=R |ournal of Animal and Veterinary Advances 8 (5): 888-892, 2009
ISSN: 1680-5593
PUBLISHING © Medwell Journals, 2009

The Relationship Between Chloride Cells and Salinity Adaptation
in the Euryhaline Teleost, Lebistes reticulatus
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Abstract: The present study elucidates, the relationship between chloride cells and salinity adaptation in the
suppy, Lebistes reticulatus. Guppies were exposed to different salinities (2, 5, 8 and 11%) for 2 weeks to adapt
them to salt water with the density of chloride cells was examined by light microscopy. The chloride cells of the
gills were selectively stamned by the fixator of Champy’s modified by Maillet. The chloride cell density mereased
significantly in fish adapted to 8 and 11% salt concentration, which suggests that the densities of branchial

chloride cells increased with environmental salimty.
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INTRODUCTION

Euwryhaline teleosts possess the capacity to
osmoregulate under various envirommental conditions
(freshwater to hypersaline water). The ability of aquatic
OIgarisms of salimity
without compromising life processes 1s called euryhalinity
(Boutet et al., 2006).

It 15 well known that the most mnportant osmore-
gulatory organ in these animals is the gill, which is
characterized by a relatively slow absorption of Na and
Cl in low salimty environments and a relatively rapid
secretion of Na and Cl in high salinity environments
(Evans, 1993; Karnaky et al., 1976a). The branchial

epithelium is important to ewyhaline fish for both salt

to tolerate wide varnations

uptake in freshwater (Evans, 1984) and salt secretion in
seawater (Maetz, 1974). The cellular basis for Na and Cl
transport across the teleost gill epithelium 1s believed to
be the chloride cell, so named because of its large,
secretory-like appearance and by the demonstration of
active chloride excretion by this cell in the teleost gill
(Keys and Wilmer, 1932; Karnaky et al., 1976h).
Chloride cells have been implicated in many
ultrastructural and biochemical studies as the cell type
responsible for the salt secretion (Karnaky et al., 1976a;
Foskett et al., 1981; Lin et ad., 2003; Saquragui et al., 2007,
Laiz-Carrion et al., 2005). Variations in the morphology

and number of chloride cells thus, reflect adaptive
responses to particular environments (Lee ef al., 2003).
Teleost models of metabolic and cellular adaptation
to varying envirommental salimity have long been
based on studies conducted on a restricted number of
ewryhaline species (Lin et al., 2003). The species studied
are the pupfish Cyprinodon variegatus (Kamaky et al.,
1976a), the kallifish Fundulus heteroclitus (Karnaky et af.,
1976b), the gobby Gillichthys mirabilis, the cichhid
Sarotherodon mossambicus (Foskett et al., 1981), the
guppy Poecilia reticulatus (Pisam et al., 1995) and the
milkfish Chanos chanos (Lin et of., 2003). Most studies on
these model species, show a similar positive correlation
between environmental salinity and chloride cell density.
To study the relationship between the chloride cells
and the salimty adaptation, we chose the euryhaline
teleost Lebistes reticulatus for our experiments. This
guppy 18 a ewvhaline form, suitable for rearing in the
laboratory m freshwater and capable of adaptation to
high salimity enviromments. In this study, we wanted to
evaluate the response of Lebistes reticulatus branclial
tissue to salinity changes. To focus exclusively on the
chloride cell proliferation of the gills of the guppies, the
chloride cells of the gills are selectively stained by the
fixator of Champy’s modified by Maillet, which has made
it possible to identify “chloride cells’ in gill tissue that are
unidentifiable using other histological techniques.
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MATERIALS AND METHODS

Fish and experimental environments: Guppies (Lebistes
reticulatus) from our own stock with a mean weight of
0.94 g (0.71-1.16) and a mean length of 4.4 cm (3.8-5.0)
were used for this study. Fish were held in a 50x15%30 cm
glass aquarium supplied with dechlorinated tap water in
the laboratory. Experimental environments of different
salimties were made with local tap water using proper
amounts of salt rock (NaCl) and gypsum (CaSO,). The fish
used were adapted to different salimties 0, 2, 5, 8 and 11%
with a daily photoperiod of 12 h for at least 2 weeks
(Pisam, 1981). Controls were treated m the same way
without the addition of NaCl and CaSQ, to the test water.
Aquaria were controlled continuously for the first 12 h
to monitor possible unexpected conditions and fish
deaths.

Water Temperatwre (T), specific Electrical
Conductivity (EC), Salimity (S), Dissolved Oxygen (DO)
and pH were measured in the laboratory. Water samples
from different salimities were analyzed for major 1ons and
nutrients. All analyses were made according to APHA-
AVVA-WPCF standards (1989).

Histological investigations: Live fish were killed by taking
from the aquarium to an aerobe condition at the end of
the experiment. For microscopic examination, gill tissue
samples in sterile medium were fixed in Champy’s-Maillet
solution for 18 h {Garcia-Romeu and Masoni, 1970). After
the fixation, tissue samples were dehydrated, cleared with
xylene and embedded m paraffin. A rotary microtome was
used to cut sections (5 p), which were exammed under a
light microscope.

RESULTS AND DISCUSSION

Chemical characteristics of the different salinities
made in the laboratory are summarized in Table 1. The
differences in EC, C1 and SO, were monitored since they
are indicators of salinity (chloride from salt rock and
sulfate from gypsum).

In the present study, the gill tissues of the guppies
adapted to different salinities (2, 5, 8 and 11%) were
mvestigated. Salinity, effects on the branchial epithelia

Table 1: Physical and chemical properties of water used in rearing guppies
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were assessed by observing the densities of chloride
cells fixed by Champy-Maillet fixator which, selectively
stains chloride cells black or brown color. The use of this
technique has made it possible to distinguish chloride
cells from other cells in the branchial epithelium.

The histological structure of control fish gill
epithelium 13 shown m Fig. 1. The gill epithelium of
teleost fish 1s made of a mosaic of respiratory cells
interrupted by chloride cells generally situated at the base
of the secondary lamellae with a few mucousal cells
present. Histological examination of gill tissues of
guppies revealed that the filament epithelium of Lebistes
reticulatus adapted to various salimties 1s different with
fewer chloride cells observed in gill epithelium of fish
maintained in 2 and 5% salinities when compared to fish
adapted to 8 and 11% salinities. Abundance of branchial
chloride cells increased with environmental salinity, with
the densities of the chloride cells of fish adapted to 8 and
11% salimities were sigmficantly higher than the other
groups (Fig. 2).

Although, 1on regulation mn fish 1s mediated by a
group of structures including the gastrointestinal
epithelium and the kadney, the gill 1s the major site
involved m balancing 1on movement between diffusional
gains or losses (Evans, 1993). In the branchial epithelium,
chloride cells play a prominent role in teleost fish
osmoregulation. Indeed, the permeability of this cell type
is modified according to the salinity of the external
environment (Pisam, 1981). Evans (1984) has estimated
that 5% of teleost species are euryhaline, having the
capacity to withstand large changes in environmental
salimity. This capacity to evolve euryhalinity may be one
reason that teleosts can be found in almost all aquatic
environments (Lin et al., 2003). Among them, the guppy
Lebistes reticulatus 13 a euryhaline form, suitable for
rearing in the laboratory in freshwater and capable of
adapting to high salinity environments. The present study
confirms, the capacity of guppies to adapt to abrupt
changes in environmental salinity.

The morphological adaptation of the gill structure to
variable salinities has been the focus of intense research
for many years, especially with respect to the role of
chloride cells. For most euryhaline teleosts examined to
date, branchal mitochondria-rich cells or chloride cells

Salinity Water Dissolved

concentrations (%)  Temp (°C) oxygen (mgL™!)  pH(25°C) EC (25°0) Ca(mgL™" Mg(mgL™) ClmgL™) SO, (mg LY
Control 25.0 7.8 84 366 26.1 24.3 82 19.7

2 25.0 7.2 84 2800 92.2 18.2 2810.0 182.5

5 25.0 1.5 84 T000 140.3 231 3700.0 302.5

8 25.0 7.0 84 14164 150.3 3l.6 4027.1 330.0

11 25.0 6.9 8.3 15000 172.3 30.4 5267.9 375.0
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Fig. 1: Histologeal strocture of corutrol fish gill epithelim
with fewer chloride cells oo chloride cell 31

Secondary lamellae, P1 Pritoary lamellae (2X4500

Fig 2: Inereased density of chloride cells selectively
staitied by ChampreDlaillet fixator in longitudina
sections of gl tissue from Lelisfes reficulafs
adapted to 8% (4 and 11% (b) szalinities ceo
chloride cell, P1: Primmary lattellae, 31 Secondaty

latriellae (450 a; 720 W

chatge in density, size and morphology (ultrastctir €] in
respotise to alterations in ereirorumental  salindties
(Shitai shd Ttida, 1970; Foskett efal, 1970, 1923, Pisam,
19281 ; Chretien andPisam, 1986; Huang, 1987 Pisan of al,
1995; Lee efal, 2003). Sinece, chloride was localized to the
chloride cells, this cell type has been considered the site
of excretion it salt water (Sardet of al., 1979 They may
alzo, perfort sdt absorptionin fresharater. Similar results
were found in the present study, raising et ofun ettal
salirdties resulted in the inereased  deneity of chloride

290

cells at the base of the secondary lamellas inewyhaline
guppy, Lelbisfes reficidafus.  According to Eckert and
Randall (1923, the mumber of chloride cells can change
with varying external salinity such that exposure to high
salinitiesresits in an increase in the mamber of chloride
cells. Moreowver, our previous study in Eimilirmak river,
Turkey, demonstrated that in Cgooefa firvea, the mun ber
of chloride cellsincreasedto meet plyrsiclogical demands
and adapt to salinity changes in the envirorment
(Erkmen and Kolankaya, 20007,

The ability of fish to inhabit dverse and oscillating
etrvirormm ents arises from a variety of adaptive plersiolo-
gical mechanism s Jalts dissolved in the water easily
permeate innto the body of fish, mainly through their gills
atid salt water adaptation is characterized by the insertion
of few cells into the sutface epithelivwm. There are
indications that these cells, adjacent to typical chloride
cells, are woung chloride cells The woung cells
irderdigitate with fypical chloride cells creating a
composite apex (Sardetef ., 19790, In the present study,
the increase of chloride cells in the base of the secondary
lamellae of guppies adaptedto igh salinity indicates that
it may induce these cells in the g1l filament epitheliom,
pethaps as an adaptation for osmoregilation. The osm otic
gradient across the integamernt of these fish is very kigh
and the key to their sutvival appears to be the gill’s
ethanced ability to excrete excess a4zl

CONCLUSION

Density of chloride cells in ewvhaline goppr
Lebisfes reficidafus was modulated by etoeir ot ental
salitity. It iz ktown that the external salindty induces
ostnoeg@ulatoey changes through endocrine mechard sims
that itfluenice epithelial differentiation atd metabolism
(Eckett and Fanddl 1953, Fosket efal, 1983, Dean ef o,
2003, Lee ef d, 2006). These changes that chloride cells
unidergo during  adaptation to high salinities indicates
that they ate the major site of active exchange inthe glls
of eutvhaline teleost fishes
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