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Experiments were carried out to investigate the accumulation and the histopathological changes
in liver of juvenile rockfish, S. schlegeli, after sub-chronic dietary Cu (0, 50, 125, 250 and
500 mg/kg) exposure for 60 days. Cu accumulation in liver was significantly increased with
dietary exposure period and concentration for 60 days, and has a linear relation with dietary
exposure days. After 60 days of Cu dietary exposure, the Cu concentration in the liver was
75..9+£12.05, 126.29+£22.11 and 360.44 +45.26 pg/g dry weight and was approximately
11-1old, 18-fold and 51-fold higher than in the control diet group at 125, 250 and 500 mg/kg
Cu diet group. The accumulation factors were increased with the dietary exposure period
in l.ver of rockfish. In the primary exposed stage, the effect of hepatic tissue in the rockfish
expased to dietary Cu observed enlargement of hepatocytes nuclei, activity of hepatic cells
and the swelling of hepatic cells. While exposed time and concentration were increased, the
distinct granulation, irregular shape and necrosis of hepatic cells were observed. It was observed
that granule degeneration and necrosis showed a part of cells in hepatic tissue after 60 days

at £00 mg/kg.
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Introduction

Generally, due to its central role in metabolism
and its sensibility to metal, the liver of fish has been
studied for accumulation and toxicological effect of
metal in fish. In fish, the liver tends to concentrate
metals anc exhibits relatively high potential for
bio-accumu.lation and detoxification (Roesijadi and
Robinson, 1994).

As coprer (Cu) is an essential metal for all
organisms ncluding fish, it plays an important role
in organism metabolism, and its concentration is well
regulated (Cousins, 1985). However, Cu is one of
the most to:cic metals to fish and affects various blood
parameter (Christensen and Tucker, 1976), growth
(Langston, 1990), enzyme activity (Roesijadi and
Robinson, 1994), and reproduction (Horning and
Nieheisel, 1979).

Althougl the sub-chronic toxic effects of metal
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on fishes are well documented, that is mostly in fishes
exposed to waterborne metal, but few studies have
been conducted on the effects of dietary metal (Handy,
1996). The realization that dietary uptake of metal
1s a major cause of long-term contamination in wild
fish (Dallinger et al., 1987; Farag et al., 1995) has
renewed interest in the nutritional and toxicological
effects of metal in the food of fishes (Handy, 1996).

Fish accumulate Cu from polluted environment
resulting in accumulation in their tissues. Cu accumu-
lation between tissues varies depending on the source
of uptake, food or waterborne (Sorensen, 1991).
Bioaccumulation patterns of metals in fish tissues
can be utilized as effective indicators of environmental
metal contamination (Larsson et al., 1985). Moreover,
histopathological approaches should be obligatory
environmental for assessments, and may be used to
formulate monitoring programs (Hinton and Laurén,
1990). The histopathological changes of waterborne
Cu have been studied in fish (Baker, 1969; Segner
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and Braunbeck, 1990; Arellano et al., 1999), but
relatively few investigations have defined the pattern
of histopathological alteration in subchronic exposure
to dietary Cu in important organ, especially in liver.
Therefore, metal accumulation and histopathological
change studies are important from the point of view
of health protection and assessment of toxicological
effects for different metallic contaminants.

The rockfish, Sebastes schlegeli, is an economically
important food fish in Korea that is commonly
cultured in marine based cages (Jung et al. 2001).
Despite the importance of the rockfish in Korea,
relatively little information is available in the effect
of copper, particularly dietary exposure. The aims
of present study were (1) to investigate the Cu
accumulation and (2) to study the histopathological
change in liver of juvenile rockfish, S. schlegeli, after
sub-chronic dietary Cu exposure.

Material and Methods

Diet preparation

Diets were supplemented with 0 (control), 50, 125,
250 and 500 mg/kg diet, using CuSO4-5H>O (Aldrich,
USA). Copper sulfate pentahydrate was dissolved in
1000 mL acidified water and mixed well with the
other feed ingredients prior to pelleting. All in-
gredients were mixed and pelleted by a laboratory
pellet machine without heating by a 2 mm diameter
module (Baokyong Commercial Co., Pusan, Korea).
The pellects were packed into small bags and stored
at -20C until they were fed to the fish. Proximate
analyses of the diets indicated a crude protein of
48.0 %, crude lipid 5.0 %, carbohydrate 4.0 %, ash
15%, calcium 1.0 % and phosphrous 2.7%.

Experimental fish and Treatment

The juvenile rockfish (S. schlegeli) were obtained
from rockfish nursery in Koge island, Korea. The
rockfish were acclimated in 1000 L aerated running
seawater tanks for 1 month to the laboratory conditions
(Table 1). Each tank received a flow of 7 L per min
and was supplied with continuous aeration. Fish were
fed Cu-free diet daily at a rate of 2 % body weight
(as two 1% meals per day). After 1 month in acclimat-
ing tanks, fish were randomly transferred to 150 L
of tank (flow=1.2 L/min), which were running water
test with continuous aeration. Fish with mean length
11.83 £0.03 cm (mean = S.E., n=600), body weight
26.02 +£0.23 g were selected for the experiment of
dietary Cu exposure. Each of the four experimental

Table 1. The chemical components of seawater used
in the sub-chronic dietary copper exposure experi-
ment. Values indicate mean + S.E.

Parameter Values
Temperature (C) 18.0 £ 0.2
pH 8.1 £ 0.2
Salinity (%) 327 £ 04
Ammonia ( #gL) 12.66 £ 1.25
Nitrite ( #g/L) 1.37 + 0.28
Nitrate ( 2g/L) 9.62 £ 1.01
Phosphate ( #g/L) 5.05 = 0.96
SS (mg/L) 562 £ 0.2
Dissolved oxygen (mg/L) 6.74 + 0.84
COD (mg/L) 1.52 £ 0.08
Fe (ugl) 5.02 + 0.87
Cu (ngl) 232 + 0.12

diets were fed to rockfish for 60 days.

Metal analysis

Fish were starved for 24 h prior to sampling to
allow all feed to be excreted. The liver tissues were
sampled every 10 days for analysis of metal con-
centration. Eight fish were removed each test
concentration and the control. Tissue samples were
dried at 65°C and kept in a desiccators until digestion.
Dry tissues were digested with 1:1 HNOs (Suprapur
grade, Merck, Germany) and samples were fumed
to near dryness on a hot plate at 120°C for overnight.
After digestion, the residue was dissolved in 20 mL
of 0.2 N HNO; and kept in a refrigerator until analysis
for Cu. Cu concentrations of livers were measured
using a flame atomic absorption spectrophotometer
(AAS, Perkin-Elmer 3300, USA). Cu concentration
in the liver of rockfish was expressed as #g/g dry
wt. Accumulation factor (AF) is often used to compare
the body burden of an organism with the degree of
contamination. The following definition is used here:

[Me] ., —[Me]
[Me] iet

control

Accumulation Factor (AF) =

where [Melexp, [Me€lcontrot, [Melaier are the metal
concentration in the experimental group, the control
group and the diet group, respectively, in urgg
(Holwerda, 1991).

Histology and liver tissue processing

Ten fish were sampled from each tank every 10
days throughout the experiment. The liver were
rapidly removed and fixed with Bousin's solution.
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After dehyclration in graded concentrations of ethanol,
the liver tissues were embedded in paraffin blocks.
Four to five micron sections were stained with Mayer
hematoxylin and 0.5% eosin.

Statistics

Data are expressed as means£standard error (SE).
Statistics were performed with SPSS, using one-way
analysis of variance (ANOVA) followed by Duncan's
multiple comparisons test of mean values if significant
differences were found (P<0.05).

Results

Copper accumulation

Cu accurrulation in liver of S. schlegeli, as a function
of dietary ¢xposure time and exposure concentration
are shown in Fig. 1. Cu accumulation in liver was
significantly increased with dietary exposure period
and concentration for 60 days (P<0.05). During first
10 days, Cu concentration increased sharply reaching
a value 75.19 £ 3.21 nglg (10-fold increase compare
to control) at 500 mg/kg Cu diet group. Cu accu-
mulation was significantly increased after first 10
days at 125. 250 and 500 mg/kg Cu diet group. Finally,
after 60 days of Cu dietary exposure, the Cu con-
centration n the liver was 75.19+ 12.05, 126.29 +
22.11 and 360.44 = 45.26 ngg dry weight and was
approximately 11-fold, 18-fold and 51-fold higher
than in the control diet group at 125, 250 and 500
mg/kg Cu diet group, respectively. On the other hand,
Cu accumulation in liver did not vary significant
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Fig. 1. Daly variation of copper concentration in
the liver of juvenile rockfish, Sebastes schlegeli

exposed to dietary copper for 60 days. Vertical bars
denote a s:andard error of the mean.

at 50 mg/kg Cu dietary exposure during the first 10
days. After 60 days of exposure, Cu concentration
values were 22.80 + 0.285 pg/g. For fish exposed to
50, 125, 250 and 500 mg/kg of dietary Cu, the
following linear relations were obtained:

Cu (50 mg/kg) =5.51 days + 7.06
(r’=0.9306, P<0.01)
Cu (125 mg/kg) =2.10 days + 13.89
(r*=0.9826, P<0.01)
Cu (250 mg/kg) = 1.09 days + 6.32
(r’=0.9455, P<0.01)
Cu (500 mg/kg) = 0.24 days + 6.26
(r’=0.9822, P<0.01)

The accumulation factors are presented for liver
at 50, 125, 250 and 500 mg/kg Cu dietary exposure
in Fig. 2. The accumulation factors were increased
with the dietary exposure period in liver. Although
the accumulation factor in liver increased with dietary
exposure concentration, there was no significance.

Histopathological change

Liver of the control individuals did not show any
histopathological changes by light microscopy (Fig.
3A). In Cu dietary exposed to fish at 50 mg/kg (10
days), the tissue showed hydropic swelling of
hepatocytes with the pyknotic nuclei in some cells
and at 250 mg/kg (30 days), observed in many cells
(Fig. 3B, C). After 40 days of Cu dietary exposure,
liver changes were characterized by irregular shape
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Fig. 2. Accumulation factor (AF) over time in the
liver of juvenile rockfish, Sebastes schlegeli (mean
+ S.E.), exposed to 50, 125, 250 and 500 mg/kg Cu
diet, respectively.
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Fig. 3. Histopathological changes of liver of the rockfish, Sebastes schlegeli exposed to dietary Cu. A,
Control. The hepatic cord and hepatic cell; B, Cu 50 mg/kg (10 days). The liver tissue showed enlargement
of hepatocytes nuclei and the swelling of hepatic cells; C, The magnification of figure B; D, Cu 250
mg/kg (40 days). The liver tissue showed cellular disarray; E, Cu 500 mg/kg (50 days). The liver tissue
showed some the granulation and necrosis of hepatic cells; F, Cu 500 mg/kg (60 days). The liver tissue
showed distinct the granulation and necrosis of hepatic cells. Abbreviations: He, hepatic cell; Hd; hepatic

cord; N, necrosis.

of hepatocytes at 250 mg/kg (Fig. 3D). At 250 mg/kg
(60 days) and 500 mg/kg (50 days), there were the
granulation and necrosis of some hepatic cells (Fig.
3E). After 60 days of exposure, the liver of the rockfish
occurred a distinct granulation and necrosis at the
500 mg/kg Cu diet group (Fig. 3F).

Discussion

Metal accumulation in tissues of fish is dependent
on exposure dose and time as well as other factors
such as temperature, age of fish, interaction with
other metals, water chemistry and metabolic activity
of the fish (Pagenkopf, 1983; Goyer, 1991; Heath,
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1995). Cu accumulation in liver of the rockfish
increased with dietary exposure periods and con-
centration. Similar patterns of Cu accumulation were
also shown in other studies with aquatic animals
(Miller et al., 1993; Berntssen et al., 1999; Wong
et al., 1999; Kamunde et al., 2002).

Generally, uptake of metal in aquatic organisms
can occur by two major routes. These involve gill,
in the case of dissolved forms, and the digestive
organs, in the case of metals associated with ingested
material such as food or sediment (Leland and
Kuwabara, 1985). Moreover, dietary exposure to Cu
is considerably less toxic than waterborne exposure
(Handy, 1996). In this study, Cu accumulation in
the liver of rockfish was approximately 51-fold,
18-fold and 11-fold higher than in the control diet
group at 500, 250 and 125 mg/kg Cu diet group,
respectively. Miller et al. (1993) reported that in
rainbow trout elevated Cu concentrations in the water
of more than 11 times increase from normal levels
already induced an accumulation of liver Cu. These
authors coicluded that diet appeared to be dominant
source of Cu in liver compared to waterborne Cu.
Kamunde et al. (2002) found that the Cu level in
the liver o:" rainbow trout, Oncorhynchus mykiss, was
33-fold higher than control at 282 mg/kg dietary
exposure aid they suggested that the role of the liver
is central n fish Cu metabolism. The same results
were observed that rainbow trout (Lanno et al., 1985;
Julshamn =t al., 1988), Atlantic salmon (Lorentzen
et al., 199%) and channel catfish (Gatlin and Winson,
1986). In fish, Cu exposure resulted in increased Cu
accumulation of liver, because it plays a major role
in detoxification and excretion of metals through the
induction of metal-binding proteins such as metallo-
thioneins (MTs; Roesijadi, 1992). Therefore, it can
be concluded that liver of rockfish is a more important
storage organ than other organs and Cu accumulation
clearly reflected the level of dietary exposure.

The calculated accumulation factor has two major
purposes; first, to measure how much Cu is accu-
mulated with respect to exposure concentration;
second, to find the finite limit in the ability of fish
to accumulate metals (Sorensen, 1991). The accu-
mulation factor of rockfish increased with exposure
period. Similar patterns of accumulation factor were
also shown in carp (Cinier et al.,, 1999) and eel (Yang
and Chen, 1999). Thus, Cu accumulation in rockfish
strongly influenced by dietary exposure periods.

The liver of vertebrate not only acts as a storage
organ of metal, but is also the primary site for
detoxification mechanisms (Brown et al., 1984;
Olsson et al., 1989) and is known to be target organs
for Cu (Brungs et al., 1973; Buckley et al., 1982).
The histological changes observed in various studies
on livers exposed to pollutants include increased
vacuoles in the cytoplasm, enlarged lysosomes,
changes in nuclear shapes, focal necrosis (death of
cells in a localized area), ischemia (blockage of
capillary circulation), hepatocellular shrinkage, re-
gression of hepatocytic microvilli at the bile
canaliculi, fatty degeneration, and loss of glycogen
(Heath, 1995). Studies concerning the histopatholo-
gical effects of copper toxicity in teleost fish have
been limited to investigations involving waterborne
copper. In Fundulus heteroclitus treated with copper
(800 ugll), Ortiz et al. (1999) observed a disorganiza-
tion of hepatic structure, focal necrosis, and accu-
mulation of erythrocytes. However, in the milkfish,
Chanos chanos (Segner and Braunbeck, 1990) and
Senegales sole, Solea senegalensis (Arellano et al.,
1999), the Cu concentration of 100 xgll in the water
did not lead to pathological hepatic damage. In
addition, it has been reported that the consumption
of diets containing elevated levels of dietary copper
results in a dramatic increase in the copper content
of the liver of channel catfish (Murai et al., 1981)
and rainbow trout (Lanno et al.,, 1987).

In this study, as increasing dietary Cu of all
exposure group for 60 days we have found that liver
tissue showed more distinct hydropic swelling of
hepatocytes with the pyknotic nuclei, and irregular
shape, the granulation and necrosis of hepatic cells.
Therefore, our result indicates that the dietary Cu
could be responsible for the changes observed in
the liver of rockfish.

In conclusion, this study observed highly Cu
accumulation in the liver at all dietary Cu exposure
group and dietary Cu exposure results in histopatholo-
gical change. For the rockfish, the maximum allowa-
ble Cu concentration in feed supplies seems to be
50 mg/kg. The European Union (EU) has set maxi-
mum permitted concentrations for Cu in fish feed
are currently 35 mg/kg dry weight (Lundebye, 1999).
However, this EU guideline is based primarily on
research done on poultry, and data on fish are scarce.
Therefore, further research is necessary to set con-
centration of feed guideline, to protect fish health
and human safety.
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