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ABSTRACT

Kidney stones or urolithiasis is a worldwide medical challenge to the urinary system. It is a
multifactorial painful phenomenon that occurs due to various physiochemical alterations in
the urinary tract like the imbalance between stone promoter and inhibitors, supersaturation,
and many more. General causes of urolithiasis are insufficient urinary effluent, foreign matter
in the urinary tract, bacterial infections, a diet rich in oxalates and calcium, vitamin A
inadequacy, surplus of vitamin D and various metabolic ailments like hyperthyroidism,
cystinuria, intestinal dysfunction and others. The recurrence rate of urolithiasis is also very
high. Medicinal plants are always useful in the management of a variety of metabolic
ailments because of the presence of their potential phytoconstituents. Several plants and
phytoconstituents have been reported for their action against urolithiasis, So the current
review article explains the role of promising potential active phytoconstituents in the
treatment of urolithiasis as well as have a brief idea about medicinal plants that have
important phytoconstituents but still have not been assessed for their anti-urolithiatic action.
The current review covers the pathophysiology of stone formation along with the various

approaches through which a kidney stone can be targeted.
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INTRODUCTION

Urolithiasis or kidney stone is the oldest,
3" most common painful urinary problem
[1]. In general, the risk of urolithiasis
occurrences is about 10-25% with a high
reoccurrence rate [2]. Stones can be
classified based on their chemical
composition, size, location, pathogenesis,
recurrence  risk  factor and X-ray
characteristics. The most common stone is
calcium oxalate stone. In most cases,
hyperoxaluria is the condition responsible
for the formation of CaOx stone [3, 4]. A
large number of patients who have larger
renal stones are required to go through
extensive surgical procedures like lithotripsy,
ureteroscopy, shock wave lithotripsy and
percutaneous nephrolithotomy. However, the
majority of these surgical procedures have
adverse effects, which has generated great
interest in alternative therapies in this field
[5]. Plants belonging to the 'Pashanabheda’
category are said to be highly important in
the treatment of urolithiasis in the Indian
Ayurvedic medicine system. Other than this
category of plant other plants also have
been scientifically assessed for their anti-
urolithiatic potential. In this era still, many
peoples prefer traditional medicine to fulfil
their primary healthcare needs. Various
phytoconstituents are pharmacologically
screened for the development of novel

agents with fewer side effects. So, the

present review article explains the role of

promising potential active phytoconstituents in
the treatment of urolithiasis as well as have a
brief idea about herbal plants that have
important phytoconstituents but still have
not been assessed for their anti-urolithiatic
action. The current review is also aimed to
collect information on various approaches
through which a kidney stone can be
targeted.

PATHOPHYSIOLOGY

Urolithiasis is a complex biological action
in which minerals get accumulated in the
kidney and its definite pathophysiology has
not been fully clarified yet. Stone
promoters and stone inhibitors play a vital
role in urolithiasis. Stone promoters are
those that help to promote the formation
and growth of stones (like the low volume
of urine, acidic urine and excess oxalate,
calcium, phosphate, urate, and cystine in
the urine) and stone inhibitors which play
role in the inhibition of stones (like
calgranulin protein, Tamm-Horsfall
protein, glycosaminoglycans, osteopontin-
uropontin, nephrocalcin, prothrombin F1
peptide, bikunin protein, citrate,
magnesium, uromodulin, pyrophosphate
etc. [6, 7]. A balance between these two is
necessary when it gets disturbed due to any
circumstances, the solidification of
chemicals and minerals into salt crystals
gets started which leads to stone formation

[8]. In normal conditions, these crystals
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pass through urine without producing any
harm [9]. However occasionally, if they
become large enough so that they cannot be
eliminated naturally then they may serve as
a nucleus for the deposition of more
crystals, and this leads to the formation of
future stones [10, 11]. A variety of urinary
constituents may affect its composition. For
example, citrate and magnesium make
soluble complexes with calcium and
oxalate, respectively, by doing this they
reduce free ions and so which reduces the
relative supersaturation level of calcium
oxalate in urine and tubular fluid [12].
Urolithiasis is a multi-staged condition that
includes urine saturation, supersaturation,
nucleation, crystal development, aggregation
of crystals, crystal retention, and, finally,
stone formation for a better understanding
of kidney stone pathogenesis, each stage is
described as follows:

Initiation of stone formation: The
interaction between crystals and renal
tubular epithelial cells, including crystal
adherence or endocytosis by cells, has
lately been highlighted by some researchers
as a key element in stone production [13].
It is thought to occur by either a free
particle or a fixed particle theory [14].
Stone may get fixed to the urothelium for
further growth. Another theory says that
stone formation starts in the papilla of the
kidney, on which either oxalate or calcium

phosphate crystals begin to deposit [11].

According to Randall plaque-like lesions
are found in the papillae. These lesions
form a nucleus (named Randall plaque) on
these calcium oxalate stones that develop
and grow through the nucleation process
[15]. Dr Khan recently proposed a theory
for the pathogenesis of Randall's plaque,
stating that abnormal urinary conditions
such as hypercalciuria, hyperoxaluria, and
hypocitraturia, as well as renal stress or
trauma, cause renal epithelial cells to
transform into an osteoblastic phenotype,
with increased production of osteopontin,
decreased crystallisation inhibitors, and
increased matrix vesicles, which support
crystal nucleation [16].

Crystal Nucleation: If any ulceration or
damage is present in the calculi of the
kidney, it may possible that pus may get
accumulated there and then get solidified so
that it can act as a nucleus or nidus for the
formation of stones [17].

Crystal Growth: It will occur after the
nidus has adhered to the urothelium. The
formed nidus acts as a nucleus for
subsequent stone growth [18]. Crystals of
urine stick around the nidus and form a
small hard mass of stone. On the matrix-
coated surface, it is performed through the
aggregation of pre-existing crystals or
subsequent nucleation of crystals.

Crystal Aggregation: it is the process
through which a little hard mass of a crystal
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in solution clings together to produce a
bigger stone [19].

Crystal-Cell Interaction: It refers to the
attachment of growing crystals to the
epithelial lining of the renal tubule. After a
stone event, urothelial injury and healing
may boost the surface expression of these
molecules, allowing for more crystal
attachment and stone development [18].
Although there are various theories to
explain the aetiology of renal calculi, the
exact sequence of events that leads to the
production of kidney stones is still
unknown.

MANAGEMENT OF UROLITHIASIS
The top treatment priority of urolithiasis is
to help pass or remove all of the stones in
minimum harmful ways. To achieve this
goal some medications known as medical
expulsive therapy and least invasive
modalities like nutritional modifications
and surgery are the main ways [20-22]. It is
possible to expel the small size renal stones
by inculcating more water in a regular
lifestyle. Which increases the volume of
urine which lead to inhibiting urinary
saturation and diluting the concentration of
promoters. In the case of hyperoxaluria, a
diet with low oxalate levels, animal protein
and a diet with high calcium, and citrate
intake is recommended [23, 24]. If the size
of stones is larger than Smm then the
various surgical procedure suggested [25-

27]. Although they are effective in stone

removal but not free of risks and are
costlier too [28]. Certain medications are
also useful which show their effectiveness
in stone removal like thiazides, potassium
citrate, allopurinol etc. Now with novel
technical advancements, new treatment
protocols like citrate therapy for recurrent
calcium renal stones have become common
over the last decade [29, 30]. Medical
management of renal stones is either costly
or has various unwanted effects. Thus,
there is increasing interest in the public,
day by day in herbal medicine, especially in
kidney stone management. Various studies
prove that many medicinal plants are used
in the treatment of urolithiasis since ancient
periods in India, even before the invention
of modern treatment methods and drugs.
From the literature, it is clear that herbal
plants and their extracts are capable to
manage various steps of the crystallization
process.

In Flow chart 1 approaches are summarised
which are wuseful to understand the
treatment approach of urolithiasis:

Various studies all over the world have
reported that many herbal plants have been
applied as a therapeutic to urolithiasis,

some are shown in Table 1.
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Table 1: List of plants that have been used for the treatment of urolithiasis

Name of plant, Family, Proposed mechanism against Study design Animal and dose References
Part, Extract urolithiasis In vivo/In vitro
Ononis Spinosa, It may have litholytic, diuretic and Bashan

Fabaceae, Root

anti-inflammatory effect

et. al., 2020
131]

Ananas nanus, Inhibit nucleation of calcium Sairi
Bromeliaceae and others oxalate, Disintegrate the - et. al., 2019
mucoproteins, Decrease the level of In vitro 132]
stone promoter solutes
Cinnamomum zeylanicum, Decrease crystallization by Zaki
Lauraceae, Bark, disaggregating the suspension of 4,8 and 10 et. al., 2019
Hydroalcoholic mucoprotein mg/ml 1331
Daucus carota, Anticrystallization ability, Improve CO induced Wistar rats Bawari
Apiaceae, Roots, urine and serum biochemistry urolithiasis 200 and 400 et. al.,
Hydroethanolic extract along with renal cellularity In vivo mg/kg 2018834
Duranta erecta, Decrease hyperoxaluria, Inhibit | Sodium oxalate Wistar rats Agawane
Verbenaceae, Leaves, calcium oxalate crystallization In vitro, In vivo 50 mg/kg et. al.,
Methanolic extract 2018131
Pedalium murex, Decreases activity of urease Ethyl acetate Wistar rats Kaleeswaran
Pedaliaceae, Leaves, Ethyl enzyme increases urine pH, induced 300 mg/kg et. al.,
acetate extract Inhibit crystal formation urolithiasis 201813¢l
Invitro, In vivo
Piper cubeba, Piperaceae, Possibly due to the presence of CO induced Sprague rats Bano
Fruit, Hydroalcoholic flavonoid and alkaloids urolithiasis 35 and 60 mg/kg | et. al., 201817
extract In vivo
Terminalia arjuna, Inhibit interaction of CaOx crystals Oxalate injured Mittal
Combretaceae, Bark, with epithelial cells of the kidney, cells et. al.,
Aqueous extract thus preventing Kkidney cells to 40 pg/mL 2018138
damage by CaOx crystals
5472
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Trigonella foenum-graecum, | Formation of complexes of In vitro Yachi
Fabaceae, Seed, Aqueous polyphenols or flavonoids (present - et. al.,
extract in T. foenum-graecum) with stones 201853
Aerva lanata, Decrease quantity of stones, CO induced Wistar rats Dinnimath
Amarantheceae, Leaves Decrease creatinine and blood urea urolithiasis 2 mg/kg et.al., 20171401

nitrogen and show diuretic activity In vivo
Ensetesuperbum, Decrease levels of Ca?*, uric acid, EG induced Wistar rats Sethiya
Musaceae, Chloroform and creatinine in urine and serum urolithiasis 100, 200,400 et. al.,
extract In vitro, In vivo mg/kg 2017141
Phlogacanthusthyrsi formis, | Form a complex with Mg?* and Chemically Wistar rats. Das
Acanthaceae, Flowers, limit their availability for crystal induced 200 mg/kg et. al.,
Aqueous extract growth, Inhibit nucleation of urolithiasis 2017142
crystals In vitro, In vivo
Vernonia cinerea, Biochemical abnormalities were CO induced Wistar rats Goyal
Asteraceae, Whole plant repaired in the urine, serum, and urolithiasis 100,300,500 et. al., 2017431
kidney tissue homogenates In vivo mg/kg
Chenopodium album, Inhibit crystal growth EG induced Wistar rats Sikarwar
Chenopodiaceae, Leaves, urolithiasis 100, 200, 400 et. al., 2017441
Ethanolic & aqueous In vivo mg/kg

extract

Helichrysum, Asteraceae,

Urine uric acid and oxalate levels

Sodium Oxalate

Wistar rats

Onaran

Flowers, Infusion were reduced, while citrate levels Induced 125,156 mg/kg | et. al., 201645
were increased Urolithiasis

Peucedanumgrande, Decrease CaOx crystals in the EG induced Sprague rats Kumar

Hydroalcoholic extract urine, Decreases calcium, urolithiasis 56,97 mg/kg et. al., 2016/
phosphorus, creatinine, urea, In vivo

sodium level in urine, Increase
urine volume

CHEMICAL CONSTITUENTS

USED

IN ANTI-UROLITHIATIC MODELS:
Plants and their phytoconstituents were
reported for their protective action against
urolithiasis. Following are the various
phytoconstituents reported as having anti-
urolithiatic potential.

Berberine: Bashir et al., reported in their
studies that Berberis vulgaris root bark
anti-urolithiatic

extract has potential,

possibly mediating their effect by inhibiting

the crystallization process by their
antioxidant activity [47]. In various
research articles, it is reported that

oxidative stress has been increased during
kidney stone formation and berberine was
reported as a very good antioxidant. As a

result, berberine could be a promising

target for kidney stone treatment [48]. It is
found as a primary component in a variety
of plants including Berberis aquifolium,
Berberis  aristata  Berberis  vulgaris,
Tinospora cordifolia, Mahonia Argemone,
Mexicana aquifolium, Tinospora cordifolia
and these plants have been already reported
for their anti-urolithiatic potential. There
are other plants also that are reported as a
good source of berberine and still not
assessed for their anti-urolithiatic potential
like

Hydrastis canadensis,

Phellodendron,

Coptis

chinensis, and Greater

celandine. Eschscholzia californica,

Xanthorhiza  simplicissima,  Coelocline

polycarpa, Papaver dubium, Papaver
hybridum, Rollinia deliciosa, Xanthorhiza

simplicissima, Xylopia macrocarpa |49,

IJBPAS, December, 2023, 12(12)

5473



Dwivedi S And Narsinghani T

Review Article

50]. These plants are a future candidate for
anti-urolithiatic activity.

Quercetin: Various research activities
showed a potential effect of quercetin
against urolithiasis. It reduces stone
formation due to its diuretic, and
antioxidant effects and by lowering oxalate
excretion, and nucleation. It reduces the
development of crystals, as well as
boosting magnesium levels and decreasing
crystal-cell binding [S1-54]. It is found in
various plants like Morus alba, Camellia
sinensis, Moringa oleifera,
Centella asiatica, Hypericum hircinum,
Hypericum perforatum, Apium graveolens,
Coriandrum

Brassica  oleracea  var,

sativum, Lactuca sativa, Nasturtium
officinale, Asparagus officinalis, Capparis
spinosa, Prunus domestica, Prunus avium,
Malus domestica, Solanum Ilycopersicum,
Vaccinium

oxycoccus,  Allium  cepa,

Allium fistulosum [36]. Some of above-
suggested plants could give excellent
results in urolithiasis reduction.

Triterpenoids: Oleanolic acid, lupeol,
ursolic acid, a-amyrin, b-amyrin and
betulinic acid are common triterpenoids
found in plants. The root bark of plants like
Crataeva nurvala, Crataeva magna, L.
prostrata and M. philippensis has been
proven to be effective in the treatment of
urolithiasis. *>!  Anti-urolithiatic effect of
these plants may be attributed to the

presence of lupeol, betulin, a-amyrin, -

sitosterol, etc. [56]. Plasma lipoxide levels
are reduced by maslinic and ursolic acids.
Lupeol and its derivatives were reported
effective in inflammation, microbial
infection, ageing, and angiogenesis and
also effective in reducing the level of
cholesterol. Lupeol also lowers calcium-
oxalate levels and has anti-free radical
effects, as well as decreasing cadmium
levels in the kidney [57, 58]. N.
binaludensis and Ficus pseudopalma have
a-amyrin, B-amyrin and lupeol reported for
their anti-urolithiatic effect.®) Results
suggested that wurolithiasis effect is
produced due to the inhibition of creatinine
and level of oxalate in urine [60].
Triterpenes distributed in various plants
like Aloe vera, Arctostaphylos uva-ursi,
Aegle marmelos, Betula alba, Bacopa
monniera, Calendula officinalis, Centella
asiatica, Cornus officinalis, Cornus mas,
Malus domestica, Eriobotrya japonica,
Melissa  officinalis,

Nerium oleander,

Ocimum  basilicum, Olea  europeae,
Lantana Camara, Origanum majorana,
Pimpinella anisum, Gymnema inodorum,
Pyrus communis, Thymus vulgaris etc
plants reported for their potential against
anti-urolithiatic activity. So those plants
that have these ftriterpenes in a good
amount will be a good target against anti-
urolithiatic

activity  like  Ligusticum

lucidum, Lantana camara Sorbus

commixta, Acacia mellifera, Fagus hayatae
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etc. these plants are scientifically assessed
for their anti-urolithiatic effect. Lupeol
should be researched clinically to see its
potential against kidney stones.
Gallotannin: they are strong antioxidants
in nature. It significantly reduced crystal
formation and binding to renal epithelial
cells. It significantly reduced oxalate-
induced mRNA expression of monocyte
chemoattractant protein 1, osteopontin,
nicotinamide adenine dinucleotide
phosphate oxidase, subunit p22phox, and
p47phox on renal epithelial cells.
Gallotannin boosted the activity of the
antioxidant enzyme superoxide dismutase
in response to oxalate [61]. It is also
demonstrated by Several laboratories that
tannins exert potent anti-inflammatory
effects also. Mangifera indica, Betula
pubescens, Rhus coriaria, Punica granatum
reduced nitric oxide synthase, p38-
mitogene-activated protein kinase, and p65-
nuclear factor-kB expression on
hyperoxaluria-induced oxidative stress and
stone formation in rat kidneys, inhibiting
renal tubular cell damage and oxidative
stress caused by oxalate crystals [S8].
Curcumin: Curcumin is a yellow-orange
dye obtained from the powdered root of
Curcuma longa. Curcumin's antibacterial
activity against periodontopathic bacteria
was tested in periodontal tissues by Izui et
al. Periodontopathic bacteria cause chronic

periodontitis, which is an inflammatory

disease. It confirms that it has good
antibacterial as well as good anti-

(61l Rahman et al.,

inflammatory activity.
confirmed the preventive curative potential
of curcumin on ethylene glycol-induced
urolithiasis through their experimental
work. As a result of its effect on the early
phases of stone production, curcumin may
be effective in preventing the recurrence of
urolithiasis [62].

Catechin & Rutin: both are components of
green tea. Green tea has been shown to
have anti-inflammatory and antioxidant
properties in both in-vivo and in-vitro tests.
Various plants like Arrabidaea brachypoda
Bureau, Rhizophora mangle, Camellia
sinensis, Actinidia deliciosa, and Malus
pumila Mill have catechin and rutin. Zhai et
al discovered that calcium mono-oxalate
crystals increase mitochondrial membrane
potential and the production of superoxide
dismutase, 4-hydroxynonenal, cytochrome
¢, and cleaved caspase 3 in NRK-52E cells.
In vivo experiments, catechin reduces these
enzymes. Also, they have done the in-vitro
study and concluded that renal calcium
crystallization is inhibited. Possibly by
decreasing the expression of osteopontin in
renal tubular cells [63].

CONCLUSION:

Urolithiasis is a multifaceted urological
condition. The physical process of stone
creation is quite complicated. The status of
urine  saturation,

crystal development,
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aggregation, and retention, as well as
crystal formation inhibitors and promoters,
are still being debated. Taken together, it is
suggested that the wuse of dietary

polyphenols, pentacyclic triterpenoids,
saponins, tannins, flavonoids, isoquinoline
alkaloids and many more could be useful
for the treatment of urolithiasis. There
could be several mechanisms at work
behind the protective effect of the
constituents of the plants indicated above.
The benefits of medicinal plants are widely
recognised, including lower toxicity, safety,
effectiveness, low cost, low disease
recurrence rate, and ease of access. The
present review conveys information about
medicinal plants which have promising
research prospects in the field of kidney
stones.  Plant extracts have been
demonstrated to have anti-urolithiatic
actions by changing the ionic composition
of  urine, lowering calcium ion
concentrations, and increasing magnesium
and citrate excretion. Limited research
suggests that herbal medications can help
with urolithiasis through a variety of
mechanisms. The present paper provides
information regarding potential medicinal
plants and phytoconstituents used in the
management of urolithiasis to develop a
new drug to overcome the various
disadvantages faced by the wide range of
population nowadays and get relieved from

the disease. To acquire more definite

results, more preclinical and clinical

research is needed to establish the efficacy

and safety of these phytoconstituents in
patients with kidney stones.
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