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Int oxicacion por cobrc en ovi nos 

un �~�i�i�O�.� En esta etapa el cobre se acumula pri­
manamente en el h igado y rilion, provocando 
cambios histopatologicos e histoqu imicos en 
estos organos (Ishmaei y col., 1971; Gopinalh 
y Howell , 1975). 

realice el l1luestreo (Kumaratilake. ! 984). 
Bremmen y coL (1976) y Gooncralne y Howell 
( 1980) observaron hipercuprcmia s610 1-::; d ias 
previos a la hemolisis. Durante la crisis hcmoli­
tica el aU1l1ento de cobre plas1l13tico precede 
al de leucocit os y eritrocitos (Mc Cosker, 1968). 
El cobre se moviliza desde el higado al plasma 
y luego a los eritrocitos. originando hemolisis 
(KumaratiJake, 1984). No esta c1aro el meca­
nismo involucrado en la captacion de cobre 
por parte de los globulos rojos y su posterior 
Iisis. Se ha sugerido que se requieren niveles 
elevados de cobre sanguineo durante 24-48 
horas para causar he1l1olisis (Todd y Thomp­
son, 1964). 

.La aparicion stibita de hemolisis marca el 
comlenzo �d�~� .la fase c1inica, denominada gene­
ralmen te cnsls hemol itica. Esta se caracteriza 
�p�~�r� apatia, depresi6n general, inapetencia, 
dlsnea, polidipsia, membranas mucosas de colo­
racion cafe, presencia de fecas de consistencia 
bland a y orina cafe rOjiza, incluso cafe-negruz­
ca. En los estados posteriores, las mucosas se 
observan amarillas (Ishmael y col., 1971; 
Gopinath y Howell, 1975; Arora y col., 1977). 
�D�u�r�~�n�t�e� la crisis hemolitica existe hemoglobi­
nemla, metahemoglobinemia, hemoglobinuria 
e ictericia (Ishmael y co/., 1972). Los animales 
pueden morir' alas pocas horas, 0 entre el 
segundo y cuarto dia posterior a la aparicion 
de la hem6lisis (Todd, 1969; Arora y col., 
1977). Algunos ovinos sobreviven y pasan a la 
fase post-hemolitica; posteriormente desarro­
lIan nuevos episodios hemoliticos y mueren 
(Ishmael y col., 1972; Gopinath y Howell, 
1975; Arora y co/., 1977). En los ovinos que 
mueren durante 0 po co tiempo despues de la 
crisis hemolitica hay dano hepatico y renal 
severo (Ishmael y col., 1972; Gopinath y 
col., 1974). 

Durante la fase post-hemolitica las mem­
branas mucosas se observan paHdas, posterior­
mente su color y el de la orina vuelven a la nor­
malidad; recupenindose tambien el apetito. 
Con el desarrollo de crisis hemoliticas subse­
cuentes, los ovinos enferman en forma aguda 
presentando sign os clinicos similares a los ob­
servados durante la primera fase hemolitica 
(Gopinath y Howell, 1975). 

PATOlOGIA CLlNICA 
Existen discrepancias respecto al momento 

en que aumenta cl cobre sanguineo durante el 
periodo pre-hemolftico. Esto se debe a que el 
exceso de cobre es rapidamente removido de la 
sangre. �~�N�e�e�t�h�l�i�n�g� y col., 1968), par 10 que su 
detecclOn depende de la frecuencia con que se 

En la fase hemolitica se observa de pie cion 
de glutation reducido, formacion de metahemo­
globina y presencia de cuerpos de Heinz (Todd 
y Thompson, 1963; Ishmael y col., 1972). Soli 
y Nafstad (1976) sugieren que en ovinos into­
xicados cronicamente la lisis de los eritrocitos 
se deberia a la acci6n mecanica de los cuerpos 
de Heinz adheridos a la superficie interna de la 
membrana, 0 a la produccion de dano oxidativo 
directo. Otros autores han realizado estudios 
in vitro que han pemlitido demostrar que el 
efecto primario del cobre es la lisis del eritroci­
to provocada por peroxidacion Iipidica de la 
membrana (Hochstein y col., 1980; Pfafferott 
y col., 1982). 

En las distintas etapas de la intoxicacion 
cronica por cobre en ovinos, el hematocrito, 
hemoglobina total y numero de eritrocitos 
siguen la misma tendencia. A partir de los 7-10 
dias previos a la hemolisis ocurre un marcado 
incremento de estos parametros, causado por el 
aumento del numero de gl6bulos rojos y dis­
minuci6n en el volumen sanguineo, debido a 
deshidratacion (Todd y Thompson, 1963; 
Ishmae1 y col., 1972). 

Durante la hemolisis se produce rapida 
reduccion en el hematocrito, hemoglobina 
total y numero de globulos rojos, indicando 
que el 50-750k> de estos han sido lisados (Todd 
y Thompson, 1963; lshmael y col.. 1972). En 
animalcs que se recuperan de la crisis hemolf­
tica estos parametros aumentan gradualmente; 
pero luego disminuyen, al desarrollarse nuevas 
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errslS. En frot is s:lI1gul'neos ob lenidos duran le 
o inmeJ iJ tamen te Jespucs de un episodio 
hemolitico. se ha observado fra~ l11 e nt a~ i6n de 
globulos rojos. anisoc il os is. pOiqutloc it osis. po­
licmmasia. cuerpos de Howell j oliy y ocas l o~al­
mente normoblas tos. Los cuerpos de Hein l se 
de tectan en has ta un 150k> de 10 eritroci tos. 
La recuperacion del episod io hemol ttico cst:! 
asociada cen reticu loc itosis (f sh mael y col. , 
1972). 

lshmae l y co!. (1972) informan que duran­
te el periodo pre-hemolitico ex isten leves tluc­
tuaciones en los valores leucoc itarios ; pem du­
ra nte la hemolisis se ha dercctado un incremen­
to de 2-3 veces, junto a un aumen to en el 
porcentaje de ncutr6filos. Esto ultimo puede 
deberse a un estimulo proveniente de las ce lulas 
hepaticas daiiadas. 

Experimentalmentc se ha observado que al 
aumentar los niveles de cobre aumenta la activi­
dad de enzimas sc ricas, tales como dehidrogena­
sa lactica, " transaminasa glutamico oxalacetica" 
y enzimas hepaticas especificas, como arginasa, 
sorbitol dehidrogenasa y glutama to dehidroge. 
nasa . Esto se ha observado varias semanas 
previas a la hemolisis . Inmediatamente an les 
y/o durante ell a, ademas del aumenlo de acti­
vidad de las enzimas ya mencionadas, ocurre 
aumento de los niveles de transaminasa gluta­
mica piruvica (Todd y Thompson . 1963; Ish­
mael y co!., 1972; Gopinath y Howell, 1975). 
Se ha informado que en aquellos animales que 
sobreviven a una crisis hemolitica, la actividad 
de las enzimas baja despues de h hem61isis y 
aumenta nuevamente an tes 0 durante la he mo­
lisis subsecucn te (Ishmae l y coL, 1972, Gopi­
nath y HowclL 1975). 

HALLAZGOS ANATOMOPATOLOGICOS 
o se han observado lesioncs macroscopicas 

en ovinos sacrificados durante el periodo pre­
hemolitico; sin embargo, histologicamente esta 
fase se caractcriza por tumefacc ion turbia y 

necrosis de algunos hepatocitos, hipertrofia e 
hiperplasia de las celulas de Kupfer. cuya inten­
sidad dependc de la cantidad de cobre entrega­
da en la racion (lshmael y co!., 1971). 
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En la L'fisis hClIloit ticJ se descn bc :llIlllento 
Jc tam~lIi o de l hi~J do, cl clI:!1 presenta l' unsi~­
tencia friable y col or que va n'J Je sde Jl1 lar" lo 
anaranlaJo a ca fe al11arillcnto. Los rif10nes se 
obsc rv:ln aumentados de tamufio. de co lor rojo 
oscuro 0 cafe rojizo (AdJlllson y \';Jlk s. I 96CJ: 
Ishmael y col. , 197 1: Gopinath y col. , 1974: 
Gopinath y Howell, i975: Soli y Nafs taJ . 
j 976: Arora y coL, 197 1: Gouncratne y Ilowel l. 
ICJS3). El bazo se encucntra aumentado de ta­
mane y su consistencia cs friable (I shIll acl )' 
col .. 197 1:Arora ycol .. 1977). 

Los principales cambios hisropatologicos 
observados durante la fa se hemolitica en cl 
higa do son areas focaJes de necrosis de las cc­
lulas hepaticas y Jcumulacion de pigmento 
biliar en los canaliculos biliarcs (Ishmael y co!.. 
1971 ; Gopinath y Howell . 1975). En el riiion 
se ha informado aumento de la eosinofilia, 
degeneracion , vacuolizacion. necrosis y desca· 
maci6n del epitelio tubular ; sobre todo a nivel 
de los tubulos con torneados proxilllales. Las 
cclulas epiteliales contienen granulos eosinofi­
licos refractiJes de tamario variable , los que se 
tifien positivamente para cobre y fierro ; algunos 
tubulos renales se observan marcadalllente 
dilatados y contienen cilindros hialinos (Gopi­
nath y co!., 1974; Gopinath y Howell, 1975 ; 
Soli y Nafstad , 1976; Gooneratne y Howell, 
1983). La degeneracion y necrosis de las celulas 
de los tubulos renales se deberian a la combi· 
nacion de hemaglobinelllia e hipercupremia 
(Gopinath y col., 1974). En el bazo existe ne­
crosis intrafolicular y se observan eritrocitos 
fragmentados y helllosiderina dentro de las 
cc lulas fagociticas de la pulpa raja y areas 
perifoliculares (Soli y Nafstad , 1976). A nivel 
de cerebro y medula espinal ocurre espongiosis 
(Ishmael y co!., 1971 ; Morgan, 1973; Howell 
y co!., 1974 ; Gopinath y Howell , 1975). 

Durante la fase post-hemolftica se observa 
coloracion pilida del higado y ausencia de 
lesiones m3croscopicas. Los rinones pueden 
aparecer normales 0 tumefactos, de color cafe 
oscu ro 0 negros (Gopinath y Howell , 1975 ; 
Gooneratnc y Howell , 1983). 

En ovinos muertos durante la fase post· 



hcmolitica se encucntran granJes cantidadcs Lie: 
pigmento biliar en las canalicu los. :JUI1lCIllO Jc 
la actividad t"ibrobIas tica en las triaJas port 31e 
y prolife racion de dUCIOS biliares t/shm:Jcl \. 
co l.. 1971: Gopina th y Howell. 1975). A ni\'~1 
re'nal sc de tecta JL!'11cnto Jel !cj ido fibrosu 
inters tieial. adem:is de las lesioncs obsc rv:JUJ ' 

Liu rante la fase he molilica (Gopinath )' col.. 
1974; Gopina th y Howell , 1975; Goonera lne 
y Bowel!. J 983). La funcion renal mejora con 
o:l tiempo, a pesa r de que cU3n do ccsa la hemo· 
lis is aun ex isten ev idencias histologicas de dano 
renal. 10 cual indica que los nefrones sanos 0 

lige ramente dafiados son capaees de suplir 
funcionalmen te a aqueJlos irreve rsiblcmentc 
afec tados (Gooneratne y Howcll , 1983). 

En corte s de higado de ovinos intoxicados 
cn form a cronica tambicn se ha informado pre­
senci3 dc granulos intrac it oplasmaticos tenidos 
positivamente para cobre en los hepatocitos, 
ce lulas dc Kupfer, macrOfagos de las triadas 
port ales y cc lulas epitclialcs de tubulos rcnales. 
Mcdiantc el cmpleo dc tecnicas histoquimicas 
pa ra cobre, sc ha demostrado que estos granulos 
intrac itoplasmaticos son li sosomas (I shmae l y 
col.. 197 1: Gopinath y col.. 1974). 

Ex istcn pocos trabajos sabre camhios ul­
tracstructuralcs y med icio llcs morfo l1l etr icas cn 
h igados de ov inos COil intox icacion cronica por 
cobre . Gooncratnc y co!., (1 980) cncontraron 
quc :d aumc ntar la canlidad de co bre cn la ra­
cion hay Ull <tumcnl O CIl cl numero dc hepatoc i­
tos que sufrcn ucge nerac ion y necros is: ad em as 
Lie aUJl1 CnI O de 13mano dc los li sosomas dcnt ro 
dc los hcpalOc ilOs. ES IOS mismos autorcs ob~c r­

va ron algunos cam bios ultiaestructurales en 
mu sc ul os, talcs como tumcfacc ion, vac uoJi I:I­
cion, fragmentac i6n de cristas, formac i6n de 
membranas mitocondriales. degenerac ion dc las 
miofibrilJ as y se paraci6n entre los sa rcomeros. 

PREVENCIO Y TRA T AM lENTO 
Para prcvenir la intox icac ion crolllca en 

ovinos se ha recomcndado el uso dc molibde­
no y S04 (Barker, 1976; Suttle, 1977). La inci­
de ncia de intoxicac i6n cr6nica puede reducirse 
al incorporar 4 mgs de molibdeno y 4 grs de 

SO.j por kilu \h: !l13I C'1" i<J ;(, ~ :l cl.: :tiil11enl 1, ": u "­

cel1lraLius(Sullk.I'17"7 ) 
Goo llcra ln ..: :; col .. ( 19 I) dc. cribcn 13 ad· 

milllstracil)1I Jc IlomoJibJato po r via CI1UOVCIl0· 

S,I. b IOS au IIHCS SOSI icnctl quc dasis de 100 mg 
Jc l iuIllOlibd:II<J. dos \'Cl:e, a la sCllla na. pre\'ie­
l1en ci Liesarrollll de Itclllo lisis y adcmas IJ <tClI­
Ill ul aci6n eXCCS I\'3 de cobrc cn cl h igado. Mas 
alln . senalan quc la admi nistrac ion dc 50 Illg dc 
t io ll1 olibda lo en cl primer dia de hcmoli sis, sc ­
guido de la misma dosis dos veecs a la scmana, 
se ria efectiva en cl tratamiento de crisis hemoli­
tiea y en la prcvenci6n dc hcm61isis posteriorcs. 
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Evaluation of histochemical methods for the 
detection of copper overload in rat liver 
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A8STRACf - Histochemical methods have invariably shown a good correlation with 
copper analysis by absorption spectrophotometry in the identification of canine copper 
storage diseases. But, in Wilson's disease (WO) in humans no such correlation exists 
and similar discrepancies have also been observed in copper-loaded rats. This study 
attempts to quantify stainable copper in the livers of copper-loaded rats and relate 
this to the hepatic copper concentrations. Male rats fed a high copper diet (1500 ppm) 
for 16 weeks were killed at intervals. The livers were analysed for copper and graded 
according to stainable copper present in paraffin section stained with rhodanine 
and rubeanic acid. Initially there was a good correlation between histochemically 
demonstrable copper and its total concentration. but subsequently, when high liver 
levels of the metal were present, copper staining was very variable. This unreliability 
has similarities with WO, in which the higher hepatic concentrations of presymptomatic 
patients are difficult to detect by conventional copper tains. The variation in the 
binding of copper and its intracellular localisation suggested by these resu lts may have 
considerable significance in the pathogenesis of copper storage diseases. 
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opper IOxicosi,. a"ociatcd with the accumu­
lation of copper in the liver. has been reported in 
man (I). l3edlingtun t~rrier, (2). West Highla nd 

White terriers (3). and in sheep (4). Elevated 

hepatic copper can be identified for diagnostic 

purposes by either his tOl:hemicalmeans or atomic 

ab orption spectrophotometry. Hi IOchcmical 

methods are faster and less costly (5). and rho­

danine. which stains ti ss ue-bound copper (6) . has 
been hown to provide a semi-quantitative analy-
i when compared with atomic absorption values 

in Bedlington terriers (7. 8. 9). However. in Wil­

son's disease in young patients with very high liver 
copper concentrations copper staining is unre­
liable (10. 11). Also. in the copper-loaded rat. 

there is evidence that tainable copper doe ' not 
always compare with total copper concentration 

measured by spectrophotometric analysis (12_ 13). 
The aim of this study was to quantify stainable 

copper in the livers of copper-loaded rats and to 

relate this to the hepatic copper concentrations. 

Material and methods 
Male weanline Wistar ralS of uniform age and weighl 
were caged and fcd a pelleted diet (labsur Animal Diet. 
R HM Agricullure Soulh Ltd .) containing 1500 ppm cop­
per (range IJOo-I800 ppml and killed in groups of four 
ill I. 2. 3. 4. 5. 6. 8. 12 and 16 weeks. Similar groups of 
conlrol animals were fed Ihe unsupplemented diet (Cu 
conlenl 10- 20 ppml and killed at I. 4. 8. 12 and 16 weeks. 
Food and waler were freely available to all an imals. 

The liwrs were removed f • . histological prcparalion 
and copper analysis. samplcs bcing taken from the right 
median lob.: for bolh purposes (14) , 

'. ' 
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Histochemistry 
Sections from forma Itn-fixed blocks 01" li\ ~r roullncl~ 
processed and paraffin-embedded were cut at 5 pm and 
stained for copper. Tiss ue sec tions "ere incubated in 
rubeanic acid at room temperature for 72 h and counter­
stained alternati~c1y with neutral red and m~tanil ve ll o\\ . 
The modified method of Okamoto & Utamara \\; s used 
for rhodanine counter tained with haematoxylin (15). 

The copper-stained slides were graded by two pathol­
ogists (!.F. and S. H.). using a I to 4 point system based 
on the number and size of copper-containing granules 
within the cytoplasm of the hepatocytes. according to 
their zonal distribution. -

o = absence of granules 
+ = few very small granules 
+ + = many small granules 
+ + + = numerous small to medium size granu les 
+ + + + = ce ll s sa turated with small to medium size 

granules 
+ + + :0 = considerable individual variation. many 

ce lls being nega tive for copper. 

Copper analysis 

All glassware was soaked before use for 48 h in 0.1 
mmold nitric acid. followed by three 24-h washes each 
in deionized water. rinsed . drained and dried in a hot­
air oven at 70 C. 

Triplicate 0.3 g sam ples of liver were removed with 
plastic knives. oven-dried at 70 C and digested in Aristar 
grade 70% nitric. 70% perchloric acid (~ : I) in Pyrex 
gla ss test tubes lI si ng the following procedure: 70 C for 
30 min . 150 C for 30 min. 250 C for I h and 300 C for 
I h in a heating block: each batch of 24 included th ree 
recoveries. The copper con tent was analysed in an I L 
Atomic Absorption Spcctrophotometer (Instrumen­
ta tion Laboratory Inc. USA). Precinorm "U" Q.c. 
,e rum (BCLl was used to monitor the perl"ormance 01" the 

Table I 

spcctmphnt"mctcr. SUnda rd "" tlon \\as \\lt h.1 sol uti on 
containing 2 and ~ ppm coppcr in 0.1 111111<>1 I II CI pre· 
pa r~d I"rom 15 .7 111mol I cupnc nitrat~ stock ",fu tion 
.. p~ctroso l" (9DH). 

LI\er copper conccntrallons arc cxp res~l'd a, th ~ 1l1~an 
and standard error of' the mea n. in !-I ll g or li\cr 0 11 a 
dry w~ight basis. 

Sta ti stica l ana ly cs employed Student's (-test and the 
Pcarson-Moment coellicient correla tion. 

Results 

Histochemistry 

As seen in Table I. coppe r could be demonstrated 
initially afte r 2 weeks of copper-loadi ng in the 

hepatocyte of a ll zones of the hepa tic lobu les . 

This spa rse distribution of copper rema ined con­
stant within the central zone throughout the tria l 

period . Meanwhile copper sta ining increased in 
intensity in the two outer zones. achieving maxi­

mum intensity in the outer zones at 5 weeks (Fig. 
I). The metal was identified only in copper-con­
ta ining gra nules within the cytoplasm of the 

hepa tocytes. Before this time there was a remark­

able uniformity of sta ining between individua l 

livers at anyone sampling poi nt . There were no 

dilTerences between the sensitivity of rubea nic acid 

with the different co unterstains and rhoda nine. 
At 5 and 6 weeks, dilTerences appeared in the 

response; although six livers demonstrated maxi­

mum staining intensity. the other two displayed 

diminished copper-staining in the outer zones 

(Fig. 2). This loss of staining intensity was very 

Il epatic copper concentration and histochemical grading with rubeanic acid and rhodanine staining in copper­
loaded ruts 

Tim~ Copper co ncentration 
Histochemical grade 

(\\ec~ s ) (!-Ig g)t Central zone 

411.0 ± 40.1 0 
~ 943 .0 ± J4.8 + 
3 14 78 . ~5 ± 59.5 + 
4 1967.7S±63.5 + 
5" 2899.5±60.1 + 
6" 2gMg .O ± 57.3 + 
X ~957 . 54 ± 134.1 + 

12 2645.75± 107.8 + 
16 19~8.~5+90.9 + 

" One rat had cop~r granules varying from + + + 0 in the outer zones. 
t mean ± SE of mean (n = 4). 

Midzone 

0 
+ 

++ 
+++ 

++++ 
++++ 
+++ 10 
+++ /0 
++ /0 

Periportal zone 

0 
+ 

++ 
+++ 
+++ 
+++ 

+ + + /0 
+ ++ /0 
++ /0 



HISTOCHEMICAL METHODS IN COPPER -LOADED RATS ~ 79 

... 3> 

Fig. I. Liver rrom a ral after 5 weeks or copper-loading (Cu concen tration 2920 I-Ig/g) showing the prc encc or 
numerous copper-positive granules in the periponal. midzonal hepatocytcs. Rhodanine and haematoxylin ( x 435). 

va ri able between indi vidual ce ll s. some of which 
appa rently co nt ai ned no copper whereas other 
remained sa turated (Fig. 3). Subsequently the 
livers from all animal killed di splayed a similar. 
progressively diminishing intensit y of copper­
taining. 

No coppe r was detected in the livers of con trol 
animal ' . 

Liver copper content 
The liver copper content rose to 2899.50 ± 60 .1 

Ilg/g at 5 weeks and remai ned high until week 8 
(2957.54 ± 134. 1 I-Ig/g). after which it began to fall. 
and at week 16 the liver copper concentration was 
significantly less than at week 8 (p < 0.05). 

The liver copper content in control rats va ried 
from 19 ±0.39 to 28 .75 ± 2.3I-1S/g. 

Up to weeks 5 6. there was a good correlation 
(r = 0.78) between quantita ti ve copper determi -

na ti on and the light microscopic grading of cop­
per-stained sections of liver tissue, and no differ­
ences were found between the two pathologists' 
scoring. However. from 8 to 16 weeks of copper­
overload. despite the very marked 10 s of overall 
sta ining intensity and persistently high copper 
conce ntrations_ no comparison could be made 
ince the grading system no longer strictly applied 

in a quantitative fashion. and some subjecti ve 
variation in scoring was noted . 

Discussion 
In the present study no differences were found 
between the sensitivity of rhodanine and rubeanic 
acid staining in the detection of copper. In canine 
copper storage diseases. rubeanic acid has been 
found to be superior to rhodanine staining for 
detecting threshold levels of copper in livers, and 
both methods have shown a good correlation with 
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Fig . 1. Liver from a ra t afte r 6 wee ks of copper-loading (eu concentra ti on 3 151 lig/g) showing the loss o f ove ra ll 
coppe r stai ning intensi ty. Rh oda nine and haematoxylin ( x 435). 

co pper content measured by atomic abso rpt ion 
spectrophotometry (7. 8). 

The fi ndings from th is study confirm the orig­
ina l observa ti on ' (1 2. 13) that copper stains are 
unrd iable for detecting copper-overload in rats. 
They also contribute to a better understand ing of 
canine copper toxicos is. in which hi stochemica l 
meth ods have in va ri ably shown a good co rre­
lati on with anal ysis by absorption spectrophoto­
metry (7 10). and Wilson's disease. where no such 
correla ti on ex ists (11). 

The rat is an interesting species in that it is less 
suscept ible to cumulati ve copper poisoning than 
certai n species such as the sheep and the pi g (I ). 
A reason for th i, is that rats can adapt to tissue­
damaging doses of co pper (1 2. 16). An in ves tiga­
tio n into th l! mechanisms of this response (17) 
fo und that. fo llowi ng initial storage of copper in 
hepatic Iysosomes. the nucleus appea red to take 
up cxces. co pper: tht: saturation of thi s orga nelle 

coincided with the onset of severe cellular distur­
bance. Subsequently. liver copper levels fell; this 
was associated with renal excretion of excess cop­
per; cellular recovery took place and the animals 
became tolerant (17). 

It is thought that excess liver copper is excreted 
from the liver into the blood in a transportable 
form and removed by the kidney. The period of 
adaptation reflected by changes in liver copper 
from a stainable to a non-stainable form may 
represent a change from lysosomal storage of cop­
per to a soluble and more transportable form. 

The differences with respect to sta ining in cop­
per storage diseases may be concerned with the 
intracellular loca lisa tion and binding of copper, 
and probably indica te a rea l difference in the path­
ogenesis of the human and canine forms. 

Intralysosomal copper metallothionein (Lys­
Cu-MT) has been demonstrated in considerable 
quantities in Bedlington terrier toxicosis (1 8), 
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Fig. 3. Liver from a ral after 6 weeks of copper loading. Note Ihe variabili ty of copper-posi tive granules within 
individual hcpatocytes. Rhodanine and haematoxylin ( x 710). 

whereas in Wilson's di ea e lysosomal-bound cop­
per is not marked in the early stages of the disease 
despite high levels of the metal. although a ditTuse 
distribution of copper ha been identified ( 10. 11 ). 

The di cussion so rar has concerned itselr solely 
with demonstrable cytoplasmic copper but it is 
interesting to note that histochemical sta ining has 
not demonstrated copper in the nucleus of copper­
loaded rats ( 16. 17). sheep (4. 19. 20) or man (6). 
despite considerable evidence or nuclear seq ues­
tration or the metal (21) , It i clear that not a ll 
intrace llular copper i in a stai nable rorm. and 
that only particular bound rorms take up copper 
tains. It can be concluded that alt hough copper 

stains ca n be userul in certain defined circum­
stance. their value as a diagnostic aid unsup­
ported by copper analysis is limited . 
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the Pathogenesis of Copper Storage Diseases 
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There are differences in the hepatic intralobular distribution of copper in 
copper storage related diseases which may be of pathogenetic significance. 
Male rats fed a high copper diet (1500 ppm) for 16 weeks were killed at 
intervals in an attempt to compare copper distribution in their livers with 
those in human, canine and ovine copper toxicosis. Copper was found to 
accumulate almost exclusively in the periportal and mid-zones of the rat liver 
lobules and was associated with progressive pathological changes which 
included focal and periportal degeneration and necrosis. This pattern of 
copper distribution contrasts markedly with the centrilobular retention 
reported in familial canine copper toxicosis and chronic copper poisoning in 
sheep which suggests that, in these conditions, a secretory deficiency may be 
less important than a metabolic zonal defect of intracellular copper metabo­
lism. The pathological changes observed in copper-loaded rats have a 
different micro-anatomical localization from those in dogs and sheep, but 
show similarities to the early changes reported in the latter species and 
indicate the possibility of a similar cellular lesion. 

Introduction 

Copper toxicosis, associated with increased hepatic copper content, occurs as a 
familial disorder (Wilson's disease) in man (Underwood, 1977) and has been a 
well recognized problem in sheep for many years (Soli, 1980). More recently, 
inherited copper storage diseases have been reported in Bedlington Terriers 
(Hardy, Stevens and Stowe, 1975) and West Highland Whites (Thornburg, 
Shaw, Dolan, Raisbeck, Crawford, Dennis and Olwin, 1986). 

A study of the pattern of copper distribution in chronic liver disease in man 
showed that cholestatic disease such as primary biliary cirrhosis is character­
ized by a periportal granular (lysosomal) deposition of copper, whereas 
staining in Wilson's disease is more diffuse and without a particular lobular 
pattern (Goldfischcr, Popper and Sternlieb, 1980). By way of contrast, in 
copper storage diseases in the Bedlington and West Highland White, copper 
has been identified almost exclusively in the centrilobular zones (Twedt, 
Sternlicb and Gilbcrtson, 1979; Ludwig Owen, Barham, McCall and Hardy, 
1980; Erikkson, 1983; Thomburg et al., 1986; Haywood and Fuentealba, 
1987). 

A similar distribution of copper has been reported in coppt"r toxicosis in 
shecp (Ishmad, Gopinalh and Howcll, 1971; Gooncratnc, Howell and Graw-

IIO:! I ~1'I7'i!llH'(JOII(~)() + (W) 511:1,00;11 ,l" 19BH A"'Hh·",i .. l'rt·ss Limited 
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thorne, 1976) although there is some disagreement on this (King and Bremner, 
1979; Olsen, 1979). 

The study of copper accumulation in the livers and kidneys of rats on high 
copper diets is proving of considerable value for the investigation of the 
mechanism of copper overload (Haywood, 1980, 1981, 1985; Haywood and 
Loughran, 1985; Haywood, Loughran and Batt, 1985). The purpose of the 
present study was to explore quantitatively the pattern of copper deposition 
and associated changes in the livers of copper-loaded rats. It was hoped 
thereby to establish a basis for the interpretation of the hepatic deposition of 
excess copper and help to provide an explanation for variations in copper 
build-up in the different copper associated diseases. 

Material and Methods 

Thirty six young male weanling Wistar rats of uniform age and weight were caged and 
fed a pelleted diet (Labsur Animal Diet, RHM Agriculture South Ltd) containing 
1500 ppm copper (range 1300 to 1800). Twenty control animals were fed the 
unsupplemented diet (Cu content 10 to 20 ppm). Food and tap water were freely 
available to all animals. Groups of 4 rats on the supplemented diet were sampled at I, 
2, 3, 4, 5, 6, 8, 12 and 16 weeks. They were killed by exposure to CO2 followed by 
cervical dislocation. Control rats were similarly treated at 1,4,8,12 and 16 weeks. The 
livers were removed for histological preparation and copper analysis, samples being 
taken from the right median lobe for both purposes (Haywood, 1981). 

Histology 

Transverse sections were taken at approximately 0'5 mm from the ventral border of 
the right median lobe and the formalin-fixed blocks of liver were routinely processed, 
embedded in paraffin wax cut in 5 J.lm thick and stained with haematoxylin and eosin 
(HE). 

From all HE sections the total area of the tissue was measured with a digitaser tablet 
linked to a VIDS III image analysis program running on an IBM compatible 
computer (COMCEN). The sections were examined with a 40 x objective and the 
cellular changes recorded as the number of hyperchromatic hypertrophic parenchymal 
cells per high ~wer field and the number of inflammatory foci per mean total area of 
69·6 ± 12·2 mm2• Necrosis was identified in single cells and focal aggregates and the 
severity graded on the following scale: mild = +; moderate = + +; severe = + + + . 

Histochemistry 

The following stains were used for the demonstration of intracellular copper: 

Rubeanic acid: tissue sections were incubated at room temperature for 72 hand 
counterstained alternatively with neutral red and metanil yellow (Uzman, 1956). 

Rhodanine: the modified method of Okamoto and Utamara was used (Lindquist, 
1969). 

The stained slides were graded as described in a previous study (Fuentealba, 
lIaywood and Trafford, 1987). 

Copper analysis 

Triplicate 0·3 g samples of the right median lobe of the liver were removed with plastic 
knives and analysed for copper (Fuentealba et al., 1987). 
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Liver copper concentrations are expressed as the mean and the standard error of the 
mean, in ~g of copper per g of liver on a dry weight basis. 

Results 

Histological changes 

The following changes are recorded in Table I. 
Week 1. Minimal changes were observed in the livers of the copper-supple­
mented groups and consisted of a few individual necrotic cells and mononuc­
lear cells with no particular zonal distribution. 
Week 2. Scattered foci of hypertrophied parenchymal cells with enlarged nuclei 
and homogeneous intensely stained cytoplasm appeared in the periportal 
zones, associated with minimal mononuclear cell response. A sparse distribu­
tion ofparticulate copper was present in the cytoplasm of the hepatocytes in all 
zones. 
Week 3. Inflammatory foci were clearly established (Fig. I), although limited 
mainly to the periportal zones. These lesions consisted of hypertrophied 
hyperchromatic parenchymal cells undergoing necrosis with an associated 
inflammatory response of polymorphonuclear neutrophilic leucocytes and 
mononuclear cells. 

There were many granules of copper in the cytoplasm of the parenchymal 
cells of the outer (periportal and mid-zone) areas. 
Week 4. Abundant hypertrophic hyperchromatic parenchymal cells occupied 
the outer zone (Fig. 2). Multiple foci of inflammatory cells were present. 
Copper deposition was very marked in the outer zones and was characterized 

Table 1 
Pathological changes, hepatic copper concentration and histochemical copper grading with 

rubeanic acid and rhodanine staining in copper-loaded and control rats 

Ti"", No. hyp"'rophic Ntcrosis No. inflammalory Copptr 
(Wltks) hyfJtreh,omalic foci pt, (onunlralion 

,tlls Ptr high POW" slidt- (pg p" gJt 
fold 

I + 10 411 ±40 
2 I to 2 + 10 10 20 934±35 
3 1103 ++ 201030 1479 ± 60 
4 3106 +++ '30 to 40 1968±64 
5106: 6 +++ Diffu5~ 2900±60 
8 6 ++ Diffuse 2888 ± 57 

12 6 ++ 10 1020 2958± 134 
16 6 10 2646± 108 
Control§ I 10 20± I 

- ~f .. an Intal area:o 69·6 ± 12·2 mm'. 
t ~lcan ± S.E. of mran. 
: Two rillS had coppl'r granules \"arying fwm + + + 10 0 in Ih,' outer zonl's. 
§ Sum of:; groups of 4 rats ('ach. 

Hislochtmi(aJ g,adt 

Cml,al (pma- Oultr (mid and 
cina,) ~ont pmporlal) 

~OntS 

0 0 
+ + 
+ ++ 
+ +++ 
+ ++++ 
+ + + + 100 
+ + + + 100 
+ + + 100 
0 0 

b'aluation is !last'd on examinati[)n of livers from 4 If(·at .. d rats at I'arh tillll' illlcn, .. 1. 
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fig. I. Liver from a ral copper-loaded for 3 weeks showing periportal inflammatory focus. HE x 594. 

Fig. 2. Liver from a ra l copper-loaded for 4 weeks showing numerous hypertrophic hyperchromatic 
hepatocyte. in the periporta l zone. HE x 396. 
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Fig. 3. 

Fig. 3. 

(a) Liver from a ra t copper-loaded for 5 weeks showing heavy deposition of copper in the periporta l 
a nd mid-zones in contrast to the central zones. CV, central vein; PC, portal area. Rubeanic acid 
a nd meta nil yel low. x 15 7·5. 

(b) Liver from a rat opper-Ioaded for 5 weeks showing the heavy gra nular deposition of copper 
positive stai n in the periporta l a nd mid-zona l hcpatocytes. Rhodanine and haema toxylin . x 396. 



Fig. 4. 

Fig. 5. 

Liver from a ra t copper-loaded for 6 weeks showing extensive necrosis and inna mma tory changes in 
adjacent porta l traclS. HE x 396. 

Live r from a rat opper-Ioaded for 16 weeks showing the persistence of hya line bodies in the porta l 
traelS (a rrow). Note recovery of hepa tic pa renchyma a nd the absence of inn ammatory cha nges. 
x 396. 
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by the presence of numerous small to medium size granules in the cytoplasm of 
the hepatic cells. 
Weeks 5 and 6. Hyperchromatic, hypertrophic cells now occupied the outer 
zones; their nuclei were often darkly stained and appeared degenerate. 
Inflammatory foci were numerous and tended to coalesce. The outer zones, 
and in particular the mid-zone, appeared to be saturated with small to medium 
size granules of copper, whereas the central zone still contained very little 
copper [Figs 3(a) and 3(b)]. 

In 2 individuals there was more extensive necrosis and a correspondingly 
marked cellular inflammatory reaction, mainly in the outer zones (Fig. 4). Bile 
duct hyperplasia and mitotic figures in the hepatic parenchyma were notice­
able. Copper staining was much less in these livers and was very variable 
between individual cells. 
Weeks 8 to 12. The hyperchromatic hypertrophic cells were still numerous 
although degenerative and inflammatory changes had lessened. Copper stain­
ing was now less intense than the preceding weeks and still limited to the outer 
zones and showed the same variation between individual cells. 
Week 16. The inflammatory changes had regressed to control values, although 
the livers of copper-supplemented rats showed the persistence of enlarged 
deeply staining hepatocytes, the presence of hyaline bodies in the periportal 
areas (Fig. 5) and bile duct hyperplasia. Copper staining demonstrated the 
least copper deposition in the hepatic cells compared with livers examined 
from weeks 5 onwards. 

Control livers contained small areas of non-specific periportal inflammation. 
Copper was not detected in sections treated with any of the stains used. 

Discussion 

This study has shown that copper-loaded rats store the metal predominantly in 
the periportal and mid-zones of the liver lobule. Storage is paralleled by 
pathological changes in both zones, unequivocally associated with the progres­
sive accumulation of copper. Subsequently there is a reduction in stainable 
copper, followed by a decline in liver total copper concentrations and 
accompanied by recovery. The decline in stainable copper, its relationship to 
total copper concentration and to intracellular events, and the fall in copper 
concentration and adaptation that takes place, have been discussed elsewhere 
(Haywood, 1985; Haywood and Loughran, 1985; Fuentealba et al., 1987). 

The novel findings of this study lidn the pattern of copper deposition and 
the associated changes. This differential distribution might be attributed to the 
physiological specialization which exists within lobules, whereby the outer 
(mid and periportal) zones alone, due to haemodynamic factors, have the 
oxidative capacity to assimilate, store and excrete macromolecules such as iron 
(Rappaport, 1979). If follows that, should there be an excess of metal, either 
through increased input (absorption) or decreased output (cholestasis), it will 
normally be stored within the parenchymal cells of the outer zones. This is seen 
in the swan in which increased exposure to the metal (and therefore absorp­
tion) has occurred in contaminated waters (Molnar, 1983). A periportal 
accumulation of copper is apparent in human neonates, and the neonates of 
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many' other species before the biliary secretory route matures (Goldfischer and 
Berstein, 1969). A similar distribution of copper in cholestatic diseases in man 
has been referred to earlier (Goldfischer et al., 1980). Periportal copper 
accumulation also occurs in chronic active hepatitis, particularly in Doberman 
Pinschers, which is probably also associated with disruption of biliary excretion 
(Crawford, Schall,Jensen and Tasker, 1985). 

The periportal accumulation of copper observed in the rat contrasts 
strikingly with the centrilobular retention reported in cases offamilial copper­
storage diseases in dogs (Tweldt et al., 1979; Ludwig et al., 1980; Erikkson, 
1983; Thornburg et al., 1986; Haywood and Fuentealba, 1987) and chronic 
copper poisoning in sheep (Ishmael et al., 1971; Gooneratne et al., 1979; 
Kumaratilake, 1984), which differences may reflect the abnormal copper 
metabolism inherent in these dogs and sheep. I t has been suggested that 
defective biliary excretion of copper is responsible for abnormal copper 
retention in sheep (Underwood, 1977) and in the Bedlington Terrier (Su, 
Owen, Zollan, and Hardy, 1982; Owen and McCall, 1983). However, the 
centrilobular accumulation recorded in these species does not support this 
hypothesis. Perhaps it indicates a metabolic defect in the handling of copper 
peculiar to the hepatocytes of this zone. 

The concept of metabolic zonation has developed from an increasing 
recognition of the microheterogeneity ofliver function whereby hepatocytes in 
periportal (afferent) and perivenous (efferent) zones differ in their enzymic 
and subcellular structures (Thurman, Kauffman and Jugermann, 1986). It is 
thought that many toxic lesions with a specific zonal pattern may be explained 
by this functional difference. 

Pathological changes in copper-loaded sheep occur initially within the 
central zone and consist of focal degeneration and necrosis associated with 
aggregates of polymorphonuclear neutrophilic leucocytes and accumulation of 
bile pigment in the canaliculi. Later, in the post-haemolytic phase, fibroblast 
proliferation in the portal areas and increase in bile ducts and lymphocytic 
infiltration occur (Ishmael et al., 1971; Gopinath and Howell, 1975). 

In Bedlington Terriers, there are 4 grades of abnormality in the liver as the 
disease progresses: pigment granules without any further hepatic tissue 
changes, mild focal hepatitis, a chronic active hepatitis and finally cirrhosis 
(Twedt et al., 1979; Ludwig et al., 1980; Kelly, Haywood and Bennett, 1984). 
As with the sheep (Ishmael et al., 1971; Gooneratne et al., 1979; Kumaratilake, 
1984) these changes occur initially in the central zone (Twedt et al., 1979; 
Ludwig et al., 1980; Thornburg et al., 1986). 

Hyaline bodies present in the periportal zone in the present study have been 
observed previously in copper-overload in the rat (Haywood, 1985) and may 
be similar to the Mallory's hyaline present in primary biliary cirrhosis, long 
standing biliary obstruction, Wilson's disease and Indian childhood cirrhosis 

. (MacSween, Anthony and Scheuer, 1979) but not in copper toxicosis in 
Bedlington Terriers (Ludwig et al., 1980). The early pathological changes 
consisting of focal degeneration and necrosis which occur as a result of copper 
accumulation in the rat, although having a different micro-anatomicallocali­
zation, are similar to those described in sheep and dogs and indicate the 
possibility of a similar cellular lesion. 
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The cytotoxic effect of copper has not been fully clarified but there is 
evidence to suggest that nuclear destabilization rather than lysosomal disrup­
tion may be the initiating factor (Haywood et al., 1985). Nuclear changes 
observed in this study may reflect these events. Karyomegaly has also been 
recorded in sheep (Ishmael et al., 1971; Gopinath and Howell, 1975; King and 
Bremner, 1979; Kumaratilake, 1984; Seaman, 1985). In Wilson's disease, 
diffuse degenerative changes occur throughout the lobule consisting of vacuo­
lar and fatty change, without reliable copper staining (Goldfischer et al., 1980; 
Goldfischer and Sternlieb, 1968). It seems that the primary metabolic defect 
occurs at a different locus from that in Bedlington Terriers and sheep. 

In conclusion, the distinctive patterns of copper distribution which occur in 
copper-associated diseases indicate different pathological mechanisms and 
suggest that copper accumulation is not always the result of a simple overload 
associated with increased intake or reduced biliary excretion but may be 
related more to aberrations in intracellular events which have a particular 
distribu tion. 
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