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INTRODUCTION

Kidney stone is a multifactorial disease and a complicated urinary disorder. Lithiasis is the
condition where urinary calculi (stone) are formed in the kidneys and urinary tract!*! and
Kidney stones, which are solid crystals that form from dissolved minerals in urine, can be
caused by both environmental and metabolic problems. Kidney stones is also known as
Urolithiasis ~ (derived from the Greek words ouron (urine) and lithos (stone)i?!,
Nephrolithiasis’®!, Renal lithiasisi! and renal calculi® Kidney stones increasingly have

develop into recognized as a systemic disorder associated with diabetes mellitus,
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hyperuricemia, obesity, hypertension, hypercholesterolemia and chronic kidney disease
which can involve entire system of person.®] Prevalence has doubled in just the last decade,
rising from approximately 6%-11% among men and 4%-7% among women, respectively
between 1994 and 2012.11 In most of the patients, stones are unilateral (one-sided) but some
have bilateral (two-sided). Nonobstructing stones produce no signs or symptoms apart from
hematuria and if the stone obstructs the uretero-pelvic junction, pain localizes to the flank; as

the stone moves down through the ureter, pain moves downward and anterior.®!

Kidney stones may lead to swollen kidneys, infections of kidneys and finally to kidney
failure. In a healthy persons, during the residence time of urine in the urinary tract system,
crystals either do not form or are so small they are eliminated uneventfully (asymptomatic
crystalluria). When normal urine conditions altered, then the rate of crystal nucleation and
growth may become such that the crystals cannot be simply eliminated due to their large size.
Crystal formation is attributable to a combination of diverse factors that may or may not be
associated with an underlying disorder. These factors can be classified into two main groups:

renal morphoanatomy factors and urine composition factors.®!

There are two main renal morphoanatomy factors that can affect crystal formation.

a. The presence of cavities (formed by renal calices) with low urodynamic efficacies that
retain urine for long periods

b. An altered epithelium covering the renal papillae, which can arise from events such as
damage to the anti-adherent glycosaminoglycan layer that covers the uroepithelium, necrosis,

or the presence of subepithelial calcifications.

Urine composition factors are important in crystal formation as urine is a metastable liquid
containing several coexisting substances that can crystallize to generate renal calculi. These
substances are present at supersaturated levels (the system contains higher amounts of solute
than that corresponding to the solubility) meaning the urine is in an unstable state and a stable
urine state will eventuate through crystallization of the excess solute. The ease of
crystallization depends on the degree of supersaturation, the presence of preformed particles
and the level of crystallization inhibitors. These latter substances inhibit crystal nucleation
and/or growth.[1%]
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Etiology

Kidney stone often no definite, single cause, although there are various factors which is In
1993 Daudon et al. established the first classification of kidney stone with a clear correlation
with the main urinary etiologic environment. However, this information is multifarious and
probably is difficult to adapt responsible for formation of stone in the urinary tract and are
made of salts and minerals in the urine that stick together to form small “pebbles”. They may
be as small as grains of sand or as large as a golf balls. Most stone are formed due to
combination of genetic and environmental factors. In lithiasis, there are various factors of the
urinary systems and the other diseased conditions that normally regulate orderly

supersaturation and nucleation in the urine.

A. Dehydration

Person who has a kidney stone should drink adequate water and other fluids intake to produce
at least 2 liters of urine a day which helps to decrease the concentration of substance
(promoters of stone formation) involved in supersaturation thus reducing their supersaturation
degree in the urine. Drinking enough fluid is the most important thing a person can do to
prevent kidney stones.[*!!

B. Overweight

It can cause both increased calcium in the urine and insulin resistance, which can result in a
greater risk of lithiasis.*?!

C. Genetic factor

lithiasis is an inherited disease. If any people in your family have had kidney stone there is a
chance, you have them too. In one analysis of lithiatic patients, 14% of their siblings and 22%

of their parents had stone.[*®]

D. Dietary factors
High intakes of beverages, calcium, oxalate, sodium, animal protein are the major dietary

factors which increase the risk of stone formation.!**!

e Beverages like alcohol and caffeinated drinks ie. cola, tea, coffee cause the kidney to
excrete more water. If the person drink too much alcohol or caffeine and without enough

water or other liquid, then the person become dehydrated which cause more minerals
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concentration in urine and leads to stone formation. The subsequent stone may stay in the

kidney or travel down the urinary tract.

e Too much calcium in the digestive tract binds to the oxalate (from food) and keep it from
entering the circulatory system and then urinary tract, where it may nucleate and

aggregate in the epithelium wall of the kidney then form stone.

e Some of the oxalate in urine is made by our own body. However, eating certain foods
(green vegitables) and juice (apple and cranberry) contain high levels of oxalate can
increase the level of oxalate in the urine, where it combines with calcium to form calcium
oxalate stones. Similarly, grape fruit juice has been associated with increased risk of stone
formation.

e A high salt (sodium chloride) intake has been shown to increase the amount of protein
and excess more calcium into the urine. Protein is major risk factor for decline in the
function of kidney where as high calcium level combine with oxalate and phosphorus to

form calculi in the urinary system.

e Eating too much animal protein such as meat, eggs, poultry and see foods contain purines
which break into uric acid in the urine which boosts the level of uric acid and leads to
formation of calculi. Animal protein may also increase the risk of calcium stone by
increasing the excretion of calcium and reduce the excretion of citrate (endogenous
inhibitor) into the urine. Citrate prevents formation of stone in Kidney but the acids in

animal protein reduce the citrate in urine.

E. Disturbances in urinary pH

Both highly acidic urine (pH =5.5) and highly alkaline urine (pH = 6.7) predispose patients to
calcium kidney stone formation. With unduly acidic pH, urine becomes supersaturated which
leads the calculi formation.™®!

F. Associated disease: there are various disease which may direct or indirect related to the
function of kidney or may change the electrolyte balance in the urinary tract system some

of these are-
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e Primary hyperoxaluria

It results from the over production of the oxalate. Oxalate is filtered by the kidneys and
excretes as a waste product in the urine, leading to the high level of oxalate in urine after this
oxalate bind with urinary calcium to form calcium oxalate (CaOx), a hard compound that is

the main component of kidney and bladder stone.

e Sarcoidosis
Disturbed calcium metabolism is a feature of Sarcoidosis which is main cause of
hypercalcaemia. The vitamin D3 or its hormonally active metabolites, calcitriol (lo, 25-

(OH),D3 ) is a main cause for hypercalcaemia.!*®!

e Distal renal tubular acidosis (Type-1 RTA)
It can cause the dysfunction of kidney so the balance of electrolyte may change and cause

high level of calcium in urine which result the stone in urinary system.!*”]

e Dent’s disease
It is the condition in which abnormally large amount of protein present in the urine (tubular
proteinuria), hypercalciuria, calcium deposits in the kidney (nephrocalcinosis) which orderly

results the stone formations.!®!

e Crohn’s disease
[19]

This disease condition associated with hyperoxaluria and malabsorption of magnesium.
e Hyperparathyroidism: the job of parathyroid gland is to control the amount of calcium
in the circulatory system. When abnormalities occurs, can cause increase level of calcium
in the blood so excretion of calcium is increased into the urine, which can cause

development of stone in kidney.[?"]

e Medullary sponge kidney: 8-20% of people who form calculi in kidneys have medullary
sponge kidney.!?!]

e Gout: The prevalence of renal calculi in gout patients was 13% and 2.7% of people with
renal calculi had been found with gout, with the incident of gout being 8.6 percent in

patients with 2 or more sequences of renal calculi.’??!
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G. Hormones: sex hormones play a role in mechanism of renal calculi. Estrogen,
testosterone and progesterone modulate the producing of la, 25-(OH),D3 which can leads
calcium absorption in the Kkidney. Testosterone increases renal oxalate deposition and
urinary oxalate excretion in castrated rats fed diets supplemented with glycolate. Males

have the greater prevalence of kidney stones.[?®!

H. Geographic differences

The incidence of lithiasis is greater in nations with hot or warm weather. In a population,
calculi re-occurrence is greater in summer & spring than in winter & autumn season.
Deficient low urinary output & intake of fluid are probably the major factors of greater

incidence in warm countries.?4

I. Medications

Loop diuretics cause elevated excretion of calcium, whereas phenytoin, sulphamethoxazole,
triamterene, indinavir and acyclovir may precipitate as crystals for suitable situations.
Antacids tie phosphate in intestine, resulting into elevated absorption and availability of
calcium & influencing to calcium calculi. Vitamins D & A administered in excess can lead to

hypercalciuria & hypercalcemia.?°!

Pathogenesis of Stone Formation

A Kidney stone or the urinary stone is formed when the normal balance of water, ions, salts,
minerals and other components found changed in urine. It is a complex process, stones found
in all parts of the urinary tract and kidney that leads to deficiency of different vitamins and
hormones in the body. During this era, a lot of remedies have been employed for take care of
Kidney stones. On the one hand, kidney plays an important role in water conservation, but at
the same time, minerals with low solubility need to be excreted. In general, there are different
types of renal stone and each type of stone has its own group of cause. Levels of urinary
supersaturation correlate with the type of stone formed and lowering supersaturation is
effective for preventing stone recurrence.l?®! Calcium oxalate (CaOx) is the predominant
component of most stones accounting for more than 80% of stones and the rest of the 20% is

composed of struvite, cystine, uric acid, and other stones.[?”]

In supersaturation condition both homogenous and heterogeneous nucleation occurs. As a
result, crystal growth precedes small crystal evolve into large crystals. Alternately, many

small crystals aggregate to form crystal aggregates. Urine saturation can be increased by a
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deficiency of crystal growth inhibitors i.e. citrate, magnesium, pyrophosphate,
glycosaminoglycans by dehydration or over excretion of calcium in urine. Kidney stone
formation is a complex process that occurs due to imbalance between promoters and

inhibitors in the kidneys.!28]

1. Saturation

If increasing quantity of substances capable of crystallizing is added to pure water at a given
temperature and pH eventually a high enough concentration is reached for crystal to form.
When crystals begin to form, we state that the solution become saturated with the substances.
When two or more substances combine to form the crystal e.g. calcium oxalate, the level of
saturation is governed by the product of the concentration of two or more substances. The
point at which saturation is reached and crystallization begins is referred to as the "solubility
product”. It is defined as the product of the molar concentration of the two substances at the

point at which Saturation is reached.

Always the pH and temperature are specified for any crystallization process. Since urine
varies widely in pH, this factor must be considered in any explanation of lithiasis. In urine,
when the concentration of a substance reaches the point at which saturation would occur in
water, crystallization does not occur as expected. Urine has the ability to hold more solute in
solution than dose pure water. Although all elements and molecules in urine are suspended in
water, the mixture of many electrically active ions in urine causes interactions that change the
solubility of their elements. In addition, many organic chemical molecules such as urea, uric
acid, citrate and mucoprotein of urine all mutually affect the solubility of other substances.

For example, citrate is well-known to combine with calcium to form a soluble complex.!?!

2. Supersaturation

If a specified quantity of calcium and oxalate that would crystallize when placed in a solution
of water at given pH and temperature is placed in urine, it will be held in solution. If the
amount of calcium and oxalate is increased progressively in the equivalent quantity of urine
at constant pH and temperature, the calcium and oxalate will stay in solution even though the
solubility product has been exceeded. In doing this, we are actually creating supersaturation.

This zone of supersaturation is called the metastable region.[*"]

The quantity of substances in urine can be increased to a point at which urine will no longer

hold it in solution. Then spontaneous nucleation of the crystals begins. The area of
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supersaturation between the solubility product and spontaneous urinary crystallization is the

metastable region for a given substances.

Electrical attraction or repulsion of ions in biologic solution is also involved in the stone
forming crystallization process. Rollins and Finlayson (1973) studied electrical fields of
urine. Solution and the effect of various additives on the electrical attraction of urinary

substance. This type of biologic electrical activity is called Zeta Potential. 32!

3. Crystal Nucleation

Nucleation is the hard crystal formation in solution. It is a necessary in construction of kidney
stone. Widespread CaP (Calcium Phosphate) and CaOx (Calcium Oxalate) crystalluria is a
suggestion that urine of human is adequately super saturated with regard to those salts for
their nucleation, sufficient growth & aggregation. Degradation of the cell following with

epithelial damage of renal induces many layer vessels.?!

The calculus matrix comprises lipids & vesicle membrane. Phospholipids of plasma
membranes may be projected to support the nucleation of crystal. Lipids differentiated from
renal calculi matrix raised the calcium oxalate crystals nucleation. Nucleation on plasma

membrane may promote tubular retention of crystal (Lieske and Deganello et al.,1999).

There two types of nucleation:-

1) Homogenous Nucleation

In urine there is supersaturation with respect to calcium oxalate and these two ions form
clusters. Most small clusters eventually disperse because the internal forces that hold them
together are too weak to overcome the random tendency of ions to move away. Clusters of
over 100 ions can remain stable because attractive forces balance surface losses. Once they
are stable, nuclei can grow at level of supersaturation below that needed for their creation.
The formation product marks the point at which stable nuclei become enough to create a

permanent solid phase.

2) Heterogeneous Nucleation

If supersaturated urine is seeded with performed nuclei of a crystal that is similar in structure
to CaOx, oxalate and calcium ions in solution will bind to the crystal’s surface as they would
on a seed crystal of calcium oxalate itself. The seeding of a supersaturated solution by foreign

nuclei is called ‘Heterogeneous nucleation’.
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Cell debris, calcification on the renal papillae, as well as other urinary crystals, can serve as
heterogeneous nuclei that permit calcium oxalate stone to form, even though urine calcium

oxalate supersaturation never exceeds the metastable limit for homogeneous nucleation.®!

4. Crystal Growth

lons transfer out of a solution onto mounting crystal result into growth of crystal
(Wasserstein A, 2005) After nucleation, growth of crystal is the next main phase of formation
of stone. Several molecules or atoms in over saturated liquid initiated making groups. When

group is small, this is significant.

Growth of crystal is found by molecular shape & molecule size, the physical properties of

material, defects, pH & supersaturation levels that may form in the structure of crystal.*#!

5. Crystal Aggregation

If numerous nuclei and crystals are formed spontaneously and float freely, these nuclei
become active Kinetically and bounce about in the urine. Under certain conditions, however,
these nuclei can grow and may come close enough to each other to be bound together by
various chemical forces. Therefore, nuclei or larger growing crystals may aggregate to form
larger crystal masses. They may add additional crystals to their surfaces by the process of

aggregation or they may grow by adding new crystal mass to their surfaces.!®"!

6. Crystal Retention
Crystal material retention can be the result of connection between the cells & crystals & such

a process is simulated to play an effective function in crystal retention.*®!

Symptoms

Kidney stones might produce no symptoms or may be associated one or several symptoms.’]

Some of the symptoms following-

1. Flank pain: it occurs due to blockage of the ureter, this leads to pain most commonly
beginning in the flanks (the sides of a person’s or animals body between the ribs and hips)
or lower back and other radiation to the groin (area between the abdomen and the upper
thigh on either sides if the body). This pain is often known as renal colic and typically

comes in wave lasting 20-60 minutes.

2. Pyuria: when >10 pus cells/ micro liter present in the urine due to urinary tract infection

or kidney stones.
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3. Haematuria: the condition in which visible RBCs or 1ml RBCs/ liter is present in urine
due to the inflammation in the filtration unit of the kidney this condition is called

glomerolonephritis. Presence of RBCs can alter the colour of urine.

4. Dysuria (painful urination): it is a condition in which burning or discomfort happens
during the urination process. It is more common in women than in men. In men, it is more
common in older men than young men.

5. Obstructive uropathy: due to obstruction in urinary tract system there is a chance of

urinary tract disease.

6. Decrease urine flow: When stone is blocked the ureter, than there is improper passage

for urine which can cause decrease in flow of urine.

Classification

In the 19™ century, the chemical characterization of urinary calculi was initiated by J.F.
Heller and proposed (in 1860) a system for chemical investigation of kidney stone based on
the hardness, colour and chemical reactions performed directly on the dry material. In fact,
these studies on renal calculi can be considered the beginning of modern Clinical
Chemistry. 38!

Kidney stone analysis implying wet chemistry qualitative reactions in order to identify the
different cations and anions present in the calculus was the unique methodology used during
the first four decades of the twentieth century. Unfortunately, the inadequacies of elemental
chemical methods of calculi analysis were not recognized until the beginning of 1950, when
it was demonstrated that the structure and internal arrangement of calculi, crucial in
determining the mechanism of formation of the different kinds of stones, were impossible to
identify using chemical methods and it was necessary to use compositional physical
techniques, like X-ray diffraction. For clinical routine practice, in spite of its interest for
scientific purposes. Consequently, it is necessary to establish a classification of renal calculi,

in accordance to its composition and fine structure.3

On the basis of their composition, Kidney stones are broadly categorised into calcareous
(calcium containing) stones and non-calcareous stones. Calcareous are radio-opaque. Stones

are classified as shown in the table.[?®!

WWW.W]pr.net Vol 5, Issue 10, 2016. 204



Bano et al. World Joumal of Pharmaceutical Research

A. Calcium

Randall In 1937 observed tiny calcium sub-epithelial plaques localized in the renal papillae.
In the human autopsy studies, researchers found calcium deposits in the renal papillae
(Randall plaques) of 1/3 patients who had the history of nephrolithiasis. Saeed R. Khan
suggested that oxalate, calcium oxalate crystals of Randall plaque could provoke renal cell
reactive oxygen species production, which could in turn mediate inflammation response, and
induce expression of inflammation-related molecule, such as a-1-microglobulin, e-cadherin

and osteopontin.

Lieske et al. (1996) described the adherence of CaOx crystals to African green monkey renal
epithelial (BSC-1) cells and wild-type Madin-Darby canine kidney (MDCK) cells. Crystals
like as calcium phosphate (CaP) and CaOx in the urine could induce the chemical injury in
the renal epithelial cells, in turn may lead to cell death and subsequently cell regeneration.

Then the crystals could adhere to the injured renal tubules.°!

B. Calcium triple phosphate stones or Struvite

Struvite {(NHs) MgPO4+6H,0} is a bio mineral and are made up of magnesium ammonium
phosphate, occurs more commonly in females, usually in existence of a urinary tract infection
(UTI) with increase producing bacteria that affects the chemical balance of urine, renal
tubular acidosis and hyper parathyroidism. It occurs at pH > 7.5. Struvite stone is called as
infection calculi or urease calculi.[**!

Certain bacteria which can cause an increase in urine pH are related with these stones. The
bacteria (often staphylococcus, klebsiella pseudomonas, and protease species) utilize urea in
the urine to form ammonia and carbon dioxide. The ammonia is changed to ammonium
which in turn, raises the urine pH and becomes available for the formation of magnesium
ammonium phosphate crystals. Stone develop as jagged structure called “Stag horns” and can

grow to be quite large.[*?!

C. Uric acid stones

Urinary uric acid exists in an insoluble form at pH < 5.05 and forms crystals. About 7-10% of
stone are made up of uric acid which is actually crystal that is end product of purine
metabolism, a nitrogen compound found in the proteins. These stones form because the urine
becomes supersaturated with uric acid or when the urine volume is low. Frequently urinary

pH is very low and at these low pH (5.4 or below) undissociated uric acid is very insoluble
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leads to formation of uric acid stone and also develop in patient with gout. It is not visible on
X- rays and dissolved when the urine is alkalinized (with potassium citrate) and found more
common in male, due to genetic factor.!*’!

D. Cystine stones

Cystine (SCH,CHNH,COOH);) is an amino acid in protein that does not dissolve well and
easily precipates to form stones. Cystine stone, account for about 1-3% of all renal calculi
and are formed in patients with cystinuria, an autosomal recessive disorder. The stones are
greenish yellow, flecked with shiny crystallites and are moderately opaque with a rounded
appearance. They are difficult to treat & requires life-long therapy. People who are
homozygous for cystinuria excrete > 600 mg/day of insoluble cystine. Drugs containing
sulfur, penicillamine and captopril are used. These sulfur containing drugs will bind to the
sulphur component of the cystine. These stones are very hard and usually cannot be removed

with lithotripsy. Although they are not made of calcium, they can be seen on X-ray.[*4]

E. Xanthine stone

An increased urinary excretion of Xanthine may cause the formation of Xanthine stones. In
some cases, feeding of purines rich diet while simultaneously administration of allopurinol
can result in the xanthine (CsHsN4O;) stones formation. The medical management of
xanthine stone is limited because its solubility. is necessarially invariable within the range of

physiologic pH. So, currently advice includes intake of fluid of at least 3 liters/day.!°!

F. Protease related stones
An increasing incidence of HIV positive patients has led to widespread use of the protease

inhibitor indianvir sulphate. Though, it can be related with urolithiasis 4- 12% of patients. ¢!

Table 1: Types of stone with constituents and circumstance

Sr No. | Stone Type Colour Constituents Circumstance Percentage
1 Calcium oxalate Black/dark brown | Calcium, oxalate Acidic urine 74%
2 Calcium phosphate | Dirty white Calcium, phosphate | Alkaline urine 72%
3 Uric acid Yellow/ reddish Uric acid Pe_r5|stently acidic 7-10%

brown urine
, : . Rare genetic a0
4 Cystine Pink/yellow cystine disorder 1-3%
, . : Calcium, ammonia, : . 0
5 Struvite Dirty white phosphate Kidney infection 8%
6 xanthine Brick red xanthinuria Extreme rare 0.5%
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STONE INHIBITORS AND PROMOTERS
In the urine, there are some organic or inorganic compounds which can prevent the process of

stone formation and some compounds are responcible or promote stone formation.

Inhibitors of the stone formation prevent crystal growth and aggregation by coating the

surface of growing calcium crystals or by complexing with calcium and oxalate.*!

a. Citrate

Citric acid is a tricarboxylic acid that circulates in blood to form complex calcium, sodium
and magnesium at physiological pH (7.4). In our body, citrate is derived from endogenous
oxidative metabolism. It is freely filtered through the glomelurus, Approximately 75% of
citrate is reabsorbed in the proximal convoluted tubule (PCT), due to acid base balance.
Citrate has been widely studied for its calculi inhibiting action in urine and found to be
effective against the calcium oxalate (CaOx) and phosphate (CaP) stones. It effect by making
a complex with calcium thereby reduce concentration of CaOx. Citrate directly effects on the
surface of crystal rather than to an modification of the availability of free calcium. It also
increases the CaOx aggregation inhibitory activity of various urine macromolecules (eg, THP)
and may reduce the appearance of urinary OPN (osteopontin), which is an essential

constituent of the protein matrix of urinary stones.

b. Pyrophosphate
COM crystal growth inhibits 50% by pyrophosphate. Pyrophosphate reduce the calcium
absorption in the intestine. Oral administration of orthophosphate has shown minute benefit

in prevention of stone reappearance.

c. Magnesium

Magnesium is the fourth most abundant mineral in the body and largely found in the bones. It
is absorbed in the small intestines and excreted through the kidney. Just 1% of total body
magnesium circulates in blood. Oral administration of magnesium will decrease the oxalate

absorption and urinary excretion by forming complexes.

d. Osteopontin (Uropontin)
Osteopontin (OPN) is a negatively-charged aspartic acid rich phosphorylated protein that
inhibits growth of CaOx crystals in a supersaturated solution. It is involved in the regulation

of both physiological and pathological mineralization. OPN is present in the human urine at
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levels in excess of 100 nM and synthesised inside the kidney. It is involved in various
biologic processes including inflammation, wound healing, leukocyte recruitment and cell
survival. OPN may inhibit the nucleation, growth and aggregation of crystals. In addition,
also inhibits the crystal adhesion to epithelial cells.[*®]

e. Glycosaminnoglycans (GAGs): it is one of the macromolecules present in the stone
matrix. GAGs found in stone matrix were identified as hyaluronic acid and heparan sulphate.
They play an important role in crystallization and may be act as inhibitors of CaOx crystal

growth and crystal aggregation.!*®]

f. Tamm-Horsfall protein (THP)

Tamm-Horsfall protein also known as uromucoid and isolated from urine. It is synthesized
completely in the ascending limb of the loop of Henle’s. THP production ranges from 30 to
60 mg/24 h in humans and most abundant protein in the urine of normal mammals. A
significant increase in urinary THP indicates high-protein diet. Self-aggregation of THP
might promote both heterogenous nucleation or formation of a protein and crystalline mass.
Much controversy exists about whether THP is an inhibitor or a promoter of crystal
aggregation. Most author believes that it is effective inhibitor of crystal aggregation in

solutions with high pH, low ionic strength.[*%!

g. Inter-a-inhibitor (lal)

lal belongs to the Kunitz-type protein superfamily, a group of proteins possessing a ordinary
structural element (kunin). lal is a glycoprotein composed of one light chain, also known as
bikunin and 2 heavy chains (HC1 and HC2). Bikunin freely circulates in plasma and excreted
in urine where it further degrades to fragments HI14 and HI8. It exhibits anti-inflammatory
and antimetastatic functions in humans and animals. It can contribute to the regulation of

crystal adhesion and retention inside tubules during formation of kidney stone.l>!!

Table 2: Stone Inhibitors And Promoters

Promoting factors Inhibifting factors - -
organic inorganic
Calcium Citrate High urine flow
Oxalate Magnesium glycosaminoglycans
Sodium pyrophosphate Osteopontin (Uropontin)
Urate Tamm-Horsfall protein
cystine Protease inhibitor: inter a inhibitor
Low urine flow
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Low urine pH
Tamm- horsfall protein

Promoters of the stone formation enhance crystal nucleation, growth and aggregation by
boost growing of crystals or by complexes with calcium, oxalate and other minerals present
in urine. On the kidney cell surfaces, aggregates of protein, cell debris & other crystals can
provide functionally same place for nucleation. The nucleation places can reduce super

saturation which is needed to start crystallization and promote CaOx crystallization.>?!

On the surfaces of kidney cell, protein aggregates, cell debris and other crystals can provide

equivalent site for nucleation.

a. Calcium

Calcium stones are an important pathological form that affects a high percentage of the
population during life. The information available on their etiology, diagnosis, clinical
presentation and treatment (medical and non-medical) is very extensive. In most cases
(around 75%), stones mostly have a composition of calcium and generally present in the form
of calcium oxalate (CaOx), whereas other types of stone formation are less frequent.
Increased frequency of calcium phosphate (CaP) stones has been observed and above all

among females, with bone-derived diseases and metabolic.

Among CaOx crystals, calcium oxalate monohydrate crystalline form is oxalate dependent,
whereas calcium oxalate dihydrate crystalline form is calcium dependent. Calcium deposits
can be situated within urinary cavities, in papilla and also in medullar collecting ducts.®!

Calcium stone formation is a complex process that involves the numerous metabolic,
anatomical and physiopathological mechanisms. A key factor in calculus formation is
occurrences of supersaturated states of crystallization with the capacity to precipitate in urine.
The saturation state of a substance is expressed as the proportion between a given substance
and its solubility variable. The supersaturated condition of the CaOx is unrelated to the
urinary pH. Metabolic disorders are, beyond any doubt, key factors in the formation and
persistence of calcium lithiasis.®*! As mentioned above, the basis for calcium stone formation

Is supersaturation of the urine with stone-forming calcium salts (Table no. 3).
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Table 3: Causes of calcium stone formation.

Condition Definition Causes

Absorptive hypercalciuria: 7GI calcium absorption renal.
hypercalciuria: impaired renal Ca absorption
resorptive hypercalciuria: Primary hyperparathyroidism.

Urinary calcium

Hypercalciuria | o, cretion > 200 mg/d

Primary hyperoxaluria: genetic Ox overproduction
Urinary oxalate dietary

excretion > 40mg/d Hyperoxaluria: excessive dietary intake

Enteric hyperoxaluria: 1GI oxalate absorption

Hyperoxaluria

Distal renal tubular acidosis: impaired renal tubular acid
Excretion.

Urinary citrate chronic diarrhea syndrome: Gl alkali loss Thiazide-
excretion <320 mg/d | induced: hypokalemia

Idiopathic hypocitraturia: High animal protein & sodium
diet, excessive physical exercise.

Hypocitraturia

Urinary acid Dietary urine excess, uric acid overproduction or over

Hyperuricosuria excretion > 600 mg/d | excretion

Urinary magnesium

Hypomagnesuria excretion < 50mg/d

Limited intake of magnesium-rich foods

b. Oxalate

Oxalate is a final substance of glyoxylate & ascorbate biotransformation which is a usual
constituent of renal calculi. Hyperoxaluria is marked risk factor in process of formation of
calculi. Chief oxalate in urine finds to be induced by biosynthesis of endogenous substances
from precursors of oxalate which might or might not be a source of diet. Glycolic acid is a
quick forerunner of oxalate which forms in regular food, divides markedly to the developing
from inside biosynthesis of oxalate and is able to elevating urinary oxalate removal.[>®]

c. pH

At pH < 5.5 increases risk of uric acid precipitation cause uric acid stones and pH > 6.7
increases risk of calcium phosphate precipitation and pH > 7 -7.5 increases urinary tract
infection. pH between 5.8-6.2 considered normal and safe in prevention for formation of

stones in the kidney or urinary tract system.>*!

d. Uric Acid

Uric acid is induced by xanthine oxidase from hypoxanthine and xanthine, which in turn are
formed from purine. Uric acid is highly toxic to tissues than either hypoxanthine or xanthine.
Its Increased or decreased concentrations in blood and urine are not medical conditions, but

are related with different medical conditions.®®! Approximately one third of volunteers with
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CaOx calculi have raised removal of urinary uric acid. Two possible mechanisms ware

suggested: excessive dietary protein intake & endogenous uric acid over formation.[®”]

Testing for and Diagnosing Kidney Stones

Confirmation of the presence of stones is very important. The analytical markers in urine and
serum that are responsible for the clinical diagnosis of the urologic disorders are calcium,
albumin, creatinine, urate and oxalate.l®®] Available pharmaceutical drugs used in preventing
and curing renal calculi are not effective in all patients and may produce adverse effects on

long term use.®®

So, mostly herbal treatment is preferred. Renal calculi presence is

diagnosed by the symptoms explained by the patients and the stones are recognized in the

body with the help like X-rays.! Diagnostic steps for kidney stone are involve the

following:

1. Establish the absence or presence of renal stones as soon as possible so that pain
treatment can start if necessary. (Use imaging techniques, physical examination.)

2. If a renal stone is present, establish whether the stone is obstructing the urinary tract. (Use
imaging techniques.)

3. Estimate the substance forming the crystal so that proper treatment and preventive
measures can be taken. (Blood and urine tests.)

4. Blood urea nitrogen (BUN) and creatinine to assess kidney functioning

5. Urinalysis to check for crystals, bacteria, blood and white cells

Estimate any metabolic abnormalities in people with recurrent calculi (tests for blood and

urine chemistries).

1. Physical Examination

Although they will seldom cause identification of disease, there are hints which help in the
evaluation of calculi. The specific location of tenderness often does not point out the exact
location of the stone. In case of blockage with infection, signs and symptoms of sepsis may
be present.[®%]

Table 4: location of stones and their symptoms

Calculi location General symptoms

Kidney Hematuria, vague flank algesia

Proximal part of ureter |Above abdominal algesia, flank algesia
Middle part of ureter Flank algesia, abdominal algesia (anterior)
flank algesia, abdominal algesia (anterior),
dysuria, urinary frequency, renal colic

Distal part of ureter
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2. Imaging tests
For the determination of the presence of Kidney stones, various imaging techniques are
helpful. Five radiography modalities can be used to evaluate patients having renal colic: plain

abdominal radiography, ultrasound, IVP, helical CT scan & MRI.

A. X -ray

This technique can only detect stones which contain calcium. It will miss pure uric acid or
indinavir stones. X-rays can be done quickly and cheaply and are a quick, inexpensive and
useful technique for monitoring growth of a kidney stone.[®?!

B. Ultrasound

This test can detect both calcium and non-calcium types of stones. It often is not a good test
to find a stone that is suddenly passing from the kidney through the ureter on its way to the
bladder.[%?]

C. Computerized tomography (CT or CAT scan

This is one of the best methods to detect kidney stones, especially when someone comes to
the emergency room with severe pain (colic) due to a passing stone. It is more sensitive than
ultrasound or X-ray. It can detect both calcium and non-calcium stone, although it may

sometimes miss crixivan/indinavir stones.[%4

D. Intravenous pyelogram (I\VP)

This is one of the oldest techniques for detecting kidney stone and still sometimes used. A
special dye is injected into a vein. Then X-rays are taken of mid to lower abdomen. If a stone
is present, a filling defect will be seen on the X-ray images. It is very useful for detecting
stones in the ureter, especially if not seen by CT scan. This sometimes happens when the

ureter is dilated or obstructed, but no stone is seen.®]

E. CT urography

CT urography is a combination of CT and IVP. An injection of intravenous dye is given
which outlines the parts of the kidney, ureters and bladder where urine collects. The images
are viewed with a CT scanner. Traditional CT images are also generated. This test is
particularly helpful as a step in the evaluation for blood in the urine (hematuria). It can show

causes other than just stones. It is particularly useful in the evaluation of a kidney (renal)
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diverticulum (a pouch that dewvelops inside the kidney). Kidney stones and infections can

form inside this pouch. It can also be associated with pain.®®!

F. Magnetic Resonance Imaging (MRI)
MRI techniques is used for diagnosing urinary tract blockage but do not yet accurately appear
small stones, or ones that do not produce a blockage. Because no radiation is implied with

magnetic resonance imaging, however, it may prove as a good option for pregnant women.[]

G. Uroendoscopy

Uroendoscopy is a valuable technique in evaluation of kidney stones that have persistent or
recurrent clinical signs related with the lower urinary tract. Uroendoscopy permits
visualization of the bladder and urethral mucosa, detection of small calculi not seen on
abdominal ultrasonography, evaluation for remnants of urachal, & direct visualization of

masses that may be present.[®!
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