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• Long-standing history of back and hip pain

• Previous hip replacement

• Two recent episodes of passing renal stones

• Investigations

oRenal stones analysis

oX-ray

*presentation comprises details from several cases to protect patient identity

Male, early 40s*



• 76% calcium phosphate

• 20% calcium oxalate

Stones analysis

Photo provided by Laura Corbiere Senior BMS, QEH Gateshead



• Intradiscal calcification

• Causes include:

oDegenerative

oOchronosis

• Ochronosis

oAccumulation of homogentisic
acid in connective tissues

oDense spinal disc calcification

• Measurement of urine homogentisic
acid

X-ray

Image from https://radiopaedia.org

https://radiopaedia.org/


• Detected on urine organic acids analysis

Homogentisic acid

Normal organic acids profile



Homogentisic acid
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Grossly elevated homogentisic acid, consistent with alkaptonuria (homogentisate
dioxygenase deficiency)  
Suggest repeat to confirm and referral to national alkaptonuria service.



• X-rays of an Egyptian mummy from 1500 BC 
showed extensive intervertebral disc calcification

• Bone biopsy showed black zones

• Black pigment extracted, identified as 
homogentisic acid

• Earliest reports of alkaptonuria

Alkaptonuria



• 44-yr old man with lumbar spine pain

• Urine reduced alkaline copper solutions

• No evidence of diabetes

• Urine darkened when left to stand, from the surface of 
the tube

• Oxidation accelerated when alkali added to the sample

• New substance called ‘Alkapton’

• Alkaptonuria

Böedeker, 1859



• Patients with AKU have tissues with ochre 
pigmentation under microscopy

• ‘Ochronosis’

• Black pigmentation observed in intervertebral 
discs, tracheal cartilage and ligaments

Virchow 1866

https://en.wikipedia.org/wiki/File:Hellocker-_Pigment.JPG


• Chemical structure of ‘Alkon’ identified in 1891

• Homogentisic acid

https://www.google.com/url?sa=i&url=http://www.chemfaces.com/natural/Homogentisic-acid-CFN93816.html&psig=AOvVaw01zfVoDvlYM_cVEn_sI0ze&ust=1576252044351000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCND92cu6sOYCFQAAAAAdAAAAABAJ


Archibald Garrod

Incidence of alkpatonuria: 

A study in chemical individuality
Lancet, December 1902

Full text reproduced in
The Yale Journal of Biology and Medicine,
01 Jul 2002, 75(4):221-231
PMID: 12784973 PMCID: PMC2588790



• Patients with alkaptonuria excrete homogentisic acid

• Urine darkens on alkalinisation or exposure to air

• Alkaptonuria is the nature of an alternative course of metabolism 
‘somewhat inferior to the ordinary plan’

• Individuals are either alkaptonuric or conform to normal type

• Congenital and life-long

• Apt to make its appearance in siblings whose parents are normal

• Many are offspring of marriages of first cousins who do not exhibit 
this anomaly

• First use of the term ‘Inborn Error of Metabolism’

Archibald Garrod 1902



• Autosomal recessive

• Prevalence is 1 in 250,000 – 1,000,000

• No approved disease-modifying therapy

• Low protein diet – ineffective

Alkaptonuria





• Referred to AKU clinic in Liverpool

• Gene mutation analysis

oHomozygous mutation in HGD gene

• On nitisinone trial

• Increased plasma tyrosine (levels up to 800 µmol/L)

• Controlled with reduced protein in diet

• Some improvement of symptoms

Patient follow-up



• Rare, iconic, inherited metabolic disorder

• Accumulation of homogentisic acid resulting in debilitating joint pain

• Homogentisic acid measured by urine organic acids analysis

• First reported disorder to follow Mendelian inheritance

• National service has enabled clinical trials of disease modifying 
therapy with positive outcomes

Alkaptonuria

https://akusociety.org

https://akusociety.org/

