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ABSTRACT: Effects of dissolved Zn on the structure of the dogfish gill filament were investigated. 
Ultrastructural alterations were seen only in chloride cells, probably due to an accelerated turnover. 
Following exposure to ZnSO, (15ppm Zn) for 2 wk, varying degrees of electron density of the 
cytoplasmic matrix were observed among the chloride cell population. Two cell types, which were not 
found in untreated fish are described: (1) dark cells, highly electron dense and smaller in size than 
chloride cells of untreated animals, and (2) cells packed with swollen mitochondria, which are 
probably undergoing degeneration. We suggest that these alterations are due to an osmotic stress 
caused by Zn ions. Proliferation of chloride cells following Zn treatment described in a previous light 
microscope study might be explained as a compensatory response to restore altered osmoregulatory 
capacities. 

INTRODUCTION 

Previous light microscope studies on structural mod- 
ifications of the fl filament of the dogfish Scylio- 
rhinus canicula L. following treatment with sublethal 
doses of zinc revealed that chloride cells increased 
significantly in number after exposure to Zn (Crespo et 
al. 1981). Scanning electron microscope observations 
on surface morphology of the dogfish gill showed that 
the chloride cell was the only cell type that underwent 
any modifications following Zn treatment. The apical 
region became larger, rnicrovilli appeared longer; 
most were seen emerging from a pit and displayed 
swollen tips (Crespo 1982). From our data it was ob- 
vious that the chloride cell played an important role in 
coping with heavy metal stress and it was suggested 
that morphological modifications of the chloride cell 
apical region in Zn-treated fish might be related to 
changes in osmoregulatory capacities. In order to ve- 
rify the involvement of chloride cells under aquatic Zn 
contamination, a transmission electron microscope 
study was undertaken. The aim of the present study is 
to describe ultrastructural changes of the chloride cell 
of the dogfish S. canicula exposed to a sublethal con- 
centration of dissolved zinc (15 ppm for 2 wk). The 
results are discussed in relation to reports on the effects 
of heavy metals on osmoregulatory processes. 

O Inter-Research/Printed in F. R. Germany 

MATERIALS AND METHODS 

Dogfish Scyliorhinus canicula L. of 150 to 300 g body 
weight were collected in a 80 to 120 m deep zone close 
to Barcelona (Spain). They were kept for at least 1 wk 
in an open circulation tank (natural seawater: salinity 
36 %o, 13 to 15 OC) before experiments. All specimens 
for experimentation (50 % males, 50 % females) were 
placed in individual tanks. Zinc solutions were pre- 
pared by adding ZnS04 to seawater up to concentra- 
tions of 15ppm Zn. Zinc exposure procedures are 
detailed elsewhere (Crespo et al. 1981). Six fish were 
exposed to Zn for 2 wk. None of them showed any gross 
signs of toxicity. Untreated and Zn-treated fish were 
handled in the same way throughout experimentation. 
All of them were anesthetized with tricaine methane- 
sulfonate (MS-222 Sandoz); gills were removed from 
the gill arch, and immediately placed in 5 % glutaral- 
dehyde in 0.1 M phosphate buffer (pH = 7.3). Samples 
were post-fixed in 2 % Os04, dehydrated through 
ethanol series, stained 'en bloc' with uranyl acetate 
and finally embedded in Araldite. Semi-thin sections 
were cut at 1 pm and stained with toluidine blue. 
Ultrathin sections were stained on the grids with lead 
citrate and observed in a transmission electron micro- 
scope (Hitachi HU 12A). Although Zn concentration in 
experimental tanks was not monitored, Zn uptake by 
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the fish was assessed by atomic absorption spec- 
trophotometry (Crespo et al. 1981). 

RESULTS 

Chloride cells are clearly distinguishable in the 
interlamellar spaces of the primary epithelium of the 
dogfish gdl (Fig. la). They stain paler than neighbor- 
ing mucous or pavement cells with toluidine blue. 
These chloride cells are larger and display an apical 
region with microvilli, devoid of vesicles and electron 
dense fibrilar material, which characterizes the pave- 
ment cell of elasmobranch gdl (Fig. lb, c). Chloride 
cell mitochondria are always distributed in the basal 
part of the cell, in the perinuclear zone and in the 
vicinity of the infoldings of the basolateral plasma 
membrane (Fig. Id, e). Vesicles are always located in 
the apical part of the cell (Fig. Id). No tubular system, 
which characterizes the teleost chloride cell, is found 
in elasmobranchs. Different degrees of electron 
density of the cytoplasmic matrix have been observed 
(Fig. If). Electron dense chloride cells are internally 
located in the gdl filament whereas lighter cells gener- 
ally contact with the external medium. 

Following sublethal treatment with 15 ppm Zn for 
2 wk, the only cell type that underwent any modifica- 
tions was the chloride cell. Three different cell types 
could be described: (1) the chloride cell exhibiting the 
same features as control but displaying all degrees of 
cytoplasmic electron density; (2) the dark cell, much 
electron denser than control; and (3) the degenerate 
cell (Fig. 2a). The study of serial sections allows us to 
affirm that both dark cell and degenerate cell cyto- 
plasm are packed with mitochondria. Other organel- 
les, however, are distinguishable in dark cells: endo- 
plasmic reticulum, Golgi complex, ribosomes and lyso- 
somes (Fig. 2d). Their nucleus is denser, smaller and at 
times crenated. The dark cell is a chloride cell since 
the basolateral plasma membrane displays the charac- 
teristic infoldings of the chloride cell (Fig. 2c) and the 
apical region exhibits its typical features (Fig. 2b). 
Dark cells, however, are smaller in size than the 
chloride cell previously described. The degenerate cell 
shows reduced electron density and is packed with 

- swollen mitochondria: their cristae are displaced to the 

periphery and show varying degrees of disorientation, 
shortening and reduction in numbers. The cell is 
extensively vacuolated and exhibits enlarged cister- 
nae of the endoplasmic reticulum (Fig. 2a). These fea- 
tures indicate that the cell is undergoing degeneration. 

DISCUSSION 

The morphology of elasmobranch chloride cells has 
already been described (Doyle & Gorecki 1961, Wright 
1973, Doyle 1975, Laurent & Dune1 1980, Crespo 1982). 
Nevertheless, little information can be found in the 
literature on the physiological meaning of the struc- 
tural differences described among chloride cell popu- 
lation~ in elasmobranchs. Taking into account reports 
by Conte & Lin (1967), Shirai & Utida (1970) and 
Meseguer et al. (1981) in teleosts, we may assume that 
differences in the electron density of the cytoplasm can 
be related to different stages of cell maturity. Follow- 
ing exposure of the fish to dissolved Zn, chloride cells 
increase in number in the gdl filament. All degrees of 
cytoplasm electron density are distinguishable, which 
might correspond to different development stages. 
Two of these cell stages, the dark cell and the degener- 
ate cell, both packed with mitochondria, were not 
observed in control fish. Our observations might sug- 
gest that Zn induces an acceleration of chloride cell 
turnover both producing hyperactivity in some cells 
and enhancing their degenerating rates. Other heavy 
metals, such as Cd and Pb, have also been described as 
accelerating the turnover of a very active cell type, the 
absorptive cell of the trout intestine (Crespo et al. 
1986). 

The dark cell-light cell phenomenon is, however, 
highly controversial. Taking into account that the dark 
cell is smaller in size, some authors consider it is a 
shrunken version of the light cell (Ghadially 1982) and 
3 hypotheses to explain this phenomenon have been 
pointed out: (1) pathological changes engendered by 
toxic agents; (2) differences in hydration or functional 
state; and (3) artifacts of fixation due to poor or slow 
penetration of fixative. In our case we must, at least, 
rule out the last hypothesis since dark cells are super- 
ficially placed epithelial cells which come in contact 

Fig. 1. ScyLiorhinus canicula. Structure of the dogfish gill filament: untreated controls. (a) Cross-section of gill filament ( 2 0 0 ~ ) :  
pe, primary epithelium; se, secondary epithelium (or lamellae). Chloride cells are easily distinguishable in the primary 
epithelium as they are voluminous and stain paler with toluidine blue. m, mucous cell. (b) Primary epithelium at higher 
magnification (1800X); note great size of chloride cells (#) and typical apical region (mowed). (c) Detail of a pavement cell 
(30000~).  Note the row of vesicles and eledron dense fibrillar material neither of which were found in the apical region of the 
chloride cell. (d) Transmission electron micrograph of a chloride cell (3500x). Note the distribution of mitochondria (m) in the 
basal part of the cell and vesicles (V) in the apical part. Some lysosomes (L) are also distinguishable. (e) Detail of the basolateral 
plasma membrane infoldings of the chloride cell (10000x); n, nucleus; m, mitochondria. (f) Two chloride cells showing different 
electron density of their cytoplasmic matrix (5500~);  ac, apical crypt; electron dense chloride cells appear more vacuolated and 

are located internally in the primary epithelium. These cells show enlarged endoplasmic reticulum cistemae (X) 
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with the fixative immediately after immersion of the 
sample. Moreover, no dark cells have been described 
in samples from control fish processed in the same 
way. We assume that dark chloride cells are still func- 
tional since mitochondria seem not to be morphologi- 
cally altered. Changes in electron density of the cyto- 
plasmic matrix and smaller size of the cell might be 
due to dehydration caused by a general osmotic im- 
balance. 

In vitro studies have demonstrated that heavy metals 
alter ionic transport across ion-transporting epithelia 
in fish (Degnan & Miller 1980; Stagg & Shuttleworth 
1982a, Crespo & Kamaky 1983) which is in accordance 
with the inhibitory effect of the metals in vitro on Na, 
K-ATPase activity (Watson & Beamish 1981, Stagg & 
Shuttleworth 1982a, Crespo & Kamaky 1983). How- 
ever, data from in viva studies are somewhat contro- 
versial. Blood-serum osmolarity has been described to 
be altered following exposure of aquatic animals to 
dissolved metals such as Cu, Cr, Cd, Hg and Zn (Lewis 
& Lewis 1971, Thurberg et al. 1973, Cardeilhac et al. 
1979, Sugatt 1980, Lock et al. 1981, Stagg & Shut- 
tleworth 198213). Other authors, however, (Larsson et 
al. 1981) reported that sublethal exposure of the floun- 
der to Cd had no effect on the major blood plasma 
electrolytes, indicating an intact osmoregulation. Spry 
& Wood (1984) failed to find any changes in plasma 
electrolyte concentrations following exposure of the 
trout to low levels of Zn, and Watson & Beamish (1980) 
reported that in vivo Zn-exposed trout maintained a 
relatively constant internal ionic environment but gill 
ATPase activities increased. Our present ultrastruc- 
tural observations give little support to our early 
hypothesis (Crespo et al. 1981) where we suggested 
that chloride cells might act as a Zn excretory device in 
Zn-treated fish: neither endoplasmic reticulum, nor 
Golgi complex, nor lysosomes are altered following 15 
ppm Zn treatment, whereas mitochondria swell and 
dark cells (a shrunken version of the light chloride cell) 
appear. 

From these reports, it is apparent that heavy metal 
polluted media cause some disorders of osmoregula- 
tory mechanisms in fish. However, it is clear from in 
vivo results that there are some compensatory phys- 
iological responses to the effects of the metals (prolifer- 
ation of chloride cells, accelerated chloride cell turn- 
over, increases in gdl ATPase activities, etc.) which 
might constitute an acclirnation to heavy metal stress. 

In accordance with this, works by Gaino et al. (1984) 
and Leino & McCormick (1984) describe similar mor- 
phological modifications of gill epithelia of the trout 
and the minnow related to nitrite and acid water intox- 
ication. 
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