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ABSTRACT

To study the control of prolactin secretion in fish,
an in-vitro technique using a monolayer cell culture
system of rainbow trout pituitary glands was devel-
oped. Such secretion was characterized by measure-
ment of both prolactin release and prolactin mRNA
content using a trout prolactin cDNA as a probe.
This cell culture technique, already used to study
the regulation of gonadotrophin secretion in rainbow
trout, was further validated by measuring total DNA
and protein content, Both parameters appeared to be
stable after 2 days of culture. Studying the effect of
somatostatin (SRIF) on prolactin cells indicated that
a maximal inhibitory effect (62%) was observed after
24 h of treatment. Significant inhibition of prolactin
release was obtained for SRIF doses ranging from
50 nm to 1 um. However, in the same experiment,
SRIF was much more potent as an inhibitor of
growth hormone release. Short-term (<12 h) incu-
bation with SRIF did not induce a significant change

in prolactin release, whereas growth hormone release
was reduced at as early as 1 h after SRIF exposure.
SRIF did not have a significant effect on total pro-
lactin content or prolactin mRNA levels, suggesting
the absence of an effect on prolactin synthesis. No
increase in the magnitude of the inhibitory effect of
SRIF was observed when using pituitary cells from
immature, mature male or mature female trout.
When comparing effects on primary cultures con-
taining cells from the whole pituitary with a pro-
lactin cell-enriched population, SRIF appeared to
have the same inhibitory effect on prolactin release,
supporting a direct action of SRIF on prolactin cells.
These results provide further support for SRIF
being a prolactin-inhibiting factor in rainbow trout
and acting as a modulator of a dominant stimulatory
control of prolactin release.
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INTRODUCTION

Somatostatin  (SRIF), initially characterized in
mammals as an inhibitor of growth hormone (GH)
secretion, has also been shown to affect prolactin
secretion. In-vitro studies indicate that SRIF inhib-
its stimulated release of prolactin (Vale et al. 1974;
Drouin et al. 1976; Enjalbert et al. 1982} and, under
discrete endocrine conditions, SRIF has a negative
effect on prolactin secretion 1n vivoe (Gooren ei al.
1984; Enjalbert et al. 1986; Karashima & Schally,
1987). In teleost fish, the involvement of SRIF in
the control of prolactin release from adenohypo-
physial cells has also been suggested. Using
immunocytochemical techniques, the presence of
SRIF-like material in the brain of several fish species
has been reported; immunoreactivity is localized
both in the hypothalamus and in the neurohypo-

physis close to the adenohypophysis (Dubois et al.
1979; Kah et al. 1982; Vigh-Teichmann et al. 1983,
Batten & Wigham, 1984; Olivereau et al. 1984; Grau
et al. 1985; Marchant et al. 1989). Moreover, in-vitro
inhibition of basal prolactin release from incubated
pituitary fragments has been reported in two teleost
fish species, Poecilia and Tilapia, both physiological
and cytochemical studies support a role for SRIF as
a predominant inhibitory factor of prolactin secre-
tion (Grau ef al. 1982; Batten & Wigham, 1984,
Wigham & Batten, 1984; Grau et al. 1985, 1987).
In rainbow trout (Oncorhynchus mykiss), studies
using incubations of whole pituitary gland have led
to contradictory results (James & Wigham, 1984;
Johnston & Wigham, 1990). However, in these stud-
1es, measurements of prolactin levels were per-
formed using partially validated electrophoretic
techniques and, therefore, the results should be

Journal of Molecular Endocrinclogy (1992) 9, 137-146 © 1992 Journal of Endocrinology Ltd Printed in Great Britain

0952-5041/92/009-137 $02.00/0



138

P. LLE GOFF and others

SRIF inhubits prolactin release in rainbow trout

interpreted with caution. The present study was
undertaken to evaluate the response of prolactin cells
to SRIF in rainbow trout. In teleost fish, pituitary
structure is characterized by the presence of hypo-
thalamic fibres terminating in the proximity of
adenohypophysial cells. In order to study direct
effects of SRIF on prolactin cells, and to preclude
the possibility of interference from endogenous
neuromediators released from nerve endings, prim-
ary cultures of rainbow trout pituitary cells (Weil et
al. 1986) were used in the present study.

MATERIALS AND METHODS

Animals

Unless indicated otherwise, pituitaries were col-
lected from immature rainbow trout (Oncorhynchus
mykiss) of both sexes. Fish were purchased from a
freshwater hatchery and kept in recirculating water
at a constant temperature (13 °C) and with natural
photoperiod. Adult rainbow trout (600g) were
mature male and female fish from a summer-
spawning strain used 2 months before spawning and
spermiation,

Cell processing

Whole pituitary glands or rostral pars distalis (RPD)
fragments dissected under the microscope were
obtained immediately following decapitation, Cells
were obtained as previously described for whole
pituitary by Weil et al. (1986). For certain experi-
ments (indicated in the text), culture plates were
treated with a solution of poly-L-lysine (5 pgjcm?;
Sigma Chemical Co., St Louis, MO, U.S.A)
before cell plating. Following dispersion, cells were
washed twice with culture medium: RPMI
medium (GIBCO/BRL, Cergy-Pontoise, France)
supplemented with Hepes (20mm), NaHCO;
(9 mn), 100 U penicillin/ml, 0-25 pg Fongizone/ml
(GIBCO) and 2% serum substitute (Ultroser SF;
IBF, Villeneuve-la-Garenne, France). The cells
were placed in 24-well culture plates (2 X 10° cells in
1 ml per well; Nunc, Kamstrup, France) or in 96-
well culture plates (5% 10* cells in 250 pl per well;
Nunc). Plates were maintained at 18 °C for the entire
culture period.

Validation of culture technique

DNA and protein measurements

Intracellular DNA and protein contents were meas-
ured over 8 days of culture by collecting cultured
pituitary cells every 2 days. Recovery of intracellular

Fournal of Molecular Endocrinology (1992) 9, 137-146

material was performed after proteinase K treatment
(Vassef, 1987) and sonication, DINA and protein lev-
els were determined by fluorescence measurement
using the Hoechst reagent (Labarca & Paigen, 1980)
and by colour absorption using the Bradford tech-
nique (Bradford, 1976) respectively.

Prolactin and actin mRN A measurement

Both mRNAs were measured using cytoplasmic slot
blots prepared according to White et al. (1986). Cells
were collected after proteinase K treatment (Vassef,
1987) and the hybridization procedure was per-
formed according to Thomas (1980). The probes
used in these hybridization experiments were the
EcoRI-EcoRI restriction fragment of the trout pro-
lactin cDNA (Mercier et al. 1989) and the EcoRI-
EcoRI restriction fragment of actin (Pakdel et al.
1989). Both cDNAs were labelled using the random-
primer technique with 57Ta-*P]dCTP (800 Ci/
mmol; Amersham, Les Ulis, France). In order to
confirm specificity of the hybridization, separate
control experiments were performed; cytoplasm
from trout hepatocytes or from pituitary digested
with RNAse A was hybridized with prolactin probe
under the same conditions.

Immunocytochemical starming of cultured cells

The immunocytochemical staining of prolactin cells
was performed on dispersed cells fixed in picric acid
formaldehyde solution using the peroxidase proce-
dure previously described (Weil et al. 1992). The
rabbit antiserum used for prolactin cells was raised
against chinook salmon prolactin at 1/1000 dilution
(Prunet et al. 1985). Percentages of prolactin cells
among total pituitary cells or RPD cells were deter-
mined by counting stained cells; each percentage was
the result of three independent analyses and a mean
of about 1000 cells was counted 1n each population.

Effect of SRIF on prolactin secretion

After 2, 3, 4, 5 or 6 days of cell culture, the media
were removed and the attached cells were washed
twice with culture medium without Ultroser. Subse-
quently, 250 pl medium with or without neuropep-
tide were added to each well. Following exposure
to the neuropeptide, the media were collected after
centrifugation and stored at —20 °C until assayed.
Intracellular content of prolactin was also deter-
mined in some experiments. After removal of the
medium, culture plates were washed twice with
phosphate saline buffer and subsequently incubated
with radioimmunoassay buffer containing 0-1%
T'riton X-100 (Serva, Heidelberg, Germany) for 6 h
at 18 °C until complete breakdown of the celis had
occurred. The resulting cell lysates were stored at
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—20 °C until assayed. Prolactin and GH were meas-
ured in duplicate using specific radicimmunoassays,
as previously described by Prunet et al. (1985) and
Le Bail et al. (1991) respectively.

Reagents

Synthetic SRIF (somatostatin 14) was kindly pro-
vided by Sanofi (Montpellier, France); Sandostatin
(SMS 201-995) was generously donated by Sandoz
Laboratories (Rueil-Malmaison, France).

Statistical analysis

The data were subjected to the Mann—Witney non-
parametric test for the comparison of differences
between group means. Differences between groups
were considered significant if P<0-05.

RESULTS

Validation of the cell culture technique for
prolactin secretion studies

As previously described by Weil et al. (1986), after
collagenase treatment, rainbow trout pituitary
glands yielded dispersed cells of high viability (an
average of 85% by trypan blue exclusion test). Meas-
urement of total DN A and protein in cultured pitui-
tary . cells indicated a 50% decrease in both
parameters betwéen freshly dissociated cells (day 0)
and cells after 2 days of culture and later (Fig. la
and b). Such a decrease was probably due to material
(dead cells or cell fragments) eliminated when the
cells were washed after plating. Measurement of pro-
lactin and actin mRNA in pituitary cultured cells
was also performed. Prolactin and actin mRNA
decreased to 40% and 78% respectively after 2 days
of culture. However, on day 4, both mRNAs
increased to reach levels close to initial values and
stayed stable until day 8 (Fig. 2a and b; Fig. 1a and
b). Effects of pretreatment of the culture plate with
poly-L-lysine, a factor shown to improve cell adhe-
sion, were also investigated. In the presence of poly-
L-lysine, a slight but significant (”<0-05) increase
(17%) in the number of attached cells was observed,
as indicated by total DN A measurement (after 3 days
of culture, 3-55+0-31 pg DNA/well with pely-L-lys-
ine; 2-95+0-9 pg DNA/well in the control plate).

Effects of SRIF on prolactin and GH secretion

T'he basal secretion rate of prolactin increased pro-
gressively with increasing time of culture. After 12,
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FIGURE 1. (a} DNA and (&) protein levels in pituitary
cells in primary culture after different periods; 2 10°
cells were initially plated. The cells were cultivated with
Ultroser SF (2%) and the medium was renewed every 2
days. DNA was measured by the fluorimetric technique
using the Hoechst reagent. Protein was measured by the
Bradford technique. Values are means £ s.0. {(n=28).
*P < (-05 compared with day O.

24, 30 and 48 h of exposure to 1 um SRIF, a signifi-
cant decrease in prolactin release was observed (Fig.
3). When prolactin data were expressed as percent-
ages of the control values, the inhibitory effect of
SRIF at 12 h and later was rather constant, from 54
to 62%, with a maximal effect at 24 h of treatment.
Similar inhibitory effects were also observed when
using pituitary cells collected from male or female
mature fish (data not shown). When cultured cells
were subjected to poly-1-lysine pretreatment, one
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FIGURE 2. (a) Actin and (b) prolactin mRNA levels in
pituitary cells in primary culture at different times;

2 x 10° cells were initially plated. The cells were culti-
vated with Ultroser SF (2%) and the medium was
renewed every 2 days. Prolactin and actin mRNAs were
measured by cytoplasmic slot-blot hybridization. The
arbitrary density units were divided by the quantity of
DNA per well. Values are means+s.p. (n=6). #*P<0-05
compared with day 0.

dose (1 pm) of SRIF for 24 h induced a slightly
higher inhibitory effect when compared with cells
not pretreated (67-1%2-25% without poly-L-lysine;
774+ 8-9% with poly-1L-lysine).

When cells were exposed to 1 um SRIF for a
shorter period than 12 h, no significant effect on pro-
lactin release was observed (Table 1). In contrast,
GH release, measured in the same experiment, was
significantly reduced from as early as 1 h after drug

FJournal of Molecular Endocrinology (1992) 9, 137-146

exposure {T'able 1}, The testing of different concen-
trations indicated that SRIF was effective in inhibit-
ing basal prolactin release in a dose-dependent
manner, 50 nM being the lowest effective dose (Fig.
4). When tested on GH release in similar conditions,
SRIF appeared to be much more potent as an inhibi-
tory factor; doses as low as 100 pm had a suppressive
effect on GH release (Fig. 5). The specificity of these
effects was tested using a SRIF analogue, SMS
201-995. Whereas SMS 201-995 had no effect on
prolactin release, it inhibited GH release in a
dose-dependent manner; however, SMS 201-995
appeared to be about ten times less potent than SRIF
when tested in the same experiment (Fig. 5).

Effects of SRIF on prolactin synthesis were also
analysed. SRIF had no effect on total prolactin con-
tent (the sum of prolactin released and intracellular
prolactin; Fig. 36). Moreover, application of 1 pm
SRIF for 96 h did not change prolactin mRNA
levels, whereas such treatment significantly reduced
prolactin release (Fig. 6).

Effects of enrichment on the response of
prolactin cells to SRIF

Primary cultured cells were prepared from the
rostral part of the adenohypophysis, which contains
all prolactin cells; this led to a significant enrichment
of the culture with prolactin cells, as measured by
immunocytochemistry (60% prolactin cells in RPD
fragments compared with 20% for the whole pitui-
tary). Exposure of RPD cells to 1 pvm SRIF for 30 h
induced a significant (P <0-05) decrease in prolactin
release, similar to that obtained when using the
whole pituitary gland (58:8+17% and 48-8+6%
respectively, established from four different
experiments).

DISCUSSION

The development of a primary culture technique for
trout pituitary cells, associated with the measure-
ment of prolactin levels with a specific radioimmuno-
assay for salmonid prolactin (Prunet et al. 1985),
appears to provide a suitable new tool for studying
the direct control of prolactin secretion. Several
parameters were measured in this study, validating
this primary culture system, previously developed
for the study of gonadotrophin secretion (Weil et al.
1986). Thus, stable values for total DNA and protein
content after 2 days indicate that cells were attached.
These results also suggest the absence of cell division
in our primary culture; such an absence of fibroblast
proliferation has already been described by Weil
et al. (1986). This is different to that described in
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FIGURE 3, Time-course of prolactin release and total prolactin
of control (solid bars) and somatostatin (SRIF)-stimulated cells
(stippled bars). (a) Prolactin released into the culture medium;
(&) total prolactin; 2 x 10° cells were initially plated. The cells
were treated with SRIF (1 um) 3 days after plating. Values are
means £ S.D. (n=26). *P<0-05 compared with controls,

TABRLE 1. Effect of one dose of somatostatin (SRIF; 1 um) on prolactin and GH release
from cultured pituitary cells after different incubation periods. Each value represents
the mean+ s.E.M. The number of replicates are given in parentheses

Prolactin release (ng/ml) GH release (ng/ml)
Incubation (h) Control SRIF Control SRIF
1 3:07+0-68 2-02+0-19 320045 1:08+0-25%
4) (4 (5} (5)
6 2-88+0-71 2-73+0-44 4-49+0-61 1-62£0-22%*
4 (3) (5) (5
24 10-07 £ 0-46 3-43 £ 0-90%* 62-90+5-16 1-79£0-25%*
(5) (4) (3) (3)

*P<0-05, **P<0-01, values significantly different from corresponding controls.
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FIGURE 4. Prolactin release from pituitary cells in primary culture
after treatment with various concentrations of somatostatin (SRIF);
2% 10° cells were initially plated. The treatment was performed 3
days after plating, for 48 h. Values are means £ s.13, (n=4).
*P<<0-05 compared with controls.
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FIGURE 5. GH release after treatment with various con-
centrations of somatostatin (SRIF; stippled bars) and
SRIF analogue (SMS 201-995; solid bars) by pituitary
cells in primary culture; 5% 10* cells were initially
plated. The treatment was performed 3 days after plating,
for 48 h. Culture media collected at the end of the
experiment were stored at —20 °C, diluted 1/2 in radio-
immunoassay buffer containing 1% bovine serum
albumin. Values are means+s.D. (n=25). *P<0-01 com-
pared with controls.

mammals, where cell division, often associated with
fibroblast invasion, has been reported in rat pituitary
primary culture (Steinberger et al. 1973; O’Conner
et al. 1980).

Measurements of prolactin and actin mRNA indi-
cated an effect of culture duration; after 2 days of

Fournal of Molecular Endocrinology (1992) 9, 137-146

culture, a significant drop in the levels of both
mRNAs was observed, which may be due to a
decrease in gene expression. However, after 4 days
of culture, mRNA levels increased to stabilize. A
similar observation was made by Clayton & Darnell
(1983) with hepatocytes in primary culture; whereas
actin and tubulin mRNA staved stable during cul-
ture, levels of several other mRNAs coding for pro-
teins specific to liver function appeared to decrease
during the first days of culture. In our study, pro-
lactin mRNA increased after 2 days and reached
values close to those measured in freshly dissociated
cells. This suggests that prolactin cells stayed at a
differentiated stage during our experiments. How-
ever, mRNA levels measured in freshly dissociated
cells are not necessarily equal to those which can be
measured in vivo, as modifications of gene expression
probably occur during the dissociation period, which
lasts 20 h in our protocol.

The analysis of mRNA levels, suggesting a necess-
ary preincubation period to allow cells to recover, is
further supported by the study of prolactin release
from control and SRIF-treated cells after different
preincubation periods. Our results {data not shown)
clearly indicate that maximum inhibition is observed
after 3 or 4 days of preincubation. Longer durations
lead to lower basal prolactin release and to lower
responses to SRIF treatment. The use of an attach-
ment factor, poly-L-lysine, led to an increase in pro-
lactin cell sensitivity to SRIF. Similar stimulation of
cellular responses by polymers which interact with
components of the cell surface have been observed
previously; gonadotrophin release by cultured rat
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FIGURE 6. Somatostatin (SRIF) action on (a) prolactin release by pituitary cells and (b)
the prolactin mRNA content of these cells. Controls are represented by solid bars,
SRIF-treated cells by stippled bars: 5% 10* cells were initially plated on a support
pretreated with poly-L.-lysine, Cells were treated with SRIF (1 um) 2 days after
plating, for 96 h. Culture medium was renewed 48 h after initiation of the treatment.
Prolactin mRNA was measured by cytoplasmic slot-blot hybridization. Values are
meansts.D. (n=6). *P<0-05 compared with control.

pituitary cells appears to be stimulated after poly-
L-lysine treatment, presumably through interactions
between the charged polymer and gonadotrophin-
releasing hormone receptor (Conn et al. 1984),

The use of such a primary culture systemn allows
us to show an inhibitory, dose-related effect of SRIF
on prolactin release, With the lack of nerve terminal
and synaptic vesicles in our culture system, one
could assume that the inhibition of prolactin release
was the result of a direct action of SRIF on prolactin
cells. This 1s further supported by the study of the
effects of SRIF on prolactin cell-enriched prepara-
tions, obtained by culturing RPD pituitary frag-
ments. A three-times enrichment led to the same
inhibitory effect of SRIF (1 um) as was observed
when using whole pituitary gland. This result sup-
ports the absence of an indirect effect via another
pituitary cell type.

Measurements of total prolactin content and pro-
lactin mRNA content in SRIF-treated primary cul-
tures indicate the absence of an effect of SRIF on
prolactin synthesis in rainbow trout. Studies of the
effects of SRIF on prolactin cells in another fish
species, Poectlia latipinna, by quantitative electron
microscopy indicated that prolactin synthesis might
be affected during in-vitro incubation of pituitary
glands in the presence of SRIF (Batten & Wigham,
1984). However, such an effect was not observed

when prolactin synthesis was quantified by electro-
phoresis (Wigham & Batten, 1984). In Tilapia mos-
sambica, Wigham et al. (1977) and Rivas et al. (1986)
did not find a consistent effect of SRIF on prolactin
synthesis. This also agrees with the mode of action
of this neuropeptide on GH cells in mammals; SRIF
did not modify the transcriptional activity of the GH
gene and had its primary effect at the level of hor-
mone release (Barinaga et al. 1985; Morel et al
1989).

The dose-related activity of SRIF on prolactin
release appears to range from 50 nM to 1 pm, the
maximal activity being observed at 100 nm, This is
a similar range of activity to that reported in another
fish species, Tilapia mossambica, using incubated pit-
uitary fragments (Grau et al. 1982; Rivas et al. 1986).
However, in our study, SRIF appears to have a
much more potent effect on GH release, as a maxi-
mal inhibitory effect (95% inhibition) was observed
when using as low a concentration as 1 nm. This 1s
in agreement with previous in-vitro studies of the
SRIF inhibition of GH release from rainbow trout
pituitary cultured cells (Luo et al. 1990; Perez
Sanchez et al. 1992). Interestingly, such a strong
inhibition of hormone release by SRIF was also
observed with prolactin release when using cultured
pituitary cells collected from oestradiol-treated rats
(Kimura et al. 1986). These authors concluded that

Fournal of Molecular Endocrinology (1992) 9, 137-146
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cestradiol acts on mammotrophs probably by
increasing the number of SRIF receptors at the pit-
uitary level. In rainbow trout, several arguments
suggest the absence of such a regulation. First, in our
study, SRIF had similar effects on prolactin released
from cultured cells obtained from immature, mature
male and mature female rainbow trout; secondly, in-
vivo oestradiol treatment of rainbow trout did not
increase the sensitivity of cultured prolactin cells to
SRIF (P. Prunet, unpublished data) and thirdly,
localization of cestradiol receptor mRINA in rainbow
trout pituitary gland using in-situ hybridization
indicates the absence of oestrogen receptor synthesis
in prolactin cells (Le Goff et af. 1992).

In order to test the specificity of the inhibitory
effect of SRIF on prolactin release, a long-acting
SRIF analogue was incubated in our pituitary cell
culture system. When tested at doses ranging from
0-1nm to 1pm, this analogue appeared to be
ineffective regarding prolactin release. This 1s not
surprising as i) SMS 201-995 appeared to be about
100 times less potent than SRIF when tested in the
same experiment on GH release (Fig. 5) and 11) the
lowest effective dose of SRIF inhibiting prolactin
release was shown to be 50 nMm.

A time-course study of the response of prolactin
cells to SRIF showed that short-term incubation
(<12 h) does not lead to significant changes in hor-
mone release (‘Table 1 and Fig. 3). Such a situation
appears to be specific to prolactin and cannot be
explained by a particular mechanism of action for
SRIF on trout pituitary cells or by a partial degrada-
tion of SRIF during incubation. Indeed, measure-
ment of GH levels in the same culture experiment
indicated that SRIF significantly inhibits GH
release after short-term exposure and is still fully
active after 48 h of incubation. Such a delay in the
response of trout prolactin cells may be associated
with the particular behaviour of these cultured cells;
effectively, prolactin levels in control wells appeared
to be rather constant during the first 8 h after cell
washing and increased significantly only at 12 h.
Moreover, SRIF inhibited prolactin release only
after 12 h, when a significant increase in basal hor-
mone release was observed. This suggests that, after
an initial quick burst of hormone due to cell washing,
prolactin released from cultured cells is low. Con-
versely, basal GH release increased steadily from 1 h
until 24 h {T'able 1 and Perez Sanchez et al. 1992),
suggesting a high secretion rate for this hormone
from trout pituitary cells in culture. This i1s in agree-
ment with a study on prolactin and GH release from
the pituitary of rainbow trout in culture (Yada et al.
1991). These authors concluded a dominant stimula-
tory control of rainbow trout prolactin cells by the
hypothalamus, as suggested by Gonnet et al. (1989),
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and a dominant inhibitory control for GH cells.
Such particular dominant controls of prolactin and
GH secretion in rainbow trout, the converse of those
described in mammals, are reflected in the present
time-course study of the effects of SRIF on prolactin
and GH release from trout pituitary cells in culture.
In conclusion, our study demonstrates that SRIF
has direct inhibitory effects at physiological doses on
cultured prolactin cells. This supports a role for
SRIF as a potential prolactin-inhibiting factor in
rainbow trout. The observation of such inhibitory
effects only when the secretion rate of prolactin is
increasing also suggests that SRIF acts as a modu-
lator of a dominant stimulatory control by other
hypothalamic factors. Such interactions have already
been shown in the rat, where in-vitro vasoactive
intestinal peptide or thyrotrophin-releasing hor-
mone stimulation of prolactin release was prevented
by SRIF (Enjalbert et al. 1982). The characteriz-
ation of hypothalamic prolactin-releasing factors in
rainbow trout and their interaction with SRIF are
presently under investigation in our laboratory.
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