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Abstract

Urolithiasis is a multifaceted and common urological disorder characterized by the development of renal calculi.
Calcium oxalate stones are the most prevalent type of calculi, forming when calcium and oxalate combine to produce
crystalline structures in the urine. The incidence rates of urolithiasis exhibit geographical variations, which are deter-
mined by factors such as geographic location, age, sex, dietary habits, and genetics. The increasing trend of urolithi-
asis has emerged as a noteworthy public health issue, potentially attributed to shifts in dietary and lifestyle habits. In
response to this challenge, various inhibitors of calcium oxalate crystal formation, including small molecules, peptides,
and proteins, have been developed. Moreover, substances such as citrate, magnesium, inter-alpha-trypsin inhibitors,
phytate, potassium, and pyrophosphates show promise in preventing kidney stones. A comprehensive metabolic
assessment is crucial, customized for each patient, to effectively manage and avoid the recurrence of urolithiasis.
Although specific pharmacological treatments for urolithiasis are currently unavailable, some drugs can reduce

pain. Some drugs, including calcium channel blockers like nifedipine, phosphodiesterase-5 inhibitors like tadalafil,

and alpha-blockers like tamsulosin, are thought to lower ureteral contractions by making the ureteral smooth muscle
relax. In acute and severe pain cases, intravenous administration of narcotic analgesics and anti-inflammatory agents
may be employed in emergency medical settings. To enhance therapeutic approaches, it is essential to gain more
knowledge about the pathophysiology of renal calculi. The development of inhibitors targeting calcium oxalate crys-
tal formation offers a promising avenue for urolithiasis prophylaxis. Identifying and investigating potential inhibitors
lays the framework for the creation of more effective and targeted therapeutic options.
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1 Background

Urolithiasis, derived from the Greek ’ouron’ (urine),
‘oros’ (flow), and ’lithos’ (stone), is a complex urologi-
cal disorder characterized by the production of calculi
in the kidneys, bladder, and urethra. Despite its long-
standing prevalence in humans, urolithiasis poses sig-
nificant medical and public health challenges [1]. The
most common type of calculi in urolithiasis are calcium
oxalate (CaOx) stones, which form when calcium com-
bines with oxalate in the urine, resulting in crystalline
structures. Other forms of calculi include uric acid,

cystine, struvite, xanthine, ammonium acid urate, drug-
induced stones, and dihydroxyadenine stones [2].

The geographical incidence of urolithiasis displays fluc-
tuation, with generally greater rates in Western countries
compared to the Eastern hemisphere. The incidence rates
are approximately 1-5% in Asia, 5 to 9% in Europe, and
12% in Canada, with the USA reporting rates between
13 and 15%. A notably high incidence rate of 20.1% has
been recorded in Saudi Arabia [3, 4]. Influencing factors
include age and sex, with a larger prevalence in males
compared to females [5], and the condition is most com-
monly observed in individuals in their thirties and forties
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[6]. The growing trend of urolithiasis over time is likely
linked to changes in diet and lifestyle [7]. Since 1990,
there has been a global increase in urolithiasis cases, dis-
ability-adjusted life years, and mortality rates [8]. In 2007,
the estimated cost of treating urolithiasis in the United
States was $3.79 billion, with forecasts showing a yearly
increase of $1.24 billion by 2030 [9]. The chemical com-
position of organic components, such as phospholipids
and albumin, contributes to the formation of CaOx and
calcium phosphate calculi, influencing the development
of various types of urolithiasis [10]. Factors affecting inci-
dence rates include geographic location, climate, ethnic-
ity, dietary habits, and genetics [11].

Managing urolithiasis requires comprehensive meta-
bolic evaluation to prevent recurrence, with treatments
tailored to individual patient needs [12]. While specific
pharmacological treatments remain unavailable, some
medications can alleviate pain. For instance, alpha-
blockers like tamsulosin, particularly when combined
with dutasteride, aid in the passage of calculi, reduc-
ing discomfort by relaxing the ureteral smooth mus-
cles [13]. Calcium channel blockers such as nifedipine
and phosphodiesterase-5 inhibitors like tadalafil are
also effective in reducing ureteral contractions [14]. In
severe cases, intravenous narcotic analgesics and anti-
inflammatory agents are administered in emergency set-
tings [14]. Developing inhibitors that target CaOx crystal
formation is a promising approach to preventing uro-
lithiasis. A comprehensive, multidisciplinary approach,
integrating various treatment modalities, is essential for
the successful management and prevention of urolithiasis
recurrence.

2 Methodology of literature searching

We searched electronic databases including PubMed,
ScienceDirect, and Scopus to gather information on the
prevalence of urolithiasis, the different types of stones,
inhibitors, and promoters. The search covered the period
from 2000 to August 2023. Keywords used in the search
were 'kidney stone", "urolithiasis", "nephrolithiasis”,
"renal calculi”, "renal stone", "kidney stone inhibitors",
"kidney stone promoters", "kidney stone types", and "kid-
ney stone formation mechanisms".

3 Pathophysiology of urolithiasis

Environmental and genetic variables both influence the
complexity and multifaceted nature of urolithiasis. The
development of urinary stones involves various mecha-
nisms, and the formation of CaOx stones differs from
that of other types of stones. Impaired renal acidification,
along with altered renal excretion or excessive absorption
in the digestive tract, leads to the accumulation of stone-
forming metabolites [15].
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Among the distinct pathomechanisms of CaOx stone
formation, Randall plaques and mineral deposits, play a
critical role [16, 17]. However, the emergence and patho-
physiology of CaOx stones are still poorly understood,
necessitating further research to identify effective pre-
vention and treatment strategies. Recent studies suggest
that the formation of interstitial apatite crystals may be
an initial step in the development of CaOx stones [18].

Reduced urine volume raises the concentration of
stone-causing compounds, which in turn promotes crys-
tallization and stone formation, making urine volume a
critical factor in the pathophysiology of urolithiasis [19].
Kidney stones are more likely to form when urine volume
is reduced, which can happen as a result of dehydration,
some drugs, or medical issues that impact fluid balance
or urinary function. One of the most prevalent causes of
kidney stones is not drinking enough water [20].

Certain medical conditions can increase the risk of
developing kidney stones. Renal tubular acidosis is a con-
dition in which the kidneys are unable to eliminate acids
from the blood into the urine, leading to an increase
in blood acidity. Other conditions, such as cystinuria,
hyperparathyroidism, and recurring urinary tract infec-
tions, can also increase the chance of kidney stone for-
mation [21, 22]. Further research is needed to fully
comprehend the pathophysiology of these disorders and
develop effective preventive and treatment strategies for
urolithiasis.

4 Mechanism of stone formation

In individuals with risk factors for stone formation, such
as high urinary supersaturation, low urinary volume, or
low urinary pH, crystals may nucleate and aggregate into
larger particles, potentially forming a stone. Stone for-
mation can occur in various locations within the urinary
tract, including the kidneys, ureters, bladder, and urethra.
The development of stones can be influenced by several
factors, including genetics, diet, lifestyle, and medical
conditions such as urinary tract infections or metabolic
disorders [18, 23].

Once a stone has formed, it can continue to grow with
the addition of new crystals and may also move within
the urinary tract, leading to pain and other symptoms.
The ability of a stone to move through the urinary tract
can be influenced by its size and chemical makeup.
While larger stones may require medical intervention for
removal, smaller stones are more likely to pass spontane-
ously [24, 25].

4.1 Urinary supersaturation

The initial stage of kidney stone formation is urinary
supersaturation, which occurs when the concentration of
certain substances in the urine, such as calcium, oxalate,
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and phosphate, exceeds their solubility limit. This leads
to a state in which the urine becomes supersaturated,
creating an environment conducive to the formation
of crystals. Under these conditions, the excess solutes
can no longer remain dissolved and begin to aggregate,
resulting in the formation of small crystal particles [26].
These small particles can then combine and grow into
larger crystals, eventually leading to the formation of kid-
ney stones.

The degree of supersaturation, along with other fac-
tors such as urinary pH and the presence of inhibitors or
promoters of crystal growth, can significantly influence
the formation and growth of crystals, and ultimately the
development of kidney stones. Understanding the factors
contributing to urinary supersaturation and the subse-
quent crystal formation is important for the prevention
and treatment of kidney stones [26, 27].

4.2 Crystallization

The process of crystallization occurs when urine
becomes oversaturated, leading to the formation of solid
crystals. The specific type and characteristics of the crys-
tals depend on the substances present in the urine and
the conditions prevailing during their formation. Kidney
stones, are a common result of this process, with types
including CaOx, calcium phosphate, and uric acid stones,
which are caused by high concentrations of these sub-
stances in the urine [27].

The process of crystal formation is influenced by a mul-
titude of factors, including the pH level of urine, the con-
centration of minerals that encourage stone formation,
and the presence of inhibitors that hinder crystal growth.
As crystals accumulate and grow, they can lead to the
formation of urinary casts, which obstruct urine flow and
promote further stone formation [28].

The development of effective strategies for the pre-
vention and treatment of kidney stone disease depends
on our understanding of the mechanisms that influence
crystal formation and growth [29].

4.3 Crystal nucleation

The phenomenon of nucleation is a crucial aspect of crys-
tal formation from a supersaturated solution. It involves
the aggregation of solute molecules or ions to form a sta-
ble nucleus, which then serves as a basis for subsequent
crystal growth. As a result, a crystal structure with a
distinct lattice pattern is produced. Crystallization can
occur in confined spaces within a solution, such as those
present in certain regions of the nephron [30], and on
surfaces such as cells and the extracellular matrix. Nucle-
ation can occur through two main mechanisms: homoge-
neous nucleation, which arises spontaneously within the
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solution, and heterogeneous nucleation, which occurs on
the surface of a foreign particle or solid surface [31].

4.4 Crystal growth

After nuclei formation, crystals grow by adding new mol-
ecules to the crystal lattice. The rate of growth depends
on various factors, such as the concentration of salts that
form stones, urine pH, and the presence of inhibitors
or promoters of crystal growth [32]. Inhibitors of crys-
tal growth, such as citrate and magnesium, help prevent
crystal aggregation and growth by binding to crystal sur-
faces and inhibiting their further growth [33]. Promoters
of crystal growth, such as calcium and oxalate, can facili-
tate the aggregation and growth of crystals by increasing
their surface charge and promoting attachment to other
crystals or surfaces [32].

4.5 Crystal aggregation

Over time, crystals can aggregate to form larger par-
ticles, which may lead to the formation of stones. The
aggregation of crystals can be influenced by several fac-
tors, including the concentration and composition of the
stone-forming salts, the pH of the urine, and the pres-
ence of organic and inorganic molecules that can act as
bridging agents or inhibitors of crystal aggregation [32,
34]. The formation of stones can also be influenced by
urine flow rates; slower flow rates allow for increased
crystal aggregation and growth, whereas faster flow rates
promote the flushing out of crystals, thereby preventing
their aggregation [35].

4.6 Crystal-cell interaction

The interaction between crystals and renal epithelial cells
is a critical factor in the pathogenesis of kidney stones.
When crystals adhere to the cell surface, they can cause
injury and inflammation. This process can further pro-
mote crystal growth and aggregation, as well as the
recruitment of immune cells and the release of inflamma-
tory mediators. The attachment of crystals to renal cells
occurs through various mechanisms, including electro-
static interactions, surface receptors, and extracellular
matrix proteins. Once attached, crystals can cause cel-
lular injury through multiple pathways, such as mem-
brane disruption, oxidative stress, and mitochondrial
dysfunction. These changes lead to the release of danger
signals and the activation of inflammatory pathways, fur-
ther exacerbating crystal-induced injury and inflamma-
tion. The interaction between crystals, renal cells, and
immune cells can also lead to the formation of urinary
casts, which may obstruct urine flow and promote stone
formation. In addition to renal epithelial cells, immune
cells such as macrophages and T cells can contribute
to the progression of kidney stone disease by releasing
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Table 1 Represents kidney stone inhibitors and their mechanisms

Name of the inhibitor

Mechanism

Citrate

Magnesium

Inter-alpha-trypsin inhibitor family of proteins

Phytate

Potassium

Pyrophosphates

Osteopontin (Uropontin)

Urinary prothrombin fragment 1

Tamm-Horsfall protein (THP) or mucoprotein

Glycosaminoglycans

Renal lithostathine

The effect of citrate on CaOx and calcium phosphate crystallization has been extensively researched.
Citrate mostly binds to calcium ions in urine, resulting in a decrease in CaOx concentration. This effect

is thought to occur due to crystal surface contact rather than a change in the availability of free calcium.
As a result, citrate efficiently suppresses CaOx production and clumping [72].

Also, it has been shown that citrate stimulates the activity of large molecules in urine called Tamm
Horsfall protein (THP), which inhibits CaOx aggregation. Likewise, citrate can inhibit the expression

of osteopontin (OPN), a constituent protein in urinary stones. Finally, when excreted in the urine, citrate
raises pH levels, which assists in the formation of complexes between calcium and phosphate [73].

Magnesium, like calcium, has been shown to reduce oxalate absorption and excretion in the Gl tract
[74]. According to studies, individuals with magnesium deficiency who take magnesium supplements
have higher amounts of citrate in their urine [75]. There is currently no evidence to support the use

of magnesium treatment for patients with urolithiasis.

The inter-alpha-trypsin inhibitor (lal), also called bikunin, is a glycoprotein composed of a light chain
and two heavy chains. It belongs to the Kunitz-type protein superfamily [76]. Some studies have pro-
posed that this protein might alter how crystals adhere to and remain in tubules during urolithiasis [77].
These proteins have been shown in studies to reduce CaOx crystal formation and fragments of these
proteins have effectively been found in urine. This shows a link between lal and the development

of CaOx stones [17].

Phytate, a naturally occurring compound found in plant-based foods, has shown promise in reducing
the formation of calcium stones. It achieves this by binding calcium in the Gastrointestinal tract (GIT),
preventing its absorption into the bloodstream. By limiting the availability of calcium for crystallization,
phytate helps inhibit the development of calcium stones in the kidneys and urinary system [78].

It has been demonstrated that potassium may play a role in reducing the occurrence of kidney stones.
This is achieved by decreasing the amount of calcium excreted through urine. By lowering the levels
of calcium for crystallization, potassium helps to minimize the risk of stone formation [79].

Diphosphate and pyrophosphate have been shown to prevent the precipitation of calcium phosphate.
Additionally, diphosphates have been discovered to inhibit the formation of crystals [80]. In contrast,
pyrophosphate is known to reduce the absorption of calcium in the intestines. This effect is believed
to be mediated by the production of 1,25-dihydroxy vitamin D [76].

Osteopontin is a protein rich in charged aspartic acid. Research has shown that it has properties

against the growth of CaOx crystals. In vitro studies have demonstrated that OPN plays a role in prevent-
ing the attachment of these crystals to epithelial cells, thereby reducing their ability to adhere to urinary
tract surfaces and potentially decreasing the formation of kidney stones. This highlights that OPN can
play a role in minimizing the formation, enlargement, and clumping of CaOx crystals [81].

Prothrombin, a component in the clotting of blood, undergoes breakdown into three components:
thrombin, fragment 1, and fragment 2. Among these fragments is Urinary Prothrombin Fragment 1
(UPTF1), which is released into the urine. UPTF1 has demonstrated properties in preventing the aggre-
gation and attachment of CaOx crystals to kidney cells [82, 83].

The presence of mucoproteins in urine, which are commonly known as uromucoid or uromodulin,

has implications for understanding and preventing the formation of urinary stones. Several studies have
demonstrated the effectiveness of uromucoid in preventing the clumping of COM crystals under con-
ditions such as high pH levels, low ionic strength, and low concentrations of divalent ions and THP. In
these conditions, uromucoid plays a crucial role in preventing the aggregation of crystals [84].

The ability of the uromucoid to inhibit crystal aggregation may be influenced by factors such as pH,
elevated levels of calcium, sodium, and hydrogen ions, and low THP levels. This variation in the effects
of uromucoid emphasizes how important it is to consider these factors [85].

Glycosaminoglycans (GAGs) are significant macromolecules present in the stone matrix that have
significance for urolithiasis. Chondroitin sulfate, heparin sulfate, and hyaluronic acid are types of GAGs
that are present in urine. These GAGs are thought to have a significant impact on CaOx crystallization.
Studies conducted in vitro have shown that GAGs function as inhibitors for both the growth and aggre-
gation of CaOx crystals [86].

Lithostathine is a protein present in pancreatic secretions and has been studied for its role in urolithi-
asis. Notably, lithostathine has been determined to inhibit calcium carbonate crystal growth effectively.
Its presence regulates the growth of calcium carbonate crystals, which, in the absence of inhibitory
factors such as lithostathine, can serve as a substrate for heterogeneous nucleation. This heterogeneous
nucleation process can promote the formation of CaOx crystals in supersaturated urine, contributing

to the development of kidney stones.

Lithostathine helps protect against the formation of CaOx crystals, which can lead to urolithiasis,

by stopping the growth of calcium carbonate crystals [87, 88].
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Table 1 (continued)
Name of the inhibitor Mechanism

Human urinary trefoil factor

Human urinary trefoil factor, which is made by mucosal epithelial cells, is a potent inhibitor of CaOx

crystal formation. This component, according to research, plays a key role in controlling CaOx crystal
formation and development. As an inhibitor, the urinary trefoil factor is predicted to interfere with CaOx
crystal aggregation and development. Thus, it should help prevent kidney stone formation [89, 90].

Calgranulin

Calgranulin is present in both kidney and human urine. Its effectiveness as a strong inhibitor of COM

crystal growth has been proven [91].

inflammatory cytokines and chemokines. This cycle of
injury and inflammation can promote the growth and
aggregation of stones, contributing to the development
and progression of kidney stone disease [27].

5 Types of urolithiasis
Urinary stones are categorized into five major types.

5.1 Calcium oxalate stones

Calcium oxalate urolithiasis is the most prevalent form
of urinary stone, accounting for roughly 50% of all cases
[36]. Hypercalciuria, a condition often associated with
calcium kidney stones, has an etiology that is still not
fully understood. In order to impede the formation of
CaOx stones, it is advisable to regulate urine chemistry
through controlled modification of sodium, citrate, oxa-
late, uric acid, calcium, and specific gravity levels [37].
By adhering to a straightforward dietary plan that targets
five urinary parameters, patients with idiopathic CaOx
stone formation may reduce their urinary supersatura-
tion. This plan places emphasis primarily on dilute urine
concentration, diminishing crystallization promoters (via
lowering oxalate), and elevating crystallization inhibitors
(through increased citrate). Absorption of intestinal oxa-
late can be reduced through higher fluid intake and cal-
cium consumption during meals [38].

There is evidence that high dietary calcium intake
can expedite kidney stone development, while consum-
ing low-calcium foods alongside oxalate-rich ones may
decrease this risk [39]. Additionally, the development of
uric acid and CaOx stones is substantially correlated with
obesity, unlike stones comprising calcium phosphate or
cystine [40]. The development of renal papillary calci-
fications shows relevance in prognostic ability in CaOx
urolithiasis cases. Further research into these facets is
merited to inform effective preventative strategies against
stone formation [41].

5.2 Calcium phosphate stones

Calcium phosphate stones, a type of urolithiasis stone,
constitute approximately 10-20% of all urinary stones
[36], representing a significant global urological concern.

Recent research has demonstrated that calcium uro-
lithiasis often arises due to renal phosphate leakage and
concomitant phosphaturia. Individuals with abnor-
mally elevated levels of phosphate in their urine (known
as hyperphosphaturia) are at a heightened risk for the
recurrence of these stones [42].

5.3 Uric acid stones

Uric acid stones, a specific type of urolithiasis, comprise
approximately 10% of all instances of urinary calculi.
These radiolucent stones can be efficiently treated using
endoscopic and chemotherapeutic techniques, as well
as surgical interventions such as percutaneous neph-
rolithotomy and extracorporeal shock wave lithotripsy
[43]. The etiology of uric acid urolithiasis is still not fully
understood despite intensive investigation. Hyperurico-
suria, consistently low urine pH, and low urinary volume
are risk factors for the development of these stones. Dis-
eases such as uncontrolled diabetes mellitus, gout, and
leukemia, which cause hyperuricosuria are known to
predispose individuals to uric acid urolithiasis [44]. Addi-
tionally, dietary modifications, including reduced salt
intake and limited consumption of animal protein, have
been demonstrated to be effective in preventing uric acid
stones [45].

5.4 Struvite (magnesium ammonium phosphate) stones

Urinary tract stones known as struvite or magnesium
ammonium phosphate stones can develop in the uri-
nary tract. These stones often occur in individuals with
urinary tract infections caused by bacteria that produce
urease, such as Klebsiella or Proteus [46]. Although not
as common as CaOx stones, this type of urinary stones
constitutes approximately 10-15% of all cases. They are
more prevalent in females and individuals with a history
of recurrent urinary tract infections [47, 48]. Struvite
stones, composed of ammonium, magnesium, and phos-
phate can form when urease produced by bacteria breaks
down urea in the urine, resulting in a rise in pH and the
formation of struvite crystals that can aggregate and form
stones [49]. The prevention of struvite stones involves
treating and preventing Urinary tract infections (UTIs)
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Table 2 Represents kidney stone promoters and their mechanisms
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Name of the promoter

Mechanism

Dehydration

High dietary intake of oxalate

High animal protein dietary intake

Family history of urolithiasis

Hyperparathyroidism

Cystinuria
Hyperuricosuria

Obesity

Low dietary intake of calcium

Metabolic syndrome

Gout

Hyperoxaluria

Chronic diarrhea

Inflammatory bowel disease

List of certain drugs

Vitamin D supplementation

Hyperoxalemia

Urinary tract infection

Chronic kidney disease

Systemic diseases

Dehydration can lead to more concentrated urine, consequently increasing the risk of the devel-
opment of urinary stones.

Urinary stones made of CaOx are composed of oxalate. Eating a diet high in oxalate can increase
the risk of developing these stones. This is because consuming a lot of oxalates can result in more
excreted oxalates in the urine, leading to the formation of CaOx crystals in the urinary tract.

Eating animal protein can lead to higher levels of calcium and uric acid in the urine, which can
increase the risk of developing urinary stones.

Urolithiasis has been recognized to be genetically linked, and those with a family history of the dis-
ease may have a higher probability of developing urinary stones.

Hyperparathyroidism, a condition characterized by excessive secretion of parathyroid hormones,
can lead to an increase in urinary calcium excretion, which can contribute to the formation of uri-
nary stones.

Cystinuria is a genetic disorder that affects the kidneys' capacity to reabsorb cystine, an amino acid,
resulting in the formation of cystine stones.

Hyperuricosuria is a condition characterized by increased levels of uric acid in the urine, which can
significantly increase the risk of developing uric acid stones.

Research has linked obesity to an increase in the amount of calcium passed through the urine,
which can contribute to the creation of urinary stones. Having extra weight and being obese can
cause changes in metabolic processes, including those related to bone and mineral metabolism.

Because oxalate is more easily absorbed in the GIT when there is low dietary calcium intake, this
can increase the risk of stone formation.

Metabolic syndrome refers to a cluster of metabolic disorders, including obesity, insulin resistance,
and dyslipidemia. This complex condition can significantly increase the risk of stone formation
by influencing urinary chemistry and promoting inflammation.

Gout is a type of arthritis that is identified by hyperuricemia, which means that you have elevated
levels of uric acid in your bloodstream. This condition can increase the chances of stone formation
by encouraging the release of uric acid through urine.

Hyperoxaluria is a medical condition where there is an excess amount of oxalate excreted
in the urine, resulting in an increased level of oxalate in the urine. This condition increases the likeli-
hood of the formation of CaOx stones in the urinary tract.

Chronic diarrhea can increase the chances of developing stones in the body due to the poor
absorption of minerals such as calcium. This leads to the discharge of these minerals into the urine
in greater amounts.

Individuals diagnosed with inflammatory bowel disease, such as Crohn’s disease or ulcerative
colitis, may be at increased risk of developing urinary stones due to alterations in urinary chemistry
and a higher risk of dehydration.

Itis pertinent to acknowledge that specific medications, such as diuretics, calcium-containing
antacids, and protease inhibitors, have the potential to modify the chemical composition of urine,
thus increasing the vulnerability to urinary stone formation. It is advisable to be cognizant

of the potential effects of these medications and respond appropriately to mitigate the risks
associated with their use.

High doses of vitamin D can enhance calcium absorption in the GIT and increase calcium excre-
tion in the urine, thus promoting the development of stones.

Hyperoxalemia is a medical condition characterized by elevated levels of oxalate in the blood. This
condition can indeed increase the risk of stone development by encouraging the creation of CaOx
stones in the urinary system.

Urinary tract infections can result in an increased risk of kidney stone formation by affecting urinary
chemistry and potentially aggravating dehydration. UTIs can cause alterations in the composi-

tion of urine, such as changes in pH and the presence of various substances, including bacteria
and white blood cells. These changes can create conditions that promote the crystallization

and aggregation of certain minerals, such as calcium or struvite, in the urinary tract.

Chronic kidney disease (CKD) is associated with an elevated risk of developing kidney stones. This
is due to the alterations in the composition of urine that CKD instigates, which can lead to the for-
mation of crystals that eventually transform into kidney stones. CKD can impede the filtration

and clearance of waste products from the blood, causing substances to accumulate in the urine
and contribute to stone formation. These findings suggest that CKD can serve as a significant risk
factor for kidney stone development, and further research is warranted to better understand this
relationship.

Systemic diseases like diabetes and cardiovascular diseases can affect urinary chemistry
and potentially raise the risk of kidney stone formation.

[58,97]

(98]

[99]

[100,101]

[102,103]

[104]

[105]

[106]

[107,108]

[109]

[17,115,116]

[27,117]
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Table 2 (continued)

Name of the promoter Mechanism Refs.

Inherited disorders Inherited conditions such as Dent disease and distal renal tubular acidosis can modify the urinary ~ [118, 119]
chemistry and increase the likelihood of developing kidney stones.

Age As individuals advance in age, they become increasingly susceptible to urolithiasis, commonly [120, 121]
referred to as kidney stones. This increased risk can be attributed to altered urine composition
and a greater propensity for comorbidities.

Gender Males have urolithiasis more frequently than females, which could be attributed to differences [122-124]
in urinary anatomy and hormonal factors.

Climate Itis plausible that hot and dry climates could elevate the risk of stone formation by promoting [125, 126]
fluid loss through sweating and decreasing urine output.

Sedentary lifestyle A sedentary lifestyle and lack of physical activity may heighten the risk of urolithiasis by reducing [127]
urinary output and altering urinary chemistry.

Surgery or trauma Urinary tract injuries or surgeries can increase the likelihood of developing stones and blockages [128]
due to altered urine composition.

High fructose consumption Studies have shown a correlation between high fructose consumption and an increased risk [129, 130]

of developing stones. This is due to the elevation of urinary excretion levels of uric acid and oxa-

late.

caused by bacteria that produce urease through antibi-
otic treatment and good hygiene practices [50]. Addi-
tionally, maintaining urinary tract health and adequate
fluid intake can also help prevent the formation of stru-
vite stones [51, 52]. Depending on their size and location,
struvite stones require different treatments: small stones
may pass spontaneously, whereas larger stones might
necessitate medical intervention [53].

5.5 Cystine stones

Cystine stones, an uncommon form of kidney stone, form
due to an inherited metabolic disorder called cystinuria.
This disorder leads to an elevated concentration of cys-
tine in the urine, which can crystallize and form stones
in the kidneys, ureters, or bladder [54, 55]. Character-
ized by their yellowish-brown color and hexagonal shape,
they are typically larger and harder than other types of
kidney stones. The prevalence of cystinuria, the underly-
ing cause of cystine stones, is estimated to be around 1
in 7,000 to 1 in 20,000 individuals worldwide. However,
it varies among different ethnic groups, with higher rates
reported in certain populations such as Ashkenazi Jews,
Libyans, and Cypriots [56, 57]. Cystine stones consist of
cystine, an amino acid that contains sulfur. Due to its low
solubility, cystine tends to precipitate and form crystals
in urine, resulting in the formation of cystine stones [58,
59]. The primary prevention of cystine stones involves
managing cystinuria through dietary modifications and
medical interventions, including maintaining a high
fluid intake, adhering to a low-sodium diet, and avoiding
excessive intake of animal protein [60, 61]. Medical ther-
apy for cystinuria involves the use of medications such as

alpha-mercaptopropionylglycine (tiopronin) or D-peni-
cillamine, which help to reduce cystine concentration in
the urine by forming soluble complexes with cystine [62].
Conservative management, pain management, and surgi-
cal intervention may also be necessary for the treatment
of cystine stones [63, 64].

6 Kidney stone formation inhibitors

Significant progress has been made recently in the crea-
tion of inhibitors that target the formation of CaOx
crystals, such as small molecules, peptides, and proteins
[65, 66]. These inhibitors play a crucial part in prevent-
ing the pathological crystallization of CaOx crystals
(Table 1). Notably, growth-inhibiting compounds with
acidic moieties, including carboxylates, phosphates, and
sulfates, have demonstrated remarkable suppression of
calcium oxalate monohydrate (COM) crystal expansion,
attributed to their specific association with Ca®* ions on
crystalline interfaces [65, 67, 68]. Moreover, synthetic
peptides, polymers, and proteins have also exhibited sig-
nificant COM crystal formation inhibition [67, 69]. How-
ever, it is noteworthy that the synthesis of these potent
inhibitors primarily relies on synthetic methods, leading
to substantial expenses and potential regulatory approval
challenges [70, 71].

7 Promoters of increasing urolithiasis

Urolithiasis can emerge due to a diverse range of factors,
involving genetic, environmental, and lifestyle influences.
Some examples of these factors, along with their respec-
tive mechanisms of promoting urolithiasis, are provided
in Table 2.
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8 Conclusion

Urolithiasis presents a significant public health challenge,
necessitating continued research to enhance our under-
standing and treatment of this condition. The patho-
physiology of urolithiasis is a dynamic process involving
a series of events, from supersaturation and nucleation
to crystal aggregation and ultimately stone produc-
tion. Numerous variables, such as the pH of the urine,
crystal promoters and inhibitors, and anatomical vari-
ations, impact this condition. The exploration of poten-
tial inhibitors of calcium oxalate crystal formation shows
promise in revolutionizing urolithiasis prevention strate-
gies. Through a systematic approach that combines vari-
ous modalities, we can effectively manage urolithiasis,
thereby mitigating its impact on global health. The land-
scape of research is evolving, emphasizing the impor-
tance of genetics and molecular pathways, and opening
exciting opportunities for future therapeutic approaches.

Abbreviations

CaOx  Calcium oxalate

COM  Calcium oxalate monohydrate
THP Tamm-Horsfall protein

OPN Osteopontin

GAGs  Glycosaminoglycans

GIT Gastrointestinal tract

UTls Urinary tract infections

CKD Chronic tract infections

Acknowledgements
Not applicable.

Author contributions
E A H. A designed the structure of the paper, drafted the manuscript, per-
formed the literature search, wrote, and revised the manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
The data supporting this study are available from the corresponding author
upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
All authors declare that they have no competing interests.

Author details

'Department of Pharmacology and Toxicology, Faculty of Pharmacy,
Assiut University, Al-Shaheed Major General Ahmed Kamel - Al Qasr Road,
Assiut 71526, Egypt.

Received: 19 October 2023 Accepted: 10 July 2024
Published online: 23 July 2024

Page 9 of 12

References
1. Singh KB, Sailo S (2013) Understanding epidemiology and etiologic
factors of urolithiasis: an overview. Sci Vis 13:169-174
2. Sellaturay S, Fry C (2008) The metabolic basis for urolithiasis. Surgery
26:136-40. https://doi.org/10.1016/j.mpsur.2008.03.002
3. Lopez M, Hoppe B (2010) History, epidemiology and regional diversities
of urolithiasis. Pediatr Nephrol 25:49-59
4. Ramello A, Vitale C, Marangella M (2000) Epidemiology of nephrolithi-
asis. J Nephrol 13(Suppl 3):545-50
5. Elshal AM, Shamshoun H, Awadalla A, Elbaz R, Ahmed AE, El-khawaga
QY et al (2023) Hormonal and molecular characterization of calcium
oxalate stone formers predicting occurrence and recurrence. Urolithi-
asis 51:76. https://doi.org/10.1007/500240-023-01440-8
6. Garcfa-Perdomo HA, Solarte PB, Espafa PP (2016) Pathophysiol-
ogy associated with forming urinary stones. Urologia Colombiana
25:118-125. https://doi.org/10.1016/j.uroco.2015.12.013
7. Wigner P, Bijak M, Saluk-Bijak J (2022) Probiotics in the prevention of the
calcium oxalate urolithiasis. Cells 11:284. https://doi.org/10.3390/cells
11020284
8. LangJ, Narendrula A, EI-Zawahry A, Sindhwani P, Ekwenna O (2022)
Global trends in incidence and burden of urolithiasis from 1990 to
2019: an analysis of global burden of disease study data. Eur Urol Open
Sci 35:37-46. https://doi.org/10.1016/j.euros.2021.10.008
9. Antonelli JA, Maalouf NM, Pearle MS, Lotan Y (2014) Use of the National
Health and Nutrition Examination Survey to calculate the impact of
obesity and diabetes on cost and prevalence of urolithiasis in 2030. Eur
Urol 66:724-729. https://doi.org/10.1016/j.eururo.2014.06.036
10. KantR, Singh TG, Singh S (2020) Mechanistic approach to herbal formu-
lations used for urolithiasis treatment. Obes Med 19:100266. https://doi.
0rg/10.1016/j.o0bmed.2020.100266
11. Bastug F, Dustnsel R (2012) Pediatric urolithiasis: causative factors,
diagnosis and medical management. Nat Rev Urol 9:138-146. https://
doi.org/10.1038/nrurol.2012.4
12. Fisang C, Anding R, Mdiller SC, Latz S, Laube N (2015) Urolithiasis—an
interdisciplinary diagnostic, therapeutic and secondary preventive
challenge. Dtsch Arztebl Int 112:83-91. https://doi.org/10.3238/arztebl.
2015.0083
13. Ahmed A, Rizvi N, Riaz MM, Ali SA, Asif M (2023) Can Silodosin Be
considered a superior substitute for Tamsulosin in medical expulsion
therapy for patients with lower ureteral calculi. Pak J Med Health Sci
17:423
14. Saljoughian M (2020) The management of urolithiasis. US Pharm
45:34-36
15. YasuiT, Okada A, Hamamoto S, Ando R, Taguchi K, Tozawa K et al (2017)
Pathophysiology-based treatment of urolithiasis. Int J Urol 24:32-38
16. Chung HJ (2014) The role of Randall plagues on kidney stone forma-
tion. Transl Androl Urol 3:251-254. https://doi.org/10.3978/j.issn.2223-
4683.2014.07.03
17. Khan SR, Canales BK, Dominguez-Gutierrez PR (2021) Randall’s
plaque and calcium oxalate stone formation: role for immunity and
inflammation. Nat Rev Nephrol 17:417-433. https://doi.org/10.1038/
541581-020-00392-1
18. Alelign T, Petros B (2018) Kidney stone disease: an update on current
concepts. Adv Urol 2018:3068365. https://doi.org/10.1155/2018/30683
65
19. Siener R, Hesse A (2003) Fluid intake and epidemiology of urolithiasis.
Eur J Clin Nutr 57(Suppl 2):547-51. https://doi.org/10.1038/sj.ejcn.16019
01
20. Sohgaura A, Bigoniya P (2017) A review on epidemiology and etiology
of renal stone. Am J Drug Discov Dev 7:54-62
21. Emmett M, Kelepouris E (2015) Overview and pathophysiology of renal
tubular acidosis and the effect on potassium balance. UpToDate. last
updated: Jun 30. Accessed 23 Sept 2016
22. YasuiT, Okada A, Hamamoto S, Ando R, Taguchi K, Tozawa K et al (2017)
Pathophysiology-based treatment of urolithiasis. Int J Urol 24:32-38.
https://doi.org/10.1111/iju.13187
23. Wang Z, Zhang Y, Zhang J, Deng Q, Liang H (2021) Recent advances
on the mechanisms of kidney stone formation (Review). Int J Mol Med.
https://doi.org/10.3892/ijmm.2021.4982


https://doi.org/10.1016/j.mpsur.2008.03.002
https://doi.org/10.1007/s00240-023-01440-8
https://doi.org/10.1016/j.uroco.2015.12.013
https://doi.org/10.3390/cells11020284
https://doi.org/10.3390/cells11020284
https://doi.org/10.1016/j.euros.2021.10.008
https://doi.org/10.1016/j.eururo.2014.06.036
https://doi.org/10.1016/j.obmed.2020.100266
https://doi.org/10.1016/j.obmed.2020.100266
https://doi.org/10.1038/nrurol.2012.4
https://doi.org/10.1038/nrurol.2012.4
https://doi.org/10.3238/arztebl.2015.0083
https://doi.org/10.3238/arztebl.2015.0083
https://doi.org/10.3978/j.issn.2223-4683.2014.07.03
https://doi.org/10.3978/j.issn.2223-4683.2014.07.03
https://doi.org/10.1038/s41581-020-00392-1
https://doi.org/10.1038/s41581-020-00392-1
https://doi.org/10.1155/2018/3068365
https://doi.org/10.1155/2018/3068365
https://doi.org/10.1038/sj.ejcn.1601901
https://doi.org/10.1038/sj.ejcn.1601901
https://doi.org/10.1111/iju.13187
https://doi.org/10.3892/ijmm.2021.4982

Allam African Journal of Urology

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

(2024) 30:34

Turk C, Petfik A, Sarica K, Seitz C, Skolarikos A, Straub M et al (2016)

EAU guidelines on interventional treatment for urolithiasis. Eur Urol
69:475-482. https://doi.org/10.1016/j.eururo.2015.07.041

Preminger GM, Tiselius H-G, Assimos G, Alken P, Buck C, Gallucci M,

et al. (2007) 2007 guideline for the management of ureteral calculi. The
Journal of urology 178:2418-34.

Ratkalkar VN, Kleinman JG (2011) Mechanisms of stone formation.

Clin Rev Bone Miner Metab 9:187-197. https://doi.org/10.1007/
$12018-011-9104-8

Wang Z, Zhang Y, Zhang J, Deng Q, Liang H (2021) Recent advances
on the mechanisms of kidney stone formation (Review). Int J Mol Med.
https://doi.org/10.3892/ijmm.2021.4982

Alelign T, Petros B (2018) Kidney stone disease: an update on current
concepts. Adv Urol 2018:1-12. https://doi.org/10.1155/2018/3068365
Schwaderer AL, Wolfe AJ (2017) The association between bacteria and

urinary stones. Ann Transl Med 5:32. https://doi.org/10.21037/atm.2016.

11.73

Olszta MJ, Odom DJ, Douglas EP, Gower LB (2003) A new paradigm for
biomineral formation: mineralization via an amorphous liquid-phase
precursor. Connect Tissue Res 44(Suppl 1):326-334

Ratkalkar VN, Kleinman JG (2011) Mechanisms of stone formation.

Clin Rev Bone Miner Metab 9:187-197. https://doi.org/10.1007/
$12018-011-9104-8

Evan AP, Coe FL, Lingeman JE, Shao Y, Sommer AJ, Bledsoe SB et al
(2007) Mechanism of formation of human calcium oxalate renal
stones on Randal I's plaque. Anat Rec Adv Integr Anat Evolut Biol
290:1315-1323

Rimer JD, An Z, Zhu Z, Lee MH, Goldfarb DS, Wesson JA et al (2010)
Crystal growth inhibitors for the prevention of |-cystine kidney stones
through molecular design. Science 330:337-341. https://doi.org/10.
1126/science.1191968

Khan SR (2006) Renal tubular damage/dysfunction: key to the forma-
tion of kidney stones. Urol Res 34:86-91. https://doi.org/10.1007/
500240-005-0016-2

Trinchieri A (2008) Epidemiology of urolithiasis: an update. Clin Cases
Miner Bone Metab 5:101

McQuiston LT, Caldamone AA (2012) Chapter 114 - renal infection,
abscess, vesicoureteral reflux, urinary lithiasis, and renal vein thrombo-
sis. In: Coran AG (ed) Pediatric surgery, 7th edn. Mosby, Philadelphia, pp
1427-1440

Finkielstein VA, Goldfarb DS (2006) Strategies for preventing calcium
oxalate stones. CMAJ 174:1407-1409

Sromicki J, Hess B (2020) Simple dietary advice targeting five urinary
parameters reduces urinary supersaturation in idiopathic calcium
oxalate stone formers. Urolithiasis 48:425-433. https://doi.org/10.1007/
500240-020-01194-7

Gopala SK, Joe J (2021) Effect of calcium content of diet on crystal
formation in urine of patients with calcium oxalate stones: a rand-
omized crossover clinical tri al. Afr J Urol. https://doi.org/10.1186/
$12301-021-00222-1

Jeong JY, Doo SW, Yang WJ, Lee KW, Kim JM (2011) Differences in
urinary stone composition according to body habitus. Korean J Urol
52:622-625. https://doi.org/10.4111/kju.2011.52.9.622

Strohmaier WL (2016) Recent advances in understanding and manag-
ing urolithiasis. F1000Res 5:2651. https://doi.org/10.12688/f1000resea
rch.9570.1

Ha YS, Tchey DU, Kang HW, Kim YJ, Yun SJ, Lee SC et al (2010) Phospha-
turia as a promising predictor of recurrent stone formation in patients
with urolithiasis. Korean J Urol 51:54-59. https://doi.org/10.4111/kju.
2010.51.1.54

Ghosh CK, Roy S, Sarkar P, Singh A (2020) Surgical management of
urolithiasis in a male labrador: a case report. Indian J Vet Sci Biotechnol
16:77-79

Abou-Elela A (2017) Epidemiology, pathophysiology, and management
of uric acid urolithiasis: a narrative review. J Adv Res 8:513-527. https://
doi.org/10.1016/jjare.2017.04.005

Dai JC, Pearle MS (2022) Diet and stone disease in 2022. J Clin Med
11:4740. https://doi.org/10.3390/jcm 11164740

Peerapen P, Thongboonkerd V (2023) Kidney stone prevention. Adv
Nutr 14:555-69. https://doi.org/10.1016/j.advnut.2023.03.002

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Page 10 of 12

Scales CD, Smith AC, Hanley JM, Saigal CS (2012) Prevalence of kidney
stones in the United States. Eur Urol 62:160-5. https://doi.org/10.1016/j.
eururo.2012.03.052

Trinchieri A (2008) Epidemiology of urolithiasis: an update. Clin Cases
Miner Bone Metab 5:101-106

Espinosa-Ortiz EJ, Eisner BH, Lange D, Gerlach R (2019) Current insights
into the mechanisms and management of infection stones. Nat Rev
Urol 16:35-53. https://doi.org/10.1038/541585-018-0120-z

Flannigan R, Choy WH, Chew B, Lange D (2014) Renal struvite stones—
pathogenesis, microbiology, and management strategies. Nat Rev Urol
11:333-341. https://doi.org/10.1038/nrurol.2014.99

Felizio J, Atmoko W (2022) Medical management of kidney stones: a
review. Bali Med J 11:127-36. https://doi.org/10.15562/bmj.v11i1.3343
Frassetto L, Kohlstadt | (2011) Treatment and prevention of kidney
stones: an update. Am Fam Phys 84:1234-1242

Preminger GM, Curhan GC, O'Leary MP (2021) Kidney stones in adults:
struvite (infection) stones. UpToDate Lam AQ (ed): Wolters Kluwer,
Philadelphia, PA.

Assimos D, Krambeck A, Miller NL, Monga M, Murad H, Nelson CP et al
(2016) Surgical management of stones: American urological associa-
tion/endouro logical society guideline, PART I. J Urol 196:1153-1160
Shen L, Cong X, Zhang X, Wang N, Zhou P, Xu Y et al (2017) Clinical and
genetic characterization of Chinese pediatric cystine stone patients. J
Pediatr Urol 13:629. https://doi.org/10.1016/j.jpurol.2017.05.021

Moore MJ, Rathish B, Zahra FM StatPearls Publishing: Treasure Island. FL,
USA.

Eggermann T, Venghaus A, Zerres K (2012) Cystinuria: an inborn cause
of urolithiasis. Orphanet J Rare Dis 7:19. https://doi.org/10.1186/
1750-1172-7-19

Servais A, Thomas K, Dello Strologo L, Sayer JA, Bekri S, Bertholet-
Thomas A et al (2021) Cystinuria: clinical practice recommendation.
Kidney Int 99:48-58. https://doi.org/10.1016/j.kint.2020.06.035

Ucmak H, Sonmez MG, Guven S (2023) Case-based review of dietary
management of cystinuria. World J Urol 41:1215-1220. https://doi.org/
10.1007/500345-022-04263-1

Heilberg IP, Goldfarb DS (2013) Optimum nutrition for kidney stone
disease. Adv Chronic Kidney Dis 20:165-174. https://doi.org/10.1053/j.
ackd.2012.12.001

Sadig S, Cil O (2022) Cystinuria: an overview of diagnosis and medical
management. Turk Arch Pediatr 57:377-384. https://doi.org/10.5152/
TurkArchPediatr.2022.22105

Moussa M, Papatsoris AG, Abou Chakra M, Moussa Y (2020) Update on
cystine stones: current and future concepts in treatment. Intractable
Rare Dis Res 9:71-78. https://doi.org/10.5582/irdr.2020.03006

Fattah H, Hambaroush Y, Goldfarb DS (2014) Cystine nephrolithiasis.
Transl Androl Urol 3:228-233. https://doi.org/10.3978/j.issn.2223-4683.
2014.07.04

Sas DJ, Hulsey TC, Shatat IF, Orak JK (2010) Increasing incidence of
kidney stones in children evaluated in the emergency department. J
Pediatr 157:132-137

Alamani BG, Rimer JD (2017) Molecular modifiers of kidney stones. Curr
Opin Nephrol Hypertens 26:256-265. https://doi.org/10.1097/mnh.
0000000000000330

Qiu SR, Orme CA (2008) Dynamics of biomineral formation at the near-
molecular level. Chem Rev 108:4784-4822. https://doi.org/10.1021/
cr800322u

Ramamoorthy S, Kwak JH, Karande P, Farmanesh S, Rimer JD (2016)

A high-throughput assay for screening modifiers of calcium oxalate
crystallization. AIChE J 62:3538-46. https://doi.org/10.1002/aic.15390
Qiu SR, Wierzbicki A, Orme CA, Cody AM, Hoyer JR, Nancollas GH et al
(2004) Molecular modulation of calcium oxalate crystallization by
osteopontin and citrate. Proc Natl Acad Sci USA 101:1811-1815. https://
doi.org/10.1073/pnas.0307900100

Sheng X, Ward MD, Wesson JA (2003) Adhesion between molecules
and calcium oxalate crystals: critical interactions in kidney stone forma-
tion.J Am Chem Soc 125:2854-2855. https://doi.org/10.1021/ja029
575h

Al-WarhiTl, Al-Hazimi HMA, EI-Faham A (2012) Recent development in
peptide coupling reagents. J Saudi Chem Soc 16:97-116. https://doi.
0rg/10.1016/j,js¢s.2010.12.006


https://doi.org/10.1016/j.eururo.2015.07.041
https://doi.org/10.1007/s12018-011-9104-8
https://doi.org/10.1007/s12018-011-9104-8
https://doi.org/10.3892/ijmm.2021.4982
https://doi.org/10.1155/2018/3068365
https://doi.org/10.21037/atm.2016.11.73
https://doi.org/10.21037/atm.2016.11.73
https://doi.org/10.1007/s12018-011-9104-8
https://doi.org/10.1007/s12018-011-9104-8
https://doi.org/10.1126/science.1191968
https://doi.org/10.1126/science.1191968
https://doi.org/10.1007/s00240-005-0016-2
https://doi.org/10.1007/s00240-005-0016-2
https://doi.org/10.1007/s00240-020-01194-7
https://doi.org/10.1007/s00240-020-01194-7
https://doi.org/10.1186/s12301-021-00222-1
https://doi.org/10.1186/s12301-021-00222-1
https://doi.org/10.4111/kju.2011.52.9.622
https://doi.org/10.12688/f1000research.9570.1
https://doi.org/10.12688/f1000research.9570.1
https://doi.org/10.4111/kju.2010.51.1.54
https://doi.org/10.4111/kju.2010.51.1.54
https://doi.org/10.1016/j.jare.2017.04.005
https://doi.org/10.1016/j.jare.2017.04.005
https://doi.org/10.3390/jcm11164740
https://doi.org/10.1016/j.advnut.2023.03.002
https://doi.org/10.1016/j.eururo.2012.03.052
https://doi.org/10.1016/j.eururo.2012.03.052
https://doi.org/10.1038/s41585-018-0120-z
https://doi.org/10.1038/nrurol.2014.99
https://doi.org/10.15562/bmj.v11i1.3343
https://doi.org/10.1016/j.jpurol.2017.05.021
https://doi.org/10.1186/1750-1172-7-19
https://doi.org/10.1186/1750-1172-7-19
https://doi.org/10.1016/j.kint.2020.06.035
https://doi.org/10.1007/s00345-022-04263-1
https://doi.org/10.1007/s00345-022-04263-1
https://doi.org/10.1053/j.ackd.2012.12.001
https://doi.org/10.1053/j.ackd.2012.12.001
https://doi.org/10.5152/TurkArchPediatr.2022.22105
https://doi.org/10.5152/TurkArchPediatr.2022.22105
https://doi.org/10.5582/irdr.2020.03006
https://doi.org/10.3978/j.issn.2223-4683.2014.07.04
https://doi.org/10.3978/j.issn.2223-4683.2014.07.04
https://doi.org/10.1097/mnh.0000000000000330
https://doi.org/10.1097/mnh.0000000000000330
https://doi.org/10.1021/cr800322u
https://doi.org/10.1021/cr800322u
https://doi.org/10.1002/aic.15390
https://doi.org/10.1073/pnas.0307900100
https://doi.org/10.1073/pnas.0307900100
https://doi.org/10.1021/ja029575h
https://doi.org/10.1021/ja029575h
https://doi.org/10.1016/j.jscs.2010.12.006
https://doi.org/10.1016/j.jscs.2010.12.006

Allam African Journal of Urology

71

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

(2024) 30:34

Pedersen SL, Jensen KJ (2013) Instruments for automated peptide
synthesis. Methods Mol Biol 1047:215-224. https://doi.org/10.1007/
978-1-62703-544-6_15

Hess B, Jordi S, Zipperle L, Ettinger E, Giovanoli R (2000) Citrate deter-
mines calcium oxalate crystallization kinetics and crystal morphology—
studies in the presence of Tamm-Horsfall protein of a healthy subject
and a severely recurrent calcium stone former. Nephrol Dial Transplant
15:366-374. https://doi.org/10.1093/ndt/15.3.366

Wiegand A, Fischer G, Seeger H, Fuster D, Dhayat N, Bonny O et al
(2020) Impact of potassium citrate on urinary risk profile, glucose and
lipid metabolism of kidney stone formers in Switzerland. Clin Kidney J
13:1037-1048. https://doi.org/10.1093/ckj/sfz098

Liebman M, Costa G (2000) Effects of calcium and magnesium on
urinary oxalate excretion after ox alate loads. J Urol. https://doi.org/10.
1097/00005392-200005000-00052

Blancquaert L, Vervaet C, Derave W (2019) Predicting and testing bio-
availability of magnesium supplements. Nutrients. https://doi.org/10.
3390/nu11071663

Basavaraj DR, Biyani CS, Browning AJ, Cartledge JJ (2007) The role of
urinary kidney stone inhibitors and promoters in the patho genesis of
calcium containing renal stones. EAU-EBU Update Ser 5:126-136
Okuyama M, Yamaguchi S, Yachiku S (2003) Identification of bikunin
isolated from human urine inhibits calcium o xalate crystal growth and
its localization in the kidneys. Int J Urol 10:530-535. https://doi.org/10.
1046/).1442-2042.2003.00677 x

Al-Wahsh IA, Horner HT, Palmer RG, Reddy MB, Massey LK (2005)
Oxalate and phytate of soy foods. J Agric Food Chem 53:5670-5674.
https://doi.org/10.1021/jf0506378

He FJ, MacGregor GA (2008) Beneficial effects of potassium on human
health. Physiol Plant 133:725-35. https://doi.org/10.1111/j.1399-3054.
2007.01033.x

Ea HK, Lioté F (2014) Diagnosis and clinical manifestations of calcium
pyrophosphate and basic calcium phosphate crystal deposition dis-
eases. Rheum Dis Clin North Am 40:207-229. https://doi.org/10.1016/].
rdc.2014.01.011

Taller A, Grohe B, Rogers KA, Goldberg HA, Hunter GK (2007) Specific
adsorption of osteopontin and synthetic polypeptides to calcium
oxalate monohydrate crystals. Biophys J 93:1768-1777. https://doi.org/
10.1529/biophysj.106.101881

Webber D, Rodgers AL, Sturrock ED (2002) Synergism between urinary
prothrombin fragment 1 and urine: a comparison of inhibitory activities
in stone-prone and stone-free population groups. Clin Chem Lab Med.
https://doi.org/10.1515/CCLM.2002.163

Borris LC, Breindahl M, Lassen MR, Pap AF (2011) Urinary prothrombin
fragment 1+2 in relation to development of non-symptomatic and
symptomatic venous thromboembolic events following total knee
replacement. Thrombosis 2011:150750. https://doi.org/10.1155/2011/
150750

Chaiyarit S, Thongboonkerd V (2017) Defining and systematic analyses
of aggregation indices to evaluate degree of calcium oxalate crystal
aggregation. Front Chem 5:113-21

Makbul SAA, Jahan N, Kalam MA (2019) Bio-active compounds from
unani medicinal plants and their application in urolithiasis. In: Swamy
MK, Akhtar MS (eds) Natural bio-active compounds: volume 2: chem-
istry, pharmacology and health care practices. Springer Singapore,
Singapore, pp 369-407

Casale J, Crane JS (2023) Biochemistry, glycosaminoglycans. StatPearls
Publishing Copyright © 2023, Treasure Island

Lee B-l, Mustafi D, Cho W, Nakagawa Y (2003) Characterization of cal-
cium binding properties of lithostathine. J Biol Inorg Chem 8:341-347.
https://doi.org/10.1007/500775-002-0421-8

Basavaraj DR, Biyani CS, Browning AJ, Cartledge JJ (2007) The role of
urinary kidney stone inhibitors and promoters in the pathogenesis of
calcium containing renal stones. EAU-EBU Update Ser 5:126-36. https://
doi.org/10.1016/j.eeus.2007.03.002

Chutipongtanate S, Nakagawa Y, Sritippayawan S, Pittayamateekul J,
Parichatikanond P, Westley BR et al (2005) Identification of human uri-
nary trefoil factor 1 as a novel calcium ox alate crystal growth inhibitor.
J Clin Investig 115:3613-3622. https://doi.org/10.1172/JCI25342
Thongboonkerd V, Chutipongtanate S, Semangoen T, Malasit P (2008)
Urinary trefoil factor 1 is a novel potent inhibitor of calcium oxalate

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

102.

104.

105.

106.

12,

113.

114.

Page 11 of 12

crystal growth and aggregation. J Urol 179:1615-9. https://doi.org/10.
1016/jjuro.2007.11.041

Canales BK, Anderson L, Higgins L, Ensrud-Bowlin K, Roberts KP, Wu

B et al (2010) Proteome of human calcium kidney stones. Urology
76:1017. https://doi.org/10.1016/j.urology.2010.05.005

Travers S, Prot-Bertoye C, Daudon M, Courbebaisse M, Baron S (2023)
How to monitor hydration status and urine dilution in patients with
nephrolithiasis. Nutrients 15:1642. https://doi.org/10.3390/nu15071642
Nawaz N, Tahir H, Tamiz H, Basharat S, Hassan M, Aamir M (2020) Associ-
ation between Dietary Practices and Calcium Oxalate Stone Format ion
in Urinary Tract among the Patients of Urolithiasis. East African Scholars
J Med Sci 3:338-45. https://doi.org/10.36349/EASMS.2020.v03i08.008
Tracy CR, Best S, Bagrodia A, Poindexter JR, Adams-Huet B, Sakhaee K
et al (2014) Animal protein and the risk of kidney stones: a comparative
metabolic study of animal protein sources. J Urol 192:137-141. https://
doi.org/10.1016/},jur0.2014.01.093

Howles SA, Thakker RV (2020) Genetics of kidney stone disease. Nat Rev
Urol 17:407-421. https://doi.org/10.1038/541585-020-0332-x
Vestergaard P (2015) Primary hyperparathyroidism and nephrolithiasis.
Ann Endocrinol (Paris) 76:116-119. https://doi.org/10.1016/j.and0.2015.
03.002

Sahota A, Tischfield JA, Goldfarb DS, Ward MD, Hu L (2019) Cystinuria:
genetic aspects, mouse models, and a new approach to therapy. Uro-
lithiasis 47:57-66. https://doi.org/10.1007/500240-018-1101-7

Mehta TH, Goldfarb DS (2012) Uric acid stones and hyperuricosuria. Adv
Chronic Kidney Dis 19:413-418. https://doi.org/10.1053/j.ackd.2012.07.
014

Poore W, Boyd CJ, Singh NP, Wood K, Gower B, Assimos DG (2020)
obesity and its impact on kidney stone formation. Rev Urol 22:17-23
Bargagli M, Tio MC, Waikar SS, Ferraro PM (2020) Dietary oxalate intake
and kidney outcomes. Nutrients 12(9):2673-87

Grieff M, Bushinsky DA (2013) Nutritional Prevention and Treatment

of Kidney Stones. Nutritional Management of Renal Disease 699-709.
https://doi.org/10.1016/b978-0-12-391934-2.00042-4.

Goldfarb DS, Arowojolu O (2013) Metabolic evaluation of first-time and
recurrent stone formers. Urol Clin North Am 40:13-20. https://doi.org/
10.1016/j.ucl.2012.09.007

Soligo M, Morlacco A, Zattoni F, Valotto C, Beltrami P (2022) Metabolic
syndrome and stone disease. Panminerva Med 64:344-58. https://doi.
0rg/10.23736/50031-0808.21.04517-1

Ferraro PM, Curhan GC (2017) Serum uric acid and risk of kidney stones.
Am J Kidney Dis 70:158-159. https://doi.org/10.1053/j.ajkd.2017.05.004
Agrawal V (2017) Chapter 40 - Enteric hyperoxaluria, calcium oxalate
nephrolithiasis, and oxalate nephropathy after roux-en-y gastric bypass.
In: Rajendram R, Martin CR, Preedy VR (eds) Metabolism and pathophys-
jology of bariatric surgery. Academic Press, Boston, pp 361-370

Asplin JR. CHAPTER 18 - Nephrolithiasis. In: Lerma EV, Nissenson AR,
editors. Nephrology Secrets (Third Edition). Saint Louis: Mosby; 2012. p.
123-30. https://doi.org/10.1016/B978-1-4160-3362-2.00027-0

Cirillo M, ludici M, Marcarelli F, Laudato M, Zincone F (2008) Nephrolithi-
asis in patients with intestinal diseases. G Ital Nefrol 25:42-48

Lin E, Xu J, Liu M, Nazzal L, Katz S (2020) Enteric hyperoxaluria and
kidney stone management in inflammatory bowel disease. Curr

Treat Options Gastroenterol 18:384-393. https://doi.org/10.1007/
$11938-020-00295-x

Daudon M, Frochot V, Bazin D, Jungers P (2018) Drug-induced kidney
stones and crystalline nephropathy: pathophysiology, preven-

tion and treatment. Drugs 78:163-201. https://doi.org/10.1007/
s40265-017-0853-7

Letavernier E, Daudon M (2018) Vitamin D, hypercalciuria and kidney
stones. Nutrients. https://doi.org/10.3390/nu10030366

Schulster ML, Goldfarb DS (2020) Vitamin D and kidney stones. Urology
139:1-7. https://doi.org/10.1016/j.urology.2020.01.030

Demoulin N, Aydin S, Gillion V, Morelle J, Jadoul M (2022) Pathophysiol-
ogy and management of hyperoxaluria and oxalate nephropathy: a
review. Am J Kidney Dis 79:717-727

Bichler KH, Eipper E, Naber K, Braun V, Zimmermann R, Lahme S (2002)
Urinary infection stones. Int J Antimicrob Agents 19:488-498. https://
doi.org/10.1016/50924-8579(02)00088-2

Brain E, Geraghty RM, Cook P, Roderick P, Somani B (2021) Risk of UTl in
kidney stone formers: a matched-cohort study over a median follow-up


https://doi.org/10.1007/978-1-62703-544-6_15
https://doi.org/10.1007/978-1-62703-544-6_15
https://doi.org/10.1093/ndt/15.3.366
https://doi.org/10.1093/ckj/sfz098
https://doi.org/10.1097/00005392-200005000-00052
https://doi.org/10.1097/00005392-200005000-00052
https://doi.org/10.3390/nu11071663
https://doi.org/10.3390/nu11071663
https://doi.org/10.1046/j.1442-2042.2003.00677.x
https://doi.org/10.1046/j.1442-2042.2003.00677.x
https://doi.org/10.1021/jf0506378
https://doi.org/10.1111/j.1399-3054.2007.01033.x
https://doi.org/10.1111/j.1399-3054.2007.01033.x
https://doi.org/10.1016/j.rdc.2014.01.011
https://doi.org/10.1016/j.rdc.2014.01.011
https://doi.org/10.1529/biophysj.106.101881
https://doi.org/10.1529/biophysj.106.101881
https://doi.org/10.1515/CCLM.2002.163
https://doi.org/10.1155/2011/150750
https://doi.org/10.1155/2011/150750
https://doi.org/10.1007/s00775-002-0421-8
https://doi.org/10.1016/j.eeus.2007.03.002
https://doi.org/10.1016/j.eeus.2007.03.002
https://doi.org/10.1172/JCI25342
https://doi.org/10.1016/j.juro.2007.11.041
https://doi.org/10.1016/j.juro.2007.11.041
https://doi.org/10.1016/j.urology.2010.05.005
https://doi.org/10.3390/nu15071642
https://doi.org/10.36349/EASMS.2020.v03i08.008
https://doi.org/10.1016/j.juro.2014.01.093
https://doi.org/10.1016/j.juro.2014.01.093
https://doi.org/10.1038/s41585-020-0332-x
https://doi.org/10.1016/j.ando.2015.03.002
https://doi.org/10.1016/j.ando.2015.03.002
https://doi.org/10.1007/s00240-018-1101-7
https://doi.org/10.1053/j.ackd.2012.07.014
https://doi.org/10.1053/j.ackd.2012.07.014
https://doi.org/10.1016/b978-0-12-391934-2.00042-4
https://doi.org/10.1016/j.ucl.2012.09.007
https://doi.org/10.1016/j.ucl.2012.09.007
https://doi.org/10.23736/s0031-0808.21.04517-1
https://doi.org/10.23736/s0031-0808.21.04517-1
https://doi.org/10.1053/j.ajkd.2017.05.004
https://doi.org/10.1016/B978-1-4160-3362-2.00027-0
https://doi.org/10.1007/s11938-020-00295-x
https://doi.org/10.1007/s11938-020-00295-x
https://doi.org/10.1007/s40265-017-0853-7
https://doi.org/10.1007/s40265-017-0853-7
https://doi.org/10.3390/nu10030366
https://doi.org/10.1016/j.urology.2020.01.030
https://doi.org/10.1016/s0924-8579(02)00088-2
https://doi.org/10.1016/s0924-8579(02)00088-2

Allam African Journal of Urology (2024) 30:34

115.

116.

117.

118.

119.

120.

123.

124.

125.

126.

127.

128.

129.

130.

of 19 years. World J Urol 39:3095-3101. https://doi.org/10.1007/
500345-020-03564-7

Thongboonkerd V, Yasui T, Khan SR (2021) Editorial: immunity and
inflammatory response in kidney stone disease. Front Immunol. https://
doi.org/10.3389/fimmu.2021.795559

Singh P, Harris PC, Sas DJ, Lieske JC (2022) The genetics of kidney stone
disease and nephrocalcinosis. Nat Rev Nephrol 18:224-240. https://doi.
0rg/10.1038/s41581-021-00513-4

Khan SR (2012) Is oxidative stress, a link between nephrolithiasis and
obesity, hypertension, diabetes, chronic kidney disease, metabolic syn-
drome? Urol Res 40:95-112. https://doi.org/10.1007/500240-011-0448-9
Edvardsson VO, Goldfarb DS, Lieske JC, Beara-Lasic L, Anglani F, Milliner
DS et al (2013) Hereditary causes of kidney stones and chronic kidney
disease. Pediatr Nephrol 28:1923-1942. https://doi.org/10.1007/
s00467-012-2329-z

Wagner CA, Unwin R, Lopez-Garcia SC, Kleta R, Bockenhauer D, Walsh

S (2023) The pathophysiology of distal renal tubular acidosis. Nat Rev
Nephrol 19:384-400. https://doi.org/10.1038/541581-023-00699-9
Bartoletti R, Cai T, Mondaini N, Melone F, Travaglini F, Carini M et al
(2007) Epidemiology and risk factors in urolithiasis. Urol Int 79(Suppl
1):3-7. https://doi.org/10.1159/000104434

Kieran K, Giel DW, Morris BJ, Wan JY, Tidwell CD, Giem A et al (2010)
Pediatric urolithiasis—does body mass index influence stone presentat
jon and treatment? J Urol 184:1810-1815. https://doi.org/10.1016/jjuro.
2010.03.111

Baatiah NY, Alhazmi RB, Albathi FA, Albogami EG, Mohammedkhalil

AK, Alsaywid BS (2020) Urolithiasis: Prevalence, risk factors, and public
awareness regarding dietary and lifestyle habits in Jeddah, Saudi Arabia
in 2017. Urol Ann 12:57-62

Ferraro PM, Taylor EN, Curhan GC (2023) Factors associated with

sex differences in the risk of kidney stones. Nephrol Dial Transplant
38:177-183. https://doi.org/10.1093/ndt/gfac037

Thakore P, Liang TH (2023) Urolithiasis. StatPearls Publishing Copyright
© 2023, Treasure Island (FL)

Nephrolithiasis HH (2020). In: Burrowes JD, Kovesdy CP, Byham-Gray

LD (eds) Nutrition in kidney disease. Springer International Publishing,
Cham, pp 471-506

Kaufman J, Vicedo-Cabrera AM, Tam V, Song L, Coffel E, Tasian G (2022)
The impact of heat on kidney stone presentations in South Carolina
under two climate change scenarios. Sci Rep 12:369. https://doi.org/10.
1038/541598-021-04251-2

LiuY, Chen', Liao B, Luo D, Wang K, Li H et al (2018) Epidemiology of
urolithiasis in Asia. Asian J Urol 5:205-214. https://doi.org/10.1016/j.ajur.
2018.08.007

Canales BK, Hatch M (2014) Kidney stone incidence and metabolic uri-
nary changes after modern bariatric surgery: review of clinical studies,
experimental models, and prevention strategies. Surg Obes Relat Dis
10:734-742. https://doi.org/10.1016/j.s0ard.2014.03.026

Johnson R, Perez-Pozo S, Lillo J, Grases F, Schold J, Kuwabara M et al
(2018) Fructose increases risk for kidney stones: potential role in meta-
bolic syndrome and heat stress. BMC Nephrol. https://doi.org/10.1186/
$12882-018-1105-0

Johnson RJ, Perez-Pozo SE, Lillo JL, Grases F, Schold JD, Kuwabara M

et al (2018) Fructose increases risk for kidney stones: potential role in
metabolic syndrome and heat stress. BMC Nephrol 19:315. https://doi.
0rg/10.1186/512882-018-1105-0

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12


https://doi.org/10.1007/s00345-020-03564-7
https://doi.org/10.1007/s00345-020-03564-7
https://doi.org/10.3389/fimmu.2021.795559
https://doi.org/10.3389/fimmu.2021.795559
https://doi.org/10.1038/s41581-021-00513-4
https://doi.org/10.1038/s41581-021-00513-4
https://doi.org/10.1007/s00240-011-0448-9
https://doi.org/10.1007/s00467-012-2329-z
https://doi.org/10.1007/s00467-012-2329-z
https://doi.org/10.1038/s41581-023-00699-9
https://doi.org/10.1159/000104434
https://doi.org/10.1016/j.juro.2010.03.111
https://doi.org/10.1016/j.juro.2010.03.111
https://doi.org/10.1093/ndt/gfac037
https://doi.org/10.1038/s41598-021-04251-2
https://doi.org/10.1038/s41598-021-04251-2
https://doi.org/10.1016/j.ajur.2018.08.007
https://doi.org/10.1016/j.ajur.2018.08.007
https://doi.org/10.1016/j.soard.2014.03.026
https://doi.org/10.1186/s12882-018-1105-0
https://doi.org/10.1186/s12882-018-1105-0
https://doi.org/10.1186/s12882-018-1105-0
https://doi.org/10.1186/s12882-018-1105-0

	Urolithiasis unveiled: pathophysiology, stone dynamics, types, and inhibitory mechanisms: a review
	Abstract 
	1 Background
	2 Methodology of literature searching
	3 Pathophysiology of urolithiasis
	4 Mechanism of stone formation
	4.1 Urinary supersaturation
	4.2 Crystallization
	4.3 Crystal nucleation
	4.4 Crystal growth
	4.5 Crystal aggregation
	4.6 Crystal-cell interaction

	5 Types of urolithiasis
	5.1 Calcium oxalate stones
	5.2 Calcium phosphate stones
	5.3 Uric acid stones
	5.4 Struvite (magnesium ammonium phosphate) stones
	5.5 Cystine stones

	6 Kidney stone formation inhibitors
	7 Promoters of increasing urolithiasis
	8 Conclusion
	Acknowledgements
	References


