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ABSTRACT

Prunet, P. and Boeuf, G., 1989. Plasma prolactin levels during smolting in Atlantic salmon, Salme
salar. Aquaculture, 82;: 297-305.

To obtain more information on a possible involvement of prolactin during parr-smolt transfor-
mation of Atlantic salmon, Salmo salar, parr and smolt populations of the same age were sampled
from February to June. A clear separation of the two populations was observed according to their
size and gill (Na*-K* )-ATPase activity. Comparison of plasma prolactin (PRL) levels between
these two populations indicated a significant decrease from May to early July in smolts whereas,
in parr, a steady increase was observed. Diel variations in plasma PRL levels at three different
dates were also studied in fish undergoing smolting. Sampling fish over a 24-h period on 11 March,
5 May and 15 July did not indicate the presence of a diel rhythm in PRL release. These data
support the hypothesis that the PRL decrease is associated with smolting in Atlantic salmon and
that such a decrease cannot be explained by a change in diel rhythm of plasma PRL levels.

INTRODUCTION

Endocrine control of smoltification involves complex relationships between
different hormones bringing about physiological changes that are preparatory
for seawater entry. Among different factors, the most clearly defined hormones
involved in such control are thyroid hormones and cortisol (Folmar and Dick-
hoff, 1981; Barton et al., 1985; Grau et al., 1985; Barron, 1986; Langhorne and
Simpson, 1986; Boeuf et al., 1989; Young et al., 1989).

The recent development of radioimmunoassays for prolactin (PRL) and
growth hormone (GH) in salmonids (Hirano et al., 1985; Prunet et al., 1985;
Bolton et al., 1986) has led to a new interest in these pituitary hormones.
Developmental studies evaluating plasma GH levels during coho, Oncorhyn-
chus kisutch, and Atlantic salmon smolting indicated a rise of this parameter
coinciding with an increase of triiodothyronine, cortisol and gill (Na*-K*)-
ATPase (Prunet et al., 1989; Young et al., 1989). This is in agreement with
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growing evidence of GH being a seawater adaptive hormone in salmonids
(Bolton et al., 1987). Measurement of plasma PRL levels in the same devel-
opmental studies indicated a decrease during the period of enhanced adapta-
bility although different patterns where observed in coho and Atlaiitic salmon
{Prunet et al., 1989; Young et al., 1989).

These developmental studies were carried out under natural temperature
and photoperiod over a period of several months: PRL changes may be asso-
ciated with seasonal modifications of these external factors and not with parr-
smolt transformation. Moreover, sampling was always at the same time of the
day, which does not allow any conclusion on possible changes in daily rhythms
of PRL release. In order to investigate these problems, two series of experi-
ments were performed in Atlantic salmon. Diel rhythms in plasma PRL levels
were studied over a period of 24 h at three different dates during smolting.
Moreover, plasma PRL levels were followed from February to June in salmon
undergoing smolting and compared to levels measured in fish from the same
population which remained at the parr stage (lower modal group of the
population).

MATERIAL AND METHODS

Diel rhythm studies (1986)

Atlantic salmon eggs imported from Norway in 1985 were hatched in Le
Conquet hatchery (Brittany) under natural photoperiod and water tempera-
ture. The fish were fed with manufactured dry pellets by automatic feeders
(ration: 2% body weight/day). For these experiments only the upper modal
group of the population was selected (see Boeuf et al., 1985) and kept from
September 1985 until July 1986 in Ewos tanks (2X2 m) at a density of about
100 salmon/m?. A week before the experiment, fish were transported to the
Centre Oceanologique de Bretagne and allotted to seven tanks (0.6<0.6 m)
with 5-10 fish/tank. Fish were kept in freshwater and fed with the same pellets
until the day before the experiment. During the experiment, fish were sampled
every 4 h over a period of 24 h. For each sampling time, all salmon were re-
moved from one tank and bled. The different tanks being independent, it was
possible to take these fish without disturbing the rest of the population. This
experiment was repeated at three dates during the smolting period (11 March,
5 May and 15 July, 1986).

Studies on parr and smolt (1987)

Atlantic salmon eggs imported from Norway were introduced in Le Conquet
hatchery in 1986 and the fish reared in similar conditions as previously de-
scribed. In September preceding the smolting period, fish from the upper and
lower modal groups of the population (see Boeuf et al., 1985) were placed in
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different Ewos tanks (2X2 m). Fish were kept in freshwater until the end of
the sampling program (July 1987).

Sampling and biochemical analysis

Animals were netted and stunned by cranial concussion without anesthesia.
Blood samples were obtained from the posterior aorta with a heparinized sy-
ringe. For the developmental study of Atlantic salmon parr and smolts, blood
collection was always performed at the same time of the day (9-11 a.m.). Plasma
was collected after centrifugation of blood and kept frozen at —20°C until
analysis. Gill filaments were taken from some fish, rinsed in 0.25 M sucrose
buffered at pH 7.4 and immediately frozen in liquid nitrogen. Gill (Na*-K™*)-
ATPase was measured according to the method described by Lasserre et al.
(1978). Plasma PRL levels were measured using the method of Prunet et al.
(1985 ). Data were subjected to a one-way analysis of variance and the New-
man-Keuls multiple range test was used to assess the significance of seasonal
changes in plasma PRL levels and (Na™-K™* )-ATPase activity. Differences at
each sampling date between parr and smolt were assessed using Student’s ¢
test.

RESULTS

Diel variations in plasma PRL during smolting of Atlantic salmon

In 1986, salmon used for this study were taken from the upper modal group
of the population which showed a normal pattern of smolting as assessed by
increasing gill (Na*-K*)-ATPase activity from March to May (Table 1). This
parameter reached a plateau in mid-May and later in July decreased progres-
sively. Measurement of plasma PRL levels in this population indicated a sig-

TABLE 1

Gill (Na*-K*)-ATPase activity and plasma PRL levels in the Atlantic salmon population used for the diel
rhythm experiment (mean *s.e.m.)

Dates 11 Feb. 4 Mar. 14 Mar. 8Apr. 21 Apr. 15 May 10 June 11 July
(1986):

(Na*-K*)- 3.8+02 42%04 9.010.7 13.0+1.8% 17.0f£1.5° 21.2+1.4% 174+11% 11.7+0.7°
ATPase

(um Pimg

Prot.~'h™!)

n=10

sPRL (ng/ml) 8.1%22 11.9+1.7 24%06* 5.0+1.2° 42+09° 23+0.3° 3407 15+%0.2°
n=8-10

“Significantly different (P <0.01) from values measured on 11 February and 4 March.
®Significantly different (P <0.01) from values measured from 11 February to 14 March.
“Significantly different (P <0.01) from values measured from 8 to 21 April and from 10 June to 11 July.
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TABLE 2

Gill (Na*-K*)-ATPase activity and length (mm) of Atlantic salmon smolts used in the diel
rhythm experiments (mean t+s.em.)

Dates: 11-12 March 5-6 May 15-16 July
(Na*-K*)-ATPase 8.06 £0.52 173109 105%1
(um Pimg Prot.”*h™")

n=20

Length (mm) 132.7 2.9 163.2+1.5 183.6+2
n=20

2Significantly different (P <0.01) from values measured on 11 March and 15 July.
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Fig. 1. Diel variations in plasma prolactin (PRL) levels (mean ts.e.m.) on 11-12 March over a
24-h period. Dark bar on the abscissa indicates the period of darkness. n=5.

5 -6 May 1986 — Atlantic salmon smolt

i/{/f\*}/l

n
O

—t

ng/ml plasma PRL level
[=3
1

|Ghis  18h25  22nS0  2hiS 6h45  I0h 14605

Fig. 2. Diel variations in plasma prolactin (PRL) levels (mean *s.e.m.) on 5-6 May. Dark bar
on the abscissa indicates the period of darkness. n=10.

nificant decrease (P <0.01) on March 14 followed by a long period of consis-
tently low PRL levels (Table 1). Diel variations of plasma PRL were studied
at three different dates: on 11 March during a period of increasing gill (Na™-
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Fig. 3. Diel variations in plasma prolactin (PRL) levels {mean T s.e.m.) on 15-16 July. Dark bar
on the abscissa indicates the period of darkness. n=10.

TABLE 3

Mean size (mm) and giil (Na*-K¥)-ATPase (#m Pimg Prot.~}, h~?) activity of the two modal
groups of Atlantic salmon populations in 1987

Dates 5 Mar. 17 Mar 7 Apr. 21 Apr. 12 May 18 June

(1987):

Lower

modal group

size 87 1.1 93 *1.0 93 *1.6 104 12 115.1+2.2 121.8+1.7

(Nat-K*)-

ATPase 3.9+0.7 54+0.8 6.4%0.7 73112 104+1.8 4.6+0.5
(n=30) (n=26) (n=22) (n=13) (n=12) {(n=16)

Upper

modal group

size 144 *+13 1484+1.7 1529*19 165.5+1.8 179.912.0 207.812.6

(Na*-K*)-

ATPase 88+0.9° 10.4+1.2° 182+14%® 221+15% 17.6+1.92%° 14.0+1.0°

n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
*Significantly different (P <0.01) frorr val es measured on 5 March, 17 March and 18 June.
bSignificantly dlfferen t (P<0.01) from values measured at the same sampling date in the lower

modal group.
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Fig. 4. Change in plasma prolactin (PRL) levels during spring 1987 in the two modal groups of
an Atlantic salmon population reared in freshwater. o—~o upper group (n=10); - - -e lower
group (n=5).
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K™ )-ATPase; on 5 May when (Na*-K™* )-ATPase was at its highest level; and
on 15 July when the enzyme activity began to decline. Characteristics of the
fish at these three dates are indicated in Table 2. No diel rhythm for plasma

PRL was observed at any time according to a one-way analysis of variance
(P=0.05, Figs. 1to 3).

Plasma PRL levels in parr and smolt from the same population

Both parr and smolts were followed in freshwater from February to July
1987. The two populations were clearly separated as indicated by their length
and gill (Na*-K*)-ATPase activity (Table 3). In parr, plasma PRL levels
increased steadily from February to the end of April and reached a plateau in
May-June (Fig. 4). A significant (P <0.05) increase was observed on 12 May
when compared to values from 5 March. In smolts (Fig. 4), PRL levels showed
a more variable pattern: until 7 April large fluctuations, although non-signif-
icant, were observed and were followed by a peak (PRL levels significantly
higher (P <0.05) on 17 April compared to 7 April). In May, PRL levels dropped
and stayed low until early July (P<0.05 compared to values from 17 April).
When comparing PRL levels in parr and smolts at the same date, values were
significantly (P<0.01) different on 7 March and 7 April. However, the most
obvious results were observed in May—-June, with smolts showing consistently
lower PRL levels compared to parr (P<0.01).

DISCUSSION

It is now well established that PRL is a freshwater adapting hormone among
different fish species. The ability of such fish to survive in freshwater after
hypophysectomy is dependent on supplementation with exogenous PRL (see
reviews by Loretz and Bern, 1982; Bern, 1983). In salmonids several studies
indicated that PRL is not necessary for freshwater survival of hypophysecto-
mized fish (Komourdjian and Idler, 1977; Bjornsson and Hansson, 1983;
Nishioka et al., 1987). However, measurements of plasma PRL levels in sal-
monids transferred to different salinities support a possible involvement of
this hormone in freshwater adaptation (Hirano et al., 1985; Prunet et al., 1985).
Few studies have focused on a possible role of this hormone during salmon
smolting, and histological studies of pituitary PRL cells did not lead to a clar-
ification of this problem (Nishioka et al., 1982). Recently, developmental
studies of plasma PRL levels during coho and Atlantic salmon smolting were
performed and showed a negative relationship between prolactin levels and
hypoosmoregulatory ability (Prunet et al., 1989; Young et al., 1989). Particu-
larly, a decrease in plasma PRL levels was observed during 3 months coinciding
with the smolting time of Atlantic salmon. These experiments being performed
under natural conditions, such plasma PRL changes could be explained in terms
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of seasonal hormone rhythms: thus, it was important to compare plasma PRL
levels in both parr and smolts of the same age.

In our study, parr and smolt populations were separated according to their
size (Boeuf et al., 1985) and the parr/smolt status of each population was
confirmed by (Na*-K*)-ATPase measurement (Table 3). A partially differ-
ent pattern of PRL changes was observed in this study compared to the two
previous years. Whereas PRI decreased in March in 1985 and 1986 (Table 1
and Prunet et al., 1989), in the present study (1987) such decreases occurred
later and a PRL peak was observed in April (Fig. 4). Analyses of other bio-
chemical parameters followed during these three years did not indicate any
clear differences in thyroid hormone levels, (Na*-K* )-ATPase activity or hy-
poosmoregulatory ability (Boeuf et al., 1989; Prunet et al., 1989). So no clear
hypothesis could be drawn from these data. However, high levels of plasma
PRL have already been observed in smolts and a possible relationship with
stress was suggested (Prunet et al., 1989; Avella et al., submitted).

In the parr population, we observed a steady increase of PRL levels which,
interestingly, followed the increase in water temperature. By comparison with
plasma levels measured in smolts, there was a clear indication that the PRL
decrease observed in May-June was characteristic of a parr-smolt transfor-
mation. Although it would be tempting to find a causal relationship between
such hormonal changes and development of hypoosmoregulatory ability in
smolts, our results do not support such a hypothesis, as the PRL decrease was
only observed late during the smolting period in 1987. However, data obtained
in 1985 and 1986 suggest such a possibility (Prunet et al., 1989). It is clear that
this problem deserves more investigation.

Daily rhythms of plasma concentrations of PRL were described in three
fishes, the goldfish, Carassius auratus, kokanee salmon, O. nerka and mullet,
Mugil cephalus (see review Meier, 1975; Sage, 1985). In the present study it
was not possible to establish a diel rhythm of plasma PRL in Atlantic salmon
during smolting. This is in agreement with studies performed on cannulated
rainbow trout which did not show any diel variations over a 24-h period (Prunet
and Ollitrault, unpubl. data, 1987). The discrepancy with other data indicating
a marked circadian rhythm in juvenile kokanee salmon may come from the
use, in this previous study, of a heterologous radioimmunoassay for PRL mea-
surement or possibly by a species difference (Leatherland et al., 1974 ). Inter-
estingly, in our study this absence of PRL diel variation was observed during
the smolting period at three different dates corresponding to pre-smolt, smolt
and post-smolt. Before all three diel experiments, Atlantic salmon smolts were
feeding normally, suggesting absence of any chronic stress which may have
masked a possible diel rhythm (Bry and Zohar, 1980). Thus, the present plasma
PRL decline observed during smolting (Fig. 4 and Prunet et al., 1989) cannot
be explained by a change of a PRL diel rhythm. During the 5-6 May experi-
ment, plasma PRL values were higher than values measured in the same pop-
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ulation kept in the hatchery (Table 1). A possible stress effect due to transport
and/or new rearing conditions may explain such a discrepancy, although, as
indicated above, fish were feeding normally. This problem was only observed
in fully smolted fish which may indicate the higher sensitiveness to external

stimuli at this stage (Simpson, 1985; Thorpe et al., 1987).

In summary, we have demonstrated in this study that the parr-smolt trans-
formation is associated with a decrease of plasma PRL levels which cannot be
explained by a PRL daily rhythm change. The importance and the exact role
of PRL in the control of the different physiological processes involved during
smolting need to be clarified.
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