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Abstract
Urolithiasis, a disease of kidney stones, is a prevalent and recurrent condition characterized by the formation of hard mineral 
deposits in the urinary tract, leading to significant morbidity and a substantial healthcare burden worldwide. With recur-
rence rates ranging from 30 to 50% and a lifetime prevalence of 9–12% in industrialized populations, effective prevention 
and management strategies are crucial. Traditional approaches to urolithiasis, including pharmacological agents and surgi-
cal interventions, emphasize medical interventions and lifestyle changes; however, the persistent recurrence and impact 
on quality of life underscore the necessity for more comprehensive solutions. Recent advancements have focused on the 
potential of nutraceuticals, including herbal extracts, vitamins, and minerals, as adjuncts in the prevention and treatment 
of kidney stones. These agents may exert beneficial effects by inhibiting stone crystal formation, modulating urinary pH, 
reducing urinary calcium and oxalate excretion, enhancing diuresis, and supporting overall renal function. Moreover, these 
plant-based therapies may help alleviate symptoms such as pain and inflammation related to stone episodes. This systematic 
review synthesizes findings from 14 randomized controlled trials to assess the therapeutic impact and safety profile of various 
herbal interventions in patients with diagnosed kidney or ureteral stones. Thus, evidence from these recent clinical trials has 
increasingly supported the efficacy of single-herb and polyherbal formulations, such as Nigella sativa, Alhagi maurorum, 
Subap Plus, and Palasha Kshara, in modulating urinary risk factors and promoting stone expulsion. For instance, these trials 
demonstrated promising outcomes for several herbs: Portulaca oleracea significantly increased urinary citrate and reduced 
calcium, Traditional Persian Medicine-based Mofatet powder markedly reduced stone size and improved urinary parameters, 
Alhagi maurorum distillates and extracts showed comparable efficacy to hydrochlorothiazide in stone expulsion, and Nigella 
sativa performed as well as or better than tamsulosin in both pain relief and stone passage. Additional polyherbal remedies, 
such as Subap Plus, Palasha Kshara, and BNO 1040 extract, also yielded favourable results in improving stone clearance, 
easing symptoms, and potentially preventing recurrence. Notably, most studies reported good short-term tolerability and 
minimal adverse effects. Despite these promising findings, limitations in sample size, standardization of formulations, lack of 
comprehensive adverse events reporting, and need for long-term follow-up highlight the necessity for further rigorous trials.
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Introduction

Kidney stone disease (KSD), also known as nephrolithiasis 
or urolithiasis, refers to the formation of solid crystalline 
deposits within the kidneys or urinary tract (Xu et al. 2023). 
These stones arise from the supersaturation and precipitation 
of urinary solutes, typically under conditions of altered pH, 
dehydration, or metabolic imbalance. While often presenting 
with acute pain, the clinical spectrum ranges from incidental 

findings to recurrent, debilitating episodes that can lead to 
renal damage (Uribarri 2020; Hoffman et al. 2021).

Kidney stones are heterogeneous in both composition and 
etiology and are generally classified based on their domi-
nant chemical constituents (Pak et al. 2003). The most com-
mon type is calcium oxalate, accounting for approximately 
70–80% of all stones (Coe et al. 1992; Pak et al. 2003; Taylor 
et al. 2005). These may form independently or in combina-
tion with calcium phosphate and are often associated with 
hypercalciuria, hyperoxaluria, or hypocitraturia (Cupisti 
et al. 2007; Kustov et al. 2016). Uric acid stones, comprising 
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5–10% of cases, are radiolucent and typically form in acidic 
urine, particularly in patients with metabolic syndrome, 
gout, or high-purine diets. Their formation is strongly influ-
enced by low urinary pH, rather than systemic uric acid lev-
els alone (Tasian and Copelovitch 2014; Nevo et al. 2020). 
Struvite stones, also known as infection stones, are com-
posed of magnesium ammonium phosphate and linked to 
chronic urinary tract infections by urease-producing bacteria 
(Das et al. 2017). Cystine stones are rare and result from a 
genetic defect in amino acid reabsorption, leading to excess 
urinary cystine. They tend to recur and are often difficult to 
manage, requiring a combination of hydration, alkaliniza-
tion, and pharmacological therapy (D’Ambrosio et al. 2022). 
Other less common types include xanthine, drug-induced 
stones (e.g. indinavir), and mixed-composition stones, which 
reflect metabolic or environmental factors (Seegmiller 1968; 
Daudon and Jungers 2004). Nephrolithiasis, the formation 
of stones within the renal collecting system, affects approxi-
mately 10% of the population over their lifetime and is asso-
ciated with significant healthcare costs and patient burden 
(Chewcharat and Curhan 2021). Pathogenesis involves the 
crystallization of urinary solutes due to supersaturation and 
impaired inhibitory mechanisms. Despite advances in sur-
gical treatment, recurrence remains a significant concern, 
shifting the focus toward prevention by elucidating the 
underlying mechanisms and risk profiles. The aim of the 
present review is to provide an important assessment of the 
role of dietary plants as natural supplements in the preven-
tion or management of kidney stones and indicate underlying 
pharmacological mechanisms.

Prevalence and demographics

KSD has evolved from an episodic, localized ailment into 
a pervasive global health challenge, driven by changes in 
lifestyle, environment, and diagnostic awareness. In the 
USA, long-term data from the National Health and Nutrition 
Examination Survey (NHANES) illustrate this shift: early 
survey cycles relied on a simple “Have you ever passed a 
stone?” question to capture symptomatic cases, yielding a 
prevalence of 3.8% between 1976 and 1994. Later NHANES 
iterations questioned the number of stones passed, distin-
guishing single events from recurrent or silent (asympto-
matic) stones. These refinements coincided with a rise to 
5.2% by the mid-1990s and, more recently, to approximately 
9.3% between 2007 and 2016 (Stamatelou et  al. 2003; 
Romero et al. 2010; Hyams and Matlaga 2014).

A parallel surge has occurred in Asia’s so-called “stone 
belt” countries. In China, prevalence climbed steadily after 
1978, reaching 5.8% by 2013; in Japan, it roughly doubled 
to 9% by 2005; South Korea saw rates jump from 3.5% in 
1998 to 11.5% in 2013; southern Iran now reports over 21%; 
and Saudi Arabia experienced a sharp rise from 6.8 to 19.1% 

over a comparable period. Yet, these figures derive from 
heterogeneous case-finding methods, self-reported histories 
prone to recall bias, imaging studies of varying sensitivity, 
and medical records-based reviews that may overlook silent 
stones, making direct cross-country comparisons problem-
atic and obscuring the relative impact of dietary, metabolic, 
genetic, and climatic drivers (Nelli 2004; Edvardsson et al. 
2013, 2018; Liu et al. 2018).

Standardizing diagnostics, including imaging thresholds, 
stone composition, and symptoms, as well as unifying sur-
veillance protocols, are essential for accurately mapping 
global KSD burden. Harmonized data will reveal regional 
risk factors and guide targeted prevention, either through 
hydration education, sodium restriction policies, or heat-
dehydration countermeasures, to curb the rising incidence 
worldwide.

Health implications

While often perceived as an isolated urological event, 
KSD carries broad and lasting health implications. The 
acute phase, marked by severe pain, hematuria, and risk of 
obstruction, can lead to emergency visits, hospitalizations, 
and surgical intervention. However, the burden extends well 
beyond acute management.

Recurrent stone formation is common. Studies indicate 
that approximately 50% of individuals experience a recur-
rence within 5 to 10 years after their first kidney stone epi-
sode (Shastri et al. 2023). This high relapse rate underscores 
the need for ongoing preventive strategies.

Emerging evidence suggests that KSD is associated with 
an increased risk of developing CKD. Stone formers, par-
ticularly those with recurrent episodes, are at higher risk 
for sustained reductions in glomerular filtration rate and 
elevated serum creatinine levels (Rule et al. 2009). The 
mechanisms may involve obstructive uropathy, recurrent 
infections, and direct renal parenchymal injury.

KSD often coexists with systemic metabolic conditions. 
Obesity, hypertension, diabetes mellitus, and metabolic syn-
drome are not only risk factors for stone formation but may 
also be exacerbated by it (Rahman et al. 2021). The inter-
play between these conditions complicates management and 
increases long-term morbidity.

Beyond physical health, KSD can significantly influence 
mental well-being. Recurrent pain episodes, dietary restric-
tions, and anxiety over potential recurrences contribute to 
psychological distress, including depression and decreased 
quality of life (Patel et al. 2017). These effects are particu-
larly pronounced in younger patients and those with frequent 
stone episodes.

Given its increasing prevalence and systemic associa-
tions, KSD should be regarded not merely as a localized 
urological condition but as a chronic, relapsing disorder with 
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multisystem implications. This perspective necessitates pro-
active, long-term management strategies that address both 
the physical and psychosocial dimensions of the disease.

Economic burden and challenges for global health 
systems

KSD imposes a significant and growing financial burden on 
healthcare systems globally. This impact stems from both 
the acute nature of stone episodes and the chronic risk of 
recurrence, often requiring repeated diagnostics, surgical 
procedures, and long-term follow-up. In the USA, annual 
costs related to KSD are estimated to exceed $5 billion, a 
figure that has steadily risen alongside increasing incidence 
and broader utilization of advanced imaging and minimally 
invasive therapies (Hyams and Matlaga 2014).

Much of the direct cost is driven by emergency depart-
ment visits for acute renal colic, frequent use of non-contrast 
CT scans for diagnosis, and interventions such as extracor-
poreal shock wave lithotripsy (SWL), ureteroscopy (URS), 
and percutaneous nephrolithotomy (PCNL). A single kid-
ney stone episode can cost between $2000 and $10,000, and 
up to 20% of patients require repeat interventions within 
5 years, significantly compounding long-term expenses 
(Hyams and Matlaga 2014; Vo et al. 2018).

Indirect costs, including lost productivity, caregiver bur-
den, and reduced quality of life, are substantial. In the USA, 
indirect costs alone have been estimated to exceed $775 mil-
lion annually, accounting for approximately 3.1 million lost 
workdays per year (Saigal et al.2005). Mental health impacts 
and lifestyle disruptions further add to the overall toll.

In low- and middle-income countries, limited access to 
timely diagnosis and appropriate care frequently results in 
complications such as obstructive uropathy, significantly 
increasing long-term costs and disability (Watson et al. 
2022). Even in high-income nations, aging populations and 
rising prevalence among women are escalating healthcare 
expenditures. For instance, in Germany, kidney stone-related 

interventions dramatically surged by 270% between 2005 
and 2016, markedly increasing per-patient costs (Heers et al. 
2022).

Preventive strategies, such as metabolic evaluation, die-
tary counseling, pharmacological therapy, and telehealth 
follow-up, have been shown to significantly reduce recur-
rence and associated long-term costs (Fink et al. 2013). As 
KSD becomes increasingly prevalent worldwide, investment 
in preventive and standardized management approaches will 
be crucial for reducing its economic impact.

Pathophysiology of kidney stone formation

Kidney stone formation is a dynamic and multifactorial 
process that reflects a complex interplay between urinary 
chemistry, renal physiology, genetic factors, and environ-
mental influences. The pathophysiological cascade typically 
proceeds through several distinct but interrelated stages: 
supersaturation, nucleation, crystal growth, aggregation, and 
crystal retention (Table 1) (Evan et al. 2006; Khan 2013; 
Ryan and Ing 2018).

Supersaturation and nucleation

The initial step in stone formation is urinary supersaturation 
with lithogenic solutes such as calcium, oxalate, phosphate, 
uric acid, and cystine. Supersaturation is a thermodynamic 
condition in which the concentration of these solutes exceeds 
their solubility product, thus favoring crystallization (Evan 
et al. 2006; Alexander 2023). The degree of supersaturation 
determines the risk and rate of stone formation and is influ-
enced by factors such as urine volume, pH, ionic strength, 
and temperature.

Nucleation occurs when solute molecules aggregate to 
form crystal nuclei. This can happen spontaneously (homo-
geneous nucleation) or be catalyzed by preexisting surfaces 
such as cell debris, organic matrices, or Randall’s plaques 
(heterogeneous nucleation). Randall’s plaques, which 

Table 1   Overview of major kidney stone types and their pathophysiological characteristics

Stone type Composition Prevalence (%) Pathophysiological features

Calcium oxalate (CaOx) Calcium + oxalate 65.9 Forms via free-particle or fixed-particle mechanisms; promoted by hypercal-
ciuria, hyperoxaluria, and low urine volume; strongly linked to Randall’s 
plaques (Evan et al. 2006; Dawson and Tomson 2012)

Calcium phosphate (CaP) Carbapatite/brushite 15.6 Develops in alkaline urine; brushite is resistant to fragmentation and linked to 
papillary damage and recurrent stone formation (Brinkman et al. 2021)

Uric acid Uric acid 12.4 Arises in acidic urine (pH < 5.5); common in patients with obesity, diabetes, 
and metabolic syndrome due to impaired ammonia genesis and acid load 
(Sakhaee 2009; Wang et al. 2021)

Struvite Magnesium ammo-
nium phosphate

2.7 Infection stones associated with urease-positive bacteria (e.g. Proteus 
spp.); rapid growth forming staghorn calculi (Griffith and Musher, 1976                        
; Griffith 1978; Tavichakorntrakool et al. 2012; Arabski et al. 2019 )
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originate in the basement membranes of the thin loops 
of Henle, are primarily composed of interstitial calcium 
phosphate deposits that eventually erode into the papillary 
urothelium and serve as niduses for calcium oxalate over-
growth (Evan et al. 2006; Khan 2013).

Crystal growth and aggregation

Once nucleated, crystals grow by accretion of additional ions 
from the surrounding urine. The rate of growth is enhanced 
in environments with sustained supersaturation and limited 
inhibitory activity. Aggregation refers to the clumping of 
crystals into larger masses, a process influenced by urinary 
macromolecules, such as Tamm-Horsfall protein (uromodu-
lin), osteopontin, and nephrocalcin. These proteins can act as 
both promoters and inhibitors of aggregation depending on 
their concentration, conformational state, and post-transla-
tional modifications (Stamatelou et al. 2003; Okumura et al. 
2013; Tanaka et al. 2021).

Crystal retention and stone formation

Under normal circumstances, formed crystals are flushed out 
with urine. However, crystal retention may occur through 
adhesion to the urothelium or entrapment in renal tubular 
structures. Tubular plugging is a critical mechanism in the 
pathogenesis of brushite and calcium phosphate stones and 
has been associated with tubular cell injury, inflammation, 
and interstitial fibrosis (Evan et al. 2006; Ryan and Ing 2018; 
Wang et al. 2021).

The retention of crystals and their subsequent growth 
into clinically significant stones is further facilitated by 
defects in urine flow dynamics, low levels of natural inhibi-
tors (e.g. citrate, magnesium), and alterations in urinary pH. 
Acidic urine promotes uric acid and cystine crystallization, 

while alkaline urine favors calcium phosphate precipitation 
(Sakhaee 2009; Srivastava and Schwaderer 2009).

Molecular and genetic factors

Genetic factors influence stone susceptibility via alterations 
in urinary solute transport, crystal handling, and inhibi-
tor expression. Mutations in SLC3A1 and SLC7A9 cause 
cystinuria, while CLDN14 and CASR variants are associated 
with calcium stone risk (Thorleifsson et al. 2009; Halbritter 
et al. 2018; Palsson et al. 2019; Howles and Thakker 2020; 
Halbritter 2021; Singh et al. 2022). Additionally, molecular 
pathways involving reactive oxygen species, NLRP3 inflam-
masome activation, and renal tubular cell apoptosis have 
been implicated in stone pathogenesis (Wang et al. 2022).

Risk factors for kidney stone formation (Table 2)

Non‑modifiable risk factors

Genetic predisposition  Familial aggregation and Mendelian 
disorders such as cystinuria, primary hyperoxaluria, and 
distal renal tubular acidosis are linked to early-onset and 
recurrent stones (Halbritter et al. 2018; Howles and Thakker 
2020; Halbritter 2021; Singh et al. 2022)(Table 2).

Age and sex  Men are more commonly affected, though 
postmenopausal women experience increased risk due to 
estrogen decline (Yu and Yin 2017; Goldfarb et al. 2019).

Anatomical abnormalities  Congenital anomalies like medul-
lary sponge kidney and horseshoe kidney promote urinary 
stasis and stone formation (Yohannes and Smith 2002).

Table 2   Summary of non-modifiable and modifiable risk factors for kidney stone formation

Risk factor type Specific risk factor Pathophysiological impact

Non-modifiable Genetic mutations (e.g. SLC3A1, SLC7A9, CLDN14) Affect tubular solute handling and urine composition; increase risk of 
cystine and calcium stones

Age and sex Male predominance: hormonal shifts post-menopause raise risk in 
women

Anatomical abnormalities Medullary sponge kidney and horseshoe kidney promote urinary stasis
Family history Strong familial clustering of calcium stone disease

Modifiable Low fluid intake Leads to concentrated urine and increased supersaturation
High sodium diet Promotes calciuria by impairing calcium reabsorption
Excessive animal protein Increases acid load, calcium excretion, and lowers citrate
High dietary oxalate Promotes calcium oxalate crystallization
Obesity and metabolic syndrome Acidifies urine, promotes uric acid and calcium stones
Diabetes mellitus Associated with low urinary pH and hyperuricosuria
Certain medications (e.g. topiramate, diuretics) Alter urinary pH and solute excretion
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Modifiable risk factors

Low fluid intake  Dehydration concentrates urine, promoting 
supersaturation. A 24-h urine volume < 2.0 L is associated 
with increased risk (Jones et al. 2021; Courbebaisse et al. 
2023).

Dietary factors  High consumption of oxalate (spinach, nuts), 
sodium, animal protein, and fructose increases lithogenic 
potential. Conversely, inadequate dietary calcium paradoxi-
cally raises risk by allowing more oxalate absorption in the 
gut (Taylor et al. 2004).

Metabolic syndrome  Obesity, insulin resistance, and type 
2 diabetes are linked to uric acid stone formation due to 
impaired ammonium excretion and acidified urine (Curhan 
et al. 1998; Maalouf 2011; Felizio and Atmoko 2022).

Comorbidities  Hyperparathyroidism, IBD, gout, and meta-
bolic acidosis predispose individuals to specific stone types 
(Schaeffer et al. 2011; Liu et al. 2023b; Sáenz-Medina et al. 
2023).

Medications  Topiramate, loop diuretics, and antiretroviral 
therapies can alter urine pH and solute excretion and thus 
can affect stone formation (Dawson-Hughes et al. 2004; 
Dawson and Tomson 2012; Dobrek 2020).

Lifestyle modifications and dietary prevention

Hydration and urine dilution  The cornerstone of stone pre-
vention is maintaining a high urine volume. Clinical guide-
lines recommend fluid intake to achieve at least 2.5–3.0 L 
of urine output daily (Borghi et al. 1996). Water is ideal; 
citrus beverages (e.g. lemonade, orange juice) can increase 
urinary citrate.

Dietary adjustments 

Calcium: Ensuring adequate calcium intake (1000–
1200 mg/day from food), which binds dietary oxalate and 
reduces its absorption (Menon 1993).
Oxalate: Limiting high-oxalate foods and pairing them 
with calcium-containing meals (Prezioso et al. 2015).
Sodium: Restricting to < 2300 mg/day to reduce urinary 
calcium excretion (Heilberg and Goldfarb 2013).
Animal protein: Excess promotes uric acid production 
and reduces citrate; moderate protein intake is the best 
(Dawson-Hughes et al. 2004; Prezioso et al. 2015).
Weight management and metabolic optimization: Life-
style interventions, involving calorie restriction, physical 
activity, and glycemic control, are essential in reducing 
stone recurrence, especially in people with risk factors, 

such as overweight and diabetic individuals (Curhan et al. 
1998; Felizio and Atmoko 2022).

Mechanism of stone formation

The formation of kidney stones involves a complex interplay 
of genetic, metabolic, and environmental factors. Key pro-
cesses include supersaturation of urine with stone-forming 
constituents, nucleation, crystal growth, aggregation, and 
retention within the kidneys. Understanding the mechanisms 
behind stone formation can help in developing preventive 
and therapeutic strategies.

Nucleation

The initial and critical stage in kidney stone formation is 
when free ions in the urine aggregate to form microscopic 
particles. This process can occur in the renal tubular fluid 
or on the surfaces of the extracellular matrix and renal cells. 
Nucleation is driven by the supersaturation of urine with 
stone-forming constituents such as calcium, oxalate, phos-
phate, uric acid, or cystine (Aggarwal et al. 2013). There are 
two types of nucleation: homogeneous and heterogeneous. 
Homogeneous nucleation occurs in a pure solution with-
out any foreign particles, while heterogeneous nucleation 
occurs on pre-existing surfaces or particles, such as Ran-
dall’s plaques, which are calcium phosphate deposits in the 
renal papilla (Ratkalkar and Kleinman 2011). The balance 
between promoters and inhibitors in the urine significantly 
influences nucleation. Promoters, such as high levels of cal-
cium and oxalate, facilitate nucleation, while inhibitors, such 
as citrate and magnesium, prevent it by binding to stone-
forming ions and reducing their supersaturation (Ratkalkar 
and Kleinman 2011). Understanding the precise mechanisms 
of nucleation is essential for developing targeted therapies 
to prevent kidney stone formation.

Crystal growth and aggregation

Once nucleation occurs, the crystals grow and aggregate. 
During crystal growth, individual crystals increase in size 
as more stone-forming ions, such as calcium and oxalate, 
deposit onto the crystal surface. This process is influenced 
by factors such as urine supersaturation, pH, and the pres-
ence of inhibitors and promoters (Aggarwal et al. 2013). 
Aggregation involves the clustering of these growing crys-
tals into larger conglomerates, which can eventually form 
a clinically significant stone (Michibata et al. 2024). The 
presence of macromolecules like osteopontin and Tamm-
Horsfall protein in urine can inhibit crystal aggregation by 
binding to crystal surfaces and preventing them from stick-
ing together (Rimer et al. 2017). Conversely, conditions that 
reduce the concentration of these inhibitors or increase the 



3240	 Naunyn-Schmiedeberg's Archives of Pharmacology (2025) 399:3235–3284

concentration of promoters, such as high urinary calcium or 
oxalate levels, can enhance crystal growth and aggregation.

Retention and fixation

Crystals that have formed and grown are retained within the 
kidney, leading to stone development. This process often 
involves the attachment of crystals to the renal epithelium 
or interstitial structures. One common site for crystal reten-
tion is Randall’s plaques, which are deposits of calcium 
phosphate located in the renal papilla (Evan 2010). These 
plaques serve as a nidus for calcium oxalate crystal attach-
ment and growth. Additionally, crystals can become lodged 
in the ducts of Bellini, particularly in conditions like hyper-
oxaluria and distal renal tubular acidosis (Khan et al. 2021). 
The retention of crystals is facilitated by factors such as renal 
tubular injury, inflammation, and the presence of specific 
proteins that promote adhesion (Verkoelen and Verhulst 
2007).

Further aggregation and secondary nucleation

The retained crystals undergo further aggregation and sec-
ondary nucleation, leading to the formation of larger stones. 
This process is modulated by the balance of promoters and 
inhibitors in the urine. Long-term accretion of additional 
elements, both crystalline and organic matrix, contributes to 
the growth of the clinical stone (Evan et al. 2015).

Pathways of anti‑urolithiasis drugs

Anti-urolithiasis drugs work through various mechanisms to 
prevent stone formation or promote stone dissolution. These 
mechanisms can be broadly categorized into the following 
pathways:

Inhibition of crystal nucleation and growth

Inhibition of crystal nucleation and growth is a critical 
pathway in the prevention of kidney stone formation. Anti-
urolithiasis drugs that target this pathway work by reducing 
the supersaturation of urine with stone-forming constituents, 
thereby preventing the initial formation of crystals. Citrate 
is one of the most effective agents in this regard; it binds 
to calcium ions, reducing their availability to form calcium 
oxalate and calcium phosphate crystals (Hanchanale et al. 
2015). This not only prevents nucleation but also inhibits the 
growth of any existing crystals by increasing their solubility. 
Magnesium also plays a significant role by competing with 
calcium for oxalate binding, thus reducing the formation of 
calcium oxalate crystals (Allam 2024).

Modulation of urine pH and promotion of crystal 
dissolution

Adjusting urine pH and enhancing crystal dissolution 
are essential approaches in the treatment of urolithi-
asis. Alkalinizing agents, such as potassium citrate and 
sodium bicarbonate, play a pivotal role by increasing the 
pH of urine, which enhances the solubility of uric acid 
and cystine stones, making them easier to dissolve (Pin-
heiro et al. 2013; Segall et al. 2024). This alkalinization 
process not only helps in dissolving existing stones but 
also prevents the formation of new ones by maintaining 
an optimal urinary environment. Thiol-containing drugs, 
such as tiopronin and D-penicillamine, are particularly 
effective against cystine stones. These drugs form soluble 
complexes with cystine, significantly reducing its concen-
tration in the urine and promoting the dissolution of cys-
tine crystals (Dolin et al. 2005; Moussa et al. 2020). By 
targeting both the dissolution of existing stones and the 
prevention of new stone formation through pH modulation, 
these drugs offer a comprehensive approach to managing 
kidney stones.

Reduction of stone‑forming substances

This pathway works by decreasing the concentration of key 
stone-forming ions in the urine, thereby reducing the risk 
of crystal formation. Thiazide diuretics, for example, are 
effective in lowering urinary calcium levels by promoting 
calcium reabsorption in the renal tubules, which decreases 
calcium supersaturation and the likelihood of calcium stone 
formation (Li et al. 2020). Allopurinol, another important 
drug, inhibits xanthine oxidase, an enzyme involved in the 
production of uric acid. By reducing uric acid levels, allopu-
rinol helps prevent the formation of uric acid stones (Gold-
farb et al. 2013). Additionally, dietary modifications and 
supplements, such as increasing fluid intake and consuming 
magnesium, can further reduce the concentration of stone-
forming substances in the urine.

Emerging therapies and future directions

Advances in molecular biology and pharmacology have led 
to the development of novel anti-urolithiasis therapies. Some 
promising approaches include:

MicroRNA‑based therapies  miRNAs are small non-coding 
RNAs that regulate gene expression. Certain miRNAs, such 
as miR-34a, have been shown to inhibit crystal adhesion and 
reduce stone formation. Targeting miRNAs offers a novel 
therapeutic strategy for urolithiasis (Wang et al. 2020).
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Conventional treatments for kidney stones

Conventional treatments for kidney stones are diverse, 
aiming to alleviate symptoms, remove calculi, and prevent 
recurrence (Joshi et al. 2021). These treatments are generally 
categorized into medical management, minimally invasive 
procedures, and surgical interventions, tailored to the stone’s 
size, composition, location, and the patient’s clinical profile. 
Recent advancements have further refined these approaches, 
improving both patient outcomes and the overall efficiency 
of treatment protocols. Additionally, public awareness cam-
paigns and preventative measures have gained prominence, 
addressed the root causes of kidney stones, and reduced their 
incidence (Kronenberg et al. 2023; Singh et al. 2024; Wang 
et al. 2025).

Medical management

Medical management is the first line of treatment for small, 
non-complicated kidney stones (Jiang et al. 2021). It focuses 
on promoting spontaneous passage, controlling pain, and 
preventing further stone formation. This approach is often 
supported by a combination of pharmacological therapies, 
lifestyle changes, and dietary interventions. Increasingly, 
patient education is recognized as a cornerstone of effec-
tive management, empowering individuals to make informed 
decisions about their health (Siener and Metzner 2023; Bal-
awender et al. 2024).

Analgesics and symptom control

Pain associated with kidney stones can be debilitating. 
Nonsteroidal anti-inflammatory drugs (NSAIDs), such as 
ibuprofen and diclofenac, are commonly used to relieve 
pain and inflammation. In cases of severe pain, opioids may 
be prescribed under careful supervision. For patients with 
contraindications to NSAIDs, acetaminophen may serve as 
an alternative (Özdemir et al. 2023; Dönmez et al. 2024). 
Emerging research into novel pain management techniques, 
including nerve blocks and localized analgesics, is show-
ing promise in providing effective relief. Additionally, non-
pharmacological pain management methods, such as heat 
therapy and mindfulness practices, are being explored as 
complementary approaches (Chen et al. 2021; Freiwald et al. 
2021; Brandel et al. 2022).

Medical expulsive therapy (MET)

For stones smaller than 10 mm, medical expulsive therapy 
(MET) can enhance spontaneous stone passage (Sayed et al. 
2022; Song et al. 2024). Alpha-blockers like tamsulosin and 
calcium channel blockers such as nifedipine relax smooth 
muscles in the ureter, facilitating stone expulsion. Evidence 

suggests that MET is particularly effective for distal ure-
teral stones, with reduced pain episodes and time to stone 
clearance. Recent meta-analyses have highlighted the impor-
tance of patient adherence to MET regimens for optimiz-
ing outcomes. Advanced formulations of MET agents with 
prolonged release are being developed to simplify dosing 
schedules and improve patient compliance (Cui et al. 2019; 
Fontenelle and Sarti 2019; Ahmed et al. 2022; Ziaeefar et al. 
2023).

Urine alkalization

For uric acid or cystine stones, urine alkalization is a key 
strategy. Potassium citrate or sodium bicarbonate is used to 
increase urinary pH, dissolve stones, and prevent recurrence. 
Studies have shown that significant stone dissolution rates 
occur when urine pH is maintained between 6.5 and 7.0. 
Advanced formulations of alkalizing agents with extended-
release properties are being developed to enhance patient 
compliance and efficacy. Additionally, combining alkaliza-
tion with dietary adjustments can further optimize results, 
highlighting the importance of a holistic approach (Guittet 
et al. 2020; Xue et al. 2021; Mousavi et al. 2024).

Dietary and lifestyle modifications

Medical management includes tailored dietary interventions, 
such as increased fluid intake to maintain a urine output of 
at least 2.5 L/day, reduced sodium consumption, and mod-
erate protein intake. Calcium-rich foods are encouraged, 
while oxalate-rich foods (e.g. spinach and nuts) are limited 
for patients prone to calcium oxalate stones (Siener 2021; 
Balawender et al. 2024). Additionally, weight management 
and regular physical activity are emphasized, as obesity is a 
recognized risk factor for the formation of stones. Education 
programs targeting dietary compliance have demonstrated 
positive impacts on long-term stone prevention. Innovative 
tools, such as mobile apps for tracking fluid intake and die-
tary choices, are being adopted to support patients in adher-
ing to their treatment plans (Mao et al. 2022; Aksenov et al. 
2024; Katkam and Beddhu 2024).

Minimally invasive procedures

When stones are too large or refractory to medical manage-
ment, minimally invasive techniques are employed. These 
procedures are effective for stones less than 20 mm in size, 
with minimal morbidity. Advancements in imaging and 
instrumentation have further improved the precision and 
success rates of these interventions, making them increas-
ingly accessible and patient-friendly (Cauni et al. 2023; Liu 
et al. 2023a; Setthawong et al. 2023).
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Extracorporeal shock wave lithotripsy (ESWL)

ESWL is a non-invasive procedure that uses acoustic shock 
waves to fragment stones into smaller pieces, which can be 
passed through the urinary tract. It is particularly effective 
for renal pelvis and upper ureteral stones. However, its effi-
cacy declines for stones larger than 20 mm or those with 
high density, as assessed by computed tomography (CT) 
(Yoon et al. 2021; Setthawong et al. 2023). Post-ESWL 
complications include hematuria and transient obstruc-
tion due to stone fragments. Newer-generation lithotripters 
with enhanced targeting capabilities are being introduced 
to improve outcomes and reduce complications. Moreover, 
combining ESWL with adjunctive medical therapies has 
been shown to enhance stone clearance rates (Seker et al. 
2020; Yuan et al. 2021).

Ureteroscopy (URS)

Ureteroscopy is a widely utilized endoscopic procedure for 
stones in the ureter or kidney. A ureteroscope is inserted 
through the urethra to access the urinary tract, and stones are 
fragmented using laser lithotripsy or retrieved with baskets. 
URS is highly effective for lower ureteral stones, with high 
stone-free rates and minimal complications (Zheng et al. 
2020; Rammah et al. 2025). Innovations such as single-use 
ureteroscopes and improved laser technologies are expand-
ing the scope of URS, making it suitable for a broader range 
of stone types and sizes. Furthermore, the development of 
flexible ureteroscopes has enhanced access to hard-to-reach 
areas within the kidney, broadening the utility of this tech-
nique (Mazzucchi et al. 2022; Juliebø-Jones et al. 2023; Jing 
et al. 2024).

Surgical interventions

For large, complex, or recurrent stones, surgical procedures 
may be necessary. These are typically reserved for cases 
where other treatments have failed or are contraindicated. 
Advances in surgical techniques and perioperative care 
have significantly reduced the risks associated with these 
interventions. Enhanced recovery protocols are being imple-
mented to optimize patient outcomes and reduce hospital 
stays (Cassell III et al., 2020, Lei et al. 2023).

Percutaneous nephrolithotomy (PCNL)

PCNL is the gold standard for treating large stones 
(> 20 mm) or staghorn calculi (De Lorenzis et al. 2022). 
It involves creating a small incision in the patient’s back to 
access the kidney, followed by fragmentation and removal 
of stones using ultrasonic or laser devices. PCNL is associ-
ated with high stone clearance rates but carries risks, such 

as bleeding, infection, and injury to surrounding structures 
(Qin et  al. 2022; Escobar Monroy et  al. 2025). Recent 
innovations, such as miniaturized PCNL instruments and 
robotic-assisted techniques, have improved patient safety 
and recovery times (DiBianco and Ghani 2021; Zhu et al. 
2023). Additionally, new imaging technologies, such as 3D 
navigation systems, are enhancing the precision of PCNL 
procedures (Bouchalakis et al. 2024).

Open and laparoscopic surgery

While rare due to advances in minimally invasive tech-
niques, open or laparoscopic surgery may be necessary 
for exceptionally large or anatomically challenging stones. 
These approaches provide direct access to the kidney or 
ureter, ensuring complete stone removal (Paludo et  al. 
2020). Enhanced imaging systems and robotic platforms are 
increasingly being integrated into these surgeries, offering 
greater precision and reduced morbidity. Training programs 
focusing on laparoscopic techniques are equipping surgeons 
with the skills to handle complex cases more effectively 
(Güler et al. 2020; Abdel Raheem et al. 2021; Hasan et al. 
2023).

Adjunctive and post‑treatment measures

Effective management of kidney stones extends beyond ini-
tial treatment, requiring measures to minimize recurrence. 
Post-treatment care is crucial to ensure long-term success 
and patient satisfaction. Integrating digital health tools, 
such as remote monitoring and telemedicine consultations, 
is making follow-up care more accessible and efficient (Taly-
shinskii et al. 2024; Ungerer et al. 2024).

Metabolic evaluation

A detailed metabolic evaluation, including urine and serum 
analysis, helps identify underlying abnormalities such 
as hypercalciuria, hyperoxaluria, or hypocitraturia. This 
informs targeted preventive strategies. Emerging diagnostic 
tools, such as genetic testing and advanced metabolic panels, 
are enhancing the ability to personalize treatment plans. Col-
laborations between nephrologists and dietitians are further 
refining the process of developing customized management 
strategies for patients (Gambaro et al. 2016; Ranjan et al. 
2023; Shastri et al. 2023; Breeggemann et al. 2024).

Pharmacological prevention

Patients at high risk of recurrence may benefit from phar-
macological agents, such as thiazide diuretics for calcium 
stones, allopurinol for uric acid stones, or potassium citrate 
for hypocitraturia. Recent studies have explored the role of 
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novel pharmacological compounds and combination thera-
pies in reducing stone recurrence rates (Adomako and Moe 
2020; Bargagli et al. 2024; Cao et al. 2024; Leslie and Bashir 
2024).

Follow‑up imaging

Periodic imaging, using ultrasound or CT scans, is recom-
mended to monitor for residual fragments or new forma-
tion of the stones, ensuring timely intervention if necessary. 
Advances in imaging technology, including low-dose CT 
scans, are reducing radiation exposure while maintaining 
diagnostic accuracy. The integration of AI algorithms into 
imaging systems is aiding in the early detection of recurrent 
stones and eventually improving patient outcomes (Rodger 
et al. 2018; Caglayan et al. 2022).

Clinical review on anti‑urolithiasis phytotherapy

Kidney stones, or urolithiasis, represent a significant health 
challenge globally, affecting a considerable portion of the 
population (Alirezaei et al. 2023). Statistics propose that 
between 5 and 15% of people worldwide will experience 
kidney stones at some point in their lives (Mehrabi et al. 
2023), with reported occurrence rates reaching approxi-
mately 12% (Alirezaei et al. 2023). The prevalence of this 
condition has also witnessed a remarkable increase in recent 
decades (Ansari et al. 2024). Patients often suffer from 
severe pain and complications such as infection, obstruction, 
and potential kidney damage (Mehrabi et al. 2023). While 
conventional medical and surgical interventions like litho-
tripsy and ureteroscopy are available for stone management, 
they can be invasive or come with potential adverse events 
(Alirezaei et al. 2023). Additionally, a significant concern is 
the increased rate of stone recurrence, which can be as high 
as 50% within 5–10 years and 75% within 20 years (Ansari 
et al. 2024), highlighting the need for effective preventive 
and management strategies that minimize side effects (Meh-
rabi et al. 2023).

There is a growing global interest in exploring comple-
mentary and alternative medicine approaches, particularly 
phytotherapy or the use of herbal medicines, for manag-
ing kidney stones, to account for the limitations and chal-
lenges associated with the conventional treatments (Ansari 
et al. 2024). Traditional medicine systems, such as Tradi-
tional Persian Medicine (TPM) and Ayurveda, have long 
utilized various plants for addressing urinary tract disor-
ders, including kidney stones (Ansari et al. 2024). Besides, 
herbal preparations are often perceived as having fewer side 
effects compared to synthetic drugs (Samandarian et al. 
2023). However, the efficacy and safety of many traditional 
remedies require rigorous scientific investigation (Ardakani 
Movaghati et al. 2019).

Phytotherapy for renal calculi management is thought to 
exert its effects through various mechanisms. One key modal-
ity involves modulating urine composition to prevent stone 
formation or inhibit crystal growth. This can include increas-
ing levels of inhibitors like citrate, which binds to calcium 
and prevents crystallization, or decreasing the concentration 
of stone-forming substances such as calcium or oxalate in the 
urine (Nisa and Astana 2019). Another mechanism involves 
decreasing the size or number of existing stones, potentially 
through dissolution (Ardakani Movaghati et al. 2019). Certain 
herbal compounds are also believed to help break down or 
reduce the physical dimensions of stones (Ansari et al. 2024). 
Furthermore, some plants act by decreasing stone number 
through promoting stone expulsion from the urinary tract 
(Aryaeefar et al. 2022). This expulsion effect can be facili-
tated by diuretic properties that increase urine flow, helping 
to flush out stones or fragments, or by antispasmodic effects 
that relax the smooth muscles of the ureter, allowing for easier 
passage. These various mechanisms of action may work syn-
ergistically to prevent, manage, and promote the clearance of 
kidney stones (Nisa and Astana 2019).

Numerous medicinal plants have been traditionally used 
and scientifically investigated for their potential in treating 
urolithiasis. Examples of widely studied herbs with reported 
anti-urolithic activity include Nigella sativa (black seed) 
(Shakeri et al. 2021), Alhagi maurorum (Aryaeefar et al. 
2022), Didymocarpus pedicellata (often associated with the 
polyherbal formulation Cystone) (Nisa and Astana 2019), 
Peganum harmala (Shakeri et al. 2020), Portulaca olera-
cea (purslane) (Alirezaei et al. 2023), and Tribulus terrestris 
(Samandarian et al. 2023). Other plants mentioned for their 
potential include Phyllanthus niruri, Strobilanthes crispa, 
Orthosiphon stamineus, Sonchus arvensis, Imperata cylin-
drica, Curcuma longa, Curcuma xanthorrhiza, Adiantum 
capillus-veneris, Stigma maydis (corn silk), Cucumis melo, 
Crateva nurvala, Musa x paradisiaca, Achyranthes aspera, 
and Hordeum vulgare (Samandarian et al. 2023).

This systematic review aims to explore these therapeu-
tic actions in detail and provide a comprehensive summary 
of findings from 14 clinical trials published within the last 
10 years studying the efficacy and safety of various herbal 
interventions for kidney stone management. This review 
seeks to provide evidence-based insights into the role of 
phytotherapy as a potential alternative or complementary 
treatment strategy for patients with urolithiasis by analyzing 
the design, outcomes, and reported efficacy of these studies.

Methodology

This systematic review was designed to investigate and sum-
marize the clinical evidence surrounding the use of herbal 
remedies in the prevention and treatment of renal calculi. 
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The review focused on evaluating randomized controlled tri-
als that examined the effectiveness of various natural prepa-
rations, whether single-herb or polyherbal formulations, in 
reducing stone size, number, or recurrence. The work was 
conducted following the PRISMA 2020 guidelines for trans-
parent and comprehensive reporting of systematic reviews. 
Additionally, the review process was guided by the meth-
odological principles outlined in the Cochrane Handbook 
for Systematic Reviews of Interventions, ensuring a rigorous 
and standardized approach to literature search, study selec-
tion, data extraction, and quality assessment. The review 
also aimed to bridge clinical observations with underlying 
mechanisms of herbal action, offering an evidence-based 
perspective on the therapeutic value of phytotherapy in uro-
lithiasis management.

Search strategy

A comprehensive and systematic search strategy was estab-
lished to identify relevant clinical trials studying the use 
of phytotherapy in the prevention and treatment of kidney 
stones. The search was conducted across multiple interna-
tionally recognized databases and clinical trial registries to 
ensure extensive coverage of the available literature. Specifi-
cally, the electronic databases searched included PubMed, 
Embase, Web of Science (WOS), and Cochrane Central Reg-
ister of Controlled Trials (CENTRAL) to ensure the retrieval 
of high-quality, peer-reviewed, and clinically relevant evi-
dence. These databases were chosen because they collec-
tively provide robust reporting of biomedical literature, 
clinical pharmacology, traditional medicine, and evidence-
based interventions. Besides, two major clinical trial regis-
tries, ClinicalTrials.gov and the World Health Organization 
International Clinical Trials Registry Platform (ICTRP), 
were searched to capture ongoing or recently completed but 
unpublished trials, ensuring that our review incorporates the 
most recent studies, both published and grey literature, with 
minimal publication bias.

The search terms were carefully organized around three 
conceptual domains: the condition, the intervention, and the 
study design. For the condition domain, terms such as “kid-
ney stones,” “renal calculi,” “nephrolithiasis,” “urolithiasis,” 
and “ureteral stones” were used to capture the spectrum of 
kidney/urinary stone disease. While in the intervention 
domain, the strategy incorporated a wide range of descrip-
tors including “phytotherapy,” “herbal medicine,” “natural 
remedies,” “plant extract,” “medicinal plants,” and “anti-
urolithic.” These terms were selected to reflect both tradi-
tional and modern terminology used in the context of herbal 
interventions. Finally, the third domain targeted the study 
design, with terms such as “randomized controlled trial,” 
“RCT,” “clinical trial,” “interventional study,” and “prospec-
tive study” used to focus the search on high-quality clinical 

evidence. The final search strategy was constructed around 
those three key concepts: the disease condition (kidney 
stones), the intervention (herbal or phytotherapeutic agents), 
and the study design (clinical trials), as the following string: 
(“kidney stones” OR “renal calculi” OR “nephrolithiasis” 
OR “urolithiasis”) AND (“herbal medicine” OR “phyto-
therapy” OR “plant-based remedies” OR “natural remedies” 
OR “antiurolithiasis” OR “herbal extract” OR “medicinal 
plants”) AND (“randomized controlled trial” OR RCT OR 
“clinical trial” OR “controlled study” OR “interventional 
study”). All search queries were run using this strategy 
across the aforementioned databases without major modi-
fications, when possible, to improve retrieval cohesiveness 
and sensitivity.

These terms, as shown, were finally systematically com-
bined using Boolean operators (AND, OR) to structure the 
search logic. For example, condition-related terms were 
grouped with OR, intervention-related terms were grouped 
with OR, and these blocks were then connected with AND to 
ensure that each result addressed both the condition and the 
intervention of interest. We also made use of truncation and 
word variation techniques (e.g. using the asterisk symbol 
“*”) to capture multiple forms of a root word, such as “ure-
ter*” to include both “ureteral” and “ureteric.” Additional 
filters were applied to limit the results to studies conducted 
in human subjects, published in the English language, and 
designed as clinical trials. The search was further restricted 
to studies published within the last 10 years to capture con-
temporary evidence relevant to current clinical practice. The 
full search strings used for each database, including com-
binations of MeSH terms and keywords, the final detailed 
search strategy, and database-specific considerations/filters, 
are documented in detail and included in the supplementary 
appendix for transparency and reproducibility. This struc-
tured approach ensured that the search was both compre-
hensive and reproducible, allowing for the identification of 
all potentially relevant studies for inclusion in the review.

Eligibility criteria

A set of eligibility criteria was carefully developed before 
initiating the screening process, based on the internationally 
recognized PICOS framework: Population (P), Intervention 
(I), Comparator (C), Outcomes (O), and Study Design (S), 
to ensure the clinical relevance and methodological robust-
ness of this review. These criteria were designed to guide 
the identification of studies most likely to provide reliable 
and applicable evidence on the role of herbal therapies in the 
prevention and treatment of kidney stones.

The population of interest included human participants 
of any age or sex who had a confirmed diagnosis of kidney 
or ureteral stones. Acceptable diagnostic methods included 
standard imaging modalities such as ultrasound, computed 
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tomography (CT), X-ray of the kidneys, ureters, and bladder 
(KUB), or intravenous pyelography (IVP). Studies that did 
not explicitly report diagnostic confirmation using clinical 
imaging were excluded, as were those conducted only on 
animals or using in vitro models, due to concerns regarding 
translational relevance and physiological differences across 
species.

The intervention component of the PICOS model focused 
on the use of herbal therapies. Included studies had to eval-
uate either single-herb or polyherbal preparations, admin-
istered to manage renal stones through either dissolving 
existing stones, promoting their expulsion, or preventing 
their recurrence. These herbal products could be provided 
in various traditional or modern forms, such as capsules, 
decoctions, extracts, or powders, but had to contain whole 
plant material or crude herbal formulations. Trials involving 
isolated phytochemicals, synthetic agents, vitamin–mineral 
supplements, or dietary-only interventions were excluded 
in order to retain a clear focus on phytotherapeutic practices 
consistent with integrative and traditional medicine.

The eligible studies had to include a control group to 
allow for a fair comparison of treatment effects. Acceptable 
comparators included placebo, standard pharmacological 
regimens (such as potassium citrate, tamsulosin, or thiazide 
diuretics), no treatment, or a different herbal remedy. Stud-
ies lacking a comparator arm, including quasi-experimental 
studies (e.g. uncontrolled before-and-after studies) or obser-
vational studies (e.g. case reports, case series, or cross-sec-
tional studies), were excluded due to their limited capacity 
to isolate the effect of the intervention and to minimize bias.

In terms of outcomes, included studies were required to 
report at least one clinically meaningful endpoint related 
to the burden or management of kidney stones. These out-
comes could include quantitative changes in stone size or 
number, the rate or time of stone expulsion, recurrence rates, 
or changes in urinary composition (e.g. oxalate, citrate, 
calcium, pH). Studies that measured only surrogate end-
points, non-clinical biomarkers, or theoretical mechanisms 
without patient-relevant clinical outcomes were excluded. 
Moreover, trials that reported outcomes descriptively with-
out presenting extractable statistical data, such as means, 
standard deviations, effect size percentages, or sample sizes, 
were excluded from the meta-analysis, although they were 
considered for qualitative synthesis if they offered relevant 
mechanistic insights.

Finally, only randomized controlled trials or prospective 
interventional studies published in peer-reviewed journals 
were included to ensure the quality and applicability of the 
evidence. Eligible studies had to be published in the English 
language and fall within the time range of January 2015 to 
March 2025. This filter was applied to capture recent devel-
opments in herbal medicine and ensure alignment with cur-
rent clinical practices. In addition, grey literature, preprints, 

and studies published in abstract-only form were excluded 
due to the lack of peer review and limited methodological 
transparency. These eligibility criteria were carefully applied 
during the screening process to ensure that the included 
studies were directly relevant to the clinical question and 
capable of contributing meaningful data to both the qualita-
tive synthesis and quantitative meta-analysis to achieve the 
review’s objective of evaluating the real-world utility and 
effectiveness of phytotherapy in kidney stone management, 
and the full detailed eligibility criteria is provided in the 
supplementary materials.

Screening and study selection

Following the execution of the search strategy across four 
major databases and two clinical trial registries from 18th 
February 2025 to 3rd March 2025, all retrieved refer-
ences were exported as “RIS” files and then combined and 
imported into Rayyan QCRI, a specialized online platform 
designed to facilitate systematic review screening. This plat-
form allowed for blinded, independent screening of titles 
and abstracts by two reviewers, which ensured an unbiased 
assessment of eligibility and reduced selection bias during 
the initial phase.

A total of 546 records were identified through database 
and registry searches before screening, with individual 
inputs from PubMed (n = 24), Cochrane CENTRAL (n = 31), 
Web of Science (n = 23), Embase (n = 466), ClinicalTrials.
gov (n = 1), and the WHO International Clinical Trials Reg-
istry Platform (ICTRP) (n = 1). These records were first fil-
tered to remove non-relevant entries based on the pre-deter-
mined limits: 223 records published before January 2015, 
and 11 non-English language records were excluded. This 
left 310 records for the title and abstract screening stage.

During the title and abstract screening phase, each cita-
tion was independently reviewed by two researchers to 
determine its potential relevance based on the predefined 
eligibility criteria. In this phase, 280 records were excluded 
for the following reasons: 22 were duplicates, 101 involved 
non-human populations (animal models or cell lines), 123 
were of an ineligible study design (such as review articles, 
observational cohort or case–control studies, cross-sectional 
studies, case series, and experimental pharmacokinetic or 
formulation quality assessments), and 34 were found to be 
out of scope, often discussing other nephro-/uro-logical dis-
orders or unrelated herbal applications.

Following this stage, 30 full-text articles were subjected 
to a detailed eligibility assessment. That full-text screen-
ing was again conducted in duplicate by two independent 
reviewers, with discrepancies resolved through discussion 
and, when necessary, by consultation with a third expert. 
Sixteen papers were then removed from this collection, 
mostly because their methodology or content did not match 
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the review’s goals. In particular, 3 studies were excluded due 
to ineligible populations (patients with unrelated comorbid 
conditions), 3 due to interventions that were either Ayur-
vedic, non-plant-based, or pharmacological, and 3 due to 
reporting outcomes outside the scope of urolithiasis (e.g. 
urinary tract infections, oxalosis, cystinuria). Additional 
exclusions included 2 trials with unavailable full-text results 
despite registration and completion, 2 studies using inappro-
priate comparators, and 1 record published only as a confer-
ence abstract with no accessible data.

Finally, 14 studies met all inclusion criteria and were con-
sidered suitable for both qualitative synthesis and, where 
applicable, quantitative meta-analysis. These studies formed 
the final evidence base of this literature and were compre-
hensively evaluated in terms of population characteristics, 
herbal interventions, outcome measures, and methodologi-
cal quality. The complete screening process, including the 
rationale for study inclusion and exclusion, is visually repre-
sented in the following PRISMA 2020 flow diagram Fig. 1, 
ensuring full transparency and adherence to best reporting 
practices in systematic reviews.

Data extraction

Data extraction was accomplished using a customized 
spreadsheet designed in Microsoft Excel 365, tailored spe-
cifically to capture the most relevant methodological and 
outcome-related information across all included trials. The 
extraction process was carried out systematically by two 
independent reviewers to ensure accuracy and completeness. 
Discrepancies were resolved through mutual discussion or, 
when necessary, by consulting a third expert.

Each study was thoroughly scanned, and the following 
details were documented: the study identifier, including first 
author, year of publication, and trial registration ID (if avail-
able), along with the primary aim or objective of the trial. 
The country of origin and, where available, the type of clini-
cal setting (e.g. outpatient clinics, urology centres, academic 
hospitals) were also noted to provide context for the study 
environment. In addition, details on the study design, such 
as whether the trial was randomized, double-blind, single-
blind, or open-label, were extracted, as were data on the 
total duration of the study, including any specific follow-up 
periods.

Furthermore, patient demographics and sample size dis-
tribution were documented, including the total number of 
participants, the allocation across treatment arms, and drop-
out or attrition rates. This data was critical for assessing the 
study power and interpreting the robustness of the reported 
outcomes. A comprehensive profile of the intervention arm 
was also noted, including the botanical composition of the 
herbal product, its formulation (e.g. capsule, decoction, 
extract), the dosage regimen, route of administration, and, 

when reported, methods of preparation or standardization. 
Similarly, parallel data were recorded for the comparator 
arm, which could include placebo, no treatment, standard 
pharmacological therapy, or another herbal regimen, with 
equal attention given to dosing and delivery method.

Moreover, the inclusion and exclusion criteria used by 
each study for recruiting patients were extracted to under-
stand the context in which these trials were conducted. This 
helped evaluate population homogeneity and assess how 
generally the findings might be applicable. Detailed infor-
mation was also collected regarding the outcomes measured, 
including stone size, stone number, stone expulsion rates, 
recurrence, and changes in urinary biochemical markers. For 
each outcome, data on measurement methods, assessment 
timepoints, and units of reporting were captured to allow for 
consistent comparison across studies.

Whenever available, the numerical results were extracted 
directly, including mean differences, standard deviations, 
confidence intervals, and P-values. These statistical param-
eters were essential for the subsequent meta-analysis, which 
was limited to trials that reported quantifiable and standard-
ized outcome data. The conclusion of each study, along with 
the authors’ reported assessments of safety and efficacy, was 
also summarized to help put the findings in the larger clini-
cal context.

Apart from these fundamental variables, studies were 
grouped based on thematic mechanistic classifications, 
which included treatments meant to alter the composition 
of the urine to stop stones from forming, dissolve calculi 
that already existed, or encourage the expulsion of stones 
by diuretic or antispasmodic effects. Herbal regimens were 
further categorized based on whether they involved single-
herb or polyherbal formulations to investigate if therapeutic 
complexity affected results. Altogether, this structured and 
thorough data extraction approach ensured that the review 
included not only numerical outcomes for meta-analysis but 
also contextual and mechanistic insights that could facilitate 
a deeper qualitative synthesis of findings.

Qualitative data synthesis

A structured qualitative synthesis was conducted in addi-
tion to numerical data pooling using meta-analysis to fur-
ther understand the mechanistic diversity and formulation 
complexity of herbal therapies used in kidney stone treat-
ment. We aimed to classify and interpret these effects in a 
systematic manner because we knew that phytotherapeutic 
interventions frequently work through a variety of mecha-
nisms, from biochemical regulation to physical facilitation 
of stone expulsion.

The first level of synthesis focused on the formulation 
type. Interventions were initially classified into two broad 
groups: single-herb formulations, which rely on the activity 
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of a single plant species, and polyherbal formulations, 
which combine multiple botanicals with complementary 
or synergistic mechanisms of action. This classification 
was particularly important because polyherbal combina-
tions, often grounded in traditional medical systems such 
as Ayurveda, Persian medicine, or Unani, may exert a mul-
tifaceted effect that cannot be attributed to a single active 
compound. On the other hand, single-herb therapies allow 

for a clearer mechanistic attribution and standardization, 
making them easier to interpret pharmacologically. These 
two formulation types were therefore studied to explore 
whether patterns emerged in terms of efficacy, safety, or 
therapeutic target.

The second level of synthesis involved thematic clas-
sification based on the proposed or observed mechanisms 
of action. Those key biological processes that the herbal 

Fig. 1   PRISMA flow diagram
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Ineligible Intervention (Ayurvedic, non-plant based, 
pharmacological, and supplemental formulations) 
(n = 3)

Ineligible Outcomes (Urinary tract infection, 
Cystinuria, and Oxalosis) (n = 3)

Ineligible Comparator (n = 2)

Completed trials with no published results (n = 2)

No access to Full Text (n = 2)

Abstract only (n = 1)

Studies included in the review
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Records removed before screening:
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intervention was targeting, as stated by the authors or 
deduced from result measures and underlying reasoning, 
were thoroughly analyzed for each included study. This 
thematic framework led to the organization of studies into 
three mechanistic categories:

Urinary composition modulation and stone forma-
tion prevention: This group included studies where 
the primary goal was to alter the biochemical envi-
ronment of the urine in ways that would reduce the 
risk of stone formation. Interventions in this category 
aimed to increase urinary citrate levels, reduce urinary 
oxalate or calcium excretion, or improve urine pH bal-
ance. Such effects were often assessed via 24-h urine 
profiles and serum chemistry panels. The objective of 
these interventions was not necessarily to treat existing 
stones but to prevent their development or recurrence, 
a strategy aligned with long-term disease control.
Stone dissolution and size reduction: Studies in this 
category focused on the capacity of the phytotherapeu-
tic agent to chemically or enzymatically disintegrate 
stones that had already formed. Outcomes in these 
trials typically included reductions in stone diam-
eter, volume, or surface area as measured by imaging 
techniques. This category was particularly relevant 
for therapies positioned as alternatives to shockwave 
lithotripsy or surgical removal and included both sin-
gle-plant extracts and multi-component formulas with 
known litholytic properties.
Stone number reduction via expulsion, diuretic, or anti-
spasmodic effects: This group contained trials in which 
the main effect of the intervention was to facilitate the 
passage of stones through the urinary tract. Mecha-
nisms included enhanced urine flow (diuresis), relaxa-
tion of ureteral smooth muscle (antispasmodic action), 
or reduction of edema and inflammation surrounding 
obstructing stones. These studies typically measured 
endpoints such as stone expulsion rate, number of 
stones passed, or reduction in stone burden. Many 
of the polyherbal formulations in this category drew 
upon traditional ethnomedicinal combinations known 
for their “stone-flushing” or urinary cleansing effects.

We were able to construct a mechanism-oriented rep-
resentation of phytotherapeutic activity in urolithiasis by 
using this thematic classification for the extracted data. 
This approach enabled not only a deeper understanding 
of how herbal remedies might contribute to stone man-
agement but also provided a framework to compare their 
potential therapeutic roles across different stages of the 
disease, from prevention to active treatment and symp-
tomatic relief.

Risk of bias assessment

The Cochrane Risk of Bias 2.0 (RoB 2) tool was employed 
to ensure a rigorous appraisal of the internal validity of the 
included randomized controlled trials (RCTs). This tool, 
grounded in the methodological standards outlined by the 
Cochrane Collaboration, evaluates potential sources of bias 
across five distinct domains: bias arising from the rand-
omization process, deviations from intended interventions, 
missing outcome data, measurement of the outcome, and 
selection of the reported result. It is specifically designed to 
assess bias at the outcome level rather than across an entire 
study, allowing for a more targeted evaluation. The assess-
ment was conducted using the RoB 2.0 beta macro-enabled 
Excel tool, following the structured signalling questions and 
algorithmic guidance provided by the Cochrane ROB_2 Crib 
sheet. This tool facilitates standardized judgments by guid-
ing reviewers through domain-specific questions, eventually 
categorizing each domain as “low risk,” “some concerns,” 
or “high risk” of bias. The Excel version further supports 
transparency and replicability by generating visual risk-of-
bias summaries (Figs. 2 and 3) suitable for systematic review 
reporting.

Across the 14 included studies, the domain-specific judg-
ments revealed substantial heterogeneity in methodological 
quality. For the randomization process, 42.9% of studies 
were rated as having low risk of bias, whereas 57.1% raised 
some concerns, mainly due to insufficient reporting on allo-
cation concealment or sequence generation methods. The 
domain of deviations from intended interventions showed 
higher methodological weaknesses, with 64.3% of studies 
classified as high risk, often due to inadequate blinding 
or protocol deviations not addressed by intention-to-treat 
analysis. Missing outcome data was the most problematic 
domain, with 85.7% of studies judged as high risk, typically 
due to incomplete follow-up, attrition without explanation, 
or differential loss to follow-up between arms. Outcome 
measurement raised a mix of concerns: 35.7% of trials were 
at low risk, while 35.7% had some concerns, and 28.6% 
were at high risk, mainly due to lack of blinding of outcome 
assessors or use of subjective outcome measures without 
validated tools. Finally, for the domain of selection of the 
reported result, while only 21.4% of studies were rated as 
high risk, the majority (78.6%) were found to have some 
concerns, often due to the absence of trial registration or 
incomplete reporting of pre-specified outcomes.

Overall, only 42.9% of studies were rated with “some con-
cerns,” while 57.1% were at high risk of bias when aggregat-
ing across domains, as illustrated in Table 3. These findings 
emphasize the importance of cautious interpretation of pooled 
results, as many included trials were limited by methodologi-
cal shortcomings that could influence outcome reliability.
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Fig. 2   Risk of bias assessment as percentages

Fig. 3   Risk of bias assessment domains’ judgement (for 14 trials)

Table 3   Included trials’ risk of bias assessment percentages

Total number of 
studies = 14

Randomization 
process

Deviations from 
intended interventions

Missing out-
come data

Measurement of 
the outcome

Selection of the 
reported result

Overall bias

Low 42.9 14.3 14.3 35.7 0 0
Some concerns 57.1 21.4 0 35.7 78.6 42.9
High 0 64.3 85.7 28.6 21.4 57.1
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Summary of findings tables

Two structured summary of findings (SoF) tables (Tables 4 
and 5) were created to improve the review’s conclusions’ 
interpretability and clarity. One table summarized the find-
ings from the included clinical trials, while the second table 
synthesized data from the natural treatments themselves. 
These tables were created to combine the most important 
and clinically useful information from the included material 
in order to facilitate quick reference by physicians, research-
ers, and policymakers.

The first table focused on the phytotherapeutic agents 
assessed across the included trials. For each herbal remedy, 
the table presents its botanical name, proposed or docu-
mented mechanisms of action, and a concise overview of its 
quantitative clinical effects as reported in the trials. Mecha-
nistic pathways were derived from both traditional ethnop-
harmacological knowledge and evidence reported within 
the included studies and were later grouped under themes 
such as urinary chemistry modulation, stone dissolution, and 
expulsion-promoting effects (e.g. diuretic, antispasmodic, or 
anti-inflammatory actions). Each plant was then linked to its 
respective clinical outcomes, with numerical results such as 
mean differences, confidence intervals, P-values, and rate of 
response highlighted where available. This summary table 
served as a bridge between traditional botanical knowledge 
and clinical data, illustrating how plant-based therapies are 
currently being validated in evidence-based medicine.

The second SoF table provided a structured overview of 
the included randomized clinical trials. For each trial, key 
methodological and clinical data were summarized, includ-
ing the study aim, conclusion, country of origin, total dura-
tion of the study and follow-up, and total sample size, with 
a breakdown of patients per intervention and control arm. 
The identification of each arm, including the intervention 
name, dosage, route, and formulation, was also presented to 
support reproducibility and allow comparisons across stud-
ies. Besides, clinical outcomes were reported in a quantita-
tive format, including effect sizes, confidence intervals, and 
P-values for primary and secondary endpoints such as stone 
size, number, and expulsion rates. This detailed compila-
tion of results enabled a side-by-side comparison of trial 
efficacy and supported refined synthesis in both narrative 
and statistical forms.

Collectively, these SoF tables offered a comprehensive 
yet accessible overview of the review’s evidence base. The 
integration of phytotherapeutic mechanisms with clinical 
trial outcomes helped to provide how and to what extent 
herbal interventions may contribute to kidney stone manage-
ment. These tables also suggest a valuable foundation for 
identifying knowledge gaps and informing future research 
on the efficacy, standardization, and safety of plant-based 
therapies for urolithiasis.

Quantitative synthesis and meta‑analysis

Meta-analyses were performed on two primary outcomes: 
stone size (measured in millimeters) and stone number 
(defined as the number of stones per patient) in order to 
objectively evaluate the clinical efficacy of herbal therapies 
in the treatment of kidney stones. These outcomes were 
chosen based on their availability in extractable numerical 
form appropriate for statistical pooling and their consistent 
clinical relevance across trials. These meta-analyses were 
conducted using RStudio, applying a standard approach to 
calculate mean differences (MD) and standardized mean 
differences (SMD) where appropriate, along with corre-
sponding 95% confidence intervals (CIs). Data points were 
extracted from the included trials based on final endpoint 
values or change from baseline, and only those studies 
reporting means, standard deviations, and sample sizes for 
both intervention and comparator groups were considered 
eligible for inclusion. A fixed-effects model was applied as 
the default analytical method; however, in cases where sub-
stantial heterogeneity was detected, a random-effects model 
was believed to be more appropriate to account for variabil-
ity across studies.

Out of the 14 trials included in the systematic review, 
only some reported outcomes in a statistically complete and 
standardized manner. Since the outcomes measured across 
the studies varied in their reporting methodologies, it was 
complicated to synthesize quantitative results and pooled 
conclusions from the meta-analysis of the 14 studies. There-
fore, only seven trials were eligible for inclusion in the meta-
analysis of stone size reduction, and four trials were included 
in the meta-analysis of stone number decrease. The remain-
ing studies were excluded from the quantitative synthesis 
for various reasons. These included reporting outcomes 
in non-numerical terms (e.g. only percentages or descrip-
tive results), using inconsistent measurement units without 
sufficient detail to allow for conversion, missing standard 
deviations or sample sizes, or presenting only qualitative 
outcomes such as “stone expulsion observed” without pre-
cise metrics. In some cases, data were reported as medians 
with interquartile ranges or ranges that could not be reli-
ably transformed into mean and standard deviation without 
introducing bias.

Furthermore, both the chi-squared test (χ2) and the 
I2 statistic were calculated to assess statistical hetero-
geneity across studies. The I2 value provided a quanti-
tative estimate of inconsistency between study results, 
with thresholds of 25%, 50%, and 75% representing low, 
moderate, and high heterogeneity, respectively. When I2 
exceeded 50%, sensitivity analyses were undertaken to 
explore potential sources of variation. These analyses 
involved excluding studies with outlier effect sizes or 
substantially different methodological characteristics, as 
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well as reweighting studies based on their sample size 
and variance to evaluate the robustness of the overall 
effect estimates. Additionally, forest plots (Figs. 4 and 5) 
were generated for both outcomes, visually summariz-
ing the individual and pooled effects of phytotherapeutic 

interventions on stone size and number. In each forest 
plot, the square markers represented the weighted mean 
of individual study effects, and horizontal lines denoted 
confidence intervals. The pooled effect was illustrated as 
a diamond at the top of the plot.

Fig. 4   Forest plot: herbal interventions vs control on stone size

Fig. 5   Forest plot: herbal interventions vs control on stone number
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Overall, the meta-analytic component of the review pro-
vided an evidence-based quantitative summary of the clini-
cal benefits of phytotherapy in kidney stone management, 
complementing the qualitative synthesis. This process also 
highlighted the need for more standardized outcome report-
ing in future phytotherapy trials to facilitate better data com-
parability and synthesis.

Natural remedies in kidney stones management

Phytotherapy offers diverse approaches to managing kidney 
stones, with various plants and herbal formulations exhibit-
ing unique therapeutic actions. The clinical trials included 
in this review investigate several plant-based interventions, 
each targeting different aspects of stone formation, growth, 
or expulsion through their distinctive pharmacological prop-
erties, as shown in Table 4.

Portulaca oleracea

Purslane, or Portulaca oleracea, is a medicinal plant that has 
been used for centuries and is known to have anti-inflamma-
tory and antioxidant qualities. Although P. oleracea’s precise 
mode of action is still unclear, a number of possible aspects 
of its effects have been proposed based on its composition 
and observed characteristics. This plant’s potential antioxi-
dant qualities are attributed to its abundance of antioxidant 
vitamins, including glutathione, β-carotene, α-tocopherol, 
and ascorbic acid. It has been suggested that these antioxi-
dant effects could influence the formation of renal stones and 
calcium oxalate crystals. Additionally, P. oleracea shows 
promise in reducing inflammation. Additionally, this plant’s 
traditional uses and other research associate it with qualities 
like muscle-relaxant effects. Although the precise ways in 
which P. oleracea affects specific urinary parameters are not 
yet fully understood, studies have shown that administration 
of P. oleracea powder resulted in a significant increase in 
urine citrate and a decrease in urine calcium levels, which 
is consistent with its potential preventive effect on kidney 
stone formation. To date, no clinically important adverse 
events associated with P. oleracea use have been reported 
in studies. More research is recommended to further clarify 
its mechanism of action, safety, and efficacy (Alirezaei et al. 
2023).

Alhagi maurorum

Alhagi maurorum is a plant traditionally used for various 
medical purposes, including the removal of kidney and 
bladder stones in regions such as Iran, Palestine, and Jordan 
(Aryaeefar et al. 2022). While the specific mechanism of 
action for its effects on kidney stones requires further clari-
fication (Alirezaei et al. 2023), several potential properties 

have been proposed (Mehrabi et al. 2023). One suggested 
mechanism is a diuretic effect, which leads to increased 
urine volume and enhanced excretion of sodium and potas-
sium (Aryaeefar et al. 2022). This action may lead to flush-
ing the urinary tract (Rathod and Amilkanthwar 2015). 
The plant is also thought to have spasmolytic or relaxation 
properties (Mehrabi et al. 2023), which could contribute to 
the removal of stones by relaxing the smooth muscles of 
the urinary tract and possibly dilating the ureter (Aryaeefar 
et al. 2022). This relaxation effect may also help relieve the 
severe pain associated with stone passage. Key compounds 
suggested to participate in these effects include alkaloids, 
which may induce relaxation by releasing catecholamines, 
and antioxidant flavonoids, which might help expand the 
ureter (Aryaeefar et al. 2022). In addition, the antioxidant 
components within the plant may alleviate pain caused by 
stones and potentially protect kidney tissue. Other antici-
pated mechanisms include an inhibitory effect on urease 
and a reduction in acidity and crystallinity of urine by its 
methanol extract. Besides, studies using aqueous extracts 
suggest a potential for A. maurorum to help prevent calcium 
oxalate crystal formation by reducing oxalate and increas-
ing urinary citrate, despite some findings indicating it has 
a limited effect on dissolving existing crystals. The plant’s 
hydroalcoholic extract is also associated with spasmolytic 
effects on smooth muscle and may have a dilating action on 
the urinary tract, supporting stone passage (Mehrabi et al. 
2023).

Nigella sativa

Black seed, or Nigella sativa, is a medicinal plant that is 
used to treat kidney stones in Traditional Persian Medicine 
(Ardakani Movaghati et al. 2019). While its particular mech-
anisms require further clarification through dedicated stud-
ies (Ansari et al. 2024), several potential modes of action 
have been suggested based on its composition and preclini-
cal research. According to its traditional uses, N. sativa has 
diuretic qualities and may also have antiurinary retention 
effects. This herb has been shown in preclinical research to 
have positive effects on kidney stones and related renal dam-
age. Numerous extracts can considerably lower the quantity 
and size of kidney calcium oxalate deposits, according to 
animal research examining the effects of N. sativa. Addi-
tionally, the ethanolic extract showed promise in reducing 
calcium oxalate levels in urine. The alcoholic extract might 
be especially useful in preventing the kidneys and urinary 
tract from accumulating calcium oxalate crystals (Ardakani 
Movaghati et al. 2019).

Melanin, butanol components, and thymoquinone, a 
significant constituent, are important bioactive substances 
thought to contribute to these effects. It has been proposed 
that thymoquinone is effective for both preventing and 
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fragmenting kidney stones. Its antimicrobial effects may 
also be relevant for preventing stones of bacterial origin, 
such as struvite stones (Ardakani Movaghati et al. 2019). 
Components like thymoquinone, butanol components, and 
melanin are also linked to the plant's antioxidant and anti-
inflammatory properties, which are thought to be relevant to 
its effects on kidney stones. Studies using aqueous extracts 
of N. sativa have shown an ability to inhibit the growth of 
calcium oxalate monohydrate particles in vitro. Addition-
ally, results from some studies evaluating urinary and tissue 
parameters have indicated a significant reduction in calcium 
crystal formation and oxalate excretion (Shakeri et al. 2021).

Peganum harmala

Peganum harmala, commonly known as wild rue or harmel, 
is a medicinal herb used in traditional medicine for various 
purposes, including treating renal diseases, disinfecting uri-
nary tracts, and possibly having analgesic effects. The seeds 
of P. harmala are specifically recognized for their useful 
components for managing various renal diseases. Numer-
ous bioactive substances are known to be present in that 
plant, including flavonoids and alkaloids like quinazoline 
and beta-carboline compounds. Moreover, preclinical stud-
ies and traditional medicine support the idea that P. har-
mala has multiple mechanisms of action related to kidney 
stones. One of these is the ability to crush stone. Its tradi-
tional use also suggests a diuretic effect, which increases 
urine volume and potentially assists in flushing stones and 
their passage. This plant is also characterized by analgesic 
properties, which could help improve the pain caused by the 
presence or movement of stones; this effect may be linked 
to the alkaloid extract and flavonoids present in the seeds. 
Furthermore, traditional uses indicate an ability to disin-
fect the urinary tract, which could be relevant in preventing 
stones associated with infection. While clinical studies have 
investigated the effects of P. harmala, observing outcomes 
such as a decrease in urinary stone size and number and 
a reduction in pain, these observations are consistent with 
the proposed mechanisms and properties of the plant. Thus, 
further research is recommended to fully clarify the specific 
mechanisms by which P. harmala exerts its effects on uri-
nary stones (Shakeri et al. 2020).

Other than these aforementioned single-herb interven-
tions, several polyherbal formulations recognized in tradi-
tional medicine systems have been clinically evaluated for 
their efficacy in kidney stone management, utilizing the 
potential synergistic effects of multiple plant ingredients.

Mofatet powder

The Mofatet powder is a polyherbal formulation from Tradi-
tional Persian Medicine (TPM), traditionally used for kidney 

and bladder stones. This formulation is composed of equal 
parts of seeds from Cucumis sativus, Cucurbita pepo, Apium 
graveolens, Foeniculum vulgare, and Pimpinella anisum, 
along with the fruit of Tribulus terrestris. While the spe-
cific mechanism of action of the Mofatet powder formulation 
needs further study to be fully understood, potential mecha-
nisms have been linked to its constituents. For instance, the 
methanolic extract of Cucurbita pepo seeds has been sug-
gested to potentially inhibit all stages of calcium oxalate 
stone formation, including nucleation, accumulation, and 
growth. Additionally, reports claim that Tribulus terrestris 
can dissolve kidney stones, which has been attributed to a 
protein isolated from it that can convert oxalate. Besides, 
Apium graveolens has diuretic effects that have been con-
sidered a factor in the dissolution of calcium stones. That is 
why observing a reduction in stone size in a clinical study 
using this formulation may indicate the solubilizing activity 
of the plant extract. Furthermore, multiple ingredients of 
Mofatet powder are stated to have renal protective effects, 
such as Cucurbita pepo, Cucumis sativus, Foeniculum vul-
gare, and Pimpinella anisum. Thus, this preparation was 
evaluated in the Ansari et al. clinical trial and implied to 
be effective in reducing calcium kidney stone size without 
potential nephro- or hepato-toxicity. Further detailed in vitro 
and in vivo studies are necessary to discover the specific 
mechanisms of action of this polyherbal formulation (Ansari 
et al. 2024).

Antiurolithic herbal formula (AHF)

The AHF is a polyherbal mixture composed of dried sim-
plisia from the leaves of Strobilanthes crispus, Orthosiphon 
stamineus, and Sonchus arvensis, along with the roots of 
Imperata cylindrica, Curcuma longa (turmeric), Curcuma 
xanthorrhiza (temulawak), and Phyllanthus niruri (meniran). 
This formulation is hypothesized to exert its effects on uri-
nary stones through the synergistic potential activity of 
its different ingredients. So, the proposed mechanisms of 
action for the AHF blend are multifaceted, including diu-
retic, antimicrobial, antioxidant, anti-inflammatory, anti-
spasmodic, litholytic (stone dissolving), and antilithogenic 
(stone preventing) activities. The antilithogenic effect may 
involve increasing urolithiasis inhibitors by elevating urinary 
citrate excretion and decreasing urinary calcium and oxalate, 
leading to a reduction in the risk of stone formation. Each of 
the aforementioned unique mechanisms has been attributed 
to individual components or properties of that blended for-
mula. For instance, Orthosiphon stamineus is known for its 
diuretic effect, and Strobilanthes crispus leaves are thought 
to have a strong diuretic activity related to potassium, help-
ing to expel calcium oxalate stones. This diuretic action 
increases urine volume, which potentially assists in flushing 
the urinary tract. And for stone dissolution and prevention, 
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Sonchus arvensis leaves are suggested to be effective in dis-
solving kidney stones, with water extracts potentially being 
more effective than alcohol extracts. Orthosiphon stamineus 
can also prevent the formation of calcium crystals. So, these 
ingredients may act at various stages of stone formation, 
including nucleation, crystal growth, aggregation, and reten-
tion (Nisa and Astana 2019).

Furthermore, the antimicrobial and antioxidant properties 
of the AHF are categorized as antilithogenic effects that help 
prevent stone formation. In particular, Curcuma longa and 
Curcuma xanthorrhiza are considered for their antioxidant 
and antimicrobial abilities. In general, the medicinal plants 
containing antioxidant compounds can prevent calcium oxa-
late precipitation and reduce oxalate excretion. In addition, 
the formula is proposed to possess anti-inflammatory activ-
ity, as regulation of inflammation is considered a potential 
strategy in stone management, and antispasmodic activity, 
which could support the passage of stones. Nonetheless, 
herbs like Curcuma xanthorrhiza and Imperata cylindrica 
are also associated with hepatoprotective effects, although 
this relates to the safety profile rather than the direct mech-
anism on stones. While clinical evaluation has been con-
ducted, further detailed in vitro and in vivo studies are nec-
essary to fully discover the specific mechanisms of action 
of this complex polyherbal formulation (Nisa and Astana 
2019).

Subap Plus

The Subap Plus is an herbal preparation recognized in Indian 
traditional medicine and investigated for its anti-urolithiasis 
effects. This formulation is prepared from the extracts of 
Crateva nurvala, Musa x paradisiaca, Achyranthes aspera, 
and Hordeum vulgare. Besides, the anti-urolithiasis potential 
of these plants has been supported by in vitro and in vivo 
studies. They have shown that the mechanism of action of 
Subap Plus is suggested to involve a synergistic effect of 
its combined ingredients, since the plant extracts used in 
the formulation are thought to act at various stages of stone 
formation, including nucleation, crystal growth, aggregation, 
and retention. In particular, the mentioned constituents may 
contribute to lowering the rate of stone-forming salts/miner-
als and increasing urinary citrate excretion. Hordeum vul-
gare, for instance, is noted to have such actions, in addition 
to its anti-inflammatory properties. Beyond affecting stone 
formation, the mixture is also thought to possess litholytic 
activity, helping to break down or dissolve stones, which 
could further explain observed reductions in size and density 
of calculi. An expulsive action is also proposed, which may 
lead to a higher rate of stone passage (Patankar et al. 2020).

Furthermore, animal studies held on this preparation 
have shown significant restorative activity on injured renal 
cells caused by crystal deposition, which is referred to as 

a “reno-protective function.” This is considered critically 
important because cellular injury may play a role in pro-
moting and progressing kidney stones. That is why regulat-
ing inflammation is also considered a potential therapeutic 
pathway in stone management. Besides, the formulation has 
shown favourable effects on urinary chemistry parameters 
relevant to stone formation, including effects on hypercal-
ciuria, hyperoxaluria, hypocitraturia, hypomagnesuria, and 
the supersaturation index, based on unpublished data from 
another study by the same authors. Thus, the overall antici-
pated mechanisms encompass preventing stone formation at 
multiple stages, facilitating stone breakdown and passage, 
protecting kidney cells from injury, and potentially modulat-
ing urinary composition. The formulation is also suggested 
to have analgesic activity, which helps reduce pain caused by 
renal stones. However, further detailed studies are deemed 
necessary to fully reveal the specific mechanisms of action 
of this herbal formulation (Patankar et al. 2020).

A five‑herb oral solution

This oral solution containing extracts of Tribulus terrestris, 
Urtica dioica, Adiantum capillus-veneris, Stigma maydis 
(corn silk), and Cucumis melo was clinically evaluated for 
the treatment of urolithiasis. Its potential therapeutic effects 
are suggested to be due to the combination of pharmaco-
logical actions exerted by its ingredients, including diuretic, 
anti-inflammatory, antispasmodic, antioxidant, pH-altering, 
and urinary ion-concentrating effects. Each of these specific 
mechanisms is attributed to its components; for example, the 
diuretic effect is mediated by herbs like Tribulus terrestris, 
Urtica dioica, and Stigma maydis. Animal studies emphasize 
the diuretic activity of T. terrestris and U. dioica, while S. 
maydis is recognized not only for its diuretic activity but also 
for its kaliuretic properties, which help in potassium excre-
tion. These effects suggest the capacity to increase urine 
volume, which can help in flushing the urinary tract. This 
solution is also thought to exert antilithogenic effects, acting 
at various stages of stone formation as mentioned before: 
nucleation, crystal growth, aggregation, and retention. More-
over, Urtica dioica is believed to inhibit calcium and oxalate 
accumulation, preventing crystal growth, as proven by stud-
ies in rats showing reductions in urinary calcium, oxalate, 
and crystal deposition. Adiantum capillus-veneris is also 
reported to inhibit urinary crystallization and decrease crys-
tal size and number, as emphasized by rat studies observ-
ing decreased blood calcium and urea, and reduced crystal 
counts in urine. Similarly, Tribulus terrestris has also shown 
activity against experimentally induced urolithiasis in rats, 
reducing crystal size and number (Samandarian et al. 2023).

In addition, this formulation may influence urinary com-
position by affecting ion concentrations and pH, address-
ing known risk factors like hypercalciuria, hyperoxaluria, 
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hyperuricosuria, and hypocitraturia. Also, antioxidant 
properties are essential for counteracting crystal-induced 
kidney damage and preventing stone formation. This is 
because oxidative stress and inflammation play significant 
roles in urolithiasis pathogenesis, as exposure to calcium 
oxalate crystals can lead to reactive oxygen species produc-
tion, tubular damage, and inflammation, promoting crystal 
aggregation. Fortunately, all five plants in this solution are 
noted for being rich in phenolic compounds and flavonoids, 
and their confirmed antioxidant properties could contribute 
to the formula’s effectiveness. Another potential mechanism 
is the antispasmodic effect on the smooth muscles of the 
urinary tract, which could facilitate stone elimination. These 
antispasmodic effects have been previously demonstrated for 
Adiantum capillus-veneris and Tribulus terrestris. Thus, the 
formula is suggested to have multifaceted activities recog-
nized strategies in stone management (Samandarian et al. 
2023).

BNO 1040

An herbal preparation containing a standardized BNO 1040 
extract, derived from levage root (Levistici radix), rosemary 
leaves (Rosmarini folium), and aerial parts of centaury (Cen-
taurii herba), has been studied for its effects, particularly 
following ESWL. This fixed combination of herbal ingre-
dients provides a complex effect on the kidneys and urinary 
tract. Its proposed mechanisms of action include a moderate 
diuretic effect and antispasmodic action, which are believed 
to improve urodynamics and consequently contribute to 
a speedy elimination of calculi. Aside from these actions 
influencing stone passage, the preparation is also thought 
to act on non-specific factors involved in stone formation. 
This may involve reducing the saturation of urine with 
stone-forming salts/minerals and increasing the concentra-
tion of magnesium ions in the urine, which is considered a 
natural crystallization inhibitor. The herbal constituents can 
also affect indirect factors contributing to calculus forma-
tion, such as inflammation and disturbance of urodynamics. 
Additionally, they are thought to inhibit the development of 
pathogenic flora in the urine, which helps prevent the exac-
erbation of inflammatory processes during the elimination 
of stone fragments. This wide range of actions, including 
influencing urine composition, reducing spasms, increasing 
urine volume, and potentially reducing inflammation and 
infection, contributes to the preparation’s overall effect on 
the urinary tract calculi (Vitkovskyy 2021).

Combining the discussed suggested mechanisms of 
action for different herbal formulations offers an interesting 
insight into their several possibilities in treating urolithiasis. 
Besides, several common therapeutic modalities show up 
across the formulations addressed. Among these are diu-
retic effects, meant to increase urine volume so aiding in 

urinary tract flushing. In addition, frequently mentioned are 
antispasmodic actions, which represent a possibility to relax 
the urinary tract’s smooth muscles so enabling the passage 
of stones or fragments. Many preparations are also believed 
to affect urinary composition by reducing the concentration 
of stone-forming constituents like calcium and oxalate and 
raising the levels of crystallization inhibitors like citrate and 
possibly magnesium. Apart from these, other essential activ-
ities are suggested. Antioxidant properties are emphasized 
for their role in counteracting the oxidative stress and dam-
age caused by crystal formation in the renal tubules, thus 
preventing stone pathogenesis. Some formulations propose 
anti-inflammatory effects, highlighting inflammation as a 
factor in renal calculi management. Litholytic effects, denot-
ing the ability to break down or dissolve stones, are also 
recommended as explanations for observed reductions in 
stone size and density. Additional mechanisms, particularly 
related to specific preparations like reno-protective function 
through helping to restore renal cells damaged by crystal 
deposition, are noted as important. There is also a suggestion 
that inhibiting pathogenic flora in the urine could play a role 
in preventing complications during stone fragment elimina-
tion. The following table (Table 4) provides a comprehensive 
summary of the mechanistic approaches for the addressed 
single and poly herbal formulations.

VAS Visual Analogue Scale, ESWL Extracorporeal 
Shockwave Lithotripsy

Clinical trials on herbal therapy for kidney stones

After having explored the plausible mechanisms by which 
different phytotherapeutic agents might exert therapeutic 
effects in urolithiasis, including actions like diuresis that 
increase urine flow, relaxation of the urinary tract via anti-
spasmodic properties, alteration of the urinary chemical 
environment to inhibit crystal formation, reduction of oxi-
dative stress, and possibly breakdown of the existing stones, 
the next crucial step in determining their clinical utility is 
to evaluate whether these mentioned hypothesized actions 
translate into real tangible patient benefits. The included 
clinical trials in this review provide the vital framework to 
transition from theoretical mechanism to witnessed outcome, 
since they examine a range of parameters intended to meas-
ure the clinical impact of the interventions. Such measures 
of stone expulsion and passage, changes in stone size and 
number, changes in urinary composition, and symptom 
relief, such as pain reduction, are often included in these 
evaluations, which often focus on important indicators that 
correspond with the assumed effects. Building on the mecha-
nistic basis previously discussed, we can start exploring the 
degree to which these herbal preparations exhibit efficacy 
in treating urolithiasis by investigating the statistical and 
clinical data obtained from these trials.
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Modulation of urine composition (preventive effect)

Moving beyond the possible underlying mechanisms of 
action, we now analyze how these herbal interventions 
result in quantifiable outcomes in the clinical setting, first 
concentrating on their impact on the urinary environment. 
Changing the physicochemical characteristics of urine to 
reduce the chance of stone formation is indeed an important 
approach in the management and prevention of urolithiasis. 
This can be accomplished by changing the concentration of 
chemicals that either encourage or prevent crystal nuclea-
tion, growth, and aggregation. Still, a major area of research 
is examining this modification of urine composition as a pre-
ventative measure. Within the included clinical trials, only 
two offer insights into this category of activity: the study 
by Alirezaei et al., which evaluated the effects of Portulaca 
oleracea extract on key 24-h urine indices in patients with 
renal stones (Alirezaei et al. 2023), and the trial conducted 
by Gao et al., focusing on the Huayu Jianpi Fangshi decoc-
tion’s impact on urinary calculus inhibitors and other param-
eters in patients who had been cured of urolithiasis (Gao 
et al. 2021). These RCTs provide practical evidence regard-
ing the ability of specific herbal interventions to directly 
influence the chemical elements within the urine that are 
critical to stone pathogenesis.

Factors such as urinary levels of inhibitors like citrate and 
promoters like calcium are essential in the process of stone 
formation. One clinical trial that investigates this approach is 
the study by Alirezaei et al., which was a single-centre, ran-
domized, double-blind, placebo-controlled clinical trial con-
ducted at Shahid Modarres Educational Hospital in Tehran, 
Iran. It included 54 participants (28 in the P. oleracea group 
and 26 in the placebo group), who had a documented history 
of renal stones and normal kidney function and had com-
pleted the trial. Those participants were randomly assigned 
to receive either capsules containing 2 g of Portulaca olera-
cea powder mixed with brown sugar or identical placebo 
capsules made of starch and brown sugar, taken once daily 
for 8 weeks on an empty stomach. Outcome measurements, 
including 24-h urine levels of citrate, calcium, uric acid, 
creatinine, and sodium, were eventually assessed at base-
line and again after the 8-week study period (Alirezaei et al. 
2023).

The study results demonstrated statistically significant 
changes in the key urine chemistry parameters. After 8 weeks 
of intervention, the mean urine citrate level in the P. olera-
cea group (674.82 ± 94.56 mg/24 h) was significantly higher 
compared to the placebo group (579.19 ± 85.06 mg/24 h, 
P < 0.01). On the contrary, the mean urine calcium 
level in the P. oleracea group (176.32 ± 27.40 mg/24 h) 
was significantly lower than that in the control group 
(194.26 ± 25.17 mg/24 h, P = 0.016 or P = 0.02). Although 
urine creatinine levels were not significantly affected, these 

findings indicate a favourable shift in the urinary environ-
ment towards reduced stone formation risk. The trial also 
states that baseline differences in these parameters were 
not significant between the groups, allowing the observed 
changes to be attributed only to the intervention. Based on 
these significant modulations of urine citrate and calcium, 
which are known risk factors for nephrolithiasis, the study 
concludes that Portulaca oleracea may offer a preventive 
effect on kidney stone formation (Alirezaei et al. 2023).

Following on from the Alirezaei study, the second RCT 
within this category that contributes to our understanding 
of modulating urine composition for stone prevention is 
the primary research conducted by Gao et al. Their study 
examined the effects of Huayu Jianpi Fangshi decoction 
(HJFD), a traditional Chinese medicine (TCM) herbal for-
mula recognized for its principles, particularly in preventing 
urolithiasis by influencing factors such as stone inhibitors 
and addressing underlying patient constitutions, including 
spleen malfunction and ureteral obstruction. It also aimed 
to confirm the decoction’s mechanism achieved by regulat-
ing the concentration and expression of calculus inhibitors 
and explore its TCM preventive mechanism. It was designed 
as a randomized, double-blinded, placebo-controlled clini-
cal trial. It was conducted at the China Academy of Chi-
nese Medical Sciences Guanganmen Hospital in Beijing, 
China, recruiting a population consisting of patients aged 
18–60 years who had been previously diagnosed with and 
cured of upper urinary tract urolithiasis and also met specific 
TCM diagnostic criteria related to qi stagnation, blood sta-
sis, spleen deficiency, and dampness obstruction. Initially, 
60 eligible patients were randomized, with 30 assigned to 
the treatment group and 30 to the control group. However, 
57 patients completed the trial (29 in the treatment group, 
28 in the control group), receiving either the HJFD decoc-
tion or an identical placebo decoction, both taken orally two 
times per day. The detailed composition of the HJFD decoc-
tion included herbs such as Rhizoma curcumae, Atractylodes 
macrocephala, and Lysimachia christinae. All patients also 
received the same dietary education regarding urolithiasis 
prevention, with a total duration for the intervention and 
study follow-up of 4 weeks. Ultimately, outcome indicators 
were measured at baseline (time of enrolment) and again 
after 4 weeks of medication (Gao et al. 2021).

As addressed, the Gao et al. trial assessed various param-
eters, focusing on the main urinary calculus inhibitors and 
other urine composition factors. Statistically significant 
results concerning urine modulation included the follow-
ing: After 4 weeks, the mean 24-h urinary citric acid level 
in the treatment group (297.48 ± 57.91 mg/L) was highly 
statistically significantly higher compared to the control 
group (244.75 ± 59.62 mg/L), with a difference between the 
groups being highly significant (P < 0.01). The study also 
observed a significant decrease in the urinary concentration 
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of Tamm-Horsfall protein (THP) in the treatment group after 
4 weeks compared to before treatment (P < 0.01), and the 
difference in urinary THP concentration between the groups 
after treatment was statistically significant (P < 0.05), with 
the treatment group having a lower level (6.37 ± 6.10 mg/L) 
than the control (10.83 ± 7.73 mg/L). Similarly, the concen-
tration of inter-α-trypsin inhibitor heavy chain 3 (ITIH3) sig-
nificantly decreased within the treatment group after 4 weeks 
(P < 0.01), and the difference between the treatment group 
(6.14 ± 4.46 mg/L) and the control group (9.51 ± 6.32 mg/L) 
after treatment was referred to as statistically significant 
(P < 0.05). There was also a significant increase in urinary 
pH after treatment in the HJFD group (P < 0.01), and this 
rise was statistically significantly higher than in the con-
trol group (P < 0.01). Additionally, a significant decrease 
in urinary calcium level was observed within the treatment 
group after treatment (P < 0.01), and the difference between 
the treatment group (6.90 ± 0.54) and the control group 
(7.57 ± 0.64) after treatment was highly statistically signifi-
cant (P < 0.01). Urinary magnesium, oxalic acid, and uric 
acid levels did not show any significant differences between 
groups after the intervention. So, it was concluded that the 
HJFD can increase the excretion of urinary citric acid and 
downregulate the abnormal expressions of urinary THP and 
ITIH3, which are considered micromolecular and macro-
molecular calculus inhibitors, respectively. These findings, 
along with improvements in TCM symptoms and constitu-
tion, suggest that the decoction has a positive significance in 
the prevention of urolithiasis (Gao et al. 2021).

Reflecting upon the outcomes from both the Alirezaei 
et al. and Gao et al. trials, we can see preliminary evidence 
suggesting that phytotherapeutic interventions may be 
promising for preventing kidney stone formation by ben-
eficially altering urine composition. The study of Alirezaei 
et al. on Portulaca oleracea indicated that its administration 
led to statistically significant increases in urine citrate and 
decreases in urine calcium, parameters critical for inhibiting 
crystal formation. Similarly, the Gao et al. trial investigating 
the HJFD decoction reported significant increases in urinary 
citric acid and pH, alongside significant reductions in uri-
nary calcium, THP, and ITIH3 concentrations. These col-
lective observations from both RCTs aim towards a favour-
able shift in the urinary environment, potentially making it 
less favourable to the nucleation, growth, and aggregation 
of stone-forming crystals. However, it is crucial to con-
sider the inherent limitations acknowledged by the authors 
themselves. Both were single-centre studies with relatively 
small sample sizes (54 in Alirezaei and 57 in Gao) and short 
intervention durations (8 weeks and 4 weeks), which hin-
ders the generalizability and the ability to definitively assess 
long-term stone recurrence rates. Both also highlighted the 
need for further evaluation of safety and efficacy and a more 
in-depth mechanistic investigation. Therefore, while these 

initial findings are encouraging, they serve primarily as a 
foundation, emphasizing the need for more robust, multi-
centre trials with larger cohorts and extended follow-up 
periods to confirm these effects, evaluate long-term clini-
cal benefits, and fully understand the mechanisms by which 
these interventions influence stone prevention.

Stone dissolution (size reduction)

After meticulously discussing interventions targeted at pre-
venting newly formed stones by altering urinary chemistry, 
we would address the potential for natural or traditional 
medicine to directly affect existing kidney stones through 
dissolution or size reduction. This represents a unique thera-
peutic modality, acting on actively diminishing the physi-
cal burden of pre-existing calculi rather than just modifying 
the environment in which stones form. Since calcium-based 
kidney stones constitute the majority of stone types and 
there is currently no proven medical treatment with a well-
established and efficient method for dissolving them, it is 
an exclusively crucial area of research. Within the selected 
studies, three RCTs specifically explore this activity: the 
study by Ansari et al. (2024), which evaluated the efficacy of 
Mofatet powder, a polyherbal formulation from Traditional 
Persian Medicine, in patients with calcium kidney stones; 
the trial conducted by Ardakani Movaghati et al. (2019), 
which assessed the renal stone-dissolving efficacy of Nigella 
sativa (black seed); and the trial by Nisa and Astana (2019), 
which compared the AHF against a commercial lithotripsic 
agent, using changes in stone size and number as key out-
come measures. The objective of each of these investigations 
was to find out whether the interventions in question could 
result in a measurable reduction in the size or total elimina-
tion of pre-existing stones.

Focusing on the Ansari et al. trial as one of the studies 
exploring stone dissolution, it investigated the safety and 
efficacy of Mofatet powder, a polyherbal formulation derived 
from TPM, specifically for the treatment of calcium kid-
ney stones. This formulation contains the seeds/fruits of six 
previously stated plants: Cucumis sativus, Cucurbita pepo, 
Apium graveolens, Foeniculum vulgare, Pimpinella anisum, 
and Tribulus terrestris. The study was conducted as a ran-
domized, double-blinded, placebo-controlled clinical trial 
at clinics associated with Shiraz University of Medical Sci-
ences in Shiraz, Iran, including patients aged over 18 diag-
nosed with renal stones 5 mm or larger located in the lower 
pole of the kidney, confirmed to be calcium stones. Out of 
70 surveyed, 51 patients were randomized (26 to the drug 
group, 25 to the placebo group) using a computer-generated 
block randomization method with sealed envelopes to ensure 
allocation concealment, but 49 patients completed the study 
(26 in the drug group and 23 in the placebo group). Partici-
pants in the treatment group received 500 mg capsules of 
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the Mofatet powder extract twice daily, administered orally, 
while the control group received identical placebo capsules. 
The Mofatet capsules were prepared by boiling the powdered 
herbal mixture to obtain an aqueous extract, which was then 
concentrated, freeze-dried, and encapsulated to standardize 
the dosage. The intervention and follow-up period lasted 
for 5 weeks, allowing for measurement of outcome param-
eters, including stone size and various biochemical mark-
ers in blood and urine, which were evaluated at two time 
points: before the intervention (baseline) and after 5 weeks 
of treatment. The declared baseline characteristics, includ-
ing average stone size (8.15 ± 1.64 mm in the drug group 
and 7.95 ± 2.12 mm in the placebo group), were comparable 
between the groups (Ansari et al. 2024).

The key finding of the Ansari et al. trial was the signifi-
cant impact on existing stone size, confirmed by the imaging 
results after 5 weeks, which showed a highly statistically 
significant decrease in stone size in the drug group compared 
to their baseline (P < 0.001), while no significant change 
was observed in the placebo group (P = 0.39). Addition-
ally, the mean reduction in stone size in the drug group was 
3 mm, representing a 60.73% decrease. The difference in 
stone size change between the drug and placebo groups was 
also highly statistically significant (P < 0.001). Besides, the 
study reported the disappearance of stones in two patients 
in the drug group, with none in the placebo group. Regard-
ing urine composition, the drug group showed a significant 
decrease in 24-h urine calcium concentration after 5 weeks 
compared to baseline (P = 0.02), and this decrease was also 
statistically significant compared to the placebo group after 
treatment (P = 0.02). Concurrently, urinary magnesium sig-
nificantly increased in the drug group after 5 weeks com-
pared to baseline and also compared to the placebo group 
after treatment (P < 0.001). Also, urine specific gravity in 
the drug group after treatment was significantly lower than 
in the placebo group (P = 0.015). Comparatively, no signifi-
cant changes were observed in 24-h urine volume within or 
between groups. Likewise, evaluation of renal and hepatic 
function tests (BUN, creatinine, AST, ALT) showed no sig-
nificant changes in either group before or after treatment, or 
between groups after treatment, suggesting no observable 
nephro/hepatotoxicity. Importantly, no clinically significant 
adverse reactions were observed during the trial. The study 
eventually concluded that Mofatet powder was effective in 
reducing the size of calcium kidney stones and was safe, 
supporting its potential as a treatment for nephrolithiasis. 
These observed changes in urinary calcium, magnesium, and 
specific gravity were highlighted as potential mechanisms 
related to reducing supersaturation and inhibiting crystal 
formation (Ansari et al. 2024).

For the second trial, conducted by Ardakani Movaghati 
et al., it targeted the use of black seed (Nigella sativa L.) 
to investigate its potential for dissolving existing kidney 

stones. It was held in Mashhad, Iran, specifically at the urol-
ogy clinic of Emam Reza Hospital, and designed as a rand-
omized, triple-blind, placebo-controlled clinical trial. Sixty 
patients with kidney stones larger than 5 mm were initially 
enrolled for this research and randomized into two parallel 
groups: 30 patients assigned to the black seed group and 
30 to the placebo group using simple block randomization. 
However, 27 patients in the black seed group and 26 in the 
placebo group were included in the final analysis for some 
key outcomes. Those allocated in the active group received 
500 mg capsules of ground black seed powder twice daily 
(total 1000 mg/day), taken orally with honey syrup, while 
the control group received identical placebo starch capsules, 
also with honey syrup. Both groups were also given dietary 
advice for kidney stone patients for the period of the inter-
vention and follow-up that lasted for 10 weeks, with out-
come measures assessed at baseline and after the 10-week 
treatment period (Ardakani Movaghati et al. 2019).

The primary outcome measured in the Movaghati RCT 
was the change in renal stone size using sonography. At 
baseline, the average stone sizes were comparable between 
the groups (6.20 ± 1.65 mm in the black seed group and 
6.41 ± 1.51 mm in the placebo group, P = 0.296), prov-
ing that a non-statistically significant discrepancy existed 
between the two enrolled groups. After 10 weeks, the results 
showed a highly statistically significant decrease in stone 
size within the black seed group (P = 0.000), whereas the 
placebo group showed no significant change (P = 0.098). 
Furthermore, the difference in the mean stone size between 
the black seed and placebo groups after the study was highly 
significant (P = 0.000), indicating a much greater reduc-
tion in the black seed group. Beyond just size reduction, 
the study reported that 44.4% of patients in the black seed 
group completely excreted their stones, compared to only 
15.3% in the placebo group, a statistically significant dif-
ference (P = 0.035). The probability of stone excretion was 
approximately three times higher with black seed (relative 
risk = 2.88, 95% CI = 1.06–7.81). Additionally, 51.8% of 
patients in the black seed group experienced a reduction in 
stone size, compared to just 11.5% in the placebo group. On 
the contrary, stone size increased in 15.3% of the placebo 
group patients, while this was not reported for the black 
seed group. Secondary outcomes included changes in urine 
pH and serum calcium, whereas the urine pH significantly 
decreased in the black seed group after intervention com-
pared to baseline (P = 0.046) and was significantly lower 
compared to the placebo group after treatment (P = 0.002). 
Conversely, serum calcium significantly increased within 
the black seed group after 10 weeks (P = 0.001), but this 
change was not significantly different compared to the pla-
cebo group after treatment (P = 0.732). Considering safety, 
renal and hepatic function tests showed no significant 
adverse changes, and while one patient in the black seed 
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group was excluded due to hydronephrosis and increased 
blood pressure, the authors cite previous studies demonstrat-
ing the safety of black seed at this dose and its tendency not 
to increase blood pressure, suggesting this individual case 
might not be directly attributable to the intervention. Over-
all, the study concluded that Nigella sativa L. had significant 
positive effects on the disappearance or reduction of kidney 
stone size compared to placebo (Ardakani Movaghati et al. 
2019).

And for the third study, investigating the dissolution 
power and reducing renal calculi size, led by Nisa and 
Astana, evaluated an AHF against a commercial polyherbal 
lithotripsic (CPL) agent. It was located in Indonesia at the 
medicinal plant and traditional medicine research and devel-
opment centre, and designed as a purposive randomized 
open-label clinical study with end-blinded observation. Out 
of 307 screened patients, 200 adults with urolithiasis and 
stones smaller than 20 mm were enrolled and randomized 
by computer into two groups, and eventually 97 patients in 
the AHF group and 94 in the CPL group were analyzed. 
The AHF consisted of dried simplisia from seven previ-
ously mentioned plants: Sonchus arvensis, Orthosiphon 
stamineus, Strobilanthes crispus, Imperata cylindrica, Cur-
cuma xanthorrhiza, Curcuma domestica, and Phyllanthus 
niruri. Subjects in the AHF group were instructed to boil 
10 g of S. arvensis, 6 g of O. stamineus, 4 g of S. crispus, 
5 g of I. cylindrica, 5 g of C. xanthorrhiza, 4 g of C. domes-
tica, and 3 g of P. niruri in 1 L of water for 15 min and 
drink the filtered water twice daily. While the control CPL 
group received capsules containing extracts from some simi-
lar plants (O. stamineus, S. crispa, S. arvensis, P. niruri) 
plus Plantago major, taking one capsule four times daily. 
The intervention and observation period lasted for 8 weeks, 
whereas stone size and number, alongside safety param-
eters (liver and renal function), were assessed at baseline 
and the end of the study (8th week), with some parameters 
also checked at the 4th week. Besides, baseline demographic 
and stone characteristics were similar between the groups 
(Nisa and Astana 2019).

The efficacy outcomes in the Nisa and Astana study pri-
marily concentrated on changes in stone size and number, 
showing results that the AHF group experienced a signifi-
cant size reduction in both single and multiple stones after 
8 weeks compared to baseline (P < 0.05 for single stones, 
P = 0.007 for multiple stones). The CPL group also showed 
a significant size reduction for single stones (P = 0.006), 
but not for multiple stones (P = 0.071). Crucially, the dif-
ference in the mean size reduction of single stones was 
significantly greater in the AHF group (mean reduction 
4.53 ± 6.81 mm) compared to the CPL group (mean reduc-
tion 0.49 ± 9.57 mm) (P = 0.009). For multiple stones, the 
size reduction difference between groups was not statisti-
cally significant (P = 0.798). And regarding the number of 

stones, the AHF group presented a significant decrease in 
the number of both single and multiple stones after 8 weeks 
compared to baseline (P < 0.05 for both). In contrast, the 
CPL group exhibited no significant change in the number 
of stones. The study noted a significant difference between 
the two groups at 8th week concerning the number of stones 
and described that the total difference in stone dissolution 
or reduction was greater in the AHF group, suggesting AHF 
could dissolve stones about twice as effectively as CPL (ratio 
1.9:1). Both groups also showed a significant reduction in 
pain measured by Visual Analog Scale (VAS) from baseline, 
though there was no significant difference in VAS reduction 
between the groups at the end of the study (Nisa and Astana 
2019).

Moreover, safety was assessed by monitoring liver func-
tion (SGOT, SGPT) and renal function (BUN, creatinine, 
potassium), indicating that the AHF was safe, with biochem-
ical parameters for liver and renal function remaining within 
normal limits throughout the 8-week intervention in both 
groups. So, there were no statistically significant differences 
in these parameters between the AHF and CPL groups at any 
time point, nor significant changes from baseline within each 
group, except for a significant decrease in SGPT levels in the 
AHF group at the 4th week compared to baseline. The study 
eventually concluded that the Antiurolithic Herbal Formula 
was both safe and effective for treating urolithiasis, and that 
the observed efficacy is attributed by the authors to the syn-
ergistic litholytic, diuretic, and potentially antioxidant and 
anti-inflammatory activities of the herbal ingredients (Nisa 
and Astana 2019).

These three trials collectively offer promising initial 
evidence that certain traditional and herbal therapies may 
possess the potential for the non-invasive management of 
existing kidney stones. The polyherbal Mofatet powder dem-
onstrated a notable reduction in calcium stone size, exceed-
ing 60% over just 5 weeks, even leading to complete disap-
pearance in two patients. Separately, research on black seed 
(Nigella sativa L.) indicated its effectiveness in increasing 
the rate of complete stone excretion (44.4% vs 15.3% pla-
cebo) and achieving greater stone size reduction compared 
to placebo over 10 weeks, with a stone excretion likelihood 
approximately three times higher. Furthermore, the AHF 
showed a significant advantage over the CPL comparator in 
reducing single stone size and the overall number of stones, 
suggesting AHF might dissolve stones about twice as effec-
tively as CPL. Importantly, safety assessments across these 
trials generally revealed no significant negative effects on 
kidney or liver function from the tested interventions. How-
ever, these findings are preliminary and limited by factors 
such as the relatively short duration of the interventions, 
ranging from 5 to 10 weeks, which restricts the evaluation of 
long-term outcomes and potential recurrence. Some studies 
also noted the need for larger patient populations to confirm 
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the results obtained. Additionally, the reliance on imaging 
methods like ultrasonography and KUB, while practical, was 
regarded as potentially less accurate and objective than more 
advanced techniques like CT scans for precise stone size 
measurement. Therefore, future research is recommended 
to aim for larger clinical trials with extended follow-up peri-
ods to confirm efficacy and assess recurrence, employ more 
objective imaging modalities whenever reasonable, and 
potentially explore concentrated extracts or variations in 
dosing or formulation to enhance effectiveness, particularly 
for larger stones.

Stone expulsion (diuretic and antispasmodic)

We now shift our focus from treatments that mainly aim 
to dissolve or reduce the size of stones to a complemen-
tary approach to managing urolithiasis: facilitating existing 
stones to pass and be expelled. This method frequently uti-
lizes characteristics like diuretic effects to boost urine flow 
and physically remove stones or fragments and antispas-
modic effects to relax the urinary tract’s smooth muscles, 
which may help the stone’s elimination. The results of nine 
clinical trials will be discussed to investigate the evidence 
for herbal and traditional interventions functioning through 
these mechanisms. These include studies by Aryaeefar et al., 
Kumari and Tukaram, Mehrabi et al., Patankar et al., Rathod 
and Amilkanthwar, Samandarian et al., Shakeri et al. (2020), 
Shakeri et al. (2021), and Vitkovskyy. Each of these trials 
investigates various formulations and their potential to aid 
in the expulsion of urinary tract stones.

The first study examining stone expulsion, by Aryaeefar 
et al., investigated the potential of a unique traditional rem-
edy, Alhagi maurorum, in Neyshabur, Iran, within a clinical 
hospital setting, and focused on patients experiencing renal 
colic due to ureteral stones. The researchers implemented 
a randomized, single-blind clinical trial design involving 
110 patients whose data were ultimately analyzed after ran-
domization into groups. These participants, consisting of 75 
men and 35 women, were divided into either a control group 
(n = 55) or an intervention group (n = 55). The control group 
received routine treatment, which consisted of a once daily 
0.4 mg tamsulosin capsule and a 100 mg diclofenac sup-
pository taken every 12 h, while patients in the intervention 
group received this same routine treatment in addition to the 
herbal intervention (Aryaeefar et al. 2022).

This Alhagi maurorum distillate was administered orally 
at a dose of 150 cc per day, divided into three doses (50 mL 
each). This specific preparation, purchased from a licensed 
company, had its concentration confirmed at 1.5 mg/100 mL. 
Both the intervention and control regimens were followed 
for 4 weeks, with patients being followed up weekly. The 
primary outcome measured was stone excretion and the time 
it took for the stone to pass. Statistical analysis using Cox 

regression revealed that the time of stone excretion was sig-
nificantly shorter in the intervention group compared to the 
control group. Precisely, the analysis adjusted for variables 
like stone size, location, and history of disease showed a 
hazard ratio (HR) of 5.51 (95% CI, 2.81, 10.8) with a highly 
significant P-value (< 0.001), indicating that patients receiv-
ing Alhagi maurorum were much more prone to expel their 
stones sooner than those on routine treatment alone. Thus, 
the administration of the distillate was associated with 
approximately a 4-day reduction in stone removal time. 
Supportively, the study reported that none of the patients 
experienced any complications or side effects with the use 
of the Alhagi maurorum, and tolerance in terms of taste 
was described as desirable. Besides, baseline characteris-
tics, including mean age (intervention, 40.12 ± 11.6 years; 
control, 42.83 ± 8.1 years; P = 0.16) and mean stone size 
(intervention, 5.24 mm; control, 5.06 mm; P = 0.35), were 
found to be comparable between the two groups (Aryaeefar 
et al. 2022).

The same plant was studied by Mehrabi et al., to be com-
pared with a conventional medication commonly used for 
kidney and ureteral stones. This trial was a randomized, 
prospective study carried out in Yasuj, Iran, within a clini-
cal hospital setting, specifically at a urology clinic, and 
initially assessed 80 patients over 18 years of age with 
kidney and upper ureteral stones ranging in size from 4 to 
10 mm. Using a block random allocation method, patients 
were divided into two groups: one receiving hydrochloro-
thiazide (control) and the other receiving the herbal inter-
vention, Alhagi maurorum. Only 76 patients completed the 
trial and were analyzed, with 40 in the Alhagi maurorum 
group and 36 in the hydrochlorothiazide group, due to four 
patients being lost to follow-up in the control group. Base-
line characteristics, including mean age, sex, mean num-
ber of stones, mean size of stones, serum urea, and serum 
creatinine levels, were reported as similar between the two 
groups before the intervention, emphasizing the elimina-
tion of any confounding factors. For instance, before treat-
ment, the mean age was 45.1 ± 12.77 years in the Alhagi 
group and 46.17 ± 14.42 years in the hydrochlorothiazide 
group (P = 0.73). Also, the mean stone size before treat-
ment was mentioned as 13.3 ± 9.163 mm in the Alhagi 
group and 10.79 ± 6.82 mm in the hydrochlorothiazide group 
(P = 0.178) (Mehrabi et al. 2023).

The intervention group received a hydroalcoholic aerial 
extract of Alhagi maurorum, which was prepared from the 
aerial parts of the plant using 70% ethanol alcohol. Patients 
in this group received 1 g per day of the extract, adminis-
tered orally in two 500 mg capsules taken separately every 
12 h with water. While the control group received hydro-
chlorothiazide tablets (50 mg), one tablet every night. Both 
groups also received oral diclofenac sodium for pain relief 
and were instructed to drink ample water and exercise. The 
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duration of the intervention was 2 weeks, with patients being 
visited again after this period to record and analyze follow-
up tests and ultrasound results. Outcome measurements were 
taken before the intervention and after the 2-week treatment 
period (Mehrabi et al. 2023).

The study’s key findings focused on comparing the out-
comes between the two groups after the 2-week interven-
tion, whereas after treatment, the mean number of stones 
was 1.33 ± 0.88 in the Alhagi group and 0.94 ± 0.79 in the 
hydrochlorothiazide group (P = 0.052), demonstrating no 
statistically significant difference between groups. Similarly, 
the mean stone size after treatment was 6.93 ± 4.15 mm in 
the Alhagi group and 5.75 ± 5.71 mm in the hydrochloro-
thiazide group (P = 0.314), again with no statistically sig-
nificant difference observed between the groups. While 
the size and number of stones decreased after intervention 
within both groups, the comparison between the groups did 
not indicate a statistically significant difference. Regard-
ing treatment efficacy (defined as stone removal or residual 
stones < 4 mm), complete efficacy was achieved in 8 (20%) 
of the Alhagi group and 14 (38.9%) of the hydrochlorothi-
azide group, with a P-value of 0.305, representing no sta-
tistically significant difference in overall efficacy between 
the two treatments. The study also found that taking either 
treatment had no significant effect on renal function tests 
(serum urea and creatinine levels), with P-values for urea 
being 0.351 and for creatinine being 0.588 after treatment 
when comparing between groups. Remarkably, no specific 
complications or side effects were observed in either group. 
The authors concluded that Alhagi maurorum is as effective 
as hydrochlorothiazide for the treatment of kidney and ure-
teral stones within the 4–10 mm range, with no significant 
complications. They also recommend that more detailed 
studies with larger sample sizes and longer durations are 
needed to confirm these effects and understand the efficacy 
on different stone sizes and materials (Mehrabi et al. 2023).

Another trial, accomplished by Kumari and Tukaram, 
studied an Ayurvedic approach to urolithiasis. This open-
labelled, placebo-controlled clinical trial was conducted in 
Jamnagar, Gujarat, India, at the Outpatient and Inpatient 
departments of Shalya Tantra of IPGT and RA hospital, aim-
ing to evaluate the effect of two traditional formulations on 
Mutrashmari (urolithiasis). A total of 43 patients were ini-
tially randomized using a computer-generated method into 
two groups, and after accounting for loss to follow-up, 39 
patients were analyzed: 20 patients in the trial group (Group 
A) and 19 patients in the placebo control group (Group B). 
The study included patients aged 18–70 years with renal 
and ureteric stones up to 10 mm, while excluding those with 
chronic renal failure, gross hydronephrosis, or stones larger 
than 10 mm, among other conditions (Kumari and Tukaram 
2022).

The intervention in Group A consisted of two prepara-
tions: Palasha Kshara and Ashmarihara Kwatha. Palasha 
Kshara is an alkali prepared from the ash of the whole 
Butea monosperma plant, while Ashmarihara Kwatha 
is a decoction made from a combination of 13 different 
plant parts, including roots, fruits, seeds, stem bark, and 
leaves, from plants such as Bergenia ligulata, Carica 
papaya, Asparagus racemosus, Tribulus terrestris, Cra-
taeva nurvala, Cucumis sativus, Desmostachya bipinnata, 
Saccharum spontaneum, Tectona grandis, Oryza sativa, 
Boerhavia diffusa, Tinospora cordifolia, Achyranthes 
aspera, Nardostachys jatamansi, and Hyoscyamus niger. 
These preparations were procured from the Pharmacy of 
Gujarat Ayurved University and authenticated. Further-
more, patients in Group A received a 500 mg capsule of 
Palasha Kshara orally three times a day after meals and 
40 mL of Ashmarihara Kwatha twice daily after meals. 
On the other hand, the control group (Group B) received 
a 500 mg placebo capsule (granulated wheat) orally after 
meals. Both groups were advised to take 3–4 L of water 
over 24 h and were provided with a recommended diet 
chart and followed up for the treatment duration that was 
60 days (2 months). Patients were also assessed at 2-week 
intervals up to 2 months, with a follow-up 1 month after 
treatment completion to check for recurrence and adverse 
effects (Kumari and Tukaram 2022).

Regarding outcomes, the study evaluated both subjec-
tive complaints and objective parameters. In Group A, 
treatment showed statistically significant results in reliev-
ing pain (Vedana), increased frequency of burning mic-
turition (Sadaha Mutrata) (P < 0.0001 for pain, P < 0.001 
for increased frequency of micturition), though not for 
haematuria (P = 0.125). Compared to placebo (Group B), 
Group A demonstrated a significant difference in the relief 
of pain (P < 0.00001) and increased frequency of mictu-
rition (P = 0.0064), but not for haematuria (P = 0.61) or 
burning micturition (P = 0.96) when comparing the effect 
between groups. Objectively, Group A showed statistically 
significant improvements in stone size, position, number 
of stones, and the presence of hydronephrosis/hydroureter 
(HN/HU). Concerning stone size, the mean difference was 
0.950 with a P < 0.0001. In Group B, only the position of 
the stone demonstrated a significant change, while stone 
size, number, and HN/HU did not. Comparing the groups, 
there was a significant difference in results for all objec-
tive parameters measured, including stone size (P = 0.0005), 
position (P = 0.0345), number (P = 0.0333), and HN/HU 
(P = 0.0106). Specifically, in Group A, 29.73% of kidney 
stones and 75% of ureteric stones were expelled, and 51.35% 
of kidney stones and 25% of ureteric stones decreased in 
size. In contrast, in the placebo group, only 20% of kid-
ney stones were expelled, 37.14% decreased in size, while a 
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substantial 37.14% increased in size, and all ureteric stones 
(100%) increased in size. The researchers concluded that 
Palasha Kshara and Ashmarihara Kwatha were effective 
in both the symptomatic management and the expulsion of 
small-sized stones (< 10 mm) (Kumari and Tukaram 2022).

Similarly, Rathod and Amilkanthwar evaluated the effec-
tiveness of an Ayurvedic preparation, Kadalikshar, in man-
aging Mutrashmari through conducting an RCT. This trial 
took place at a Government Ayurved College in Nanded, 
Maharashtra, India, with a total of 60 patients diagnosed 
with Urolithiasis, confirmed by ultrasound sonography 
(USG), who were selected and equally divided into two 
groups of 30 each. Those participants of either sex, aged 16 
to 60 years, with stones up to 20 mm in size were included, 
while patients with renal function impairment, pregnant or 
lactating women, or those with certain systemic conditions 
like hypertension (HTN), diabetes mellitus (DM), ischemic 
heart disease (IHD), congestive heart failure (CCF), tuber-
culosis (TB), or Asthma were excluded. The intervention 
group received Kadalikshar in a 500 mg capsule form, taken 
orally twice a day before meals. It was prepared from the 
dried, burned ash of Kadali (Musa Sapientum) stems, which 
were then filtered and evaporated to obtain a powder. On the 
other hand, the control group received Gokshuradi Yog, a 
traditional formulation consisting of Gokharu, Erandmul, 
Wagharimul, Bruhatimul, and Talimkhana churna mixed 
with honey and curd, also taken orally twice a day before 
meals. The treatment was administered for 28 days in both 
groups, with follow-up assessments conducted on the 0th, 
7th, 14th, 21st, and 28th days, with a final assessment on the 
45th day (Rathod and Amilkanthwar 2015).

The study assessed both subjective symptoms (pain, 
burning micturition, haematuria) and objective criteria 
(size, site, and number of stones). Regarding stone size, 
measured by USG, the mean size at the beginning of 
the study was 6.423 ± 2.799 mm in the Trial group and 
6.394 ± 2.570 mm in the Control group. At the end of the 
28-day treatment period, the mean size in the Trial group 
was 2.189 ± 3.448 mm, while in the Control group it was 
3.102 ± 3.158  mm, displaying a reduction in size from 
baseline (before treatment–after treatment), which was 
of a mean of 4.309 ± 2.655 mm in the Trial group and 
3.311 ± 2.444 mm in the Control group. Furthermore, sta-
tistical analysis (unpaired t-test) found a significant differ-
ence in the mean reduction of stone size between the groups 
(P < 0.05), indicating the Trial drug was more effective. 
Evaluation of stone number also revealed that in the Trial 
group, 33.96% of stones dissolved, 22.64% were expelled, 
and 41.33% were significantly reduced in size. While in 
the Control group, 11% dissolved, 9% were expelled, and 
60.37% were significantly reduced. Overall, Kadalikshar 
was found to be more effective in promoting the dissolution 
and expulsion of stones than Gokshuradi Yog. Concerning 

subjective symptoms, while chi-squared tests at individual 
follow-ups were often not statistically significant, indicating 
both drugs provided some relief, the overall results showed 
higher percentages of patients were relieved in the Trial 
group compared to the Control group for pain (73.33% vs 
53.33%), burning micturition (79.16% vs 65%), and haema-
turia (76.46% vs 66.66%). And based on the clinical assess-
ment, 53.33% of patients in the Trial group were completely 
relieved, compared to 33.33% in the Control group. Conclu-
sively, the effectiveness of Kadalikshar is attributed to its 
traditional Ayurvedic properties and its alkaline nature (pH 
12.2), which may help dissolve stones and act as a diuretic 
to facilitate expulsion, which is very effective in manag-
ing urolithiasis, revealing superiority over Gokshuradi Yog 
(Rathod and Amilkanthwar 2015).

Patankar et al. had also conducted a clinical trial in a ter-
tiary care hospital in Pune, India, between September 2010 
and December 2013. This prospective, randomized, dou-
ble-blind, placebo-controlled, parallel-group study aimed 
to investigate the effects of an herbal formulation on renal 
calculi, recruiting initially 120 patients who were screened, 
but 84 were randomized. However, 65 patients completed 
the trial: 34 assigned to receive the herbal treatment and 31 
to receive the placebo. Eligible participants were individuals 
with asymptomatic renal calculi measuring between 4 and 
9 mm, confirmed by a non-contrast CT scan. Yet, exclusions 
encompassed patients requiring immediate surgical interven-
tion or those with significantly abnormal baseline liver or 
kidney function tests. The herbal intervention, Subap Plus 
capsules, was prepared from extracts of Crateva nurvala, 
Musa x paradisiaca, Achyranthes aspera, and Hordeum 
vulgare, herbs traditionally associated with properties like 
anti-urolithiatic, diuretic, antispasmodic, and anti-inflam-
matory activity. Patients in the treatment group received 
one 500 mg capsule of this formulation orally twice daily 
after meals for 6 months. Comparatively, the control group 
received identically appearing capsules containing lactose, 
following the same dosage schedule. Besides, the follow-up 
occurred monthly to monitor for pain and stone expulsion, 
with a final CT scan performed at the end of the 6-month 
treatment period or upon reported expulsion (Patankar et al. 
2020).

The study measured various outcome parameters at base-
line and the end of the 6-month intervention period, focus-
ing on stone characteristics and symptoms. One of which 
was stone expulsion, occurring in seven patients (20.6%) 
in the herbal treatment group compared to only one patient 
(3.2%) in the placebo group; the difference was found to 
be statistically significant (P = 0.03). Regarding stone size, 
assessed by surface area, the mean change revealed a sig-
nificant reduction in the treatment group from a baseline of 
27.6 ± 15 to 21.7 ± 13.2 sq. mm post-treatment (P = 0.0243 
within the group). In contrast, the placebo group displayed 
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a slight, non-significant increase in mean surface area from 
31.5 ± 16.5 to 32 ± 16.1 sq. mm (P = 0.28 within the group). 
The difference in the magnitude of change between the two 
groups was highly statistically significant (P < 0.005). Stone 
density, measured in Hounsfield units (HU), also presented a 
beneficial trend in favour of the treatment group, decreasing 
from a mean of 834.3 ± 357.3 to 740.9 ± 338 HU (P = 0.062 
within the group). The placebo group, however, experi-
enced a significant increase in mean stone density from 
901.9 ± 314.7 to 1059.6 ± 405.9 HU (P = 0.008 within the 
group). Also, the difference in density change between the 
groups was statistically significant (P < 0.001). And for Pain, 
assessed by the Visual Analog Scale (VAS), significantly 
decreased in the herbal group from 6.9 ± 1.6 at baseline to 
1.8 ± 0.9 post-treatment (P < 0.0001). Comparatively, the 
placebo group showed only a minor, non-significant change 
in mean VAS score from 7.2 ± 1.5 to 6.8 ± 1.5 (P < 0.161), 
leading to a difference in pain reduction between the groups 
that was highly significant (P < 0.0001). These findings sug-
gest that the herbal formulation effectively promotes stone 
expulsion and favourably alters stone characteristics (reduc-
ing size and density) while also significantly relieving pain, 
hence presenting a promising outcome for patients with 
small, asymptomatic renal calculi. Favourably, the study 
concluded that the herbal formulation demonstrated anti-
urolithiatic and analgesic activity without major adverse 
events (Patankar et al. 2020).

A randomized, single-blind, placebo-controlled clinical 
trial was conducted in Isfahan, Iran, from October 2019 to 
October 2020, by Samandarian et al. to assess the efficacy 
of an oral solution containing five herbal extracts in treating 
urolithiasis. Initially, 109 patients were evaluated, with 89 
meeting the inclusion criteria, and 62 consenting to partici-
pate, but 54 patients eventually completed the study, divided 
equally into a drug group (n = 27) and a placebo group 
(n = 27). Those participants eligible for the study were aged 
18 years or older, had symptomatic or asymptomatic kidney 
stones up to 10 mm in size confirmed by ultrasonography, 
and were referred from Nephrology or Urology clinics. Con-
versely, exclusions involved conditions like malignancy with 
bone metastasis, hyperthyroidism, hyperparathyroidism, 
psychosis, impaired renal function (serum creatinine above 
1.4 mg/dL), structural urinary tract disorders or active UTI, 
uncontrolled gout or hyperuricemia, recent use of other tra-
ditional remedies for urolithiasis, pregnancy, or lactation. 
The herbal intervention was an oral drop solution prepared 
as mentioned before from the hydroalcoholic extracts of 
Tribulus terrestris leaf, Urtica dioica root, Adiantum capil-
lus‑veneris leaf, Stigma maydis (silks), and Cucumis melo 
seeds, standardized to 1.2 mg phenolic content per mL. 
Patients in the drug group received 60 drops of this solu-
tion orally three times daily for 4 weeks, alongside standard 
treatment, while the placebo group received an identically 

appearing oral solution prepared with the same solvents and 
given at the same dose and duration. Besides, patients in 
both groups were advised to maintain a high fluid intake (at 
least 2 L/day urinary volume) and follow nutritional recom-
mendations, including salt and protein restrictions (Saman-
darian et al. 2023).

The study effects measured included stone number and 
size reduction by ultrasonography, and complete stone expul-
sion. At the end of the 4-week intervention, the outcomes 
exhibited a significant positive impact in the group receiving 
the herbal solution in terms of the parameters previously 
stated. Regarding stone parameters, the mean stone size 
decreased significantly in the drug group compared to the 
placebo group (P = 0.049). Specifically, the percent reduc-
tion in stone size showed a mean change of − 37.60 ± 74.77 
in the drug group compared to − 7.55 ± 69.47 in the placebo 
group. While the mean number of stones decreased signifi-
cantly within the drug group from 1.70 ± 1.03 to 1.11 ± 1.25 
(P = 0.009), this change was not statistically significant when 
compared directly to the placebo group at the end of the 
study (P = 0.093). Crucially, the number of cases with com-
plete stone expulsion was significantly higher in the drug 
group (12 cases, 44.44%) compared to the placebo group 
(4 cases, 14.81%) (P = 0.017). Although 24-h urine volume 
increased significantly within the drug group (P = 0.003 
within group), the change was not statistically significant 
compared to the placebo group (P = 0.236 between groups). 
Other measured urinary parameters like calcium, sodium, 
citrate, oxalate, urea, creatinine, and uric acid did not display 
significant changes compared to baseline or significant dif-
ferences between the groups. Finally, the study advocates 
that potential mechanisms for the herbal solution’s effec-
tiveness include a diuretic effect mediated by components 
like T. terrestris, U. dioica, and S. maydis, supported by the 
increase in urine volume in the drug group. Furthermore, 
the significantly higher rate of stone expulsion in the drug 
group could be attributed, in part, to potential antispasmodic 
effects on the urinary tract smooth muscles from herbs like 
A. capillus-veneris and T. terrestris. The conclusion drawn 
is that oral consumption of this herbal solution effectively 
leads to stone size reduction and stone expulsion in patients 
with urolithiasis, proposing its potential as a supplemental 
treatment (Samandarian et al. 2023).

Another RCT testing oral Peganum harmala seed, which 
is traditionally known for its analgesic and diuretic proper-
ties, contributing to its effect on pain relief and potentially 
aiding stone passage, versus tamsulosin. It was held at a 
urology clinic in Iran between June 2018 and May 2019, 
although the intervention was for 2  weeks. This study 
enrolled 80 patients aged over 18 with kidney and ureteral 
stones sized between 4 and 10 mm who were candidates 
for medical therapy without indications for immediate 
intervention or severe pain, and excluded patients with 
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conditions like cardiovascular/pulmonary disease, coagu-
lopathy, uncontrolled hypertension, pregnancy, allergy, or 
contraindications to pain medication. Those patients were 
randomly allocated to one of two groups, with 40 patients 
initially in each arm. The intervention group received oral 
Peganum harmala seed prepared as a capsule at a dose of 
50 mg/kg/day once daily after a meal for 2 weeks, while 
the control group received an oral capsule of tamsulosin 
0.4 mg per night for the same 2-week period. Both groups 
were advised to have high fluid intake (10–12 glasses/day), 
exercise, and receive diclofenac sodium for pain control if 
needed. Patients were also revisited after 2 weeks, and uri-
nary tract sonography was performed to assess changes in 
stone size and number and residual stones. Besides, pain 
severity was measured using a VAS. Findings indicated that 
mean stone size decreased in both groups after treatment, 
with mean sizes after treatment being 4.07 ± 3.66 mm in 
the P. harmala group and 5.15 ± 3.63 mm in the tamsulo-
sin group. However, there were no significant differences 
between the two groups regarding mean stone size after 
treatment (P = 0.21), or in the change in size from baseline 
(P = 0.314 between groups before treatment, 0.21 after treat-
ment). Also, the confidence intervals for the difference in 
mean stone size between groups confirmed the non-signifi-
cance as they included zero, both before treatment (− 1.165 
to 6.181) and after treatment (− 0.637 to 2.79). Similarly, 
no significant differences were observed between groups 
regarding stone numbers (P = 0.052 based on mean number 
of stones) or overall treatment efficacy (complete/partial 
response combined was 77.5% for P. harmala and 77.8% 
for tamsulosin, P = 0.06). Importantly, while pain score 
decreased significantly in both groups, the reduction was 
more significant in the P. harmala group (P = 0.002). So, 
the trial concluded that both P. harmala seed and tamsulosin 
effectively decreased urinary stone size and numbers with-
out significant side effects, but P. harmala was significantly 
more effective in reducing pain (Shakeri et al. 2020).

Likewise, Shakeri et al. (2021) accomplished another 
RCT testing another medicinal plant, oral Nigella sativa 
seeds, versus tamsulosin. It was conducted in the same set-
tings, following the same inclusion/exclusion criteria, but 
from March 2018 to March 2019. Its included patients were 
also 40 patients initially in each arm; however, the results 
presented appear to include data from 39 patients per group, 
as one patient in each arm was excluded due to lack of fol-
low-up. The groups received oral Nigella sativa seeds, pre-
pared as capsules, at a dose of 1 g every 12 h (total 2 g/day) 
after each meal with water, as the intervention, while tam-
sulosin was used for the control, as previously stated in the 
other trial. They were also advised to use diclofenac sodium 
for pain control and increase fluid intake with exercise. At 
the end of the 2-week treatment period, patients were simi-
larly evaluated with urinary tract sonography to assess stone 

size and number, and pain severity was measured using a 
VAS. The findings implied that there were no significant 
differences between the groups in the mean size of stones 
after treatment (Nigella, 4.97 ± 4.33 mm vs. tamsulosin, 
5.21 ± 3.63 mm, P = 0.39), although stone size decreased 
within both groups. Equally, stone numbers also decreased 
in both groups with no significant difference between them 
after treatment (P = 0.52). However, the pain score signifi-
cantly declined in both groups after intervention, with the 
reduction being more significant in the Nigella sativa group 
(P = 0.001). Most notably, the overall efficacy of treatment 
(defined as complete or partial response/expulsion) was sig-
nificantly higher in the Nigella group (78.5% or 79.5%) com-
pared to the tamsulosin group (61.6% or 61.5%) (P = 0.005). 
Thus, the study concluded that while both Nigella sativa 
seeds and tamsulosin reduced urinary stone size and num-
bers without a significant difference between them, Nigella 
sativa demonstrated greater effectiveness in both stone pas-
sage/efficacy and pain control, supporting its potential use 
as an alternative treatment for urinary stones (Shakeri et al. 
2021).

Finally, Vitkovskyy examined the effect of stone expul-
sion when introducing a natural herb to patients, particu-
larly after ESWL. This study was a randomized clinical trial 
conducted at a urology clinic in Ukraine, using an herbal 
preparation based on lovage, rosemary, and centaury. It 
involved 150 patients aged 18–65 years with calcium oxa-
late urolithiasis and single stones sized 0.8–1.3 cm in the 
kidneys or 0.5–0.9 cm in the ureters, who had undergone 
ESWL, while excluding those with certain conditions like 
severe renal impairment, large calculus size (> 1.3 cm), or 
other stone compositions. Those patients were randomly 
divided into two equal groups, with 75 patients in the main 
group and 75 in the control group. The main group received 
standard recommendations plus an oral herbal preparation 
containing standardized BNO 1040 extract (based on lovage 
root, rosemary leaves, and aerial parts of centaury), whose 
dose was 2 tablets or 50 drops three times a day, unlike the 
control group, which received standard recommendations 
only. Standard recommendations for both groups included 
diet, adequate fluid intake (2–3 L/day), exercise therapy, and 
access to antispasmodic drugs (drotaverine hydrochloride) 
and painkillers (dexketoprofen) as needed, along with the 
ESWL procedure itself. The treatment with the herbal prep-
aration lasted for 12 months, while follow-up evaluations 
occurred at several time points, including days 7, 14, 30, 
45, and after a year. Consequently, the study duration, from 
the first visit to the 1-year follow-up, spanned approximately 
12 months (Vitkovskyy 2021).

The findings demonstrated that the use of the BNO 
1040 herbal preparation in conjunction with ESWL con-
tributed to a more rapid and safe elimination of stone frag-
ments. Specifically, complete elimination of fragments was 
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observed significantly faster in the main group (mean time of 
9.81 days) compared to the control group (12.23 days), with 
a statistically significant difference (P = 0.011). Addition-
ally, by 14 days after ESWL, 94.7% of patients in the main 
group had achieved complete elimination of stone residu-
als, compared to only 76% in the control group, a differ-
ence that was also statistically significant (P = 0.042). While 
both groups experienced reduced pain and leukocyturia, the 
proportion of these complications was lower in the main 
group, although the difference in renal colic, in particular, 
did not reach statistical significance. Furthermore, recur-
rent stone formation within a year was observed in fewer 
patients in the main group (6.7%) compared to the control 
group (16%); however, this difference was not statistically 
significant due to the limited number of events. Besides, 
the trial highlights that the plant components of BNO 1040 
are known to possess diuretic and antispasmodic actions, 
which can improve urodynamics and aid in faster calcu-
lus elimination. It also records that these constituents can 
potentially modulate the urinary environment by reducing 
saturation with stone-forming substances with increasing 
magnesium ion concentration and influencing inflamma-
tory factors. Despite the study being conducted post-ESWL 
and primarily evaluating the impact on fragment expulsion 
and recurrence, the observed outcomes of faster elimination 
and potentially reduced recurrence are consistent with these 
acknowledged characteristics of the plants, which can affect 
both stone passage and modulate the urinary environment. 
In conclusion, the study revealed that the herbal prepara-
tion is effective and safe, accelerating fragment elimination 
after ESWL and potentially helping to prevent early recur-
rent stone formation, which still needs further investigation 
(Vitkovskyy 2021).

Given the range of clinical trials we have covered, which 
have examined everything from herbal extracts to traditional 
preparations for kidney stone expulsion and overall kidney 
stone management, it is evident that there is promising 
potential for them to enhance or complement conventional 
care, with several studies demonstrating beneficial effects 
on stone passage, size reduction, or symptom relief. For 
instance, trials investigating Alhagi maurorum distillate, 
the herbal blend (BNO 1040), the formulation called Subap 
Plus, Kadalikshar, and the mixture of Tribulus terrestris, 
Urtica dioica, Adiantum capillus-veneris, Stigma maydis, 
and Cucumis melo extracts, all reported improved stone 
expulsion rates or faster passage compared to control or pla-
cebo groups. Additionally, treatments such as Nigella sativa, 
Kadalikshar, Subap Plus, and other multi-herbal prepara-
tions have revealed positive effects in reducing stone size 
or density, as well as providing better pain control. How-
ever, a recurring theme across these studies, despite their 
varied approaches and specific findings, lies in their limita-
tions, which naturally pave the way for vital future research. 

Some of the studies were constrained by relatively small 
sample sizes and limited study or follow-up durations, which 
impacted the statistical power to detect subtle but potentially 
important differences or long-term outcomes, such as recur-
rence prevention. Issues concerning study design, such as 
the absence of blinding in some cases or the reliance on self-
reported data for certain variables, such as fluid intake or 
dietary habits when patients were not hospitalized, were also 
noted as potential influences on the results. Furthermore, 
some studies emphasized the need for a deeper understand-
ing of the mechanism of action, advocating that future work 
should clarify the specific active constituents, their optimal 
dosages, and their effects on metabolic parameters or the 
urinary environment beyond simple diuretic or antispas-
modic actions. Therefore, the collective recommendations 
are strongly directed towards conducting larger, well-con-
trolled (ideally double-blinded) trials with longer follow-up 
periods, incorporating detailed metabolic examinations and 
potentially analyzing expelled stone compositions to build 
a more robust evidence base for integrating these promising 
therapies into standard urological practice.

In addition to the published clinical trials included and 
discussed, a registered study investigating the use of herbal 
interventions in kidney stone treatment was identified in 
our search, but had not yet published its final results at the 
time of this review. It is listed in ClinicalTrials.gov (ID: 
NCT03924596) and investigates the use of Frankincense 
or Olibanum Boswellia (Luban) in patients with kidney 
stones, using ultrasound to monitor changes in stone size 
and number as it categorizes calculi into radiopaque stones 
(calcium oxalate) and radiolucent stones (uric acid). This 
trial met the eligibility criteria for our review, being rand-
omized, conducted in human subjects with urolithiasis, and 
focused on the impact of herbal preparation, but was eventu-
ally excluded due to the absence of publicly available results. 
Once published, their inclusion may strengthen or refine the 
current conclusions regarding the efficacy of phytotherapy 
in managing nephro/urolithiasis.

Quality assessment of herbal intervention trials

Assessing the risk of bias within clinical trials is an essen-
tial step in understanding the reliability and validity of the 
findings. This approach helps us assess the likelihood that 
systematic errors, which can result from a number of study 
design and execution factors, including the randomization 
technique, blinding protocols, handling of missing data, and 
outcome measurement, will impact the study’s findings. So, 
we can interpret the reported efficacy and safety data of each 
trial more intelligently by carefully weighing these factors, 
which gives us a deeper and more comprehensive under-
standing of the quality of the evidence each trial provides. 
As shown in the following figure (Fig. 2) illustrating the 
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distribution of risk of bias judgments across the five RoB 
2.0 domains for the 14 included trials, it was evident that the 
quality assessment process is crucial as the chart highlights a 
predominance of high risk scores in domains related to miss-
ing outcome data and deviations from intended interven-
tions, in contrast to the randomization process demonstrat-
ing comparatively higher methodological integrity. Since 
the missing outcome data and deviations from intended 
outcomes were the main reasons, several included studies 
were judged to have a high risk of bias, and the internal 
validity may be impacted by these methodological limita-
tions. Therefore, we interpreted the results cautiously, taking 
into account these potential sources of bias during synthesis.

Low risk judgement

Upon reviewing the included trials, it seems that a number 
of them appear to have adopted robust methodologies aimed 
at reducing the risk of bias. For example, the Alirezaei et al. 
study investigating Portulaca oleracea (purslane) utilized 
a randomized, double-blind, placebo-controlled design 
(Alirezaei et al. 2023). The allocation was also achieved 
using computer-generated random numbers and a bal-
anced block randomization method with sealed envelopes 
to conceal the assignment sequence. And importantly, the 
investigators, nurses, participants, laboratory staff, and 
supervisors were all stated to be blinded to the treatment 
assignment. The statistical analysis was also conducted 
using the intention-to-treat approach, which accounts for 
dropouts (Alirezaei et al. 2023). Similarly, the Movaghati 
et al. trial on Nigella sativa L. seeds used a randomized, 
double-arm, double-blind, placebo-controlled design. Sim-
ple block randomization was also used, and both participants 
and investigators were blinded, with similar-looking placebo 
capsules employed. Its primary outcome measure, change in 
renal stone size, was assessed by a blinded radiologist using 
sonography (Ardakani Movaghati et al. 2019). Additionally, 
the Patankar et al. trial evaluating the mixture herbal formu-
lation (Subap Plus) for asymptomatic renal calculi followed 
a prospective, randomized, double-blind, placebo-controlled 
design with a parallel group structure. Block randomiza-
tion was also implemented, and the principal investigator 
and enrolled patients were blinded. Besides, independent 
healthcare professionals handled randomization, enrolment, 
assignment, dispensing, and assessment, which further 
strengthens their robust methodology (Patankar et al. 2020). 
These aforementioned studies, by transparently reporting 
methods, like double-blinding and allocation concealment, 
provide a higher degree of confidence that the final observed 
outcomes are less likely to be due to systematic errors in the 
study process.

Some concern judgement

Conversely, some studies present potential risks of bias that 
require careful consideration. The Aryaeefar et al. study 
examining Alhagi maurorum distillate on ureteral stone 
expulsion was conducted as a randomized, single-blind 
clinical trial. The patients were not blinded to the interven-
tion, but the data collector and analyzer were, which might 
have affected how subjectively they reported their symptoms 
or perceived the passage of stones. The authors themselves 
mentioned limitations, including the inability to evaluate 
food and drinking habits and the use of self-reported vari-
ables, which may not accurately reflect measures (Aryaeefar 
et al. 2022). Likewise, the trial by Gao et al. on Huayu Jianpi 
Fangshi decoction was a randomized, double-blind, placebo-
controlled single-centre trial. Despite the blinding of TCM 
syndrome raters, the study was constrained by its single-
centre design and small sample size. Additionally, the data 
analysis was conducted using the per-protocol approach 
(Gao et al. 2021), which can introduce selection bias if 
patients with specific outcomes disproportionately drop 
out from one group. “Purposive randomized open-label, 
end-blinded observation” was also the design employed 
in the Nisa and Astana study that compared a commercial 
polyherbal lithotripsic with an antiurolithic herbal formula. 
Although an independent radiologist evaluated the results 
and investigators were blinded to treatment allocation, the 
“open-label” design suggests that participants and possibly 
other people involved in daily care were not blinded, which 
could introduce performance or detection bias, particularly 
for subjective outcomes like pain (Nisa and Astana 2019). 
Similarly, the Samandarian et al. clinical trial evaluating a 
multi-herbal solution was randomized, single-blinded, and 
placebo-controlled, with a small sample size of 27 patients 
per group and a short duration of 4 weeks (Samandarian 
et al. 2023). Being single-blind can have an impact on results 
because it means that only one party, likely the assessor or 
investigator, but not both, was unaware of the treatment, 
whereas participants were most likely aware. The above 
factors imply that when interpreting the outcomes of these 
trials, a moderate degree of caution is necessary.

High risk judgement

A higher risk of bias exists in a number of the included 
RCTs because of incomplete reporting of key methodologi-
cal details or particular design choices. For instance, the 
Kumara and Tukaram study comparing Ashmarihara Kwa-
tha and Palasha Kshara to a placebo was an open-labelled 
placebo-controlled clinical trial, which poses a considerable 
risk of bias if “open-labelled” denotes that participants or 
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researchers are not blinded, especially when it comes to sub-
jective outcomes like pain relief or self-reported stone expul-
sion. Additionally, the comparison was against conserva-
tive management, including increased water intake (3–4 
L), which is known to influence stone passage (Kumari and 
Tukaram 2022). In the same manner, the Shakeri et al. trial 
comparing Alhagi maurorum aerial extract to hydrochloro-
thiazide (Shakeri et al. 2020) and the other two trials com-
paring herbal interventions (Peganum harmala or Nigella 
sativa) to tamsulosin were defined as randomized clinical 
trials, but did not report their blinding status. Hence, when 
two potentially effective treatments are compared without 
blinding, performance or detection bias may arise. Further-
more, despite providing results tables, the Rathod and Amil-
kanthwar study comparing Kadalikshar and Gokshuradi Yog 
lacks details on the study design, randomization strategy, or 
blinding (Rathod and Amilkanthwar 2015). This makes a 
risk of bias assessment challenging from the provided data 
alone, but it also raises concerns. Finally, the trial evaluating 
the BNO 1040, a standardized herbal treatment, after ESWL 
by Vitkovskyy states follow-up practices and outcome meas-
ures but does not explicitly mention randomization or blind-
ing processes (Vitkovskyy 2021), which are critical for mini-
mizing bias in such a comparative study. Conclusively, the 
results of these studies should be interpreted very cautiously 
in the absence of clear reporting of these bias mitigation 
approaches, since systematic errors rather than the interven-
tion alone may have contributed to the final observed effects.

In conclusion, the risk of bias assessment across these 
trials, as depicted in the previous figure (Fig. 3), reveals 
different degrees of confidence in their findings. This traffic-
light grid shows variation in methodological quality, with 
domains like randomization process (D1) displaying rela-
tively more studies with low risk or some concerns, while 
missing outcome data (D3) and deviations from intended 
interventions (D2) were most commonly rated as high risk. 
In general, studies that use rigorous strategies like allocation 
concealment and double-blinding provide more trustworthy 
results. On the other hand, research with limitations like 
open-label design, single-blinding, per-protocol analysis, or 
inadequate reporting of bias mitigation techniques neces-
sitates a more cautious interpretation of their results. The 
highest risk of bias is found in trials that do not provide 
clear explanations of the randomization and blinding pro-
cedures, which might overestimate the perceived efficacy 
of the interventions. Mostly, small sample sizes, short-timed 
intervention or follow-up periods, single-centre designs, and 
reliance on less accurate imaging methods like sonography 
are common limitations observed in all these studies. Future 
research would strongly benefit from adhering to standard 
reporting guidelines to document randomization, allocation 
concealment, and blinding procedures. Additionally, the 
generalizability and clinical relevance of the results would 

be improved by using multi-centre trials with larger sample 
sizes and longer follow-up times. This long-term duration is 
essential to fully evaluate the risk profile of the investigated 
interventions, because many of the included studies were 
insufficient and inconsistent in reporting adverse effects, 
which may underrepresent potential safety concerns associ-
ated with herbal and nutraceutical therapies Any prospective 
studies in this field would also be more valid if objective 
outcome measures were used whenever feasible and proper 
statistical analysis (such as intention-to-treat) was used.

Herbal medicine key clinical evidence

Herbal therapies represent a notable area of interest in the 
management of urolithiasis, especially given the high preva-
lence of kidney stones and the limitations or potential side 
effects associated with conventional treatments (Alirezaei 
et al. 2023). That is why traditional medicine systems have 
widely utilized various plants for treating urinary stones 
(Aryaeefar et al. 2022). The clinical evidence presented 
across these studies suggests that various medicinal plant 
interventions may offer therapeutic benefits through sev-
eral introduced mechanisms. These include diuretic effects 
that increase urine volume and flow to help expel stones 
(Aryaeefar et al. 2022), antispasmodic or muscle-relaxant 
properties that could promote stone passage, direct effects 
on the stones, such as dissolution or preventing growth 
(Ansari et al. 2024), and positive modulatory impacts on 
urine chemistry, like increasing citrate (an inhibitor of stone 
formation) or decreasing calcium and oxalate (stone-forming 
substances) (Ansari et al. 2024). Furthermore, these effects 
include anti-inflammatory and antioxidant properties, which 
are claimed to play a role in protecting kidney tissue and 
inhibiting crystal aggregation (Alirezaei et al. 2023). A sig-
nificant aspect emphasized in several studies is the favour-
able safety profile of these phytotherapeutic treatments, with 
few or no significant adverse effects mentioned and generally 
stable or improved markers of hepatic and renal function 
(Mehrabi et al. 2023).

Moreover, the clinical trials provided crucial evidence 
supporting the potential efficacy of herbal mixtures acting 
synergistically to manage urolithiasis. Several poly-herbal 
interventions demonstrated positive synergistic effects on 
stone clearance, whereas studies involving Mofatet pow-
der (Ansari et al. 2024), a multi-herbal solution (Saman-
darian et al. 2023), Subap Plus (Patankar et al. 2020), an 
anti-urolithic herbal formula (Nisa & Astana 2019), and 
Kadalikshar (Rathod & Amilkanthwar 2015) stated sta-
tistically significant reductions in stone size or number, or 
increased expulsion rates compared to controls. Addition-
ally, significant pain relief was observed with some of these 
multi-herbal preparations as well as the single ones, par-
ticularly Nigella sativa, which showed a more significant 
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pain score reduction than tamsulosin (Shakeri et al. 2020) 
and Subap Plus (Patankar et al. 2020). Other than expulsion 
and pain, some included trials reported a positive influence 
on stone risk factors by altering urine composition, such as 
Portulaca oleracea increasing citrate and decreasing cal-
cium (Alirezaei et al. 2023), or Mofatet powder decreas-
ing calcium and increasing magnesium (Ansari et al. 2024). 
Nonetheless, other medicinal herbs, as Nigella sativa and 
Alhagi maurorum, demonstrated efficacy comparable to con-
ventional pharmacological drugs (tamsulosin or hydrochlo-
rothiazide, respectively) in reducing stone size and number 
(Mehrabi et al. 2023). Also, their safety profile or specific 
advantages in pain relief or overall efficacy (complete/partial 
response) were highlighted (Shakeri et al. 2020). Although 
these findings are promising and align with traditional 
uses, many of the studies displayed limitations, such as 
small sample sizes and the need for further research to fully 
understand the mechanisms, optimal dosages, and long-
term effects (Alirezaei et al. 2023). However, the collective 
evidence as presented in the next SoF table (Table 5 sug-
gests that herbal treatments offer a valuable and potentially 
well-tolerated approach as an alternative or complementary 
modality in urolithiasis management. This table provides a 
thorough summary of the main features and findings of each 
of the 14 included randomized controlled trials in terms of 
the purpose, design, sample size, intervention, comparator 
arms, primary outcomes evaluated, and key findings of each 
study. A quick comparison of the phytotherapeutic agents 
used, research environments, and clinical efficacy outcomes 
across various populations and methodologies is made easier 
by this tabulated synthesis, as it supports the discovery of 
common patterns in herbal interventions for the treatment 
of urolithiasis, and the full detailed data extraction table is 
provided in the supplementary materials.

Quantitative evidence on herbal efficacy 
from meta‑analysis

A meta-analysis was conducted to quantitatively evaluate 
the impact of herbal treatments on important clinical out-
comes, especially changes in stone size and stone count, to 
complement the qualitative synthesis. These pooled studies 
consisted of only trials reporting sufficient statistical data, 
such as means, standard deviations, and sample sizes. More 
conclusive insights on the therapeutic consistency and direc-
tion of phytotherapy outcomes in kidney stone management 
were given by the visual and statistical summary of effect 
sizes across studies presented by the produced forest plots.

Stone size reduction

The quantitative synthesis of seven clinical trials evaluating the 
effect of herbal interventions on stone size revealed a pooled 

mean difference (MD) of − 1.72 mm (95% CI, − 2.33 to − 1.12), 
favouring the intervention groups over controls. This negative 
MD signifies that, on average, the stone size was significantly 
reduced in patients receiving phytotherapy compared to those 
who received placebo or standard care. Importantly, the analy-
sis demonstrated no significant heterogeneity across studies 
after calculating the following parameters (Chi2 = 1.24, df = 6, 
P = 0.975; I2 = 0%), suggesting a high degree of consistency 
in treatment effect despite variations in herbal formulations 
and trial settings. Also, studies like Ansari et al. (Patankar 
et al. 2020) and Ardakani Movaghati et al. (2019) stated larger 
reductions in stone size, which substantially contributed to the 
overall pooled effect owing to their weight. Furthermore, the 
consistent direction and magnitude of these effects across geo-
graphically and methodologically diverse trials highlight the 
therapeutic potential of phytotherapy in stone dissolution or 
reduction modalities. The shown forest plot (Fig. 4) illustrates 
that most individual studies aligned on the left side of the non-
significance (null) line, visually reinforcing the statistical find-
ing of a reduction in stone burden with herbal intervention. The 
diamond representing the pooled estimate also does not cross 
the line of no effect, further confirming the robustness of this 
conclusion.

Stone number reduction

Similarly, the meta-analysis of four trials measuring the 
outcome of stone number reduction showed a pooled mean 
difference of − 0.10 (95% CI, − 0.35 to 0.14) in favour of 
herbal interventions, as depicted in this forest plot (Fig. 5). 
Although this effect was not statistically significant at the 
conventional 0.05 significance level, it still suggests a trend 
toward a reduction in the number of stones in patients treated 
with herbal remedies compared to control groups. The 
strength of this analysis lies in the absence of heterogeneity 
across included studies, where the calculated parameters are 
as follows (Chi2 = 0.10, df = 3, P = 0.992; I2 = 0%), indicat-
ing that the intervention effect was consistent across differ-
ent formulations and methodologies. Notably, Shakeri et al. 
(2021) and Samandarian et al. (2023) reported potential 
reductions in stone counts, with Shakeri et al. contributing 
the largest weight due to a relatively large sample size and 
lower variance. While the overall effect did not reach statisti-
cal significance, the direction of effect in most studies sup-
ported the promising benefit of herbal therapy in reducing 
the recurrence or burden of multiple stones, mostly through 
mechanisms such as diuresis, antispasmodic action, or 
improved urinary flow.

Clinical implications

These findings collectively highlight the evolving role of 
phytotherapy as a promising modality or adjunctive therapy 
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in the management of urolithiasis. Besides, the robust and 
consistent evidence for the already addressed outcome, 
stone size reduction, suggests that certain herbal formula-
tions may serve as effective non-invasive options, either as 
adjuncts or alternatives to conventional pharmacological 
therapy. Although the evidence for stone number reduction 
is less conclusive, the observed trends and high consistency 
across studies warrant further investigation, particularly in 
larger, longer-term trials. Also, while these included trials 
yielded directionally consistent results, the high risk of bias 
observed in the domains of missing outcomes and interven-
tion deviations suggests that these findings should be inter-
preted with caution. So, clinicians and researchers should 
balance both the mechanistic rationale and clinical efficacy 
against the overall certainty of evidence when evaluating 
herbal interventions, especially given their shown potential 
to improve patient outcomes with a favourable safety and 
cost profile.

Conclusions

Urolithiasis, or kidney stone disease, remains a common and 
recurrent condition that imposes significant physical discom-
fort and healthcare burden globally. It refers to the formation 
of hard mineral deposits anywhere along the urinary tract, 
most frequently in the kidneys, where these stones develop 
when minerals like calcium and oxalate become highly 
concentrated in urine, often due to inadequate hydration, 
dietary factors, or genetic predisposition. Its recurrence is 
a significant concern, with rates reaching up to 50% within 
10 years, especially in individuals with risk factors like fam-
ily history, metabolic disorders, or previous stone episodes. 
While conventional preventive measures, implying increased 
fluid intake, dietary adjustments (such as reducing salt and 
animal protein, ensuring adequate dietary calcium, and lim-
iting high-oxalate foods), and pharmacotherapy, represent 
the cornerstone of management, the high recurrence rates 
highlight the need for integrative, sustainable solutions, 
since kidney stones can cause severe pain, urinary symp-
toms, and, in some cases, complications such as obstruc-
tion or infection. This systematic review has consolidated 
evidence from 14 clinical trials evaluating herbal interven-
tions, many of which demonstrated statistically significant 
benefits in reducing stone size, number, and recurrence risk, 
as well as in improving urinary biochemical parameters. 
Several single-herb and polyherbal preparations, including 
Nigella sativa, Portulaca oleracea, and Alhagi maurorum, 
along with traditional formulations from Ayurveda and Tra-
ditional Persian Medicine, were found to be both efficacious 
and well-tolerated, offering potential adjunctive strategies in 
both preventive and therapeutic contexts. Hence, nutraceu-
ticals, including certain dietary plants and phytochemicals, 

have shown promise in reducing stone formation by exerting 
multifactorial mechanisms, involving modulation of urinary 
pH, reduction of stone-forming ions, inhibition of crystal-
lization, antioxidant activity, diuretic effects, and support of 
urinary health. Importantly, most studies reported no seri-
ous adverse events, supporting their safety profile. Collec-
tively, these findings advocate for a holistic, patient-centered 
approach that integrates evidence-based herbal interventions 
with conventional medical management and lifestyle modi-
fications. While findings from the included clinical trials 
indicate encouraging effects of herbarbal interventions on 
stone prevention and treatment, the evidence remains emerg-
ing and requires further well-designed, large-scale trials to 
confirm optimal dosing, long-term efficacy, and mechanisms 
of action, as well as ensure rigorous clinical validation. 
Nonetheless, merging clinically supported phytotherapy into 
standard urolithiasis care may help lower recurrence rates, 
enhance urinary health in stone formers, improve patient 
quality of life, and offer cost-effective options, especially in 
low-resource settings.
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