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ABSTRACT

Prunet, P. and Boeuf, G., 1985, Plasma prolactin level during transfer of rainbow trout
(Selmo gairdneri) and Atlantic salmon (Salmo seler) from fresh water to sea water.
Aquaculture, 45: 167—176.

Hypoosmoregulatory activity of two salmonid species (one smoltifying and one
non-smoltifying) was studied by direct transfer of these fish into sea water. Two plasma
parameters were followed during the experiments: osmotic pressure and sodium level.
Using an homologous radicimmunoassay for salmon prolactin, the plasma level of this
hormone was also meastired.

Seawater adaptation of rainbow trout appeared to be difficult, as shown by the
high increase of osmotic pressure and sodium level, However, after 2 weeks the fish
were able to regulate their hydromineral balance. Prolactin level dropped within 24 h
after transfer and remained significantly lower than in the freshwater fish during the
experiment. In contrast, Atlantic salmon smolts transferred to sea water were able to
control their hydromineral balance within a few days after transfer, as shown by plasma
osmotic pressure and sodium level. Moreover, prolactin level was not significantly dif-
ferent between freshwater and seawater fish from day 4 to the end of the experiment.
Thus, by measuring plasma prolactin level, it was possible to confirm the two patterns
of seawater adaptation presented by Atlantic salmon smolt and rainbow trout. These
results are discussed in terms of a possible role of prolactin in salmonid osmoregulation.

INTRODUCTION

The development of salmonid seawater aquaculture in France has revealed
the potential and the limits of such culture systems and has led'to a new
interest in the physiology of osmoregulation (Boeuf and Harache, 1982),
The ability of these fishes to adapt to sea water varies depending on whether
we are dealing with smoltifying or non-smoltifying species. Numerous studies
have demonstrated that seawater survival of salmon is maximum when fishes
are transferred during smoltification (see review by Hoar, 1976; Folmar
and Dickhoff, 1980; Wedemeyer et al., 1980), For non-smoltifying species
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such as rainbow trout, seawater adaptation seems to be more difficult,
and the development of salinity tolerance is related to body size, large fish
adapting more easily than smaller ones (Houston, 1961; Conte and Wagner,
1965; Lahlou et al., 1975; Bath and Eddy, 1979; Jackson, 1981; Johnston
et al., 1983; Boeuf and Harache, 1984).

There has been considerable research on the endocrine control of the
development of seawater tolerance in salmonids during the last few years;
much attention has been paid to thyroid hormones which appear to play
a major role in salmon smoltification (Folmar and Dickhoff, 1981; Dickhoff
et al,, 1982; Grau et al.,, 1982; Lindahl et al., 1983; Boeuf and Prunet,
1985). Pituitary hormones like prolactin and growth hormone also appear
to be important in seawater adaptation (Komouzrdjian et al., 1976; Nagahama
et al.,, 1977; Bern, 1978; Nishioka et al.,, 1982). However, the absence
of homologous radioimmunoassays of the pituitary hormones has limited
the investigation of their role in smdltification and osmoregulation in salm-
onids.

Recently, highly purified salmon prolactin has been obtained (Kawauchi
et al., 1983; Prunet and Houdebine, 1984) and a homologous radioimmuno-
assay of salmonid prolactin has been developed and validated (Hirano et
al., 1985; Prunet et al., 1985). Using this technique the aim of this study
was to measure plasma prolactin levels in salmonids transferred from fresh
water to sea water. This study was performed with one smoltifying species,
Atlantic salmon (Salmo salar), and one non-smoltifying species, domesticated
rainbow trout (Salmo gairdneri).

MATERIALS AND METHODS
Transfer experiment

Domesticated rainbow trout (Selmo geirdneri) used in this study were
provided by a private hatchery and origined from Brittany. These fishes
were 9 months old and their mean weight and length were respectively
245 = 2.2 g and 196.6 + 3.5 mm. The rainbow trout were transferred to
sea water on 21 November 1983. During the experiment the temperature
showed a slow decrease (fresh water, 11°C to 9°C; sea water, 12°C to 9°C)
and the salinity was fairly constant (35 * 0.5%,). The Atlantic salmon
(Salmo salar) were reared in an experimental hatchery in Le Conquet (Brit-
tany). Eggs were imported from Norway. At the date of transfer (12 April
1984) the smolts were 15 months old and had a mean length of 175.8 *
2.2 mm. The temperature and salinity during the experiment were fairly
stable (fresh water, 9—11°C; sea water, 10—13°C and 35 * 0.5%,). For the
two experiments the protocol of transfer was the same: one week before
transfer the fish were put into 2 X 2 m Ewos tanks in running water. Two
days belore transfer, feeding was stopped with the exception of the control
group of Atlantic salmon smolts kept in fresh water, which were fed as
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usual. Smolts in sea water accepted food the day after transfer. On the day
of transfer until the end of the experiment rainbow trout kept in fresh water
were given food, but trout in sea water accepted food only on day 4.

Direct transfer to sea water was achieved by turning off the fresh water
supply of the tank and by turning on the sea water supply. In that way,
the transfer was effected within 2 h without handling stress. Temperature
and photoperiod were natural during the experiment.

Plasma collection

Blood was collected from the posterior aorta with a heparinized syringe
between 2 and 3 p.m. each day. After the fish were weighed and measured,
the blood was centrifuged and the plasma frozen at —20°C in aliguots.

Measurements

Plasma osmotic pressure was measured with a Roebling osmometer
{mOsm/1) and sodium levels with a specific electrode Beckman analizer
(mEq/l). Gill Na*—K*-ATPase activities were measured according to the
method described by TLasserre et al. (1978). Plasma prolactin levels were
determined using a homologous radioimmunoassay following the technique
described and validated by Hirano et al. (1985) and Prunet et al. (1985).

RESULTS
Rainbow trout

Plasma osmotic pressure and Na® concentration after direct transfer to
sea water are shown in Fig. 1A and 1B. Initially, there was a large increase
in these parameters 1 day after transfer, but the fish began to regulate their
hydromineral halance within 7 days and reached the seawater values within
2 weeks. The control group showed no moaodification of osmotic pressure
and Na* concentration.

Plasma prolactin levels decreased rapidly after transfer to sea water. A
lower level, which remained stable during the experiment, was reached
within 2 days (Fig. 2). The control group kept in fresh water showed a
significantly higher plasma prolactin level than the fransferred group (Fig.
2). Initially, there was a slight decrease in prolactin levels in the freshwater
group, but these levels stabilized after 1 week.

Atlantic salmon
In order to insure that fully smoltified fish were used in this experiment,

gill Na*—K*-ATPase levels were followed during the smoltification of our
population (Boeuf and Prunet, 1985). This criterion, in conjunction with
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Fig. 1, Transfer of rainbow trout to sea water: (A) plasma osmotic pressure, (B) plasma
sodium level.

Each point represents the mean value + SEM (n = 10). Dotted line corresponds to the
control group kept in fresh water and solid line te the group transferred to sea water.
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Fig. 2, Change in plasma prolactin (PRL) level in rainbow trout transferred to sea water.

Further legend as in Fig, 1,
*x: significantly (P < 0.01) different from the freshwater control group on the same

day (data analyzed using Student’s test).



171

measurement of the length of the fish has been demonstrated to provide
a good method of identification of the smolt population in our natural
conditions (Boeuf and Prunet, 1985). Based on this information, the date
chosen for transfer of the smolts was 12 April 1984. Gill Na*—K*-ATPase
was at its highest level in a representative sample of our population just
before transfer (21.6 + 1.3 um Pi - mg protein™ + h™!; n = 10).

Twenty-four hours after transfer, there was an increase in plasma osmotic
pressure and Na® concentration (Fig. 3A and 3B). However, the smolts
appeared to control their hydromineral balance efficiently and quickly.
By the fourth day, these two parameters had decreased to the level of the
control group kept in fresh water, and they remained stable during the
rest of the experiment. Measurement of plasma prolactin levels in the trans-
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¥ig. 3. Transfer of Atlantic salmon to sea water: (A) plasma osmotic pressure, (B) plasma
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ferred group showed an initial increase 24 h after transfer followed by a
sharp decrease (Fig. 4). From day 7 until the end of the experiment there
were no significant differences between the control group kept in fresh water
and the transferred group (Fig. 4).

30~

PRL

PLASMA

DAYS AFTER TRANSFER

Fig. 4. Change in plasma prolactin (PRL) level in Atlantic saimon after transfer to sea
water,

ns: not significantly (P = 0.05) different from the freshwater control group (data ana-
lyzed using Student’s test).

DISCUSSION

In these transfer experiments on two different salmonid species, Atlantic
salmon and rainbow trout, each species presents a characteristic pattern
of seawater adaptation, Numerous studies have shown that seawater tolerance
develops in salmon during the parr—smolt transformation (Parry, 1960;
Conte et al,, 1966; Wagner et al.,, 1969; Knutsson and Grav, 1976; Hoar,
1976) which means that smolts transferred directly to full sea water show
a rapid regulation of their “‘milieu intérieur” (Boeuf et al., 1978; Boeuf and
Harache, 1982). A high level of Na"™—K*-ATPase activity in salmonids has
been demonstrated to be a good criterion for seawater adaptation in our
natural conditions (Lasserre et al., 1978; Boeuf and Harache, 1982).

In contrast, in rainbow trout, a non-smoltifying species, the adaptation
to sea water appears to be more difficult. Jackson (1981) reported successful
seawater transfer of 30-g rainbow trout when the salinity did not exceed
30%,. However, Lahlou et al. (1975) and Boeuf and Harache (1982, 1984)
obtained good survival of trout larger than 150 g in full sea water (85%;).
In all cases the fish- encountered difficulties in controlling their hydro-
mineral balance, with a long period of osmotic adjustment following trans-
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fer. Until now, the only predictive criterion for seawater adaptation of
non-smolting species such as trout appears to be the weight of the fish
(Boeuf and Harache, 1982).

The differences in seawater adaptation between Atlantic salmon and
rainbow trout appear clearly in our experiments: after direct transfer to
sea water rainbow trout needed 2 weeks to adapt to high salinity whereas
Atlantic salmon were able to control their hydromineral balance within
4 days. Moreover, 24 h after transfer, rainbow trout had to face a much
higher plasma osmotic pressure and sodium level than Atlantic salmon smolt.

There has been an accumulation of information concerning the involve-
ment of prolactin in fish osmoregulation (see Hirano and Mayer-Gostan,
1978; Clarke and Bern, 1980; Loretz and Bern, 1982). Recently, Hirano
et al. (1985) and Prunet et al. (1985) have reported results using a ho-
mologous radioimmunoassay for salmon prolactin which support the role
of this hormone in freshwater adaptation. As shown in Prunet et al, (1985)
and in Figs. 1 and 2, an increase of osmotic pressure in rainbow trout trans-
ferred to sea water is associated with a drop of plasma prolactin level within
1 day. The initial slow decrease of prolactin level in the control group
kept in fresh water is difficult to explain. However, one can notice that these
fishes were not fed on the last 2 days before the transfer but were fed again
from the day of transfer until the end of the experiment.

In Atlantic salmon smolt, the results obtained were somewhat ambiguous:
24 h after transfer there was an increase of osmotic pressure associated with
an increase of plasma prolactin level. Such an increase is difficult to explain,
although it is also possible in this case to suggest an effect of starvation,
as feeding in this group was stopped 3 days prior to transfer. If we compare
the results obtained in rainbow trout and Atlantic salmon smolt during
the first days after transfer, it appears that smolt do not show the corre-
spondence between plasma osmotic pressure and prolactin level (i.e., high
osmotic pressure associated with low level of prolactin). From day 4 on-
wards, plasma prolactin levels were the same in the transferred group and in
control fish kept in sea water. Several authors have shown a greater activity
of prolactin cells in smolts kept in fresh water compared to those transferred
to sea water (Leatherland and McKeown, 1974; Clarke and Nagahama,
1977, Nagahama et al., 1977). However, these transfer experiments, using
Pacific salmon species, were performed at another time of the year (between
October and February): as smoltification is a seasonal phenomenon it is
possible that we are dealing with differences in fish physiology. Moreover,
a correlation between the activity of pituitary cells and the plasma hormene
level is not always easy to establish.

It is interesting to note that, associated with this same prolactin level,
osmotic pressure and sodium level are also the same in transferred and in
freshwater smolts. Such results were also noted by Houston and Threadgold
(1963) who reported a higher level of plasma chloride during smoltification
compared to the level found in parr.
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In this study, we have shown that the two patterns of control of hydro-
mineral balance after transfer to sea water are associated with two patterns
of plasma prolactin variations. From that point of view, Atlantic salmon
smolt seems to be more a seawater than a freshwater fish at the end of the
smoltification period. However, from this study, it is difficult to draw
conclusions on the role of prolactin in the control of osmoregulation,
especially when we are considering the results obtained with Atlantic salmon
smolt. More information is needed to clarify the involvement of prolactin
in the control of salmonid smoltification and also its importance in short-
term adaptation to sea water.
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