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Summary. The development of corticotropes and lacto-
tropes was investigated in the golden Syrian hamster using
an anti-porcine ACTH antiserum and a homologous anti-
hamster PRL antiserum. Oval corticotropes were first visi-
ble in the ventral region of the pars distalis at 13 days
of gestation. By the end of gestation, corticotropes were
found throughout the pars distalis and in the pars interme-
dia. Corticotropes in the pars distalis of postnatal hamsters
were either round or irregularly-shaped, often appearing
in clusters. Throughout development, corticotropes often
appeared to be surrounding other cells. Scarce, very small
lactotropes were first observed in the pars distalis of ham-
sters on the first postnatal day. The number of these cells,
which were either round or polyhedral, increased dramati-
cally between 4 and 20 days of postnatal life. These observa-
tions indicate that the sequence of appearance of cortico-
tropes and lactotropes in the hamster is similar to that in
other species and that lactotropes are confined to the pars
distalis of postnatal hamsters.
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Studies on the development of adenohypophyseal cells, par-
ticularly those of the rat, have increased since the advent
of immunohistochemical (IHC) methods to identify intra-
cellular hormones. The results of most studies indicate that
corticotropes are the first to differentiate. These cells, which
initially are ovoid, appear in the pars distalis of fetal rats
between 14-16 days of gestation (Sétalo and Nakane 1976;
Watanabe and Daikoku 1979). The typical irregularly-
shaped corticotrope is recognizable towards the end of ges-
tation (Dupouy and Dubois 1975; Sétalé and Nakane 1976;
Dupouy 1977; Watanabe and Daikoku 1979).

Although the ontogenesis of lactotropes in the rat has
been the focus of several investigations, controversy still
exists concerning the age at which these cells first appear.
Sétalo and Nakane (1976) and Chatelain et al. (1979) found
PRL cells in pituitary glands of fetal rats; whereas, Watan-
abe and Daikoku (1979) observed them only in glands of
postnatal rats. However, lactotropes have been identified
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in the pituitary glands of fetuses of other species such as
the hamster (Thompson and Trimble 1976). sheep (Stokes
and Boda 1968), and human (Baker and Yen 1977). Inter-
estingly, Thompson and Trimble (1976), using an antiserum
to ovine PRL, observed lactotropes in the pars tuberalis
as well as pars distalis of fetal hamsters. Due to the lack
of contemporary evidence that cells in the pars tuberalis
of adult hamsters contain PRL, they postulated that these
cells either migrated to the pars distalis or lost the capability
to synthesize PRL during development. Since we have been
unable to visualize lactotropes in pituitary glands of fetal
hamsters using a number of antisera to rat PRL (Gregerson
et al. 1980), one aim of the present study was to reinvesti-
gate the ontogenesis of lactotropes in the hamster using
an homologous antiserum to hamster PRL (Borer et al.
1982). As we have studied the cytodifferentiation of gona-
dotropes in the hamster (Gregerson and Campbell 1982),
we also investigated the differentiation of ACTH cells to
extend the description of the development of the hamster
adenohypophysis.

Materials and methods

Animals

Pregnant golden Syrian hamsters (Mesocricetus auratus)
were obtained from Engle Laboratories, Farmersburg, IN.
Cyclic females were housed with adult males on the night
of proestrus and early morning of estrus. The day following
mating was considered the first day of gestation. The ham-
sters arrived in Omaha on the 11th day of pregnancy. We
have purchased 15 such shipments of pregnant hamsters
from Engle in the past and, in every case, parturition oc-
curred on the scheduled day. For these studies, we used
45 pregnant hamsters. They were kept individually in ma-
ternity cages in a room with a daily lighting schedule of
14L:10D (lights on 0600-2000 h). The temperature ranged
from 23-24° C. Food and water were always available.

Tissues used for immunohistochemistry

Fetuses were obtained through cesarian sections with the
pregnant hamsters under chloral hydrate anesthesia (2 mg/
100 g body weight). In other animals, parturition occurred
during the dark period after 16 days of gestation; the fol-
lowing day was considered day 1 of postnatal life. Fetuses
or pups were decapitated at the following ages: 13, 14,
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15 or 16 days of gestation and 1, 4, 7, 10, 14 or 20 days
postnatally.

A block of tissue, generally including the pituitary
gland, surrounding connective tissue, and the sphenoid
bone, was removed and placed in Bouin’s fixative for 48 h.
The pars tuberalis was not always present. The sex of ham-
sters killed on or after 15 days of gestation was determined
by visual inspection of the gonads. Two fetuses removed
from each of 3 different pregnant hamsters on the 13th
day of gestation were used. A total of 5 animals of each
sex were taken from 3 different litters at the other ages.
Only litters that contained between 7-10 pups were used
to obtain postnatal tissue.

All tissues were dehydrated, stored in 75% cedar wood
oil — 25% absolute ethanol, cleared in xylene, and embed-
ded in Paraplast. Horizontal sections of the pituitary glands
were cut at 5 pm thickness starting from the dorsal surface.
Every 20th section was mounted and stained with hematox-
ylin for orientation. Sections used for this study were taken
from the ventral, middle, and dorsal regions of the pituitary
glands.

Immunohistochemical staining

The avidin-biotin-peroxidase complex (ABC) method was
used (Hsu et al. 1981; Childs and Unabia 1982). The sec-
tions were deparaffinized in xylene, rehydrated, and washed
in phosphate-buffered saline (PBS). Sections were incubated
sequentially with the following solutions for the times indi-
cated: 1:100 normal goat serum for 1 h, primary antiserum
or normal rabbit serum (NRS) for 16 h, 1:100 normal goat
serum for 1 h, biotinylated-antirabbit gamma globulin for
1 h, avidin-biotinylated peroxidase complex for 1h. The
ABC reagents were purchased from and prepared as de-
scribed by Vector Laboratories, Burlingame, CA. The sec-
tions were washed with PBS after all incubations. All incu-
bations were done in a moist chamber at 24 C.

Peroxidase activity was visualized using a fresh solution
of 3,3'-diaminobenzidine (0.25 mg/ml) in Tris (hydroxy-
methyl)-aminomethane buffer, pH 7.6. This solution was
stirred for 10 min and then filtered. Immediately before use;
enough hydrogen peroxide was added to give a final con-
centration of 0.003%. Sections were incubated for 4 min
in the staining solution, washed, sometimes counterstained
with hematoxylin, and mounted.

The following primary antisera were used: anti-hamster
PRL RK 1-15 obtained from Dr. R. Kelch (Borer et al.
1982), anti-porcine ACTH (Lot. No. 11151) purchased
from Immunonuclear Corp, Stillwater, MN and anti-rat
LH S-4 (NIADDK). Four different batches of normal rab-
bit serum (NRS) also were used. All antisera and the NRS
were diluted with 0.01M PBS-EDTA.

The initial step in the IHC procedure was to ascertain
the titer of the antisera using sections from each pituitary
gland. The anti-hamster PRL antiserum was used at
1:500-1:40000 dilutions, the anti-porcine ACTH was used
at 1:400-1:4000 and the anti-rat LH at 1:100-1:2000.
NRS was used at 1:10-1:800.

In subsequent staining experiments with sections from
the pituitary glands of 20-day-old hamsters of both sexes,
the anti-porcine ACTH (1:800) was absorbed with porcine
ACTH (Grade II, 85 L.U./mg; Sigma, St. Louis, MO) or
human ACTH 1-39 (Bachem Inc., Torrance, CA) at con-
centrations of 0.001-10 pg/ml or with hamster PRL (Colosi

et al. 1981) or rat GH (NIADDK 1-4) at concentrations
of 5 and 50 pg/ml. The anti-hamster PRL (1:5000) was
absorbed with each of the following: hamster PRL
(0.01-10 pg/mly; porcine or human ACTH (1-100 pg/ml);
rat GH (50 pg/ml). The reactivity of anti-rat LH S-4 with
various hormones has been described (Gregerson and
Campbell 1982; Dada et al. 1983). Absorbed antisera were
allowed to incubate with various hormones for 48 h at 4 C
before application to tissue sections. Unabsorbed anti-por-
cine ACTH, anti-hamster PRL, and anti-rat LH antisera
were used in the cytodifferentiation studies.

Results

No specific staining was observed with any dilution of the
batches of NRS. No overt sex differences were noted.

Antisera specificities

The staining in the pars distalis of glands removed from
hamsters at 20 days of age observed with a 1:800 dilution
of anti-porcine ACTH (Fig. 1a} was abolished by prior ab-
sorption with 0.001 pg/ml porcine (Fig. 1b) or human
ACTH or by absorption with 50 ug/ml hamster PRL
(Fig. 1¢). Absorption with 50 pg/ml rat GH did not affect
the staining intensity. The staining in the pars intermedia
also was abolished by absorption of the anti-porcine ACTH
with 0.001 pg/ml porcine or human ACTH or 50 pg/ml
hamster PRL but not with rat GH.

Absorption of the anti-hamster PRL (1:5000) with
1.0 pg/ml hamster PRL abolished the staining in the pars
distalis of pituitary glands removed from 20-day-old ham-
sters (Fig. 2a, b). Prior absorption of this antiserum with
porcine ACTH (100 pg/ml), human ACTH (100 pg/ml),
or rat GH (50 pg/ml) had no effect on the staining intensity
(Fig. 2¢, d).

Anti-porcine ACTH

The anti-porcine ACTH at a 1:400 dilution allowed detec-
tion of cells in the ventral portion of the pars distalis of
glands removed from hamsters on the 13th day of gestation.
Many oval cells in all regions of the pars distalis of glands
removed from hamsters on the 14th day of gestation were
stained with a 1:800 dilution of the anti-porcine ACTH
(Fig. 3a). A few cells in the pars intermedia, as well as
cells in the pars distalis, of glands of hamsters killed on
either 15 or 16 days of gestation were stained with this
dilution of the anti-porcine (Fig. 3c). Round or irregularly-
shaped cells in the pars distalis of pituitary glands removed
from postnatal hamsters (days 1-20) were stained (Figs. 1a,
5a). The stained cells in the pars distalis often occurred
in clusters and sometimes appeared to be surrounding
round, unstained cells. By day 20 almost all cells in the
pars intermedia were stained (Fig. 5a). The dilution of the
antiserum that detected cells in the pars distalis and pars
intermedia increased with advancing age of the hamster
pups to reach a maximum of 1:4000 when glands from
pups 20 days of postnatal age were used.

Anti-hamster PRL

No cells in any portion of pituitary glands of fetal hamsters
were detected with any dilution of this antiserum (Fig. 3b).



A few very lightly-stained cells scattered throughout the
pars distalis were detected in pituitary glands of hamsters
of 1 day of postnatal age (Fig. 4a). The number of small
cells, which were either oval or irregularly-shaped, located
in all regions of the pars distalis increased throughout devel-
opment of the hamsters (Figs. 2a, 5b). Some of these cells
formed cup-like arrangements around unstained cells. The
maximal dilution of this antiserum that allowed visualiza-
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Fig. 1. a Cells immunoreactive
with anti-porcine ACTH in the
pars distalis of a pituitary gland
removed from a female hamster at
20 days of age. b Abolition of
staining after absorption of anti-
porcine ACTH with porcine
ACTH (0.001 pg/ml antiserum).

¢ Abolition of staining after
absorption of anti-porcine ACTH
with hamster PRL (50 pg/ml
antiserum). Magnification for a—¢
x 325

Fig. 2. a Cells immunoreactive
with anti-hamster PRL in the pars
distalis of a pituitary gland
removed from a female hamster at
20 days of age. b Abolition of the
staining after absorption of anti-
hamster PRL with hamster PRL
(1.0 pg/ml antiserum). ¢ Absence
of affect of absorption of the anti-
hamster PRL with porcine ACTH
(100 pg/ml antiserum). d Absence
of affect of absorption of the anti-
hamster PRL with rat GH

(50 pg/ml antiserum).
Magnification for a-d x 325

tion of these cells increased to 1:40000 when pituitary
glands from hamsters 20 days of age were used. This antise-
rum detected cells only in the pars distalis of the glands.

Anti-rat LH

This antiserum was used to determine if gonadotropes could
be found in the pars tuberalis. Cells in the pars tuberalis
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and pars distalis were stained with the anti-rat LH S-4
(Fig. 4b) but not with either anti-hamster PRL (Fig. 4a)
or anti-porcine ACTH.

Discussion

Specificities of antisera

The objective of these studies was to describe the sequence
of cytodifferentiation of corticotropes and lactotropes in
situ in the pituitary gland of the hamster. The ultimate
resolution of this question resides in the elucidation of the
specificities of the antisera used in the IHC studies. Approx-
imately 5x10* times more hamster PRL than porcine
ACTH was needed to abolish the staining obtained with
the anti-porcine ACTH. This small amount of cross-reactiv-
ity could be due to either unspecific interactions between
the anti-porcine ACTH and hamster PRL or a small degree
of contamination of the hamster PRL with big ACTH
which has been reported to exist in rats (Loh and Gainer
1982). Absorption of the antiporcine ACTH with rat GH
failed to affect the staining. Because of the low amount
of cross-reactivity of the anti-porcine ACTH with hamster
PRL or various rat hormones (Dada et al. 1984), we think
that we can define the cells identified with the anti-porcine
ACTH as hamster corticotropes.

We think that the anti-hamster PRL was reacting exclu-
sively with hamster PRL for the following reasons: (a) No
displacement was observed in the radioimmunoassay for
hamster PRL using this antiserum when rat GH, LH or
FSH were tested and only minimal displacement was found
when hamster GH was added to the assay system (Borer
et al. 1982). (b) We have found that addition of porcine
or human ACTH does not affect the radioimmunoassay
for hamster PRL (unpublished observation). However, it
should be pointed out that radicimmunoassay systems can
not be used as the sole method for detection of cross-reac-
tivity of antisera to be used in immunohistochemistry (Lars-
son 1981; Larsson and Rehfeld 1977). (¢) In the present
THC studies the staining obtained with the antiserum was
abolished by absorption with a preparation of hamster
PRL, which did not serve as the immunogen for generation
of the antiserum, but was not abolished by absorption with
any of the other hormones tested. (d) The anti-hamster
PRL did not stain cells in the pituitary glands of fetal ham-
sters; whereas, the anti-porcine ACTH did. (¢) The cells
in pituitary glands of postnatal hamsters that were stained
resembled those described as lactotropes in other species
(Nakane 1970; Merchant 1974; Girod and Dubois 1976;
Baker and Yen 1977).

Ontogenesis of corticotropes

The sequence of development of corticotropes in the ham-
ster is similar to the ontogenesis of corticotropes in the
rat. Oval corticotropes were first demonstrated in the ven-
tral part of the pars distalis of hamsters on the 13th day
of gestation. Similar cells have been reported to appear
in the pars distalis of fetal rats between 14 and 16 days
of gestation (Sétalé and Nakane 1976; Watanabe and Daik-
oku 1979). Although numerous authors have suggested a
close relationship between ventral mesenchymal tissue and
differentiation of ACTH cells (Bugnon et al. 1974; Baker
and Jaffe 1975; Watanabe and Daikoku 1979), it has also

Fig. 3. a Cells immunoreactive with anti-porcine ACTH in the pars
distalis of a pituitary gland removed from a hamster at 14 days
of gestation. Magnification x 325. b Absence of cells immunoreac-
tive with the anti-hamster PRL in a section 10 pm removed from
the section illustrated in Fig. 3a. Magnification x 325. ¢ Cells im-
munoreactive with anti-porcine ACTH in the pars distalis and pars
intermedia (arrow) of a pituitary gland removed from a female
hamster at 15 days of gestation. Magnification x 325

been reported that ACTH cells begin differentiation in the
dorsal region in close proximity to the diencephalic floor
and that the ventral localization by immunohistochemistry
is due to migration of the cells and accumulation of intracel-



lular ACTH (Watanabe 1982). By day 15 of gestation in
the hamster, these oval corticotropes were distributed
throughout the pars distalis and corticotropes began to ap-
pear in the pars intermedia. Transformation of the oval
corticotropes into the “stellate™ cell occurs toward the end
of gestation in the rat (Dupouy and Dubois 1975; Sétalo
and Nakane 1976; Dupouy 1977; Watanabe and Daikaku
1979); whereas, the type of corticotrope appearing in the
pars distalis of older postnatal hamsters, the large, oval
or irregularly-shaped cell often found in clusters, did not
appear until after several days of postnatal life.

These corticotropes in the pars distalis of 20-day-old
hamsters resembled, in the following ways, the cortico-
tropes observed in adult rats: (a) They were distributed
throughout the pars distalis except that they were sparse
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Fig. 4. a A cell immunoreactive
with the anti-hamster PRL in the
pars distalis of a pituitary gland
removed from a female hamster at
1 day of postnatal life (arrow).

b Cells immunoreactive with the
anti-rat LH in the pars distalis
(PD) and pars tuberalis (PT) of
the same pituitary gland. The
sections illustrated in Figs. 4a and
4b are 10 um apart.
Magnification a, b x 325

Fig. 5. a Cells immunoreactive
with the anti-porcine ACTH in
the pars intermedia (P/) and pars
distalis (PD) of a pituitary gland
removed from a female hamster
20 days old.

b Cells immunoreactive with the
anti-hamster in the serial section.
Magnification a, b x 325

alongside the border of the residual lumen (Baker et al.
1970). (b) They often appeared to be engulfing other cells.
A cytoarchitectural arrangement between corticotropes and
somatotropes has been reported to exist in the adult rat
(Siperstein and Miller 1970; Nakane 1970). In the hamster,
corticotropes could be found engulfing other cells through-
out development.

The appearance of ACTH in the pars intermedia of
the hamster was not surprising since ACTH exists in the
pars intermedia of other species (Halmi and Krieger 1983).
In the hamster, as in the rat (Dupouy and Dubois 1975)
corticotropes appeared in the pars distalis before they ap-
peared in the pars intermedia and not all cells in the pars
intermedia acquired immunoreactive ACTH at the same
time during development.



678

Ontogenesis of lactotropes

One objective of these studies was to determine the age
at which lactotropes appeared in the different portions of
the hamster pituitary gland. We think our data mean that
the small cells, which were either oval or polyhedral, de-
tected in the pars distalis of pituitary glands of postnatal
hamsters, are lactotropes. Although these cells morphologi-
cally resemble those that have been classified as lactotropes
in other species (Baker and Yen 1977; Nakane 1970; Girod
and Dubois 1976; Merchant 1974), it should be pointed
out that some authors have described larger PRL cells
(Merchant 1974; Girod and Dubois 1976; Baker and Yen
1977).

The visualization of lactotropes in the pars distalis of
glands of postnatal hamsters with the anti-hamster PRL
agrees with our previous findings using numerous antisera
directed against rat PRL (Gregerson et al. 1980), but con-
flicts with the report of Thompson and Trimble (1976) who
found cells in the pars distalis as early as 13!/, days of
gestation and cells in the pars tuberalis at 15!/, days of
gestation which were immunoreactive with an antiserum
generated against ovine PRL. Cross-reactivity of their anti-
ovine PRL with ACTH would account for the following:
(a) detection of cells in the pars distalis of fetal hamsters;
(b) detection of a substantial population of large, rounded
cells in the pars distalis of hamsters killed at '/,-3%/, days
of postnatal life; and (c¢) visualization of immunoreactive
cells in the pars intermedia of postnatal hamsters (Figs. 9-
12, Thompson and Trimble 1976). Although we have not
studied it extensively, the only cell type that we have been
able to visualize as yet in the pars tuberalis has been the
gonadotrope.

The postnatal development of lactotropes was charac-
terized by: (a) an absence of a sex difference; (b) an increase
in the number of cells throughout postnatal life; (c) a uni-
form distribution of cells throughout the pars distalis; and,
(d) a cytoarchitectural arrangement between lactotropes
and other cells that resembled gonadotropes. Such an ar-
rangement has been described in the rat (Nakane 1970;
Sato 1980).

In summary, based on studies done to date, the cytodif-
ferentiation of the hamster pituitary gland, in which the
appearance of corticotropes precedes the appearance of
gonadotropes (Gregerson and Campbell 1982), which pre-
cedes the development of lactotropes, resembles the cytodif-
ferentiation of the rat hypophysis.
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