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Abstract The Prolactin-releasing Peptide (PrRP) is a
31-aminoacid peptide produced and secreted from the
hypothalamus, and postulated to promote the prolactin
release from the pituitary. However, the action of PrRP
remain controversial, since it was described to have
potency comparable enough to TRH, although there are
many evidences that PrRP is less potent than TRH. Here
we have studied the effects of PrRP alone or in combina-
tion with TRH in the prolactin levels of rat pituitary
primary cell cultures in vitro and also in vivo prolactin
responses in randomly cycling and estrogens-treated
female rats. PrRP itself increased prolactin levels in vitro
and in vivo, although in a magnitude several times lower
than TRH. In vivo PrRP promotes an atypical non-peaking
progressive and maintained prolactin increase. On the other
hand, PrRP markedly increased the prolactin responses to
TRH in vitro (10-30 fold increase) and in vivo (up to
three-fold increase). In addition, FGF-2 and EGF, two
important growth factors present in the pituitary, reduced
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the PrRP-induced prolactin increase in vitro. Taken
together our results suggest that PrRP released from the
hypothalamus may be relevant to modulate the circulating
prolactin levels in the rat.
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Abbreviations

PrRP  Prolactin releasing peptide

TRH  Thyrotropin releasing hormone

i.c.v. Intracerebroventricular

FGF-2 Fibroblast growth factor-2

EGF Epidermal growth factor

AUC  Area under curve

Introduction

Prolactin-Releasing Peptide (PrRP) was recently isolated
from hypothalamus [1] and identified as an endogenous
ligand of the orphan G-protein-coupled receptor hGR3
(GPR10) [2, 3] that is expressed mainly in the hypothala-
mus and the anterior pituitary [1, 4]. The peptide presents
two molecular isoforms, the 31 amino acid peptide (PrRP-
31) and the C-terminal 20 residue peptide (PrRP-20). Their
sequences are highly conserved among several species,
including bovine, rat and human [1], suggesting a physio-
logical role in mammals.

The PrRP was originally reported to stimulate prolactin
release in vitro [1, 5] and in vivo [6], being a selective
modulator of prolactin release [6, 7]. Several studies
revealed that PrRP effects on prolactin may be controver-
sial, as it has been found to be equipotent to TRH [1], in
another studies was less potent than TRH [6-10] or even
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completely ineffective to elicited prolactin release in vivo
[4]. Recent studies have reported that PrRP might also play
a significant role in ACTH secretion [11], and GH release
from several somatotroph adenomas [12], although the
intracerebroventricular (i.c.v.) administration of PrRP may
reduce GH circulating levels in the rat [13]. In addition
PrRP appears to be involved in gonadotrophin regulation,
increasing LH and FSH levels in plasma after central
administration of PrRP to male rats [14]. Finally, PrRP
accounts for other effects at the hypothalamic level as
being involved in the regulation of food intake and energy
balance in rats [15], stress responses [16—18], cardiovas-
cular function [9], sleep [19], and pain [20].

In previous reports we have shown that Fibroblast
Growth Factor-2 (FGF-2) and Epidermal Growth Factor
(EGF) modulated the prolactin responses to TRH and
dopamine in pituitary primary cultures cells [21], likely
through paracrine mechanisms. Other authors have
suggested that PrRP may be considered as an autocrine/
paracrine modulator within the pituitary, also using the
classical endocrine pathway.

In the present study, firstly, we addressed the effects of
PrRP on prolactin responses to TRH in vivo and in vitro.
Secondly, we described previously the importance of
FGF-2 and EGF as paracrine factors in the pituitary. Here,
we want to check whether the PrRP was able to modulate
the activity of both growth factors.

Results
Effect of PrRP on prolactin release, the in vitro study

The PrRP (10_9 M) alone, in a time-dependent manner,
increased prolactin levels in the culture medium of
pituitary primary cultures. The effects of PrRP on prolactin
secretion appeared to be significant at 30 min of incubation
(73.89 £ 3.70 ng/ml vs. 108.03 = 12.90 ng/ml, P < 0.05),
although the best responses were obtained at 3 h
(167.44 £+ 10.32 ng/ml vs. 231.90 £ 8.81 ng/ml, P < 0.05)
(Fig. 1A). Afterward, we carried out the in vitro experi-
ments at 3 h incubations.

TRH significantly increased prolactin levels in the
culture medium of primary cultured cells from anterior
pituitary in a dose-dependent manner at doses of 107, 107,
1077, 10_6, 107 M, at 3 h incubations (grey bars, Fig. 1B).
Doses of 10 M of PrRP greatly increased the prolactin
levels in the culture medium in response to TRH (black
bars, Fig. 1B). The increment is >200% (TRH 107° M) and
>3,000% (TRH 107 M) in the responses to each TRH
doses, showing a marked effect. Lower doses of PrRP
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Fig. 1 Prolactin responses to PrRP in vitro in pituitary primary
cultures. (A) Time-response curve to PrRP 10° M. Mann-Whitney
test. *P < 0.05, Control group vs. PrRP group. Mean + SD of three
different experiments, run in quadruplicate (six pituitaries/experi-
ment). (B) PrRP modulation of prolactin responses to TRH at 3 hours
in primary culture cells. Duncan test: *P < 0.05, **P < 0.01,
*#kP < (0.001, TRH treatment vs. PrRP treatment; Mean + SD of
three different experiments, run in quadruplicate (six pituitaries/
experiment). (C) Dose-response of prolactin to PrRP in vitro: FGF-2
(2 x 107" M) and EGF (6.6 x 107 M) reduced prolactin responses
to PrRP in primary culture cells. Mann-Whitney test. *P < 0.05, PrRP
treatment vs. PrRP+FGF-2 or PrRP+EGF treatment. Duncan test:
2P < 0.05, PrRP treatment vs. Control. Mean + SD of three different
experiments, run in quadruplicate (six pituitaries/experiment)
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(10*7 M) (white bars, Fig. 1B) also increased the prolactin
responses to TRH doses but to a lesser magnitude (range of
increment: 100-500%). In both cases (10~ and 107 M)
PrRP significantly increased the prolactin levels in the
culture medium of control wells without TRH (Control:
100 + 15.79; vs. PrRP10™° M: 200.24 + 5.72, P < 0.05;
Control: 100 = 15.79 vs. PrRP10~7 M: 164.32 + 8.05;
P < 0.05) (Fig. 1B).

The dose-effect curve of PrRP (10*10, 10*9, 10*8,
10”7 M, during 3 h incubation) on prolactin in vitro levels
is shown in Fig. 1C (grey bars). The best responses were
obtained with lower doses 10 M (Fig. 1C). Higher PrRP
concentrations did not induce any additional increment in
the prolactin response.

In the same set of experiments, we studied the effects of
the growth factors FGF-2 and EGF upon prolactin release
induced by PrRP. Recently, we reported that FGF-2 and
EGF were important modulators of lactotroph cells [20, 21,
22]. We have shown that in primary culture cells from
anterior pituitary, the optimal concentration for FGF-2 was
2x 107" M and EGF 6.6 x 10 M [21, 22], and the best
response of PrRP was during 3 h incubation (Fig. 1A). The
co-incubation of PrRP and FGF-2 (2 x 107'! M) produced
a marked reduction of prolactin levels in response to PrRP
at doses of 107'°M (47.50 = 21.32 with FGF-2 vs.
231.83 +9.30 without FGF-2, P <0.05), 10°M
(83.56 + 34.31 with FGF-2 vs. 295.04 + 17.24 without
FGF-2, P < 0.05) and 10® M (124.05 + 10.85 with FGF-2
vs. 209.96 + 27.62 without FGF-2, P < 0.05). Moreover,
with the lower doses of PrRP (107! M), FGF-2 induced a
significant reduction of the prolactin levels even respect to
control, indicating an effective blockage of prolactin
release from the cells.

The co-incubation with PrRP plus EGF (6.6 x 107° M)
yields similar results that FGF-2. The EGF blocked
partially the elevation of prolactin levels induced by PrRP,
but significantly at lower doses of PrRP (107'° M:
168.01 + 9.30 with EGF vs. 231.83 + 9.30 without EGF,
P<0.05 10°M: 15409 +10.51 with EGF vs.
295.04 + 17.24 without EGF, P < 0.05; Fig. 1C).

Effects of PrRP on prolactin levels, the in vivo study

We also studied whether i.c.v. administration of PrRP
exogenous was able to module prolactin secretion in vivo,
in female rats under pentobarbital anaesthesia. The PrRP
administration induced a slow increase on prolactin levels
in randomly cycling female rats. The response to PrRP do
not resemble those of classical secretagogues which in-
duced an abrupt peak-shape response, instead PrRP pro-
motes a progressive prolactin increase with low-slope
value, showing significant differences from 15 min
onward to compare and to control saline-treated rats

(45.33 £ 10.33 vs. 29.59 + 2.03, P < 0.05), and maximal
effects at 45 min 2-fold increase over basal,
(60.52 £ 14.44 ng/ml vs. 31.55 = 3.51 ng/ml, P < 0.05)
(Fig. 2A). This particular response appeared clearly rep-
resented by the increase in the area under the curve (AUC)
of the whole profile (Fig. 2A). Further, we measured the
concentration of GH in the same samples, but PrRP did not
influence the GH levels (data not shown), indicating that
PrRP presents rather specific effects on prolactin control.

The TRH i.c.v. administration promoted a strong in-
crease in prolactin circulating levels of randomly cycling
female rats. The combined i.c.v. administration of TRH (1
ng/Kg) plus PrRP (10 pg/Kg), induced a marked increase
in the peak response of prolactin respect to TRH alone,
showing significant differences at times 5, 10 and 15 min
(Fig. 2B,left) and also in the whole response considered as
the AUC (TRH+PrRP 2439 + 1029 vs. TRH 1166 + 104,
P < 0.01) (Fig. 2B.AUC, right).

Similar results were found in the combined adminis-
tration of TRH (1 pg/kg) plus PrRP (10 pg/Kg) to previ-
ously in vivo estrogenized rats (see material and methods).
In this case, the prolactin response to TRH was greatly
exaggerated, reaching very high-peak levels (around
4,000 ng/ml at 5 mins), showing significant differences at
times 5 and 10 min, after administration and also in the
AUC (Fig. 20).

Discussion

The present study clearly shows that PrRP is capable to
stimulate prolactin secretion in vivo and in vitro, increasing
prolactin circulating levels in plasma, and in the medium of
primary culture cells from rat pituitary. Furthermore, PrRP
markedly increases the prolactin responses to TRH in all
experimental conditions studied, also in vivo and in vitro.
Although PrRP do not work like a classical secretagogue,
the magnitude effect on prolactin responses to TRH may
play a significant role in the regulation of prolactin secre-
tion in the pituitary.

In earlier studies PrRP was described to specifically
stimulate the prolactin secretion from RC-4B/C (rat pitui-
tary adenoma derived cell line) and to dispersed anterior
pituitary cells obtained from lactating female rats, with
potency comparable to TRH [1]. Later, PrRP was sug-
gested to be a true and selective hypothalamic prolactin
releasing factor because it does not affect the release of
other pituitary hormones [1, 6]. However, this notion is
controversial. Although it was reported that PrRP was
equipotent to TRH in eliciting prolactin release, other later
physiological studies found that PrRP is less potent than
TRH [8, 23]. Even, Jarry et al. showed that PrRP did not
stimulate prolactin release in vivo [4]. Moreover, some
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Fig. 2 Prolactin responses to 80
PrRP in vivo in randomly 70
cycling female rats. (A)
Prolactin serum profile and
AUC, ten rats per group.
PrRP(10 pg/Kg) administered
i.c.v. increased weakly serum
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Whitney test: *P < 0.05, PrRP 20
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data suggest some relationship between PrRP and lacto-
troph cells. In this study, we showed that PrRP is capable
of stimulating prolactin secretion in vivo, although did not
inducing a classical peak-shape response but a progressive
and maintained prolactin increase. Also, PrRP increased
in vitro prolactin levels in monolayer cultures from
primary pituitary cells, however, the magnitude of the
stimulatory prolactin response to PrRP is rather modest
compared to TRH [7, 8, 10]. In support of this fact, it was
described that PrRP-induced prolactin secretion was less
potent than those induced by Vasoactive Intestinal Peptide
(VIP) [10].

Many other factors are reported to promote prolactin
secretion in vivo and in vitro [24]. Otherwise, PrRP seems
to be distinct from all these factors in its ability to induce
specific prolactin secretion, suggesting that PrRP may be
an autocrine or paracrine modulator within the pituitary.

We showed that PrRP markedly increased the prolactin
secretion induced by TRH. Furthermore, it was recently
published that PrRP was effective in counteracting the
inhibitory action of dopamine in the pituitary cell aggregate
system [10]. Taken together these data, it appears that PrRP
may work as modulator of TRH activity in the anterior
pituitary instead of being a secretagogue in the lactotroph
cells.

In a further attempt to find a putative autocrine/paracrine
function of PrRP, we studied, whether other paracrine
factors like FGF-2 and EGF were able to modulate the
prolactin secretion induced by PrRP. The source of FGF-2
within the pituitary is the folliculostellate cells [25], while
EGF appeared to be released by some subpopulations of
endocrine cells [26]. In our previous work we demonstrated
that FGF-2 and EGF modulated the responses of the
lactotroph cells to TRH and Dopamine [21]. Here, we show



Endocr (2007) 31:119-124

123

that FGF-2 and EGF blocked the prolactin secretion
induced by PrRP. Both growth factors, EGF and specially
FGF-2 have been previously involved in the induction of
proliferative changes of lactotroph cells and prolactinomas
[27-30]. Moreover, FGF-2 mediates the proliferative
response of lactotroph cells to in vivo estrogens treatment
in rats, and inducing the expression of the prrg gene [31]. It
might be possible that while FGF-2 promotes lactotroph
cells to enter to proliferative state, interferes to make cells
refractory to secretion. These results are quite intriguing,
and show the complex network that regulates the prolactin
secretion in the pituitary.

The relevance of the possible role of PrRP on prolactin
secretion became clear in the in vivo experiments. Al-
though it was originally reported that PrRP was equipotent
with TRH [1], in our study, we found that the magnitude of
the stimulatory prolactin response to PrRP is rather modest
compared to TRH. However, PrRP markedly increased the
prolactin secretion in response to effective doses of TRH
both in normal and in previously in vivo estrogens-treated
rats. Therefore, we argued that PrRP is not an important
prolactin secretagogue. PrRP seems to be a paracrine
modulator of prolactin secretion in the pituitary, working in
the fine tuning role with TRH and dopamine.

In conclusion, our results suggest that PrRP is involved
in the fine-tuning action of lactotroph cells in the anterior
pituitary. Although PrRP has been shown to induce the
secretion of prolactin in vivo and in vitro, it does not show
the typical profile of other prolactin releasing factor.
However, it is remarkable the efficiency of PrRP to greatly
increase the prolactin secretion in response to TRH.
Therefore we suggest that PrRP release from the hypo-
thalamus may effectively modulate the circulating
prolactin levels.

Materials and methods

Adult female Sprague-Dawley rats weighing 150-200 g
were housed in a constant dark-light cycle (12:12 h).
Standard pellet chow (A04, Panlab S.L., Barcelona, SP)
and tap water were available ad libitum. Animal manipu-
lations were carried out following the conventions and
ethical rules included in Directive 86/609/CEE of the
European Union.

In vivo experiments

The in vivo experiments were done with randomly cycling
female rats. A silicone catheter was placed in the right
jugular vein of the rats under anaesthesia with pentobar-
bital (50 mg/Kg, in 10% w/v COsNa,). A bolus of heparin
(1,000 TU/Kg) was immediately administered for antico-

augulation. A basal blood sample was taken at time 0 and
stimuli were immediately administered in the following
doses: PrRP31 (10 pg/Kg) (Sigma-Aldrich Quimica SL,
Alcobendas, SP), TRH (1 pg/Kg) (Sigma-Aldrich Quimica
SL, Alcobendas, SP) or TRH + PrRP (1 + 10 pg/Kg).
Blood samples were collected at—2, 0, 5, 10, 15, 20, 30
and 45 min. The samples were centrifuged at 3500 rpm/
5 min and serum was frozen at —20°C until measurements
of prolactin and growth hormone by specific RIA (reagents
gently supplied by Dr. A.F.Parlow NHPP-NIH, USA).
Intrassay coefficients of variation for prolactin were lower
than 8%.

A group of rats were in vivo estrogenized by the
administration of 3-benzoate 17f-estradiol (Sigma-Aldrich
Quimica SL, Alcobendas, SP), 5 mg/Kg every 3—4 days,
sc, during 2 week. Those animals were challenged with
TRH or TRH + PrRP, as described above, to study
prolactin responses.

In vitro experiments

The anterior pituitaries were collected, by rat decapitation
under pentobarbital anaesthesia (50 mg/Kg in 0.1 M
CO3Nay), in EBSS (Sigma-Aldrich Quimica SL, Alcob-
endas, SP). Pituitaries were washed with fresh EBSS,
minced and incubated in EBSS containing 0.1% trypsin
(Sigma-Aldrich Quimica SL, Alcobendas, SP) at 37°C, for
30 min. The cell suspension was centrifuged for 5 min at
720 g, and then washed three times in EBSS. Pellets were
resuspended in DMEM (Seromed) containing antibiotics,
and cells were mechanically dispersed, yielding viability
greater than 95%. The culture medium was DMEM
supplemented with 10% FBS (Gibco BRL) and antibiotics:
20 mg/mlampicilin (Sigma-Aldrich Quimica SL, Alcob-
endas, SP) plus 0.6 mg/ml streptomycin (ICN). Cells were
seeded in a 24-well plastic culture dishes (Corning) at a
density 5-10 x 10* cells/well (2-3 pituitaries/dish) and
incubated at 37°C in a humidity-saturated atmosphere
containing 5% CO, for 4 days. On the fifth day the medium
was replaced with fresh serum-free DMEM plus 1%
antibiotics, and exposed to the test substances. Primary
cultures of dispersed pituitary cells contained approxi-
mately 30% of lactotroph cells.

Experiments were carried out in serum-free medium
containing PrRP31 (Sigma-Aldrich Quimica SL, Alcob-
endas, SP) at 0, 107", 107, 10~ and 107" doses for the
dose-response curves during 3 h, and 10 M for the time-
response curve (0, 0.5, 1 and 3 h of incubation). TRH
(Sigma-Aldrich Quimica SL, Alcobendas, SP) at 0, 107°,
107%,1077, 10 and 10 M doses, with/without PrRP31 at
10~° and 10~ M with incubation of 3 h. Finally, we carried
out co-incubations of PrRP31 at O, 10‘10, 10‘9, 107 and
1077 with/without FGF-2 (Sigma-Aldrich Quimica SL,
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Alcobendas, SP) at 2 x 107'' M or with/without EGF
(Sigma-Aldrich Quimica SL, Alcobendas, SP) at
6.6 x 1077 M.

The medium was stored at —20°C until measurements of
prolactin and growth hormone by specific RIA (reagents
gently supplied by Dr. A.F.Parlow NHPP-NIH, USA).
Intrassay coefficients of variation were lower than 8%, and
assay sensitivity was 1.35 ng/ml, and assay sensitivity was
1.35 ng/ml, and for growth hormone was lower than 9.5%,
and assay sensitivity was 0.25 ng/ml.

Total protein in culture medium was used as loading
control for each well, measured by the Bradford method
[32]. Hormone levels are expressed by micrograms of total
protein in the culture medium. Thus, units of the graphs are
percent over control.

Statistical analyses were carried out using the Mann-
Whitney non-parametric test for comparison among
groups, and the Duncan test for comparison among the
doses effects respect to the control value. Significance was
considered at P < 0.05.
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