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A B S T R A C T

About 12% of world population is affected by different forms of urolithiasis of which the recurrence rate in

female is 47–60% and in male is 70–80%. Standard therapeutic agents (allopurinol, citrate, cystone and thiazide

diuretics) are used to prevent and treat urolithiasis but these are not universally-effective due to common kidney

stone relapse and other side effects. Surgical treatment causes long-term renal damage, hypertension and stone

recurrence. Polyphenols, the plant-derived bioactive molecules, have showed protection against cancers, car-

diovascular diseases, diabetes, osteoporosis and neurodegenerative diseases, among a number of other ailments.

The role of these phytochemicals in urolithiasis management is emerging. Hence, the present review discusses

peer-reviewed published literature till date on this aspect and highlights that polyphenols could effectively

inhibit the formation of calcium oxalate urinary stones (most common renal stone), correlating with their an-

tioxidant, anti-inflammatory, diuretic and angiotensin-converting enzyme (ACE) inhibition. Further, we have

proposed the prospects and challenges in developing the plant polyphenols into drugs against kidney stone

prevention. This review might be a stepping stone for further investigation into the clinical implications of the

polyphenols in urolithiasis remediation.

1. Introduction

Urolithiasis, characterized by uroliths or mineral deposition in ur-

inary system, is a common health problem, with worldwide occurrence

and high recurrence. This pathology is estimated to affect 12% of the

world population with 70–80% and 47–60% recurrence in males and

females, respectively [1]. Due to disturbed urine flow rate, uric acid

excretion rate, and urine pH, the stones are formed. Increased bone

resorption, hypercalciuria and hyperphosphaturia are risk factors of

calcium oxalate kidney stones. Urease-producing bacteria such as Pro-

teus cause struvite (magnesium—ammonium—phosphate) stones,

which can cause severe aching and sepsis. Stones with ammonium

hydrogen urate in the core result due to poor nutrition and dehydration.

The dissolution and prevention of the stone relapse are the main

focus of urolithiasis treatment. Medications are prescribed to resolve

the pain and stones pass out their own. Standard pharmaceutical drugs

such as allopurinol, citrate, cystone and thiazide diuretics are used to

prevent and treat urolithiasis [2], but these are not effective in all pa-

tients, due to common kidney stone recurrence and potential side ef-

fects. Surgical treatment causes long-term renal damage, hypertension

and reformation of stones. Now, the Extracorporeal Shock Wave Li-

thotripsy (ESWL) and percutaneous nephrolithotomy, have almost be-

come the standard procedure for eliminating the kidney stones but the

traumatic effect of shock waves, persistent residual stone fragments as

potential nidus for new stone formation, acute renal injury, decrement

in the renal function and an increment in stone recurrence, ESWL in-

duced hypertension, severe hematuria, steinstrasse (multiple small

stone blocking the ureter), pancreatitis and infection are reported as

repercussions [1]. These complications can lead to large perfusion of

the collecting system, extravasations of irrigating fluid, urosepsis, ur-

eteral injury. Further, ESWL is less effective in calcium oxalate mono-

hydrate (COM) and cystine stones. In this regard, benign but effective

therapy is being sought-after.

Antiurolithiatic plants are used since ancient times, in the form of
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decoction, infusion, or juice, to eliminate kidney stones and to prevent

their recurrence. Although medicinal plants have milder efficacy and

longer therapy duration, these are affordable and less expensive, with

fewer side effects. On the basis of available ethnopharmacological in-

formation, more scientific studies are needed to explore natural and

safe antiurolithiatic compounds [3]. Phytochemicals have complex

molecular structures which act through multiple biochemical pathways

to produce desired therapeutic effects. Some of these secondary meta-

bolites are bioactive, having great selectivity of cellular targets. In

contrast, some of the metabolites have multiple cellular targets, which

may combine together to produce specific biological activity. Some of

the phytochemicals exert biological effect by synergistic mechanism.

Some inactive adjuvant substances enhance the potency of bioactive

compounds. Plants also contain byproducts which may increase the

absorption rate or solubility of active phytochemicals or may induce

metabolic enzymes [4].

Over the years, plant-based products have demonstrated broad-

range of therapeutic potentials [5–10]. Polyphenols encompass antho-

cyanins, chalcones, flavones, isoflavones, flavonols, phenolic acids and

stilbenoids. Cyanidin, delphinidin, malvidin are anthocyanins [11];

curcumin is grouped under chalcones [12–14]; apigenin, diosmin and

luteolin are classified under flavones [15]; genistein and daidzein are

reported as isoflavones [16] ; catechin, kaempferol, quercetin, rutin are

the examples of flavonols. Phenolic acid consists of hydroxycinnamic

and hydroxybenzoic acids [17]. Hydroxycinnamic acids comprise caf-

feic, chlorogenic, coumaric, ferulic and sinapic acid; whereas hydro-

xybenzoic acid includes gallic, protocatechuic, syringic and vanillic

acid. Resveratrol is a stilbenoid [11]. Each of the polyphenol members

boast thousands of scientific validation reports regarding their health

benefits.

2. Pathophysiology of calcium oxalate urolithiasis

Oxalate is widely distributed in plant-based foods as potassium,

sodium and ammonium oxalates (water-soluble form) and as insoluble

calcium oxalates. It is being recommended to limit the intake of oxalate-

rich foods, specifically for individuals at risk for kidney stone formation

[18]. Oxalate is poorly absorbed under non-fasting conditions. It has

been demonstrated that only 2–12% of oxalate (soluble form) is ab-

sorbed from foods but that once absorbed, free oxalate binds to calcium

ions to form insoluble calcium oxalate [19]. Oxalate has been shown to

be toxic to renal epithelial cells of cortical origin. It has been observed

that the exposure of renal epithelial cells to oxalate leads to the dis-

ruption of the normal activities of the renal epithelium, caused changes

in gene expression, impairment of mitochondrial function, forming re-

active oxygen species and thus, decreased cell viability [20]. Membrane

injury is considered to be the prime reason for the binding of calcium

oxalate crystal and subsequent growth into kidney stones. Oxalate-in-

duced membrane injury is mediated by lipid and protein peroxidation

through the generation of ROS with altered biochemical reactions, in-

cluding the depletion of the antioxidant defensive system and failure of

the calcium pump. Calcium and oxalate accumulate and then pre-

cipitate in the presence of membrane fragments to form stones [21].

Renal epithelial cell injuries in renal papilla invites calcium oxalate to

form attached renal calculi and the development of calcium oxalate

papillary calculi. Antioxidants play an important role in the avoidance

of calculi formation [22], and by protecting membrane injury. These

stones attached to tips renal papilla and prevent calcium oxalate re-

tention [21]. Calcium oxalate crystals are generally grown from mi-

crons to several centimeters. These stones attach to the tips of renal

papilla and when detached, hinder urine flow due to their large size.

These crystals have a stronger affinity for the membranes of renal

epithelial cells and therefore they make strong adhesion contacts with

these cells, and form stable aggregates instead of excretion and lead to

the retention of mineral in renal collecting ducts for urolithiasis de-

velopment [23]. Fig. 1 illustrates the mechanism of stone formation

(Table 1).

3. The mechanistic insight of polyphenols in oxalate urolithiasis

Pumpkin (Cucurbita sp.) seeds ingestion has been observed to avoid

kidney stones. Hibiscus sabdariffa aqueous extract significantly lowered

the stone formation risk in the kidneys and serum of rat models.

Although in earlier studies caffeic acid [24], catechin [25], curcumin,

rutin [26], diosmin [27], quercetin [28,29] and resveratrol [30] have

prevented the ethylene glycol-induced calcium oxalate crystallization

in rats, the mechanistic insights underlying these effects have been

barely-explained. The antioxidant, anti-inflammatory, ACE-inhibitory,

and diuretic activities of polyphenols are contributive to the calcium

oxalate calculi prevention [31].

4. Antioxidant

ROS are free radicals comprising of singlet oxygen superoxide anion

(O2*_), hydroxyl (OH*_) and peroxy (ROO*) radicals, as well as non-

radical molecules, such as hydrogen peroxide and hypochlorous acid

[32]. Free radicals quickly react with lipids and proteins, render them

unstable, and initiate a cascade of chain reactions. Under normal phy-

siologic conditions, these reactions are important for immune response,

gene expression, signal transduction and growth regulation. But the

overproduction of ROS, injure and damage renal epithelial cells

[32–34]. Free-radical scavenging enzymes such as catalase, glutathione

peroxidase, glutathione reductase, glutathione-S-transferase, heme

oxygenase-I, superoxide dismutase and endogenous antioxidants as vi-

tamin C, vitamin E, reduced glutathione, not only maintain the normal

physiologic concentration of free radicals, but also provide protection

against endothelial oxidative damage. Renal exposure to oxalates

causes lipid peroxidation and produce ROS followed by renal cell injury

and inflammation. The resultant loss of membrane integrity promotes

fibrosis and collagen formation, facilitates calcium oxalate adhesion,

retention and subsequent stone formation. The ROS triggers phospho-

lipase A2 activation through nuclear transcription factor NF-κB. The

activation of phospholipase A2 generates arachidonic acid, which in-

creases ROS production which in turn causes inflammation, cellular

damage and crystal formation [35–37]. Thus, the vicious cycle con-

tinues. Antioxidants are compounds that can delay, inhibit or prevent

the oxidative degeneration by decreasing localized oxygen concentra-

tions, scavenging ROS or RNS species and their intermediates, binding

or chelating with metal ions and decompose lipid peroxides [38]. In

vitro and in vivo studies suggest that the antioxidant activity of natural

polyphenols play an important in the prevention of calcium oxalate

monohydrate type urolithiasis, particularly by inhibiting renal en-

dothelial tissue injury caused by cytotoxic substances with oxidative

capacity [22,39–41]. By scavenging free radicals, increasing en-

dogenous antioxidant enzymes level and chelation of transition metals,

and lowering membrane lipid peroxidation, the polyphenols protect the

cells against oxidative stress.

Catechin [42,43], curcumin [44], daidzein, genistein [45], kaemp-

ferol [46], luteolin [47,48], quercetin [46] and syringic acid [32] are

reported to scavenge peroxide free radicals. Superoxide dismutase is

useful in protecting tissue injury, and glutathione participates in

membrane stabilizing during oxidative stress [49]. Catechin [50], cy-

anidin, malvidin [51], caffeic acid [52,53], diosmin [54], p-coumaric

acid [55], gallic acid [56], protocatechuic acid [57,58], apigenin [59],

resveratrol [30] and vanillic acid [60] are reported to inhibit lipid

peroxidation by increasing the activity of endogenous antioxidants such

as CAT, SOD, and GSH.

Transition metals such as copper and iron play an important role in

generation of free radicals leading to lipid peroxidation [33]. Cyanidin,

delphinidin, malvidin [38], caffeic, chlorogenic, ferulic [33], gallic

[56], protocatechuic [57,58], syringic acid [32], rutin [61] and cur-

cumin [44] reduced lipid peroxidation by forming chelate with iron and
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copper ions.

5. Anti-inflammatory

Arachidonic acid, nitric oxide (NO), prostaglandin-E2, COX-2 and

cytokines (IL-1β, IL-6 and TNF-α) are closely associated with pain and

inflammation [62,63]. The release of reactive species is responsible for

the oxidative stress-induced inflammation [64]. Antispasmodic, an-

algesic and anti-inflammatory activities play an important role in

symptomatic relief [35]. Apigenin [65], catechin [50], curcumin [66],

cyanidin [67], ellagic acid [53], ferulic acid [68], gallic acid [69,70],

luteolin [71], malvidin [72], p-coumaric acid [55], sinapic acid [73]

and syringic acid [74] have shown anti-inflammatory activity by re-

ducing PG-E2, cytokines IL-1β, IL-6 and TNF-α production. Chlorogenic

acid [75], curcumin [66], daidzein, genistein [76], delphinidin [77],

diosmin [54], gallic acid [69], syringic acid [74] and vanillic acid [78]

prevent inflammation by the inhibition of nitric oxide production and

NF-κB activation. Kaempferol [79], quercetin [46] and resveratrol [80]

inhibit COX-1 and COX-2 by suppressing NF-κB activation and similarly

rutin has shown anti-inflammatory activity by the inhibition of PLA2

activity [81].

6. ACE inhibition

Renin-angiotensin aldosterone system (RAAS) activates the NADPH

oxidase in renal cells, which produces ROS. Angiotensin converting

enzyme inhibition (ACE-I) by decreasing ROS production, significantly

reduces calcium oxalate crystal deposition and renal inflammation

[82]. Free hydroxyl groups of phenolic compounds form chelate with

the Zinc atom present within the active center of ACE, thus inhibiting

ACE in vitro [70]. In vitro ACE inhibition by apigenin, kaempferol, lu-

teolin [83], caffeic acid, chlorogenic acid, quercetin [84], catechin

[85], cyanidin, delphinidin [86], daidzein [87], genistein [88], mal-

vidin [51] and sinapic acid [89] also play important role against oxi-

dative tissue damage and inflammation.

7. Diuretic

Polyphenols possessing diuretic property has been often reported.

Extracts of Opuntia ficus indica fruit, Camellia sinensis (green tea), and

Hibiscus sabdariffa have been traditionally used as diuretic. The diuretic

action increases the quantity of fluid passing through the kidneys as a

result of flushing out the salt deposits. Therefore, the increment in urine

volume decreases the saturation of the salts and thus prevents the

precipitation of the crystals at physiological pH [35]. Chlorogenic acid,

cyanidin, delphinidin, quercitin [90], gallic acid [91], genistein [92],

luteolin [93], protocatechuic acid [58] and rutin [94] are reported to

possess diuretic activity.

Fig. 2. shows the renal stone prevention mechanisms of poly-

phenols.

8. Future directions and conclusions

Here, the naturally-occurring polyphenols which possess potential

to prevent the urinary calculi are summarized. The antiurolithiatic ac-

tivity of plant polyphenols are supposed to be due to their diuretic,

antioxidant, anti-inflammatory and ACE inhibition. Other possible

mechanisms related to antilithiatic effect of flavonoids are still elusive.

The structures of polyphenols like resveratrol, quercetin, and catechin

resemble that of estrogen hormone. Like estrogen is elaborated in

higher amount in stress conditions, the polyphenols are produced in

higher amounts in stress situations (such as cold, drought, pathogen

attack). So, it is likely that these phytochemicals act as antagonist of the

estrogen and resolve inflammation.

Polyphenols encompass a large biochemical variety, but only a few

of them have been characterized so far. In this regard, polyphenols

other than caffeic acid, catechin, curcumin, rutin, diosmin, quercetin

and resveratrol need to be purified and administered to animal models

of urinary stone disease. Emerging technologies such as green nano-

technology can be recruited to develop efficient drugs for modern ur-

inary stone therapy [95]. The models studied by present research

paradigms are almost always calcium oxalate, while calcium hydrogen

phosphate dihydrate (brushite) and mono sodium urate mono hydrate

(urate) urinary crystals are also component of urinary stones. So, the

potential roles of plant polyphenols in the prevention of brushite and

urate urinary stone should be studied in further investigations.

While reporting the positive effects, and the potential of plant

polyphenols, the negative aspects ought not be dismissed. In this re-

gard, the polyphenols endowed with antiurolithiatic activity may cause

certain side effects which must be taken seriously. For example, the

polyphenols rich extracts from Carthamus tinctorius L., (safflower) can

induce bleeding in animals [96]. So, the drugs containing those

Fig. 1. Showing the mechanism of kidney stone formation. The type of stones (calcium oxalate, uric acid, struvite and cystine), causing factors include food rich in

oxalate, genetic factors and drugs and the different types of treatment.
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Table 1

List of plants containing polyphenols with antiurolithiatic activity.

Family Polyphenol containing plants

with their parts

Mechanistic insight behind antiurolithiatic effects Use of same plant parts in different countries against urolithiasis

Reported antiurolithiatic activity against

calcium oxalate

Supporting antiurolithiatic effects

Amaryllidaceae Allium cepa L. (onion, bulb) Antiurolithiatic against calcium oxalate [31] Anti-inflammatory, demulcent, diuretic [99] Bulb infusion — India [31]

Annonaceae Annona reticulata L. (custard

apple, fruit)

Antiurolithiatic against calcium oxalate [100] ——————————— Fruit—India [100]

Apiaceae Apium graveolens L. (celery,

leaves)

Leaves antiurolithiatic against calcium oxalate

[31]

Anti-inflammatory, antioxidant, demulcent,

diuretic [101]

Leaves decoction — Bosnia, Herzegovina, Iran, Morocco [102]

Carum carvi L. (caraway, fruit) ————————————— Analgesic, anti-inflammatory, antioxidant, diuretic

[101]

Fruit decoction — Iran, Turkey [101]

Cuminum cyminum L. (cumin,

fruit)

Fruits antiurolithiatic against calcium oxalate

[101]

————————————— Fruits — Iran [101]

Daucus carota subsp. sativus

(Hoffm.) Arcang. (carrot, roots)

Seeds Antiurolithiatic against calcium oxalate

[101]

————————————— Roots — Lebanon, India, Turkey [101]

Petroselinum crispum (Mill.) Fuss.

(parsley, leaves)

Leaves antiurolithiatic against calcium oxalate

[101]

Antioxidant, diuretic [101] Leaves infusion / decoction — Italy, Tunisia Bosnia, Herzegovina, Iran,

Turkey, Spain [101]

Arecaceae Phoenix dactylifera L. (dates,

fruit)

Fruits antiurolithiatic against calcium oxalate

[103]

—————————— Fruits—India [103]

Asteraceae Cichorium intybus L. (chicory,

leaves)

Roots antiurolithiatic against calcium oxalate

[31]

—————————— Leaves raw eaten— Algeria, America, Pakistan, Palestine, Iran ; Leaves /

roots decoction / maceration — Lebanon [104]

Cynara scolymus L. (globe

artichoke, head)

————————— Diuretic [104] Leaves infusion — Italy and Tunisia [104]

Brassicaceae or

Cruciferae

Brassica oleracea L. (cauliflower,

fruit)

Aerial parts antiurolithiatic against calcium

oxalate [105]

Analgesic, anti-inflammatory, antioxidant [105] Fruit ash — Iran [105]

Capparaceae Capparis spinosa L. (capers,

leaves)

————————— Antioxidant, anti-inflammatory, diuretic [99] Leaves — Algeria, Saudi Arabia [99]

Cucurbitaceae Cucumis melo L. (melon, fruit) Seeds, fruits, fruit skin antiurolithiatic against

calcium oxalate [99]

Analgesic, anti-inflammatory, antioxidant, diuretic

[99]

Seeds / fruit juice — India, Iran, Pakistan [99]

Ericaceae Vaccinium macrocarpon Aiton.

(American cranberry, fruit)

Fruit antiurolithiatic against calcium oxalate

[106]

————————— —————————

Vaccinium oxycoccos L.

(cranberry, fruit)

Fruit antiurolithiatic against calcium oxalate

[107]

Vaccinium vitis-idaea L.

(lingonberry, fruit)

————————— Antioxidant [99] Fruits — Serbia [99]

Fabaceae Glycine max (L.) Merr. (soybean) ————————— Seeds decoction — India [108]

Macrotyloma uniflorum (Lam.)

Verdc. (horse gram)

Seeds antiurolithiatic against calcium oxalate

[108]

diuretic [108] Seeds decoction / infusion — Jordan, India, Iran, Nepal, Pakistan [108]

Phaseolus vulgaris L. (kidney

bean)

Seeds antiurolithiatic against calcium oxalate

[108]

Analgesic, anti-inflammatory [109] Diuretic [108] Seeds decoction / infusion — India [108]

Lamiaceae Mentha spicata L. (spearmint) ————————— Antioxidant, anti-inflammatory [110] Leaves decoction / infusion — Iran, India [110]

Ocimum basilicum L. (sweet basil) Antioxidant [110] Leaves and seeds — India; Palestine [110]

Origanum majorana L. (majoram) Anti-inflammatory, antioxidant, diuretic [110] Plant decoction — Palestine [110]

Origanum vulgare L. (oregano

wild majoram)

Antioxidant [110] Aerial parts decoction — Iran [110]

Rosmarinus officinalis L.

(rosemary)

Anti-inflammatory, diuretic [110] Leaves / stem decoction — Jordan [110]

Lauraceae Cinnamomum verum J.Presl.

(Ceylan cinnamon)

Anti-inflammatory, antioxidant [111] Leaves decoction — India ; stem bark — Iran, Jordan [111]

Moraceae Ficus carica L. (Figs, fruit); Fruits antiurolithiatic against calcium oxalate

[112]

Anti-inflammatory, antioxidant, demulcent,

diuretic [113]

Fruits raw eaten — Jordan, Pakistan, Palestine [113]

Morus alba L. (white mulberry) ————————— ————————— Fruit juice — Palestine [113]

Myrtaceae Syzygium aromaticum (L.) Merr.

& L.M.Perry. (clove, flower bud)

Analgesic, anti-inflammatory, antioxidant [113] Inflorescence powder —India [113]

(continued on next page)
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Table 1 (continued)

Family Polyphenol containing plants

with their parts

Mechanistic insight behind antiurolithiatic effects Use of same plant parts in different countries against urolithiasis

Reported antiurolithiatic activity against

calcium oxalate

Supporting antiurolithiatic effects

Oleaceae Olea europaea L. (olive, fruit) Fruit oil antiurolithiatic against calcium oxalate

[113]

ACE inhibitor, analgesic, anti-inflammatory,

antioxidant, demulcent [113]

Fruit decoction — Italy, Jordan, Palestine [113]

Poaceae Hordeum vulgare L. (barley) Whole plant antiurolithiatic against calcium

oxalate [105]

Anti-inflammatory, antioxidant, diuretic,

demulcent [105]

Seeds decoction / infusion — Jordan, Pakistan, Turkey [105]

Triticum aestivum L. (wheat) Wheat bran antiurolithiatic against calcium

oxalate [105]

————————— Wheat bran — India [105]

Zea mays L. (maize) Zea mays hair antiurolithiatic against calcium

oxalate [105]

Anti-inflammatory, antioxidant, demulcent,

diuretic [105]

Leaves / fruit — Bangladesh; seeds decoction — Iran, Israel, Palestine;

flowers decoction — India, Jordan, Pakistan, Yemen, Uzbekistan; corn

silk decoction — Spain, Turkey, Italy, Tunisia; corn silk infusion —

Algeria [105]

Punicaceae Punica granatum L. (pomegranate

fruit)

Fruits antiurolithiatic against calcium oxalate

[105]

Anti-inflammatory, antioxidant [113] Fruit or fruit rind decoction — India [105]

Rosaceae Crataegus monogyna Jacq.

(hawthorn)

————————— ————————— Aerial parts infusion — Bosnia, Herzegovina, Turkey [114]

Cydonia oblonga Mill. (quince) Leaves decoction — Turkey [114]

Malus pumila Mill. (apple, fruit) Fruits antiurolithiatic against calcium oxalate

[115]

—————————

Prunus avium (L.) L. (sweet

cherry, fruit)

————————— Antioxidant, diuretic [114] Fruit raw eaten — Iran ; stem decoction — Turkey; fruit juice —

Palestine [114]

Prunus virginiana L. (Black

chokeberry, fruit)

————————— Fruits — Iran [114]

Pyrus communis auct. iber. (pear) Diuretic [114] Ripe fruits eaten — India [114]

Rubiaceae Coffea arabica L. (coffee beans) Analgesic, antioxidant, diuretic [113] Seed husk beverage — Yemen [113]

Rutaceae Citrus limon (L.) Osbeck. (lemon,

fruit)

Fruits antiurolithiatic against calcium oxalate

[113]

Analgesic, antioxidant, demulcent, diuretic [113] Fruit juice — India, Pakistan [113]

Citrus paradisi Macfad.

(grapefruit)

Fruits antiurolithiatic against calcium oxalate

[115]

————————— —————————

Citrus sinensis (L.) Osbeck

(orange)

————————— Anti-inflammatory, antioxidant [113] Fruit juice — India, Pakistan [113]

Solanaceae Lycopersicon esculentum Mill.

(tomato fruit)

————————— Fruits — Iran [116]

Theaceae Camellia sinensis (L.) Kuntze.

(green tea, leaves)

Leaves antiurolithiatic against calcium oxalate

[117]

—————————

Vitaceae Vitis vinifera L. (grapes) ————————— Anti-inflammatory, antioxidant [116] Fruit juice — Iran [116]

Zingiberaceae Curcuma longa L. (turmeric) ————————— Roots — Iran [116]

Elettaria cardamomum (L.)

Maton. (cardamom)

Antioxidant, diuretic [116] Fruit — India [116]
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polyphenols must be recommended to only specific patient groups after

a series of clinical trials. Chenopodiaceae family members contain high

oxalate content, and excess intake of the dietary oxalic acid can cause

renal stones. Some polyphenols are controversial in their biological

effect. Lignans, the diphenolic compounds, abundant in flaxseed, se-

same, and cruciferous vegetables are metabolized into phytoestrogens.

The flavonoid isoflavone genistein in soy is a phytoestrogen as well.

Phytoestrogens have structural and functional similarity to 17β-esta-

diol, and disputable reputation pertaining to human health.

Currently, more than 95% of studies regarding the antilithiatic ef-

fects of plant polyphenol have been conducted in experimental animals.

On account of the metabolic and enzymatic differences between ex-

perimental animals and human beings, in vivo study-elicited results are

inadequate, and clinical trials are urgently needed to ascertain which

polyphenols can indeed play protective roles against the urinary calculi

and have promise to be applied in stone prevention [97]. Clinical stu-

dies on the concentration, bioavailability, efficacy, safety, and exact

mechanism of action are required. The absorption, distribution, meta-

bolism, excretion, and biological activity of the polyphenols in the

human body must be further examined through multi-pronged re-

search. The effects of plant polyphenols on the recurrence of urinary

stone disease in patients after shock wave lithotripsy, which is known to

generate ROS and cause renal damage, ought to be determined [98].

In conclusion, it is important to understand that renal stone are the

resultant of acidic urine, and the crystallization of the minerals. As long

as acidosis is not resolved, the stone formation will continue.

Medications might impart temporary relief, but the cause of the disease

will remain active. Cause of renal acidification can be genetic, or life

stage-related (e.g. pregnancy, aging, infections) but in modern times, its

mostly due to lifestyle mistakes. Environmental exposures and dietary

factors impact urine pH, and promote stone formation. Disciplined

lifestyle can prevent inflammation and calculi formation. If expecting

polyphenols to mitigate renal stones is too naive, at least they can be

used to maintain physiological pH, as they act as buffers.
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