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A R T I C L E  H I S T O R Y 

1. INTRODUCTION 





Nephrolithiasis is a complex multifactorial pathology which contributes to the onset of ge-Received: November 15, 2022 

netics factors, environmental factors, diet and lifestyle. In addition, this pathology has recently Revised: March 08, 2023 

been associated with an increased risk of developing cardiovascular diseases increasing the Accepted: March 22, 2023 



burden of health care costs [1]. 
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Nephrolithiasis is characterized by a complex of manifestations resulting from the for-10.2174/1573401319666230601143942 

  

mation and transit along the urinary tract of crystalline agglomerates stones, composed of poor-ly soluble substances. Kidney stones are elements of hard consistency, consisting of a solid component mixed with an organic matrix,  i.e. proteins normally present in the urine. Most stones are calcium based, it is estimated that those of calcium oxalate (CaOx) and calcium phosphate (CaP) correspond to 80% 

of all calculations. In 9% of cases, they are of uric acid, in 10% struvite (magnesium ammonium phosphate hexahydrate) and in 1% are other types (cystine, ammonium urate acid) [2]. Nephrolithiasis is a common cause of morbidity in the United States, responsible for hospitalization in 1 per 1000 of the population every year [3, 4], while in Asia, the probability of forming kidney stones is very low (1-5%). The peak incidence was observed in subjects between 18 and 45 years, with a prevalence greater than 5-10 times in males. It was estimated that 5% of American women and 12% of men would develop an episode of calculat-ing at some point in life [5]. 40% of patients with a first episode of nephrolithiasis have a second episode within 2-3 years and 75% relapse within 7-10 years. After 20 years, it is estimated that less than 10% of patients do not develop stones again [6]. 

2. AETIOPATHOGENESIS 



Pathological conditions related to the formation of stones can be divided into:  

- 

Pre-renal lithogenic conditions: metabolic, hormonal and dietary disorders such as: hypercalciuria, hyperoxaluria, hype-ruricemia, dehydration. 

- 

Renal lithogenic conditions: linked to nephron pathologies such as renal tubular acidosis and cystinuria. 

- 

Meta-renal lithogenic conditions: dependent on obstructive and/or infectious pathologies of the excretory route both on a malformative and acquired basis. 



In the event that it is not possible to identify a precise metabolic alteration, the most important cause, anatomical or bacteri-ological capable of explaining stones, is called idiopathic. 

3. PATHOPHYSIOLOGY 



Depending on the case, the formation of the stones can be explained by one of the following mechanisms, even if they can coexist with each other: 

1. 

Supersaturation: chemical-physical mechanism that involves the passage of some urinary compounds from the solution phase to the crystalline solid phase. The causes of this condition are generally [7]: excess of calcium, phosphorus, oxalic acid, acid uric, ammonium, cystine; changes in pH; oliguria. When the concentration of salt in the urine exceeds a certain value and in the presence of a urinary pH the precipitation of the molecules and the formation of crystals are favorable [8]. 

2. 

Mucoprotein matrix: organic material of both serum and urinary origin interacts with the crystals in the process of aggregation and contributes to the formation of calculations. Furthermore, it is known that the retention of crystals in the renal papilla, especially its apex occurs through fixation to the tubular epithelium; however, mechanisms by which crystals Current Nutrition & Food Science *Address correspondence to this author at the  Section of Clinical Nutrition and Nutrigenomics, Department of Biomedicine and Prevention, University of Rome Tor Vergata, 00133 Rome, Italy; E-mail: giuseppe.merra@uniroma2.it  2212-3881/24 
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adhere to the tubular basal membrane are not still known. It is hypothesized that there is an alteration of the normal protective layer of the urothelium or the release of a "sticky" substance from damaged cells. In this way, the sub-epithelial crystalline depositions in the renal papilla could be explained (the so-called Randall's plaques) and then, even in conditions of meta stability, can grow to form stones [9]. 

3. 

Lack of inhibitors: inorganic substances (magnesium, citrates, pyrophosphate, potassium, hippuric acid) and organic (gly-cosaminoglycans, nephrocalcin and the Tamm protein Horsfall) [10] inhibit the formation, growth and aggregation of urinary crystals. In some individuals the concentration of these compounds is insufficient for ensure effective inhibition [11]. 

4. 

Anatomical anomalies: they can determine the deposition of crystals and their growth and aggregation, a condition that also predisposes them to the onset of infections vault lithogenic promoters [12, 13]. Finally, stasis contributes to alterations of the urothelium metabolism that facilitate crystalline adhesion. 

4. RISK FACTORS 



In many cases of stones, it is not possible to identify a precise metabolic disorder, but there are numerous factors that predispose to their formation:  

- 

Ethnicity and gender: it occurs more frequently in Caucasians than in Africans and the prevalence is higher in men than women. This is probably due to the effect that sex hormones have on some factors of lithogenic risk. Androgens seem to increase the urinary excretion of oxalate and the deposition of calcium oxalate crystals in the kidney, while estrogen decreases these effects [14, 15]. 

- 

Age: in men, there is a peak at 35 years, while in women, there is a peak at 35 years e one at 55, the last concomitant with menopause [16]. 

- 

BMI: some lithogenic risk factors such as the excretion of calcium, oxalate and uric acid are affected by an excessively rich diet that is related to overweight [17]. 

- 

Heredity: in individuals with a family history of kidney stones, the risk of stone formation increases substantially regardless of the eating habits [18]. 

- 

Eating habits: there is a significant increase in the prevalence of nephrolithiasis in the black Americans population with eating habits of Caucasians [14]. 

- 

Moderately alkaline urine predisposes subjects to the formation of calcium calculi, the optimum for the formation of calcium oxalate stones is at ~ 6.5 pH. The acidity of the pH causes an excessive increase in the share of undissociated uric acid which participates in the crystallization of CaOx. An alkaline urine increases significantly the abundance of phosphate monohydrate which, in combination with the calcium, turns into brushite, thermodynamically unstable (Ca-HPO42H2O) and subsequently in hydroxyapatite [CA10(PO4)6(OH)2] [19, 20]. Furthermore, also the production of concentrated urine, as a consequence of the dehydration associated with a lifetime in a hot climate or work exposure in hot environments, or incorrect styles of life (insufficient hydration) is another risk factor for stone formation [14, 21]. 

- 

Decrease in inhibitors that prevent crystallization in normal urine. 



In idiopathic calculus, hypercalciuria (in 49.5% of cases) and hyperoxaluria (in 27.8% of cases) are relevant. Hypercalciuria is called idiopathic when it is not due to pathological conditions or to the use of drugs that increase calcium [22] and is characterized by urinary excretion of Ca > 300 mg/day in males and > 250 mg/day in females on a free diet. The hypercalciuric state exposes the individual to the risk of calcium oxalate and calcium phosphate stones, increasing the supersaturation of these salts. 

Hyperoxaluria is characterized by a urinary excretion of oxalate > 40-45 mg/day [23, 24]. Oxalate is a compound that is not very soluble in water and tends to crystallize easily in the presence of calcium; even small increases in urinary concentration lead to a significant increase in the activity product of calcium oxalate with high supersaturation as a consequence [25-29]. On-ly 10-20% of urinary oxalate comes from dietary intake excessive consumption of enriched in oxalate foods, such as spinach, rhubarb, tea, and chocolate [30] or dietary restriction of calcium, with a compensatory increase in the absorption of oxalate 

[31], while 80-90% derives from endogenous hepatic production. Given the poor solubility characteristics of oxalate, even moderate hyperoxaluria seems to be more lithogenic than hypercalciuria, in fact, there is a significant correlation between oxaluria and the production of calcium oxalate stones, while this correlation was not found with calcium levels [10]. Hyperuricosuria is characterized by excretion of uric acid > 800 mg/day in men or > 750 mg/day in women. The data present in the literature are discordant because any papers reported that this condition is more frequent in subjects that form calcium crystals compared to control subjects [32], while others did not find such differences [33]. Hypocitraturia is characterized by a low concentration of an endogenous inhibitor of calcium stones formation: citrate. In particular, it has been seen that 20-60% of cases of calcium nephrolithiasis are characterized by low urinary citrate excretion [19]. Hypocitraturia could be the result of renal tubular acidosis, chronic diarrheal syndromes, hypokalaemia, urinary tract infections, but most often, the etiology is unknown and is called idiopathic hypocitraturia. Hypocitraturia is also associated with low potassium levels, reduced alkaline absorption, reduced urinary calcium levels and high acid excretion. Most of the citrate comes from the diet, particularly from fruit and vegetables [34]. Citrate binds calcium to form a soluble salt which inhibits crystallization and slows down stone formation [5]. Furthermore, urinary citrate interacts with calcium oxalate crystals as an inhibitor of the aggregation of crystals and their growth. 
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Low urinary citrate excretion levels are commonly accepted as risk factor for the formation of calcium stones. An increase in urinary citrate excretion in stone producers due to alkaline therapy lowers the risk of calcium stone formation [34]. 

5. DIET AND NEPHROLITHIASIS 



Thanks to a series of large epidemiological studies, it has been seen that high consumption of fruit and vegetables reduced the risk of stone formation by 30% to 50% [18, 35, 36]. Furthermore, it has been estimated that the prevalence of nephrolithiasis in vegetarians is about half that of omnivores [37]. These foods are characterized by a high content of lithogenesis inhibitors, such as citrate, magnesium and alkaline potassium and a low protein and chloride sodium content [38, 39]. The latter element has been seen to play a crucial role in calcium idiopathic nephrolithiasis. It was shown that, for example, a high salt intake decreased the urinary excretion of citrate, one of the main inhibitors of lithogenesis [40], due probably to a decrease in intracellular pH caused by an expansion of the extracellular volume [41]. Furthermore, a low salt diet as shown in a randomized controlled trial, corrects idiopathic hypercalciuria in ~ 30% of cases and can have positive effects also on other risk factors for the onset of stones [42]. Salt is also one of the main risk factors for cardiovascular disease and hypertension, therefore the world health organization recommends a daily intake of salt not exceeding 5 g, but modern industrialized countries' diets exceed this level [43, 44]. Another element introduced in the diet is calcium which can play a role in stones development. Some studies show that there is a relationship between a higher consumption of dietary calcium and the increased risk of kidney stones [35, 45]. However, in one prospective study of patients with hypercalciuria, restriction in calcium intake was associated with a 10% 

higher probability of forming stones [46]. This could be explained by the fact that the restriction of calcium increased the absorption of oxalate in the gastrointestinal tract (GI) of normal subjects and patients with stones, causing an increase in the excretion of oxalate from 16 to 56%. Therefore, there would be an inverse relationship between the calcium introduced with diet and calculations, which could be due to the increase in the bond calcium to oxalate in the GI tract [35]. Furthermore, a population study showed that the intake of calcium from food decreased the risk of stones, while the resulting risk by pharmacological supplements increased it. This was probably due to the co-presence of other factors in dairy products that played an inhibitory role in stones formation, such as phosphorus which reduces the urinary excretion of calcium and the supersaturation of oxalate calcium in patients with hypercalciuria [47]. A 5-year clinical trial shows that a diet with normal calcium intake, but reduced intake of animal proteins and salt, is more effective than a low calcium doses traditional diet and this is due to the different effects of the two diets on the excretion of oxalate. In fact, the first diet determines a consistent reduction in the urinary excretion of oxalate, due to a decrease in its absorption in the intestinal lumen as it complexes with the greatest available calcium [48]. A high consumption of animal proteins in the diet causes an increase in the urinary excretion of oxalate in 30% of patients with calcic nephrolithiasis. This increase is probably due to oxalate precursors, such as tyrosine, tryptophan, phenylalanine and hy-droxyproline, which stimulate the endogenous production of oxalate [49, 50]. Vitamins also seem to be involved in lithogenic risk and in particular, vitamin C [51], vitamin B6 [52] and vitamin D [53]. As for the effects of carbohydrates on the formation of stones, they are not yet been fully clarified. Some studies have shown that an intense oral carbohydrate load simple (glucose or xylitol) on subjects with stones and healthy subjects induced an increase in lithogenic risk [54, 55]. Also a study conducted in the nineties makes a comparison between low (220 g), medium (450 g) and high (600 g) carbohydrate diets but with the same amount of protein, fat and calcium. The results obtained indicate how the levels of calcium increase in proportion to carbohydrate intake [56]. Initially also, insulin, indirect marker of high carbohydrate consumption or metabolic syndrome, had been related to high calcium excretion, but more recent studies deny that hyperinsulinemia has significant effects on urinary calcium excretion [57]. 



The lipids, other organic compounds widely distributed in nature, appear to play a role in stone formation. Some studies showed as fish oil supplements or n-3 fatty acids reduced urinary calcium and oxalate levels [58, 59]. However, a large epidemiological study in healthy subjects rejected any correlation between the consumption of fatty acids and the initiation or prevention of nephrolithiasis [60]. 



Idiopathic hypercalciuria is an inherited metabolic abnormality that is characterised by excessive amounts of calcium excreted in the urine by people whose calcium serum levels are normal. Idiopathic hypercalciuria contributes to kidney stone disease at all life stages; people with the condition are prone to developing oxalate and calcium phosphate kidney stones. In some cases, crystallised calcium can be deposited in the renal interstitium, causing increased calcium levels in the kidneys. Various dietary interventions have been described that aim to decrease urinary calcium levels or urinary crystallisation. Long-term adherence to diets that feature normal levels of calcium, low protein and low salt may reduce the numbers of stone recurrences and decrease oxaluria and calcium oxalate relative supersaturation indexes in people with idiopathic hypercalciuria who experi-ence recurrent kidney stones. Adherence to a low salt, normal calcium level diet for some months can reduce calciuria and oxaluria [61]. 

6. DISTRIBUTION AND COMPOSITION OF THE INTESTINAL MICROBIOTA 



The microbiota can be defined as a plurality of ecological niches that host one bacterial population (to a lesser extent also viruses and fungi), made up of numerous species and from an innumerable amount of strains. Our body is made up of about one hundred trillion cells, and it is interesting to note that the total number of microbial cells present in a human organism can exceed ten times the number of cells in the body itself, so much so that bacteria make up about 3% of the total mass of our body. 

The gastrointestinal system is the largest surface of the human body in contact with the external environment and is inhabited by about one kg of microbes consisting of over 1000 different species [62, 63]. The quantitative (number of microorganisms) 
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and qualitative (type of strains present) microbiota composition is different at various levels of the gastrointestinal tract. In quantities, the esophagus and stomach have the least number of bacteria. However, the number of bacteria progressively increases along the intestinal tract from a bacterial load of 104-108 CFU/mL in the jejunum to reach the large intestine, which represents the site with the higher bacterial count and higher microbial diversity 1010-1012 CFU/mL. 



All the information, both qualitative and quantitative that we have on the intestinal microbiota are obtained from two studies: Human microbiome project and metagenomics of Human Intestine (metaHIT) based on DNA sequencing [64-66]. It was possible to understand that: 

- 

The human digestive tract hosts about 104 bacteria, with a ratio of 10 bacteria for each eukaryotic cell of our organism and with a complex phylogeny; 

- 

Each individual has his own bacterial "fingerprint", which is a peculiar profile of bacterial species in the digestive tract different from that of other individuals [66]. 

- 

There is a “core” of at least 57 bacterial species common to all individuals [66]. 

7. FUNCTIONS OF THE INTESTINAL MICROBIOTA 



Today, the intestinal microbiota is considered a real organ which carries out numerous actions to protect/promote our health. 

There’s a real symbiosis between our body and the intestinal microbiota, a necessary coexistence for both parties. The intestinal microbiota that we host is very dynamic and flexible and exerts a great deal amount of functions for the host: metabolic and nutritional activity; immune system modulation and protective function. 

7.1. Metabolic and Nutritional Activity 



The microbiota is able to transform certain food substances (cellulose, pectins), which otherwise would be indigestible, in volatile substances and short-chain fats acids ( e.g. butyric and propionic acids) [66, 67]. Also, the intestinal bacteria are able to synthesize vitamin K and most of the group B vitamins. They also play a fundamental role in the absorption of ions (calcium, iron). 

7.2. Trophic Functions 



The microbiota controls the growth of intestinal epithelial cells, favoring its proliferation and differentiation and also represents a stimulus for host's immune system development and regulation. 

7.3. Protective Function 



Action carried out through the repression of the pathogenic microbial flora. The role of the physical barrier, together with the production of antimicrobial substances (bacteriocins, hydrogen peroxide) and competition for intestinal epithelial receptor sites and for substrates, determines an effective defense system against pathogenic flora and the existence of two-way communication between the microbiota intestinal and brain (gut-brain axis) is demonstred [68]. Communication would happen in different ways: from interactions with the vagus nerve, with the enteric nervous system and those with the immune system or through the direct effects of some microbiota metabolites. This extensive communications system appears to affect several pathologies, including multiple sclerosis, psychiatric diseases and irritable bowel syndrome [69]. 

8. FACTORS AFFECTING THE INTESTINAL MICROBIOTA 



The composition of the gut microbiota is influenced by various factors such as methods of birth, type of breastfeeding, age, diet, geography, drug treatments and stress factors. 

8.1. The Mode of Delivery 



Microbial exposure at the beginning of life begins with the colonization of the intestine of the newborn, its digestive tract is sterile during fetal life, and is rapidly "invaded" after delivery. However, the manner of delivery does affect strongly the composition of the microbiota. In the case of caesarean section, bacteria present in the environment form the basis of the microbiota in place of vaginal and fecal bacteria derived from the mother, for example, this leads to a substantial reduction of Bifidobacteria [69]. Also the age of gestation, hospitalization of the newborn and the use of antibiotics for the newborn affect the microbiota. 

8.2. Feeding Time 



In breast-fed infants, the microbiota is dominated by Bifidobacteria, while that of infant formula-fed infants shows greater colonization by  Escherichia  coli,  Bacteroides  fragilis and  Lactobacilli [70-72]. The microbiota is critical in the postnatal development of many gastrointestinal functions, including referring to the development of the immune system associated with the 
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intestinal mucosa. Therefore the type of bacteria that colonize the intestine of the newborn and the timing of colonization affect on immunomodulation [73]. The innate immune response to commensal bacteria influences the adaptive response to both food and environmental antigens. 

8.3. Age 



The first bacterial settlement in humans, as mentioned above, occurs at the birth, when the intestine of the newborn, still sterile, is colonized by microorganisms of maternal or environmental origin. Human enterotypes, or the different microbial communities residing in the intestine which, in humans, is largely dominated by  Firmicutes,  Bacteroidetes,  Prevotella,  Ro-minococcus, are expressed by bimodal distribution of  Prevotella/ Bacteroidetes ratio, which begins to stabilize between the eighteenth and thirty-sixth months of age. A continuous development of the microbiota towards that of the adult has been observed in this period [74]. At about two years of life, the intestinal microbiota is almost stable and, in the colon in particular, the greatest cell density is revealed and will remain so throughout life. However, some studies have shown how the human gut microbiota can vary in function of age [75]. For example, it is possible to note how the relationship between  Firmicutes and  Bacteroidetes varies from 0.4, 10.9 and 0.6 passing from neonatal, adult and senescence. With advancing age, however, there is a variation in the microbiota,  i.e., some species increase ( Bacteroides, Escherichia coli, Streptococcus, Clostridia), while others decrease ( Bifidobacterium) [67, 76]. 

8.4. Geography 



The geographical area and the ethnic group they belong to are other factors that go to change the microbiota composition as it results from the comparison of the European children microbiota and Burkina Faso microbiota [77-79]. The microbiota of Europeans was described as rich in  Firmicutes and  Proteobacteria, while  Actinobacteria and  Bacteroidetes were more represented in the microbiota of African children.  Xylanibacter and  Prevotella were present only in children from Burkina Faso, so the researchers had speculated that members of these raises might be the most adept at extracting calories from indigestible polysaccharides commonly consumed in Africa, indicating a co-evolution of the microbial community with a diet rich in polysaccharides. Furthermore, they proved that undernourished children of poor Bangladeshi families had less diversity than healthy children from more affluent families from the same region, characterized by a lower relative abundance of Bacteroidetes and a dominance of Proteobacteria [79]. 

8.5. Diet 



Diet is another important factor that contributes to the microbiota development from the beginning of life: milk and colos-trum are a continuous source of commensal bacteria and oligosaccharides which are fermented by the bacterial flora of the infant [80-82]. However, it has not yet been possible to find an association between different diets and the composition of the microbial community. Two fundamental characteristics of the intestinal microbiota of healthy adults are stability over time and resilience. Grouping into enterotypes appears to be strongly associated with long-term diets, a diet based on animal proteins and fats is correlated with high levels of the Bacteroidetes enterotype, a diet that instead prefers carbohydrates to the enterotype Prevotella [83]. Significant changes in the gut microbiota have been associated with alterations in the diet, mainly influenced by dietary fiber from fruit consumption, vegetables and other plants. In experiments where food habits are controlled by men, variations in the intake of starch or non-starch polysaccharides altered the levels of specific bacterial taxa [84]. A large number of studies have associated the increase in microbial richness, both taxonomically and genetically, with diets high in fruits, vegetables and fiber [85, 86]. The fecal microbiota of vegetarian and vegan subjects showed significantly lower values in  Bifidobacteria,  Bacteroids,  E. Coli and Enterobacteriaceae e lower fecal pH values than omnivores [87]. Poor biodiversity at the level of the gut microbiota found in subjects on a Western diet was associated with the increase in the incidence of obesity, cardiovascular diseases, metabolic syndromes and some types of tumors. 

8.6. Stress 



There are different types of stress (acute, chronic, psychic or physical) which can modify the gut microbiome [88]. Stress can create intestinal dysbiosis, which can lead to the development of anxiety and depression [89]. It appears, in fact, that the microbiota metabolites can modulate behavior and biochemistry in the brain [88-90]. 

8.7. Use of Drugs 



Exposure to antibiotics has also been shown to have consistent effects on microbiota. The intestinal microbial balance is restored after the use of antibiotics, but some studies have suggested that the repetitive use of antibiotics leads to incomplete microbial recovery [91-96]. Once antibiotic treatment is concluded, the microbiota exhibits a certain degree of resilience, being able to return to a composition similar to the original one, but initially, the initial state is not recovered. Antibiotics induce alterations on the microbiota that they can last for a long period of time, months and even years [97]. 
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9. MICROBIOTA AND CALCIUM NEPHROLITHIASIS 



Nephrolithiasis is a complex pathology influenced by genetic and/or environmental factors and has been hypothesized that the composition of the intestinal microbiota may or may not favor the formation of kidney crystals. However, there is little data on the role of the microbiota in the pathophysiology of nephrolithiasis. 75% of kidney stones are mainly composed of calcium oxalate [98]. The oxalate urinary is considered a crucial risk factor in stone formation. In men, oxalic acid enters the body through the diet [99, 100] and is endogenously formed as a waste product of amino acid metabolism and excreted by the kidney 

[101]. Oxalate homeostasis is maintained by its degradation by bacteria, rather than by host enzymes. The oxalate content in the common Western diet is approximately 80-120 mg/day, of which about 10% is normally absorbed from the gastrointestinal tract [39, 102], to be then eliminated, together with the endogenous one, through urine [102]. The colon is the main oxalate absorption site [103]. An intraluminal increase in the breakdown of oxalate can lead to the reduction of its absorption, decreasing the concentration of this in plasma and urine. Mammals do not produce the necessary enzymes for the biotransformation of oxalate, this action is carried out by the intestine microbial community, which degrades oxalate reducing intestinal absorption and stimulating its secretion by the colon and therefore protects the individual from hyperoxaluria [104-106]. 



Initially it was shown that the increase in oxalate in the diet induced an intestinal bacteria to increase that degrade oxalate in humans [107]. The bacterium to which this effect was mainly attributed is Oxalobacter formigenes [108], a Gram-negative an-aerobic obligate bacterium member of the ß-Proteobacteria that colonizes the human gastrointestinal tract [109]. It is the only bacteria that uses oxalate both as a source of coal and for the formation of ATP. In short, oxalic acid is transported within the cell and activated to oxalyl-CoA through the transfer of a coenzymeA (CoA) from formyl-CoA; oxalyl-CoA is like this decarboxylated releasing formyl-CoA and CO2 which diffuses out of the cell. The transfer of the CoA from formyl-CoA to a new molecule of oxalate produces a molecule of formate that comes out of the cell through the antiport formate/oxalate. For each molecule of decarboxylated oxalyl-CoA a proton is consumed; a used proton gradient is thus created for the synthesis of ATP. 

The three key enzymes in this cycle are: oxalyl-CoAdecarboxylase (oxc), the OxIT antiport that regulates the exchange of molecules without the consumption of energy and formyl-CoA transferase (frc). It seems that colonization in children by  O. formigenes begins when they begin to crawl. Almost all children between 6 and 8 ages were colonized, but the badger of colonization decreased in older children around that found in the adult population [109-111]. Many studies have shown the correlation between the presence of  O. formigenes and the 70% decrease in the risk of developing calcium oxalate stones [112]. The prevalence of the bacterium in the colon is related to some factors, such as the use of antibiotics to which the bacterium is sensitive 

[106, 112-116]. The degradation of oxalate by the  O. formigenes should reduce the entity of the urinary excretion of oxalate, however, although some studies have correlated the absence of the bacterium to higher urinary oxalate excretion and fewer episodes of calculations [106, 117-119], while others did not reveal any significant differences in the urinary excretion of oxalate among patients positive or negative for  O. formigenes [112, 120]. 



Therefore, the possible correlation between the presence of the bacterium and the reduction of urinary oxalate excretion has not yet been fully clarified and this appears to be due to problems related to experimental design [112, 121]. In addition to Oxalobacter formigenes, 18 other species that degrade oxalate have been identified, such as  Lactobacillus,  Bifidobacterium,  Streptococcus and others, but which do not havestrictly need this for their growth [122-126]. A species,  Enterococcus faecalis can use oxalate as the only source of carbon and energy in a nutrient-poor environment, but can also use other substrates for its growth [124]. Variants of the oxc and frc genes have been identified in some but not all intestinal bacteria which degrade oxalate [124, 126], while they do not possess the OxIT gene (antiport transmembrane of oxalate and formate), probably other genes mediate the transport of oxalate in bacterial cell [127]. The presence of high concentrations of oxalate inhibits the growth of some species which are however able to degrade it when present [125-128]. The interactions between bacteria were studied in relation to the hypothetical exposure of oxalate of the intestinal microbial population and 4 groups were identified: 

- 

1st group: contains taxa that respond quickly to exposure to oxalate and they can use it as source for their growth. 

- 

2nd group: much more common than group 1 and contains those taxa that are inhibited from oxalate but which can degrade it if present [125-127]. 

- 

3rd group: bacteria that are inhibited by the presence of oxalate, but draw indirectly benefits from the presence of other bacteria that degrade the oxalate; there presence allows group 3 to grow in a otherwise inhospitable environment and would be outclassed by bacteria groups 1 and 2. 

- 

4th group: are those bacteria not influenced by the presence of oxalate. 



Therefore, through the combination of molecular profiles and mathematical models, the population dynamics and interactions between bacteria associated with exposure, short or long term, oxalate could be included. In light of the contribution that some bacterial species give to the oxalate concentration, some studies have been conducted to understand the degradation ca-pacity of multiple species that degrade the oxalate, as well as the  O. formigenes, with the aim of creating probiotics that can be used in the treatment of nephrolithiasis or stones formation related diseases in the urinary system. 



Initially, the first  O. formigenes-based probiotic was administered to a group of healthy human volunteers, resulting in a reduction of stable oxaluria over time and persistent fecal colonization by the bacterium [113]. Recently,  Oxalobacter was administered as a probiotic to pediatric subjects suffering from primary hyperoxaluria. The results were, however negative, since the preparation was not capable of significantly influencing oxaluria [129, 130]. However, there are no other studies in which Oxalobacter formigenes have been directly administered as a probiotic to modify the lithogenic risk. Therefore,  Oxalobacter 
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represents only one component, undoubtedly the most efficient, but not the most abundant, of a complex intestinal microbial system dedicated to the degradation of oxalate and therefore to the regulation of its absorption into the circulation. 



The interest of the scientific community has in fact concentrated on other formulations of probiotics already present on the market, with at least theoretical activity of degradation of oxalate. 



All subsequent intervention studies therefore are focused on clinical and urinary effects of the administration of probiotics based on one or more taxa capable of degrading oxalate. It was demonstrated for the first time, in 2001, on 6 calcic stones with hyperoxaluria, that the administration of  Lactobacillus probiotics based is able to reduce in a significant way and persistent over time after cessation of treatment, levels of oxalate urinary excretion after treatment [125]. 



However, in the only randomized placebo-controlled trial in the literature, conducted on 20 calcic stones with hyperoxaluria, the administration of  Lactobacillus probiotics did not cause significant changes in the oxalate urinary excretion [131]. Similarly, in another cross-over study conducted on healthy volunteers with a high oxalate content diet, administration of the same probiotic was not associated with significant changes in oxaluria [132]. 

CONCLUSION 



Therefore, although some authors have proposed that  Lactobacillus can exercise protective actions against kidney stones regardless of oxalate degradation activity, the initial enthusiasm for probiotics as possible modulators of lithogenic risk in idiopathic calculus is currently mitigated. Recently, it is also been shown that  Lactobacillus probiotic formulations have a highly variable oxalate degradation activity  in  vitro, for which they are necessary further studies to understand and clarify their role in oxalate degradation [126-143]. 
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