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Tissue copper, zinc, and manganese levels
in Wilson’s disease: Studies with the use of neutron

activation analysis*

MEI LING LEU, G. THOMAS STRICKLAND, COMMANDER
(MC) USN,** and S. J. YEH*** Taipet, Taiwan, Republic of China

Copper, zinc, and manganese were determined by neutron activation analysis on
tissues obtained at autopsy from 3 patients with Wilson's disease and 2 patients
who died from other causes. Tissues from the latter 2 served as controls. The <
mean copper concentration in the brain and hiver of the 3 patients with Wilson s
disease was 9-30 times greater than that of the 2 controls. The copper
concentration in the other tissues studied from 2 patients who had received
penicillamine therapy for 12-14 months was only slightly higher than the valves
from the controls. The patient who did not receive peniciliamine therapy had
marked elevations in copper concentration in all tissues studied. Zinc and
manganese tissue concentrations did not differ appreciably between patients and
controls. These data suggest that penicillamine therapy results in a reduction of
the tissue copper as follows (1) most rapidly from the kidney, (2} more slowly
from the liver and other selected tissues in this study, and (3) slowest from

the central nervous system. The very high concentration of splenic and muscle
copper in the untreated patient suggests that she was supersaturated with copper

lazebrook! confirmed findings reported in the German literature of high
copper eoncentration in liver and brain tissues of a patient dying of Wilson's
discase. Since that time there have heen several veports of copper concentra-
tion in tissues taken at postmortem examination from patients who have died
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*Immunodiffusion with Hvland immunoplates

TWD = Wilson's discase, C = control.

SRGOT = serum slutamie oxalaestic transinunase  SGPT = sermm slut i pyiavie toans
aminase; BSP = sulfobromophthalein

of Wilson's disease,** including a study of 2 Chinese patients from this lab-
oratory.® These studies have shown that patients with Wilson's disease have
inercased copper levels in their tissues, most notably in the hver, hrain, kid-
ney, and eornea -
This study reports tissue copper. zine. and mangeanese levels determined
by neutron activation analvsis in 14 sclected tissues from 3 Chinese patiwents

dving of Wilson's disease. These findings are compared with tissues from 2

control subjects dying from other causes. There are apparently no previous
reports of tissue copper concentrations determined by neutron activation analy-
sis from necropsy material, although Fell, Smith, and Howie® reported results
from liver and spleen biopsies in onc patient, Smallwood and associates® re-
ported vesults from liver biopsy in 4 patients, and ITunt and his co-workers’
reported results from liver biopsies performed in 3 patients We are not aware
of any neeropsy veports of tissue copper concentrations from patients who have
reeeived a eourse of therapy with penicillamine of at least one year’s duration

Case reporis

Case 1. 8. T. L., a 17-yenr-old Chinese gnl, had spontuancous cechymosis and thiombo
eytopenin noted at the :1.,9;0 of 12, Later she developed abdominal pain, splenomegaly,
prothrombin time prolongation, and ascites. Tremor of the hands began at the age of 16
and the diagnosis of Wilson’s disease was cstablished. Two of her 8 sihlings have Wilson's
discase.

She had abdominal distension, Kayser-Fleischer (IX-F) rings, and a ught plewal
offusion. The liver was not palpable and the span was decrensed The spleen was palpable
13 em. below the left costal margin. Neurologie examination demounstinted tiemor of the
hands only. Areas of hyperpigmentation of the skin over both lower legs were noted.1o She
had pancytopenin; some bioclhemical findings are shown m Table L Rhe wax started on
penictllamine therapy (1.0 Gm. daily) for 12 months until ier death, She heenme weaker with
mereasing neurologie disability and was bedridden the last 10 months of hie She died follow
ing the sudden onset of eirculatory collapse 13% mounths atter her untinl admission to
Naval Medienl Rescareh Unit-2 (NAMRU-2)

At postmortem  examination, severe postueciotic cirthosis of  the Iiver, congestive
*plenomeguly, organiszed thromhosis of the portal vein, and encephalomalien ot the pulamen
and globus pallidum with atrophy of the hasal ganglin were seen The mmedite esuse of
death was hemorrhage into the <plenie Wilum from the tnptre of splenic verm vinees
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Table 11. Copper, 2ime, and nmanganese coneentration in micerograms per gram

Copper
Tissue 1 2 | o £ ] 5

Cerebral cortex 301 183 277 11.0 2146
Basal ganghon 201 177 207

Thalamus 225 259

Cerchellum 250 295 264 2l a2l
Spinal eord o G0 126 i 3.8
Laver 179 161 Tol (O 25.5
Kidney 10 17 REIY 15
Spleen 8 12 323 47 a3
Jamg S 11 26 35

Stomach 6 35 i 5.2 T
Skeletal musele 146 6 102 2.8 o4
Panereas 12 ‘ 3.1 T3
Draplitagm 10 6l

Adienal gland G4 G2

*Case 1 was on penicillamine treatinent for 12 months; Case 2, for 14 months; Case 3 did not

Case 2. Dming o fanuly survey, S. C. 1, an asymptomatic 19-year-old Chinese boy, was
found to have Wilson’s disease. Two of his 9 siblings have Wilson’s disease, while 2 others
died, probably fiom the same condition.

Physical examination demonstrated a healthy-appearing Chinese boy with K.F rings.
Liver span was reduced and the spleen was palpable 3 cm. below the left costal border.
Neurologic examination was normal. Some of his biochemical data are shown in Table 1.
Penicillamine therapy (1.0 Gm. daily) was started and he 1emained asymptomatic. He
developed pneumococcal pneumonia and died 14 months after the institution of penicillamine
treatment.

Postmortem examination demonstrated postnecrotic cirrhiosis of the liver, congestive
splenomegaly, normal brain and spinal cord, and marked congested hepatization of both lungs.

Case 3. C. C. F.,, a 14-year-0ld Chinese gir!, was admitted to NAMRU-2 in a terminal
condition 5 days prior to her death. She had “hepatitis” at the age of 5, consisting of
jaundice, epigastric pain, and anorexin which lasted for 2 to 3 weeks. At the age of 7, she
was noted to have low plasma ceruloplasmin and high urmary copper excretion. One year later,
K-F rings, splenomegaly, and labile emotions were noted. She dropped out of school at age
11 following the onset of unstable gmit, sluried specch, and rigidity of the left arm. Three
weeks prior to admission she became bedridden, mentally confused, had nasal bleeding, inter-
mittent vomiting, and fever. There was no lustory of recent falls or head trauma. Three older
sihlings had died of Wilson’s discase.

On admission to NAMRU-2, she was noted to be chronically 1ll, febrile, malnourished,
dehydrated, and comatose. K-F rings were piesent. Liver span was 6 cm. and the splenic tip
was palpable. Hyperpigmentation of the skin over the shins was present. She reacted to pain-
ful stimuli, moved aimlessly, had a sucking refiex, and hnisk deep tendou reflexes. Some of her
brochemical values are shown in Table I. Hyperpyrexia to 107° F. persisted until death.
Hematemesis and melena occurred and, despite supportive therapy, her coma deepened and
she died 5 days after admission,

Postmortem examination demonstrated severe postneciotic cirthosis of the liver, mild
congestive splenomegaly, and a perforated duodenal ulcer. The cause of death was a Tight
subdural hematoma with massive encephalomalacia and collapse of the right frontal lobe,
hemorrhage and softening in the midbrain, and edema of the left cerebral hemisphere with

dilation of the lateral ventricle.
Case 4 (control) C C. F, a 23 vear old Chinese mun with a 2 year history of ulcerative
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S1 131 122 1650 72 R 30 26 24
010 119 202 278 06 07 08
82 247 ns a3 s 2 a4
T2 161 03 (1
109 80 0.2 +.3

receive penicillanune treatment.

colitis, died of Iilateral pucumonia. Postmortem examination demonstiated chionie ulcerative
colitis involving the entne colon and ileum, bilateinl pneumonia, and moderate fatty

metamorphosis of the hver.

’ . Case 5 (control). C. P. J., an 18-year-0ld Chinese gnl, dicd of high-output cardiae failure
secondary to & pulmonary aitenovenous (A-V) fistula. Postmortem examination demonstrated
a large A-V fistula and ancurysm in the right lower lobe.

Methods

Neciopsy specimens were collected soon after death with precautions to prevent con-
tamination, The details of the techniquelr and methods for neutron activation analysis
determinations for copper and zinet? and manganese!3 concentrations are reported elsewhere.
Duplicate samples of each tissue were dried, weighed, and placed together with standards.
They were rendered radioactive by neutron bombardment in a nuclear reactor. The copper,
zine, and manganese were then separated chemically and their radioactivity was identified
with a gamma ray seintillation counter. The concentration of each element was then calculated
from the relative amounts of radioactivity in the samples and standard. Duplicate samples
agreed within 10 per eent; the average is reported i Table IT.

Results

The mean copper concentration i the central nervous system (CNS) tis-
sues of the 3 patients with Wilson’s discase was 9 to 18 times higher than that
in the 2 controls (Table 1I). Hepatic copper concentration was markedly
elevated, being as high as 792 ng per gram of dry tissue in the patient who
did not receive penicillamine therapy (Case 3). The mean splenie copper
concentration was doubled in the treated patients (Cases 1 and 2) as compared
with that of the controls (Cases 4 and 5), but for Case 38 the concentration
was elevated by a factor of 65 (Table 1I). The copper concentration in renal
tissue was not increased in Cases 1 and 2 who had received penicillamine, but
was not determined in Case 3 who did not receive penicillamine therapy. Other
tissues from these patients had slight elevations of eopper, hut (fase 3 showed




442 Lou, Stiekland, and Yeh V1 Gl Med
marked increases, as for example, 102 pg per gram of dry tissue from skeletal
muscle.

The CNS tissue levels of zine were inereased in the patients suffering from
Wilson's discase when compared with tissue zine levels in the controls (Table
II). The untreated patient’s (Case 3) hepatiec and splenic zine levels were
greater than those of the controls. Other tissues did not show any inerease
in zine eontent. Differcnees in manganese levels hetween patients and eontrols
were not present (Table IT).

Discussion

Casc 5 had tissue copper,*+ 8% 1416 zine 3 14 16 and manganese™ 1 coneentra-
tions similar to values reported for normal controls in previous studies. Case
4 had lower tissue copper levels than reported clsewhere, except that copper
concentration in the kidneys was about twice the values usually reported in
normal subjects (Tipton and associates'® reported similar values for renal copper
concentration in normal subjects from the Far East). The somewhat lower tissue
copper concentrations in Case 4 might be secondary to the chronic diarrhea
and malnutrition associated with this patient’'s disease, c¢hronie uleerative
colitis.

Tissue manganese levels were normal in our patients with Wilson's disease.
The slight elevation of CNS tissue zine concentration noted in the patients
with Wilson’s disease may not be significant. Harrison, Netsky, and Brown'!
have shown a wide variation in zinc concentration in adjacent samples taken
from the brain; their results were similar to the values found in our Wilson’s
diseasc patients. The 11 patients dying from Wilson's disease reported by Butt
and his colleagues® did not have significant differences in their tissue zinc and
manganese concentrations from the controls.

It is of interest to compare the tissue copper levels in the 2 patients (Cases
1 and 2) who were treated with penicillamine (1.0 Gm. daily for 12 and 14
months, respectively) with those of Case 3 who received no penicillamine
therapy. The copper levels in the CNS were all markedly elevated and did
not differ among the 3 patients. The copper levels in the liver and other tissues
studied were much higher in the untreated patient than in the treated patients.
The coneentration of copper in the spleen was strikingly high in the untreated
patient. It is of interest to point out in this connection that the spleen has never
been considered as a site for copper deposition.’” The level of muscle copper in
the untreated patient was almost 10 times higher than the mean value for
muscle copper in the 2 treated patients.

Another interesting finding was that Cases 1 and 2 did not have increased
kidney copper concentrations as has been reported by others.*®-** This sug-
gested that penicillamine therapy rapidly decreased copper concentration in
these organs and tended to agree with the rapid improvement in renal tubular
function noted with penicillamine therapy.® *°

As suggested by Osborne, Szaz, and Walshe,*” and Osborne and Walshe,?*
the liver is saturated with copper deposits which overflow to the CNS and
other tissues. In some untreated patients this could lead to marked elevations
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: m copper levels meoall tissues, however, copper coucentrations in tissues other
than the liver, CNS, and kidney to the degree noted m Case 3 must be unusual ¥
With penieillamme therapy, as in Cases 1 and 2, it appears from the tissues
studied that copper is first removed from the kidneys, seeond from the Iiver and
peripheral ussues, and last from the CNS. This does not agree with the clinical
finding that the neurologic symptoms usually resolve first with peniettlanine
' therapy.** Our impression is that the renal leston has a major influence on the
neurologie symptoms in Wilson's disease.’ In faet, the patient m Case 1, who
had progressive neurologic symptoms m spite of 14 months of penicillamine
therapy. had severe rvenal tubular acidosis Decopperme the kidneys with
pentedlamime may not be suffieient, as sllustrated m her case, to reverse this
abnormality. the use of <appleniental potassium and biearhonate 15 sugaested

Wo me mateful to Captaun T IT Watten, MC. TSN, fo1 lus eriticism ol the manuseript
unl to Lt Conunander W. M. Beckuer, MSC, USN, Dis 1.8 C Chen, and C. C. Wung, R. Q
Blackwell, LU D, Terry Tane, Y-Y, Wu, RN, and Mas Petty Giay, all ot NAMRT-2, Taipel,
and Ping Yuao Clen of National Tsing Hua University, [Twinchu, for their assistance i tlus

study. .
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