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Oxalate is an antinutrient present in a wide range of foods, with plant products, especially green leafy vegetables,

being the main sources of dietary oxalates. This compound has been largely associated with hyperoxaluria, kidney

stone formation, and, in more severe cases, systematic oxalosis. Due to its impact on human health, it is extremely

important to control the amount of oxalate present in foods, particularly for patients with kidney stone issues.
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1. Introduction

Oxalate, or oxalic acid, is an antinutrient present, commonly in trace amounts, in fruits, nuts, cereals, fungi,

vegetables, aromatic plants, and beverages, with plant-based products being the main sources of dietary oxalates

. However, some plants have high quantities of these compounds. In this matter, green leafy vegetables, such as

spinach, Swiss chard, and rhubarb, are highlighted .

Oxalate can form soluble and insoluble salts in water. When binding with sodium, potassium, and ammonium ions,

it forms soluble oxalates, whereas with calcium, iron, and magnesium it precipitates, forming insoluble compounds

and making these minerals unavailable for absorption. Despite this fact, for example, zinc absorption and

metabolism do not appear to be affected. In general, insoluble salts in water can be freely dissolved in acid .

Regarding health, one of the most important insoluble salts is calcium oxalate, having two hydration forms,

monohydrates and dihydrates, which impact the shape of its crystals .

Depending on the pH of the cell sap, the liquid inside the vacuole of plants where oxalates are mostly found, they

can present different chemical structures (Figure 1). On the one hand, when pH is 2, acid oxalate is the main

oxalate. On the other hand, when pH is approximately 6, oxalate ion is the majority . At the cytoplasmic pH of 7,

oxalic acid also suffers deprotonation and exists as oxalate ion .
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Figure 1. Chemical structure of (a) oxalic acid; (b) oxalate ion; (c) acid oxalate ion; and (d) oxalate salt, being M

a metallic cation.

Chemically, oxalic acid is characterized as a dicarboxylic organic acid with low molecular weight, high acidity (pK

= 1.25, pK  = 4.27), and chelating and reducing abilities. Therefore, in plants, it plays a relevant role in many

biological processes such as calcium homeostasis; pH regulation; plant growth, development, and protection;

photosynthesis; and detoxification of heavy metals . However, when in excess in plants because of a metabolic

disorder, this will promote impairment of its functions and, thus, reduction of crop quality . Many factors can

influence oxalate accumulation in plants, such as growth, ripeness, variety, season, time of harvest, and cultivation

conditions (e.g., use of nitrate fertilizer or soil conditions) .

The biosynthesis of oxalate in plants can result from different mechanisms, with glyoxylate, ascorbic acid, and

oxaloacetate being the precursors of oxalate, an end product of their metabolisms. Therefore, there are three most-

studied pathways: the glycolic acid/glyoxalic acid pathway, the ascorbic acid pathway, and the oxaloacetic acid

pathway .

In addition to photosynthetic organisms, mammals can also produce oxalates in small amounts. In mammals,

oxalate produced endogenously is a metabolite of ascorbate, hydroxyproline, glyoxylate, and glycine .

2. Antinutritive Effects and Potential Nephrotoxicity of
Oxalates

Oxalate has been a concern for human health due to its antinutritive effects and potential nephrotoxicity for a long

time . In 1989, a fatality from oxalic acid poisoning was reported. A 53-year-old man, with other conditions,

had eaten a sorrel soup with 6–8 g of oxalic acid . A lethal dose of oxalic acid for adults was estimated as 10–15

g, although the ingestion of 4–5 g of oxalate was considered the minimum dose able to cause death . As

antinutrients, oxalates restrict the bioavailability of some nutrients since they can bind to minerals, like calcium,

magnesium, or iron, reducing their absorption and use .

The sources of oxalates in our body can be exogenous or endogenous (Figure 2). Exogenous oxalate sources are

mainly plant foods, like vegetables, grains, legumes, and fruits, among others. When these types of foods are

ingested, oxalate is absorbed in multiple parts of our gastrointestinal tract, namely the stomach, small intestine,

and large intestine. However, the absorption depends on its availability, among other individual features. Insoluble

oxalates are excreted in feces since they are less bioavailable and, therefore, pose a lower health risk. In contrast,

soluble oxalates are absorbed through the intestines and colon (5–10% of ingested oxalate, under normal

conditions), going into the bloodstream.
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Figure 2. Sources, endogenous pathways, and excretion of oxalates in the human body. HOGA1—4-hydroxy-2-

oxoglutarate aldolase type 1; GRHPR—glyoxylate reductase/hydroxypyruvate reductase; LDHA—lactate

dehydrogenase A; ALDH—aldehyde dehydrogenase; GO—glycolate oxidase; AGT—alanine/glyoxylate

aminotransferase; DAO—D-amino acid oxidase.

Since absorption of oxalates is related to the amount of soluble oxalates, which are more bioavailable, a

simultaneous consumption of oxalate with calcium or magnesium can reduce its bioavailability and absorption due

to the formation and fecal excretion of insoluble salts, lowering the health risk . It has been reported

that men with less than 755 mg/day of calcium intake had a higher risk of kidney stone formation, whereas men

with a median calcium intake or above had a lower risk . Therefore, dietary calcium intake has been inversely

associated with kidney stone formation .

Also, it has been observed that intestinal absorption of oxalates in individuals with a history of stone formation was

expressly higher than in healthy individuals (9.2% and 6.7%, respectively) . Gastrointestinal health influences

oxalate absorption as well, with soluble oxalate being excessively absorbed due to intestinal malfunction.

Despite these facts, oxalate is not typically consumed daily in high concentrations and there are other constituents

in foods which have a protective role against kidney stone formation, such as phytate, potassium, calcium, and

antioxidant phytochemicals like polyphenols . Also, boiling, steaming, soaking, and processing with calcium

sources are some procedures to reduce the content of soluble oxalates, the most harmful oxalates .
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Concerning the endogenous production of oxalates, the liver is the primary source. There are different pathways

for oxalate production, including the metabolism of protein (through amino acids, like tyrosine, tryptophan,

phenylalanine, and hydroxyproline), ascorbic acid, and precursors of oxalate (such as L-glycerate glycollate and

glyoxylate) . Glyoxylate is an important intermediary product in several reactions and, for its metabolization

into oxalate, enzymes like glycolate oxidase and lactate dehydrogenase are needed.

Free oxalates are delivered to the kidney and can be excreted, increasing urinary oxalates, or can chelate with

calcium ions there, resulting in calcium oxalate crystals, which can cause serious health issues like kidney stones,

also known as nephrolithiasis or urolithiasis (Figure 2) .

This crystallization in the kidney infiltrates vessel walls and can lead to renal tubular obstruction, vascular necrosis,

and hemorrhage, which can cause anuria, uremia, electrolyte disturbances, or even rupture and kidney failure 

. Calcium oxalate and its relationship with kidney stone formation have been amply studied, with calcium oxalate

being one of the most common types of human kidney stone reported, followed by calcium phosphate 

.

Hyperoxaluria is a metabolic disease that leads to excessive urinary oxalate excretion (>40–45 mg/day) ,

being an indicator of possible kidney stone formation . The most reliable way to assess daily oxalate intake is

through 24 h urine collection; however, there are also food frequency questionnaires whose credibility is debated

.

Hyperoxaluria can be divided into primary hyperoxaluria (PH1) and secondary hyperoxaluria (PH2). PH1 is a group

of rare autosomal recessive diseases that negatively affect key enzymes of oxalate metabolism, leading to an

overproduction of oxalates in the liver . When renal function declines and excess oxalate exists in the

bloodstream, a phenomenon known as systemic oxalosis occurs and calcium oxalate crystals deposit in various

organs, tissues, and bones . Severe damage in the eyes, joints , myocardium, skin , oral tissues ,

and bone marrow  is reported. Oxalate can also be associated with acute kidney injury, a tubular obstruction due

to calcium oxalate crystal deposition, and with chronic kidney disease progression, but further studies are

necessary .

Patients with hyperoxaluria, especially PH1, from a clinical point of view, frequently present severe bone pain,

pathological fractures, and bone deformations. This is frequently associated with the fact that calcium oxalate

crystals may deposit within bones, tendons, cartilage, and synovium, causing oxalate arthritis. Then, the calcium

oxalate crystals may enter into the synovial fluid, where an inflammatory response will arise, leading to joint

effusions and arthralgias .

PH2 results from increased intestinal absorption of dietary oxalates and can also lead to excessive urinary oxalate

. A high intake of foods rich in oxalate, enteric hyperoxaluria, oxalate-degrading mechanisms, and SLC4

and SLC26 ionic exchangers are linked with PH2. Dietary oxalate plays an important role in PH2, contributing up to

72% of the urinary oxalate excreted . Enteric hyperoxaluria is a form of PH2 that is linked with malabsorption
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syndromes due to disease or resection of the gastrointestinal tract. In foods, oxalate is usually complexed with

calcium, resulting in insoluble oxalate, which is difficult to absorb. Nevertheless, in fat malabsorption conditions, the

amount of free oxalates can increase, due to the capacity of free fats to bind calcium. Therefore, PH2 is linked with

several conditions that cause fat malabsorption, such as inflammatory bowel disease, celiac disease, short bowel

syndrome, and bariatric surgery, among others .

The gut microbiome plays an important role since some bacterial species can degrade oxalate to obtain carbon

and energy and therefore reduce the concentration of oxalates in blood and urine, minimizing the formation of

kidney stones .

The gut microbiota is usually similar between individuals; however, it can be affected by the age of individuals, by

the diet, and by the use of antibiotics, among other factors. Probiotics are defined as “live microorganisms which,

when administered in adequate amounts, confer a health benefit on the host” and are being abundantly used as

preventive therapeutic agents for several diseases, since they have been implicated in the stabilization of gut

microbiota and enhancement of immune responses .

The best-known oxalate-degrading microorganism is Oxalobacter formigenes, but others are also able to degrade

oxalate into carbon dioxide and formate, namely Escherichia coli, Bifidobacterium spp., and Lactobacillus spp. 

. O. formigenes is a Gram-negative anaerobic bacterium isolated from human feces and other animals that

utilizes intestinal oxalate as a carbon source, through formyl-CoA transferase and oxalyl-CoA decarboxylase

enzymes, and metabolizes the oxalate into carbon dioxide and formate, contributing to regulating oxalate

homeostasis . However, its application as a probiotic is limited due to its nutritious requirements, but also

because it has less colonization ability and is sensitive to the use of certain antibiotics and drugs . Moreover, the

therapeutic use of O. formigenes can be compromised, for example, in patients with PH1 and patients with cystic

fibrosis. To date, the best conditions (pH, sugar concentration), as well as the adequate amount of these

supplements, are not clear and more research is still needed .
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