
SUMMARY

In order to characterize the pituitary cells re a c-
tive for r-GRF in the adult rat, an immunocyto-
chemicaI and morphometric study was made of
the cells immunopositive for r-GHRH and those
immunopositive for GH and for GHRH using a
double labelling method. The existence of two
populations of r- G R F - i m m u n o reactive cells was
observed; one of these was only stained with spe-
cific serum against r-GRF and the other was
immunopositively stained for GH and for r- G H R H .
Morphometrically, in both sexes the GH-
i m m u n o reactive cells were seen to have a cellular
size that was significantly larger (p<0.01) than the
r- G H R H - i m m u n o reactive cells. The cells that were
only stained for r-GHRH were significantly smaller
than those immunoreactive for GH and r- G H R H .
Our findings suggest the existence of at least two
cellular populations in the pituitary gland of the
adult rat able to react with anti-r-GHRH serum.
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INTRODUCTION

Immunocytochemical and morphometric
techniques have proved to be useful tools for

determining the intracellular presence of neu-
ropeptides and for evaluating their morphologi-
cal characteristics and the degree of cellular
activity.

The presence of GHRH in the hypophysis has
been much debated. Using immunocytochemical
procedures, several authors have been unable to
demonstrate its existence in the rat (Sawchenko
et al., 1985), the monkey (Lechan et al., 1984)
and in humans (Pelletier et al., 1986). Other
authors, however, have detected its presence in
the monkey (Morel et al., 1984), in the pituitaries
of transgenic mice (Brar et al., 1989) and in
teleosts (Pan et al., 1985). In previous work (Car-
retero et al., 1991a), in in vivo and in vitr o stud-
ies we found GHRH-immunoreactive cells in the
hypophysis of the adult rat which increased fol-
lowing intraventricular colchicine treatment.

Despite this, the nature of the GHRH-re a c t i v e
pituitary cells and their true function re m a i n
uncertain. Morel et al. (1984) reported GHRH
reactivity only in somatotrophs and suggested
that the peptide would participate in the re g u l a-
tion of GH secretion. Pan et al. (1985) described
the presence of immunoreactivity in follicle stel-
late cells and hypothesized a paracrine role in the
c o n t rol of the regulation of prolactin secre t i o n .
Brar et al. (1989) detected h-GHRH immunore a c-
tivity in some somatotroph, gonadotroph, thy-
ro t roph and mammotroph cells.
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Using double immunocytochemical and mor-
phometrical methods, the aim of the present
study was to analyze these cells in the pituitary
gland of colchicine-treated rats, comparing the
findings from single or double immunostaining
methods, and to rule out or confirm the pres-
ence of GHRH-immunoreactive cells other than
somatotrophs in the adult rat.

MATERIAL AND METHODS

Animals used
Twenty adult Sprague-Dawley rats, 10 per

sex, (supplied by Charles-River Inc.) housed
under standard conditions (temperature: 20±2ºC,
RH: 50±5%, lights on from 8.00 to 20.00h, a bal-
anced diet and water ad libitum) were studied.

Under deep ketamine anaesthesia, the rats
were treated with 90 mg of colchicine in the lat-
eral ventricle according to the stereotaxic coor-
dinates of Pellegrino and Cushman (1966). The
animals were sacrificed at 24 hours following
t reatment by decapitation under isoflurane
anaesthesia. The pituitary glands were then care-
fully removed, fixed in 4% paraformaldehyde in
phosphate buffer (0.1M, pH 7.4) for 12 hours,
and embedded in paraffin to obtain serial frontal
sections of 5 mm thickness for immunocyto-
chemical studies.

Immunocytochemistry
The samples were processed with the PAP

immunocytochemical method (Sternberger et al.,
1970) for r-GHRH or by double staining for both
GH and r-GHRH, after inhibition of endogenous
peroxidase (Streefkerk, 1972):

Single labelling. This was performed using
anti-GH rabbit serum (Dako) at a dilution of
1:1200 or anti-r-GHRH(1-43) rabbit serum at a
dilution of 1:1000; swine anti-rabbit serum
(Dako, diluted 1:100) and rabbit PAP soluble
complex (Dako, diluted 1:100). Saline Tr i s
(0.05M, pH 7.4) with 0.8% NaCl was used for the
dilutions and washes. The reaction was visual-
ized by the Graham and Karnovsky procedure
(1966).

Double labelling. After performing the first
labelling for GH in a similar way to that
described previously for single labelling, the
immunoglobulins present in the sample were
eluted by incubation in glycine-HCl buffer (0.1M,
pH 2.2) over 48 h at 4ºC (Vandesande, 1983),
thereafter developing the second labelling for r-
GHRH(1-43) in a similar way to that described
for the single labelling and developing the reac-
tion with benzidine and sodium nitroprussiate in
phosphate buffer (0.05M, pH 6.8). Controls to
determine the time of immunoglobulin elution
were made and estimated to be optimum at 48
hours.

The slices obtained from all portions of the
pituitary gland were studied under a Zeiss Axio-
phot microscope.

The primary anti r-GHRH(1-43) serum was
obtained as described previously (Fernández et
al., 1989; de los Frailes et al., 1992) and tested for
immunocytochemistry (Carretero et al., 1991a).
The specificity of the serum was tested against
p a n c reatic polypeptide, insulin, gastrin,
glucagon, somatostatin, Arg-Vasopressin, LHRH,
cholecystokinin, b-endorphin, secretin and gas-
trin inhibitory peptide, proving to be highly spe-
cific. After substitution or preabsorption tests,
the reaction was completely abolished (Figs. 1
and 2). According to radioimmunoassay, the
cross-reaction was 100% for r-GHRH (1-43),
0.004% for h-GHRH (1-44) and 0.37% for h-
GHRH (1-39). Preabsorption with GH (NIH) (10
nM/100 pL of diluted serum) was unable to abol-
ish the reaction (Fig. 3). By RIA, no binding was
found for any of the pituitary hormones.

Morphoplanimetry
Using an MIP (IMCO 10) image analyzer con-

nected via an Hitachi video system to a Nikon
Optiphot 2 microscope, a total of 1000 reactive
cells of each type, per sex, was analysed, calcu-
lating in each animal (in the single labelling) the
cellular area of 100 GH-reactive cells and of 100
r- G H R H - reactive cells and, in the double
labelling (also in each animal), the cellular area
of 100 cells reactive to GH and r-GHRH and of
100 cells reactive to only r-GHRH, chosen at ran-
dom from frontal pituitary sections separated
from one another by at least 150 mm from all
portions of the gland. The values obtained were
analyzed statistically by ANOVA. The differences
observed were considered significant for p<0.05
(for Scheffé’s F-test). The values obtained are
shown in Table 1 as arithmetic means (± stan-
dard error of the mean).

RESULTS

The immunocytochemical reaction for GHRH
was abolished following preabsorption with rat-
GHRH (Fig. 1) or substitution of anti-GHRH
serum by normal rabbit serum (Fig. 2). By con-
trast, the reaction was conserved after preab-
sorption with rat GH (Fig. 3).

In the females, the cytoplasm of GH-cells was
irregularly immunoreactive (Fig. 4). These cells
were either isolated or more frequently formed
small clusters, and were apposed to blood ves-
sels. Their morphology varied, with a predomi-
nance of oval or polygonal shapes. The mor-
phology of the GH-cells of the males (Fig. 5) was
similar to that of the cells of the females except
for the cytoplasmic reaction, which appeared
with a different pattern in the males from that
observed in the females.
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Figures 1-3.- Micrographs from the hypophysis of a male rat following preabsorption with rat-GHRH (Fig. 1), substitution of anti-GHRH serum
by normal rabbit serum (Fig. 2), and following preabsorption with rat GH (Fig. 3). x 500.



In both sexes, the rat pituitary gland showed r-
GHRH immunoreactive cells distributed thro u g h-
out the gland and these were pre f e rentially oval
or polygonal, although GHRH-reactive cells with

cytoplasmic prolongations were also seen (Figs. 
6 and 7).

Using the double labelling technique, cells
reactive only to GH, both GH and r-GHRH (GH-
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Figures 4-5.- Micrographs from the hypophysis of a female rat (Fig. 4), showing GH-immunoreactive cells with irregular cytoplasmic staining
and from a male rat (Fig. 5), showing GH-immunoreactive cells stained homogeneously. x 750.

Figures 6-7.- Micrographs from the hypophysis of a female rat (Fig. 6), showing weakly stained r-GHRH-immunoreactive cells and from a
male rat (Fig. 7), showing strongly stained r-GHRH-immunoreactive cells. x 750.

Figures 8-9.- Micrographs from the hypophysis of a female (Fig. 8) and a male rat (Fig. 9) showing, by double labelling, cells immunoreac-
tive to GH and r-GHRH (thick arrows) and cells that were only stained for r-GHRH (thin arrows). x 750.



GHRH-ir cells) and cells that only reacted to r-
GHRH were observed (Figs. 8 and 9). Some of
the latter had an irregular morphology and
sometimes displayed cytoplasmic prolongations
(thin arrows). In other cases, they had an oval or
polygonal morphology, and the GH-GHRH-ir
cells were generally oval (thick arrows) and
resembled the GH-immunoreactive cells
observed in the single labelling.

Morphometrically, in the single labelling tech-
nique it was seen that in the males the mean size
of the r-GHRH-reactive cells was significantly
larger than in females (p<0.01). The same was
the case of the GH-reactive cells. Additionally,
the GH-reactive cells were significantly larger
(p<0.01) than the r-GHRH-reactive cells in both
sexes (see Table 1).

In the double staining, in both sexes the mor-
phometry revealed that the sizes of the cells
reactive to GH and GHRH were similar to those
observed for the GH-reactive cells in the single
staining.

The GH and GHRH immunoreactive cells in
the double staining were significantly larger
(p<0.01) than the r- G H R H - reactive cells
observed in the single labelling.

By contrast, in the double staining the cells
only reactive to r-GHRH were significantly small-
er in size (p<0.01) than the cells reactive to GH
or to r-GHRH, in the single staining, and than the
cells reactive jointly to GH and GHRH in the
double staining (see Table 1).

DISCUSSION

GHRH is a hypothalamic neuropeptide that is
transported from the nucleus arc u a t u s
(Jacobowitz et al., 1983; Lechan et al., 1984;
Bloch et al., 1984; Merchenthaler et al., 1984; Pan

et al., 1984; Daikoku et al., 1985; Kita et al., 1985;
Pelletier et al., 1986; Ibata et al., 1986; Bruhn et
al., 1987; Leidy and Robbins, 1988) to the exter-
nal layer of the median eminence. From there, it
is released into the pituitary portal system (Saw-
chenko et al., 1985) and reaches the pituitary,
where its role is to regulate the synthesis and
release of growth hormone (Guillemin et al.,
1982; 1984; Rivier et al., 1982; Thorner et al.,
1983; Vance et al., 1984; Evans et al., 1985; Sas-
solas and Guillemin, 1985).

In a previous work, following abolition of the
axonal transport of GHRH in the median emi-
nence by intraventricular colchicine administra-
tion (Carretero et al., 1991a), it was observed
that at 24 hours after treatment r- G H R H
immunoreaction was present and was increased
in the pituitary gland of adult rats, possibly indi-
cating a local production of GHRH at pituitary
level. This was supported by the presence of r-
GHRH immunoreactive cells in vitro after seven
days of incubation in a medium devoid of GHRH
(Carretero et al., 1991a).

The presence of GHRH in the pituitary gland
is consistent with the characterization of GHRH
from pituitary adenomas (Joubert et al., 1989;
Peillon et al., 1989) and the immunocytochemi-
cal characterization of GHRH in the pituitary
glands of transgenic mice (Brar et al., 1989).

Similarly, the presence of GHRH at pituitary
level has been described in other animal species
(Morel et al., 1984; Pan et al., 1985; Brar et al.,
1989; Peillon et al., 1990). Our findings are also
consistent with previous reports of non-hypo-
thalamic pituitary GHRH (Carre t e ro et el.,
1991b), as has been described for other neu-
ropeptides such as VIP (Arnaout et al., 1986;
Nagy et al., 1988; Hsu et al., 1989; Segerson et
al., 1989; Lam et al., 1990; Lam, 1991), LHRH (Li
et al., 1984; May et al., 1987), somatostatin (Mes-
guich et al., 1988; Pagesy et al., 1989; Joubert et
al., 1989; Levy and Lightman, 1990) and TRH
(Peillon et al., 1989; May et al., 1987; Joubert et
al., 1989; Le Dafniet et al., 1990).

In the present study, following the double
labelling two types of cells reactive to r-GHRH
were observed: cells reactive to GH and GHRH
and cells reactive exclusively to GHRH. These
populations were confirmed morphometrically
on observing that the size of the GHRH cells was
different from that of the GH cells in the single
staining. Also morphometrically, in the double
labelling we confirmed that the sizes of the GH-
GHRH-ir cells differed from those of the cells
reactive to GHRH alone.

The fact that morphometrically -in the single
staining- cells reactive to GHRH appeared that
were smaller than those reactive to both GH and
GHRH -in the double staining- suggests that the
former encompass a pituitary cellular compo-
nent other than somatotropic cells.
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Table 1.

Immunopositivity Females Males

GH 89.72±3.22 115.28±3.23
GHRH 74.07±1.99* 95.45±3.14**
GH-GHRH 92.86±4.41# 120.98±2.69##
GHRH* 52.93±3.37• 80.88±2.30••

Table1.- Morphometric values (µm2) of cellular area obtained in
the different types of cells and groups of animals stud-
ied. GH: Immunoreactive GH-cells in single labelling,
GHRH: immunoreactive r-GHRH-cells in single labelling,
GH-GHRH: immunoreactive GH- and r-GHRH-cells in
double staining, GHRH*: immunoreactive r-GHRH cells
in double labelling. *: p<0.01 in relation to the GH of
female rats. **: p<0.01 in relation to GH of male rats. #:
p<0.01 in relation to r-GHRH (single labelling) of female
rats. ##: p<0.01 in relation to r-GHRH (single labelling)
of male rats. •: p<0.01 in relation to other cellular pop-
ulations from female rats. ••: p< 0.01 in relation to other
cellular populations from male rats. All cellular types in
the males were significantly larger (p<0.01) than the cor-
responding cells in females.



This second component was corroborated on
obtaining cells reactive to GHRH but not to GH
in the double staining; morphometrically, these
were smaller than those reactive to both GH and
GHRH.

The morphology of the cells that were only
reactive to r-GHRH was different. We observed
oval or rounded cells and some cells which had
a polygonal soma with cytoplasmic processes.
This suggests the possibility of different popula-
tions reactive to GHRH, but net to GH, which
might play different endocrine roles.

The fact that some authors have been unable
to find any reaction for GHRH in the pituitary
gland and that there is discordance in the results
of different studies addressing the location of
GHRH at pituitary level (Morel et al., 1984; Pan
et al., 1985; Brar et al., 1989) could derive from
the fact that these studies were performed in dif-
f e rent animal species (Lechan et al., 1984;
Shibasaki et al., 1984; Pelletier et al., 1986), using
different immunocytochemical methods (Saw-
chenko et al., 1985) or different anti-GHRH sera.

The anti-GHRH serum used in our study had
been previously tested by RIA for pituitary hor-
mones and GHRH-related neuropeptides and
similar controls were made using immunocyto-
chemistry. The findings obtained, together with
the abolition of immunocytochemical reaction
following GHRH-preabsorption tests, suggest a
very high specificity for the serum employed, as
has been reported previously (Fernández et al.,
1989; Carretero et al., 1991a; de los Frailes et al.,
1992).

The morphometric study carried out here
points to significant differences in the parame-
ters analyzed, depending on the sex of the ani-
mals, which are similar to those described for
GH cells (Gross, 1980; Carretero et al., 1990a,
1990b, 1991b) and which, in the present work,
appeared in similar proportions among the GH
cells and among the r-GHRH-reactive cells.

These differences could be related to the
functional role of pituitary GHRH in control of
the regulation of GH, which is known to differ
according to sex in adult rats (Eden, 1979; Akira
et al., 1988; Carretero et al., 1990b).

The fact that a cellular population reactive to
r-GHRH but not GH was found could be related
to the production of endogenous r- G H R H ,
which, in a paracrine fashion, might act at pitu-
itary level. Alternatively, it could play a mito-
genic or proliferative role, as has been described
in pituitary tumours (Billestrup et al., 1986; Peil-
lon et al., 1990).

Our results suggest the existence of diff e re n t
pituitary cellular populations able to expre s s
GHRH that can be detected immunocytochemi-
cally. One of them is the somatotroph population.

The evidence for the synthesis of r-GHRH in
the rat at pituitary level and its functional role in

the regulation of the synthesis and release of GH
or of other hormones remains to be elucidated
and further research should be carried out under
different physiological and experimental condi-
tions to clarify these aspects.
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