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FIGURE 2. The unidirectional movement of tritiated water across a piece of isolated mantle of Geuken-
sia demissa. Total counts per minute appearing in the “cold” side of a diffusion chamber are plotted as a
function of time. The data are from paired mantle tissues from one mussel: the left mantle was incubated

for 1 hin 1000 mOsm seawater (solid circles); the right mantle was incubated in 500 mOsm seawater (open
circles) prior to measurement of the tritiated water flux in a diffusion chamber containing the same media.

media; the decrease in permeability is proportional to the magnitude of the decrease
in the ambient osmotic concentration. Furthermore, the P, of the isolated tissue incu-
bated in isosmotic medium is reduced by a vertebrate hormone and by an endoge-
nous factor of neural origin.

The reduction in permeability induced by a 30 min exposure to 500 mOsm seawa-
ter is less than that resulting from long-term acclimation of the mussels to 500 mOsm
SW. The reduction of water permeability by ganglion extracts from 1000 mOsm-SW
acclimated mussels and mantle extracts from 500 mOsm-SW acclimated mussels
suggests that the putative factor is produced in the ganglia and released to the periph-

TABLE I1

Time course of change in water permeability (P,) of mantles from 1000 mOsm seawater-acclimated
Geukensia demissa during incubation in 1000 mOsm or 500 mOsm seawater

Treatment medium

1000 mOsm 500 mOsm
Incubation duration(h) 0.5 1 2 3 4 0.5 1 2 3 4
Pychange (X105cm/s) 09 04 03 04 02 *-09 ***—1.0 **—14 ***-19 ***—19
SD 1.1 04 14 09 09 0.6 0.9 1.4 1.8 14
n 4 3 4 8 5 4 10 9 10 7

Values are differences in P4 between paired left and right mantles: one mantle was incubated in 1000
mOsm SW for 1 h; the other was incubated in the treatment medium for 0.5 to 4 h. Values marked with
asterisks are significantly different from the corresponding 1000 mOsm treatment value (* = P < .05, **
=P<.01,***=P<.001)



236 L. E. DEATON

TaABLEIII

The effect of various tissue extracts on the water permeability (P;) of mantles from 1000 mOsm seawater
acclimated Geukensia demissa incubated four hours in 1000 mOsm seawater

Treatment medium
1000 SW 1000 SW 1000 SW 1000 SW
+ 1000 + 1000 + 1000 + 500
1000 SW mantle ext. gill ext. ganglia ext. mantle ext.
P4 change 0.5 1.3 0.6 *—14 *_15
SD 14 1.1 1.6 1.2 1.9
n 18 6 5 3 10

Values are X10~° cm/s and represent differences in P4 between paired left and right mantles: one
mantle was incubated in 1000 mOsm SW for 1 h; the other was incubated in the treatment medium for 4
h. Values marked by asterisks are significantly different from that for 1000 SW (* = P < .05; ** = P < .01).

ery during acclimation to low ambient salinity. Prusch and Hall (1978) observed a
67% reduction in the water permeability of mantles isolated from the mussel Mytilus
edulis during four weeks of acclimation to 70% seawater. Thus, in the intact animal,
continuous release of neural factors may facilitate a larger decline in permeability
than occurs in isolated tissues. As yet there are no data on the size, structure, or
chemical nature of this putative neurohormone. However, it is not FMRFamide (Ta-
ble III).

Prolactin reduced the water permeability of G. demissa mantles in isosmotic me-
dia (Table IV). Prolactin also reduces the permeability of teleost epithelia to water
and ions (Doneen and Bern, 1974; Foskett et al., 1983). While the presence of prolac-
tin has been demonstrated by immunocytochemical methods in ascidians (Pestarino,
1984), it has not been reported in any other invertebrate. Therefore it is unlikely that
the active substance in G. demissa ganglia is prolactin.

Khan and Salueddin (1979; 1981) associated changes in the anatomy of the sep-
tate junctions between kidney cells in the snail Helisoma duryi with increased water
permeability. Extracts of the visceral ganglia induce these changes which occur within

TABLEIV

The effects of selected hormones on the change in diffusional water permeability (P,) of mantles from 1000
mOsm seawater-acclimated Geukensia demissa incubated four hours in 1000 mOsm seawater

Treatment medium
1000 SW
1000 SW 1000 SW 1000 SW + Arg
+ Prolactin + FMRFamide + cortisol vasopressin
1000 SW (50 pg/ml) (107 M) (107* M) (107 M)
P4 change 0.5 23 -04 -0.5 -0.4
SD 1.1 1.4 0.9 1.5 20
n 18 6 4 4 5

Values are X10™% cm/s and represent differences in P4 between paired left and right mantles: one
mantle was incubated in 1000 mOsm SW for 1 h; the other was incubated in the treatment medium for 4
h. The value marked by *** is significantly different from that for 1000 SW (P < .001).
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TABLE V

The effect of colchicine on the water permeability (P4 of mantles from 1000 mOsm seawater-acclimated
Geukensia demissa incubated four hours in 500 mOsm seawater

Treatment medium
500 SW + colchicine
500 SW 2X107*M)
P4 change -23 -2.0
SD 3.0 3.1
n 9 3

Values are X 10~ cm/s and represent differences in P4 between paired left and right mantles: one mantle
was incubated in 1000 mOsm SW for | h; the other was incubated in the treatment medium for 4 h.

30 minutes. Neurohormones, then, can alter the water permeability of molluscan
epithelia by causing changes in the structure of the tissues, thereby changing the resis-
tance of the paracellular pathway to water movement. The failure of colchicine to
prevent a decrease in the P4 of mantles exposed to dilute media (Table V) suggests
that microfilament activity is not involved in the process.

If the major route of water movement across the G. demissa mantle is paracellu-
lar, osmotic swelling of the epithelial cells could contribute to a decrease in the water
permeability of the tissue during exposure to hypoosmotic media. Isolated G. demissa
ventricles exposed to hypoosmotic seawater stop beating, but the mechanical activity
of the ventricle recovers within 90-120 minutes (Pierce and Greenberg, 1972). Re-
covery of the mechanical activity of the ventricle apparently is due to cellular volume
regulation. If the time course of recovery of cellular volume by the mantle cells is
similar to that of the myocardial cells, osmotic swelling cannot account for the reduc-
tion in water permeability induced by 2-4 h incubations in hypoosmotic seawater.
However, in the absence of data on the time course of changes in the volume of
mantle cells exposed to hypoosmotic stress, the possibility that cell swelling accounts
for some or all of the decrease in epithelial permeability cannot be ruled out.

The mantle of G. demissa is vascularized (Fig. 1) and therefore well-perfused by
the circulation. Mounting the tissues in the diffusion chamber precluded perfusion,
and therefore the effects of delivery of the tissue extracts and other drugs via the
circulation cannot be assessed.

Extracts of various nervous tissues affect epithelial water permeability of crusta-
ceans and annelids (Mantel, 1968; Tullis and Kamemoto, 1974; Berlind and Ka-
memoto, 1977; Carely, 1981). While none of these factors has yet been identified, it
is clear that neural factors modulate water permeability in euryhaline invertebrates.

In summary, the epithelial water permeability of euryhaline molluscs changes
during acclimation to changes in the ambient salinity. These changes in permeability
may be modulated by one or more neural factors of unknown structure. The mecha-
nisms responsible for increases or decreases in water permeability apparently involve
changes in the junctional complexes between the epithelial cells, but factors affecting
transcellular water permeability, such as the insertion or removal of water channels
or changes in the composition of the membrane lipid bilayer, cannot be ruled out.
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