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HISTORICAL BACKGROUND 

One of S. A. Kinnier Wilson•s many contributions to medicine was the classi
cal description in i912 of what he termed 11 progressive lenticular degeneration: a 
familial nervous disease associated with cirrhosis of the liver11 (1). He, how
ever, failed to recognize the Kayser-Fleischer corneal ring in his patients. Al
most simultaneously, Fleischer described a 11 pseudosclerosis 11 manifested by tremor, 
psychiatric disturbances, cir r hosis of the liver, and brown pigmentation of the 
periphery of the cornea (2). In 1917 the Kayser - Fleischer ring was recognized as 
a manifestation of Wilson•s 11 progressive lenticular degeneration11 (3). 

As early as 1922, Jess (4) and Siemerling and Orloff (5) suggested the 
Kayser-Fleischer ring was due to copper deposition (because of the similarity of 
the K-F ring to a ring formed following introduc t ion of a copper foreign body into 
the eye). 

In 1948 an excess of copper was demonstrated in urine and tissues of 
patients with Wilson•s disease (6,7) and by 1950 patients were being successfully 
treated with BAL (8). 

ln 1952 deficiency of ceruloplasmin was noted in the serum of patients with 
Wilson•s disease, allowing diagnosis of the disease prior to the onset of symptoms 
(9). Finally, in 1956, Walshe introduced the use of oral penicillamine to promote 
the urinary losses of coppe r , making long-term treatment of the disease practical 
( 1 0) • 

1. Wilson, S.A.K.: Progressive lenticular degeneration: A familial nervous 
disease associated with cirrhosis of the 1 iver. Brain 34:295- 509, 1912. 

2. Fleischer, B.: Uber einen der 11 Pseudosklerose11 nahestehende bisher unbe
kannte Krankheit (gekennzeichnet durch Tremor, psychische Stgrungen, br~un-
1 iche Pigmentierung bestimmter Gewebe, insbesondere auch der Hornhautperi
pherie, Lebercirrhose). Deutsch. z. Nervenheilk. 44:179-201, 1912. 

3. Pollock, L. J.: The pathology of the nervous system in a case of progres
sive lenticular degeneration. J. Nerv. Ment. Dis. 46 : 401-420, 1917. 

4. Jess, A.: Hornhautverkupferung in Form des Fleischerschen Pigmentringes bei 
der Pseudosklerose. Klin. Mbl. Augenheilk. 69:218-226, 1922. 

5. Siemerling, E., and Orloff, H.: Pseudosklerose (Westphal-StrUmpell) mit 
Cornealring (Kayser-Fleischer) und doppelseitiger Scheinkatarakt, die nur 
bei seitl icher Beleuchtung sichtbar ist und die der nach Verletzung durch 
Kupferspl itter entstehenden Katarakt ~hnlich ist. Kl in. Wschr. 1:1087-1089, 
1922. 

6. Mandelbrote, B. M., Stanier, M. W., Thompson , R.H.S., and Thruston, M. N.: 
Studies on copper metabolism in demyelinating diseases of the central 
nervous system. Brain 17:212-228, 1948. 

7. Cumings, J. N.: The copper and iron content of brain in the normal and in 
hepatolenticular degeneration. Brain 71:410-415, 1948. 

8. Denny-Brown, D., and Porter, H.: The effect of BAL (2-3 dimercaptopropanol) 
on hepatolenticula r degeneration (W il son•s disease). New Eng. J. Med. 254: 
917-925, 1951. 

9. Scheinberg, 1. H., and Gitlin, D.: Def iciency of ceruloplasmin in patients 
with hepatolenticul ar degeneration (W ilson•s disease). Science 116:484-485, 
1952. 
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10. Walshe, J. M.: Wilson 1 s disease. New oral therapy. Lancet 1:25-26, 1956. 

INHERITANCE AND INCIDENCE 

Wilson 1 s disease is inherited in autosomal recessive fashion, as first sug
gested by Hall in 1921 (11) and since repeatedly confirmed. It has been reported 
from all continents and from Yemeni te Jews, segregated for 2000 years, suggesting 
that several Wilson 1 s disease genes have arisen independently. Estimates of gene 
frequency range from 1/2000 in the United States to 1/200 in Japan. The total 
number of patients in the United States with Wilson 1 s disease is probably around 
1 000 ( 1 2) • 

11. Hall, H. C.: La Degenerescence Hepato-Lenticulaire. Maladie die de Wilson
Pseudo-Sclerose. Masson et Cie, Paris, 1921 . 

12 .-Scheinberg, 1. H., and Sternl ieb, 1. : Wilson 1 s disease. Ann. Rev. Med. 16: 
119-134, 1965. 

CLINICAL FEATURES 

Onset . The clinical onset of Wilson 1 s disease is rarely seen before the age 
of 6 or after the age of 45. Diagnosis is usually made betw~en late childhood and 
early adulthood. Initial symptoms and signs are as likely to reflect damage to the 
1 iver as to the brain . 

Neurologic manifestations • Neurologic manifestations of Wilson 1 s disease 
include tremor, dysarthria, muscle dystonia, and choreoathetosis. Some patients 
primarily manifest tremor and dysarthria, fitting the description of pseudosclero
sis of Westphal. The tremor is flapping with 11wingbeating11 at the shoulders. 
Other patients primarily show dystonia and choreoathetoid movements corresponding 
to Wilson 1 s description of progressive lenticular degeneration. The dystonia is 
usually first recognized by abnormal posture of limbs during walking. A set ex
pression of the face with open mouth and facial grimaces are common. Later 
athetoid movements herald the occurrence of fixed dystonic posture. 

13. Denny-Brown, D.: Hepatolenticular degeneration (Wilson 1 s disease). Two 
different components. New Eng. J. Med. 270:1149-1156, 1964. 

Wilson, in his original report, suggested that 
cirrhosis o t e l1ver was 11 ••• a constant, essen tial, and in all probability 
primary feature ••• of the disease11 (1) . Hepatic man ifestations of Wi 1 son 1 s dis
ease with minor or absent neurologic signs, particularly in children, have been 
recognized for many years (14) . The frequency and significance of this mode of 
presentation has been pointed out by Chalmers et al. ( 15) and others. In recent 
series 30 to 50% of patients with Wilson 1 s disease present with jaundice or 
hepatosplenomegaly . Less frequently t he presenting symptom is hemorrhage from 
esophageal varices. 
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Sternl ieb and Scheinberg describe seven patients, ages 12-L8, who were diag
nosed as 11 chronic active hepatitis 11 , but later proved to have Wilson's disease 
(16). Although they estimate less than 5% of patients with 11 chronic active hepa
titis11 will prove to have Wilson's disease, recognition of such cases is mandatory 
because of availability of specific treatment. 

Liver histology (light microscopy) in Wilson's disease may range from essen
tially normal to far advanced cirrhosis, although cirrhosis is probably invariably 
present at the onset of neurologic manifestations of the disease. Mitochondrial 
changes by electron microscopy are the earliest recognized abnormality. These 
changes include increased electron density of the matrix, abnormal folding of the 
inner membrane, loose outer membranes, giant and bizarre shapes, vacuolization and 
round osmiophilic inclusions (21). 

The earliest 1 ight microscopy findings are fatty metamorphosis and glycogen 
degeneration of the nuclei. Later cell necrosis and stromal collapse leading to 
cirrhosis are apparent. 

14. Wilson, S.A.K., in Neurology, A. N. Bruce (Ed.), pp 806-831, Williams & 
Wilkins, Baltimore, 1940. 

15. Chalmers, T. C., lber, F., and Uzman, L. L.: Hepatolenticular degenera
tion (Wilson's disease) as a form of idiopathic cirrhosis. New Eng. J. 
Med. 256:235-242, 1957. 

16 . Sternlieb, 1., and Scheinberg, 1. H. : Chronic hepatitis as a first 
manifestation of Wilson's disease. Ann. Int. Med. 76:59-64, 1972. 

17. Anderson, P. J., and Popper, H.: Changes in hepatic structure in 
Wilson's disease. Am. J. Path. 36:483-497, 1960 . 

18. Shikata, T.: Morphogenesis of 1 iver cirrhosis in Wilson's disease. 
Birth Defects Orig. Art. Series 4:88-91, 1968. 

19 . Sternlieb, 1.: Characterization of the ultrastructural changes of 
hepatocytes in Wilson's disease. Birth Defects Orig. Art. Series 4:92-
98, 1968. 

20. Popper , H.: Comments. Birth Defects 4:103, 1968. 
21. Sternl ieb, I.: Mitochondrial and fatty changes in hepatocytes of 

patients with Wilson's disease. Gastroenterology 55:354-367, 1968. 

Psychiatric manifestations. In Wilson's initial publication a description 
of emotional disturbances in patients appears. Since that time there have been 
numerous reports of abnormalities in temperament and psychiatric symptoms in 
patients with Wilson 1 s disease. Beard's review (22) makes clear that the great 
majority of emotional disturbances recorded, which had often been diagnosed as 
schizophrenia or hysteria, were not such specific psychiatric entities. Knehr and 
Bearn (23) demonstrated impairment of inte llect and implied that this might be the 
result of copper toxicity. 

Scheinberg, Sternlieb and Richman (24) examined 49 patients with Wilson's 
disease for psychiatric disorders with repeated clinical interviews and psycho
logical testing. Of all of the 49 patients, 30, or 61%, had significant psychiat
ric disturbances. Of particular interest, 13 or 27% had a significant psychiatric 
manifestation as the first clinical indication of Wilson ' s disease. -In these 13, 
reactive behavioral disturbances -- temper tantrums, excessive irritability, loss of 
impulse control, fits of rage and destructive behavior--predominated, occasionally 
leading to arrest by the police prior to any other overt manifestation of Wilson's 
disease. 
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22. Beard, A. N.: The association of hepatolenticular deg~nerati on with 
schizophrenia . Acta Psychiatr. et Neuro. Scand. 34:411-428, 1959. 

23. Knehr, C. A.,and Bearn, A. G.: Psychological impairment i n Wilson 1 s 
disease. J. Nerv. & Ment. Dis. 124:251-255, 1956. 

24. Sc heinberg, I . H., Stern! ieb, 1., and Richman, J.: Psyc hi at r ic manifes 
t ati on s in patients with Wi l son•s disease. Birth Defects Or ig . Art. 
Series 4:85-87, 1968. 

Kayser-Fleischer rings. The Kayser-Fleischer ring is one of the few pathog
nomon i c si gns in medicine. The characteristic corneal ring occurs only in Wil
son• s di sease, and its recognition allows this d iagnosis to be made wi th certainty. 

As mentioned above, copper deposition was first suggested to be respons ible 
for the occurrence of the ring in 1922, but conclusive evidence of the presence of 
copper within the ring was not obtained until 1957 (25) . The chemical form in 
whi ch copper i s deposited in the cornea is still unknown. 

In many patients, t he ring is grossly visible if the cornea is illuminated 
l ateral l y . Slit lamp examination reveals the components of t he r ing to be small, 
ir i de scent, golden or green i sh granules of copper compounds deep i n t he cornea, 
cl ose to t he posterior elastic layer-Descemet•s membrane. The ring i s usually 
circumfe rentia l and about 1 to 3 mm wide. In some patients, i t may be narrower or 
non-exi s t ent media l ly and lateral ly, giving the appearance of superior and inferior 
crescents. 

25. Uzman, L. L., and Jakus, M.A.: The Kayser-Fleischer ring . A histochemical 
and electron microscope study. Neurology 7:341-355~ 1957. 

26 . Stern li eb, 1.: The Kayser-Fleischer ring. Medical Radi og r . & Photogr. 
42 : 14-15, 1966. 

Hemolyt ic anemia. Hemol yt i c anemia is a recognized compl icat ion of Wilson 1 s 
disease (27-29) . The anemi a usual l y antedates t he more characterist i c manifesta
ti ons of t he di sease and is of brief duration. Hemolysis is seen in sheep fed 
high copper diets (3 0) and is recognized as a complicat ion of hemodi a lys is (31) 
when copper contaminated di alysate i s used. The pathogenesis of the hemolytic 
anemia of Wilson •s disease may be t he sudden re l ease of copper f rom the liver with 
a trans ient r ise in serum copper. No measurements of serum coppe r have been made 
at the onset of a hemo l ytic episode. Measurements following a hemolytic episode 
have been no rma l or i ncreased in 5 of 6 patients, suggesting t hat non- ceruloplasmin 
copper may be high at this time (27). 

27. Deiss, A., Lee, G. R., and Cartwri ght, G. E.: Hemolyt ic anemia in 
Wi l so n• s disease. Ann. Int. Med. 73:413-418, 1970 . 

28 . Carr-Saunders, E., and Laurance, B. M.: Wilson•s disease presenting as 
an acute hemolytic anemia. Proc. Roy. Soc. Med. 58:61 4-6 15, 1965. 

29 . Mcintyre , M. B. , Clink, H. M. , Levi, A. J., et al.: Hemo lyt ic anemia in 
Wi l son• s disease. New Eng. J. Med. 276:439-444, 1967. 

30. Underwood, E. J .: Copper. In Trace Elements in Human and Animal Nutri
tion, 3rd edition, Academ i c Press, New York, pp 57-1 13, 1971 . 

31 . Ma nz1er, A. D., and Schreiner, A. W.: Copper-induced acute hemoly t ic 
anem ia--a new complication of hemodialysis. Ann. Int. Med. 73: 409-412, 
1970. 
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Other Clinical Manifestations 

Renal manifestations. Since Uzman and Denny-Brown (32) demonstrated amino
aciduria in Wilson 1 s disease there have been numerous reports of renal involvement. 
Renal manifestations are usually mild and are nearly always observed after the 
diagnosis of Wilson 1 s disease is made. Glycosuria, phosphaturia, uricosuria, gen
eralized aminoaciduria, hypercalciuria, defective urinary acidification, albumin
uria and hematuria have all been noted (33-35). These findings are principally 
attributable to abnormal renal tubular function, although glomerular function may 
also be adversely affected. The increased content of copper in the kidney, local
ized histochemically to the proximal tubules, probably accounts for the tubular 
dysfunction in Wilson 1 s disease. 

32. Uzman, L., and Denny-Brown, D.: Aminoacfduria in hepatolenticular degen
eration (vlilson 1 s disease). Am. J. Med. Sci. 215:599, 1948. 

33. Scheinberg, 1. H., and Sternlieb, 1.: Wilson 1 s disease. Ann. Rev. Med. 
16: 119-134, 1965. 

33a Leading Article: Copper, kidneys and ca l cium. Lancet 2:866-868, 1962. 
34. Wolff, S. M.: Renal lesions in Wilson 1 s disease. Lancet 1:843-845, 

1964. 
35. Fulop, M., Sternl ieb, 1., and Scheinberg, 1. H.: Defective urinary 

acidification in Wilson 1 s disease. Ann. Int. Med. 68:770-777, 1968. 

Bone and joint abnormalities. Bone and joint abnormalities--t he latter pos
sibly related to the arthralgias experienced by some patients--have been found in 
about one-half of patients with Wilson 1 s disease. Abnormalities include general
ized demineralization, osteochrondritis of the spine and knees, periarticular 
fragmentation of bone, osteoarthritis out of proportion to the age of the patient, 
spontaneous fractures, pseudofractures, osteomalacia, and even frank rickets (36). 

Some of these findings may be secondary to the renal abnormalities. Some 
osteoarthritis is probably the result of dystonia and abnormal posturing. Some 
joint changes may be due to a direct toxic effect of copper. 

36. Rosenoer, v. M., and Michell, R. C.: Skeletal changes in Wilson 1 s dis
ease. Brit . J. Radiol. 32:805-809, 1959 . 

Azure lunulae. A distinctive blue discoloration of the lunulae of finger
nails has been noted in a few patients with Wilson 1 s disease. It is not clear if 
this is associated with increased copper content of nails. 

37. Bearn, A. G., an d McKusick, V. A.: Azure lunulae. JAMA 166:904-906, 
1958. 

Skin pigmentation. Hyperpigmented areas on the anterior aspects of the 
lower part of the l egs was noted in 12 of 20 Chinese patients with Wilson 1 s dis
ease. The pigment was melanin and there was no increase in copper or iron content 
of the affected skin. 

38. Leu, M. L., Strickland, G. T. , Wang, C. C. , and Chen, T.S. N.: Skin pig
mentation in Wi l son 1 s disease . JAMA 211: 1542-1543, 1970. 
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Acanthosis nitricans· One case of acanthosis nigricans has been reported in 
associat1on with Wi son 1 s disease. 

39. Ezzo, J. A., Rowley, J. F., and Finnegan, J. V.: 
generation associated with acanthosis nigricans. 
827-832, 1957. 

COPPER METABOLISM 

Deficiency States 

Hepatolenticular de
Arch. Int. Med. 100: 

The importance of copper as a trace element was first recognized in Aus
tralia where telegraph lines were originally strung over bare, moor-like ground 
with little vegetation. Soon, under the wires a green line appeared--grass grew 
only where rain had leached copper from the wires to supply the metal to the defi
cient soil (40). 

By the 1930s copper deficiency was recognized as a cause of a fatal neurolo
gic disease of lambs, swayback, and of a severe diarrhea of cattle known as scours. 
Subsequently a reduction in quantity and quality of wool produced by sheep in cop
per deficient areas of Australia was noted and corrected by copper supplementation 
(41 ,30). 

In man, deficiency of copper is extremely rare because of the abundance of 
dietary copper. Hypocupremia may occur in sprue (decreased absorption), severe 
proteinuria or protein-losing enteropathy (excessive loss), but appears to be 
symptomless. 

Evidence of copper deficiency has been obtained in Peru in severely mal
nourished infants being rehabilitated on a high calorie, low copper milk diet. 
Anemia, neutropenia and scurvy-like bony changes which required copper for correc
tion were observed (42,43). 

Recently, penicillamine, which promotes urinary loss of copper, has been ad
ministered to patients with cystinuria and various collagen diseases. Diminution 
of taste acuity and decreased ceruloplasmin concentration, both of which responded 
to copper administration (44), have been noted in several such patients receiving 
penicillamine. 

Toxicity 

Acute copter toxicity in man. Individuals have been acutely poisoned by in
gesting grams o copper salts (45), usually the sulfate, or by having copper solu
tions applied to large areas of burned skin (46). Most of the clinical experience 
with acute toxicity comes from India, where ingestion of copper sulfate is not in
frequently a means of committing suicide. Metallic taste, ptyalism, nausea, vomit
ing, epigastric burning, diarrhea, gastrointestinal bleeding, hemolysis, hepatic 
injury, renal tubular damage, hypotension, convulsions·, coma and death may occur. 
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Chronic copper toxicity in man. Chronic copper toxicity occurs only in 
Wilson 1 s disease. Non-Wilsonian copper toxicity has never been associated with 
use of copper water pipes or cookware. Even Chilean copper miners who breathe or 
eat meals in an atmosphere virtually opaque with 1 or 2% copper ore have normal 
concentrations of copper in serum and 1 iver and evidence of toxicity is absent 
( 41) • 

Role of Copper in Man 

About 75 to 100 mg of copper is found in the normal adult. It is widely 
d istributed in all tissues and body fluids, ranging in concentration from 2 ~g/gm 
dry weight in skin t o about 25 ~g/gm dry weight in 1 iver, hair and brain. 

Several copper proteins have been characterized, some of which require the 
presence of copper for enzymatic activity. These include cytochrome oxidase, 
tyrosinase, erythrocuprein, monoamine oxidase, three liver copper proteins, 
cerebrocuprein , and ceruloplasmin. 

Ceruloplasmin 

Ceruloplasmin is a blue protein of about 160,000 molecular weight which con
tains eight copper ions--four cupric and four cuprous. Although in vitro all its 
copper can be removed reversibly, in vivo ceruloplasmin binds copper for the life 
span of the molecule. The t~ of ceruloplasmin is about 5 days. About 20% of 
catabolized ceruloplasmin copper is found in the feces; the fate of the remaining 
80% is unknown . 

Ceruloplasmin is clearly not a transport protein for copper, as transferrin 
is for iron. Whether it has a role in regulation of copper excretion is uncertain. 
Evidence against its having a role in regulation of either excretion or absorption 
of copper is found in two observations. First, although most patients with 
genetically determine d positive copper balance, i.e., Wilson's disease, have re
duced or absent levels of ceruloplasmin, a few Wilsonian patients possess normal 
serum concentrations of ceruloplasmin. Second, although some heterozygous car
riers of the Wilson 1 s disease gene exhibit marked deficiency of ceruloplasmin, 
they remain free of the disease for 1 ife. 

Pathways Followed by Dietary Copper 

The average daily dietary intake of copper is 3 to 5 mg. Of this, probably 
about one-half is absorbed. Absorption apparently occurs principally in the upper 
gastrointestinal tract, but nothing is known about the mechanism of absorption. 

Studies with radiocopper show that peak concentrations of radioactive copper 
in serum occur 1 to 2 hours after oral administration . At this time radiocopper 
in the blood is loosely bound to albumin and amino acids. A sharp drop in radio
copper content of serum then occurs, primaril y due to hepatic uptake of newly ab
sorbed copper. Within 6 hours 60-90% of the absorbed copper is found in the liver. 
Radiocopper then emerges from the 1 iver, incorporated into newly synthesized 
ceruloplasmin, so that a secondary rise in serum radioactivit y is seen. 
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Of the radiocopper taken up by the 1 iver, 10- 20% is ultimately released as 
ceruloplasmin. Approximately 30% is excreted into bile. The remaining 50% has 
not been traced, but most probably enters copper proteins such as cytochrome oxi
dase, tyrosinase, and erythrocuprein. Urinary excretion of copper is essentially 
zero. 

Unabsorbed dietary copper does not account for all of the metal found in 
feces. Part of stool copper comes from salivary, gastric, pancreatic and jejunal 
secretions, all of which contain copper. Degradation of ceruloplasmin adds about 
0.1 mg to copper excretion daily not via bile. 

40. Coombes, A. V.: A trace of copper. World Crops 10:331-332, 1958. 
41. Scheinberg, 1. H., and Sternlieb, 1. : Metabolism of trace metals. In 

Duncan's Diseases of Metabolism, 6th edition. P. K. Bondy (Ed.), pp 1321-
1327, W. B. Saunders Co. , Philadelphia, 1969. 

42. Cordano, A., and Graham, G. G.: Copper deficiency complicating severe 
chronic intestinal malabsorption. Pediatrics 38:596-604, 1966. 

43. Cordano, A., Placko, R. P., and Graham, G. G. : Hypocupremia and neutro
penia in copper defi c iency. Bloo d 28:280-283, 1966. 

44. Henkin, R. 1., Kei ser, H. R., Jaffe, 1. A., Sternl ieb, 1., and Scheinberg, 
1. H.: Decreased tast e sensitiv i ty afte r d- penicillamine reversed by cop
per administration . Lancet 2 : 1 2 6~ - 1271 , 1967. 
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45. Chuttani, H. K., Gupta, P. S., Gulati, S., and Gupta, D. N.: Acute copper 
sulfate poisoning. Am. J. Med. 39 :849-854, 1965 . 

46. Holtzmann, N. A. , Elliott, D. A. , and Heller, R. H.: Copper intoxication. 
Report of a case with observations on cerulop lasmin. New Eng. J, Med. 275: 
347-352, 1966 . 

47. Sternlieb, I., Morell, A. G., Tucker, W. D., Greene, M. W., and Scheinberg, 
I. H.: The incorporation of copper into ceruloplasmin in vivo: studies 
with copper64 and copper67. J. Cl in. Invest . 40 : 1834-1840, 1961. 

48. Sternl ieb, 1.: Gastrointes tinal copper absorption in man. Gastroenterology 
52: 1 038-1041 ' 1967. 

49. Weber, P. M., 0 1 Reil ly, S., Pollycove, M., and Shipley, L.: Gastrointes
tinal absorption of copper. J. Nuci . Med. 10:591-596, 1969. 

50. Waldman, T. A., Morell, A. G., Wochner , R. D., Strober, W., and Sternlieb, 
I.: Measurement of gastrointestinal protein loss using 67copper labelled 
ceruloplasmin. J. Cl in. Invest. 46:10-20, 1967. 

COPPER METABOLISM IN WILSON'S DISEASE 

I t is likely that most, if not all, of the clinica l manifestations of 
Wilson•s disease are a direct or indirect effect of excessive tissue or blood con
centrations of copper. Since the newborn contains are less copper than a normal 
adult, who in turn contains less copper than an adult with untreated Wilson•s dis
ease, it is apparent that the patient with Wilson•s disease has been in a greater 
positive copper balance than normal . The average daily quantity of copper re
tained by the patient with Wilson•s disease has been estimated to be about 50 ~g 
(from a diet containing several milligrams). This amount is ·far too 1 ittle to be 
detected by balance studies using conventional methods. 

Both radioisotopes of copper ( 64 Cu, t! 12.8 hr, and 67 Cu, t! 61.88 hr) have 
been used extensively in studying the patient with Wilson•s disease. Radiocopper 
has been given orally or intravenously and measurements of retention, excretion 
into stool and urine, incorporation into ceruloplasmin, and hepatic uptake have 
been made which have contributed to both the understanding of the disease and its 
diagnosis. 

Serum Curves Following Oral Radiocopper 

As in normal subjects, orally administered radiocopper promptly appears in 
the blood of patients with Wilson•s disease, reaching a maximum in 1 to 2 hours. 
The shape of the early 64Cu concentration versus time curve is determined by the 
absorption of isotope from the intestine, distribution in body fluids, and rate of 
uptake by the 1 iver . None of these factors varies consistently from normal in 
patients with either Wilsonian or other 1 iver disease. 

The shape of the curve after 4 hours, however , does distinguish patients 
with Wilson•s disease from normal subjects or pat ients with other types of liver 
disease . Only Wilson 1 s disease patients fail to incorporate significant amounts 
of radiocopper into ceruloplasmin, so their curves are flat after 4 hours. In 
contrast, normal subjects show a secondar y rise in serum radioactivity. This 
activity in serum is almost entirely found in newly synthesized ceruloplasmin. 
Patients with Wilson 1 s disease exhibi t a flat curve even if their ceruloplasmin 
concentrations are normal. 
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It is likely that both decreased ceruloplasmin synthesis and increased size 
of the hepatic copper pool account for the virtual absence of radiocopper incorpor
ation into ceruloplasmin . 
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FIGURE 2 (52) 

Hepatic Uptake of Copper 

Hepatic uptake of radiocopper, as measured by appropriately placed externa l 
probe or by profile scanning, may be normal or reduced in patients with Wilson 1 s 
disease. 

Hepatic uptake measured 2 hours after IV administration of rad1ocopper is 
normal in early or asymptomatic Wilson 1 s disease, modestly depressed in the later 
hepatic stage, and severely depressed in t he late or neurologic stage of the dis
ease. 
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These findings are probably related to progressive saturation of hepatic 
binding sites for the metal and not to cirrhosis by itself. Treatment with peni
cillamine presumably restores some available binding sites, improving hepatic up
take of copper (54). 

Hepatic radiocopper increases for more than 8 days in patients with Wilson's 
disease. In contrast, in normal subjects or in subjects with other types of 1 iver 
disease, after a peak is reached on the first day the level of radiocopper in 
1 iver steadily decreases due to its greater incorporation into ceruloplasmin and 
excretion in bile. 

Serum Curves Following IV Radiocopper 

The rate of disappearance of small doses of radiocopper from blood is slower 
in patients with Wilson's disease than in normal subjects, patients with biliary 
cirrhosis, or patients with other kinds of hepatocellular disease. 
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TABLE 1 

Mean ±S.E. 
n= 4 

PLASMA DISAPPEARANCE OF 6 4 Cu (55) 

Time to reach L i ve r copper No. of 10% of initial 
studies plasma radioactivity concentration 

(min.) ~g/gm dry weight 

Wilson 1 s disease 4 49.3 ± 1 .4 > 250 

Primary biliary cirrhosis 4 22.5 ± 0.4 467 ± 83 

Hepatocellular disease 3 21 .o ± 1.4 56 ± 9 

Normal 3 22.0 ± 1.4 
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Note that disappea rance of radiocopper from blood and hepatic uptake rate is 
faster in patients with bili ary cirrhosis than in patients with Wilson 1 s disease 
even though hepatic copper concentrations are high in both diseases. This fact 
has been cited as evidence that the delayed or decreased hepatic uptake of radio
copper in patients with Wilson 1 s disease i s not solely due to high hepatic copper 
concentration. However, the site of copper deposition within the liver in the two 
diseases may be different . The site of hepatic copper storage in patients wit h 
biliary cirrhosis is currently unknown. 

Whole Body Turnover Studies 

The duration of radiocopper survival has been measured by two groups of 
workers in patients with Wilson 1 s diseas e and other populations: 

TABLE 2 

WHOLE BODY HALF TIMES (days) OF RADIOCOPPER 

Normal Heterozygotes Wi 1 son ian 
subjects homozygotes 

Hamamoto et al (56) 17.0 ± 3.2 39.4 ± 14.3 97.0 ± 39.6 
n = 9 n = 14 n = 7 

0 1 Reilly et al (57) 27.2 ± 6.2 55.0 ± 18.5 1 11 • 1 ± 86.6 
n = 22 n = 16 n = 25 

Non-Wi 1 son ian 
c i rrhotic 

29.2 ± 10.5 
n = 12 

Both group s found prol onged whole body retention in patients with Wilson 1 s 
disease and to a lesser extent, in heterozygous carriers of the Wilson 1 s disease 
gene . Whether this reten tion of radiocopper reflects depressed copper excretion 
or mere l y dilution of radi ocopper in a larger body pool of copper in these groups 
is not c l ear . Neither author makes an attempt to estimate or judge total body 
copper or miscible pool size. 

Fecal Excretion Studies 

Studies by Tauxe et al. (58,59) and 0 1 Reilly et al. (57) have both found de
creased fecal excretion of intravenous radiocopper in patients with Wilson 1 s dis 
ease compared to normal subjects. He terozygote fecal radiocopper excretion falls 
between the other two groups . 0 1 Reilly has shown that the decreased feca l radio
copper excretion in patients wi th Wilson 1 s disease is due to decreased biliary ex
cretion of the iso t ope . Again, whether this is due to defective copper excret ion 
i nto bile or mixing with a large r copper pool within the 1 iver in the face of a 
normal biliary copper excreti on cannot be determined. 
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Urinary Excretion Studies 

Hypercupriuria was the first noted biochemical manifestation of Wilson's 
disease and has been consistently noted in nearly all patients with Wilson's dis
ease. Values may range as high as 1500-2000 ~g of copper daily and nearly always 
exceed 100 ~g daily. In contrast, normal subjects excrete less than 50 ~g daily. 
Although total serum copper is depressed in most patients with Wilson's disease, 
non-ceruloplasmin copper (albumin-bound copper) is elevated, leading to increased 
urinary losses of copper. 

Increased urinary excretion of an intravenous tracer dose of radiocopper has 
also been demonstrated in patients with Wilson's disease. While in normal sub
jects less than 1% of the dose is excreted in the urine within 5 days, urinary ex
cretion values in Wilsonian patients range from 1.2 to 26% of the dose (51). 

51. Sternlieb, 1., and Scheinberg, 1. H.: Radiocopper in diagnosing liver dis
ease. Seminars in Nuclear Medicine 2:176-188, 1972 . 

52. Sternlieb , I., Morell, A. G., Bauer, C. D., Combes, B., deBoles-Sternberg, 
s., and Scheinberg, I. H.: Detection of the heterozygous carrier of the 
Wilson's disease gene. J. Cl in. Invest. 40:707-715, 1961. 

53. Osborn, S. B., and Walshe, J. M. : Studies with radioactive copper in rela
tion to the natural history of Wilson's disease. Lancet 1:346-350, 1967. 

54. Osborn, S. B., and Walshe, J. M. : The influence of genetic and acquired 
liver defects on radiocopper turnover in Wilson's disease. Lancet 2:17-20, 
1969. 

55. Smallwood, R. A., Mcilveen, B., Rosenoer, v. M., and Sherlock, S.: Copper 
kinetics in liver disease. Gut 12:139-144, 1971. 

56. Hamamoto, K., Tauxe, W. N., Novak, L. P., and Goldstein, N. P.: Use of 
whole-body counter to study body retention of radiocopper in Wilson's dis
ease. J. Lab. & Cl in. Med. 72:754-759, 1968. 

57. O'Reilly, s., et al .: Abnormalities of the physiology of Wilson's disease. 
Arch. Neurol. 24:385-390, 1971; 24:481-488, 1971; and 25 : 28-32, 1972. 

58. Tauxe, W.N., Goldstein, N. P., Randall, R. v., and Gross, J. B.: Radio
copper studies in patients with Wilson's disease and their relatives. Am. 
J. Med. 41:375-380, 1966. 

59. Goldstein, N. P., Tauxe, W. N., McCall, J. T., Randall, R. v., and Gross, 
J. B.: Wilson's disease. Treatment with penicillamine and changes in 
hepatic trapping of radioactive copper. Arch. Neurol. 24:391-400, 1971. 
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TABLE 3 

COPPER METABOLISM IN WILSON'S DISEASE 

I • Absorption 
Apparently normal 

II • Internal Kinetics 

A. Defective ceruloplasmin synthesis 
B. Impaired hepatic uptake 
C. Increased free copper in plasma~ tissues 

Ill. Excretion 

A. Increased urinary excretion 
B. ? Decreased biliary excretion 

Etiology of Copper Accumulation - ? Impaired Biliary Excretion 

PRESENT CONCEPT OF THE NATURAL HISTORY OF WILSON'S DISEASE 

Deiss, Lynch, Lee and Cartwright (60) have advanced a concept of the natural 
history of Wilson's disease which divides the disease into four stages: 

stage I, hepatic copper accumulation, begins at birth and continues for 
5 or more years. Patients are in positive copper balance and copper 
accumulates within the 1 iver progressively with time. There are no symp
toms, Kayser-Fleischer rings are absent, and there is no neurologic dis
ease. Most patients at this stage and later have low ceruloplasmin 
levels, although about 5% have borderline or normal levels. Serum copper 
is decreased and urine copper may be normal. 

Stage II is a stage of hepatic copper release and redistribution. At 
some point copper becomes toxic to the liver and necrosis of 1 iver cells 
ensues. The hepatic stage may progress rapidly with development of 
ascites, edema, portal hypertension, and frank 1 iver failure or alter
nately recovery from the hepatic stage may be complete, leaving only a 
legacy of cirrhosis. 

Hemolytic anemia may occur at this stage due to release of copper into 
the bloodstream. The hemolytic anemia is usually transient and self
limited. 

During this stage serum copper rises and urinary excretion becomes in
creased; Kayser-Fleischer rings are likely to appear. 

Stage III, cerebral copper accumulation, follows if death does not occur 
as a result of hepatic necrosis. Patients are again asymptomatic, but 
are now accumulating copper in extrahepatic sites. 
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Stage IV, neurologic stage, begins when sufficient amounts of copper 
accumulate within the brain to cause symptoms. Kayser - Fleischer rings 
will be present and urinary excretion of copper will remain high. 

TABLE 4 

NATURAL HISTORY OF WILSON'S DISEASE (60) 

Descrip t ion K- F Hepatic Neurologic Serum Cerulo- Urine 
Rings Fai 1 ure Di sease Copper plasmin Copper Stage 

IIA 

II B 

I II 

IV 

Hepatic copper 
accumulation 

Hemolytic anemia 

Hepatic failure 

Cerebral copper 
accumulation 

Neurologic dis -
ease 

0 

0,+ 

0,+ 

0,+ 

+ 

0 0 D·'· " D·'· " N, I 

0 0 N, I D·'· " 

+ 0 N,l D, N, I N, I 

0 0 D"k D·'· " 

0 + D·'· " D·'· " 

* May be normal in 5% 

Some Evidence For and Against This Concept 

For: 

1. No case of Wilson 1 s disease has ever been found in which neurologic 
manifestations were present in the absence of cirrhosis. 

2. No neurologic patient has ever been described who did not have in
creased urine copper. 

3. No patient has had psychiatric manifestations of Wilson 1 s disease 
and subsequently had manifestations of Stage I lA or I lB. Those 
not diagnosed at the time of psychiatric manifestations have sub
sequently developed Stage IV symptoms. 

4. Hepatic copper content in untreated neurologic patients is signifi
cantly lower than in untreated asymptomatic patients, suggesting 
that copper has been released from the liver of neurologic patients 
( 61) • 

5. Hepatic copper in neurologic patients is predominantly sequestered 
in lysosomes whereas in early cases it is found diffusely in the 
cytoplasm of the hepatocytes (62). 

6. Age of onset of neurologic symptoms is older than that of hepatic 
symptoms (63). 

7. Stages I and II are observable in chronic copper poisoning in sheep 
(30) . 

Evidence against the simplistic nature of this outline might be found in 
patients that cannot be classified by the above criteria. It is not clear from 
the 1 iterature if such patients exist, partially because 11 asymptomatic patients 11 

might be either Stage I or Stage Ill if no hepatic disease can be documented. 
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The Parkland experience would seem to show some difficulties with this 
classification. Three patients,  ., and ., had neurologic presenta
tions of Wilson's disease, yet all show no evidence of cirrhosis on liver biopsy. 
This, however, might be a 1 imitation of hepatic needle biopsy, since cirrhotic 
1 ivers can yield normal needle biopsies. Evidence that this was the case with 
H.E. is the existence of splenomegaly in this patient. 

Another difficulty with this classification arises when L.G. (Patient 7) 
is considered. This patient's Kayser-Fleischer rings, evidence of preceding 
hepatic damage, and behavioral abnormalities would result in a classification of 
early Stage IV Wilson's disease. However, his urinary excretion of copper is con
sistently within the normal range, a characteristic of Stage I or rarely of Stage 
I I • 

Many more patients with Wilson's disease will have to be studied in de
tail before the validity of this classification can be established. 

60. Deiss, A., Lynch, R. E., Lee, G. R., and Cartwright, G. E.: Long-term 
therapy of Wilson's disease. Ann. Int. Med. 75:57-65, 1971. 

61. Sternlieb, 1., and Scheinberg, 1. H.: Prevention of Wilson's disease in 
asymptomatic patients. New Eng. J. Med. 278:352-359, 1968. 

62. Goldfischer, S., and Stern] ieb, 1.: Changes in the distribution of hepatic 
copper in relation to the progression of Wilson's disease. Am. J. Path. 
53:883-901, 1968. 

63. Walshe, J. M.: Wilson's disease, a review in The Biochemistry of Copper, 
edited by Peisach, J., Aisen, P., and Blumberg, w. E. Academic Press, New 
York, 1966, pp 475-498. 

DIAGNOSIS OF WILSON'S DISEASE 

Since the ''initial clinical manifestations 11 of Wilson's disease can be so 
devastating--adequately demonstrated in our own Parkland experience--it is import
ant that cases be recognized as early as possible in the course of the disease. 

The more typical the symptoms, obviously, the easier the diagnosis is to 
make. Thus, Case 1, the man shown in the filmstrip, presented no diagnostic prob
lem once his Kayser-Fleischer rings were recognized. In contrast, Case 7 presented 
more of a challenge and indeed was misdiagnosed on two evaluations. 

The physician should consider the diagnosis of Wilson's disease in a young 
person when atypical hepatitis or unexplained cirrhosis, hemolytic anemia, neuro
logic or psychiatric symptoms appear, particularly if any siblings have had any of 
these symptoms. In addition, all sibs of known Wilson's disease patients should be 
thoroughly evaluated. 

The following features are useful in confirming or excluding the susp1c1on 
of Wilson's disease. They are given a rough order of importance, considering both 
usefulness and availability. 
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I. Serum Ceruloplasmin Concentration 

Approximately 95% of patients with Wilson 1 s disease will have ceruloplasmin 
concentrations of less than 20 mg.% while normal subjects possess values 
from 20 to 50 mg.%. 

Limitations of test: 

a. Approximately 20% of heterozygous carriers of Wilson 1 s disease will have 
values below 20 mg.%, occasionally as low as 1 mg.% 

b. 5% of Wilson 1 s disease patients have values above 20 mg.%, regardless of 
stage of disease 

c. Estrogens will raise ceruloplasmin levels in Wilsonian patients (and nor
mals), so border] ine depressions may be missed in the face of estrogen 
therapy 

d. Cirrhosis may rarely depress ceruloplasmin levels in non-Wilsonian 
patients 

II. Kayser-Fleischer Rings 

The presence of a K-F ring alone is sufficient by itself to make the diag
nosis of Wilson 1 s disease . Absence of such a ring, by slit lamp examina
tion, excludes the diagnosis in untreated patients with neurologic symptoms. 

Limitations: 

a. Absence of rings without neurologic involvement does not exclude diagno-
sis 

b. Confirmation of the presence or absence 
examination by an experienced observer. 
interpret 

III. Hypercupriuria 

of K-F rings requires slit lamp 
Subtle rings are difficult to 

The vast majority of patients with Wilson 1 s disease excrete more than 100 
~g of copper in urine daily, while normal subjects excrete less than 50 ~g 
daily. 

Limitations: 

a. A moderate increase in urinary copper excretion occurs in cirrhosis, par
ticularly biliary cirrhosis; thus, urinary copper excretion is not useful 
in evaluation of patients with 1 iver disease 

b. Although no report of urinary copper of less than 50 ~g/day in untreated 
symptomatic Wilson•s disease patients exists, our Patient 7 showed such 
values 

c. Samples are easily contaminated by copper resulting in fortuitiously high 
results 

IV. Liver Biopsy 

Quantitative measurements of hepatic copper can be done on needle biopsy spe
cimens. Values above 250 ~g/gm dry weight are almost always found in 
patients with untreated Wilson•s disease. Values in heterozygous carriers 
are slightly above normal. 
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TABLE 5 

HEPATIC COPPER CONCENTRATION (61) 

Wilson's disease 
Asymptomatic 
Symptomatic 

Heterozygous carriers 

Normal subjects 

Limitations: 

No. of 
Patients 

36 
33 

14 

16 

Mean ± SO 
lJ.g/gm dry weight 

984 ± 368 
588 ± 304 

117 ± 51 

32 ± 7 

Hepatic copper concentrations comparable to those found in Wilson's disease 
patients are also found in primary biliary cirrhosis and longstanding extra
hepatic biliary obstruction. 

TABLE 6 

HEPATIC COPPER CONCENTRATION (64) 

No. of Mean ± SE 
Patients I:!Sism dry weisht 

Wilson's disease 3 370 ± 115 

Primary biliary cirrhosis 8 388 ± 61 

Bile duct obstruction 7 471 ± 96 
> 12 months 

Normal subjects 40 35 ± 12 

64. Smallwood, R. A., Williams, H. A., Rosenoer, v. M., and Sherlock, S.: Liver 
copper levels in liver disease. Lancet 2:1310-1313, 1968. 

V. Incorporation of Radiocopper Into CeruZopZasmin 

Orally administered copper64 is rapidly absorbed and taken up by the liver. 
Patients with Wilson's disease, at any stage, incorporate little or no 
radiocopper into ceruloplasmin. Thus, they fail to show the secondary rise 
in serum radiocopper shown by normals. The ratio [R = (64Cu48 hr);(64Cul-2 hr)J 
is calculated. If R is below 0.519, the subject probably either has Wilson's 
disease or is a heterozygous carrier. If R is above 1.229, the subject is 
probably a normal. Values of R between 0.5 19 and 1.229 do not permit classifi
cation (51). This test has been used in only 2 or 3 patients with biliary 
cirrhosis, giving R's above 1.229. This test is particularly useful in dis
tinguishing Wilsonian liver disease from other forms of liver disease on occa
sions that a 1 iver biopsy cannot be done. 
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Limitations: 

a. Cannot reliably separate Wilson 1 s disease from heterozygous carrier 
b. Short-1 ived radioisotope (ti = 12.8 hr) 

TABLE 7 

PARKLAND EXPERIENCE WITH WILSON'S DISEASE 

Patient        

Sex M M M F M M M 

Age Onset 14 13 13 10 15 14 32 

Presenting Sx Neuro Neuro Hepatic Neuro Neuro Neuro Psychiatric 

Age at Dx 20 14 13 12 16 15 36 

Preceding No Yes - Yes No No No Hepatic Sx 

Signs Neuro Neuro + Hepatic Neuro Neuro Neuro None 
hepatic 

K-F Rings + + 0 + + + + 

Liver Normal Cirrhosis Cirrhosis Cirrhosis Normal Normal Fibrosis 
Histology X 2 

 

This  male was diagnosed as having Wilson 1 s disease in 1952 at age 20, 
after a 6-year history of progressive dystonia and tremor. Treatment between 1952 
and 1958 consisted of multiple courses of BAL and Versene with some transient im
provement in tremor. By 1958, he was totally incapacitated by dystonia and 
tremor. He was said to be psychotic. K-F rings were grossly apparent, but there 
was no clinical or laboratory evidence of 1 iver disease. Serum ceruloplasmin was 
0 mg.%. Urine copper ranged between 400 and 800 ~g/24 hours. Following oral 64 Cu 
administration the serum ratio ( 64cu48 hr; 64Cul-2 nr) = 0.100. Needle 1 iver biop
sies in 1956 and 1962 were normal. Marked improvement was seen in his neurologic 
status with penicillamine therapy. In recent years he has not taken penicillamine 
regularly and severe neurologic disability has returned. Liver function tests 
have remained normal. Kayser-Fleischer rings are no longer visible. 

  

This younger brother of . and . was first seen here in 1960 at age 13. 
At that time he had hepatosplenomegaly. There were no K-F rings or neurologic 
signs. Serum ceruloplasmin was 17 mg.%. Serum copper was 150 ~g/100 ml and 
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urinary copper was 300 mg/24 hours. Open 1 iver biopsy revealed postnecrotic 
cirrhosis with glycogen degeneration of nuclei and fatth metamorphosis. Following 
64 Cu administration the serum ratio (64 Cu48 hr; 64 Cul-2 r) = 0.107. Penicillamine 
therapy was instituted and he has remained asymptomatic over a 12-year follow-up. 

 

This  male was first seen here in 1956 at age 16. He had had two epi
sodes of jaundice in early childhood and several episodes of hematemesis through
out childhood. Dysarthria and K-F rings were noted while he was hospitalized in 
1954 for a compression fracture of T11. and Ttz after falling from a tree. During 
1955 his speech further deteriorated, spasticity was noted and his handwriting be
came poor. Despite treatment with BAL and Versene, his neurologic disability pro
gressed. In 1955 his urine copper was 892 ~g/24 hours. In 1956 he was noted to 
have splenomegaly and 1 iver biopsy revealed cirrhosis. He next entered  in 
1958, bleeding from esophageal varices. A portacaval shunt was performed. Ceru
loplasmin determination at that time was 6.2 mg.%. Penicillamine therapy was in
stituted. The shunt thrombosed and he was seen bleeding two months later. 
Varices were ligated, but he died in  1959 after a stormy post-op course. 
Autopsy revealed severe cirrhosis, splenomegaly, and thrombosed portal and 
superior mesenteric veins. 

 

This younge r sister of the above patients was first seen here in 1958 at age 
12. At age 9 she had a transient episode of abdominal swelling which was appa
rently not associated with jaundice, but was not evaluated. At age 10 her mother 
noted in the patient a gait disturbance and dysarthria. On examination in 
December 1958 she was noted to have bilateral Kayser-Fleischer rings. The liver 
and spleen were not enlarged and no abnormalities of gait or speech were noted. 
CBC, UA, liver battery and BSP were within normal 1 imits. Uric acid was 1.1. 
Serum copper was 77.2 ~g/100 ml and urine copper was 347 and 333 ~g/24 hours. 
Serum ceruloplasmin was 6.2 mg.%. Liver biopsy revealed portal cirrhos is. Follow
ing oral 64 Cu administration, the serum ratio (64 Cu48 hr;64 Cul-2 hr) = 0.161. She 
was begun on penicillamine 250 mg tid. Her K-F rings faded somewhat over the next 
3 months. During the summer of 1959 she had transient dysarthria and emotional 
disturbances, attributed to taking penicillamine erratically. She subsequently 
improved while taking penicillamine more regularly and did well until 1969, when 
her follow-up was erratic and her penicillamine intake was equa lly erratic. At 
this time she developed tremor. In 1971 her K-F ring persisted, confirming inade
quate cupriuretic therapy over the preceding 11 years. Currently she is appa
rently taking penicillamine regularly, has only faint K-F rings and no tremor. 
She is now 5 months pregnant and continuing penicillamine on our recommendation. 

 

This  man was diagnosed as having Wilson 1 s disease at age 16 in 1961 
after a 6-month progression of rigidity, dysarthria, and emotional lability. 
There was no history of 1 iver disease. Kayser-Fleischer rings were present. 
Liver function tests were normal. Ceruloplasmin was 0 mg.%, serum copper 80 ~g/ 
100 ml, urine copper 200-300 ~g/24 hou rs . Liver biopsy in 1962 revealed normal 
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architecture with no histologic abnormalities . Penicillamine therapy, started in 
1961, completely reversed his neurologic manifestations within 6 months and his 
Kayser-Fleischer rings disappeared after 3 years of therapy. 

 

This man was diagnosed by a local ophthalmologist in 1965 at age 14, upon 
recognition of Kayser-Fleischer rings. He had a several-month history of tremor, 
shuffling gait, and emotional disturbances. On evaluation by Dr. Scheinberg, he 
was found to have mild neurologic manifestations and splenomegaly. Liver function 
tests were normal and serum ceruloplasmin was 17.3 mg.%. Liver biopsy revealed 
normal histology and a copper content of 847 ~g/gm dry weight. On penicillamine, 
his neurologic manifestations have completely cleared, although some emotional 
problems persist. 

 

This 36-year-old  male was first evaluated for the possibility of 
Wilson 1 s disease in  1972 at the request of a local criminal court. He began 
his unfortunate 1 ife as a breech birth, the child of a union between first 
cousins. He apparently had an unremarkable childhood with no psychiatric or 
behavioral problems. After high school he attended college for 6 years, but never 
received a degree. During the 8 years after college (1962-1970) he was an appa
rently successful salesman, although he changed jobs at approximately yearly in
tervals during this time. In 1968, according to his brother, his personality 
changed markedly. Whereas he had previously been outgoing and of stable tempera
ment, he now had frequent episodes of depression and anxiety. During 1968 and 
1969 he made numerous suicide threats. Criminal activity is said to have begun in 

 1970, when he is said to have murdered a man in Missouri. In February 
1970, he is accused of murdering a physician, also a stranger, in Kansas. In 
Texas, he has been convicted of the bludgeoning death of an auto salesman and his 
wife in April 1970. Of interest is he fact that the last two incidents occurred 
in Room 111 of Holiday Inns. All four victims were Jewish (as is ) and were 
total strangers to . The immediate circumstances leading to the killings are 
unknown. In  1970, he is accused of raping a woman, also Jewish, in California. 
At least one person, a local woman whom he dated in 1970, observed no overt abnor
mal behavior at that time. Since  1970, he has languished in the local 
county jail. 

The patient has 7 siblings, two with Wilson 1 s disease. A sister with neuro
logic symptoms was diagnosed in 1955 at age 35. The entire sibship was screened 
with biochemical tests and slit lamp examination and an asymptomatic brother, then 
age 25, was found to have K-F rings. Subsequently, he developed neurologic symp
toms prior to institution of penicillamine therapy in 1958.  was again 
evaluated in 1962 and was told he did not have the disease. 

There is no known history of hepatic or CNS (excepting behavior manifesta
tions) symptoms. There was no evidence of tremor or rigidity. Liver and spleen 
were not enlarged and there was no stigmata of 1 iver disease. Kayser-Fleischer 
rings were not visible grossly, but slit lamp examination revealed the presence of 
brown-green deposits at the level of Descemet 1 s membrane bilaterally. These were 
interpreted as K-F rings by the examining ophthalmologist; however, when several 
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other ophthalmologists examined the patient, there was disagreement on the inter
pretation of the findings. Laboratory work revealed normal CBC, SMA-12 and 1 iver 
battery. Aminoaciduria was present. Serum ceruloplasmin was 23 mg.% (confirmed 
in Drs. Scheinberg and Sternlieb 1 s lab). Total serum copper was low (53 and 47 ~g/ 
100 ml) and free (non-ceruloplasmin) copper was normal (8 and 11 ~g/100 ml). 
Urinary excretion of copper has been normal on three occasions, 19, 34, and 41 ~g/ 
24 hours. Liver biopsy revealed increased fibrosis and fat but no inflammatory 
infiltrates. Liver copper content was 664 ~g/gm dry weight. A radiocopper turn
over study was done and is shown below. 

Fraction 64cu 

per mi. Serum x 106 

6 

4 

2 

Serum 64cu After Oral Ingestion Of 2mg 64cu 

,• 
• 

0 
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( 

FIGURE 5 
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"Pseudo Kayser-Fleischer Ring" 

: This 64-year-old woman was referred by a local ophthalmologist who 
suspec~the diagnosis of Wilson 1 s disease. She had no neurologic or hepatic 
symptoms or signs. She indeed had metallic deposits deep in the cornea in 
Descemet 1 s membrane, superior and inferior, remarkably resembling K-F rings. There 
was no conjunctival staining. In addition, she had a slate gray pigmentation of 
skin folds of the face and neck, particularly on the chin, eyelids, and sides of 
the neck. History revealed the daily use of a cosmetic bleaching cream containing 
ammoniated mercury for 40 years. 
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Evidence that eye and skin findings are related to ammoniated mercury: 

65. Duke-Elder, S. (editor): System of Ophthalmology. Vol. XIV. C. V. Mosby, 
St. Louis, 1969, p. 1096. 
Reports pigmentation of lids, conjunctiva, cornea and lens with prolonged 
use of ammoniated mercury face cream. 

66. Lamar, L. M., and Bliss, B. 0.: Localized pigmentation of the skin due to 
topical mercury. Arch. Derm. 93:450-453, 1966. 
Reports skin pigmentation similar to that found in our patient with pro
longed use of cosmetic containing ammoniated mercury. No mention of eye 
findings. 

TREATMENT 

Until 1948 Wilson's disease was a hopeless therapeutic problem with an invari
ably fatal outcome. At that time Cummings (7) proposed that BAL (2,3-dimercapto
propanol) might be used to reduce the copper content of liver and brain, thereby 
preventing further damage to these tissues. In 1951 Denny-Brown and Porter (8) re
ported use of BAL in five patients. Urinary copper excretion was enhanced in all 
and marked neurological improvement was seen in three. 

Oral potassium sulfide (to form insoluble copper sulfide in the gut) was 
introduced as a therapeutic measure in 1954 (67). Its use has largely been dis
continued since the ~ailabil ity of more effective therapy. 

Penicillamine 

Walshe introduced the use of oral penicillamine (~~-dimethyl-cysteine) as a 
cupriuretic agent in 1956 (10). Its advantages over BAL in ease of administration 
were immediately apparent, and by 1960 it was obvious that removal of copper from 
patients with Wilson's disease was a remarkable advance. In 1963 D-penicillamine 
was approved by the FDA as a safe and effective means of treating Wilson's disease. 

Penicillamine is a sulfur-containing amino acid that chelates copper, and the 
copper chelate is then excreted in the urine in large amounts. The basal urinary 
copper excretion and the cupriuretic effect of penicillamine are diminished after 
long-term therapy, as shown below: 

TABLE 8 

EFFECT OF CONTINUOUS PENICILLAMINE THERAPY ON ENDOGENOUS COPPER 
CLEARANCE IN WILSON'S DISEASE (mean of 26 patients) (68) 

Before therapy 

After 1-11 years therapy* 

Urine Copper ~g/24 hr 

Basal After Penicillamine 

345 

115 

5947 

2981 

*Treatment stopped 48 hours before studies 
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This apparent reduction in the cupriuretic response to penicillamine results 
from the depletion of body stores of excess copper and is not associated with drug 
resistance. 

That tissue stores of copper do decrease with penicillamine therapy has been 
demonstrated indirectly and directly as shown below: 

TABLE 9 

EFFECT OF PENICILLAMINE THERAPY ON HEPATIC COPPER 
IN WILSON'S DISEASE (5 Patients) (69) 

Hepatic Copper Concentration j.lg/gm dry weight 

Patient Pretreatment Year of Treatment 

1st 2nd 3rd 4th 

3 1092 944 696 
15 971 146 
16 1561 586 
19 463 170 
23 926 756 

Clinical Response to Penicillamine 

Penicillamine invariably results in clinical improvement provided the dosage 
is high enough and the duration of therapy long enough. Months to years are often 
required for significant amelioration of symptoms to occur. 

Neurolo~ic manifestations. Dramatic, marked improvement is regularly seen 
in patients w o are totally incapacitated by tremor, rigidity and dystonic postur
ing such that they can lead virtually normal lives. Patients who have less severe 
manifestations--including tremor and abnormalities of gait or speech--will 
generally have complete neurologic remissions. 

Improvement does not always start promptly and occasionally a transient 
worsening in tremor or rigidity may be seen during the first few weeks of peni
cillamine therapy. 

Progressive improvement in the neurologic manifestations can be expected 
over a period of two to three years, although occasionally improvement will con
tinue for several years. 

Psychiatric manifestations. Less dramatic but definite improvement in emo
tional and behavioral disturbances has been noted by various workers. 

Hepatic manifestations. 
virtual disappearance of fatty 
seen with long-term treatment. 
occur, although a few patients 

Considerable decreases in copper concentration and 
infiltration and nuclear glycogen degeneration are 
Generally some improvement in hepatic status will 

succumb to hepatic failure on therapy. 
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Kayser-Fleischer rings. Corneal rings will decrease or disappear over a 
period of 2 to 7 years. These first fade medially and laterally, leaving superior 
and inferior crescents. The disappearance of the rings does not correlate with 
clinical improvement. 

Renal manifestations. Little has been published on the response of renal 
manifestations of Wilson's disease to treatment with penicillamine. However, 
Walshe (70) has demonstrated an increase in the ability to acidify urine and ex
crete ammonia in response to ammonium chloride load after long-term treatment with 
penicillamine. In addition, Deiss et al. (60) report disappearance of glycosuria 
in one patient and disappearance of hypouricemia in five patients with penicill
amine therapy. 

Toxic Reactions to Penicillamine 

A. Pyridoxine deficiency. Penicillamine complexes with pyridoxal phosphate to 
form a thiazol idine. Clinical pyridoxine deficiency was frequently noted 
when D,L-penicillamine was used (prior to 1960), but is only occasionally 
seen with use of D-penicillamine. Pyridoxine supplement (25 mg daily) pre
vents the development of pyridoxine deficiency. 

B. Acute sensitivity reactions. About one-third to one-half of patients 
treated with penicillamine develop skin eruptions, fever, mucosal injection 
and/or lymphadenopathy within the first ten days of treatment. Symptoms and 
signs disappear on withdrawal of the drug. Reinstitution of therapy in 
gradually increasing doses or under temporary steroid cover is almost always 
successful. 

C. Thrombocytopenia and/or leucopenia. Signs of marrow suppression are occa
sionally seen either early or years after institution of penicillamine 
therapy. One patient has died of penicillamine-induced agranulocytosis. 
The marrow suppression is usually reversible on penicillamine withdrawal and 
penicillamine can usually be ~einstituted under temporary steroid cover. 

D. Decrease in taste sensitivity. Decrease in taste occurs in about 4% of 
patients with Wilson's disease and in about 30% of non-Wilsonian patients 
on long-term penicillamine therapy. As discussed above, this responds to 
copper sulfate in non-Wilsonian patients. 

E. Nephrotic syndrome. Proteinuria which may progress to a complete nephrotic 
syndrome is a recognized, although unusual, complication of both D,L and D
penicillamine therapy. Approximately 15 cases of the nephrotic syndrome 
secondary to penicillamine have been reported, although mild proteinuria may 
be more common. Focal glomerulitis and membranous glomerulonephritis have 
been demonstrated on renal biopsies. The proteinuria is reversible on peni
cillamine withdrawal and usually can be controlled with steroids while peni
cillamine is continued. This complication may be an indication to employ a 
new orally active chelating agent, triethylene tetramine dihydrochloride. 

F. Skin lesions. About one-fourth of patients receiving two or more grams of 
penicillamine daily develop skin lesions, predominantly at sites of minor 
trauma. Initially purpuric, the lesions then turn brown and contain scat
tered milia-like papules, 2-3 mm in diameter. Subsequently the skin becomes 



28 

wrinkled and old appearing. This effect is probably due to the effect of 
penicillamine on collagen, first described by Nimni (74). 

G. Lupus-like syndrome. A lupus-1 ike syndrome consisting of polyarthralgias, 
pericarditis, pleurisy and fever, apparently secondary to penicillamine, is 
reported by Harpey et al. (75). Antinuclear and antinucleoprotein antibodies 
were demonstrable and in vitro lymphocyte migration was inhibited by peni
cillamine. In additio~ Walshe (72) reports positive L.E. cell tests in two 
patients, one with polyarthralgias, the other with weight loss and skin rash. 

Penicillamine in Pregnancy 

Approximately 18 term pregnancies are known to have occurred in patients 
with Wilson 1 s disease while on penicillamine therapy. All ended with delivery of 
a normal child (76). 

The only known association of penicillamine therapy and fetal abnormalities 
was reported by Mjolnerod et al. (77). A child with a generalized connective 
tissue defect resembling the Ehlers-Danlos syndrome was born of a cystinuric 
mother treated with 2 grams of 0-penicillamine throughout pregnancy. 

Laver and Fairley (78) reported a · normal pregnancy in and baby of a cystin
uric mother receiving similarly high doses of penicillamine during pregnancy. 

Abnormalities of collagen are associated with both penicillamine therapy and 
copper deficiency (at least in animals). The occurrence of a connective tissue 
defect associated with penicillamine therapy of cystinuria and not of Wilson 1 s dis
ease brings up the possibility that the defect Mjolnerod reported might be due to 
copper lack and not penicillamine directly. 

Alternatives to Penicillamine 

Although penicillamine is now the treatment of choice for patients with 
Wilson 1 s disease, occasionally toxic reactions make penicillamine therapy diffi
cu l t or i mpo s s i b 1 e. 

Walshe (73) has successfully used a new oral copper chelating agent, tri
ethylene tetramine dihydrochloride, in lieu of penicillamine. He reported in 1969 
a brisk cupruresis in one patient who had not been successfully treated with 
penicillamine because of development of the nephrotic syndrome. Results in eight 
other patients were less impressive, possibly due to the fact that they had been 
previously treated with penicillamine and probably had considerably less mobil iza
ble copper. 
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