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Abstract

The effects of copper on the yolk-sac larvae of Clupea harengus (Clupeidae) hatched
from eggs previously exposed to copper were examined in terms of epidermal ultrastructure.
The dermal cells of the larvae hatched in 0.03 or 0.05 mgl? copper showed the following
changes; extensive vacuolation, degeneration of mitochondria and golgi complexes, dilation of
endoplasmic reticulum and perinuclear spaces, disruption of the nuclear membrane, disap-
pearance of felt-like fibrous plate and increase in the size and number of microvilli. The
chloride cells in copper-exposed larvae had fewer and smaller mitochondria. These ultrastruc-
tural changes probably affect respiration and osmoregulation, thus the survival of herring
larvae exposed to copper.

Introduction

The fish epidermis consists of epithelial cells, mucus cells and
neuromasts (Jones et al. 1966; Somasundaram 1985; Mohammad Nagib
1987). The function of the epidermal layer, especially of the mucus cells, is
to produce mucin, a glycoprotein substance with which water forms mucus.
The mucus facilitates swimming and protects fish from parasites, bacteria
and other small organisms (Lagler et al. 1977). The chloride cells function
in ion secretion and absorption (Lubin et al. 1989).

The skin also function in respiration, osmoregulation, and absorption
during the early larval stages when gills are not functional (Holliday 1964;
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Blaxter 1969; Ferreira et al. 1984). Disruption of the epidermal layer may
affect osmoregulation and respiration or increase the susceptibility to
microorganisms.The skin of fish larvae is highly susceptible to heavy metal
toxicity (Oronsaye and Brafield 1984; Somasundaram 1985).

Somasundaram et al. (a, b 1984) reported cellular disruption and defor-
mities in the larvae of C. harengus exposed to zinc. Gardner and La Roche
(1973) also found cellular damage in Fundulus heteroclitus exposed to copper
solutions.

Ultrastructural and pathological changes in the gills, liver, kidney, lat-
eral line and olfactory organs of fish due to copper have been reported
(Baker 1969; Segner 1987; Beckman and Zaugg 1988). The cytological
changes in muscle cells, brain cells and deformities in vertebrae and jaws in
the larvae of herring, C. harengus exposed to copper have been previously
reported (Abbasi et al. 1995; Abbasi and Shackley 1995). This paper de-
scribes the effects of copper on the ultrastructure of the epidermal layer of
herring larvae, C. harengus L.

Materials and Methods

Adult C. harengus that were about to spawn were caught by gillnet
from Castle Beach, Milford Haven, South Wales in March 1989. Eggs were
stripped from these fish and artificially fertilized.

Samples of about equal numbers of fertilized eggs were placed in 2 |
glass jars containing clean artificial sea water (Tropical Marine Salts) diluted
to 20% (ambient salinity) with or without copper. Test solutions contained ei-
ther 0.01, 0.03, 0.05 mgl* copper prepared from a stock solution of CuS 4
.5H,0. The jars were continuously aerated at 8°C ambient temperature. Con-
trol and test solutions were renewed every two days to counter possible ad-
sorption of copper by glassware and uptake by the eggs.

Upon hatching 15d after fertilization, the yolk-sac larvae were fixed for
electron microscopy. Samples of ten larvae were removed from both control and
test solutions and fixed for 2 h at 4°C in 5% cacodylate-buffered glutaraldehyde
with sucrose added. These were then washed in several changes of the buffer
solution at 4°C for 24 h, post-fixed in chilled osmium tetroxide for 90min,
washed 1h further in buffer solution, then dehydrated in a graded series of
cold acetone and finally embedded in TAAB embedding resin.

Gold/silver interference color sections were obtained using knives on a
Cambridge Huxley Mark | ultramicrotome. Sections were mounted on copper
grids and double-stained in 80% uranyle acetone in methanol (20 min) and
lead citrate (10 min) and viewed in a Joel 1200 transmission electron micro-
scope. A morphometric analysis of the electron micrographs was carried out
according to Weible et al. (1966). Electron micrographs were enlarged to a fi-
nal magnification of 39 x 10 and analysed using a multipurpose test system
consisting of 100 points enclosing 50 short test lines in order to determine
the relative volume of the mitochondria and the surface-to-volume ratio of
the mitochondrial cristae in chloride cells.
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Results

The epidermis of the larvae of C. harengus consists of the outer epider-
mal cells, the inner epidermal cells and the chloride cells. Each outer epider-
mal cell contains an elongated nucleus, a few mitochondria, golgi complexes,
and vesicles (Fig. 1). The distal surface of these outer cells are extended into
microvilli or microridges (Figs. 1 and 2). Under these cells, there is a felt-
like mass of fibers forming a plate. The inner epidermal cells have extensive
rough endoplasmic reticulum (Fig. 2) but the other organelles are similar to
those in the outer cells. The innercells are connected to each other by des-
mosomes. The chloride cells contain a large number of mitochondria with an
electron-dense matrix and numerous cristae (Fig. 3), ribosomes, osmiophilic
vesicles, tubules, extensive smooth and rough endoplasmic reticulum (SER
and RER) that ramify throughout the cell except in the narrow apical cyto-
plasm. The nucleus, spherical or ovoid in shape, lies in the periphery of the
cell. Part of the cell (about 6.2 um) lies exposed in a depression on the skin
surface, flanked by epidermal cells.

Significant morphological changes occurred in both epidermal and chlo-
ride cells of larvae hatched from eggs incubated in 0.03 or 0.05 mgl! copper.
Larvae in 0.03 or 0.05 mgl' copper developed vacuoles among the mitochon-
dria while the felt-like fibrous plate in the outer epidermal cells disappeared
(Fig. 4). In the inner cells, the RER and perinuclear spaces were dilated
(Fig. 5). In the larvae in 0.05 mgl! copper, the cytoplasm of the outer epi-
dermal cells was vacuolated (Fig. 6), the organelles disappeared except some
of the remnants of mitochondria and golgi complexes; the nuclear envelope
was disrupted (Fig. 7) and the microvilli became more numerous (Fig. 8).
The nuclei of the inner epidermal cells had low electron density, and the mi-
tochondrial cristae were fragmented or missing. The chloride cells of the lar-
vae in 0.03 mgl?t copper had swollen SER and mitochondria. The chloride
cells from larvae incubated in 0.05 mgl copper were smaller than those in
control, contained fewer mitochondria, formed nodular masses and contained
granular and osmiophilic inclusions (Fig. 9). The mitochondrial cristae degen-
erated (Fig. 10) leaving a granular mass in the matrix.

The relative volumes of the mitochondria and the surface-to-volume ra-
tios of their cristae in the chloride cells are shown in Table 1. Both mea-
sures significantly decreased in larvae hatched from eggs incubated in 0.03
and 0.05 mgl! copper.

Discussion

In the present study necrosis and sloughing off of the epidermal cells
were observed in the herring larvae hatched from eggs incubated in high
concentrations of copper. The epidermal cells became vacuolated and were
finally sloughed off. Somasundaram (1985) also observed the vacuoles, the
swelling of mitochondria and the increased intracellular space in the epithe-
lial cells in C. harengus larvae exposed to zinc. Eisler and Gardner (1973)
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Fig. 1. The epidermal cell of C. harengus
larvae at hatching, showing nucleus (N),
mitochondria (M), golgi complexes (GC),
vesicles (V), felt-like mass of fibers (F)
forming a plate and desmosomes. Arrow
head shows microvilli. Scale bar 1 m.

Fig. 2. Epidermal cells of C. harengus larvae
showing the outer (O) and inner (I) epidermal
cells, rough endoplasmic reticulum (RER),
and nucleus (N). The epidermal cells are
connected together by desmosomes (D). BM
= basement membrane. Scale bar 1 m.

Fig. 3. The chloride cell in the epidermis of C. harengus larvae at hatching. The epidermis contains
branches of smooth endoplasmic reticulum (SER), rough endoplasmic reticulum (big arrow), and
numerous mitochondria (M). Note the chloride cells extending beneath the epidermal cell (E) and
connected to the surface (small arrow) via the apical pit (AP). V = Vesicles; BM = Basement
Membrane. Scale bar 1 m.
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Fig. 4. The outer epidermal cells of Fig. 5. The inner epidermal cells of C. harengus larvae
C. harengus larvae hatched from hatched from eggs previously exposed to 0.03 mgl-
eggs previously exposed to 0.03 copper, showing fragmentation of rough endoplasmic
mgl-* copper,showing the vacuoles reticulum (RER), mitochondria (M), and the
(VC),degenerationof ~mitochondria perinuclear space (arrow). Scale bar 1 m.

(M) and disappearance of felt-like
fibrous mass. D = desmosomes.
Scale bar 0.5 m.

Fig. 6. The outer epidermal
cells of C. harengus larvae
hatched from eggs previously
exposed to 0.05 mgl-* copper,
showing many vacuoles (VC),
distorted mitochondria (M),
numerous microvilli (arrow),
and no felt-like fibrous mass.
Scale bar 2 m.

Fig. 7. The outer epidermal cells of C. harengus larvae hatched
from eggs previously exposed to 0.05 mgl-' copper, showing
degeneration of outer epidermal cells, remnants of mitochondria
(small arrow) and golgi complexes (GC) disrupted nuclear
membrane (N), and more microvilli (large arrow). Scale bar 2 m.

Fig. 8. The outer epidermal cell of C. harengus larvae from eggs

previously exposed to 0.05 mgl* copper, showing increased

abundance and size of microvilli (MV). Scale bar 0.5 m.
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Fig. 9. The chloride cel of C. harengus

T ‘%q. larvae hatched from eggs previously
et ‘?ﬁ exposed to 0.05 mgl-! copper, showing
the reduced size and abundance of
mitochondria (M) and granular
inclusions (Gl in the
cytoplasm.SER(smooth endoplasmic
retculum). Scale bar 1 m.

L, R$ |
it M '5--:—'-:_ 3 Fig. 10. The Chloride cell of C. harengus larvae hatched
b P e en TE from eggs previously exposed to 0.05 mgl* copper showing
10 J “" "’- - the degeneration of mitochondria cristae (M),
B ol Mt RER = rough endoplasmic reticulum. Scale bar 1 m.

Table 1. Morphometric analysis of the chloride cells of C. harengus L. yolk-sac larvae hatched
from eggs previously exposed to copper for 15 days. For each group 25 larvae were examined.

Copper Mean Relative Mean surface—to—volume
concentration Volume of mitochondria ratio of cristae

0 (Control) 0.60 0.42

0.01 0.61 0.44

0.03 0.53 0.34

0.05 0.46 0.20

observed the necrosis of the epithelial lining in the oral cavity of Fundulus
heteroclitus exposed to zinc. Nuclear pyenosis, necrosis and sloughing off of
the epidermal cells were also reported in C. harengus larvae reared in acidic
and aluminum solutions (Mohammad Nagib 1987). In Winter flounder ex-
posed to copper, a cytological breakdown of the gill epithelium occurs and
chloride cells expand into bubbles (Baker 1969). Rainbow trout exposed to
mercury showed severe epithelial necrosis as well (Wobeser 1975). Benedetti
et al. (1989) reported that due to copper poisoning the epidermis of brown
bullhead, Ictalurus nebulosus appeared thinner in patches which showed
shrunk cytoplasm, dissolution of the nuclear envelope and dispersed chroma-
tin structure. Similar results have also been observed in the present study.
Baker (1969) suggested that copper may be absorbed by the gill epithelium
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and act primarily on the cell enzymes resulting in the formation of lysos-
omes, vacuoles and vesicles. In the present study, nodular masses or granu-
lar inclusions on the epithelial cell surface may be due to the copper acting
as a coagulant on the mucus secreted by the cells within the epithelial layer.
The present study suggests that the granular matter may effect oxygen/car-
bon dioxide exchange through the epithelial cells.

The presence of microridges or microvilli on the skin have been re-
ported in many teleost larvae including C. harengus (Jones et al. 1966;
Mathy et al 1980; Lubin et al 1989; Foscarini 1989). Microridges which are
respiratory and excretory in function, are also sensitive to stimuli from the
surrounding environment (Baker 1969; Foscarini 1989). In the present study,
the copper treated larvae had numerous microvilli that were longer than
those in the control larvae, but the microvilli disappeared when the outer
epidermal cells degenerated. High microridges were also observed in the lar-
vae of C. harengus exposed to zinc (Somasundaram 1985) and mercury
(Jastania 1989). Mercuric chloride or methyl mercuric chloride damaged the
microvilli of gills before damaging the epithelia (Olson et al 1973). In the
present study, copper caused cellular changes in the chloride cells of C.
harengus. Similar degeneration of chloride cells was also observed in the
larvae of C. harengus in acidic solutions (Mohammad Nagib 1987). The ap-
pearance of chloride cells in the epidermis of C. harengus may be an adap-
tation to environmental changes and their disruption may be due to changes
in the metabolic activity (Somasundaram 1985).

In Winter flounder exposed to copper, the mucus cells replaced by chlo-
ride cells functioned in adaptation to and excretion of copper (Baker 1969).
The present study is in agreement with Somasundaram (1985) and Baker
(1969) that in the chloride cells, the surface to volume ratio of the mitochon-
drial cristae increase in 0.01 mgl?! copper suggests an increase in metabo-
lism, hence the cells may be involved in the excretion of copper, but in 0.05
mgl copper reduced mitochondria and the cristae indicates low metabolism
due to cellular metabolic disruption. In Stickleback exposed to cadmium, the
chloride cells increased in number as ionic regulation increased at the gills,
but later declined in number as they were poisoned and their effectiveness
in removing cadmium was reduced (Oransaye and Brafield 1984). Disruption
of the ultrastructure and the sloughing off of the epidermal cells of C.
harengus in copper solutions may be expected to adversely affect respiration,
osmoregulation and the survival of larvae and would increase the chances of
fungal and bacterial infections.
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