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Abstract

We have previously described a sexual dimorphism in oestrogen-induced anterior pituitary tumorigenesis
in Fischer 344 rats, with female tumours averaging twice the size of those of males. Neonatal androgenization
of female Fischer 344 rats with 100 pug of testosterone propionate reverted that effect, causing a
‘male-like’ phenotype. The peptides galanin and vasoactive intestinal peptide (VIP) are possible mediators of
oestrogen effects on the anterior pituitary, including hyperprolactinemia and lactotroph proliferation. To
further extend our previous findings, we investigated the expression of galanin and VIP in the anterior
pituitary of control and oestrogenized male, female and neonatally androgenized female Fischer 344 rats.
At 3months of age, rats were deprived of their gonads and divided into control and diethylstilbestrol
(DES)-treated groups. In the anterior pituitary of control rats, galanin and VIP immunoreactive cells were

absent. However, in DES-treated rats, pituitaries from normal ovariectomized females showed higher
number of galanin and VIP positive cells than pituitaries from neonatally androgenized ovariectomized
females and gonadectomized males. This pattern correlated with changes in anterior pituitary

weight and serum prolactin. Our study suggests that sexual differences in oestrogen-induced pituitary
tumorigenesis could be due to the differential expression of galanin and VIP. Furthermore, our data support
the fact that neonatal exposure to androgens, as in normal males and androgenized females, may
condition the response of the pituitary gland to oestrogens in adult life.

Oestrogens increase prolactin synthesis and secretion in the rat
(1). In addition, chronic administration of oestrogens induces
pituitary tumorigenesis due to lactotroph proliferation, as
described by Selye in 1935 (2). Development of these tumours
is highly dependent on the rodent strain, with the Fischer 344
(F344) rats being the most susceptible (3). We previously called
these tumours DES-T because, in most cases, the synthetic
oestrogen diethylstilbestrol (DES) was used as the inducing agent
(4). In our experience, F344 rats implanted with a single 20 mg
DES pellet usually developed pituitary tumours after 30—45 days,
with prolactin titres that may reach a 1000-fold elevation (5).
Susceptibility to oestrogen-induced pituitary tumorigenesis is
observed both in male and female F344 rats. However, an inter-
esting finding is that a sexual dimorphism in tumour size is
present, with female F344 tumours averaging twice the size of
males (3). Using neonatally androgenized female rats, we further
studied this gender difference, showing that masculinized F344
females develop tumours of the same size of males (6).

In recent years, several peptides have been studied as mediators
of oestrogen actions in the anterior pituitary, including
pituitary tumorigenesis. One of those peptides is galanin, which
is found at low levels in somatotrophs of male and ovariectomized
(OVX) rats (7, 8). Oestrogens lead to an increase in galanin
expression in the anterior pituitary, both in physiological and
pharmacological paradigms, including oestrogen-induced pitui-
tary tumours in F344 rats (7-14). The induction of galanin
expression by oestrogens in the pituitary gland is mediated by
oestrogen receptors, as shown by in vitro experiments in which the
oestrogen receptor antagonist tamoxifen was employed (15).
Furthermore, oestrogen receptor o but not 3 appears to be
essential for oestrogenic induction of galanin expression in the
anterior pituitary, as shown by experiments using mice lacking
the a isoform of the oestrogen receptor (16). In rats undergoing
oestrogen treatment, galanin colocalizes with prolactin in
the same secretory granules (7, 8, 12, 13). Galanin released by
some lactotrophs regulates prolactin secretion of the same or
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other lactotrophs in an autocrine/paracrine fashion (17, 18). In
addition, other reports also indicate a role of galanin in lactotroph
proliferation in oestrogenized rats, linking galanin expression to
pituitary tumorigenesis (19, 20).

Another peptide that exerts regulatory actions on prolactin
synthesis/secretion is the vasoactive intestinal peptide (VIP).
Experiments performed in vitro showed that VIP induces prolactin
secretion both from incubated hemipituitaries (21) and dispersed
pituitary cells (17, 22). Furthermore, antisera against VIP blocks
VIP-induced prolactin release (17, 22, 23). The origin of VIP
reaching the anterior pituitary in vivo was initally assigned to the
paraventricular nucleus (24); however, a body of evidence also
pointed to a local intrapituitary source of VIP, which could act as a
paracrine stimulator of prolactin release. In this sense, VIP was
shown to be synthesized in the anterior pituitary and VIP mRNA
was also detected in the gland (25). Although the expression of
preproVIP mRNA is barely detectable in the pituitary gland of
OVX rats, oestrogenization leads to an increase in VIP gene
expression and VIP content, which correlates with increments
in prolactin secretion (26, 27). Moreover, it has been shown that
VIP colocalizes with prolactin in the anterior pituitary of oestro-
genized rats (8).

Considering the sexual differences in oestrogen-induced pitui-
tary tumorigenesis and the role of galanin and VIP as mediators of
oestrogen actions in the pituitary gland, in the present study, we
compared the response of the pituitary gland to oestrogen stimu-
lation in terms of VIP and galanin expression in castrated (GDX)
male and OVX female F344 rats, the latter divided into subgroups
receiving neonatally vehicle or androgen treatment. Our data
suggest that neonatal steroid exposure may be responsible for a
differential expression of VIP and galanin which, in turn, could
contribute to sexual differences in the growth of the pituitary
under oestrogenic stimulus.

Materials and methods

Experimental animals

Animal procedures were in accordance with the National Institutes of Health
Guide for the Use and Care of Laboratory Animals (NIH Guide; Instituto de
Biologia y Medicina Experimental Assurance Certificate No. A5072-01). The
protocol employed for neonatal androgenization has been previously
described (6). Fischer 344 (F344) rats obtained from the National Atomic Energy
Agency of Argentina were housed under controlled temperature (22 +1°C) and a
12:12h light dark cycle (lights on 07.00h), with ad libitum access to food and
water. After mating, pregnant rats were housed separately until parturition. Twenty-
four hours after birth, a group of female rats received a single subcutaneous
injection of 100pg of testosterone propionate (TP) dissolved in 100pl of
sunflower oil. Other groups of female and male rats received the vehicle only.
At 3 months of age, ovaries or testes were removed from all rats and, consequently,
the experimental groups were: ovariectomized rats (OVX), OVX rats given TP
treatment (OVX 4 TP) and gonadectomized male rats (GDX). Some of the rats in
each group received a single subcutaneous pellet of 20mg of diethylstilbestrol
(DES) to induce pituitary tumours (4-6, 28). These groups were labelled
OVX +DES, OVX+TP+DES and GDX + DES, respectively. All rats were
used 40days after the beginning of DES treatment. Rats were decapitated,
anterior pituitaries and tumours were removed, weighed and immediately fixed
in Bouin’s fluid at room temperature for 6 h. Tissues were embedded in paraffin
following standard protocols, as already described (6, 28). At the time of
killing, trunk blood was collected, allowed to clot and centrifuged to remove
serum, which was stored at —20 °C. Prolactin in serum was measured by RIA
applying a double antibody technique, with reagents prepared by the NIDDK-NIH
(Bethesda, MD, USA) (5, 6, 14, 28). Results were expressed in ng/ml, in terms of
the RP3 standard.
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Immunocytochemistry for galanin and VIP

Galanin and VIP immunostaining was performed with antibodies from Peninsula
Laboratories (San Carlos, CA, USA) (antigalanin, IHC 7141, dilution 1 :7000,
source: rabbit; anti-VIP, IHC 7161, dilution 1:500, source: rabbit) following
previously published protocols (6, 28). Paraffin sections were cut in a microtome
every 4 um and mounted onto glass slides. Sections were rehydrated, washed in
phosphate-buffered saline (PBS) and treated with 0.3% H,0O, in methanol for
20min at room temperature to block endogenous peroxidase. The slides were
preincubated in 10% normal goat serum at 37°C for 10min, and a solution
containing the specific antibodies to galanin or VIP was then added to the sections.
After incubating overnight at 4 °C, slides were washed with PBS and incubated at
room temperature for 1 h with a biotin-labelled second antibody against rabbit IgG,
and then with a preformed ABC complex for 30min (Vector Laboratories,
Burlingame, CA, USA). Subsequently, slides were immersed in a 0.05% 3, 3'-
diaminobenzidine (Sigma, St Louis, MO, USA) solution in 0.1 M Tris buffer, pH 7.2
containing 0.01% H,0,. After 5 min at room temperature, slides were removed, the
reaction was stopped by immersion in PBS, and sections were counterstained with
haematoxylin, dehydrated and coverslipped with Permount. Immunoreactive cells
were visualized with the aid of an Olympus microscope equipped with a VT-C330N
video camera at a magnification of 400X, and quantified by computerized image
analysis (Optimas, Bioscan) as already described (6, 28). Most cells were indivi-
dually distinguishable due to nuclear haematoxylin counterstaining, and only cells
showing a clear nuclear profile were counted. For each rat, approximately 150-200
cells were counted in each section, and at least 10 pituitary sections from different
levels of the gland were used for quantification. The total area under study was also
measured. Results were pooled for each rat, and the number of galanin or VIP
immunoreactive cells was expressed per mm? and as a percentage of total cells.

Statistical analysis

Values reported are the mean &= SE of 6-8 rats per group. Results were analysed by
one-way analysis of variance, followed by post-hoc comparisons with the Student—
Newman—Keuls test, according to the GraphPad Prism V3.0 program (GraphPad
Prism, San Diego, CA, USA). P <0.05 was considered statistically significant.

Results

We have previously reported the effects of neonatal androgeniza-
tion on pituitary weight and serum prolactin concentration in rats
subjected to chronic oestrogenization (6). As the pituitaries used
in the present study were obtained from a new set of rats, we
repeated these determinations to be able to correlate any possible
change on pituitary weight and serum prolactin with the expres-
sion of galanin and VIP in the anterior pituitary of the same rats
(Table 1). Confirming our previous report, pituitary weight was
low in rats not receiving DES, with no significant differences
among the different groups. Chronic DES treatment produced
enlargement of the pituitary gland in all the groups; however, the
effect was stronger in females than in androgenized females and

TABLE 1. Pituitary Weight and Serum Prolactin in Untreated Rats and
Rats Receiving a Diethylstilbestrol Pellet (20 mg) During 40 days.

Experimental group Pituitary weight (mg) Serum prolactin (ng/ml)

OVX 10.34+0.94 3.2440.22
OVX+TP 8.85+£0.35 2.68+0.65
GDX 9.25+£1.50 2.66 £0.67
OVX + DES 83.82+8.04" 1262 £ 97"
OVX+ TP+ DES 31.32+4.39"% 474 £79%%
GDX + DES 34.38 +3.88"f 498 + 61"}

Group labelling: ovariectomized female rats (OVX); neonatally androgen-
ized, ovariectomized females (OVX + TP); and gonadectomized males
(GDX); without or with DES pellet implantation (OVX+ DES,
OVX+TP+DES, GDX+DES, respectively). Results represent the
mean+SE of 6-8 rats per group. "P<0.001 versus corresponding
nonestrogenized controls; 1P < 0.001 versus OVX + DES group.
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males (Table 1). Serum prolactin levels were lower than 5 ng/ml in
nonestrogenized rats; no differences were observed among these
groups. As for pituitary weight, DES treatment induced a huge
increment in serum prolactin concentration, which was higher
in OVX+DES than in OVX+TP+DES and GDX 4 DES
(Table 1).

Results of galanin immunodetection in the anterior pituitary of
rats from the six experimental groups are shown in Figs 1 and 2. In
the glands of rats not treated with oestrogens, cells immunor-
eactive for galanin were almost absent (Fig.2A). In the oestro-
genized rats, galanin expression in the tumours was significantly
higher in the OVX + DES group than in OVX + TP 4 DES and
GDX + DES rats, when results were expressed on an area basis
(Figs 1A and 2B-D). The difference in galanin expression among
the oestrogenized groups was not due to differences in the area of
the cells, because they were still present when results were
expressed as a percentage of total cells (Fig. 1B).

Our study also included the detection of VIP expression. VIP
was not detectable in the glands of nonestrogenized rats (Fig. 4A).
When rats were given DES, immunoreactivity for VIP was present
in all three groups, though to a lower extent than for galanin
(Figs 1 and 3). As for galanin expression, VIP expressing cells
were more concentrated in tumours from OVX 4 DES rats than in
those from OVX + TP + DES and GDX + DES rats (Figs 3A and
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F1G. 1. Number of galanin immunoreactive cells expressed per area unit (A)
and as a percentage of total cells (B) in anterior pituitary glands from
oestrogenized ovariectomized rats (OVX), OVX rats given testosterone pro-
pionate (TP) treatment (OVX + TP) and gonadectomized male rats (GDX).
OVX + TP + diethylstilbestrol (DES) and GDX + DES rats showed a lower
content of galanin immunoreactive cells compared to OVX + DES rats.
“P<0.01; *"P <0.001 versus OVX + DES group.

4B-D). Again, changes were still evident when results were
expressed on a percentage basis instead of per area unit, indicating
that they were not due to differences in the area of the cells
(Fig. 3B).

Remarkably, many cells in the anterior pituitary of oestrogen-
deprived rats showed small dark nuclei and small cytoplasm
(Fig.2A and 4A), whereas most of the cells in the tumours from
oestrogenized rats presented large pale nuclei and abundant
cytoplasm (Figs 2B-D and 4B-D).

Discussion

Previous reports indicate a sexual dimorphism in oestrogen-
induced pituitary tumours in F344 rats, suggesting that the pre-
existing hormonal milieu plays an important role in setting the
sensitivity to exogenous oestrogen (3). To further explore that
hypothesis, we modified the neonatal steroid environment of
female rats by early androgenization, a treatment that causes
profound changes in the hypothalamic centres that control lacto-
troph function (29, 30). It has been described that, under basal
conditions, neonatally androgenized females show higher levels of
serum prolactin (29, 31, 32), and exhibit changes in the arcuate
nucleus morphology, which is more similar to that of males than to
that of normal females (33). These changes in the arcuate nucleus
structure could account for the differences observed in prolactin
levels, considering that dopamine, the main prolactin-inhibitory
factor, is synthesized in that nucleus (34). However, other factor(s)
may be involved, including ovarian steroids, as it has been shown
that OVX decreases hyperprolactinemia in neonatally androgen-
ized females, and that oestrogen replacement increases again
serum prolactin (29, 30, 32). To avoid possible baseline differ-
ences, our rats were deprived of their sexual steroids by OVX or
GDX. As a result, serum prolactin was low in all the nonestro-
genized groups, without gender differences. However, after
chronic oestrogenization, pituitary weight and serum prolactin
levels were increased to a lower extent in males and in neonatally
androgenized females than in normal female rats, confirming our
previous report (6). One possible explanation for this sexual
dimorphism is the heterogeneity in the cell population of the
pituitary gland observed between sexes. It is known that, after
puberty, pituitaries of female rats have a higher percentage of
lactotrophs and those of male rats contain a higher percentage of
somatotrophs (35). However, if males are neonatally deprived of
androgens by castration, the pituitary gland at adulthood resem-
bles more the gland of a female rat, with a higher content of
lactotrophs and a lower content of somatotrophs (35). These
changes are not reversed by adult treatment with testosterone,
suggesting that the ability of the adult anterior pituitary to change
its cellular composition in response to gonadal steroids is limited
by the neonatal hormonal milieu to which the rat was exposed
(35). Consistent with that idea, we found that neonatally andro-
genized females respond to oestrogens with a male-like phenotype
(i.e. smaller tumours and lower serum prolactin levels than normal
female rats).

The local expression of galanin and VIP, two possible mediators
of oestrogen effects in the anterior pituitary, was then investigated
to verify if they were related to the gender differences in pituitary
growth and prolactin production.

Galanin has been proposed as the main paracrine/autocrine
regulator of prolactin synthesis/secretion. Previous reports
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showed sexual differences in the distribution of galanin immu-
noreactive cells in the anterior pituitary, with a differential pattern
of colocalization of galanin and anterior pituitary hormones. Thus,
normal female rats presented galanin positive cells evenly dis-
tributed throughout the anterior pituitary; these cells were char-
acterized as lactotrophs (8, 12). After surgical castration or
treatment with luteinizing hormone-releasing hormone agonists
and anti-oestrogens, a depletion of galanin immunoreactive cells
was observed (8, 12). In male rats, galanin immunoreactive cells
in the anterior pituitary were less abundant than in normal
females; in this case, galanin is present in somatotrophs and
thyrotrophs but not in lactotrophs (8, 12). Gonadectomy of male
rats also reduced galanin immunoreactivity in the anterior pitui-
tary (12). To our knowledge, no studies on galanin expression in
the anterior pituitary of neonatally androgenized females have
been carried out. In the present study, we found that cells
immunoreactive for galanin were not detectable in the pituitaries
from nonestrogenized rats, which is in accordance with the
literature (8, 12). It has also been described that oestrogenization
leads to increments in galanin expression in the anterior pituitary
(7-18, 28). Accordingly, in our present study, galanin expressing
cells were clearly visible in pituitary tumours from all three groups
of oestrogenized rats. Although we did not perform colocalization
studies, previous reports indicated that galanin concentrates with

© 2004 Blackwell Publishing Ltd, Journal of Neuroendocrinology, 16, 64-71
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F1G.2. Representative photomicrographs of galanin immunoreactivity in anterior pituitary glands from (A) ovariectomized rats (OVX), (B) OVX+

diethylstilbestrol (DES), (C) OVX + testosterone propionate (TP) 4+ DES and (D) gonadectomized (GDX) + DES rats, respectively. Magnification x 1000. Scale
bar =10 pm.

prolactin within the secretory granules of lactotrophs in rats
undergoing oestrogen treatment (7, 8, 12, 13, 17, 18). Further-
more, the number of lactotrophs expressing galanin also increased
with the oestrogenization (13), although galanin mRNA and
peptide are not present in all lactotrophs (7, 13, 17, 18). Taking
into account that lactotrophs comprise approximately 80% of the
cells in the tumours (6, 28, 36), it is likely that the galanin-
expressing cells detected in this study were lactotrophs. We found
that the number of cells expressing the peptide was higher in the
glands of the OVX + DES rats than in oestrogenized males and
neonatally androgenized females. Considering that galanin reg-
ulates prolactin synthesis/secretion by acting on the same or on
neighbouring lactotrophs (18, 19), it is possible that the higher
number of galanin expressing cells in tumours of the OVX 4 DES
group is responsible for the higher levels of serum prolactin
observed in these rats. It has also been described that galanin
regulates gonadotroph function in normal female rats (37). An
interesting observation is that the number of gonadotrophs is
lower in the OVX+DES group than in GDX+DES and
OVX + TP + DES rats (Piroli et al., unpublished observations),
an effect that could also correlate with the increased expression of
galanin in OVX + DES rats. On the other hand, we also observed
a sexual dimorphism in tumour weight, with OVX+ DES
rats showing bigger tumours than the GDX+ DES and
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F16.3. Number of VIP immunoreactive cells expressed per area unit (A) and as
percentage of total cells (B) in anterior pituitary glands from oestrogenized
ovariectomized rats (OVX), OVX rats given testosterone propionate (TP)
treatment (OVX 4 TP) and gonadectomized male rats (GDX). OVX + TP +
diethylstilbestrol (DES) and GDX + DES rats showed a lower content of VIP
immunoreactive cells compared to OVX + DES rats. “P <0.05; *"P <0.01;
P < 0.001 versus OVX + DES group.

OVX + TP + DES rats. This differential growth of the pituitary
gland could also be due to the different expression of galanin. In
this context, it has been proposed a role of galanin in lactotroph
proliferation in vitro (17). More recently, a report in which mice
with a loss-of-function mutation of the galanin gene were
employed, showed that dispersed pituitary cells from mutant
females failed to proliferate under oestrogenic stimulus, while
the number of cells from control rats increased by approximately
200% (19). Further evidence in this sense was given by a study in
which transgenic mice overexpressing galanin in lactotrophs were
developed to enhance the naturally low abundance of galanin in
physiological conditions (20). Female transgenic mice exhibited
higher cell count and higher weight of the anterior pituitary
compared to controls; both effects were suppressed by OVX,
showing that galanin-mediated effects were oestrogenic-depen-
dent (20). Additional support was provided by experiments in
which treatment with dopaminergic agents or progestins was
employed, showing that drugs with an ability to reduce the size
of oestrogen-induced pituitary tumours were also able to modulate
galanin content and/or release from lactotrophs (28, 38).

As stated above, another peptide that exerts regulatory actions
on prolactin synthesis/secretion is VIP. VIP stimulates prolactin
secretion both in vitro and in vivo (17, 21, 22). In addition to
hypothalamic sources of VIP that can act on the pituitary gland,

local production of VIP in the anterior pituitary was also shown
(25). VIP released from lactotrophs exerts an autocrine/paracrine
control on prolactin release, and it has been suggested that VIP
produced by pituitary cells in culture is the main factor that
stimulates prolactin secretion in the absence of hypothalamic
influence (39). The exact characterization of VIP-producing cells
in the anterior pituitary remains controversial, with most studies
supporting a lactotroph localization (8, 26, 40) and others showing
presence of VIP in other pituitary cells (41). Our current results
show that VIP-immunoreactivity is not detectable in the anterior
pituitary gland of gonadectomized rats. Supporting this, previous
studies (8, 26) showed that VIP positive cells were almost absent
in the anterior pituitary of normal male rats and OVX females,
whereas female rats in diestrus showed scarce VIP immunoreac-
tive cells; due to that low count, the characterization of the cellular
type was not possible. To our knowledge, no immunocytochem-
ical studies were reported on VIP expression in the anterior
pituitary of neonatally androgenized female rats. However, it
has been shown that neonatal androgenization with a high dose
of 1 mg testosterone per rat increased VIP content in the anterior
pituitary gland, whereas at the same dose employed in the present
study (100 pg), no changes in VIP content were observed (31). On
the other hand, it has been previously shown that long-term
oestrogen treatment increased VIP gene expression and VIP
content in the anterior pituitary, which correlated with increments
in prolactin secretion (27, 41-45). In addition, VIP was shown to
colocalize with prolactin in the anterior pituitary of oestrogenized
rats (8, 26, 40), and even VIP-galanin colocalization was demon-
strated in pituitaries of rats undergoing oestrogen treatment (8). In
the current study, we confirmed and extended those observations:
VIP immunoreactivity is present in the anterior pituitary of
chronically oestrogenized F344 rats, and a sexual dimorphism
is present in that VIP immunoreactive cells are more abundant in
the glands of OVX rats treated with DES than in those of GDX and
OVX + TP rats subjected to oestrogenization. However, sexual
dimorphism in VIP expression does not appear to be related to
gender differences in anterior pituitary growth caused by oestro-
genization. Although it has been suggested that VIP increments
could be involved in the proliferating effects of oestradiol on
lactotrophs (45), experiments performed in vitro showed that
100nM VIP had no effect on lactotroph proliferation, whereas
the same concentration of galanin induced increments of approxi-
mately three-fold and two-fold in thymidine incorporation and
cell number count, respectively (17). Nonetheless, and as in the
case of galanin, the higher expression of VIP could be responsible
for the higher serum prolactin levels observed in the OVX 4 DES
group compared to OVX + TP + DES and GDX + DES rats.

As we mentioned previously, DES-T are composed mainly of
proliferating lactotrophs, which comprise approximately 80% of
total cells (6, 28, 36). In our present study, tumoral cells exhibited
large pale nuclei and abundant cytoplasm, in opposition to the
small nuclei and cytoplasm present in cells from oestrogen-
deprived rats. These features are in complete agreement with
previous reports that indicate that, in castrated rats, most of the
anterior pituitary cells are small (46-48) with the exception of
gonadotrophs (46, 49). However, in chronically oestrogenized
rats, the large lactotroph population undergoing hypertrophia
has been also extensively described (6, 8, 26, 46, 48, 50, 51).
Another important factor is that functionally and structurally
different populations of lactotrophs have been described both
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F1G. 4. Representative photomicrographs of VIP immunoreactivity in anterior pituitary glands from (A) ovariectomized rats (OVX), (B) OVX + diethylstilbestrol
(DES), (C) OVX + testosterone propionate (TP) + DES and (D) gonadectomized (GDX) + DES rats, respectively. Magnification x 1000. Scale bar = 10 pm.

in normal pituitary glands and in DES-induced pituitary tumours
(36, 52-54). In this sense, typical (type I) lactotrophs are char-
acterized by large secretory granules and enhanced biosynthetic
and releasing activity, whereas atypical (types II and III) lacto-
trophs contain smaller granules and lower efficiency for prolactin
secretion (52-54). In a recent study, we described the prevalence
of typical lactotrophs in tumours from OVX+DES rats, in
opposition to tumours from OVX + TP 4+ DES and GDX + DES,
in which atypical lactotrophs were also present (6). Accordingly, it
could be possible that this different composition accounts for the
higher serum prolactin levels observed in OVX + DES rats com-
pared to OVX + TP + DES and GDX + DES rats. Moreover, the
possible presence of mammosomatotrophs, a transitional cell that
secretes both prolactin and growth hormone (55), is an additional
factor to be taken into account. If the population of mammoso-
matotrophs differs in OVX + DES pituitaries from OVX + TP +
DES and GDX + DES glandes, it could also explain the differences
observed in prolactin secretion. We can speculate that galanin- and
VIP-expressing lactotrophs correspond to a certain type of lacto-
troph and not to all of them, raising the possibility that the
differential expression of the peptides described in this study is
due to the different population of prolactin-producing cells in
tumours from OVX + DES on one side and OVX + TP + DES and
GDX + DES on the other side. Further studies will be necessary to
ascertain this possibility.
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