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SESSION V. PHYSIOLOGY

The Role of Prolactin in the Adaptation of Tilapia
to Hypo- and Hyperosmotic Environments

B. AUPERIN
P. PRUNET
Laboratoire de physiologie des poissons
Institut natlonal de la recherche agronomique (INRA)
Campus de Beaulieu F-35042 Rennes Cedex, France

AUPERIN, B. and P, PRUNET. 1996. The role of prolactin In the adaptation of tilapia to hypo- and hyperosmotic
environments, p. 449-460. In R.5.V. Pullln, ). Lazard, M. Legendre, ].B. Amon Kothias and D. Pauly
{eds.) The Third International Syrmposium on Tilapla in Aquaculture. ICLARM Conf. Proc. 41, 575 p.

Abstract

Many studies have shown the essential role of prolactin (PRL) In osmoregulation. When tilapia
are transferred to hyperosmotic environments, an Increase Is observed in plasma ion concentrations,
in the rate of ion turnover and in gill Na/K-ATPase activity. Plasma PRL concentrations decrease.
Hypophysectomy of freshwater fish causes an imbalance in the hydromineral equilibrium leading
to the animals’ death. Supplements of PRL allow thelr survival by re-establishing the sodium net
flux. In hyperosmotic environments, hypophysectomy does not lead to the animals’ death. In this
environment, PRL reduces sodium permeability and causes an increase in plasma sodium concentrations.
PRL seems to have an effect on chloride cells but does not decrease gill Na/K-ATPase activity.
Stress related to anesthesia, to confinement or to the water's physicochemical characteristics causes

an increase in plasma PRL concentrations.

Introduction

The fish of the genera 7ilapia, Saro-
therodon and Oreochromis are charac-
terized by a great tolerance to a wide
range of environmental conditions. They
tolerate great temperature variations
(Chervinski 1982) as well as salinity
{(Dharmamba and Nishioka 1968 on O.
mossambicus; Fukusho 1969 on O. nilo-
ticus) and some species known to be
freshwater species are found in estuaries
or in the sea (Stickney 1986). The range
of tolerance also extends to water qua-
lity: anoxia, pH and dissolved nitrogen.

Efforts have been made to develop
tilapia culture in marginal areas, such
as in brackishwater or in seawater (Payne
1983). However, the intensive develop-

ment of this farming system presents
several difficulties. For example, species
with a high culture potential such as
O. niloticus have low euryhalinity, while
species with poor growth such as O.
mossambicus show adequate euryhali-
nity. Consequently, Doudet (1986) and
Morissens (1987) report high mortalities
associated with low growth rates in
tilapias that are or could be farmed in
brackishwater lagoons. These results,
which show the low resistance of tilapias
to salinity, contradict the laboratory
findings. Environmental fluctuations dur-
ing culture cycles, which are not repro-
duced in the laboratory and which the
animals must resist for long perlods of
time (temperature, salinity and quality).
could account for the observed differ-
ences.
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In order to understand these morta-
lities, it is necessary to analyze the influ-
ences of the environmental parameters
on fish physiology, and especially on
the endocrine control of osmore-
gulation. Knowledge on the subject is
still fragmentary (see review of Prunet
and Bornancin 1989).

This paper is limited to the study of
prolactin (PRL), and reviews both the
major bibliographic data and our spe-
cific results about this hormone and its
role in osmoregulation.

In tilapia, prolactin is found in two
forms (Specker et al. 1985; Rentier-
Delrue et al. 1989) which are synthe-
sized by two distinct genes (Rentier-
Delrue et al. 1989). The complete se-
quences of both PRL are well known
{(Yamaguchi et al. 1988; Rentier-Delrue
et al. 1989). The heavier of the two,
PRL-1 (24 kDa, 188 amino acids) contains
11 more amino acids than the other,
PRL-II (20 kDa, 177 amino acids).

Changes In Some Physlological
Parameters during the
Adaptation
of Tllaplas to Hyperosmotic
Environments

Descriptive Analysis of Some
Parameters during the Adaptation
to a Hyperosmotic Environment

In tilapias (O. mossambicus) adapted
to seawater, the plasma Na and plasma
Cl concentrations, and the osmotic
pressure are slightly higher (5 to 10%)
than those of animals kept in freshwa-
ter (Table 1) (Dharmamba et al. 1973;
Dharmamba et al. 1975; Dangé 1985;
Young et al. 1988). In O. aureus, the
direct transfer from freshwater to
brackishwater (14 ppt) results in an in-
crease in plasma chloride levels, followed
by a rapid decrease. After three days
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Fig. 1. Changes In plasma Cl, PRL-1 and PRL-I levels
in the adaptation of Oreochromis aureus to a brackish
environment (14 ppt). Experiments were conducted
on animals of 70 g mean body weight. The samples,
taken at different dates after the beginning of treatment,
were always taken at the same hour, Each point rep-
resents nine animals. [J: control animals In fresh-
water; A: animals transferred from freshwater to
brackishwater (14 ppt). *: P<0.05; ** P<0.01.

in brackishwater, the chloremia of the
animals transferred is no longer
significantly different from that of the
animals kept in freshwater (Fig. 1}.
The adaptation of O. mossambicus to
brackishwater results in an increase in
gill Na/K-ATPase activity as shown either
by direct measurement (Table 1)
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Table 1. Effect of salinity on plasma Na and I concentrations, glll Na/K-ATPase activity, transbranchlal po-
tential and Na uxes (Dharmamba et al, 1973, 1975; Dangé 1985; Young et al. 1988) in Oreochromis mossambicus.

Values are means * standard errors with numbers of determination in brackets.

Environment

Freshwater 1/3 seawater Seawater

Plasma values {pEq-') Na 1585 + 2.2(12) 163.2 x+ 2.5(9) 163.8 + 200110

139.0 + 1.0(12) 1495 =+ 2.2(9) 146.2 + L7(11)
NA/K-ATPase actlvity
of the microsomal fraction 1.5 &+ 0.1(12) 2.8 + 0.7(9) 35 & 0.8(11)
of giil epithelium
{ymol of phosphate/hour milligram
of proteins)
Transbranchial potential
(Int-Ext} mV 14.7 + 1.8(3) 35.2 + 3 2(3)
Na flux inflow 13.6 + 2.5(8) 116 1 29 (6) 746+ 79 (6}
pEg 100 g'-h? outflow 8.4 1+ 1.3(8) 123 + 56 (5 1,651  + (71 (8}

(Dharmamba et al. 1975; Dangé 1985;
Young et al. 1988) or by fluorescence
measurements on the opercular mem-
branes using fluorescent ouabain
{McCormick 1990).

Finally, during adaptation to seawater,
the transbranchial potential and the
transepithelial potential, which are
positive compared to the external
environment, increase strongly in O.
mossambicus (Table 1) (Dharmamba et
al. 1975; Young et al. 1988).

Analysis of lon Movements Involved
In Plasma lon Varlations

Experiments were conducted on Na
fluxes in order to understand better the
variations observed in plasma ion
concentrations. In O. mossambicus
reared in freshwater, the rate of Na
turnover Is 0.15% ‘hour' {(Dharmamba
et al. 1973) with a positive net flux of
sodium (inflow). This Na turnover value
increases to 26%-hour! in animals
adapted to seawater (Dharmamba et al.
1973).

This increase in turnover in seawater
can be explained by an increase in the

sodium (and chloride) outflow at the
gill level, which is multiplied 10 times
for diluted seawater (1/3 part) and 200
times for pure seawater {(Table [}
(Dharmamba et al. 1975). The increase
in Cl fluxes at the opercular membrane
level is just as strong in seawater {Ta-
ble 2) (Foskett et al. 1981).

In addition to this modification in ion
fluxes, the adaptation of Q. mossam-
bicus to seawater results In reduced
water permeability compared to fresh-
water fish (Potts et al. 1967).

Concomlitance between fon Movement
Varilations and GHI Cell Modification
during Adaptation to a Hyperosmotic
Environment

The Increase in chloride excretion des-
cribed previously, and demonstrated by
Foskett et al. {1982), can be correla-
ted to a modification of chloride cells
at the gill and opercular membrane
levels. These structures are rich in
chloride-excreting chloride cells (Foskett
and Scheffey 1982). For example,
chloride cells are small and poorly
developed in freshwater, but in seawater
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Table 2. Fluxes of *CI measured under short-circuit current at the level of the oper-
cular membranes isolated in Oreochromis mossambicus adapted to dlifferent envi-
ronments (Foskett et al. 1981) Values are means x standard errors with numbers of

determination in brackets.

pEg-cm*h! Freshwater After 10 days adaptation
to seawater
Qutflow 0.26 + 0.07(6) 2.60 x 0.30(5)
Inflow 0.18 + 0.04(6) 0.50 + 0.08(5)
Net flux 0.07 + 0.07(-) 2.10 + 0.30(2)

they are rich in mitochondria and show
a well developed tubular system (seat
of the Na/K-ATPase activity) in connection
with the basolateral membrane (Foskett
and Scheffey 1982; Foskett et al. 1982).

Foskett et al. (1982) describe two pe-
riods in the relationship between the in-
crease in chloride excretion and the modi-
fications observed at the chioride cell
level. The first period in the increase in
chloride excretion, which lasts three days,
seems to be related to an increase in the
number of chloride cells. The second
period In the increase of excretion, noted
after three days, seems to be due to an
increase in chloride cell diameter and,
therefore, to an increase in secretion in
each cell.

These electrophysiological and micros-
copic studies allow us to conclude that
the increase in transopercular ion fluxes
observed during adaptation to seawater
are closely related to an increase in the
number of differentiated chloride cells
which are responsible for the excretion
of chlorides.

Plasma Endocrine Parameters

In endocrine terms, the adaptation of
Q. mossambicus to brackishwater results
in a decrease in the circulating levels of
prolactin. Such decrease occurs as soon
as salinity drops 10% below seawater
salinity (Nicoll et al. 1981).

Studies conducted on O. aureus
transferred to brackishwater (14 ppt) show
that the drop in PRL-I and PRL-II circulating

levels occurs in 24 hours (Fig. 2) (RIA
titration: Aupérin et al. 1994). The
evolution of both PRL-I and PRL-II
plasma levels follows the same pat-
tern, but the PRL-Il concentration is
higher than the PRL-I concentration after
two weeks adaptation in brackishwater,
This seems to indicate a coordinated
regulation of the secretion of both PRL
forms.

These results concur with the stud-
ies conducted in vitro on O. mossam-
bicus, which show that the hypophyses
of animals reared in freshwater syn-
thesize and secrete more PRL than those
of animals reared in seawater
{Nagahama et al. 1975; Grau et al.
1981).

Therefore, the adaptation of tilaplas
to seawater results in a slight increase
in plasma ion concentrations, an In-~
crease in their turnover rate, an increase
of the gill Na/K-ATPase activity and a
decrease in plasma PRL concentrations.
It also results in an increase in the
transmembrane potential which is held
responsible for the passive Na outflow.

Effects of Hypophysectomy
and Prolactin Supplement

in Animals Reared In Different
Salinity Environments

The studies of Handin et al. (1964)
and Dharmamba et al. (1967) on hy-
pophysectomized tilapias (Q. mos-
sambicus) have shown that these ani-
mals were unable to survive in
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Fig. 2. Effect of sheep (s) or tilapia (ti) PRL treatments on the osmotic pressure {OP) and plasma Na concentratlons
in Nile tilapia (Oreochromls nifoticus) adapted for 15 days to brackishwater {20 ppt) at the time of the flrst
injection. PRL was injected every other day, 1 hour after daybreak (12/12) with a total of four injections.
Injected doses are: sPRL: 10 pg g’ of wet welght per injection; tiPRL: 0.25 ug g of whole weight per

injection ({1 PRL's | and W were provided by F. Rentler-Delrue).

*: P<0.05; *": P<0.01.

freshwater, but that treatments using
sheep prolactin (sPRL) allow their
survival. These first results have led to
many other studies showing the role of
prolactin In osmoregulation.

Hypophysectomized Animals
Reared in Freshwater

The culture of hypophysectomized O.
mossambicus in a Ringer environment
{isotonic environment) allows the survival
of the animals. The transfer to fresh-
water causes 100% mortality in 10 days
(Dharmamba et al. 1967; Dharmamba 1970).

These mortalities in freshwater are due
to an imbalance of the hydromineral equi-
librium, which results in a continuous
decrease in osmotic pressure (OP) and
in Na concentrations as compared to
the control animals reared in freshwa-
ter or to hypophysectomized animals
kept in Ringer {Dharmamba et al. 1967;
Dharmamba 1970).

The analysis of Na fluxes shows that
the hypophysectomy of tilapia transferred
to freshwater results in an inversion of
the sodium net flux: from an inflow to
an outflow. This inversion Is due to a
large increase in the passive outflow
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and a decrease in the inflow (Table 3)
(Dharmamba and Maetz 1972).

These results concur with the decrease
in gill Na/K-ATPase activity, and in the
decrease in transepithelial potential
responsible for the passive Na outflow
observed in hypophysectomized animals
(Young et al. 1988).

Hypophysectomized Animals Reared
In Freshwater and Supplemented
with Prolactin

Daily injections of sheep prolactin (10
pg-g' of wet weight) in hypophysecto-
mized O. mossambicus allow the sur-
vival of these animals in freshwater for
several days. The osmotic pressure and
the plasma Na concentrations in these
animals are, based on the number of
days of treatment, slightly lower than
or equal to those in operated yet not
hypophysectomized control animals
(Dharmamba et al. 1967; Dharmamba
1970).

Similar results were obtained with in-
jections of tilapia PRL (PRL-I, PRL-II or
a mix of the two forms) before the trans-
fer of hypophysectomized animals to
freshwater. Thus these treatments allow
the maintenance of plasma Na and Cl
concentrations, the OP, and the transe-
pithelial potential in the control animals
(Specker et al. 1985; Young et al. 1988).
Specker et al. (1985) did not observe

any difference between the two forms

of PRL in the retention of Na.

The analysis of the Na fluxes in hypo-
physectomized animals transferred to
freshwater shows that injections of sheep
PRL in O. mossambicus reestablish a net
inflow by decreasing the outflow, but
do not seem to act on the inflow (Ta-
ble 3) (Dharmamba and Maetz 1972).

Intact Animals In Hyperosmotic
Environments

In tilapias (O. mossambicus) adapted
to seawater, injections of sheep prolactin
over a period of five days produce a
40 to 50% increase in plasma Na and
Cl concentrations and an increase in
osmotic pressure (Table 4) (Clarke 1973;
Dharmamba et al. 1973; Dharmamba and
Maetz 1976; Herndon et al. 1991). In
O. niioticus adapted to the brackishwater
(20 ppt), injections of tilapia prolactin
(PRL-I or PRL-II) also cause an increase
in plasma Na and Cl concentrations and
in the OP (Fig. 2).

This increase in plasma Na after the
ifjections of PRL can be explained by
a modification in the hydrogen and
sodium balance. For example, the re-
sults of Wendelaar Bonga and Van Der
Meij (1981) on tilapias (O. mossambicus)
adapted to a calcium-poor, 9 ppt saline
environment (isoosmotic) indicate that
sheep prolactin reduces the osmotic

Table 3. Na Flux (MEq-100 g*-h"') at the gill level in Qreochromlis mossambicus after six to seven days in
freshwater: Effect of the hypophysectomy and the sheep PRL supplement (10 pg-'g"', one injection per day
for flve days). Values are means + standard errors (Dharmamba and Maetz 1972).

Inflow Qutflow Net flux
Whole animals (8) 13.63 + 2.49 843 +1.27 +5.19 1 1.66
Hypophysectomized animals (6) 5.58 @ 2.83 21.56 + 3.18 -15.98 + 2.32
Hypophysectomized animals (7)
+ NaCl (0.9%) 9.42 + 0.89 14.81 + 1.35 -5.40 + 1.40
Hypophysectomized animals (13)
+ sPRL (10 pg-g") 9.87 +1.24 8.74 + 0.94 +1.13 + 0.81
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Table 4. Osmotic pressure (OP), plasma Na concentration and Na inflow and outflow (WEq-hour 100 ') In Oreochrormis massambicus
adapted to seawater. Effect of the hypophysectomy and the sheep PRL supplement (10 pg-g', one Injection per day for five
days) (Dharmamba et al. 1973; *: Dharrmamba and Maetz 1976; and **: Dharmamba et al. 1975). Values are means + standard

errors with number of detenmninations in brackets.

or Plasma Na Inflow Outflow

(mOsmol-l") concentration (pEq-1') (pEq'h'-100g™")  (uEqQ-h'-100g")
Whole animals 293 + 7 165.7 + 4.5 746 & 79(6)** 1,651 & 17(8)""
In seawater (5)
Whole animals In
seawater + Injectlons 294 1 9 161.7 + 2.5 739 +141.2 1,275 11995
of NaCl (5)
Whole animals In
seawater + injections 414 110(7) 230.6 1+ 5.2(7) 191 + 23.6(5) 321 i+ 61.8(5)
of sheep PRL
Controls In seawater (7) 1536 + 4.8"
Hypophysectomized 175.7 + 1.5

anlmals in seawater (6)

water inflow and outflow at the gill level.
In the same species adapted to seawater,
the increase in plasma Na after a sheep
prolactin treatment causes 70 to 75%
decrease in the Na turnover (Dharmamba
et al. 1973). This coincides with the de-
crease in sodium permeability (Young
et al. 1988) which results in a fivefold
reduction of the Na inflow, and a four-
fold reduction of the outflow (Table 4).
Under these conditions, the net outflow
is inhibited by 75% (Dharmamba et al.
1975).

These studies support the results of
Foskett et al. (1982) which indicate that
In tilapias (O. mossambicus) adapted
to seawater, sheep PRL inhibits, in a
dose-dependent manner, the excretion
of chloride and conductance at the
opercular membrane level. Similar ef-
fects are observed during injections of
PRL from the rostral pars distalis of the
PRL-rich adenohypophysis.

Foskett et al. (1982) also suggest that
the inhibition of chloride (and conse-

quently Na) secretion after an injection
of PRL occurs due to a decline in the
population of sodium-excreting chloride
cells and/or a decline in the active
transport to the remaining cells. In fact,
recent studies (Herndon et al. 1991) have
shown that a treatment using sheep
prolactin inhibits chloride cell differen-
tiation. For example, the number of
chloride cells at the opercular membrane
level does not vary, but the average size
(diameter and depth) decreases. These
chloride cells are therefore no longer
in contact with both the external and
internal environments. The effect of
prolactin seems to be to inhibit
hypertrophy and the differentiation of
new chloride cells (Herndon et al. 1991).

Jointly, these results suggest that
sheep prolactin inhibits the gill Na/K-
ATPase in animals adapted to seawater
(Dharmamba et al. 1973). However,
under the conditions used by Young et
al. (1988) (two injections to hypo-
physectomized animals kept in 25%
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seawater), the two prolactin isoforms
do not change the Na/K-ATPase activ-
ity. These results support those of Herndon
et al. (1991) (Table 5}, who did not observe
any variation in the Na/K-ATPase activ-
ity after five injections of sheep prolactin.

These two sets of results (decrease
in the number of chloride cells and
absence of variation in the Na/K-ATPase
activity) seem to be contradictory and
suggest a complex effect of prolactin
on chloride cells,

Hypophysectamized Animals in
Hyperosmotic Environments

Hypophysectomy performed on O.
mossambicus reared in seawater does
not significantly modify Na and Cl con-
centrations as found in whole animals
reared in the same environment (Table
4) (Dharmamba and Maetz 1976), but
it produces an inhibition of 50% of the
Na outflow {Dharmamba and Maetz
1976).

Whatever the environment salinity,
sheep PRL or its equivalent leads to an
increase in OP and plasma Na and Cl
concentrations. But the action of pro-
lactin on sodium movements seems to
be different depending on whether ani-
mals are kept in fresh- or seawater. In
freshwater, prolactin acts only on the
outflow, whereas in seawater, it reduces
both inflow and outflow.

These results suggest that the decrease
in plasma PRL concentrations is a
necessary condition to ensure the
animals’ survival and an optimal salt
excretion at the gill level in seawater
animals. However, the effect of hypo-
physectomy in tilapias adapted to
seawater, which leads to an inhibition
in the Na outflow, suggests that other
endocrine mechanisms are involved.

Effects of Stress
on Prolactin Levels

Two types of stress must be distin-
guished: stress related to farming con-
ditions (stocking density, manipulation
of the animals, etc.), which causes modi-
fications in plasma PRL concentrations
in salmonids (Avella et al. 1991), and
stress related to the physicochemical
characteristics of the environment (acidic
pH. pollution by heavy metals, etc.)
which causes an increase in hypophyseal
prolactin cell activity in O. mossambicus.

Stress Related
to Farming Conditions

Two types of experiment have pro-
vided the means to trace the plasma
PRL-1 and PRL-ll levels. In O. niloticus,
an analysis of the following effects was
conducted:

Table 5, Number and size of chloride cells at the opercular membrane level and gill Na/K-ATPase activity
In Oreochromis mossambicus adapted to seawater. Effect of the sheep(s) PRL supplement (10 ug g, one
Injection per day for five days) (Hemdon et al. 1991). Values are means x standard errors.

Animals injected

Animals injected

with NaCl with s-PRL
Number of chloride cells {cells-cm™) 6,979 = 1,825 7,499 +1.158
Size of chloride cells (pm?#) 325 = 55 130 + 17
Gill Na/K-ATPase
activity (mmol ADP mg prot-hour') 9.9z 1.4 11.0+ 1.8




1) the effect of the sampling method:
rapid sampling without anaesthesia upon
release from the culture tank. This
technique was used as a control. Also
a sampling of the animals after anes-
thesia in 4 min (0.5 ml phenoxyethanol-1"!
of water) or in 1 min (1 mi phenoxye-
thanol-I'" of water); and

2} the effect of stress when animals
(five fish in a 10x40x45 cm space) were
confined in a reduced volume of water
for 1 hour, then anesthetized in 4 min.

PRL circulating levels (Fig. 3) are higher
{but not significantly different) in animals
anesthetized in 1 min than in control
animals. In contrast, stressed animals
{(showing plasma cortisol concentrations
[93.1£6.3 ng-ml"'] significantly higher
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than those in control animals [2.4+1.5
ng ml'] or animals anesthetized in 4 min
{cortisol concentrations = 113.8+10.6
ng'mi']) show PRL circulating levels sig-
nificantly higher than those of control
anlmals. However, the increase in PRL
circulating levels in stressed animals is
not significant when compared to ani-
mals anesthetized in 4 min,

Environment-related Siress

The exposure of Q. mossambicus to
acidic pH (pH 3.5) causes severe stress
leading to a continuous decline in the
plasma osmotic pressure (Wendelaar
Bonga et al. 1984). This reduction is
accentuated in the first six days after

PRL-1l {ng-mi-}

[
6 -~
E
2 a5
Mgt
T
4 n
Q-
a. 2|
Q -
control anesthesia
(Imi]-1)

anesthesig
(imld-2)

siress

Fig. 3. Effect of anaesthesia and stress on plasma PRL-1 (bars with no shading) and PRL-I {(shaded bars)
concentrations in Oreochromis niloticus. Anlmals were adapted to farming conditions for seven days. Two
doses of anesthetic (phenoxyethanol) were used. Stress was produced by confining the animals in a reduced
space in the aquarium for perlods of 1 hour. a: P<0.05 compared to control animals.
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the transfer, then a partial restoration
occurs after 14 days. The authors de-
scribe a rapid change (in 24 hours af-
ter the transfer to an acidic environment)
in the ultrastructure of the prolactin cells,
and after 14 days, an increase in the
size of the rostral pars distalis, from 31%
to 47% of the total hypophysis volume,
suggesting an Increase in the synthesis
and release of PRL,

Subsequent to a three-month adapta-
tion in acidic pH (4.5}, there is no longer
any différence between plasma Na
concentrations in animals adapted to
acidic pH and those in the control animals
{Flick et al. 1989).

These authors indicate that at the
beginning of the experiment, the so-
dium inflow is reduced by 55% and the
outflow by 70% of the value found in
control animals. In contrast, they de-
scribe a restoration of the outflow af-
ter 10 days. At the end of this period,
the net flux reaches zero, while there
is an inflow of 93 nmol-hour’ g in ani-
mals with pH 7.0.

These results support the observations
made previously, i.e,, that the increase
in prolactin secretion observed in the
adaptation to acidic pH seems to be
causing the decrease in Na outflow ob-
served in these animals.

The effect of cadmium pollution also
causes a temporary decline in plasma
electrolytes as well as an increase in
prolactin cell activity. But such an in-
crease is only temporary, and it ceases
when metallothionines appear in the liver
and the gills (Fu et al. 1989; Pratap et
al. 1989). These detoxifying proteins
apparently protect osmoregulatlng
mechanisms against cadmium.

Conclusion

This study shows that prolactin plays
an important role in freshwater tilapias.

It is essential to their survival because
it reduced the Na outflow. On the other
hand, the absence of prolactin in ani-
mals adapted to a hyperosmotic envi-
ronment also seems essential, since this
hormone causes a retention of the plasma
Na, which leads to their death. In this
environment, prolactin acts by reduc-
ing Na inflow and outflow.

Incidents of stress {(manipulation, con-
finement, modification of the quality of
farming conditions) lead to a significant
and rapid increase in plasma PRL levels,
If these factors also cause a similar
increase in plasma PRL concentrations
in brackishwater, it is likely that it will
lead to an imbalance of the hydromineral
equilibrium in these animals. Such an
imbalance, if it persists in a hypertonic
environment, could cause death and
could account for the unexplained
mortalities in some «cultures in
brackishwater [agoons. The hypothesis
of an increase in plasma PRL
concentrations following environmen-
tal fluctuations during culture cycles
should be studied further.

References

Avella, M., G. Young, P. Prunet and C.B. Schreck.
1991, Plasma prolactin and cortisol concen-
trations during salinity challenges of coho salmon
{Oncorhynchus kisutch) at smolt and post-smolt
stages. Aquaculture 91:359-372.

Aupérin, B., F. Rentier-Delrue, [ .A. Martial and P.
Prunet. 1994, Evidence that two tilapia
{Oreochromis niloticus) prolactins have different
osmoregulatory functions during adaptation
to a hyperosmotic environment. |. Meol.
Endocrinol. 12:13-24.

./Chervmskl J. 1982, Environmental physiology of
tilapias, p. 119-128. /n R5.V. Pullin and R.H.
Lowe-Mconnell (eds.) The blology and culture
of tilapias. ICLARM Conf, Proc. 7, 360 p.

Clarke, W.C. 1973, Sodium-retaining biocassay of
prolactin in the intact teleost THapia mossambica
acclimated to seawater. Gen. Comp. Endocrinol.
21:491-512.

Dangé, A.D. 1985. Branchial Na/K-ATPase activity
during osmotic adjustments in two freshwa-
ter euryhaline teleosts, tilapia (Sarotherodon



messambicus) and orange chromid (Etroplus
maculatusy, Mar. Biol. 87:101-107.

Dharmamba, M. 1970. Studies of the effects of
hypophysectomy and profactin on plasma
asmelarity and plasma sodium in Tilapia
mossarnbica. Gen. Comp. Endocrinol. 14:256-
269,

Dharmamba, M. and R.S. Nishioka. 1968. Response
of prolactin-secreting cells of Tilapia
mossambica to environmental salinity. Gen.
Comp. Endocrinol. 10:409-420.

Dharmamba, M. and ]. Maetz. 1972, Effects of
hypophysectomy and prolactin on the so-
dlum balance of 7//apia mossamblca in
freshwater, Gen. Comp. Endocrinol. 19:175-
183,

Dharmamba, M. and J. Maetz. 1976. Branchial
sodium exchange In seawater-adapted
Tilapia mossambica: effects of prolactin
and hypophysectomy. J. Endocrinol. 70:293-
299.

Dharmamba, M., R.I. Handin, J. Nandl and H.A, Bern.
1967. Effect of prolactin on freshwater survi-
val and on plasma osmotic pressure of
hypophysectomized Tilapia mossambica. Gen,
Comp. Endocrinol. 9:295-302.

Dharmamba, M., N, Mayer-Gostan, . Maetz and H.A.
Bern. 1973. Effects of prolactin on sodium
movement in T/lapla mossambica adapted
to seawater. Comp. Endocrinol. 21:179-187.

Dharmamba, M., M. Bornancin and }. Maetz,
1975, Environmental salinity and sodium
and chloride exchange across the gill of
Titapia mossambica. |. Physiol. (Paris) 70:627-
636.

Doudet, T. 1986. Projet pilote de développement
de l'aquaculture lagunalre (Cote d'lvoire). Rapport
annuel, Cent. Tech. For. Trop,, Nogent-sur-Mame,
France.

Flick, G., J.A, Van Der Velden, H.C.M. Seegers,
Z. Kolar and $.E. Wendelaar Bonga. 1989.
Prolactin cell activity and sodlum fluxes
In tilapia (Oreochromis mossambicus) af-
ter long~-term acclimation to acid water.
Gen, Comp. Endocrinol. 75:39-45.

Foskett, J.K. and C. Scheffey. 1982. The chlo-
ride cell: definitive identification as the salt
secretory cell In teleosts. Sclence 215:164-
166.

Foskett, J.K., C.D. Legsdon, T. Turner, T.E. Machen
and H.A. Bern. 1981. Differentiation of the
chloride extrusion mechanism during sea-
water adaptatlon of a teleost fish, the cich-
lid Sarotherodon mossambicus. |. Exp. Biol
93:209-224,

Foskett, J.K., T.E. Machen and H.A. Bemn. 1982.
Chloride secretion and conductance of
teleost opercular membrane: effects of
prolactin. Am. ). Physiol. 242:R380-R389.

Fu, H., H. Pratap, RA.C. Lock and 5.E. Wendelaar

459

Bonga. 1989, Effect of cadmium on prolac-
tin cell activity and plasma electrolytes
in the freshwater teleost Oreochromis
mossamnbicus. Aquat. Toxicol. 14:295-306.

Fukusho, K. 1969. The specific difference of sali-
nity tolerance among cichlid fishes genus
Tilapla and histological comparison of their
kidneys. Bull. Japan. Soc. Sci. Fish. 35:148-
155,

Grau, E.G., R.5. Nishioka and H.A. Bern. 1981, Ef-
fects of osmotic pressure and calcium fon on
prolactin release from rostral pars distalis
of the tilapia Sarotherodon mossambicus.
Gen. Comp. Endecrinol. 45:406-408,

Handin, R.1., ]. Nandin and H.A. Bern, 1964, Effect
of hypophysectamy on survival and on
thyroid and interrenal histology of cichiid
teleost, Tilapia mossambica. |. Exp. Zool.
157:339-344.

Hemndon, T.M., 5.D. McCormick and H.A. Bern. 1991.
Effects of prolactin on chloride cells in oper-
cular membrane of seawater-adapted
tilapia. Gen. Comp. Endocrinol. 83:283-289.

McCormlick, €. 1990, Cortisol directly stimulates
differentiation of chloride cells in tlapia
opercular membrane. Am. J. Physiol.
259:R857-RBG3.

Morissens, P. 1987. Projet de développement de la
pisciculture. Rapport annuel, Cent. Tech. For.
Trop., Nogent-sur-Marne, France.

Nagahama, N., R.5. Nishioka, H.A. Bern and R.L.
Gunther. 1975, Control of prolactin secre-
tion In teleosts, with special reference to
Gllilchthys mirabilis and THapia mossam-
bica. Gen. Comp. Endocrinol. 25:166-188,

Nicoll, C.S., S.W. Wilson, R. Nishioka and H.A.
Bern. 1981. Blood and pituitary prolactin
levels in tilapia (Sarotherodon mossambi-
cus). Gen. Comp. Endocrinel. 44:365-373.

Payne, A.l. 1983, Estuarine and salt tolerant tila-
plas, p. 534-543. /n L. fishelson and Z. Yaron
(comps.) Proceedings of the First Interna-
tional Symposium on Tilapia in Aquaculture,
Tel Aviv University, lsrael.

Potts, W.T.W., M.A.A. foster, P.P. Rudy and G.
Parry Howaells. 1967. Sodium and water
balance In the cichlld teleost, Tilapla mos-
sambica. |. Exp. Biol. 47:461-470.

Pratap, H.B., R.A.C. Lock and $.E. Wendelaar
Banga. 1989, Effect of waterborne and
dietary cadmium on plasma of teleost
Oreochromis mossambicus In relation to
water calcium levels. Arch. Toxicol.
18(4):568-575.

Prunet, P. and M. Bornancin. 1989, Physiology
of salinity tolerance in tilapia: an update
of basic and applied aspects. Aguat. Living
Resour. 2:91-97.

Rentier-Delrue, F., D. Swennen, P. Prunet, M. Lion
and J.A. Martial. 1989, Tilapia prolactin:



460

molecular cloning of two ¢cDNAs and expres-
sion in Escherichia cofi. DNAS8, 261-270.

Specker, JL., D.5. King. R.S. Nishioka, K. Shirahata,
K. Yamaguchi and H.A. Bern. 1985, Isolation
and partial characterization of a pair of
prolactins released /n vitro by the pitui-
tary of a cichlid fish, Oreochromis mos-
sambicus. PNAS USA 82:7490-7494.

Stickney R.R. 1986. Tilapia tolerance of saline waters:
a review. Prog. Fish-Cult, 48:161-167.

Wendelaar Bonga, 5.E. and ].C._A. Van Der Meij. 1981.
Effects of ambient osmolarity and calcium
on prolactin cell activity and csmotic water
permeability of the glils in the teleost Saro-
therodon mossambicus. Gen. Comp. Endocrinol.
43:432-442.

Wendelaar Bonga, S.E., ).C.A. Van Der Meij and G.
Flick. 1984, Prolactin and acid stress in the
teleost Oreochromis (formerly Sarothero-
don) mossambicus. Gen. Comp. Endocrinol.
55:323-332.

Yarnaguchi, K., .L. Specker, D.8. King, Y. Yokoo,
R.&. Nishioka, T. Hirano and H.A. Bem. 1988,
Complete amino acid sequences of palr
of fish {tllapia) prolactins, tPRL ., and tPRL .
|. Biol. Chem. 263:9113-9121.

Young, P.5., 5.D. Mc Cormick, J.R. Demarest, R.J.
Lin, R.S. Nishioka and H.A. Bern. 1988, Lffects
of salinity, hypophysectomy and prolactin on
whole-animal transepithelial potential in the
tilapia Oreochromis mossarmbicus. Gen. Comp.
Endocrinol. 71:389-397.



TR

IRD INTERNATIONAL SYMPOSIUM

e

J.B. AMON'KOTHIA
R PABEY AN 0N
 Translations by U000
C/LHOMME-BINUDIN-~=
République _de Céte d'lvoire

ISLARM

-
International Center for Living Aquatic cro
Resources Management Centre de recherches océanologiques

RSV, PULLIN
J. LAZARD |
M. LEGENDRE |

L'Institut frangais de recherche scientifique Centre de coopération internationale en recherche

pour le développement en coopération With the cooperation of agronomigue pour le développement
Coopération Centre technigue

francaise de coopération agricole et rurale



THE THIRD INTERNATIONAL SYMPOSIUM
ON TILAPIA IN AQUACULTURE

] ENTERED IN NAGA

Edited by

R.S.V. PUELIN
]. LAZ
M. LEGENDRE

J.B. AMON KOTHIAS
D. PAULY

Translarions by
C. LHOMME-BINUDIN

1996

Républigue de Cite d'voire

I@LARM

Intermational Center for Living Aguatic

Rezources Management

L' Inatitut frangais de retherohe schentiflque é
pour la développament an coopéaralion Cenlra de coopération internationsie en rechwrckic
Agranomigue pour ke développement

With the cooperation of

Coopération Centre techrique
francaise de coopdération agricole ol rurala



