- Prof *E!é‘géf e

CYTOBIOLOGIE
VOLUME 5 : No. 1
Pages 65-82 - 1972

The function of ephemerid chloride cells
Histochemical, autoradiographic and physiological studies
with radioactive chloride on Callibaetis

Die Funktion der Chloridzellen von Eintagsfliegenlarven
Histochemische, autoradiographische und physiologische
Untersuchungen mit radioaktivem Chlorid an Callibaetis

Hans Komnick '), REuBen W. RuEEs, and Joun H. ABEL, Jr.
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and Radiation Biology, Colorado State University, Fort Collins, Colorado
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Abstract

In experiments using labeled chloride solutions and a combination of the histochemical
chloride precipitation technique with autoradiography it was shown that the chloride cells
of Callibaetis larvae (Ephemeroptera, Baetidae) absorb chloride from a hypotonic external salt
solution. Experiments on the hemolymph as well as on tracheal gills, fixed in the histo-
chemical chloride reagent after exposure to hypotonic labeled chloride solutions, indicate
that the absorption is dependent on both time and concentration and that the chloride cells
are involved in osmoregulation.

The apex of the central cell of the chloride cell complex which contains acid mucopoly-
saccharide and glycoprotein is capable of binding and accumulating sodium and chloride from
hypotonic solutions. This property which is independent of the living cell, provides a pool
of these electrolytes at the interphase between the external solution and the hemolymph. The
significance of these results for the salt absorption from the low concentration of fresh water
and for the overall process of transcellular salt transport is discussed.

Introduction

In a previous paper [19] a special cell type was described in the epithelium of tracheal
gills of two species of mayfly larvae. The fine structure of these cells, at least in one
species, was remarkably similar to the chloride cells in the gills of fish and thus they
were termed ephemerid chloride cells. On the basis of the histochemical demonstration
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a tracheal gill of an animal injected with a hypertonic (180 mM) Na36Cl solution and fixed
in the histochemical chloride reagent 1 hour after injection. Exposure time 1 month. — d.
Cross section through a tracheal gill of an animal bathed in a hypotonic (15 mM) Na36Cl
solution for 1 hour and fixed in the histochemical chloride reagent. Exposure time 1 month. —
200 X. - e. Higher magnification of c.; f. Higher magnification of d. — 700 X
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Function of ephemerid chloride cells 71

and cross sections of the tracheal gills from animals, which had been bathed in hypo-
tonic labeled chloride solution (Fig.2 b, d and f). By comparison, control preparations
of larvae bathed in unlabeled chloride solution contained no label over the chloride
cells (Fig. 2 a). In cross section of the gills taken from animals injected with hypertonic
labeled chloride solution (Fig. 2 c and e) there was, except for some background grains,
no label detectable in association with the histochemical precipitate even after 3 months
of exposure. Thus, these results indicate a) that labeled chloride is present in the
histochemical chloride precipitates in the chloride cells, b) that chloride is adsorbed
from the external media and from hypotonic concentration by the chloride cells, c) that
the ephemerid chloride cells, opposite to fish chloride cells, are probably not capable of
reversing functional polarity and excreting chloride.

Counting of the Hemolymph

These experiments were designed to investigate whether the labeled chloride, which
is adsorbed from the external solution by the central cells of the chloride cell complexes,
is actually transported into the hemolymph. In one experiment the concentration of
labeled chloride in the bathing solution was kept constant (0.15 mM Na 36Cl/1), but the
bathing time was varied between 15 minutes and four hours. In a second experiment
the bathing time was constant (1 hour), and the concentration was changed between

110 —

90 —

70 -

50 —

cts / ul hemolymph/ min

30 —

10}0D}

mM Na 36c| 1.5

Fig. 4. Radioactivity in the hemolymph of Callibaetis larvae bathed in Na3¢Cl solutions of
different concentrations for 1 hour (full curve). The concentrations chosen correspond to

1074, 1073 and 1072 of the hemolymph osmolarity. The dotted curve represents the same factor
as in fig. 3.







