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Alkaptonuria: a Presentation of Two Turkish Cases
Alkaptonüri: İki Türk Olgunun Sunumu
Mustafa Kendirci1, Nihal Hatipoğlu2, Fatih Kardaş1, Melike Nadide Sav3

ABSTRACT
ÖZET

Alkaptonüri, homojgentisik asid (HGA) oksijenaz oksidaz ek-
sikliğine bağlı olarak gelişen, genetik  otozomal resesif olarak 
kalıtılan bir hastalıktır. geçişli ve metabolik bir hastalıktır. Ol-
gularda Hastalarda fenilalanin ve tirozin metabolizmasının 
ara ürünü olan HGA metabolize olamaz olan HGA yıkılamaz 
ve hastalık sonuçta ve HGA birikimi vucütta birikir ile seyre-
der. Metabolik bozukluk sonucu hastalığın triadı olan homoj-
gentisik asidüri, okronoz ve artrit oluşur. HGA, idrarla atılır-
ken oksijenasyon ve alkalinizasyona bağlı olarak idrarı koyu 
kahverengi veya siyah renge çevirir. Bu yazıda Çalışmamızda 
idrar renginin siyahlaşması şikayeti ile başvuran ve Gaz Kro-
motografisi-Kütle Spektrometri ile idrarda yüksek HGA atılımı 
saptanan, 3 ve 10 yaşlarında, iki erkek olgu hasta sunuldu ve 
literatür gözden geçirildi. 

Anahtar kelimeler: Alkaptonüri, homogentisik asit

Introduction 

Alkaptonuria (AKU) is a rare metabolic disorder of phenylalanine catabolism that is inherited as an autosomal reces-
sive trait (1). The incidence of alkaptonuria in Turkey and globally has not been reported yet. AKU is caused by a 
deficiency of in homogentisic acid (HGA) oxygenase oxidase in the phenylalanine/tyrosine catabolic pathway in the 
liver, kidney, prostate, small intestine and colon (2). The first sign of the disease in childhood is the typical black colour 
of the urine, which is due to high levels of oxidised HGA (3). The urine is a normal colour when passed, but rapidly 
darkens to black upon exposure to atmospheric oxygen or other oxidative conditions. This accumulation of oxidised 
HGA polymers in the connective tissue leads to ochronosis in early adulthood and causes degenerative arthritis in 
mid-life (4). This article reports two cases of AKU, aged three and ten years old, with the complaint of black-coloured 
urine at the time of diagnosis. Previously, HGA was identified by paper chromatography, but more recently the diag-
nosis has been performed by detecting increased levels by gas chromatography-mass spectrometry (GC-MS) (5, 6).

Case Reports

Case 1
A three-year-old boy was admitted to the clinic by his parents who were concerned about the changing colour of 
his urine (turning to black) since his birth. There was no consanguinity with his parents, family history of similar 
complaints or history of any drug intake in the recent past. His physical examination was normal. There was no 
joint pain and the X-rays of the hip, spine and knees were unremarkable. There was also nothing to suggest a car-
diac problem as the electrocardiogram and the echocardiogram were normal. When a freshly voided urine sample 
was requested from the parents, it was black in colour. They said that it was normal in colour while the child was 
voiding, but it changed colour after about half an hour of standing. The reaction of the urine with sodium hydroxide 
was positive and increased HGA excretion (927.8 mmol/mol creatinine; N <2 mmol/mol creatinine) was detected 
by GC-MS (Figure 1). 

Case 2 
A ten-year-old boy of a non-consanguineous marriage was admitted to the clinic with a complaint of black-
coloured urine. He was the third child of the family. There was no family history of similar complaints. His growth 
and developmental history were within normal ranges. He had been fed with only breast milk for the first four 

Alkaptonuria is a rare, inherited metabolic disorder caused by 
a deficiency in homogentisic acid (HGA) oxygenase oxidase. 
HGA, an intermediary product in the metabolism of phenyl-
alanine and tyrosine, cannot be further metabolised in cases 
of alkaptonuria. The metabolic defect causes a characteristic 
triad of homogentisic aciduria, ochronosis and arthritis. HGA 
is excreted in urine, turning dark brown or black upon oxygen-
ation and alkalinisation. With complaints of black-colored urine 
without any other findings and increased urinary HGA excretion 
confirmed by gas chromatography-mass spectrometry, two cas-
es, three-and ten-year-old boys, are presented and the relevant 
literature is discussed.

 
 
Key words: Alkaptonuria, homogentisic acid

Erciyes Med J 2012; 34(2): 88-90 • DOI: 10.5152/etd.2012.22



89Kendirci et al. Two Cases of AlkaptonuriaErciyes Med J 2012; 34(2): 88-90

months of life. The physical examination was normal. The findings 
of the cardiovascular system and the X-rays of the thoracolumbar 
spine, knees and hips were unremarkable. No pathological find-
ings were observed on ophthalmological examination. Laboratory 
analyses included complete blood count, liver and renal function 
tests, serum levels of calcium, phosphate and magnesium, eryth-
rocyte sedimentation rate and urine analysis and were within the 
normal ranges. The fresh urine of the child darkened within thirty 
minutes. The reaction with sodium hydroxide was positive. Uri-
nary organic acid analysis by GC-MS revealed increased excretion 
of HGA (1825 mmol/mol creatinine; N: <2 mmol/mol creatinine) 
(Figure 2).

Discussion

As an inborn error of metabolism, AKU was the first human dis-
ease interpreted as a Mendelian trait by Garrod and Bateson at the 
beginning of the last century (7). It is a rare metabolic disorder of 
phenylalanine catabolism and is inherited as an autosomal reces-
sive trait (1). It is caused by a deficiency in HGA oxygenase oxidase 
(HGO) which converts HGA to maleylacetoacetate in the phenyl-
alanine/tyrosine catabolic pathway in the liver, kidney, prostate, 
small intestine and colon (2). The accumulation of HGA in bodily 
fluids leads to the characteristic symptoms (black urine, ochrono-
sis and arthritis) of the disease (8). Patients may be homozygous 
or compound heterozygous for loss-of-function mutations in the 
HGO gene. More than 40 different mutations have been identified 
in a total of fewer than 100 unrelated patients from many different 
countries (9). No method for the detection of heterozygotes has 
been devised (1). 

The disorder may be noted when a child’s napkins turn dark over 
time, but it occasionally passes unnoticed until the patient presents 
in middle or late life with back pain due to spinal ochronotic spon-
dylosis and the characteristic densely calcified intervertebral discs 
with relatively few other symptoms of degenerative arthritis. The 
typical radiographic appearances of ochronotic spondyloarthropa-
thy are wafer-like calcifications in the intervertebral discs, with nar-
rowing of disc spaces and osteoporotic rarefaction in the vertebral 
bodies (4). In contrast to rheumatoid arthritis, the small joints of the 
hands and feet are usually not affected, and ankylosing spondylitis, 
bamboo spine, annular ossification, syndesmophytes, erosion and 
fusion of sacroiliac joints do not occur (10).

The classic clinical triad of the disorder are 1) homogentisic ac-
iduria which presents at birth (pathogonomic sign: urine blackens 
upon standing when oxidised or alkalinised), 2) gradual develop-
ment of ochronosis, deposition of polymers of oxidised HGA in 
connective tissues leading to intensive eumelanin-like pigmenta-
tion of the skin, sclera, cartilage, etc. after the age of 20 to 30 years 
and 3) degenerative ochronotic arthropathies usually developing 
in the fourth decade of life (10). Alkaptonuric ochronosis rarely 
involves the cardiovascular system and the urinary tract (10, 11). 
An increased amount of HGA in the urine estimated by GC-MS 
confirms the diagnosis of the disorder (12, 13). 

There is no effective treatment for AKU. Some studies have reported 
success with dietary protein restriction and using vitamin C and  
nitisinone therapies (14, 15) that have not been confirmed by oth-
ers (16). Other agents such as vitamin B12, cortisone and phenyl-
butazone are without influence on the metabolic defect. Replace-
ment of the missing enzyme is theoretically a therapeutic measure 
to consider, but this is not available at present (1).

We encountered two cases of AKU with complaints of black-co-
loured urine without any evidence of cardiovascular system, renal, 
eye or connective tissue involvement. The reaction of the urine 
with sodium hydroxide was positive and increased amounts of 
HGA excretion were determined by GC-MS in these cases, while 
other laboratory findings were normal. 

Conclusion

Alkaptonuria is a rare metabolic disorder which causes black-coloured 
urine and multisystem complications in later ages. Early diagnosis is 
important to follow up the complications of this disease and further 
investigations are required to develop an effective treatment for AKU. 
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Figure 1. Homogentisic acid peak (arrow) detected by GC-SM in Case 1 Figure 2. Homogentisic acid peak (arrow) detected by GC-SM in Case 2
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