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Tissue copper, zinc, and manganese levels 

in Wilson's disease: Studies with the use of neutron 

activation analvsis" 

M E 1  L I S G  LEU, ti. THOMAS S T B I C K L A S D ,  C'OAIJl.\,NDEli 
(arc) USN,** and S. J. TEH'"" Taipei, Taircrm, Ilepitblic of Chinci 

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 liver 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 values 
from the controls. The patient who did not receive penicillamine 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 
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T 1s.w e 

Ctue 3. Uuiing :L fnnirly survey, Y. C. 1 , :III :i~yiiiptou~:itic 19-ye:i1-old Cliinesc boy, \vas 
found to  1i:tve Wilson’s disease. Two of his 9 sililiiigs 1i:ive Wilson’s diseasc, nhile 2 others 
( l i d ,  prolmlJly f iom the same coiidition. 

Physical esamination dcmonstrated a Iienltliy-nppcnring Cliiriese boy with I C - F  rings. 
Lircr spnii \\as reduced aiid tlic splcen \vas pnlpnlde 3 cm. below the Ieft costal border. 
Neurologic esnminntion was normal. Some of his bioclicruicnl data are shown in  Table 1. 
Penicillamiiic therapy (1.0 Gm. daily) \vas started and Iic icmained asymptomatic. Hc 
derelopcd piicurnococcal pneumonia and died 14 months nftcr tlie institution of penicillnminc 
t rentiiiciit. 

Postmortem esnmination denioiistratcd postnecrotic clrrliosis of thc liver, coiigcstive 
splcnonicg:ily, normal brain and spinal cord, mid marked congested licpntizntion of both lungs. 

Cnse 3. C. C. F., a 14-year-old Cliincsc girl, \ \as ndniittcd to  NAhlRU-2 in a terminal 
coiidition 5 days prior to her dcnth. She had “hepatitis” nt the age of 5, consisting of 
jnundicc, epigastric pain, and :inoresi:t which lasted for 2 to 3 weeks. A t  the agc of 7, shc 
\vas notcd to hare low plasmn eeruloplnsmin mid liigli uriiinry coppcr escretion. One gear later, 
1C.F rings, splenoniegal3; and labile cinotions tverc noted. She dropped out of scliool a t  age 
11 following the onset of unstnlilc p i t ,  sluricd speccli, niid rigidity of the left  arm. Thrce 
wceks prior to admssion she becnmc bedridden, nicntnlly confused, liad nnsnl bleeding, inter- 
mittent vomiting, and fever. There wns no li~story of recent fnlls or liend trauma. Three older 
rililings liad died of Wilson’s discnse. 

On admission to  NAMRU.2, d ie  was noted to  be chronically 111, febrile, mnlnourislied, 
dehydrated, and comatose. K-F rings were piesent. Livcr span tins G ciii. niid tlie splenic t i p  
was palpable. Hypcrpignieiitatiou of the  skin o w r  tlic bl i i i is  \vns prramt.  She renctcd to  pain- 
ful stimuli, nioved niiiilcdy, 1i:itl n sucking reflex, :iiid In isk tlrep tciitloii wflesra. Soine of her 
biochemical valuea a re  shown i n  Table I. Hyperpyrexia to IOi” F. persisted until  dceth. 
Hemntcniesis and mclena occurred nnd, despite supportive tliernpy, licr eonia dccpciied nnd 
she died 5 days a f te r  admission. 

Postmortem esaminntion dcmonstrated severe postneci otic ciriliosis of tlie liver, mild 
congestive splenomegaly, and n perforated duodenal ulcer. The enuse of dcnth was a riglit 
subdural liematoma with ninssive ciicep1inlomal:icin and collapse of the riglit frontal lobe. 
hemorrhage and softening in tlic niitlbrnin, and edenin of the left  cerebral liemisphere with 
dilation of the lnternl \-cntriclc. 

Case 4 (control I C C. F , n X 1  yr:ir old Chincsc m i n  with n 0 ycnr Iiistory of ulccmtive 
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colitis, dicd of- bil:rtcrnI pucunioiii:i. Postinoi tciii u.winiii:ition dcnioiisti:itcd cliionic ulcci ative 
colitis ~rivolving the cntii c colon : ~ i i d  ileum, bil:itvi:il pneumonia, and moderate f a t ty  
nictnmoiphosis of tlic liver. 

Case 5 (control). C. P. J., a n  1s-year-old Cliinesc? gill, dicd of l~ ig l i -o~ tpu t  cardiac failure 
secondary to a pulmonary ai  tei iovenous ( A-V) fistula. Postinorturn csaniinntion demonstrated 
:I large A-V fistula nntl :incnrysin in the right lo\\el l o l c  

Methods 
XCCI o p y  spec~mens ii CIC collected soon af te r  death I\ itli precautions t o  prerent con- 

tamination. Tho details of the tecliniquel1 and methods for neutron actiration analysis 
determinations for coppcr 2nd zinc12 and m m i g a n c s e ~ ~  concentrations are reported elsewhere. 
Duplicate samples of each tissue were dried, weigl~cd, 2nd placed together 11 it11 standards. 
They \rere rendered radionctir e l ~ y  ueutron bonibnrdment in a nuclear reactor. The copper, 
zinc, niid mnnganesc n ere tlicii separated chemically and their radioactivity vas identified 
nitli n gnmrua ray scintillation countcr. Tlic conccntration of each element was then calculntcd 
from the relative amounts of radioactivity in  the samples and standard. Duplicate samples 
agreed ~ v i t l i i n  IO pu1 ccut; the arcingc is reported in Tnlde 11. 

Res u It s 

Tile mean copper concentration 111 tlic central nervous system ( C S S )  tis- 
siies of the 3 patients iritli '\'\%on's discnse was I) to 1s times higher than that 
iii the 2 controls (Table 11). Hepatic copper eoncentration ivas niarkedly 
elcvated, being as high as 792 p g  per gram of dry tissue in the patient wlio 
did not receive penicillamine tlierapy (Case 3 ) .  The mean splenic copper 
coiicentration was doubled in tlic treated patients (Cases 1 and 3 )  as conipclrcd 
with that of the controls (Cases 4 and 5) ,  but for Case 3 the concentration 
was elevated by n fiietor of (35 (Table 11). The coppcr concentration in rcnnl 
tissue was iiot increased in Cases 1 and 2 who had received penicillamine, but 
was not deterniined iii Case 3 1~110 did iiot receive penicillamine therapy. Other 
tissues from tlicse patients had slight elevations of copper, Init Vase 3 sliowed a 



murlxd incrcascs. u s  for cxiinplc, 102 p x  pc'r ? w i n  of (1ry tiwir f ivi i i  d;clct;il 
muscle. 

The CNS tissue lcvcls of zinc w r c  incrcnsed in tlic patictiits suffering from 
Wilson's disease when compared I\ itli tissue zinc Icvcls in tlic controls (Tablc 
11). Thc untrcatcd patient's (Casc 3)  Iicpn tic aild splcnic ziiic lc\.cls IYCR 

grcatcr than tliosc of tlic controls. Otliw tissrics did not slioiv any incrcvsc 
in zinc contcnt. Diffcrcnccs iii i11fi11~i~ll~sc I m ~ l s  1)c t~ rcc i l  paticiits iiii(1 con i  1.01s 
werc not prcscnt (Tablt! 11). 

Discussion 

Casc 5 had tissue c o p p ~ r , ~ - ~ ,  G-9, ll-lG zi11~,~1 l 1 t  a d  inanganeseq* 16 conccntm- 
tions similar to values rcportccl for  normal controls in prcvioiis studies. Cast 
4 had lower tissue coppcr lewis than rcportcd clscwhere, escept tliat colipci' 
conccntration in the kidneys n-as abont tn-ice tlic valncs usually reported i i i  

normal subjects (Tipton and associateslG reported similar values for rcnal copper 
conccntration in normal subjects from the F a r  East) .  The somewhat l o m r  tissue 
copper concentratioiis in Case 4 might be secondary to the chronic diarrhea 
and malnutrition nssociatcrl with i l i i s  paticnt'q tlisc.asr. vlii.onic iilcprativc 
colitis. 

Tissue manganese leyels were normal in our patients with lJ7ilson's disease. 
The slight elevation of CNS tissue zinc concentration noted in the patients 
with Wilson's disease may not be significant. Harrison, Ketslrp, and Brown" 
have shown a wide variation in zinc concentration in adjacent samples taken 
from the brain ; their results were similar to the d u e s  found in our Tilson's 
disease patients. The 11 patients dying from Xilson's disease reported by Butt  
and his colleagues3 did not hare 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 ivwc treated with penicillamine (1.0 Gm. daily for 12 and 14 
months, respcctivcly) with those of Case 3 who received no penicillamine 
therapy. The copper levels in the CNS v x ~ c  all marlredly elevated and did 
not differ among tlic 3 patients. Tlic copper levcls in the liver and otlier tissues 
studied were much higher in the untreatcd paticlit than in the treated paticnts. 
The concentration of copper in the spleen was strilriiigly high in the untreated 
patient. It is of interest to point out in this connection that the splccn has iievrr 
been considered as a site for copper cleposition.17 The level of muscle copper in 
the untreated patient mas almost 10 times higher than the mean d u e  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.?, lG-18 This sup- 
gested that penicillamine therapy rapidly decreased copper concentration in 
these organs and tended to agree with the rapid iinprorement in renal tubular 
function noted with penicillamine therapy.lS* 'O 

As suggested by Osborne, Szaz, and TYalshe," and Osborne and \Valshe,al 
the liver is saturated with copper deposits which overflow to the CNS and 
other tissues. I n  some untreated pnticnts this could lcaci to marked elevations 
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