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Exclusion of Copper from Altered Hepatocytes in

White Perch (Morone americana) with

Hepatic Copper Storage

Tracie E. Bunton, Division of Comparative Medicine, Johns Hopkins University School of Medicine, Baltimore,

Maryland 21205, USA

ABSTRACT: Iron is excluded from foci of he-
patocellular alteration in carcinogenesis of ro-

dents and some fish. Among white perch (Mo-
rone americana ), there is a condition of hepatic

copper storage in which copper-loaded livers
are produced naturally. In a group of fish col-
lected from the Chesapeake Bay, Maryland

(USA), from September to December 1990, we

observed hepatic lesions which excluded copper

similar to the phenomenon of iron exclusion, in

a white perch with over 3,600 sg/g wet weight

hepatic copper. The lesions were of two types:
one with cells morphologically different from

normal hepatocytes and which had diminished
to absolute exclusion of copper with the copper
specific histochemical stain rubeinic acid, and

a second with cells morphologically similar to
normal hepatocytes which had only a partial
exclusion of copper. Although the exact cause
and nature of the lesions was not determined,

intrinsic copper toxicity, environmental pollu-
tion, or a combination of these factors may have
contributed to their development.

Key words: Carcmnogenesis, liver, iron neo-

plasia, white perch, Morone americana.

The exclusion of iron from populations

of altered and neoplastic hepatocytes has

long been recognized as a marker in rodent

carcinogenesis (Williams et a!., 1976, 1979;

Williams, 1976), and has also been seen in

English sole (Parophrys vetulus) (Myers et

a!., 1987) and rainbow trout (Salmo gaird-

neri) (Lee et al., 1989). In contrast, copper

levels are elevated in hepatocellular car-

cinoma compared to non-neoplastic liver

in man (Haratake et a!., 1986, 1987a, b).

White perch (Morone americana) have a

condition of hepatic copper storage char-

acterized by an age-related, progressive

accumulation of copper in hepatic !yso-

somes (Bunton et al., 1987), with evidence

of secondary copper cytotoxicity when the

lysosomal storage capacity is exceeded

(Bunton and Frazier, 1990). Histologically,

the presence of copper can be detected in

white perch with liver copper concentra-

tions of greater than 85 �g/g wet weight

by the use of rubeinic acid histochemical

stain (Bunton, 1990). In this report I de-

scribe the partial and total exclusion of

copper from altered hepatocytes in an adult

white perch with hepatic copper storage.

An adult female white perch weighing

261.3 grams and measuring 235 mm was

part of a group of fish collected from the

Chesapeake Bay (39#{176}17’N, 76#{176}28’W) from

September to December 1990 to study he-

patic copper storage in this species. At nec-

ropsy, the liver had many tan, slightly

raised nodules of �5 mm diameter. The

remaining hepatic parenchyma was dark

reddish-brown. A portion of liver was an-

alyzed for copper by atomic absorption

spectrophotometry as described by Bunton

et a!. (1987) and other samples were fixed

by immersion in Bouins fixative, embed-

ded in paraffin, sectioned at 5.0 tim, and

stained with hematoxy!in and eosin. Liver

sections also were stained with rubeinic

acid (Uzman, 1956) for copper and Perl’s

reagent for iron (Perls, 1867).

The hepatic copper concentration was

3,615 �sg/g wet weight liver, whereas con-

trol values from striped bass (Morone sax-

atilis) were previously determined to be 3

to 4 �sg/g (Bunton et a!., 1987). Hepato-

cytes were filled with numerous large cy-

top!asmic granules which were positive for

copper with rubeinic acid stain. Large ag-

gregates of macrophages also stained pos-

itively for copper. The tan nodules seen

gross!y consisted of hypertrophied hepa-

tocytes with abundant eosinophilic cyto-

plasm and karyomegaly, and degenerative

hepatocytes with hypereosinophilic cyto-

plasm and condensed to pyknotic nuclei.

The hypertrophied hepatocytes in some
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lesions maintained a normal sinusoidal dis-

tribution, but in others were arranged in

dense clusters. Compression was recog-

nized by obliteration of sinusoids both

within the lesions and in adjacent paren-

chyma. The presence of compression and

disorganization in lesions was evidence that

lesions were proliferative. With rubeinic

acid stain, lesions were either completely

negative for copper or contained varying

amounts compared to the surrounding

parenchyma (Figs. 1 to 4). Lesions com-

pletely devoid of copper or containing a

minimal amount consisted primarily of

hypertrophied hepatocytes, with degen-

erative cells eliciting most of the positive

reactions. Lesions with compression were

completely negative. There were additional

lesions of variable size which differed from

the others in that the hepatocytes within

were identical morpho!ogically to the sur-

rounding hepatocytes. However, with rub-

einic acid, they were sharply demarcated

from surrounding parenchyma by an

abrupt reduction in the amount of copper

present (Fig. 5). Both normal parenchyma

and lesions were negative for iron.

In white perch, an inherent abnormality

in copper metabolism exists which results

in the natural production of copper-loaded

livers. The condition is age-related, with

greater hepatic copper concentrations in

larger, older fish (Bunton et a!., 1987). The

large size of the fish and high hepatic cop-

per concentration are evidence for the

chronicity of copper storage in this fish.

However, the temporal relationship be-

‘: � �

- :-‘:“, .‘ �i.
9-’- “l

�1v� .‘

-‘

S P

‘1.-”.� ‘�-� ‘ “,-.‘ . .,. .‘ .-;�,,, I ‘.‘�‘

%E ‘� r

‘at -_

� � 9-

p

.� . ..�.. ::;-‘� - . ‘. - , #{149},�:

- .. .. ...

FIGURE 5. Well circumscribed focus of hepato-

cytes with an intermediate amount of cytoplasmic

copper detected by rubeinic acid. This lesion would

have been difficult to detect with H&E. Bar = 70 �sm.

tween the proliferative lesions seen in this

case and cellular copper content is less

clear. The initial lesion may have been

cellular degeneration with secondary pro-

liferation, with proliferative cells either

having resistance to copper accumulation

4-

FIGURE 1. Liver nodule which protruded above the normal surface. Border with normal parenchyma is

delineated by arrows. H&E. Bar = 700 �tm.

FIGURE 2. Serial section from same area as Figure 1 stained with rubeinic acid has sharp demarcation

of copper loaded hepatocytes from copper excluded nodular region. Bar = 700 �m.

FIGURE 3. Area of normal hepatocytes (N) adjacent to hypertrophied (H) hepatocytes with abundant

cytoplasm. H&E. Bar = 25 Mm.

FIGURE 4. Similar area as shown in Figure 3 stained with rubeinic acid. Copper-positive cytoplasmic

granules in hepatocytes and macrophage aggregate (arrows) are absent from hypertrophied cells. Bar =

25 �m.
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or being in existence for too short a time

to have accumulated detectable levels of

copper. In contrast, hepatocytes in lesions

containing intermediate levels of copper

often appeared identical to surrounding

hepatocytes and thus had not undergone

an obvious morphologic change. It is not

clear whether these lesions, often of sub-

stantial size, represented a separate clonal

expansion of hepatocytes distinct from both

normal and morpho!ogical!y altered he-

patocytes, or if they were a stage in the

development or regression of the latter.

Because this case represented only one time

point, it was not possible to resolve these

questions. However, this case raises inter-

esting questions about mechanisms of met-

al exclusion from these types of lesions.

It was difficult to assess the nature of

the lesions in this case, but some appeared

to be proliferative and to progress to the

point where compression and loss of nor-

ma! architecture occurred. In a survey of

estuarine tributaries of the Chesapeake

Bay, various hyperplastic and neoplastic

hepatic lesions in adult white perch were

described (May et a!., 1987) which includ-

ed cholangiomas, clear cell foci and ba-

sophi!ic foci of cellular alteration. Five

percent of the fish reportedly had hepa-

toce!lular neoplasms which were described

as clear cell adenomas or basophilic neo-

plasms; the latter resembled basophilic foci

but were larger in size with more irregular

borders (May et a!., 1987). The small ba-

sophi!ic cells described as comprising those

lesions appeared to be distinct from the

proliferative cells described here, but ab-

sent or diminished copper with rubeinic

acid staining was reported in a!! lesions

compared to surrounding hepatocytes.

The cause of the lesions seen in this case

was not determined. Both intrinsic copper

toxicity and exposure to environmental

pollutants could be factors. Signs of intrin-

sic copper cytotoxicity in white perch in-

cluded u!trastructural evidence of in-

creased cytoplasmic and organelle turnover

(Bunton and Frazier, 1989) but DNA dam-

age could not be assessed. However, cop-

per is protective in some types of carci-

nogenesis (Howe!!, 1958), and hepato-

cellular carcinoma generally is not asso-

ciated with Wilson’s disease in humans

(Wilkinson et a!., 1983). Thus, environ-

mental factors may have played a larger

role in this case. Several chemical carcino-

gens and metals have been included on

the Chesapeake Bay Toxics of Concern List

(Chesapeake Bay Program, 1991). As fish

are becoming increasingly important as

sentinels of environmental pollution, it is

important to recognize factors that may

influence the biology of neoplasia in these

species.
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