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Ochronosis is an unlesewms condition character-

ized by melanin like pigment deposits in many con-
nective tissues and the skin. The pigment in tissue
appears yellow brown or OCHRE colored when
stained with hematoxylin-eosin. The disease is
called ochronosis from the Greek words for yellow
disease. There are two types of ochronosis:

I) Endogenous Alkaptonuric Ochronosis

IT) Exogenous Ochronosis
I) Endogenous Alkaptonuric Ochronosis:- ochronosis is

the clinical hallmark of the metabolic disorder Al

Kaptonuria.

Alkaptonuria is a rare inherited autosomal recessive

inborn error of metabolism characterized by absent

or deficient activity of renal and hepatic enzyme ho-
mogentisic acid oxidase (", thus resulting in accu-
mulation of Homogentisic acid in plasma and is de-
posited as oxidized melanin like pigment in various
connective tissues as in cartilage and dermis. Large
amounts of homogentisic acid is excreted in urine as

2,5 hydroxyquinone acetic acid (ALK APTON).

Homogentisic acid is produced during normal me-

tabolism of phenylalanine and tyrosine @,

Phenylalanine and Tyrosine is catabolized to Ho-

mogentisic acid (HGA). In normal persons HGA is

acted upon by HGA oxidaze and is transformed into

MALOYLACETO ACETATE ¢ (Fumaric and

aceto-acetic acid)

In alkaptonuric patient phenyl alanine and tyrosine is
catabolized to homogentisic acid and because homogen-
tisic acid oxidase enzyme is deficient there is accumu-
lation of homogentisic acid which is acted upon by the
enzyme polyphenol oxidase whose highest activity is in
cartilage and skin leading to formation of benzoquinone
acetic acid which is the ochre pigment that binds irre-
versibly to collagen .

Homogentisic acid excreted in urine is gradually
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oxidized after exposure to air for sometimes and the
urine becomes black and this change in color is en-
hanced if the urine is alkalinized by adding 10%
Potassium Hydroxide @7, Alkaptonuria was the
first disease to be interpreted as an inborn error of
metabolism in 1902 (AE-Garrod, Lancet 1902,
2:616-20).

The Human gene for alkaptonuria is cloned and
mapped to the long arm of chromosome 423 9. The
incidence of alkaptonuria varies from one in a million'?
to one in 250-000" Y or one in 25000 '3 or one in 19000
in Slovak and Dominican Republic ®,

A wide range of clinical manifestations is described
in ochronosis and is associated with multi-system dis-
order related to blue-black discoloration of cartilage and
skin due to deposition of oxidized homogentisic acid in
connective tissue (19,

Homogentisic acid is oxidized by the enzyme
polyphenol oxidase, which is present in connective tis-
sue with the highest activity in cartilage and skin into
reactive benzoquinone acetic acid (Ocre pigment or
alkapton). Alkapton is inturn bound irreversibly to col-
lagen fibers in the form of'a polymer % '¢ 17 especially
in tissues rich in mucopolysaccharide of ground sub-
stance (¥,

Electron microscopy shows normal collagen as well
as masses of degraded collagen. The ochronotic pig-
ment surrounds individual collagen fibrils ‘2 and finally
the collagen fiber becomes entirely replaced by ochro-
notic pigment. This process is more prominent on sun-
exposed areas ('**? where actinic damage could ini-
tiate degenerative process and provide more foci for
pigment deposition 2", Both damage by pigment
deposition and by sun exposure are likely to be involved
in pathogenesis of the disorder.

The alkapton ochronotic pigment has some similar-
ity to eumelanin as shown by electron spin response sig-
nals and absorption spectra data @2,

The presence of trace metal as zinc in damaged
ochronotic tissue lead to formation of free radical com-
ponents of melanin but it is different from normal mela-
nin in being resistant to bleaching by hydrogen perox-
ide( 18, 19, 23}‘

Alkaptonuria does not become manifest before the
third to fourth decade of life'?, because of effective
renal excretion of homogentisic acid. With advance of
age renal excretion decreases resulting in more elevated
level of homogentisic acid and hence clinical evi-
dent disease .
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Clinical manifestations of Alkaptonurea include:

- Homogentisic aciduria: homogentisic acid is
markedly elevated in urine (6.7 gram per liter while
the normal level is 0.1 gram per liter®.

- The most disabling manifestation of the disease is
ochronotic Arthritis 2%, which affects mainly large
joints and intervertebral disks. The hands, feet are usu-
ally spared @ or rarely affected ®®. Ochronotic pig-
ment destroys the cartilage of joints and intervertebral
disks. Knee involvement usually occurs at an early age
and could be quite disabling . Extensive ochrocalcinosis
of cartilage contribute further to its degeneration and
cartilage fragments contribute to sinovitis “. Also hip
joint may be affected and the affection could be severe
leading to terminal degeneration of the joint that neces-
sitate total hip replacement @%27.28.2%.30 OQchronosis
should be considered as a cause of low backache in young
individuals and the changes could be detected by x-ray
and MRI @132,

The cause of Alkoptonuric arthritis is thought to in-
volve increased oxidative stress. Oxygen radicals are
suspected to cause inflammation and cellular damage
in arthropathy 9. It is clear that accumulation of ho-
mogentisic acid in the connective tissues leads directly
or indirectly to arthritic changes. Itis possible that other
more common types of arthritis develop secondary to
the metabolic disturbances leading to less obvious and
less easily detected chemical mediators that are involved
in the arthropathy “®.

There is also a possible role of immunological re-
sponse in the evolution of ochronotic arthropathy. Study
of cell mediated and humoral response on synovial fluid
and peripheral blood in a patient with ochronotic arthr-
opathy showed raised percentage of CD3 positive and
CD8 positive and HLA-DR positive and CD2 positive
T-cells and the presence of TNF and enhanced levels of
immunoglobulins and low levels of C3 in synovial fluid
and a higher rate of HLA DR positive and CD 25 posi-
tive T lymphocytes in peripheral blood ©*. Affection
of spine intervertebral disks causes low back ache ©%,
thoracic and lumbosacral pain ¢” and development of
bone spurs further contribute to pain, spine fracture ©*,
calcifications of the intervertebral disks (34041,
spondylosis “>4 high radicular compression “¥ root
canal stenosis “® and affection of dura mater“?.

Skeletal scintigraphy and ochronotic arthrosis imag-
ing using Technicium — 99m dicarboxypropane
diphosphonate (99-m Tc-DPD) shows marked accumu-

lation of radio activity in large joints with higher uptake
during episode. The intervertebral disk shows higher
uptake extending laterally from the axial vertebral col-
umn giving the impression of a “Whisker” and so “Whis-
ker sign’ is characteristic of intervertebral disk ochro-
nosis “7.

Tendon affection in homocystinuria represents 1%
of chronic tendon complaints, which is reported to oc-
cur in other inherited diseases as Ehler’s Danlos and
Marfan syndrome “®.

Other clinical manifestations of ochronosis include
cardiovascular involvement, which occurs approximately
in 50% of cases “?. The most frequent presenting fea-
tures of cardiovascular involvement is stenosis of aortic
VB.]VE: (10, 49,50, 51, 52, 53, 54, 55)‘

Calcified aortic valve secondary to ochronosis may
necessitate aortic valve replacement ©®. A possible link
between ochronosis and coronary artery disease has been
postulated. The intima of the coronary arteries and the
aorta were stained black by ochronotic pigment during
coronary bypass surgery.

A link between peripheral vascular disease and
ochronosis may be present ®®. Pigment may be found
within macrophages in atherosclerotic plagues ©* but
no clear evidence for the occurrence of premature arte-
riosclerosis in these patients®?.

Valvular heart disease with recurrent bacterial in-
fection and marked calcification detected by two dimen-
sional color — Doppler echocardiography was reported
and immunological analysis of the patient showed re-
duced number of T cells with compensatory expansion
of CD 56 positive, CD 57 positive Natural killer cell
(NK) population and impaired functions of cellular im-
munity such as phytohemagglutinin response, antibody
dependant cellular cytotoxicity NK activity and
interleukin-2 production and this report documents im-
munological abnormality in Alkaptonuria ©?.

- Many other organs and systems of the body are
affected in ochronosis. Prostate is reported to be affected
by ochronotic stones Y, renal stones and obstruction of
the urinary tract “», ochronotic nephropathy “* and re-
nal failure rarely occur in late stages of the disease
and is associated with diffuse cutaneous pigmentation®>
and renal biopsy shows pigment deposition in intersti-
tial tissue and many tubular cells ©“?.

- Ochromotic hyperpigmentation affects eyelids,
forehead, cheeks, axillae, genital region, nail bed, buc-
cal mucosa, larynx.

Dark brown sweat that stains clothes !'-°? and dark
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cerumen and pigmented tympanic membrane and
oscicles and may result in hearing loss or tinitus ©7-29,

Rarely palmo-plantar pigmentation and thickening
and pitting occurs with ochronosis %, Bluish pigmen-
tation of the auricles where the skin is thin @ with dis-
coloration of'the cartilage 79, Bluish hyperpigmen-
tation of the sclera on medial and lateral aspects (Oster’s
sign) 2, also amber colored oil globulation within
Bowman’s membrane of the cornea 7", Scleral pig-
mentation usually preceeds the arthropathy and is evi-
dent by early fourties and vision is not affected (53).

Hereditary ochronotic skin pigmentation may be dis-
tributed in sun-exposed areas and appears as blue-black
pigmentation especially of nose, molar eminence, ears,
V-line of neck and dorsum of hands and forearms (2.
The clinical features of alkaptonuria is related to age ®.
At birth there is dark urine and dark cerumen. At pu-
berty axillary pigmentation occur. Between age of 20
to 40 ear lobe skin pigmentation and scleral pigmenta-
tion appears. Ochronotic arthropathy is seen between
age of 30 to 40. Rare organ manifestations occur after
the age of 40-years such as affection of upper respira-
tory tract whose affection is usually asymptomatic ('®
however hoarseness, dryness and dysphagia were re-
ported "'®. Ochronotic pigment was found in breasts,
thyroid, lymph nodes and bone marrow ©®. Unusual
sites involved include teeth ™, CNS . and endocrine
glands "%,

Alkaptonuric ochronosis in a patient was reported to
show intracranial aneurism presenting with subarach-
noid hemorrhage and a potentially casual relationship is
suggested between cerebral aneurism and alkaptonuric
ochronosis 7,

Alkaptonurea is diagnosed by:

I- The clinical finding and family history

2~ Urine becoming dark on standing or with alkalin-
ization. This is characteristic of alkaptonuria ¢

3- Benedict’s reagent containing copper is used in test-
ing for sugar routinely. Homogentisic acid reduces
copper and gives a yellow orange precipitate and a
brown black supernatant 7). The yellow orange
precipitate may be misreported as positive for glu-
cosuria, so a negative oxidase test for glucose sup-
ports the diagnosis of alkaptonurea 7”, Homogen-
tisic acid is directly identified in urine by gas chro-
matography mass spectrometry “? and Ferric Chlo-
ride turns alkaptonuria urine blue®®,

4-  Screening test for alkaptonuria in infants using high

performance liquid chromatography to detect
homogentisic acid in urine and plasma (1079,

5- Alkaptonuria can be detected by magnetic reso-
nance spectroscopy to quantify urinary homogenti-
sic acid level 79,

6- Ochronotic arthritis can be diagnosed by radiographs
(80)

7- Needle biopsy of joint cartilage and the histology
of synovial membrane help establish the diagnosis of
achronosis ®" articular cartilage shows erosions of the
surface, pigment accumulation in chondrocytes and in-
tercellular matrix. Bones are diffusely osteoparotic from
limb disuse®?.

8- Characteristic histologic finding can confirm the
diagnosis of ochronosis. The reticular dermis shows
irregular break up, swelling and homogenization of
collagen bundles. Ochrocolored yellow brown pig-
ment lye within collagen bundles and also freely in
the deeper dermis® and benzoquinone acetic acid
is irreversibly bound to collagen as a polymer and
by electron microscopy the ochronotic pigment sur-
rounds individual fibrils ®». The entire collagen
fiber degenerates and fibrils loose its periodicity
thus giving additional sites for pigment deposition
which finally replaces the entire collagen fiber.
Pigment is also deposited in the macrophages and
free in the dermis ®9, It is also deposited in endot-
helial cells, basement membrane and secretory cells
of glands and within elastic fibers.

9- The diagnosis of ochronosis may be confirmed by
measuring homogentisic acid plasma levels that
sometimes may be low (in the range of 3mg/dL)
because of high renal clearance (upto 4-8 gram /
L)®©7,

10- In infancy there is discoloration of diapers. How-
ever a pH less than 7 or in presence of reducing
substances like ascorbic acid the urine will not
change color "*. For this reason diaper staining
may be more prominent after the diaper is cleaned
with soap which alkalinizes the urine. Normally
urine contains no homogentisic acid so any amount
in urine is diagnostic 77,

I1- When alkalinized urine is placed on photographic
paper the paper turns dark and this is known as posi-
tive Fishberg test 49,

12-The differential diagnosis includes
- exogenous ochronosis
- other skin condition that cause skin pigmentation

as Addison’s disease, hemochromatosis, pella-
gra!?)
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- Occular ochronosis from melanoma

- Diseases that result in dark urine as melanuria,
porphyria cutanea tarda and hematuria '*

- Tetracylines, phenothiazines and heavy metal pig-
mentation ¢ |

- Arthropathy from ankylosing spondylitis /%,
hermated disk ®” and idiopathic osteoarthritis .

- Preexisting existing ochronotic arthropathy might
mask rheumatoid arthritis manifestations thus

making the diagnosis of rheumatoid arthritis dif-
ficult ¢,

Treatment:

The disease does not affect the life span. The fol-
lowing treatment lines are recommended:

1 - Restrict protein intake to 1gram per kg per day with
low phenylalanine and tyrosine in diet alters the course
of the disease .

2- Long term ascorlic acid can reduce excretion of ho-
mogentisic acid and can reduce late sequences by
diminishing serum concentration of the metabolite
benzoquinone acetic acid @**-9_ It inhibits oxida-
tion and polymerization " and also binding of ho-
mogentisic acid to collagen ®". A dose of 100mg per
kg per day is advised ©*”".

3- The drug 2 [2-nitro-4-Trifluor-methyl benzoyl-1, 3-
cyclohexanedione (NTBC)] is a potent inhibitor of
p-hydroxyphenyl - pyruvate dioxygenase which
catalizes the formation of homogentisic acid from
p-hydroxyphenyl pyruvic acid when NTBC was given
to murine model of alkaptonuria — reduced the uri-
nary homogentisic acid. This experimental finding
suggest that NTBC may be the first potent pharma-
cotherapeutic agent for alkaptonuria ©%.

4- Possible substitution therapy by recombinantly ob-
tained homogentisic acid oxidase .

5- Systemic steroid in arthritic patients but osteoporosis
may be aggravated!’®”!-72,

6- Surgical operation for disk herniation * and valve
replacement.

7- Dermabrasion

8- Q-switched laser "

II Exogenous achronosis ¢ 17647172 jg clini-
cally similar to endogenous ochronosis but differs from
it in being not inherited and has no systemic manifesta-
tion @. It is characterized by ochronotic hyperpigmen-
tation of the face, sides and back of the neck, back and
extensor surface of extremities ¢ . One case of

exogenous ochronosis was reported showing mul-
tiple maliary osteoma cutes of the face which was
originally described as a sequence of long standing
acne®. Exogenous ochronosis typically affect dark
skinned patients who use hydroquinone preparations
in high concentration or even in low concentration
leading paradoxically to darkening of the skin.

It is stressed that extended use of the bleaching
agent and not its concentration may cause it '". The
skin first becomes red then displays mild macular
pigmentation followed by dark pigmentation usu-
ally associated with dark papules or black colloid
milia and scanty atrophy and may simulate melasma
© and also displays papulo nodules with or without
erythema ©¥, The hyperpigmentation generally oc-
curs after 6-months of the use of the bleaching cream
6 and is usually limited to areas that were exposed
to the cream and the change is irreversible and is
difficult to treat ©7-°%.

Topical agents containing hydroquinone ®*'*? phe-
nol, mercury or picric acid quinine injection and, anti-
malarial drugs ® %190 regorsinol %% ') may be re-
sponsible. Systemic absorption of topical phenal may
result in pigmentation of skin and cartilage because of
its oxidation to hydroquinone '°¥. The mechanism of
pigmentation is not clear. It may be caused by local
inhibition of homogentisic acid oxidase by hydroquinone
resulting in polymerized pigment. Another hypothysis
is that hydroquinone by-products increase tyrosinase
activity and the pigment may be melanin rather than
melanin like prcursor 'Y, Systemic absorption of hyd-
roquinone lead to pigmentation of cartilage, sclera and
exposed skin (% It is reported that a patient with Viti-
ligo by using hydroquinone to lighten remaining dark
areas on his face developed dramatic darkening of the
normal skin treated and biopsy showed trace of ochro-
notic pigment and no melanocytes in vitiligenous area
and this may imply that functional melanocytes are im-
portant in pathogenisis of exogenous ochronosis!'*. In
both endogenous and exogenous ochronosis there are
phenolic intermediates that can be converted into mela-
nin like precursors. Histologically exogenous ochrono-
sis shows histologic findings similar to those seen in
Alkaptonuria early in its course @, Later ochronoid
eosinophilic colloid milia may be seen. Granuloma-
tous reaction with sarcoid like granuloma surrounding
ochronoid material ¢*%9, The pathology also shows
pigment in macrophages or free in the dermis %", pig-
ment in endothelial cells and basement membrane and
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secretory cells of sweat glands ¢ as well as pig-
ment of elastic fibers ®% antimalarial ochronosis
shows classical ochronosis plus melanin and
hemosideren deposition (°: 199 There is homog-
enization and swelling of collagen bundles which
stains black with Fontana and blue black with me-
thylene blue (%19 Sarcoid like granulomas with
multinucleated giant cells engulfing ochronotic par-
ticles have been noted 9. Transfollicular elimina-
tion of ochronotic fibers has been described (V.

Ultra structural examination reveal homogeneous
electron dense irregular structures embedded in an amor-
phous granular material infiltrating adjacent collagen
fibril bundles.

Pigmented particles may be elastic or collagen fi-
bers (!> 119 the pigment may be also melanin (%9,

Lightening agents containing hydroquinone may cause
serious pigmentation of the eye and in a small number
of cases permanent corneal damage. Hydroquinone is a
high commodity chemical used in reducing agents, an-
tioxidant, polymerization inhibitor and chemical inter-
mediate. Itisanatural ingredient in many plant prod-
ucts including vegetables, fruits, grains, coffee, tea,

beer and wine ¢,

Topical steroid in combination with hydro-
quinone were suspected to cause hypertension or
D.M. from prolonged use of the steroid. Exogenous
ochronosis has to be differentiated from minocycline
pigmentation which may affect thyroid, cardiac
valve and coronary vessels!"'¥ localized argyria may
present with slate gray or blue macules resembling
blue nevi and histopathologically shows homog-
enized collagen bundles resembling ochronosis ©,

Therapy with levodopa and methyl dopa produce
pigment metabolite bound to matrix of rib cartilage
and differ from endogenous and exogenous ochro-

nosis and the condition is harmless but irreversible
(61)

Treatment:

The condition is usually irreversible but it may fade
over time 'V cryotherapy and trichloroacetic acid are
ineffective "V, Tretinoin 0.05% topically was effective
(19 with sunscreen. Dermabrasion (119 and CO2 la-

ser "M also Q-switched Ruby laser 'V were success-
fully tried.
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