carried out 

by Arun Sudha et.al on characterization of some of the metal based herbal medicines 

traditionally used to treat infectious diseases. In another study it was confirmed that 

the Siddha drug Poorna chandrodhayam contains mercuric sulphide along with gold 

and a small portion of mercuric oxide226. 
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7.3 IN VITRO STUDIES 

7.3.1 Anti-oxidant activity of KSSP 

 Oxidative stress occurs in human system when the system is not able to 

neutralize and eliminate the free radicals namely hydrogen peroxide, nitric oxide, 

hydroxyl radicals etc227-229. The anti-oxidant defence of the human body consists of 

enzymes like superoxide dismutase, (SOD), Catalase (CAT), Glutathione peroxidase 

(GPx) and Glutathione reductase and antioxidants with low molecular weight like 

ascorbate, -tocopherol,  cysteine,  vitamins  etc230,231. Several diseases like cancer, 

atherosclerosis, rheumatoid arthritis, neurodegenerative diseases etc. have attributes, 

due to oxidative stress232, 233. 

  Association of free radicals in urolithiasis has been reported234. The 

association of oxidative stress in the formation of stone has been studied in several  

animal experiments235, tissue culture studies236 and studies with human sera237. 

Oxalate produces lipid peroxidation and thereby disrupts the structural integrity of 

the membranes238. Super oxide dismutase along with - tocopherol have proved to 

be protective against this injury239.  

 Among the in vitro anti-oxidant studies, DPPH assay is one of the 

quickest methods and widely used one. The results of the inhibition property of the 

drug and ascorbic acid are given in table. 100 g/ml of the drug KSSP exhibits 

839% inhibition and the IC50 is 71 g/ml. DPPH is a free radical having nitrogen in 

centre and its reduction by hydrogen or an electron changes the violet colour of 

DPPH to yellow. This principle in used in the determination of anti-oxidant capacity 

of the drugs. Any substance which is able to perform this reaction is considered as 

an anti-oxidant240. 

7.3.2 Nitric oxide scavenging assay 

 The Nitric Oxide assay is based on the principal that, sodium 

nitroprusside in aqueous solution at physiological pH spontaneously generates nitric 
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oxide which interacts with oxygen to produce nitrite ions that can be estimated 

through Griess reagent241.  The drug showed inhibition in a dose dependent manner. 

500 g/ml of the drug showed 97% inhibition and IC50 value was 64 g/ml.  

 The preliminary phytochemical analysis of the drug revealed the presence 

of tannin, saponin and steroid. Tannins contribute to the property of astringency 

which helps in wound healing and inflamed mucous membranes. Tannins have 

many physiological activities like anti-oxidant, anti-microbial and anti-inflammatory 

properties. Tannins have been used from ancient times for their pharmacological 

properties like astringent, anti-inflammatory, anti-oxidant, anti-diarrheal and anti-

microbial properties242. 

 Saponin from the plant Chlorophytum borivilianum has been reported to 

have anti-oxidant property. Gulchinet.al243 observed that saponin from Hedera helix 

exhibited anti-oxidant property. Hence the anti-oxidant property of the drug KSSP is 

attributed by the presence of tannin and saponin. 

7.3.3 In vitro anti lithiatic study  

 On analysis of the effect of the drug KSSP on the nucleation and 

crystallization of COM crystals, it was observed that the treatment with lemon juice 

changed the morphology of the crystals to shape. Spherulitic crystals were obtained 

in the drug treated samples. The change in morphology of COM crystals showed the 

habit modification effect of the drug in various concentrations.  

 By XRD studies it was observed that the intensity of COM crystals 

reduced in dose dependent manner when treated with the drug. At higher 

concentration the intensity of both COM and COD phases reduced drastically in the 

in vitro system. This finding is supported by the observations of the FTIR studies.  

 By  SEM  studies  it  is  observed  that  the  size  of  the  COM  crystals  

drastically reduced to 16± 4µm in length and 8 ± 2 µm in breath when compared to 
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control samples (97±19 µm, 40±12 µm). The inhibition of size of crystals by the 

drug exhibited a dose dependent manner (table 6.17).  

 The supersaturation of urine with CaOx is considered to be the main 

factor of urinary stone formation. The other factors include nucleation, growth and 

aggregation. Stone formation can be avoided if super saturation or the latter factors 

are prevented244.  

 The drug KSSP effectively inhibited the growth of calcium oxalate 

crystallization. Similar inhibition studies were carried out in Tribulus terrestris245, 

Origamum vulgare246 using double diffusion gel growth technique and measurement 

by turbidity in nucleation phase and aggregation phase respectively. The present 

study is in agreement with the previous reports of the inhibition properties of 

Solanum xanthocarpum and Pedalium murex against  calcium  oxalate  crystals  in 

vitro247.  

7.3.4 Anti-microbial activity  

 Urinary tract infection is one of the associated symptoms in stone disease. 

Infection has a dual role. Precipitation of phosphates and oxalates in alkaline media 

is promoted by urea splitting organisms248.  Injury to the urinary tract epithelium by 

oxalate calculi influences the growth of organisms249.   

 This  infection  may also  induce  stone  formation  by  crystals  adherence250. 

Bacterial infection damage the glycosaminoglycan layer in the renal collecting 

system thus facilitating tissue inflammation, production of organic matrix and 

crystal matrix interaction251.  

 The common uropathogens identified in patients with UTI include 90% of 

infection by E.coli followed by Proteus mirabilis, Klebsiella sps and 

Enterococcus252. Hence the anti-microbial activity of the drug KSSP was carried out 

in two common pathogens namely E. coli & P. mirabilis,  which cause UTI among 

patients with urolithiasis.  
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 In the study of the anti-microbial activity of the drug KSSP against E.coli 

and P. mirabilis it is observed that the drug shows moderate antimicrobial activity 

against both the organisms.  The MIC against both the organisms was found to be 

200µg/ml. This anti-microbial activity may be attributed by the bioactive 

components like tannin, saponin present in the drug.  

 Antibacterial activity of Silasathu paavanai, a Siddha herbo mineral drug 

exhibited anti-microbial activity against E.coli. The drug has indications for 

urolithiasis68. Similarly Palagarai (Cyprea moneta), one of the ingredients of the 

drug KSSP was found to possess antimicrobial activity against Proteus vulgaris 

followed by Micrococcus and Solmonella abory86. The drug Alum also exhibited 

inhibition property against Proteus mirabilis that causes upper urinary tract 

infection95. The fresh crude lemon juice showed highest anti-microbial activity 

Salmonella para B and Shigella sonnei98. 

7.4 IN VIVO STUDIES 

PART A: TOXICITY STUDIES 

 Indigenous systems of medicine are gaining greater importance for their 

curative properties and preventive effects. Toxicity evaluation of these medicines 

becomes mandatory to optimize the safe use of these drugs253. Many screening 

methods  are  being  employed  to  evaluate  the  safety  and  efficacy  of  these  drugs254. 

The drug KSSP is indicated for urolithiasis and the reference is taken from a shastric 

Siddha book, chikitsarathna dheepam. The present study gives the toxicological 

profile of KSSP by acute and long term toxicity study in rats for 90 days according 

to WHO guidelines.  

1. Acute toxicity study of KSSP   

 In  the  acute  toxicity  study  of  KSSP  all  the  animals  were  normal  

throughout the study period of 14 days. The 10 times therapeutic dose (875 mg/ kg) 

of the drug was administer as a single dose orally and animal behaviour was 
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observed for 14 days. No mortality was observed immediately after administration 

and also till 14 days period. There was no significant change in the body weight.  

 It was found that borax, Sodium tetra borate deca hydrate was not acutely 

toxic58. Vedikara Silasathu parpam, made with vediuppu, vengaram and silasathu 

was found nontoxic when tested at the dose of 2000 mg/kg/p.o66. Vediuppu 

chendhuram, a Siddha mineral drug was found to be safe up to 300 mg/kg body 

weight in acute oral toxicity study73. 

 Mice treated with Kaparadika bhasma (parpam made with Cyprea moneta 

shells) did not show any toxicity in the acute toxicity study85. It is understood that 

the individual ingredients of KSSP have been proved to be nontoxic by the above 

studies.  

 Therefore with the present study, it can be concluded that the drug KSSP, 

when administered at single dose is nontoxic and can be used safety as an oral 

formulation.  

2. Long term toxicity study of KSSP (90 days)    

 A 90 day repeated oral toxicity was performed per WHO guidelines for 

ISM drugs with minor modifications. The WHO guidelines advocates the period of 

study in animals based on the administrative period of the drug clinically. Based on 

this 90 days period study was carried out in both male and female Wistar rats.  

 Mortality and morbidity were observed twice a day throughout the study 

period  since  examination  of  clinical  signs  has  a  major  role  in  toxicity  testing255. 

KSSP did not produce any significant change in the feed and water intake and hence 

it did not affect the basic metabolic process of the experimental animals.  

 The haemopoietic system is important for assessing toxic chemicals and is 

a primary and a very sensitive index to rule out pathological conditions both in 
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humans and animals. There was a significant decrease in MCHC of lemon juice 

treated and 1 therapeutic dose treated (87.5mg/kg) animals. The decrease is in the 

normal physiological range. The significant increase in RBC, Hb, HCT and MCV in 

the  recovery  group  too  is  in  the  normal  physiological  range  of  rats.  There  was  no  

change in other haematological parameters, which indicate that KSSP did not affect 

neither the blood cells nor their production.  

 Clinical biochemistry and haematological data play a pivotal role in 

determining the toxicity produced by drugs256. There were no significant changes 

observed in the biochemical parameters like sugar, urea, creatinine, triglycerides, 

total  proteins,  album,  and  SGPT,  sodium  and  potassium  level.  There  was  a  

significant increase in cholesterol level in lemon juice, therapeutic dose treated and 

recovery  groups.  There  was  a  significant  increase  in  bilirubin  level  in  lemon  juice  

treated animals. The calcium levels too were significantly higher in therapeutic dose 

treated group and in the recovery group. All these increase fall under normal 

physiological range of rats (Table 42). With this study, it is found that there were no 

treatment related abnormalities in renal and hepatic functions and other biochemical 

parameters. These evidences suggest that the drug KSSP is safe. The normal serum 

electrolytes reflect that the drug has no adverse effect on ionic homeostasis.  

 In the present study, histopathological results stand as supportive 

evidence to biochemical and haematological observations. The organ weight didn’t 

show any significant changes between the normal control and drug treated groups. 

There was no abnormality detected grossly and by histopathological studies of all 

organs examined. The results were show in fig.6.19. 

 The drug KSSP didn’t produce any signs of toxicity with respect to 

haemotology, clinical biochemistry, gross and histopathological examinations even 

in the recovery group. The NOAEL is found to be greater than 875mg/kg.    
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PART B: PHARMACOLOGICAL STUDIES 

I. Anti urolithiatic activity 

1.  Anti urolithiatic activity by Ethylene glycol model 

 Ethylene glycol is a metabolic precursor of oxalate. Administration of 

ethylene glycol to rats induces hyperoxaluria, calcium oxalate crystalluria and 

occasional deposition of calcium oxalate crystals in kidney257. Ethylene glycol 

disturbs oxalate metabolism by way of increasing the substrate availability thus 

leading to hyperoxaluria258, 259.  The  rats  that  are  more  sensitive  to  ethylene  glycol  

are Wistar strain and the crystal deposition occurs in renal tissues within 5-7 days of 

EG treatment260, 261. The urinary system of male rats is similar to that of humans and 

hence used for the study263. Earlier studies have shown that the amount of stone 

deposition is significantly less in female rats when compared to male rats264. 

 Anti  lithiatic  effect  of  the  drug  KSSP  was  screened  by  administering  

0.75% of ethylene glycol. The drug was studied for its preventive curative effects by 

administering it along with induction in the previous one and the drug treatment 

given  after  2  weeks  in  the  latter  one.  Since  calcium  oxalate  stones  are  the  

commonest of all types, ethylene glycol model was used to study the anti lithiatic 

effect of the drug KSSP. 

 Lithogenic treatment showed significant weight loss especially during the 

4th week when compared to normal control. This is similar to other studies265, 266. 

Gradual increase in weight is seen in animals treated with the drug KSSP.    

 In the lithogenic group there was a significant increase in the renal 

markers like urea,creatinine and uric acid. The drug treatment significantly reduced 

the urea, creatinine and uric acid levels both in preventive and curative regimen. The 

level of phosphorus was increased in the lithogenic group and got significantly 

reduced in the drug treated groups in both preventive and curative groups. Low 

magnesium level is common in patients with urolithiasis 267. There was a significant 

increase in the level of magnesium in the treated groups (Group V and Group VIII). 
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 The urinary excretion of calcium and oxalate was significantly increased 

in lithogenic group. It has been reported previously that hyperoxaluria is the major 

risk factor in the pathogenesis of renal stones268. Hypercalciuria favours nucleation 

and precipitation of calcium oxalate from urine and subsequent growth. The 

treatment with KSSP significantly reduced the calcium and oxalate levels both on 

preventive and curative regimen (Table 49).  

 The anti-oxidant enzymes like SOD, Catalase, and Glutathione peroxidase 

present in kidneys serve to eliminate the toxic oxygen species269. SOD’s are found 

mainly in the intra cellular compartment. Catalase is present in sub cellular 

peroxisomes and catalyses the decomposition of hydrogen peroxide to yield oxygen 

and water270, 271. 

 Due to ethylene glycol administration toxic substances enter into the 

kidney  through  systemic  circulation  resulting  in  the  production  of  free  radicals.  

Huge amount of oxidative stress is produced to kidney through due to progressive 

accumulation of leucocytes and defective anti-oxidant enzyme activities in later 

stages272, 273. Oxidative stress followed by renal cell injury and inflammation by lipid 

oxidation leads to loss of membrane integrity and this facilitates the growth of 

calcium oxalate stones in renal tubules274. 

               In the present study the enzymes malondialdehyde, catalase and superoxide 

dismutase was estimated in kidney and liver tissue. There were no significant 

changes in the Malondialdehyde levels both in liver and kidney in calculi induced 

and drug treated groups. There were no significant changes in superoxide dismutase 

enzyme levels of kidney and lever in calculi induced and drug treated groups. 

               The catalase level was significantly decreased in the calculi induced group 

in  the  kidney  and  liver  when compared  to  normal  control.  There  was  a  significant  

increase in the catalase levels in the kidney and liver tissue of drug treated groups. 

Hence with the present observations it can be concluded that the drug KSSP exerts 

its anti-oxidant activity in vivo by increasing the catalase levels in kidney and liver 

tissues. 
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               The calcium and oxalate level in the kidney tissue was significantly 

elevated in the calculi induced group. There was a significant decrease in the 

calcium and oxalate levels of lemon juice and drug treated groups. 

 The histopathology of the renal tissue reveals the extent of calcium 

oxalate deposition and renal cell injury in the control and treated groups. This study 

revealed the presence of extensive crystals in the tubular lumen of kidney in the 

calculi induced animals. No abnormalities were detected in Cystone treated group. 

Mononuclear cell infiltration with occasional crystals was present in drug treated 

groups. Regeneration of epithelial cells was also seen in KSSP treated groups by 

which it is inferred that the drug has protective role against renal injury too. 

2. Anti urolithiatic activity by Zinc implantation method 

                The chemical methods of induction of urolithiasis include ethylene glycol 

method, induction with glycolic acid, ammonium chloride and - hydroxyproline275. 

These chemical methods of induction produce renal toxicity. Zinc disc implantation 

method mimics the stone formation as that of humans. This foreign body 

implantation method is used in the induction of bladder stones276, 277. The foreign 

body when present in the bladder acts as a nidus around which stone deposition 

takes place. Round zinc discs of 2mm diameter were punched out with smooth 

margin, were used in this study for stone formation277. Since bladder is a place 

where implant can be placed compared to other parts of the urinary tract, it was 

chosen for studying the anti urolithiatic activity of the drug. The pathogenesis of 

stone formation is similar in all parts of the urinary tract. 

                In  the  present  study,  considerable  amount  of  stone  deposition  were  

present in all the groups (Table 56). There was a significant reduction in the stone 

weight in both groups treated with KSSP of curative regimen when compared with 

the curative control group. The group treated with 131.5 mg/kg KSSP showed more 

activity than the group treated with 87.5 mg/kg KSSP. In the preventive regimen, the 

group treated with 131.5 mg/kg KSSP showed a significant reduction in stone 

weight when compared to preventive control group. From this observation it can be 
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inferred that the dose 131.5 mg/kg KSSP is more effective in preventing and curing 

the stone formation. 

              Since ethylene glycol was administered in the drinking water for the 

induction of oxalate stones, the renal parameters in serum were also analyzed. The 

urea and creatinine levels were significantly reduced in the drug treated groups of 

curative regimen. No significant changes were observed in the preventive regimen. 

There was no significant change in the uric acid levels of drug treated groups both in 

the preventive and curative regimen. 

 The implantation of zinc discs and the stone formation were confirmed by 

X- ray radiographs taken after implantation and at the end of the experiment in all 

the groups. Initially the zinc discs were visualized in all the groups (Fig 6.23). 

Reduction in the size of the stone was observed in the drug treated groups of 

curative regimen (Fig 6.23.3).  Digital X-ray radiography provides a clear picture of 

the implants and also the crystal growth at various stages. This is a vital tool to 

monitor the growth stone and also helps the researcher to decide the experimental 

period thus preventing the mortality of animals. 

 The quality of water used in the animal facility was analyzed for minerals 

and pathogens to check if it facilitated the stone formation. By this analysis (Table 

57) it is understood that water used in the animal facility didn’t influence the stone 

growth. 

 The histopathological study was done to observe the crystal deposition in 

the kidney tissue and studying the extent of injury to bladder tissue of all groups. 

Heavy mononuclear cell infiltration was present in the kidney of curative of control 

group. No abnormalities with mild mononuclear cell infiltration were seen in the 

drug treated groups of curative regimen. Tubular cast with mild crystals were 

observed in the preventive control group and less tubular cast were present in the 

kidneys of drug treated groups of preventive regimen. 
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              Mononuclear  cell  infiltration  was  present  in  the  bladder  tissue  of  the  

curative control group. This infiltration was mild in the drug treated groups of 

curative regimen. The histopathology of bladder showed focal epithelial hyperplasia 

both in control and drug treated groups of preventive regimen. 

II.  Diuretic activity of KSSP 

                 The results obtained in the diuretic assay are shown in the table 59. From 

the results it is observed that the urine volume significantly increased up to 3 hours 

after administration of the drug KSSP at the dose of 87.5 mg/kg. The diuretic index 

of the drug treated groups is in par with the standard drug. The drug treated groups 

also showed a significant increase in the urinary electrolytes sodium, potassium and 

chloride when compared to control group. In the present study, the drug exhibits 

diuretic activity by increasing the urine volume and the excretion of electrolytes in 

urine. 

III. Anti-inflammatory activity of KSSP 

                Carrageenan induced rat paw oedema model is the commonest test used to 

assess the anti-inflammatory activity of a substance. The oedema produced by 

carrageenan is a biphasic event where the release of histamine and serotonin takes 

place initially followed by the release of prostaglandins, lysosomes and 

protease278,279,280. The results shown in the table 61 shows that the drug KSSP has a 

protective effect by reducing the oedematous volume thus having a good anti-

inflammatory effect.  

 The cotton pellet granuloma method in assessing the proliferative phase 

of chronic inflammation281. The results as shown in the table 62 illustrates that the 

drug shows significant reduction in the granuloma formation at the 87.5 mg/kg dose 

level. The lemon juice in which the drug is administered also possesses the 

inhibitory property both in acute and chronic inflammation models. Lemon juice 

contains abundance of flavone glycosides especially hesperidin in it282. Hesperidin 

possesses anti-inflammatory and anti-oxidant activities283, 284.  
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7.5 Effect of Kara sooda sathu parpam (KSSP) in the management of 

Kalladaippu noi (Urolithiasis) 

 In the in vitro study of calcium oxalate growth inhibition by single 

diffusion gel growth technique, it was found that the drug reduced the crystal size 

and also transformed COM to COD crystals. It is well known that the COM crystals 

are  more  harmful  than  the  COD  crystals  since  they  get  attached  to  the  membrane  

thus enabling the formation of aggregates. It is also observed that the COM crystals 

are more likely to attach with the epithelial layer of kidney and thus enhance stone 

formation in them. The tendency of stone formation is more likely seen in COM 

crystals than the COD crystals285, 286,287.  This  habit  modification  of  the  crystals  in  

presence of the drug indicates the protective role of the drug in urolithiasis. 

 Various in vitro and in vivo studies have revealed the role of ROS in 

mechanism of stone formation288,289. The calcium oxalate crystals cause cellular 

damage that in turn produces the free radicals which causes crystal nucleation, 

aggregation followed by retention and finally stone formation288, 290. In the in vitro 

anti-oxidant study by DPPH and nitric oxide scavenging assays, it was found that 

the drug KSSP has good anti-oxidant activity. The drug was effective similar to 

ascorbic acid. Previous studies have shown that the natural anti-oxidants like 

Vitamin E and selenium have protective role against the oxidative injury caused by 

the oxalate and crystal deposition. 

 In the anti-microbial screening of KSSP against the two commonest 

pathogens causing UTI in patients with urolithiasis namely E.coli and Proteus 

mirabilis, it was found that the drug had inhibitory effect against these two 

pathogens. This activity will also be a supplementing beneficial effect in the 

management of urolithiasis since infection is commonly associated in the disease. 

 The anti urolithiatic activity by Ethylene glycol induced hyperoxaluria in 

male rats revealed that the drug reduced the oxalate excretion in urine and reduced 

the renal markers like urea, creatinine and uric acid levels in the serum and thus 

being a nephroprotective agent. The results are supported by histopathological 
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studies. The increase in the catalase enzyme in the kidneys reveals the anti-oxidant 

capacity of the drug thus helpful in the reduction of injury to the epithelial cells.  

 In the anti urolithiatic activity by zinc implantation method, there was a 

significant decrease in the weight of the stone formed in the drug treated groups. 

The x ray findings also revealed the significant decrease in the stone weight in the 

drug treated groups.  

 The drug KSSP significantly increased the urine output compared to the 

control group. Diuretics increase the urine volume thus reducing the supersaturation 

of crystals and also in the expulsion of already formed crystals291,292. 

 

 The anti-inflammatory activity of the drug also supplements its beneficial 

effect on urolithiasis since inflammation is also associates with the process of 

urolithiasis.      

 The phytochemicals present in the drug include tannin, saponin and sterol. 

It is observed that the saponin help in the disintegration of the mucoprotein 

suspension that causes crystallization thus possesses anti-crystallization property293. 

 The above studies suggest that the anti urolithiatic effect of the drug Kara 

sooda sathu parpam is mediated possibly through a combination of the crystal 

inhibitory effect, diuretic, anti-oxidant, nephroprotective, anti-inflammatory and 

anti-microbial properties of the drug. This study rationalizes its medicinal use in the 

treatment of urolithiasis.  
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8. SUMMARY AND CONCLUSION 

 The present study was carried to evaluate the safety and efficacy of 

the siddha herbo mineral drug, Kara sooda sathu parpam in the 

management of Kalladaippu noi (Urolithiasis) with animal 

experimentations and in vitro methods. The drug analysis was also 

carried out to explore the chemical nature of the drug. 

 The  drug  analysis  revealed  the  presence  of  elements  like  calcium,  

sodium, boron, potassium, magnesium, zinc and iron. The groups 

present were carbonate, sulphate, chloride and nitrate. The XRD 

revealed the presence of calcium in oxide and carbonate form. The 

particle size ranged from nano to micro size which enhances the 

bioavailability of the drug. 

 In vitro anti-oxidant  studies  revealed  that  the  drug  is  a  good  anti-

oxidant and is efficacious as that of ascorbic acid both in DPPH and 

Nitric oxide scavenging assays. 

 The drug inhibited the growth of calcium oxalate crystals in vitro 

by single diffusion gel growth technique and the inhibition was 

dose dependent manner. 

 The drug exhibited a moderate anti-microbial activity against E.coli 

and Proteus mirabilis, which are the most common pathogens 

causing UTI on patients suffering from urolithiasis. 

 The acute and long term toxicity study revealed that the drug KSSP 

was safe up to 10 times the therapeutic dose as mentioned in the 

literature. The histopathological studies supported the same. 

 The anti urolithiatic activity by Ethylene glycol method revealed 

that the drug KSSP reduced the calcium and oxalate content in 

urine and kidney tissues. It was also found to have renal protective 
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activity by reducing the renal markers which was increased in the 

calculi induced group. The results were confirmed by 

histopathological studies. The drug was efficacious both in 

preventive and curative aspects. The drug also increased the anti-

oxidant catalase levels in kidney and liver tissues thus proving to be 

an anti-oxidant. 

 The anti urolithiatic activity by zinc implantation method revealed 

that the drug KSSP is effective both in preventive and curative 

aspects. The drug significantly reduced the stone size and X-ray 

findings too revealed the same. The dose 131.5 mg/kg was more 

effective than 87.5 mg/kg. 

 The diuretic study revealed that the drug KSSP increased the urine 

output and also the excretion of electrolytes. The activity was in par 

with the standard drug. 

 The drug also showed potent anti-inflammatory activity. 

 To conclude the drug Kara sooda sathu parpam exerts its beneficial effect 

in Kalladaippu noi (Urolithiasis) by being a good anti urolithiatic, diuretic, anti-

oxidant, anti-inflammatory and a moderate anti-microbial.  

 

 

 

 

 

 



   

193 

9. RECOMMENDATIONS 

 
 The drug Kara sooda sathu parpam (KSSP) should be subjected to clinical 

trial to validate the efficacy of the drug for human use. 

 

  The drug is also recommended to be validated for its preventive effects 

and also as a supportive therapy to other conventional medical expulsive 

therapies. 

 
  The pharmacological activity by which the drug is helpful in the 

management of urolithiasis has been validated in this study. Hence 

further pharmacokinetic and pharmacodynamics studies will prove to 

useful in understanding the mechanism of action of the drug.  
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