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Oxalate & Its metabolism
Both exogenous  as well as endogenous 

sources

 An end product of metabolism, 
predominantly derived from breakdown of 
glyoxylate and glycine

Abundantly found in plant and animal 
sources 

Dietary sources - nuts, plums, chocolate, 
beetroot, strawberries, rhubarb, tofu and 
spinach



Reactions involved in oxalate, glyoxylate, and glycolate metabolism in human hepatocytes. Abbreviations: AGT alanine: glyoxylate

aminotransferase; GR/HPR glyoxylate reductase/hydroxypyruvate reductase; GO glycolate oxydase; LDH lactate dehydrogenase



Cont..

Renal handling of oxalate comprises of 

glomerular filtration, tubular secretion 

and tubular reabsorption

Glomerular filtration depends on the 

plasma oxalate levels while tubular 

transport  mediated by SLC26 family of 

transport proteins



Cont..
SLC26A6 –

 Presents on the apical side of the tubular cell

Dominant chloride-oxalate exchanger promotes 
chloride reabsorption in exchange for oxalate 
secretion 

 Implicated in the development of renal stones



Cont..

Tubular oxalate secretion increased in PH 

patients possibly in an attempt to mitigate the 

life threatening consequences of systemic 

oxalosis

 Increased tubular secretion also noted in 

patients with hyperoxaluria following intestinal 

bypass



Cont..
 Plasma concentration of oxalate - 1.0 to 2.4 

mg/L (11 to 27 µmol/L) & normal urinary 

excretion < 0.45 mmol/1.73 m2 per 24 h

Only 10 to 15% of urinary oxalate derived 

directly from dietary sources

 PH characterized by urinary oxalate excretion  

> 1.0 mmol/1.73 m2 per 24 h in majority and in 

some cases may exceed 2.0 mmol/1.73 m2/ 24 

h 



Hyperoxaluria

 Characterized by an increased urinary excretion of 

oxalate

 Two distinct clinical expressions of hyperoxaluria-

Primary & Secondary

 Primary hyperoxaluria - inherited error of metabolism 

due to defective enzyme activity

 Secondary hyperoxaluria - caused by increased 

dietary ingestion of oxalate, precursors of oxalate or 

alteration in intestinal microflora



Epidemiology

Rare

Estimated prevalence of PH ranging from 1 to 
3 per million population and an estimated 
incidence rate of ∼1 : 100,000 live births per 
year in Europe 

PH accounts for <1% of pediatric ESRD 
population in registries from USA, UK and 
Japan



Cont..

More prevalent in countries where 

consanguineous marriages are common

10% of Kuwaiti children and 13% of 

Tunisian children with ESRD have been 

reported to have PH



Primary hyperoxalurias (PH) 

Inborn errors in the metabolism of 
glyoxylate and oxalate

Characterized by an excessive 
production of oxalate, a metabolic 
end-product

Autosomal recessive disorder



Types-

Primary hyperoxaluria Type 1(PH1)

Primary hyperoxaluria Type 2(PH2)

Primary hyperoxaluria Type 3(PH3)



Primary hyperoxaluria Type 1(PH1)

Most common & severe form

Accounts for approximately 80% of the cases of 

PH

Caused by a deficiency of the liver specific, 

peroxisomal, pyridoxal phosphate-dependent 

enzyme alanine : glyoxylate amino transferase
(AGT)



Cont..

The defect attributed to a mutation in 

the AGXT gene located on 2q37.3 & consists of 

11 exons

PH 1 mutations - c. 508G>A, c. 33dupC and c. 

731T > C  reported as the commonest in 

European and African countries & c. 302T > C 

as the commonest in North India



Primary hyperoxaluria Type 2(PH2)

 Represents about 10% of the patients with 

PH

Caused by a deficiency in glyoxylate 

reductase/hydroxypyruvate reductase

(GRHPR), a cytosolic enzyme



Cont..

The defect attributed to mutation in 

the GRHPR gene located on chromosome 

10

PH 2 mutations - c. 103delG and c. 

403_404+2delAAGT

 Latter predominates in Asians



Primary hyperoxaluria Type 3(PH3)

Recently identified

Occurs in 10% PH cases

The genetic defect localized 
to HOGA1 gene located on chromosome 
9, codes mitochondrial 4-hydroxy 2-
oxoglutarate aldolase, which breaks 
down 4-hydroxy 2-oxoglutarate into 
pyruvate and glyoxalate which in turn is 
converted into oxalate



Biochemical defect in     

PH





Secondary Hyperoxaluria
 Causes-

Increased oxalate absorption - 'enteric hyperoxaluria'

- Small bowel disease,i.e., Crohn's disease,

jejuno-ileal bypass

- Pancreatic failure

Increased endogenous oxalate synthesis

- Pyridoxine deficiency

Excess oxalate or precursor intake Oxalate (dietary)

- Ascorbic acid

-Glycine (post-prostatectomy irrigation)

-Ethylene glycol

-Methoxyflurane



Enteric hyperoxaluria
Frequency of renal calcium oxalate calculi increases 
significantly in patients with a small-intestinal resection 
and an intact colon

Two possible mechanisms 

 Increased bile acids and fatty acids that augment colonic 
mucosal permeability, resulting in enhanced oxalate 
absorption

 Increased fatty acids that bind calcium, resulting in an 
enhanced amount of soluble oxalate that is then
absorbed



Role of Oxalobacter formigenes

Oxalobacter formigenes (O. formigenes) - an aerobic 

gram negative bacterium ,uses oxalate as its energy 

source & decreases intestinal absorption of oxalate 

and thus reduces urinary oxalate excretion

Loss of this bacterium occurs after the use of 

antibiotics 

Restoration may have a role in treatment of 

hyperoxaluria



Thank you….


