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SUMMARY 

The aim of the present paper was to obtain somatotroph- and gonadotroph-enriched populations from collagenase 
dispersed pituitaries of male rainbow trout. Inasmuch as the percentage of immunoreactive gonadotrophs and somato- 
trophs present in pituitaries was higher at spermiation than at the beginning of spermatogenesis, we tried such a cell 
separation with fish at this stage of spermatogenesis. Cells were fractionated using their differences in buoyant density with 
centrifugation in Percoll solutions. The use of Percoll linear gradients (1.110 to 1.027 g/ml) showed that somatotroph 
cells have a density of between 1.102 and 1.064 g/ml whereas gonadotrophs are spread over the range of the gradient. It 
was thus possible, by using linear or discontinuous Percoll gradients, to obtain 95 to 67% (mean 80%) enriched 
somatotropic cell fractions while no enriched gonadotropic cell fractions were collected. The fractionated cells kept their 
ability to be cultured and to be responsive to specific secretagogues. Somatostatine induced a 80 to 85% decrease in 
growth hormone release per somatotroph in the initial cell suspension as well as in the different cell fractions. On the other 
hand, the basal growth hormone release per cell was lower in the fractions containing cells with a density lower than 1.062 
g/ml. Inversely, the gonadotrophs have a basal release per cell independent of their density, and this is also available for 
their responsiveness to salmon gonadotropin-releasing hormone. 

Key words: somatotrophs; isolation; cell culture; rainbow trout. 

INTRODUCTION 

In fish as in other vertebrates the adenohypophysis consists of 
different cell types implicated in specific functions characterized by 
the production of hormones. However, a single neuropeptide, neur- 
oamine, or steroid can affect the activity of different cell types. 
Moreover, it has been demonstrated that dispersed cells aggregate 
under certain conditions to form a tissuelike configuration (Van Der 
Schueren et al., 1982) and that paracrine interactions can exist 
between particular cell types (Denef and Andries, 1983). In conse- 
quence, to study the mechanisms by which a regulatory factor influ- 
ences the secretion of a certain hormone or to study the interactions 
between two functions, the cell type producing this hormone or 
implicated in these functions should be isolated. 

In fish, as in other vertebrates, there is evidence of hormonal 
interactions during reproduction and growth, and they may exist at 
different levels of the somatotropic and gonadotropic axis (review of 
Le Gac et al., 1993). The mechanisms involved are not yet known, 
and their importance might be different from one species to an- 
other. One level of interaction may be located at the hypothalamo- 
pituitary level (Fig. 1) because in cyprinids, gonadotropin-releasing 
hormone (GnRH) is capable of inducing growth hormone (GH) se- 
cretion in addition to the maturational gonadotropin (GtH2) (Mar- 
chant et al., 1989). Concerning GtH2 and GH secretion in salmon- 
ids, few results are available (Le Gac et al., 1993). To study the 
possible interaction of the two functions at the pituitary level, we 

attempted to purify gonadotrophs and somatotrophs of rainbow 
trout after having described their evolution during spermatogenesis. 
The technique used for fractionating these two cell types is based on 
their differences in buoyant density by using Percoll as the density 
gradient-forming agent (Pertoft et al., 1978; Hall et al., 1982). The 
biological activity of the cell populations obtained was studied using 
salmon GnRH (sGnRH) and somatostatin 14 (SRIF), known for 
their respective predominant positive and negative control on matu- 
rational gonadotropin (Breton et al., 1993) and growth hormone 
secretion (Yada and Hirano, 1992) in rainbow trout (Fig. 1). 

MATERIALS AND METHODS 

Animals. The determination of the number of GH and GtH~ cells at 
different stages of spermatogenesis was performed on 2+-yr-old males of a 
winter-spawning strain reared at the fish farm of Gournay (Oise) and weigh- 
ing 0.71 kilos. All the cell purification studies were performed on 3-year old 
pre-spermiating or spermiating males (3 k body weight) of a spring-spawn- 
ing strain (Bellet Fish Farm, Angoul~me). In both cases, before use, the fish 
were kept in the laboratory in a recirculating water unit at 13 ° C under the 
natural photoperiod, and fed with commercial pellets (Aqualim) at 1% of 
the body weight. 

Preparation of dispersed pituitary cells. Dispersed cells were obtained 
using a collagenase procedure as previously described (Weil et al., 1986). 
Briefly, pituitary glands were collected in medium supplemented with antibi- 
otic-antimycotic mixture. The whole or manually dissected pituitaries were 
chopped into small pieces and submitted to dispersion for 20 h at 12 ° C in 
0.1% collagenase in RPMI buffered with 20 mM HEPES and containing 9 
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FIg. 1. Action of GnRH and SRIF on the regulation of maturational 
GtH 2 and GH secretion in teleost fish. 

mM NaHCO3 and 1% bovine serum albumin (BSA). The dispersed cells 
were filtered on a 50-/.tm nylon gauze previously saturated with 1% BSA. A 
cell pellet was obtained by centrifugation (10 mn at 200 g) and two subse- 
quent washings in culture medium supplemented with 2% of a serum sub- 
stitute, uhroser SF (IBF-Sepxacor, Villeneuve la Garenne, France) and 1% 
of antibiotic-antimycotic mixture. Cell counting and cell viability were deter- 
mined using a Thoma hemacytometer in the presence of 0.1% trypan blue. 

Gradient and cell separation. Dispersed cells were separated according 
to their density by centrifugation in 15 ml Falcon conical-shaped centrifuge 
tubes containing Percoll solutions prepared according to the manufacturer's 
instructions (Pharmacia, Piscataway, N J). 

The density of the different cell types present in the preparation of the 
whole dispersed cells was determined using linear (1.027 to 1.110 g/ml) 
Pereoll gradients. Separation of the GH cells from the other cell types was 
performed using Percoll cushions of 1.060 g/ml or discontinuous (1.086 
and 1.063 g/ml) Percoll gradients. 

Two milliliters of cell suspension containing 6, 3, or 2 million cells was 
layered on top of each tube, which was centrifuged for 20 min at 400 g. The 
collected cells were washed 3 times in RPMI supplemented with ultroser SF 
and antibiotics. 

Identification and diameter of  the cell types. The different cell types 
were identified by immunocytochemical staining using the peroxidase pro- 
cedure (Weir et al., 1974) after attachment of the dispersed cells on poly-L- 
lysine-treated glass slides and fixation in picric acid formaldehyde solution 
(PAF), as previously described (Dacheux, 1984). The staining reaction 
consisted of a solution of 4-chloro-naphtol. The rabbit antisera used for 
determining gonadotrophs 2, somatotrophs, prolactin cells, and putative 

TABLE 1 

PERCENTAGE OF IMMUNOREACTIVE GONADOTROPIC (GtH2) 
AND SOMATOTROPIC (GH) CELLS PRESENT IN COLLAGE- 

NASE DISPERSED PITUITARY FROM RAINBOW TROUT 
AT DIFFERENT STAGES OF SPERMATOGENESIS a 

Percentage of Cells 
Stage of 

Spermatogenesis GtH2 GH 

A B spermatogonia 11.91 b 12.42 b 
Spermatocytes, spermatids 12.01 ~' 12.38 b 
Spermiation 18.27 ° 19.69 c 

" Dispersed cells were obtained from 14 males for the first two stages and 
12 for the last one. 

bNS = P > 0.05; cS = P < 0.005. 

TABLE 2 

PERCENTAGES OF IMMUNOREACTIVE GONADOTROPIC (GtHz) 
AND SOMATOTROPIC (GH) CELLS AND NUMBER OF TOTAL 

CELLS RECOVERED AFTER COLLAGENASE DISPERSION 
OF WHOLE OR DISSECTED PITUITARIES" 

Experiment 2 
Dissected Pituitaries 

Experiment 1 
Cells Whole Pituitaries PPD RPD PI 

GtH2, % 15.2 22 8.5 3.8 
GH, % 16.0 40 22 3.6 
Number × 105 20.3 3.7 3.7 11.6 

Two independent experiments (1 and 2) were performed on two and 
four males, respectively. 

gonadotrophs 1 and 2 plus thyreotrophs were raised against the/$ subunit of 
chinook salmon gonadotropin 2 (Salesse et al., 1978), chinook salmon 
growth hormone (Le Bail et al., 1991), chinook salmon prolactin (Prunet et 
al., 1975), and trout gonadotropin 2 (Breton et al., 1976), respectively. 
They were used at a dilution of 1/1000 overnight at 4 ° C. The percentage 
of cells of a certain type was the result of duplicate analyses of 200 to 600 
cells. It is expressed as the number of positive ceils divided by the number 
of total ceils counted. In the number of total cells, non-immunoreactive 
(NIR) cells are included; they correspond to cells secreting a hormone 
different from the one tested, as well as to cells having lost their secretory 
granules. 

The determination of cell diameter was made on 30 to 100 cells identi- 
fied by immunocytochemistry by using an ocular micrometer. 

Culture and secretion of  the cells. Dispersed cells recovered from whole 
pituitaries, dissected pituitaries, or Percoll fractions were resuspended in 
RPMI supplemented with uhroser and antibiotics. In the first case, 250 #1 
containing 6 × 104 and 2.5 × 104 cells in the two last cases were plated 
into each well of 96-muhiwell plates precoated with poly-L-lysine (5 #g /  
cm2). On Day 3 of culture, cells were washed twice with ultroser and antibi- 
otic-free RPMI and incubated for 24 h with SRIF (generously provided by 
Sanofi, Labege, France) and sGnRH (Bachem, Bubendorf, Switzerland). At 
the end of the incubation period, plates were centrifuged respectively 
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FIG. 2. Percentage of immunoreactive somatotrophs (GH), gonado- 
trophs 2 (GtH2), prolactin cells (PRL), NIR, and number of cells present in 
different fractions obtained from total pituitary cells submitted to a 10 ml 
linear Percoll gradient; 1-ml fractions were collected. Donor fish were sper- 
miating males. 
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FIc. 3. Percentage of immunoreactive somatotrohs GH, GtH2, PRL, 
NIR cells, and number of cells present in different fractions obtained from 
male rainbow trout total adenopituitaries submitted to a 10-ml linear Per- 
coil gradient; 1-ml fractions were collected. Donor fish were spermiating 
malc8.  

(200 g, 10 rain). The medium was collected, then frozen, either pure or 
diluted, in hormone assay buffer containing 1% BSA for later GtH2 and GH 
determination using specific radioimmunoassays (GtH2: Breton et al., 
1978; GH: Le Bail et al., 1991). 

Statistical analysis. Means were compared by the Student's t test or by 
a non-parametric method, the Mann-Whitney U test. The differences be- 
tween two variances were tested by using Fisher's test. Percentages were 
compared using the Chi-square test. 

RESULTS 

Determination of the percentage of GtH 2 and GH cells in collage- 
nase dispersed pituitaries prepared from fish at different stages of 
spermatogenesis. During spermatogenesis, the percentages of im- 
munoreactive GtH2 and GH cells followed the same evolution, with 
minimal values at the beginning of spermatogenesis (spermatogonia 
A and B) and active spermatogenesis (presence of spermatocytes in 
all testes and spermatids in some of them), and maximal values at 
spermiation (P < 0.005). (Table 1). 

Enrichment of Gill 2 and GH cells by dissection of the pituitary or 
purification on PercoU gradients, or both. As the number of GtH2 
and GH cells is highest at spermiation, spermiating fish were used 

to determine the number of GtH2 and GH cells in total dispersed 
pituitaries or in the three dissected parts of the adenopituitary: ros- 
tral pars distalis (RPD), proximal pars distalis (PPD), and pars 
intermedia (P|) (Table 2). In the whole pituitary, the percentage of 
GtH2 and GH cells was 15.2 and 16%, respectively. After dissec- 
tion of the pituitary, GtH 2 and GH cells were predominantly present 
in the dissected PPD compared to RPD and PI. As their presence is 
still noticed in the RPD, the whole pituitary or the whole pars dista- 
lis (PPD+RPD) were used for most of the purification on Percoll 
gradients. The interest in eliminating the PI was to reduce the num- 
ber of ceils layered on the top of the gradient by 60% (Table 2). 

As shown in Figs. 2 and 3, representing typical results of Percoll 
linear gradients using total cells or RPD+PPD cells, respectively, 
the majority of GH cells were recovered at a specific gravity be- 
tween 1.102 and 1.064 g/ml. These fractions contained 95 to 
26% of GH cells. At lower densities, only a low percentage of GH 
cells (<10%) is noticed. GtHz cells are found to have very variable 
densities, and a purification of GtH2 cell enriched fractions was not 
made possible. The contamination of the GH cell enriched and 
non-enriched fractions by GtH cells varied between 2 and 13%. 
Prolactin cells were also found at various densities with a percent- 
age ranging from 2 to 18%. 

Using linear gradients, the total number of cells present in each 
fraction varies greatly (5 to 173 × 104 cells, Fig. 2 and 3), resulting 
in a variable number of GH cells in the enriched fractions. As the 
contamination by GtH2 cells is roughly equivalent in each fraction, 
trials were made to obtain only one enriched GH cell fraction to 
obtain sufficient numbers of purified GH cells. Centrifugation over 
Percoll (specific gravity 1.06 g/ml) was performed with PPD dis- 
persed cells (Table 3). A 67.5% GH cell enriched fraction (F2) was 
obtained at the bottom of the tube with a contamination by blood 
cells, GtHz cells (12.7%), PRL cells (5.1%), and putative GtH1 and 
TSH cells (1.2%); the top fraction (F1) contained 16.2% GH cells, 
27.8% GTH2 cells, 5.1% PRL, and 1.2% putative GtH1 and TSH. 
The cell diameter of GH and GtH2 cells is not statistically different 
(Table 3). Furthermore, for each type the diameter is independent 
of the density of the cells because there is no difference in their 
diameter in the different fractions (Table 3). To get rid of blood 
ceils, a discontinuous Percoll gradient, consisting of two layers, was 
used for separating RPD+PPD dispersed ceils. Blood cells were at 
the bottom of the tube whereas a 84.6% GH cell enriched fraction 
(F2) contaminated by 8% of GtH cells was at the interface between 
the two different gradient densities; at the top of the centrifuge tube 

TABLE 3 

PERCENTAGES AND DIAMETER IN MICROMETER OF IMMUNOREACTIVE GtH2 AND GH CELLS PRESENT IN 
COLLAGENASE DISPERSED PITUITARIES AND PROXIMAL PARS DISTAL1S BEFORE OR AFTER 

FRACTIONATION BY CENTRIFUGATION IN A CUSHION OF PERCOLL ° 

Proximal Pars Distalis 

After Fraetianation 

Percent Diameter Percent Diameter Percent Diameter Percent Diameter 

GtH z Ceils 15.1 3.76 + 0.47 22.4 4.07 + 0.56 27.8 4.25 + 0.46 12.7 3.90 + 0.37 
GH Cells 23.5 3.54 + 0.35 42.2 3.42 + 0.35 16.2 4.06 + 0.67 67.5 4.14 + 0.55 

Density = 1.06 g/ml. Values are ~ + SD. FI: top fraction, F2: bottom fraction. 

Total Before 
Pituitary Fractionation F1 F2 
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Fig. 4. GtH z release by culture of dispersed cells obtained from the 
proximal pars distalis of spermiating male adenopituitaries, with or without 
fractionation, on a discontinuous Percoll gradient. Cells were incubated in 
the presence of increasing doses of sGnRH for 24 h. I = initial cells; F 1 and 
F2 = ceil fractions, same experiment as in Table 3. Values are X + SD and 
expressed in picograms per GtH2 cell. 

a fraction (F1) containing GH (31.6%), GtH 2 (16.5%), PRL 
(19.4%), and putative GtH 1 and TSH (4.5%) cells was present. 

Cell biological activity in culture. The percentage of live cells 
varies from 89 to 97% (n = 10 experiments) and is comparable in 
cells submitted to collagenase dispersion with or without further 
purification on PercoU gradients. 

All the types of dispersed cells came from total pituitary, dis- 
sected fragments, or Percoll fractionation attached to the poly-L-ly- 
sine-treated surface plastic of the wells in the same manner because 
they are firmly attached by Day 2 on the plastic of the wells. The 
typical biological activity on Day 3 of culture is shown in Figs. 4 and 
5 for PPD dispersed cells, and two fractions, F1 and F2, obtained 
after centrifugation on a solution of Percoll (same experiment as in 
Table 3). The gonadotrophs show a basal release (dose 0 of GnRH) 
and a dose-response curve to GnRH identical (P > 0.05) in the 
initial suspension and in the fractions (Fig. 4). However, the variabil- 
ity of the response is significantly higher in the F2 fraction com- 
pared to the initial cell and the F1 fraction (P < 0.01). Concerning 
the somatotrophs, the basal GH release per GH cell is identical (P 
> 0.05) in the initial suspension and in the GH cell enriched frac- 
tion (F2: density > 1.06 g/ml) whereas in the fraction poor in 
somatotrophs ( F h  density < 1.06 g/ml) the basal GH release per 
cell is significantly lower (Fig. 5). On the other hand, in the pres- 
ence of SRIF 10 -6 M (Fig. 5) an inhibition in GH secretion was 
obtained with the same range of magnitude for each preparation of 
cells (80% for the initial cells and 85% for F1 and F2). 

DISCUSSION 

The purpose of the present work was to obtain purified GtH 2 and 
GH cells for further in vitro regulation of secretion and cell interac- 
tion studies. First, we looked for the stage of spermatogenesis at 
which the percentage of those cells is maximal. We found that in 
collagenase dispersed pituitary cells the number of GtH2 and GH 
cells increases with the advancement of spermatogenesis, maximal 

values being observed at spermiation. These results are in accor- 
dance with the in vivo variation of pituitary and plasma GtH 2 levels 
(Billard et al., 1978; Weil et al., 1978) as well as with in vitro basal 
GtH 2 release and GtH2 content of pituitary cultures (Weil and Mar- 
cuzzi, 1990) throughout the cycle. So far, no results are available 
on in vivo pituitary GH content during the different stages of sper- 
matogenesis whereas plasma levels are known to increase in males 
by the end of the cycle (Sumpter et al., 1991; Le Gac et al., 1991, 
1993). 

These results led us to purify GH and GtH2 cells from spermiat- 
ing fish. A partial enrichment by manual dissection was tried be- 
cause such a technique, using rostral pars distalis fragments, re- 
suited in a 60% enriched prolactin cell population (Le Goff et al., 
1992). Using proximal pars distalis fragments, a 40% enriched GH 
cell population and a 20% GtH2 cell population were obtained in 
the present work, showing the necessity to perform further purifica- 
tion to obtain a better enrichment in GH and GtH2 cells. In mam- 
mals, several methods have been developed for separating pituitary 
cell populations, and are based either on difference of cell size using 
gradients of albumin (Hymer et al., 1973) or on differences of cell 
density using gradients of different materials such as dextran (Ishi- 
kawa, 1969), Percoll (Pertoft et al., 1978), or in combining differ- 
ences in cell size and density by using centrifugal elutriation (Hyde 
et al., 1982). Cell sorting after internalization of fluorescent parti- 
cles or after binding of a fluorescent agonist/antagonist (Thorner et 
al., 1982) is also widely used. The two last techniques require 
special equipment. In consequence, we have chosen to use a purifi- 
cation based on cell density by using Percoll gradients, a method 
that was efficient for the purification of gonadotrophs in African 
catfish Clarias lazera (De Leeuw et al., 1984). 

The use of Percoll linear gradients (1.110 to 1.027 g/ml) al- 
lowed us to determine the density of pituitary ceils. The majority of 
GH cells have a density between 1.102 and 1.066 g/ml whereas 
GtH2 cells are spread over the range of the gradient, indicating that 
they might represent cells at different stages of maturity. However, 
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FI6. 5. Basal and SRIF (10 -6 M) induced GH release by culture of 
dispersed cells obtained from the proximal pars distalis of spermiating male 
adenopituitaries, with or without fractionation, on discontinuous Percoll 
gradient. Cells were incubated for 24 h. I = initial cells; F1 and F2 = cell 
fractions, same experiment as in Table 3. Values are X _+ SD and expressed 
in picograms per GH cell. 
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the basal GtH2 release expressed per cell as well as the biological 
activity tested by GtH2 secretion in response to increasing doses of 
GnRH are identical for ceils having a density lower or higher than 
1.06 g/ml. 

We were able to obtain enriched GH cell fractions containing 95 
to 67% of GH cells by using continuous or discontinuous Percoll 
gradients or one cushion of Percoll. The use of a discontinuous 
gradient of Percoll or one cushion of Percoll had several advantages 
compared to a continuous gradient. It enabled us to obtain one 
enriched GH fraction containing a sufficient number of GH cells to 
carry out further work on the biological activity of the separated 
cells. In other respects, the utilization of a discontinuous gradient of 
Percoll made it possible to obtain a cell population that was more 
purified in somatotrophs because the fraction obtained was free of 
blood cells that are known to metabolize steroids in vitro (Schulz 
and Bliim, 1991). In all the cases, the GH cell enriched fractions 
contained 2 to 12.7% of gonadotrophs and 2 to 5% of prolactin 
ceils, which is low. In the rat, the density of somatotrophs is in tl~e 
same range (Hail et al., 1982). By using discontinuous gradients, 
these authors obtained two bands of somatotrophs, one containing 
approximately 90% somatotrophs (density: 1.075 to 1.082 g/cm 2) 
mixed with other cells and few lactotrophs, and the second (density 
1.055 to 1.068 g/cm 2) contained about 70% somatotrophs mixed 
with other cells, especially lactotrophs (30%). These authors found 
that GH cells are more responsive to SRIF and to other secreta- 
gogues in the higher density band. In rainbow trout, the responsive- 
ness to SRIF expressed in GH release per GH cell does not vary 
with the density of the cells. On the other hand, the basal GH 
secretion expressed in release per GH cell is superior for cells 
having a density higher than 1.060 g/ml compared to cells with a 
density lower than 1.060 g/ml. This indicates that these two kinds 
of ceils might either belong to two categories of cells at different 
stages of maturation or that during dispersion some cells have lost 
secretory granules without affecting the biological activity. 

Our results on the density of GH cells, their purification, and 
their biological activity in culture are the first obtained in fish. The 
only other information available for GH ceils comes from the work 
of De Leeuw et al. (1984) in the African catfish in which the density 
of acidophils, therefore including PRL and GH cells, is indicated as 
being between 1.083 and 1.049 g/ml. However, the identification 
of GH ceils, as well as their biological activity, was not performed in 
this work. 

In conclusion, a technique based on the difference of cell density 
seems to be appropriate for purifying GH cells in adult rainbow 
trout whereas it is not for GtH2 cells. To obtain a GtH2-enriched 
population from adult rainbow trout pituitaries, other methods 
should be tested, such as cell sorting; a technique of purification 
based only on the difference of cell size does not seem appropriate 
because we have shown that the diameter of gonadotrophs and so- 
matotrophs are not different. The highly GH cell-enriched popula- 
tion obtained in the present work will allow us to study the action of 
various secretagogues on GH secretion as well as the effect of GtH 
supplementation on the effects observed. 
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