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Summary. In order to determine whether estradiol 
modulates the proliferation and activity of somatotrophic 
cells in vitro, a study of GH-immunoreactive cells was 
carried out in pituitary monolayer cultures obtained from 
male adult rats treated with ~ o - ~ M  estradiol for 3 hours. 
Cellular activity was evaluated in a morphometric study 
of GH-immunoreactive cells. The proliferation rate was 
determined by double immunostaining for GH and 
PCNA (proliferating cellular nuclear antigen). The 
results were compared to those obtained from control 
dishes. Estradiol was seen to increase the cellular 
(p<0.05), nuclear (pc0.01) and cytoplasmic areas 
(pc0.05). Estradiol decreased the percentage of 
proliferating GH-immunroeactive cells (pc0.05) and the 
numerical density of somatotrophs (pc0.05) when al1 
cells present in the dishes were considered. However, 
when only GH-immunoreactive cells were considered, 
estradiol increased the proliferation rate of these cells 
(pc0.05). Overall, our results suggest that, in vitro, 
estradiol stimulates the cellular activity and proliferation 
of GH-immunoreactive cells in the rat. 
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lntroduction 

In the adult rat, the patterns of GH secretion have 
gender-related differences (Saunders et al., 1976; Eden, 
1979; Tannenbaum and Ling, 1984; Plotsky and Vale, 
1985; Jansson et al., 1985; Millard et al., 1986; Hertz et 
al., 1989). Castration modifies the body weight of the 
adult rat (Carretero et al., 1993) and, in vivo, estrogens 
stimulate the secretion of GH (Moll et al., 1986; Simard 
et al., 1986, 1988; Papas et al., 1988) and inhibit the 
release of somatostatin (Mobbs et al., 1985; Eriksson et 
al., 1988). 

These modulations exerted by estradiol may explain 
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why plasmat GH levels are decreased after ovariectomy 
(Mobbs et al., 1985; Eriksson et al., 1988) and why the 
number and size of pituitary GH-immunoreactive cells 
are increased (Gross, 1980; Carretero et al., 1990), 
together with an increase in the cytoplasmic immuno- 
reaction. In vivo, we have previously demonstrated that 
treatment with estradiol induces an increase in GH levels 
accompanied by decreases in the cellular and 
cytoplasmic areas of GH-immunoreactive cells and a 
decrease in the cytoplasmic immumreaction (Carretero 
et al., 19921). 

In order to determine the direct eficts  of estradiol 
on pituitary GH-immunoreactive cells, an in vitro 
immunocytochemical study was carried out, determining 
ceiiular activity by morphometric analysis of tbese cells. 
The study was completed with the determination of the 
in vitro proliferation rate of GH-immunoreactive celis by 
double immunostaining for PCNA and GH. 

Materlals and methods 

Following anaesthesia with isoflurane, male Wistar 
rats (175-200 g) were killed by decapitation and the 
anterior pituitary glands were removed and washed in 
Earle's balanced salt solution. Enzymatic dispersion wris 
carried out by incubation for 15 minutes at 37 QC in 
Hank's solution to which 0.15% MgC12, 0.1% papain, 
0.01% DNase and 0.1% of neutral protease had been 
added. Mechanical dispersion was achieved by passing 
the pituitary glands through Pasteur pipettes and 20 to 2S 
gauge needles. After centrifugation, the supernamt was 
removed and the cells were resuspended in an 
appropriate volume of Dulbecco's modified Eagle's 
medium, supplemented with 10% calf eerum, 2.5% fetal 
calf serum, 2% L-glutamine, 1000 IUIml of penicillin 
and 1000 IUfml of streptomycin (Carretero et al., 
1995a). CeJis were seeded on culture dishes (30x15 mm) 
at a final concentration of 5 x 1 0 ~  cellddish and incubated 
at 37 QC in a 5% Co 195% air ahnosphere for 7 days. On 
the 4th day of incuzation the medium was replaced by 
fresh medium. On the 7th day of incubation, the medium 
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was replaced by fresh medium in the control dishes and 
fresh medium plus 17-B-estradiol (100nM) in the treated 
dishes. Previously, 17B-estradiol was diluted in ethanol, 
the final concentration of ethanol in the treated and 
control dishes being 0.0027%. After 3 hours of 
incubation, the culture medium was removed, the dishes 
were carefully washed with Dulbecco's sterile PBS, and 
the cells were fixed in Bouin solution for 1 hour, 
followed by careful rinsing in PBS. In order to verify the 
results obtained, two pituitary cultures were made up 
under identical experimental conditions (40 dishes per 
culture were used and divided into 4 study groups: 10 
control dishes were stained for GH, 10 control dishes 
were stained for GH and PCNA, 10  estradiol-treated 
dishes were stained for GH, and 10  estradiol-treated 
dishes were stained for GH and PCNA). 

To study GH-immunoreactive cells the PAP method 
was employed, using anti-GH rabbit serum (Dako, 
diluted 1:1000), swine anti-rabbit serum (Dako, diluted 
1:1000) and rabbit-PAP complex (Dako, diluted 1:lOO). 
Endogenous peroxidase was blocked with H 2 0  in 
methanol and non-specific reactions of the secon ‘i ary 
antibody by incubation in normal swine serum (Dako, 
diluted 1:30). For the washes and dilutions of the sera, 
tris buffer (0.05M, pH 7.4) containing 0.8% NaCl was 
used. The reaction was developed in freshly prepared 
3,3'-diamonobenzidine (DAB) (Sigma, 0.025% in TRIS 
buffer containing 0.03% H202 .  To study PCNA-positive 
cells and to determine the PCNA-GH labelling index, a 
double labelling immunohistochemical method for 
PCNA and GH was applied. Endogenous peroxidase was 
blocked with H 2 0 2  in methanol, and non-specific 
reactions of the secondary antibody by incubation in 
normal goat serum (Dako, diluted 1:30). Cultures 
were incubated overnight at 4 QC with mouse 
PClO (PCNA) mAb (Dako, lot. 121  diluted 1:3000 
in TBS). Biotinylated goat anti-mouse IgG (Dako, 
lot. 061  diluted 1: 100) and Avidin-Biotinylated 
horseradish peroxidase complex (ABC kit, Dako lot. 
081 diluted 1:100) were successively applied at room 
temperature for 40 min and 30 min, respectively. The 
reaction was developed in freshly prepared DAB 
(0.025% in TRIS buffer containing 0.03% H202). 
Following PCNA immunolabelling, the peroxidase- 
antiperoxidase (PAP) reaction was performed for the 
detection of GH, using rabbit antisera against GH in 
a way similar to that described above for  s ingle 
immunolabeling, but the second immunoreaction 
was developed in 4-chloro-1-naphthol ( 1 . 7 ~ 1 0 - ~ ~  
in 3% absolute ethanol and TRIS-buffer containing 
0.3% H202). Following absorption of the primary 
anti-GH serum with GH, the immunoreaction 
was abolished and after replacement of the anti-GH 
serum by normal rabbit serum in the double immuno- 
staining, only PCNA nuclear expression was  
found. 

Morphometry 

Using an MIP-2 (IMCO 10) image analyzer, the 
cellular, nuclear and cytoplasmic areas of 50  GH 
immunoreactive cells per culture dish (500 cells per 
group and culture) were calculated from single immuno- 
labelied cells. 

Quantification of PCNA, GH and PCNA-GH immuno- 
reactive cells 

Four thousand cells per dish were evaluated using an 
Axiophot Zeiss microscope equipped with an ocular grid 
at a final magnification of x 400. The  cells were 
randomly selected from different areas of the dishes. 
Dishes with a strong agglomeration of overlapping cells 
were rejected and only non-overlapping cells were 
considered. The following parameters were determined: 
1) Total number of cells, 2) PCNA-positive cells, 3) GH- 
positive cells and 4) PCNA- and GH-positive cells; 2, 3 
and 4 were calculated as percentages of the total number 
of cells per field; the percentages of PCNA- and GH- 
immunoreactive cells from the GH-positive cells were 
calculated. 

Statistical analysis 

Two pituitary cultures were made up under similar 
experimental conditions in order to verify the 
reproducibility of the results (assay error was always less 
than 1.5%). For each parameter evaluated, the values 
obtained were processed statistically. Data from 
individual experiments were subjected to ANOVA 
followed by the Scheffé-F test for multiple comparisons, 
accepting p<0.05 as significant. Results are expressed as 
arithmetical meansiSEM. 

Results 

Morphological findings 

Two different cells immunoreactive to GH were 
found in the control (untreated) dishes: strong and 
weakly stained cells. The strong GH-immunoreactive 
cells had oval, excentric nuclei and their cytoplasm 
appeared homogeneously stained (Fig. 1). The weakly 
GH-immunoreactive cells showed round or irregular 
nuclei and their cytoplasm displayed a weak reaction 
(Fig. 2). After treatment with estradiol, the strong GH- 
immunoreactive cells showed an irregular deposit of 
chromogen in their cytoplasm (Fig. 3) and the weakly 
stained cells showed excentric nuclei, the cytoplasm 
appearing with a granular deposit of chromogen. 

Morphometric findings 

In vitro, the cellular area of GH-immunoreactive 
cells from the untreated dishes was 75.9115.31 pn2; the 
nuclei occupied 39.19% of this surface, and the 
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cytoplasm the other 60.81% (see Table 1). Treatment 
with estradiol induced significant increases in the 
cellular (p<0.01), cytoplasmic (pe0.05) and nuclear 
(pe0.01) areas of the GH-immunoreactive cells. 

Proliferation rates (Table 1) 

The in vitro percentage of proliferating pituitary 
cells in untreated dishes was 56.09&3.43%. After 
treatment with estradiol, these percentages increased 

Tablel. Morphometric values @m2) and labelling index for GH (%GH-ir 
cells) and for GH and PCNA (%GH- and PCNA-ir cells) and percentage 
of proliferating GH-irnmunoreactive cells (%GH- and PCNA-ir cells/GH-ir 
cells) found in control and estradiol-treated dishes. 

CONTROL ESTRADIOL 

Cellular area 75.91 15.31 98.4315.46* 
Cytoplasmica area 46.1 613.39 57.8413.72* 
Nuclear area 29.75t1.47 40.5911.9F 
%GH-ir cells 19.1 OtO.84 1 1.61 M.58* 
%GH- and PCNA-ir cells 10.85tO.93 7.25M.57* 
%GH- and PCNA-ir cells/GH-ir cells 56.21 i3.30 62.45S3.51* 

*: pc0.05 with respect to controls dishes; *: p<0.01 with respect to 
control dishes. 

significantly (pe0.05). 
The percentage of GH-immunoreactive cells was 

calculated to be 19.10?0.84% of al1 the cells present in 
the untreated dishes and decreased significantly (pe0.01) 
after treatment with estradiol. 

The percentages of GH- and PCNA-immunoreactive 
cells after treatment with estradiol were modified in a 
different way when the percentages were calculated 
considering al1 cells per dish than when only GH- 
immunoreactive cells were considered. 

In the first case, the PCNA- and GH-immuno- 
reactive cells comprised 10.85+0.93% of the cells 
present in the untreated dishes, and only 7.2510.57% of 
the cells present in the estradiol-treated dishes were 
PCNA- and GH-immunoreactive cells (pe0.05). 

When only GH-immunoreactive cells were 
considered 56.21?3.30% of the GH-immunoreactive 
cells were reactive to GH and PCNA jointly in the 
untreated dishes, and estradiol induced a significant 
increase in GH-immunoreactive proliferating cells 
(pcO.05). 

Discussion 

Gonadal steroids modulate the secretion of GH 

Flg. 1. Strong GH-immunoreactive cells 
(arrow) from a control dish. x 1,000 

Flg. 2. Weakly-stained GH-immunoreactive 
cells (arrows) from a control dish. x 1,000 

Flg. 3. Strong GH-immunoreacüve cell (arrow) 
with an irregular deposit of chromogen in its 
cytoplasm after treatment with estradiol. 
x 1,000 

Fig. 4. Proliferating GH-immunoreactive cell 
(arrow) after treatment with estradiol. The 
nucleus shows immunoreaction for PCNA 
(brown) and the cytoplasm appem irregularly --lrm reac0ue for GH (blue). x 625 
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(Eriksson and Janson, 1985; Martin et al., 1985; 
Wehrenberg et al., 1985; Millard et al., 1986; Moll et al., 
1986; Quabbe, 1986; Smals et al., 1986; Akira et al., 
1988; Breier et al., 1988; Eriksson et al., 1988; Papas et 
al., 1988) and there is evidence for a hypothalamic 
modulation (Eriksson and Jansson, 1985; Simard et al., 
1986, 1988; Silverman et al., 1988) that would be 
partially responsible for the gender differences observed 
in the pattern of GH release in the adult rat and 
described by different authors (Saunders et al., 1976; 
Eden, 1979; Jansson et al., 1985; Martin et al., 1985; 
Millard et al., 1986). 

When hypothalamic control is abolished, GH release 
is similar in both rnale and female rats; however, 
morphometric differences in GH-immunoreactive cells, 
from males to females, have previously been observed in 
our laboratory (Carretero et al., 1992b), suggesting non- 
central effects of gonadal steroids on the activity of these 
cells. 

In a previous study we analyzed the changes 
observed in the cellular and nuclear sizes of the lacto- 
troph cells which were related to the changes in the 
proliferation rates (Carretero et al., 1995a). The study of 
the effects of estradiol on GH-immunoreactive cells was 
carried out after 7 days of evolution of the cultures, 
because in this study we observed that after 7 days, but 
not after 3 days, the percentages of secretory cells were 
similar to the percentages observed in in vivo studies. 
This is ths reason why different culture times for 
evaluation of the effects of estradiol on GH-immuno- 
reactive cells were not assayed. Moreover, the in vitro 
results of the present study demonstrate an important and 
direct effect of estradiol on size and proliferation of 
pituitary GH-immunoreactive cells. 

Evidence exists which points to an influence of 
gonadal steroids in the morphology of GH-immuno- 
reactive cells. In vivo, it is known that the somatotroph 
cells of males are larger than in female rats (Gross, 1980; 
Schulte et al., 1980) and that after ovariectomy cellular 
immunoreactivity (Gross, 1980) and size (Carretero et 
al., 1990) are increased. Moreover, treatment of male 
rats with estradiol induces a decrease in the size of the 
cells (Carretero et al., 1992a). 

In vitro, the present results demonstrate the influence 
of in vitro estradiol administration in the morphological 
characteristics of the ceíis. However, differences with in 
vivo results are evident: morphometrically, estradiol 
induces hyperplasia of somatotroph cells in vitro, with 
increases in the cellular, cytoplasmic and nuclear areas. 
These differences could be related to other effects 
exerted by estradiol in vivo, such as a decrease in tonic 
somatostatinergic inhibition of the pituitary gland 
induced by estradiol (Chowed-Breed et al., 1989; 
Gabriel et al., 1989; Zeitler et al., 1990) or inhibition of 
the hepatic release of IGF-1, induced in vivo by estradiol 
(Dawson and Hughes et al., 1986; Frohlander and Von- 
Schoultz, 1988). The morphometric findings reported 
here suggest that, in vitro, estradiol induces hyper- 
activity in GH-immunoreactive cells. 

In vivo, variations in the numerical density and 
proliferation rate (labelling index for Bromodeoxy- 
urydine) of GH-immunoreactive cells related to the 
sexual cycle in adult female rats have been reported to be 
maximal in the proestrus and minimal in the metaestrus 
phases (Oishi et al., 1993). However, because our study 
was an in vitro analysis and the method for determining 
the proliferation rate was different, it is not posible to 
compare our results with those of Oishi et al. 

Our study is the first analysis of the in vitro 
proliferation rate of GH-immunoreactive cells after 
estradiol treatment by analyzing the immunocyto- 
chemical expression of PCNA. In vivo, Oishi et al. 
(1993) demonstrated that PCNA is more sensitive than 
BrDU for the determination of the proliferation rate of 
pituitary cells in the adult rat and, in a previous study 
(Carretero et al., 1995b), we have demonstrated that 
PCNA is a good marker for detecting pituitary 
proliferating cells in vitro. 

With the method used, the present study demon- 
strates that estradiol increases the total proliferation rate 
of pituitary monolayer cultures, probably because it 
stimulates the cellular proliferation of different types of 
cells, such as lactotroph or VIPergic cells, and increases 
the numerical density of these cells (Allason et al., 1969; 
Zambrano and Deis, 1970; Lieberman et al., 1982; 
Sakuma et al., 1984; Perez et al., 1986; Drewett et al., 
1993; Oishi et al., 1993; Carretero et al., 1995b). The 
observed decrease in the percentage of GH- 
immunoreactive cells after treatment with estradiol could 
be related to the increase in those other pituitary cells 
under similar experimental conditions (Carretero et al., 
1995b) or to a decrease in the cytoplasmic immuno- 
reactivity for GH, because estradiol induces its release 
(Eríksson and Jansson, 1985; Moll et al., 1986; Quabbe, 
1986; Papas et al., 1988; Breier et al., 1988; Eriksson et 
al., 1988). 

In conclusion, the present results suggest a 
stimulatory effect for estradiol on the proliferation rate 
of GH-immunoreactive cells because the percentage of 
proliferating GH-immunoreactive cells was increased 
when only somatotroph cells were considered. Finally, 
our results suggest an in vitro stimulatory effect of 
estradiol on the cellular activity and proliferation of GH- 
immunoreactive cells. 
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