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ABSTRACT:   In the present study the in vivo and in vitro effects of GHRP-5 on the PRL-releasing activity in
correlation with the morphological changes of lactotroph cells and their transcriptional activity were evaluated.
The in vivo treatment (12 µg/100g BW/day for 3 days) of male rats with GHRP-5 does not induce any signifi-
cant changes in serum PRL levels. In contrast, the addition of GHRP-5 to pituitary cell cultures increased
significantly the release of PRL. This effect is enhanced in cell cultures of enriched lactotrophs, increasing
significantly the secretion of PRL, the concentrations of which were 50% higher than that of untreated control
cells. The administration of GHRP-5 provokes several changes in the fine structure of lactotrophs, compatible
with an increased secretory activity. After the GHRP-5 treatment the different lactotroph subtypes persist but
the subtype I displaying secretory granules of larger size (500-900nm) and a significant development of the
Golgi apparatus and RER were more frequently observed. These results can be correlated with a significant
augmentation in PRL mRNA after the GHRP-5 treatment. In spite of that no variations in serum PRL levels
were observed in vivo, following GHRP-5 treatment, the lactotroph population experienced evident fine struc-
ture modifications, concordant with an upsurge of PRL synthesis. These observations confirmed a direct action
of GHRP-5 on receptors expressed by lactotrophs. The differential actions of GHRP-5 on in vivo and in vitro
designs confirm a different effectiveness of this secretagogue to induce PRL secretion.
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Introduction

Growth hormone-releasing peptides (GHRPs) are
potent GH-secretagogues, characterized by their small
size, stability and low toxicity. The clinical applications
of GHRPs have been envisioned in three main areas:
therapy of GH-deficiencies (GHD), diagnosis of GHD
and non-endocrinological aspects (Micic et al., 1999).

It is generally accepted that GHRPs stimulate the GH
release by acting at hypothalamic and pituitary levels
(Codd et al., 1989; Pong et al., 1996) via a specific
receptors (GHS-R), different from those of the growth
hormone-releasing hormone (GHRH), the endogenous
hypothalamic secretagogue. (Blake and Smith, 1991;
Howard et al., 1996; Smith et al., 1996; Pong et al.,
1996). The cloning of GHS-R strongly suggested the
existence of an endogenous ligand for regulating GH
release, probably different from GHRH (Howard et al.,
1996; McKee et al., 1997). More recently an endog-
enous ligand for the GHS-R named ghrelin was identi-
fied in the rat stomach with releasing effects on GH in
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vivo and in vitro (Kojima et al., 1999). The discovery of
ghrelin in rat and human indicates that the release of
GH from the pituitary might be regulated not only by
hypothalamic GH releasing hormone but also by ghrelin
(Kojima et al., 2001).

Concurrent with the development of more potent
GH releasing agents and their use in human subjects
(Korbonits et al., 1995; Ghigo et al., 1997; Locatelli
and Torsello, 1997; Rahim et al., 1999) it soon be-
came clear that the endocrine effects of GHRPs are
relatively specific for GH release; however, this speci-
ficity is not absolute. Several studies have confirmed
that GHRPs are not free from adverse events (Arvat et
al., 1997a-b), and most of them also release small but
significant amounts of cortisol, ACTH and PRL, in
humans (Massoud et al., 1996; Ciccarelli et al., 1996;
Arosio et al., 1998; Korbonits et al., 1999; Muccioli
et al., 2000). Although several reports on various
GHRPs provided a wide range of information on GH
secretion, the mechanism of action of GHRPs on
lactotroph cell activities still remains unknown (Hickey
et al., 1996; Jacks et al., 1996).

The present study was focused on the effects of (Y-
W-A-W-F- NH

2
), termed GHRP-5 on lactotrophs of

male rat pituitary gland. This GHRP, also known as
Momany peptide, was one of the earliest synthesized
but scarcely investigated synthetic GH-secretagogue
(Momany et al., 1981). It was of interest to compare in
vivo and in vitro the PRL-releasing activity of GHRP-
5, and to correlate the morphological changes of
lactotroph cells with their transcriptional activity.

Material and Methods

Adult male rats of the Wistar strain, aged 2 month-
old were used in this investigation. They were housed
in air-conditioned quarters with a light-dark cycle (14
h-10 h) and provided with free access to tap water and
rodent chow (Nutric, Córdoba, Argentina).

Animal procedures were in compliance with the
Guidelines on the Handling and Training of Laboratory
Animals published by the Universities Federation for
Animal Welfare, and the local Institutional Animal Care
Committee.

Rats were injected intraperitoneally with 12 µg of
GHRP-5 in saline per 100 g body weight/day for 3
days. Controls were injected with the solvent. Eight
rats were used in each experimental trial and the data
presented were representative of at least three inde-
pendent experiments.

The rats were sacrificed two hours after the last
injection. Animals were decapitated within 10 s after
removal from their cage, avoiding any stress or exter-
nal stimuli. Arterial and venous blood drained from head
and trunk were collected in a centrifuge tube, allowed
to clot at 4ºC and spun down. The serum was removed
and save frozen at –20 ºC until PRL measurements.
Then, the pituitary gland was rapidly excised and split
into two halves by a medial section with a razor blade.
One hemipituitary was processed for electron micros-
copy and the other for immunocytochemistry.

Electron microscopy

Changes in the ultrastructure of PRL cells in GHRP-
5 treated rats were studied in three hemipituitaries from
each experimental group. The tissues were fixed by
immersion in 4% (v/v) glutaraldehyde, 4% (w/v) form-
aldehyde in a cacodylate buffer, for 2-4 h at room tem-
perature. The tissue was then treated with 1% osmium
tetroxide for 2 h at room temperature, dehydrated with
increasing concentrations of acetone and embedded in
Araldite. Thin sections cut with a diamond knife on a
Porter-Blum MT2 and a JEOL, JUM-7 ultramicrotome
was examined in a Zeiss 109 electron microscope.

Immunocytochemistry

Three hemipituitaries obtained from rats treated
with GHRP-5 for 3 days were fixed in 2% (v/v) glut-
araldehyde and 4% (w/v) formaldehyde in 0.1 M ca-
codylate buffer pH 7.3 at room temperature for 5-6 h.
Each fixed hemipituitary was dehydrated in increasing
concentrations of ethanol and embedded in acrylic resin
(LR White, London Resin Corporation). Electron mi-
croscope immunocytochemistry was performed on thin
sections of LR-White embedded pituitaries and
immunostained for PRL with rabbit anti-rat PRL (di-
luted 1:4000) used as primary antiserum (all kindly
donated by Dr. A. F. Parlow, National Institute of
Diabetes and Digestive and Kidney Diseases,
NIDDKD, Bethesda, MD. Prolactin immunoreactive
sites were labelled with anti-rabbit IgG adsorbed to
colloidal gold particles. To validate the specificity of
the immunostaining the following controls were per-
formed: (1) Adsorption of antibodies to highly enriched
PRL. (2) Replacement of primary antiserum with 1%
bovine serum albumin (BSA) in 0.1 M phosphate buffer,
pH 7.3 plus 0.15 M sodium chloride (PBS). (3) Replace-
ment of primary antiserum with diluted preimmune se-
rum followed by the protein A/colloidal gold complex.
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Preparations of the immunogold complexes and other
details of immunocytochemical procedures were de-
scribed elsewhere (Maldonado and Aoki, 1986).

The one-step acid-guanidinium method for RNA
extraction as described by Chomczynski and Sacchi
(1987) was performed. In brief, 0.1 g pituitary was ho-
mogenized  in 1 ml denaturing solution (4M guanidinium
isothiocyanate, 25mM sodium citrate pH 7.0, 0.5 N-
lauroyl sarcosine and 0.1% ß-mercaptoethanol). After
phenol-chloroform-isoamyl alcohol (50:49:1) extraction,
RNA was precipitated in isopropanol, recovered by cen-
trifugation and washed in 80% ethanol. After a further
extraction, precipitation and washes, the RNA was dis-
solved in diethyl pyrocarbonate-treated water quantified
and checked for purity by spectrophotometry at 260 and
280 nm.

Northern blot

The procedure was similar to that described by
Fourney et al. (1988) with minor modifications (Pellizas
et al., 1998). Twenty micrograms total RNA were elec-
trophoresed in 1% agarose gel containing 0.66 M form-
aldehyde. The gel was stained with ethidium bromide
to visualize ribosomal RNA (rRNA). After electrophore-
sis, RNAs were transferred to a nylon membrane.

The membranes were incubated in pre-hybridiza-
tion solution containing 30% deionized formamide-5
X Denhart's solution (0.1% Ficoll type 400-0.1% albu-
min-0.1% polyvinylpirrolidone (PVP)-5 X SSPE (0.75
M ClNa-0.05 M NaH2PO4 -5mMEDTA) 0.1%SDS-200
µg/ml DNA from herring testes, for 5 h at 42°C in hy-
bridization bags. Hybridization with the probe was per-
formed for 48 h at the same temperature. The entire
SP65#1- PRL cDNA linearized with Hind III was used
as hybridization probe for Northern blots. The entire
cDNA was approximately 3.7 Kb and included the full
coding sequence. To ensure an even loading, the same
blots were hybridized using the entire pBR 322 with
18S rRNA genomic probe. The probes were labelled by
the random primer technique with [(32P) deoxy-
ATP(3000 Ci/mmol) ]. The specific activity of the la-
belled probes ranged from 2.6 X 109 - 3.9 X 109 d.p.m./
µg DNA. After hybridization, blots were washed in 2 X
SSC (0.3 M NaCl - 0.015 M sodium citrate) -1%SDS
for 20 min at room temperature, followed by 2 X SSC -
1% SDS for 20 min at 55°C, 1 X SSC -1% SDS for 20
min at 55°C and 0.2 X SSC -1% SDS for 20 min at
55°C. The membranes were exposed to Kodak X-Omat
film at -70°C with intensifying screens, for four hours
in the case of the PRL probe, and for six hours in the

case of the 18S rRNA probe. The bands were quantified
densitometrically (Shimadzu Dual-Wavelenght Chromato
Scanner CS-930) at 500 nm and the levels of PRL mRNA
expressed as absorbance of the PRL signals normalized
with that of the 18S rRNA in the same lane.

Dissociation of anterior pituitary cells

The techniques for cell dissociation and culture of
pituitary cells was described in detail previously (De
Paul et al., 1997). For each experiment, cell suspen-
sions were prepared from anterior pituitaries of 30 male
rats. The pituitaries were rapidly excised, posterior and
intermediate lobes discarded and anterior pituitaries
placed in Eagle’s Minimal Essential Medium (S-MEM)
consisting of 1 mg/ml BSA, 13 nM HEPES, 30 µM
streptomycin sulphate, 90 µM penicillin G and 2 mM
L-glutamine. The medium was filtered through a 0.22
µm Nalgene membrane (Nalge Company, New York)
before use; the final solution pH was 7.4. Adenohypo-
physes were rinsed with S-MEM and then incubated
with 0.4% trypsin in a shaker bath at 37ºC, for 20 min.
Then, tissue blocks were treated with a trypsin inhibi-
tor for 3 min. One hundred micrograms of deoxyribo-
nuclease was added in all incubation steps to avoid cell
clumping. After washing in S-MEM at room tempera-
ture the cells were mechanically dispersed with sili-
conized Pasteur pipettes. The cells were spun down and
the pellets resuspended in Dulbecco's Modified Eagle's
Medium (DMEM) supplemented with 3% fetal calf se-
rum and 8% horse serum (Gibco). The cell yield was
1.5-2x106 per pituitary and the cell viability, tested with
Trypan Blue exclusion, was always better than 90%.
The final suspension was adjusted to 1.106 cells/ml of
medium.

Enrichment of lactotroph cells

Discontinuous Percoll density gradients were used
for enrichment of pituitary cells (Velkeniers et al.,1988;
Shinkai and Ooka, 1995). Percoll gradients were pre-
pared in conical centrifuge tubes layering 2 milliliters
of 1.045, 1.065, 1.080, and 1.090 g/ml Percoll solutions,
starting with the highest concentration. Freshly dis-
persed cells (2x106 cells/2ml S-MEM) were placed on
the top of the gradients and centrifuged at 400 x g for
20 min at room temperature. Coloured marker beads of
known sizes were used to control the limits of the lay-
ers. The cell fraction containing lactotrophs, recovered
at densities between 1.045 - 1.065 was sedimented and
washed twice in S-MEM medium. The content of
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lactotrophs in this fraction was validated by electron
microscope immunocytochemistry.

Experimental procedures

Whole cultures of dispersed cells and enriched
lactotrophs were placed in 35-mm sterile culture plates
(Corning, New York) at a density of 5x105 cells/2 ml
DMEM/well and 6 wells for each treatment were stud-
ied. The cell cultures were incubated at 37ºC in a hu-
midified atmosphere of 95% air - 5%CO

2
. An additional

aliquot of 1ml fresh culture medium was added to each
well 48 h later. At 72 and 96 h of incubation, the media
were withdrawn and replaced with 2 ml fresh DMEM.
On the 5th day, 2ml fresh culture medium plus 2.5 µg/ml
was added in each well for additional 24 hours. Controls
without GHRP-5 were performed for both whole and
enriched pituitary cell cultures. Samples of culture me-
dia (1 ml) were collected and stored at -20ºC until radio-
immunoassay (RIA). At the end of each experiment, the
cell viability was tested with Trypan Blue exclusion test.

Unless stated, all the reagents used in this investi-
gation were purchased from Sigma Chemical Company,
St. Louis, MO. USA.

Radioimmunoassay

Serum and culture media PRL were quantified by
RIA, applying a double antibody technique at two dose
levels (Niswender et al., 1969) following the protocol

provided by NIDDKD. The results expressed in terms
of rat prolactin-RP-3 (biological potency equivalent to
30 IU/mg). All samples were processed simultaneously
to avoid interassay variations. The intra-assay coeffi-
cient of variation was lower than 10%. All the reagents
used were donated by Dr. Parlow of the NIDDKD.

Statistical analysis

The results were processed statistically by the Stu-
dent “t” test. Results were expressed as means ± SEM
of three different experiments. Significance was re-
ported at P<0.05 or higher.

Results

Prolactin radioimmunoassay

As it is illustrated in Fig. 1, the treatment of male
rats with GHRP-5 does not induce any significant
changes in the levels of serum PRL. In contrast, the
addition GHRP-5 to pituitary cell cultures increased
significantly (P<0.001) the release of PRL into the in-
cubation medium when compared to control cell cul-
tures (Fig. 2). The effects of GHRP-5 is enhanced in
cultures of enriched lactotrophs, increasing significantly
(P<0.01) the release of PRL, the concentrations of which
were 50% higher than that of untreated control cells.
(Fig. 3).

FIGURE 1.  Serum PRL levels of rats
treated with GHRP-5 (12 µg/100g
BW/day) for 3 days. The treatment
did not change the serum PRL con-
centration. Data are expressed as
mean ± SEM for eight rats in each
group of three different experiment.
Student “t” test.
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FIGURE 2. Effects of GHRP-5 (2.5
µg/ml medium) for 24 hours on PRL
secretion of pituitary cell cultures
from whole pituitary gland of adult
male rats. Striking augmentation of
PRL levels in culture media was ob-
served in cells incubated with
GHRP-5 compared with the control
level. Results are expressed as
means ± SEM of three different ex-
periment (6 wells/treatment/experi-
ment). Significance was reported at
* P<0.001 vs control wells. Student
“t” test.

FIGURE 3.  Effects of GHRP-5 (2.5 µg/
ml medium) treatment for 24 hours on
PRL secretion of enriched lactotroph cell
cultures obtained from adult male rats.
After GHRP-5 treatment a remarkable
increase of PRL levels was observed in
culture media when compared with the
control. Data are expressed as means ±
SEM of three different experiment (6
well/treatment/experiment). Signifi-
cance is reported at  ** P<0.01 vs con-
trol wells. Student “t” test.



ANA LUCIA DE PAUL et al.54

FIGURE 4.  Electron microscope im-
munocytochemistry of a pituitary gland
section from control male rat. Atypical
lactotroph cell (AL) is characterized by
the accumulation in the cytoplasm of
immunolabelled spherical secretory
granules the size of which was between
100-250 nm. An unlabelled somato-
troph cell (S) with uniform size and
round profile similar to those found in
lactotroph is also seen at the bottom of
the figure and serves as a control for
immunostainig background. X 28,000.

FIGURE 5.  Electron micrograph of typical lactotroph cell (TL) of a pituitary gland from male rat treated
with GHRP-5 (12 µg/100g BW/day) for three days. The cytoplasm contains a highly developed Golgi
complex and RER. Numerous immature secretory granules are assembled. X 12,800.

FIGURE 6. Electron micrograph of typical type I lactotroph cell (TL) after three days of treatment with
GHRP-5. The remarkable proliferation of RER and Golgi complex cisternae is accompanied by a notice-
able accumulation in the cytoplasm of polymorphic immature and large mature secretory granules. X
22,000.

FIGURE 7. Electron microscope immunocytochemistry of a pituitary gland from a male rat treated with
GHRP-5. A marked heterogeneity among the lactotroph population is clearly seen. The cytoplasms of
typical and atypical lactotrophs show a conspicuous accumulation of secretory granules of different
sizes. On the left, an unlabelled somatotroph cell (S) serves as negative control. X 13,800.
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Electron microscopy

Lactotrophs of adult male rat pituitary gland ex-
hibit several distinctive features which have been de-
scribed in detail in an early paper (Maldonado and Aoki,
1994). To avoid repetition only pertinent data will be
described here. In contrast to the female, the main char-
acteristics of adult male lactotrophs are the stability of
their ultrastructural organization and the predominance

FIGURE 8.  (A) Northern blot for PRL mRNA after administration of GHRP-5 (12 µg/100g BW/day )
for 3 days. Twenty micrograms total RNA were applied to each lane. Blots were hybridized with
PRL (upper panel) and 18 S rRNA probes (lower panel). (B) Densitometric analysis of Northern
blots. Data are given as the ratio between the absorbance of PRL specific signal and the absor-
bance of the 18 S rRNA signal in the same lane. Results are expressed as mean ± SEM of eight rats
per group. *P < 0.05 compared with the control group by Student “t” test.

of a subpopulation containing small secretory granules
(100-250 nm in diameter). The quiescent appearance
acquired by this lactotroph subtype was validated by
the accumulation of PRL secretory granules with uni-
form size and round profile similar to those observed
in somatotroph cells (Fig. 4).

The administration of 12 µg/100g BW/day for 3
days of GHRP-5 provokes several changes in the fine
structure of lactotrophs particularly in the cytoplasmic
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organelles engaged in synthesis and processing of pro-
teins. These modifications are compatible with an in-
creased secretory activity as judged by the prolifera-
tion or the RER and Golgi complex membranes and the
appearance of abundant immature granules (Fig. 5).
There are numerous PRL cells storing large secretory
granules and numerous immature granules associated
with Golgi area. After the GHRP-5 treatment the pres-
ence of lactotrophs types persist but the subtype I dis-
playing secretory granules of larger size (500-900 nm)
and polymorphic profiles were more frequently ob-
served (Fig. 6).

The specific identification of PRL cells by elec-
tron microscope immunocytochemistry was crucial to
identify and characterize the lactotroph subtypes depict-
ing a dissimilar metabolic activity  (Fig 7).

PRL mRNA

The changes in the levels of pituitary PRL mRNA
in male rats treated with daily injections of 12 µg GHRP-
5 per 100g BW for 3 days are exposed in Figure 8. A
significant augmentation in PRL mRNA (37% over con-
trol level) was observed after the GHRP-5 treatment. A
single PRL mRNA transcript of about 1kb was observed.

Discussion

The present investigation was proposed to study
the effects of GHRP-5 on lactotroph cell secretory ac-
tivity. In spite that no variations in serum PRL levels
were observed in vivo following GHRP-5 treatment, the
lactotroph population displayed noticeable fine struc-
ture alterations, which were concurrent with an upsurge
of PRL synthesis.

It has been reported that in pituitary glands of male
rats a 63% of PRL cell population corresponds to a
lactotroph atypical subtypes (subtypes II and III) indi-
vidualized by its secretory granules, the size of which
100-250 nm in diameter can easily be mistaken with
granules of other cell pituitary cells (Maldonado and
Aoki, 1994). After GHRP-5 administration to adult male
rats, the fine structure of lactotrophs reveals signs of
activation of the hormonal synthesis, as judged by the
remarkable development of organelles involved in pro-
tein synthesis and the appearance of numerous imma-
ture secretory granules. The GHRP-5 treatment in-
creased the predominance of typical lactotrophs, the
most active secreting cell among lactotroph subtypes.
The latter is the prevalent lactotroph in the pituitary

gland of both adult female rats and male rats stimulated
with estrogens. The main features of lactotroph type I
are the presence of large and polymorphic mature secre-
tory granules, about 500-900 nm in diameter, many of
them in exocytosis and the striking development of RER
and Golgi apparatus cisternae, characteristics of an en-
hanced biosynthetic activity (Maldonado and Aoki,
1994). Supporting these morphological observations,
the GHRP-5 also induced an increase in PRL biosyn-
thesis as confirmed by the significantly higher levels
of mRNA.

Striking differences were found in the activity of
GHRPs and nonpeptidyl GHRPs; moreover, they ap-
pear to be not fully specific for GH release. A TSH-
inhibiting effect has been reported for GHRPs (Jaffe et
al., 1993; Laron et al., 1993) in addition to a slight but
significant and dose-dependent PRL-, ACTH- and cor-
tisol-releasing activity (Bowers, 1993; Aloi et al., 1994;
Ghigo et al., 1994; Imbimbo et al., 1994; Copinschi et
al., 1996; Carmignac et al., 1998).

A specific high-affinity binding site that mediates
the activity of GHRPs has been identified in hypotha-
lamic membranes and anterior pituitary (Codd et al.,
1989). A direct action of GHRP-5 lactotrophs was veri-
fied by the significant release of PRL into the incuba-
tion medium of dispersed pituitary in cell culture. This
effect was remarkable enhanced when enriched
lactotrophs were used as target cells. These observa-
tions confirmed a direct action of GHRP-5 on recep-
tors expressed in lactotrophs as described by others
(Korbonits et al., 1998; Barlier et al., 1999).

The mechanisms underlying these effects are still
unresolved. Some evidences suggested that the stimu-
latory effects on PRL secretion in human pituitary tu-
mors may involve direct effect on somatomammotrope
cells (Adams et al., 1995), but in the rat, the existence
of somatomammotrophs is still under dispute (Pasolli
et al., 1994). On the other hand, opioids, serotonin and
histamine are known for their important role in the con-
trol of PRL and ACTH secretion (Muller and Nistico,
1989). Nevertheless both the PRL- and the ACTH/cor-
tisol-releasing activity of hexarelin was not modified
by serotonin and histamine antagonists such as nalox-
one, cyproheptadine, or  diphenhydramine (Korbonits
et al., 1995; Arvat et al., 1997c). Thus, the PRL- and
ACTH-releasing effects of GHRPs do not appear to be
mediated by these transmitters.

In our experiments the effects of GHRP-5 on PRL
release appear to be conditioned to the experimental
design. In male rats, the administration of 12 µg of
GHRP-5 for three days did not induce PRL release, but
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it is capable of stimulating the PRL gene transcription
and boost the PRL mRNA accumulation. On the other
hand, GHRP-5 in vitro provokes a significant secre-
tion of PRL to the culture medium. The differential
effects of GHRP-5 on PRL secretion could be ex-
plained by the action of neuromodulators which regu-
late the lactotroph secretory activity in vivo but they
are absent in in vitro systems.

The existence of a functional receptor for GHRPs
in somatotrophs, mammosomatotrophs, lactotrophs
and corticotroph adenomas (Korbonits et al., 1998;
Barlier et al., 1999) poses new queries on the role
played by GHRP-R in pituitary adenomas, particularly
those involving no GH secretion. The discovery of the
endogenous ligand of GHRP-R (ghrelin) opens a new
area for clinical and basic GH research, where the rel-
evance of GHRPs, as diagnostic tools or therapeutic
applications in different GH deficient states must still
be elucidate.
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