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Effects of diphenylamine-2-carboxylate on the
transepithelial potential difference and Cl™ fluxes
in gills of the Chinese crab Eriocheir sinensis
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SUMMARY: The cffects of DPC (diphenvlamine-2-carboxylate-107" M) have been studied on the transepithelial
potential difference of anterior and posterior gills and on the C1™ fluxes in posterior gills of the Chinese crab Eriocheir
sinensis acclimated 1o fresh water. DPC s effective only on the serosal side of the posterior gills. 1t induces a marked
depolarization of the cpithelium and largely reduces the CI7 uptake which takes place in these gills. The observed
effects of DPC are consistent with a role of serasal C17 channels in the transepithelial transport of CI7 wking place in

the posterior gills of Lriocheir sinensis.

Key words: DPC. potenual difference. CI7 transport. crab. Eriocheir sinensis.

INTRODUCTION

Recently. modcls have been proposed accounting
for Na™ and CI™ movements in isolated. perfused
anterior and posterior gills of the eurvhaline Chinese
crab Eriocheir sinensis (GILLES & PEQUEUX, 1986).
Thesc models derive from results of studies on ul-
trastructural. biochemical and physiological aspects
of NaCl movements across the gills (GILLES & PE-
OQUEUX. 1981. 1983, 1985: PEQUEUX & GILLES.
1981: BARRA eral.. 1983; PEQUEUX er al.. 1984 GO-
CHA et al.. 1987). Accordingly. there is no transepi-
thelial active transport of Na™ or Cl™ in the anterior
gills. These gills are largely permeable to Na™ while
showing only extremely low permcability to Cl7.
They further show a classical Na™ /K™ pump and lcak
system at the serosal sidc. On the contrary. the pos-
terior gills transport actively both the Na ™ and CI7. A
Na /H™ antiporter is implicated in the inward active
Na' movement at the apical side of the epithelium.
\t the scrosal side, Na™’ is moved out by an Na /K™
exchanger. C1 is moved in by an apical C1 /HCO,
antiporter. It could be moved out by a SI'TS insensitive
active transport process and/or through Cl1 channels
located at the serosal side. In this case. C1™ would

follow the K* diffusion potential generated by the
activity of the scrosal Na*/K* pump and lcak system.

Diphenylaminc-2-carboxylate (DPC) has been re-
ported as a potent CI™ channel blocker (D1 STEFANO
er al.. 1985, WANGEMANN et al., 1986). To test the
possible role of C17 channels in the CI™ transepithelial
movements. we have studied the effect of that
compound on both the transepithclial potential dif-
ference (PD) and the CI7 fluxes in the posterior gills
which are know to transport actively Na* and C17.
DPC has also been tested on the PD of the anterior
gills which do not show transepithelial uphill trans-
port of NaCl.

MATERIAL AND METHODS

The experiments were performed on perfused
anterior and postenior gills 1solated from the curyvha-
line Chinese crab FEriocheir sinensis (Milne-Ed-
wards) (Crustacea. Decapoda. Grapsidae). The
crabs were captured in freshwater lakes near Emden
(West Germany). transferred to the laboratory and
kept in tanks of circulating tap water,

Gills were perfused and the transepithelial po
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ntial  ditferent (PDY was measured followine
methods described }'1:-. PEOQUEFUX & GILLES (1978).
[he so-called —anterior™ and “posterior” aills corre
spond respectively to the arthrobranchiae HEL TV and

Voand to the three most posteriorly

the arthrobranchia V1 and the pleurobran-

located pairs of
aills. i.e.
chiae Tand 11

Gills were perfused with and incubated in a
Cfreshwater saline™ containing. in mM: NaCl. 240:
KCL 50 MgCls, 5: CaCls. 12.5 and H3BO;, 8.8, The
pH wus adjusted to 7.6 with Tris-base. The ion
composition ot this solution corresponded to the
blood ion composttion of crabs acchmated to
freshwater. Diphenviamine-2-carboxylate (DPC) was
uscd at a concentration of 10 M. It was previously
dissolved in dimcethylsuifoxide (DMSO) 0.1 %. Preli-
minary cxperiments showed that DMSO at that con-
centration had no signiticant eftect on the transepi-
thelial potential difference of the gills.

In some experiments. large C17 gradients werc ap-
plied to the posterior gills. substituting that ion by
gluconate in either the incubation or perfusion saline.

Cl™ fluxes were estimated using the radioactive
tracer *°Cl™ (0.25 wCi ml™"). It was added either to
the incubation medium or to the perfusion saline and
its appearance on the opposite side measured in | ml
aliquots of samples collected every 10 min. Sample
radioactivity was measured with a liquid scintillator
Tricarb Packard 3255, using Pico Fluor TM30 (Pack-
ard) as scintillation cocktail.

RESULTS

Diphenylamine-2-carboxvlate (DPC 107* M) has
no significant effect on the transepithelial potential
difference (PD) of the anterior gills (Fig. 1). Simt-
larly, it remains without any significant effect on the
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Fi6. 5. — Effect of addition of DPC to the perfusion saline (in) on
the C17 efflux in isolated. perfused posterior gills of the Chinese
crab £ sinensis.

PD of the posterior gills when added to the incu-
bation medium (Fig. 2). However, this compound in-
duced a marked depolarization of these gills when
added to the perfusion saline (Fig. 2).

ANTERIOR GILL

APICAL EPITHELIUM | SEROSAL
SIDE SIDE
(OUT) (IN)

Nu’>< Na*

NOO

o ~ @

Cl™ replacement by gluconate in the
medium depolarizes the gill epithelium. A further de-
polarization 1s induced in this condition by DPC,
when added to the perfusion saline (Fig. 3). <17
substitution in the incubation medium induces a re-
versal of the PD. In this case addition of DPC to the
perfusion saline induces a depolarization of the epi-
thelium (Fig. 3).

Results from Ci™ fluxes study show that addition
of DPC to the perfusion saline markedly reduces the
influx (Fig. 4, Table 1), while it remains without any
significant effect on the efflux (Fig. 5, Table 1).

perfusion

TABLE [. — Effect of addition of diphenylamine-2-carboxylate

(DPC) to the perfusion saline on the Cl™ fluxes of isolated. per-

fused posterior gills of the Chinese crab Eriocheir sinensis. Results
are expressed in peq g~ ' wet wt and are means = SD.

Control Experimental
Influx 1762 + 267 (n = 4) 27+ 14( - 4)
Efflux 392 £ 68(n=13) 357 £ 76 (n = 3)
POSTERIOR GILL
APICAL EPITHELIUM SEROSAL
SIDE SIDE
(OUT) (IN)
. High K*
H Low Na*
Low CI”
Na*
Cl’\

ci” »uCl-

JT’./\\
~ Y

® ©

96, 60— Models of NaT and C1 movements in isolated. pertused anterior (A) and posterior (B) gills ot £. sinensis acclimated to
freshwater. Gills are bathed with a same “freshwater saline™ on both sides: the inward movements of Na ™ and Cl - at the serosal side do not
play a signficant role in PD generation (Gilles et al.. 1988).
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[he present study essentially attempts to invest-
gate the possible participation of C1 channels in the
Cl movement in the gills of the Chinese crab Erio-
cheir sinensty acclimated to freshwater. The PD re-
corded in both antertor and posterior aills as well as
the cttects of Cl replacement by gluconate on the
PD have been largely discussed in earlier studics
(GIirs & PEQUEUX. 1986) and will not be consider-
cd any further in this paper.

Diphenylamine-2-carboxylate  (IDPC)  has no
significant etfect on the PD of the anterior gills. sug-
gesting that CI7 channels are not implicated in the
formation of the electrical potential of these gills. On
the other hand. DPC induces a marked depolari-
zation ot the posterior gills, In this casc. 1t 15 only
eftective when added to the perfusion saline. Fur-
ther. addition of this compound to the perfusion me-
dium induces a very important decrecase of the CI™
influx. while the cfflux remains unchanged. These re-
sults are in full agreement with the idea that CI™
channels are implicated in the C1™ movements at the
serosal side of the gill epithelium. In this view, a
block of the CI” channel would indced inhibit the
serosal outward movement of CI”" which follows and
short-circuits the K diffusion potential. As shown in
figure 6. the reduction of the short-circuit so obtained
should lead to a depolarization. The DPC induced
depolarization obscrved when Cl7 is replaced by glu-
conate can be explained in the same way. In this con-
dition. the PD reversal observed upon substitution of
Cl™ by gluconate in the incubation saline can be ac-
counted for by a reversal of the CI™ diffusion po-
tential on the apical side (Fig. 6.).

The present results are thus strong arguments to
consider that CI™ channels play a prominent role in
the €17 transepithelial transport occurring in the pos-
terior gills of the Chinese crab Eriocheir sinensis,
They are by no means excluding a possible role for
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oither '!u;l||‘.\.|_'-,~,, Notal
transport systems Na

- K 2CI1™

which should deserve some attention,
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