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In recent years an increasing amount of evidence
has accumulated suggesting that Wilson's disease
is a metabolic disorder associated with disturbances
in copper and amino acid metabolism (1-8). The
urinary excretion of copper and amino acids are
now known to be increased in this disease (2, 3).
The total plasma amino acids are not significantly
raised (4, 8), and the serum copper concentration,
originally considered to be normal or increased,
has recently been shown to be decreased (5). A
reduced level of serum copper oxidase activity in
Wilson's disease has also been briefly reported (5).
The findings of Holmberg and Laurell (9) indi-
cated that oxidase activity in the serum is due to
ceruloplasmin the major copper containing protein
of serum. A deficiency of ceruloplasmin in Wil-
son's disease, using spectrophotometric and im-
munological techniques has also been demonstrated
(7). A genetic analysis of a large group of pa-
tients with Wilson's disease has been reported
separately and indicates the disease to be inherited
in an autosomal recessive fashion (10).
The experiments to be described in this and a

companion paper ( 11) were undertaken to investi-
gate further the abnormalities in copper and amino
acid metabolism in this disease and to correlate
these findings with the clinical condition of the pa-
tient with emphasis upon the extent of hepatic and
neurological involvement. A control group of pa-
tients suffering from various types of cirrhosis of
the liver was also studied.

MATERIAL AND METHODS

All patients studied were admitted to the hospital.
Twenty-four-hour urine samples were collected in acid-
cleaned vessels and stored at + 40C. Thymol crystals or
chloroform (6 ml.) and toluene (6 ml.) were added as
preservatives. Urinary alpha amino nitrogen was deter-
mined by the gasometric ninhydrin method of Van Slyke,
MacFadyen, and Hamilton (12). The method of Brand,
Harris, and Biloon (13) was used to detect qualitatively
the presence of urinary cystine and was also employed as
a screening procedure in a search for aminoaciduria in

siblings of patients with Wilson's disease. Urinary glu-
cose was estimated using the "Clinitest" 1 reagent, and
venous blood sugar according to the method of Nelson
(14).
Serum and urinary copper were estimated in duplicate

by a slight modification of the method described by Eden
and Green (15). Serum copper estimations were carried
out in duplicate using 5 ml. samples; for urinary estima-
tion of copper 15 or 20 ml. was normally used. The aver-
age difference between duplicate analyses of a sample
containing 5'Y of copper was 0.24 per cent. The average
difference between duplicates can be calculated from the
formula 2/1-S where a= S.D. When necessary, copper
analyses on 1 ml. samples of serum were carried out with
considerable accuracy using the micro modification of the
same procedure (15).
Serum copper enzyme (ceruloplasmin) was estimated

by the method of Holmberg and Laurell (9) employing
paraphenylendiamine (p.p.d.) as substrate. Oxygen up-
take was measured in a Warburg flask at 370C. The
solution of p.p.d. containing 5 mg. per ml. was brought
to pH 6.0 by the drop-wise addition of 1 N HG. The pH
was measured in a Beckman pH meter. One ml. of the
p.p.d. solution together with 1 ml. of acetate buffer of pH
6 was placed in the flask. Five-tenths ml. of serum,
dialyzed at +4C. against acetate buffer (pH 6.0) for
twelve hours, was placed in the sidearm. On all occasions,
a control sample using 0.5 ml. of distilled water was used
to correct for the oxygen uptake of paraphenylendiamine
which occurred in the absence of ceruloplasmin.

Electrophoretic separation of sera was carried out in a
starch-supporting medium by a previously described
method (16). Special precautions were taken to remove
traces of copper by washing the starch with "Versene" 2
and by doubly distilling the water used for the buffer solu-
tion and the electrode vessels. The micro-copper proce-
dure (15) was employed for analyses of the serum frac-
tions displaced from the starch segments; 4 ml. of serum
were fractionated in each case.

CLINICAL MATERIAL

Seventeen patients with Wilson's disease were studied
and compared with 23 patients with cirrhosis and 12 nor-
mal subjects.

'Ames Company, Inc., Elkhart, Indiana.
2 The Versene used was kindly supplied by Riker

Laboratories, Inc., Los Angeles, California.
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A. G. BEARN AND H. G. KUNKEL

TABLE II

Comparison of serum copper, serum copper enzyme (ceruloplasmin) and urinary copper in normal
subjects, patients with cirrhosis of the liver and Wilson's disease *

Normals Cirrhosis Wilson's Disease
(12] [23] [17]

Serum copper 108 ± 9.8 171 ± 47 60 ± 15.4
,ug. /100 ml. [11] (20] [17]

Serum 'copper enzyme" 3.60 t 0.73 6.68 ± 2.39 0.90 ± 0.54
,.uM. oxygen uptake/ [12) | 18] |15]

ml./hr.

Urinary copper 48 t 16.3 157.4 ± 125.6 703 ± 318
| ug./24 hrs. ) [18] |16]

(]No. of cases

*,Mean values with standardcdeviations are recorded.

The patients with Wilson's disease had varying degrees
of hepatic and neurological involvement (Table I). The
predominance, in the affected group, of males and of pa-

tients of Jewish and Italian extraction, has been discussed
in a previous paper (10).
The patients with cirrhosis included 12 suffering from

nutritional LaEnnec's cirrhosis, 4 with biliary cirrhosis,
and a group of 7 young girls with severe liver disease of
uncertain etiology which has previously been described
(17).

RESULTS

Serum copper

The serum copper levels found in normal sub-
jects, in patients with Wilson's disease and in pa-

tients suffering from cirrhosis of the liver are

shown in Table II. It will be seen that the mean

copper concentration in the serum of patients with
Wilson's disease was considerably lower than that
found in normal subjects, although in one patient
the serum copper concentration was in the normal
range." The wide scatter shown for the values ob-
tained for the patients with cirrhosis may be a re-

sult of the heterogeneity of the clinical material.
The mean serum copper concentration in the three
varieties of cirrhosis studied is shown in Table III.
The patients with nutritional LaEnnec's cirrhosis
did not show a serum copper concentration greatly
in excess of normal, while those with biliary cir-
rhosis had high levels. Patients with cirrhosis of

8 An additional case has since been studied and a normal
serum copper concentration found.

the liver of unknown etiology occupied an inter-
mediate position.

Serum copper enzyme

The serum copper enzyme (ceruloplasmin) was
measured in the three groups studied and the re-
sults are illustrated in Table II. A striking de-
crease in oxidase activity was noted in all patients
with Wilson's disease, while an increase in activity
was noted in patients with cirrhosis of the liver.
Table III illustrates the results obtained when the
patients with cirrhosis of the liver are further clas-
sified. The greatest activity was again found to
occur in the patients with biliary cirrhosis. Those
with nutritional cirrhosis had an oxidase activity
only slightly greater than normal, and those pa-
tients with cirrhosis of unknown etiology again oc-
cupied an intermediate position.
A parallelism between the serum copper concen-

tration and the oxidase activity was first shown by
Holmberg and Laurell (9). Figure 1 illustrates
the parallelism in normal subjects, patients with
cirrhosis of the liver and patients with Wilson's
disease. The intercept of the regression line drawn
to fit the experimental points suggests that in se-
rum some copper is present which is not bound as
ceruloplasmin and hence is not enzymatically ac-
tive. In patients with Wilson's disease the cerulo-
plasmin activity appears to be somewhat less than
would be expected from a consideration of the se-
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ABNORMALITIES OF COPPER METABOLISM IN WILSON S DISEASE

TABLE III

Comparison of serum copper, serum copper enzyme and urinary copper in
various types of cirrhosis of the liver

*Undetermined
Laennec etiology Bilary

Serum copper 142 4 8.0 163 4t 29.1 245 4 18.9
pg./100 ml. [8) [8] [4]

Serum "copper enzyme" 5.46 4 2.14 6.22 i 1.46 9.45 1 2.78
1uM oxygen uptake/ml./hr. [6] [8] [4]

Urinary copper 86.2 4 48.4 174.7 4 62.8 269
pg./24 hrs. [9] [7] 565

[2]

[)No. of cases.
i Cirrhosis of the liver, occurring chiefly in young girls.

rum copper concentration, indicating that the non-
ceruloplasmin copper may be relatively increased.

In an attempt to evaluate the significance of the
enzyme activity measured above and to study the
distribution of copper among the various serum
proteins, analyses of copper and enzyme activity
were carried out on fractions of serum separated
electrophoretically in a starch supporting medium.
Difficulties were encountered because of the ina-
bility to prevent completely interference by traces
of contaminating copper. In each experiment more
copper was found on adding up the values obtained
for each electrophoretic segment than was present
in the original serum. Most of the contaminating
copper became attached to the albumin fraction, a
fact that was apparent in repeated experiments
with the same serum. The height of the albumin
peak was reduced under conditions where extreme

14 0
- X C1rrmhosis

12.0 - * Miary irrho=s
* Normals
o Wilsons d&sease

10.0-

8.0 -

# Xauptake/

0 40 80 120 160 200 240 280
Serum copper (,u9./100 ml.)

FIG. 1. THE RELATIONSHIP BETWEEN THE SERUM
COPPER CONCENTRATION AND SERUM COPPER ENZYME
(CERULOPLASMIN)

care was exerted to exclude contaminating copper.
To accomplish this end purified human albumin
was applied to the starch block in front of the se-
rum and this albumin picked up copper while the
albumin in the serum became less contaminated.
Figure 2 illustrates typical results obtained from
a large number of sera of the three types tested for
copper distribution. The curve obtained for pro-
tein in the same electrophoretic segments used for
the copper analyses is illustrated for the normal
serum. Two major copper peaks are visible, a
front peak (dotted) representing the copper at the
albumin, and a middle peak in the a2 globulin
region. Determination of oxidase activity in the
various fractions showed that all the activity was
associated with the a2 globulin copper peak, which
therefore represents ceruloplasmin. In some ex-
periments a blue band against the white starch
background could be seen in this region. The se-
rum from the patient with Wilson's disease showed
almost complete absence of the a2 globulin copper
peak. In the case of cirrhosis, on the other hand,
both this peak and the oxidase activity of the
whole serum, were higher than normal.
The significance of the other small peaks is

uncertain because of difficulty in defining ex-
actly the baseline. The height of the a2 globu-
lin copper peak showed very little variation
from one experiment to another on the same se-
rum in contrast to the variability of the copper
peak in the albumin fraction. In addition, recovery
experiments indicated that close to the total copper
of the serum from normal individuals and patients
with cirrhosis of the liver could be accounted for
in this peak. Whether any of the copper found in
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the albumin fraction was non-contaminating cop-
per was not clear from these experiments. In the
sera of patients with Wilson's disease, the recovery
experiments indicated that the low a2 globulin
copper peak accounted for less of the total serum
copper than in normal subjects and. patients with
cirrhosis of the liver. Studies with radioactive
copper have shown final localization of radioactivity
in the a2 globulin fraction after oral administration
in normal individuals. The latter results confirm
the localization of copper in this fraction found in
the direct determinations of copper in the electro-
phoretic fractions.

Urinary copper

Urinary excretion of copper was greatly in-
creased in all patients with Wilson's disease and
was slightly increased in most patients with cir-
rhosis of the liver. These results are illustrated in
Tables II and III. Although the highest values
were obtained from patients with Wilson's disease,
some overlap occurred with patients suffering from
biliary cirrhosis. Under standard dietary condi-
tions, day-to-day fluctuations in the urinary ex-

0.4- Cirrhosis
0.5

0.2 ..

0.1 A

*0.4- Wi1son'sDisease
Ch 023-'h

.20
CL0.11~ ~ ~ ~ I 0.Normal § l 0.6

0.4 \ 0.5

p I~~~~~~~~~~~~~0

1 5 10 15
Fraction No.

FIG. 2. CURVES SHOWING THE DISTRIBUTION OF COP-
PER IN VARIOUS SERUM FAcTIONs SEPARATED BY ZONE
ELECTROPHORESIS
The protein pattern is illustrated for the normal serum.

The ceruloplasmin peak is in fraction 10. The broken line
largely represents contaminating copper in the albumin
fractions.
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FIG. 3. THE EFFEcT OF DIETARY COPPER INTAKE ON
THE URINARY EXCRETION OF COPPER IN WILSON'S
DIsEAsE

cretion of copper in all groups studied were found
to be relatively small and to be independent of
urinary volume.

Amino acids
Urinary excretion of alpha amino nitrogen was

increased in 16 of the 17 cases of Wilson's dis-
ease. On a fixed protein diet, urinary excretion
of alpha amino nitrogen of individual patients with
Wilson's disease showed little day-to-day fluctua-
tions, and was independent of urinary volume.
Random samples of urine from 35 unaffected
siblings of patients with Wilson's disease were
examined and no significant aminoaciduria was
detected in any of the cases studied, nor was
consistent aminoaciduria found in patients with
cirrhosis of the liver. Patients in hepatic coma
were not tested.

Glycosuria
Glycosuria was found in 5 of the 17 patients with

Wilson's disease and in these patients some corre-
lation was noted between urinary glucose and uri-
nary amino acid excretion. In addition, a rise in
the amino acid excretion was often accompanied
by an increased urinary excretion of glucose. In
four of the five cases blood sugar determinations
were carried out and showed that the fasting blood
sugar was not elevated.

Spectrographic analysis 4

Spectrographic analysis of the urine was carried
out in one patient with Wilson's disease and one

4 Spectrographic analysis was carried out through the
courtesy of Dr. R 0. Roblin, Jr., American Cyanamid
Company.
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Days

FIG. 4. THE EFFECT OF VARIATIONS IN THE DIETARY
PROTEIN ON THE URINARY EXCRETION OF COPPER AND

AMINO Acms IN A PATIENT (L. A.) WITH WILSON 'S

DISEASE

normal subject to study the excretion of other
trace metals in Wilson's disease. Only the ex-

cretion of copper was found to be increased. The
levels of iron, cobalt, nickel, and zinc were within
normal limits.

Relation of urinary copper and amino acid excre-

tion to dietary intake of copper and protein

Urinary excretion of copper in normal subjects
and in patients with Wilson's disease was largely
independent of copper intake. Thus, increasing
the intake of copper from 0.5 mg. per day to 12
mg. per day did not result in a significant increase
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FIG. 5. CHANGES IN THE URINARY COPPER AND AMINO
ACID EXCRETION FOLLOWING CHANGES IN DIETARY PRO-
TEIN IN PATIENT (C. P.) WITH WILSON'S DISEASE
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FIG. 6. EFFECT OF DIETARY PROTEIN ON URINARY
EXCRETION OF COPPER AND AMINO ACIDS IN A NORMAL
SUBJECT

in the urinary excretion of copper (Figure 3).
This result was found whether copper in the diet
was increased or came from added copper sulfate.
In patients with Wilson's disease an increased
protein intake resulted in a prompt and parallel
increase in the urinary excretion of copper and
amino acids. The changes produced in two dif-
ferent patients, are illustrated in Figures 4 and 5.
In normal subjects increasing the dietary protein
caused no detectable rise in the urinary excretion
of copper. A typical response is shown in Fig-
ure 6.
The excess amino acids excreted in patients

with Wilson's disease placed on a high protein diet
were greater than occurred in normal subjects on
the same diet. Both groups were placed on a 200
Gm. protein diet and the total increased daily ex-
cretion of amino nitrogen in Wilson's disease was
approximately three times more than occurred in
normal subjects.

Effect of cortisone, "Benemid",i and mercurial
diuretics

The relationship between urinary copper and
urinary amino acids in Wilson's disease was fur-
ther demonstrated by the administration of corti-
sone. The increase in the amino acid excretion in
Wilson's disease which followed the administration
of cortisone was again promptly accompanied by
a parallel increase in the urinary excretion of cop-
per (Figure 7).
Tp-[di-n-propylsulphamyl]-benzoic acid.
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Days

FIG. 7. EFFEcT OF CORTISONE ON URINARY ExCRETION
OF COPPER AND AMINO AcIDs IN A PATIENT WITH WIL-
SON S DISEASE

Mercurial diuretics and "Benemid" administered
in full doses to two patients were not found to in-
fluence the excretion of amino acids in Wilson's
disease significantly. Mercurial diuretics had no
effect on the urinary excretion of copper. Fol-
lowing the administration of Benemid, however,
there appeared to be a slight increase in the uri-
nary excretion of copper in one patient.

Effect of chelating agents

The administration of BAL increased the uri-
nary excretion of copper in all patients to whom it
was given (Table IV). This was related to the
amount of BAL given since increasing the dose
increased the urinary excretion of copper.

TABLE IV *
The effect of various substances on urinary excretion of

copper in Wilson's disease

Mean
No. of increase

Compound Dose patients per 24 hr.

BAL 2.5 mg./Kg. 9 51

Versene 1 Gm. 1 67
(Intravenously) 2 Gm. 3 138

Versene 30 mg./Kg. 3 5
(Orally)

Cortisone 100 mg. 3 31
200 mg. 3 65

* Figures represent mean values obtained during period
of maximum effect.

"Versene" (20 per cent solution of calcium di-
sodium salt of ethylenediaminetetracetic acid in
500 ml. of normal saline) was administered intra-
venously to patients with Wilson's disease. In all
cases an increase in the urinary excretion of cop-
per was noted and the mean results are shown in
Table IV. Increasing the amount of "Versene"
administered again increased the urinary excre-
tion of copper. "Versene" administered orally
(Table IV) did not increase the urinary excretion
of copper significantly in the doses used. The
daily urinary excretion of alpha amino nitrogen
was not altered by the administration of BAL or
"Versene".
The increased urinary excretion following the

administration of BAL or intravenous "Versene"
was independent 'of the degree of hepatic or
neurological involvement.

DISCUSSION

The low serum copper concentration in 16 6 of
17 patients with Wilson's disease confirms earlier
work from this laboratory (5). Recently, Lahey,
Gubler, Cartwright, and Wintrobe (18) have re-
ported three additional patients with Wilson's dis-
ease who had a low concentration of copper in the
serum. In patients with cirrhosis of the liver, on
the other hand, the serum copper is frequently
elevated. It has been shown by van Ravesteyn
that copper is normally excreted in the bile (19).
This observation is in agreement with the present
finding that the degree of elevation of the serum
and urinary copper in patients with cirrhosis is
due at least in part to the degree of biliary obstruc-
tion associated with the cirrhotic process. Pa-
tients with classical nutritional LaEnnec's cirrhosis
without significant biliary obstruction have normal
or slightly elevated serum copper and urinary cop-
per concentrations while the higher values en-
countered in both serum and urine were those oc-
curring in patients with biliary cirrhosis.
The greater part of the circulating serum cop-

per is bound to a protein exhibiting oxidase ac-
tivity. This protein has been called ceruloplasmin
by Holmberg and Laurell (9). Ceruloplasmin
has recently been measured by Scheinberg and
Gitlin (7) using specific immunochemical tech-
niques and also spectrophotometrically. They re-

6 See footnote 3.
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ABNORMALITIES OF COPPER METABOLISM IN WILSON S DISEASE

ported eight patients with Wilson's disease in
whom the ceruloplasmin concentration was con-
siderably lower than normal and this finding is in
accord with the results of the present study.
Holmberg and Laurell (9) were the first to sug-
gest that there was a parallelism between the con-
centration of copper in the serum and the oxidase
activity. Further light on the- relation of serum
copper to various serum proteins has been derived
from the experiments using zone electrophoresis.
The major copper peak in normal serum and in
the serum from patients with cirrhosis appeared in
the a, globulin region. The latter peak was mark-
edly depressed in the sera of patients with Wilson's
disease. The electrophoretic experiments also
confirmed the specificity of the oxidase measure-
ments of whole serum as an index of its cerulo-
plasmin level. Copper bound to other proteins in
serum gave no enzymatic activity with the sub-
strates employed.
The present work does not suggest that the main

copper protein in serum (ceruloplasmin) functions
as a transport mechanism in serum in a manner
similar to the iron binding protein. This possi-
bility was also considered unlikely by Gubler,
Lahey, Cartwright, and Wintrobe (20) who have
shown that following the oral ingestion of copper
there is no change in the "indirect reacting" cop-
per. It is probable that "indirect reacting" copper
represents ceruloplasmin. The possibility of an
enzymatic function in the body must be considered,
particularly in view of the broad distribution of
copper enzymes in tissues and the activity ex-
hibited by this protein with synthetic substrates.
Whether a deficiency of ceruloplasmin represents
the primary genetically determined abnormality
in Wilson's disease remains to be determined.

Preliminary observations suggested that there
was a parallelism between the excretion of copper
and the excretion of amino acids in patients with
Wilson's disease (5). This observation was sup-
ported and amplified by the recent findings of
Matthews, Milne, and Bell (8) who showed that
ingestion of amino acids led to a prompt rise in
the urinary excretion of copper and by the pres-
ent work where increases in dietary protein gave
rise to an increased excretion of copper and amino
acids in the urine. In normal subjects, despite
an increase in the urinary alpha amino nitrogen,
there was no detectable increase in the urinary

copper excretion. In Wilson's disease as a result
of a high protein diet an increased absorption of
amino acids will occur and some of the excess
amino acids may combine directly with the high
tissue copper and an increase in the urinary excre-
tion of copper will result. In normal subjects in
whom tissue copper is not raised and in whom the
renal threshold is not lowered no significant in-
crease in the urinary excretion of copper will occur.

Although the association between urinary copper
and amino acid excretion has been demonstrated
there is no evidence that the copper and the amino
acids are excreted as copper amino acid complexes,
moreover, there are many other substances ex-
creted in the urine other than amino acids to which
copper could become bound. An attempt was made
to determine the substances in the urine to which
the copper was bound by zone electrophoresis ex-
periments following the oral administration of
radioactive copper. Several copper peaks were ob-
tained when the experiment was run at the pH of
the excreted urine but whether the copper was
bound to certain specific amino acids or peptides
was not entirely clear.

It has been suggested that in Wilson's dis-
ease there is a lowered renal threshold for amino
acids and that this abnormality accounts for the
finding of an increased excretion of amino acids
in the urine (4, 8). The present finding that,
following the. administration of a high protein
diet to patients with Wilson's disease, a greater
quantity of amino acids was excreted in the urine
than occurred in normal subjects could also be
cited to support this hypothesis. However, con-
sideration of the behaviour of individual amino
acids, which is discussed more fully in the follow-
ing paper (11), suggests that such a hypothesis
may not explain all of the experimental findings.
The increased excretion of copper following

cortisone was expected since it is known that cor-
tisone increases the urinary excretion of amino
acids (21). Mercurial diuretics and "Benemid,"
substances well known to have an action on the
renal tubules, did not alter amino acid excretion
and hence urinary copper excretion was not sig-
nificantly increased. The increased urinary ex-
cretion of copper following the administration
of BAL, or "Versene" intravenously was not as-
sociated with an increase in amino acid excretion,
probably because both BAL and "Versene" are
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themselves substances which form a chelate with
copper which is readily excreted in the urine.

"Versene" administered orally did not result
in an increase in the urinary excretion of copper
in patients with Wilson's disease. This observa-
tion is in contrast to recent findings in the treat-
ment of lead poisoning (22) where an increased
urinary excretion of lead followed the administra-
tion of "Versene" orally. The dose employed in
the treatment of lead poisoning, however, was
twice that employed in the present study.
Van Ravesteyn (19) has suggested that in nor-

mal subjects urinary copper excretion does not
reflect dietary intake of copper. This study fur-
nishes further evidence for this concept, since both
normal subjects and patients with Wilson's dis-
ease, provided they were placed on a constant pro-
tein intake, did not show a significant increase in
the urinary excretion of copper despite very large
variations in copper in the diet. However, fol-
lowing the intravenous administration of trace
amounts of radioactive copper it has been possible
to demonstrate an increased urinary excretion of
copper and a decreased fecal excretion compared
with normal subjects.
There was no clear cut relation between the

duration or severity of the disease process in pa-
tients with Wilson's disease and the degree of ab-
normality found in copper and amino acid metabo-
lism. These biochemical findings were similarly
unrelated to the degree of hepatic or neurological
involvement or the presence of Kayser-Fleischer
rings. The clinical improvement which sometimes
appeared to follow the administration of various
chelating agents was not related to the amount
of copper excreted; the latter was similar in all
types of the disease whether or not subsequent im-
provement occurred.
The finding that Wilson's disease is inherited

in an autosomal recessive fashion (10) suggested
the possibility that asymptomatic siblings might
possess a biochemical abnormality. Uzman and
Hood (23) have reported a family with Wilson's
disease in whom examination of four asymptomatic
siblings revealed an aminoaciduria. However,
this family, in view of the large number of bio-
chemically affected individuals described, is geneti-
cally atypical. It is also noteworthy that examina-
tion of 35 siblings in the present study failed to
reveal an aminoaciduria in any individual. How-

ever, an increased amino acid excretion was not
found in one patient with undoubted Wilson's dis-
ease (11) and this observation suggests that an
aminoaciduria may not be an early manifestation
of the disease, and examination of asymptomatic
siblings for abnormalities in copper metabolism
should be preferentially undertaken. Investigation
of the copper metabolism in some of the asympto-
matic siblings has thus far failed to reveal any
abnormalities.
As a hypothesis it is suggested that in Wilson's

disease as a result of an increased absorption of
copper this metal accumulates in the tissues and
appears in the urine. If the deposition of copper
in the liver becomes excessive cirrhosis may de-
velop and, in an analogous fashion, accumulation of
copper in the kidney may give rise to renal tubular
damage. If this occurs an increased urinary ex-
cretion of amino acids, peptides and occasionally
glucose will result.

SUMMARY

1. Copper and amino acid levels in serum and
urine were determined in 17 patients with Wilson's
disease and compared with a control group of pa-
tients with cirrhosis of the liver as well as with
normal individuals.

2. Reduced copper levels in the serum and ele-
vated urinary concentrations of copper were char-
acteristic findings of the group with Wilson's
disease. The presence of both abnormalities
proved more characteristic of the disease than
either one alone.

3. Markedly reduced levels of the serum copper
protein, ceruloplasmin, were found in all cases of
Wilson's disease, and represented the most specific
biochemical abnormality found. The specificity of
the enzymatic method for the determination of
ceruloplasmin was demonstrated by procedures of
zone electrophoresis.

4. A parallelism was demonstrated between the
urinary copper and amino acid excretion in Wil-
son's disease. Increasing the amino acid excre-
tion by increasing the protein intake, or by the
administration of cortisone resulted in a parallel
increase in the urinary excretion of copper.
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