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ABSTRACT

Incubation behavior or broodiness in turkey hens is charac-
terized by ovarian regression, hyperprolactinemia, and persis-
tent nesting. Nest-deprivation of incubating turkey hens results
in disruption of broodiness accompanied by a precipitous de-
cline in plasma prolactin (PRL) concentrations. The objective of
the present study is to examine cellular changes in the pituitary
gland associated with nest-deprivation for 0, 1, 2, 3, 4, or 7 days.
Bromodeoxyuridine (BrdU) was administered prior to kill to
study proliferative activity. Pituitary tissue sections were im-
munostained using turkey growth hormone (GH) antibody, and/
or chicken PRL peptide antibody, and BrdU antibody. Plasma
PRL concentrations declined significantly following nest-depri-
vation for 1 or more days. The midsagittal pituitary area im-
munoreactive (ir) to GH was significantly increased while that
of PRL was significantly decreased following nest-deprivation for
2 or more days. Terminal deoxy-UTP nick end labeling and PRL-
immunostaining revealed an abundance of apoptotic nuclei in
both cephalic and caudal lobes of the anterior pituitary gland,
suggestive of programmed cellular death of lactotrophs in the
pituitary gland of hens nest-deprived for 2 or more days. Mam-
mosomatotrophs were abundant in hens nest-deprived on Day
0 but were absent in hens nest-deprived for 1 or more days.
Proliferating (BrdU-ir) cells were significantly abundant in the
pituitary cephalic and caudal lobes following nest-deprivation
for 1 or more days but were absent on Day 0 or in laying hens.
Dual-labeling studies indicated that most of the BrdU-ir nuclei
in the caudal lobe were not colocalized in somatotrophs in hens
nest-deprived for 1-4 days but did colocalize with GH following
7 days of nest-deprivation. In conclusion, nest-deprivation of in-
cubating turkey hens results in 1) a precipitous decline in plasma
PRL concentration, 2) programmed cell death of lactotrophs, 3)
disappearance of mammosomatotrophs, 4) increased prolifera-
tive activity of pituitary cells, and 5) recruitment of somato-
trophs arising primarily from mitosis of nonsomatotrophic cells.

apoptosis, behavior, growth hormone, pituitary, prolactin

INTRODUCTION

Incubation behavior or broodiness, a parental behavior
expressed by egg-laying turkey hens, is associated with hy-
perprolactinemia and regression of ovaries [1]. The avian
pituitary gland is unique among severa vertebrate classes
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in that the pars distalis can be divided into two distinct
lobes namely cephalic and caudal lobes. Lactotrophs are
distributed in the cephalic lobe; somatotrophs are predom-
inantly found in the caudal lobe in the laying hen pituitary
gland [2]. We earlier reported that lactotrophs replace so-
matotrophs in the pituitary caudal lobe while undergoing
massive recruitment and hypertrophy during the onset and
maintenance of incubation behavior in turkey hens [2].
Mammosomatotrophs, a bihormonal cell that secretes both
prolactin (PRL) and growth hormone (GH), were more
abundant in the incubating hen than in the laying hen pi-
tuitary gland [3]. Pregnancy and lactation in mammals are
also associated with hyperprolactinemia and proliferation of
lactotrophs [4]. Increased abundance of PRL-secreting cells
with a concomitant decrease in GH-secreting cells has been
reported in pregnant and lactating rats [5], and this change
is reversed to pregestational state following removal of the
suckling stimulus. Interruption of lactation in rats results in
programmed cell death of lactotrophs in the pituitary gland
[6].

Incubation behavior in turkey hens normally requires
tactile stimulation from the brood patch by the nest or eggs
[7]. Therefore, nest-deprivation of incubating hens should
cause cessation of incubation behavior accompanied by a
precipitous decline in plasma PRL concentration [8, 9].
There are no reports on the cellular changes in the turkey
pituitary gland associated with such a dramatic decline in
plasma PRL levels. The objectives of the present study
were to investigate the relative abundance of somatotrophs
and lactotrophs as well as the proliferation, differentiation,
and programmed cell death of cells in the pituitary gland
following nest-deprivation of incubating turkey hens for
various lengths of time.

MATERIALS AND METHODS
Animals

Commercial large white turkey hens were reared on deep
litter pens. Feed and water were provided ad libitum. A
photoperiod of 16L:8D was maintained. Egg production
and nest visiting were observed and recorded four times a
day. Turkey hens that expressed incubation behavior (ces-
sation of egg laying, persistent nesting, and aggressive de-
fense of the nest) for 13 days were selected at random for
interruption of broodiness by nest-deprivation (transfer to a
wire cage) for O, 1, 2, 3, 4, or 7 days. Sample size used
was three hens in each treatment group except the 3-day
group wherein six birds were used. Incubating hens in the
O-day treatment group were not nest-deprived or cage
reared but were taken out of the nest-box, a blood sample
was collected, and the bird was killed immediately (time
elapsed between removal from nest-box and perfusion was
10-15 min). For the remaining treatments, incubating hens
were transferred from the nest-box and reared in cages (one
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hen/cage) and were provided with the same length of pho-
toperiod (16L:8D) as in floor pens. Feed and water were
provided at all times. Turkey hens were killed as described
previously [10] at the end of the respective treatment days.
In order to study proliferative activity in the pituitary gland,
al hens except those in the 7-day treatment group were
given one i.p. injection of 5-bromo-2’-deoxyuridine (BrdU;
Sigma Chemical Co., St. Louis, MO; 50 mg/kg body
weight) 14 h prior to kill. For the 7-day treatment group,
the birds were injected with BrdU twice, first on Day 3 and
again 14 h before kill. Blood samples were collected at the
time of transferring incubating hens to cages and also just
before kill to compare changes in plasma PRL and GH
concentrations. Ovaries and pituitary gland were collected
and prepared for further studies as described previously [2].

Pituitaries were dehydrated, cleared, and embedded in
paraffin. Sagittal pituitary sections were cut at 4 pm thick-
ness using a Leitz rotary microtome (Leitz, Deerfield, IL)
and serial sections were mounted on gelatin-coated glass
dlides. Plasma PRL and GH concentrations were measured
by radioimmunoassay [11, 12].

Prolactin- and/or GH Immunohistochemistry

Midsagittal and parasagittal pituitary sections were im-
munostained to locate PRL-immunoreactive (ir) or GH-ir
cells using an indirect immunoperoxidase method as de-
scribed previously [2]. Tissue sections were deparaffinized
and hydrated. Endogenous peroxidase activity was
quenched by treatment with 3% hydrogen peroxide in
methanol for 30 min. Nonspecific staining was minimized
by incubation with 1% goat or horse serum. Tissues were
incubated with either turkey GH antibody (1:15000) or
chicken synthetic PRL peptide antibody (1:60000) over-
night. Following washes in 0.01 M Tris-HCl and 0.15 M
sodium chloride (TBS; pH 7.4) buffer, biotinylated goat
anti-rabbit 1gG or biotinylated horse anti-mouse 1gG (Vec-
tor Labs, Burlingame, CA) was applied for 1 h. Tissues
were then treated with 1:200 avidin peroxidase (Vector
Labs). Growth hormone- or PRL-immunostaining was de-
tected using 0.001% 3,3'-diaminobenzidine tetrahydroch-
loride (DAB) and 0.003% hydrogen peroxide (Sigma). Im-
munostained pituitary sections were studied using a Zeiss
Axioplan microscope (Carl Zeiss, New York, NY), and an
image analysis was performed. Microscopic images of im-
munostained midsagittal pituitary sections were captured
using an Optronics video camera and electronically stored.
Images of pituitary tissue sections at a low magnification
(25X) were outlined to obtain a measurement of total sag-
ittal area using Bioquant software (R&M Biometrics Inc.,
Nashville, TN). The areas of the pituitary gland that im-
munostained for GH (GH-ir) or PRL (PRL-ir) were simi-
larly outlined and summated. The resulting immunoarea
measurements for GH-ir per bird were ascertained based
upon an average computed from four midsagittal pituitary
sections and expressed as a proportion (%) of the average
total pituitary immunoarea of these sections. For controls,
chicken synthetic PRL peptide antibody and turkey GH an-
tibody were preadsorbed with turkey PRL and turkey GH,
respectively, and used in the immunostaining [2].

Dua immunofluorescent labeling of GH and PRL was
carried out as described previously [3] for locating mam-
mosomatotrophs in the pituitary gland of hens nest-de-
prived for various lengths of time. The distribution as well
as the counts of mammosomatotrophs within the midsag-

ittal and parasagittal pituitary sections were ascertained us-
ing an Axioplan microscope (Carl Zeiss).

Bromodeoxyuridine Immunohistochemistry

In order to locate BrdU-incorporated nuclei, a biotin-
streptavidin peroxidase complex method was used. Paraf-
fin-embedded pituitary tissue sections were deparaffinized
and hydrated using routine procedures. Endogenous per-
oxidase was quenched by treating tissue sections with 3%
hydrogen peroxide in methanol for 30 min. Tissue sections
were then treated with 2 N hydrochloric acid for 30 min at
37°C. Following 0.1 M sodium borate treatment for 10 min,
the tissues were digested with 0.4% pepsin (Sigma) for 30
min at 37°C. After several washes in TBS, tissues were
incubated with 1% horse serum in 1% triton X-100 for 30
min at 37°C followed by incubation with 1:750 mouse
BrdU antibody (Sigma) for 2 h at 37°C. After three washes
in TBS buffer, a 1:400 solution of biotinylated horse anti-
mouse |g was applied to the tissue sections for 30 min at
37°C. Tissue sections were then treated with a 1:200 solu-
tion of streptavidin-peroxidase (Boehringer Mannheim, In-
dianapolis, IN) for 30 min at 37°C. A brown color reaction
product was developed using 0.001% DAB and 0.003%
hydrogen peroxide solution. Tissue sections were then
washed in deionized water, dehydrated, and mounted using
Cytoseal. Proliferating cell nuclei identified by BrdU in-
corporation were studied in both midsagittal and parasag-
ittal tissue sections. Counts of BrdU-ir nuclei from cephalic
and caudal lobes were obtained from four midsagittal pi-
tuitary sections from each bird.

In order to ascertain whether BrdU incorporation oc-
curred in GH-containing cells, a dua immunofluorescent
labeling was performed as described previously [3]. Tissue
sections were pretreated as described in single labeling of
BrdU but without hydrogen peroxide treatment while using
1% goat serum instead of horse serum for reducing non-
specific staining. Tissue sections were incubated overnight
with a mixture of rabbit antibody to turkey GH (1:5000)
and mouse BrdU antibody (1:500). Following washes in
TBS buffer, a 1:400 solution of goat anti-rabbit IgG was
applied for 1 h. Growth hormone (green) and BrdU (red)
were detected using avidin fluorescein isothiocyanate (Vec-
tor Labs; 25 pg/ml) and goat anti-mouse I1gG conjugated
to rhodamine red X (1:100; Jackson ImmunoResearch,
West Grove, PA).

Terminal Deoxy-UTP Nick End Labeling Assay

Pituitary tissue sections were subjected to TUNEL assay
as described previoudly [13] with some modifications in
order to detect apoptotic nuclei. Midsagittal and parasagittal
pituitary sections were first deparaffinized and hydrated us-
ing routine procedures. Slides were then washed in TBS
buffer and incubated with proteinase K (Boehringer Mann-
heim; 10 pg/ml 10 mM Tris-HCI, pH 7.4) at room tem-
perature for 20 min. Tissue sections were rinsed in deion-
ized water, TBS, and in termina transferase (TdT) buffer
(30 mM Trizma, 140 mM sodium cacodylate, and 1 mM
cobalt chloride, pH 6.8). A nucleotide-TdT mixture was
prepared freshly in the following proportion: 300 pl TdT
buffer, 3 nmol biotin-dUTP (Boehringer Mannheim), 30
units TdT enzyme (Boehringer Mannheim). About 100 .l
of the mixture was applied to each slide under a coverdlip
and incubated at 37°C for 2 h. The reaction was terminated
in 2X SSC (1Xx SSCis 0.15 M NaCl plus 0.015 M sodium
citrate), and the slides were rinsed in TBS. After blocking
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FIG. 1. Plasma prolactin (PRL) concentrations (mean = SEM) of hens
nest-deprived for 0, 1, 2, 3, 4, and 7 days. Sample size used is as follows:
three birds for 0-day group, six birds for 3-day group, and three birds
each for the rest of the treatment groups. Plasma PRL concentration was
estimated in the blood sample collected from every incubating turkey hen
at the time of removal from the nest box and the mean hormone level
from 21 hens employed in the study is reported in the O-day group. Sig-
nificant differences (P < 0.05) are denoted by different letters.

nonspecific staining with 5% normal goat serum, tissue sec-
tions were incubated with 1:2000 streptavidin-peroxidase
(Boehringer Mannheim) at 37°C for 30 min. Following
rinsing with 10 mM TrissHCI (pH 7.4), a color reaction
was carried out using 0.001% DAB and 0.003% hydrogen
peroxide solution. Slides were then washed in TBS, dehy-
drated, and mounted using Cytoseal. For negative controls,
a TUNEL reaction was run on pituitary tissue sections
omitting TdT enzyme. Pituitary sections were treated with
DNAse | (Sigma) to create DNA breaks, and a TUNEL
procedure was carried out for positive control.

In order to ascertain whether PRL-containing cells un-
dergo apoptosis, a dua labeling procedure was performed
to locate both DNA fragmentation and PRL-ir cells in the
same pituitary cells. A TUNEL procedure was carried out

FIG. 2.

first, followed by immunostaining using a mouse antibody
to chicken synthetic PRL peptide utilizing an indirect im-
munoperoxidase method described previously [10]. Apo-
ptotic nuclei were labeled with DAB reaction product and
PRL granules with Vector-VIP chromogen (Vector Labs).

Statistics

Plasma GH and PRL concentrations, GH immunoarea,
PRL immunoarea, and counts of BrdU-ir nuclei were com-
pared across O, 1, 2, 3, 4, and 7 days of nest-deprivation
treatments using GLM procedures of SAS [14]. A proba
bility level of P < 0.05 was considered significant.

RESULTS
Plasma Hormone Concentrations

A significant decline in plasma PRL concentration was
observed following nest-deprivation for 1, 2, 3, 4, or 7 days
compared with O days (Fig. 1). There was no significant
change in plasma GH concentrations (data not shown).
Ovaries of hensin all the treatment groups were completely
regressed. Two out of three hens in the 7-day treatment
group had a few preovulatory follicles of size less than 10
mm diameter.

Prolactin and GH Immunohistochemistry

Nest-deprivation for 1, 2, 3, 4, and 7 days resulted in a
gradual disappearance of PRL-ir cells and emergence of
GH-ir célls in the pituitary caudal lobe, a reversal of cel-
lular changes that occurred at the onset of broodiness (Fig.
2, A-D). Recruitment of somatotrophs appeared to progress
from the junction of cephalic and caudal lobes and from
the ventral caudal |obe toward the central part of the caudal
lobe. Somatotrophs that are newly recruited in the ventra
part of the caudal lobe show lighter immunostaining when
compared with those present in the dorsal part of cauda
lobe. A significant increase in the proportion of GH-im-
munoarea and a significant decrease in PRL-ir was ob-
served in the pituitary gland of incubating turkey hens nest-
deprived and cage reared for 2 days or more (Fig. 3). Pread-

A-D) Photomicrographs of midsagittal pituitary sections of incubating hens nest-deprived for 0 days (A and C) or 3 days (B and D), showing

the distribution of GH-ir cells (A and B) and PRL-ir cells (C and D). Cp and Cd refers to cephalic and caudal lobes, respectively. Bars = 100 pm.
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FIG. 3. Prolactin-, or GH-immunoarea in the midsagittal pituitary gland
of incubating turkey hens nest-deprived for 0, 1, 2, 3, 4, and 7 days.
Midsagittal sections of the anterior pituitary gland were immunostained
using anti-turkey GH antibody or anti-chicken synthetic PRL peptide an-
tibody. Prolactin-ir- and GH-ir area as well as total pituitary area were
measured by image analysis. A proportion (%) of GH-ir or PRL-ir area to
total pituitary area was calculated for every pituitary section (four sec-
tions/bird; three or six birds/treatment) and compared among the treat-
ment groups. Bars represent mean GH-ir or PRL-ir area (%) = SEM. Sig-
nificant differences (P < 0.05) are denoted by different letters.

sorption of anti-chicken synthetic PRL peptide antibody
and anti-turkey GH antibody with turkey PRL and turkey
GH, respectively, abolished immunostaining [2].

Mammosomatotrophs or GH and PRL colocalized cells
were absent in midsagittal and parasagittal pituitary tissue
sections of hens nest-deprived for 1 or more days while
they were present on Day O of nest-deprivation (data not
shown). Mammosomatotroph distribution in the pituitary
gland tissue sections and their proportion to GH-ir or PRL-
ir in the Day O treatment group were similar to earlier find-
ings [3].

Bromodeoxyuridine Immunohistochemistry

Proliferating cells, as revealed by BrdU-ir nuclei, were
found in cephalic and caudal lobes of pituitary tissue sec-
tions of hens nest-deprived for 1 or more days (Fig. 4A)
but were absent in the 0-day treatment group as well asin
laying hens. At least two loci comprising several BrdU-ir
nuclei were found at the junction of cephalic and caudal

lobes of pituitary tissue sections of hens nest-deprived for
4 or 7 days. Counts of BrdU-incorporated nuclei revealed
an increase in the number of proliferating nuclei in both
cephalic and caudal lobes following nest-deprivation for 1
or more days (Fig. 5). Dua labeling procedures revealed
BrdU-ir nuclei (red) and GH-immunostaining (green) in
separate cells (Fig. 4A) in the caudal lobe of pituitary tissue
sections from hens nest-deprived for 1-4 days that were
given one dose of BrdU, suggesting that somatotrophs do
not undergo mitosis. Instead, there is proliferation of non-
somatotrophic cells (Fig. 4A). Administration of two doses
of BrdU, on Days 3 and 6 of nest-deprivation, resulted in
colocalization of all BrdU-incorporated nuclei in GH-ir
cells in the caudal lobe on Day 7 (Fig. 4B). Omission of
BrdU antibody in the above staining procedures abolished
BrdU immunostaining.

Terminal Deoxy-UTP Nick End Labeling Assay

Nuclear staining by TUNEL was absent in the pituitary
gland of hens nest-deprived for O days (Fig. 4C). Nest-
deprivation for 1, 2, 3, 4, and 7 days resulted in a gradual
disappearance of PRL-ir cells and emergence of GH-ir cells
in the pituitary caudal lobe, a reversal of cellular changes
that occurred at the onset of broodiness. In the 1-day nest-
deprived hens, only a few apoptotic nuclei were found in
the caudal lobe and at the junction of cephalic and caudal
lobes, but none was present in the cephalic lobe. Following
nest-deprivation for 2 days or more, numerous apoptotic
nuclei were found (Fig. 4D) in the cephalic lobe and caudal
lobes. Dual labeling for PRL and apoptotic nuclei revealed
lactotrophs with stronger PRL immunostaining in the cy-
toplasm (black) and no nuclear staining in pituitary sections
from the Day O treatment group (Fig. 4C). Following nest-
deprivation for 4 days, however, there were many apoptotic
nuclel in both cephalic and caudal lobes while many of
them colocalized in PRL-ir cells (Fig. 4D). Prolactin im-
munostaining in hens nest-deprived for 2, 3, or 4 days was
found to be weaker than in the O-day treatment group.
Omission of TdT enzyme abolished staining in the TUNEL
procedure while DNAse | treatment labeled every cell nu-
cleus in the pituitary gland (data not shown).

DISCUSSION

In the present study, we investigated the cellular changes
in the pituitary gland associated with a precipitous decline
in plasma PRL concentration following nest-deprivation of
incubating turkey hens. The decline in plasma PRL con-
centrations started as early as 1 day of nest deprivation and
resulted in an 80-fold decline by 3 days of nest-deprivation.
This observation is consistent with earlier studiesin turkeys
[8, 9]. We had earlier reported that incubation behavior is
associated with an increase in the proportion of PRL-ir
cells, a decrease in proportion of GH-ir cells [2], and in-
creased abundance of mammosomatotrophs [3]. Interrup-
tion of incubation behavior in the present study resulted in
a concomitant decline in PRL-immunoarea and an increase
in GH-immunoarea. This is largely due to recruitment of
somatotrophs that replaced lactotrophs in the caudal lobe,
areversal of cellular changes noticed at the onset, and pro-
gression of incubation behavior. Several studies with mam-
malian pituitaries indicate that there is recruitment of lac-
totrophs during pregnancy or lactation [4] that is followed
by massive regression of redundant lactotrophs upon re-
moval of the stimuli [6]. Progression from nonpregnancy
to late lactation in rats is associated with an increase in the
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FIG. 4. A, B) Photomicrographs of pituitary gland tissue sections obtained from incubating hens nest-deprived for 3 days (A) or 7 days (B) dual labeled
to locate BrdU-containing nuclei (red) and GH in the cytoplasm (green). Hens nest-deprived for 3 days received a BrdU injection 14 h before being
killed while those nest-deprived for 7 days were given two injections of BrdU on Day 3 and Day 6. Note that BrdU and GH are not colocalized in A
but are present in the same cell in B. C, D) Photomicrographs of midsagittal sections of the anterior pituitary gland of incubating turkey hens nest
deprived for 0 days (C) or 4 days (D). The tissue sections are dual labeled to locate PRL-ir cells (black) and nuclear DNA fragmentation (brown). The
arrow in D highlights a PRL-ir cell showing DNA fragmentation. Original magnification X1000.

proportion of anterior pituitary cells that secrete PRL and
a comparable decrease in the percentage of cellsthat release
GH [15]. Furthermore, separating lactating female rats from
their pups for 4 days induced a reciprocal shift in the pro-
portion of GH and PRL cells back to the levels found in
virgin females [5].

Recruitment of somatotrophs in the pituitary gland cau-
dal lobe in response to nest-deprivation of turkey hens may
result from cell division of existing GH-ir cells, and/or
transdifferentiation of lactotrophs or other pituicytes. In or-
der to test the first possibility, we administered BrdU, a
thymidine analogue used to identify mitotic cellsin the S
phase of cell division [16], to the nest-deprived turkey hens.
There are no previous reports that show proliferation of
turkey pituicytes in adults. In incubating turkey hens (nest-
deprived for 0 days) and in laying hens, we did not find
proliferation of pituicytes based on the complete absence
of BrdU-ir nuclei. Following nest-deprivation for 1 or more
days, an increased proliferative activity was noticed in both
cephalic and caudal lobes of the pituitary gland. Nest-dep-
rivation for 7 days resulted in the highest frequency of pro-
liferating cells both in the cephalic and caudal lobes prob-
ably due to administration of two injections of BrdU to this
group (on Days 3 and 6). Dual labeling procedures reveal ed

that somatotrophs do not colocalize BrdU, suggesting that
somatotrophs in the caudal lobe do not undergo cell divi-
sion following nest-deprivation for 1, 2, 3, or 4 days. In the
hens nest-deprived for 7 days, however, all the proliferating
nuclei in the caudal lobe were colocalized with GH sug-
gesting that 1) cellsin the caudal lobe that undergo mitosis
ultimately differentiate to somatotrophs, 2) somatotrophs
undergo mitosis only after 6 days of nest-deprivation, and
3) kinetics of BrdU-labeling is different for somatotrophs
compared with nonsomatotrophs.

In chickens, an increase in pituitary cell proliferative ac-
tivity, as detected by increased frequency of nuclei con-
taining proliferating cell nuclear antigen was reported in
response to forced molting [17]. In rats, pituicyte prolifer-
ation rate as revealed by BrdU incorporation was found to
be influenced by sex, estrous cycle, and circadian change
[18]. Adrenalectomy in rats resulted in proliferation of pi-
tuitary corticotrophs and the major mechanism of cortico-
troph recruitment was due to differentiation of immature
cells into ACTH-secreting cells [19].

It is not clear at this time what factor(s) induce prolif-
eration of pituitary cells or differentiation of newly divided
cells into GH production. In the embryonic chicken pitui-
tary gland, corticosterone has been found to augment dif-
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FIG. 5. Counts of proliferating nuclei in the cephalic or caudal lobes of

turkey anterior pituitary gland nest-deprived for 0, 1, 2, 3, 4, and 7 days.
Bromodeoxyurindine was administered before sacrifice (see Materials and
Methods) and the pituitary tissue sections were immunostained to locate
BrdU-incorporated nuclei. Counts of BrdU-positive nuclei in the cephalic
and caudal lobes were obtained from tissues sections (four sections/bird;
three or six birds/treatment) and compared among the treatment groups.
Bars represent mean counts = SEM. Significant differences (P < 0.05) are
denoted by different letters.

ferentiation of GH-secreting cells [20]. Studies with mam-
malian pituitaries have shown that sustained stimulation of
somatotrophs or corticotrophs with secretagogues result in
both hypertrophy and hyperplasia of the target cells. For
instance, corticotropin-releasing hormone induces hyperpla-
sia of pituitary corticotrophs [21-23], while somatotrophs
undergo hyperplasia in response to sustained stimulation by
GHRH both in vivo [24] and in vitro [25]. Similarly, chron-
ic LH-releasing hormone treatment causes hyperplasia of
gonadotrophs in rats [26] while stimulation of secretory
activity of thyrotroph results in their hyperplasia [27].
Mammosomatotrophs were proposed as transitional cells
in the bidirectional interconversion of somatotrophs and
lactotrophsin the rat pituitary gland [5]. We reported earlier
that there is an increased abundance of mammosomato-
trophs [3] during hyperprolactinemia associated with in-
cubation behavior in turkey hens. In the present study, nest-
deprivation of incubating turkey hens for 1 or more days

resulted in disappearance of mammosomatotrophs from the
pituitary gland. This phenomenon is consistent with declin-
ing plasma PRL concentrations following interruption of
broodiness but would argue against transdifferentiation of
lactotrophs to somatotrophs through an intermediary mam-
mosomatotroph. However, our study does not preclude the
possibility that pituicytes other than lactotrophs may un-
dergo transdifferentiation and contribute to somatotroph re-
cruitment in the turkey pituitary caudal lobe following in-
terruption of incubation behavior. L uteinizng hormone-con-
taining cells found in the avian pituitary caudal |obe [28]
may possibly transdifferentiate to somatotrophs as suggest-
ed by the fact that GH and LHB mRNA have been colo-
calized in sheep pituitary cells [29]. Undifferentiated cells,
immunonegative to all known hormones reported in the rat
pituitary gland [17], may possibly serve as a source of cells
for differentiation into somatotrophs in nest-deprived tur-
key hens.

Nest-deprivation of incubating turkey hens result in a
precipitous decline in plasma PRL concentrations, and
therefore we hypothesized that lactotrophs in the pituitary
gland would undergo programmed cell death. Programmed
cell death is a selective process of physiologica cell dele-
tion [30—33], and it is morphologically known as apoptosis
[34]. The gross anatomical features of apoptosis include
nuclear fragmentation, chromatin condensation, and DNA
cleavage [34, 35]. We employed a TdT enzyme-mediated
dUTP nick end labeling method for detection of pro-
grammed cell death in paraffin-embedded tissue sections
[13] and observed an abundance of apoptotic nuclei in both
the cephalic and caudal lobes of the pituitary following
interruption of incubation behavior for 2 or more days. A
dual staining for PRL and DNA fragmentation showed an
abundance of apoptotic nuclei in PRL-ir cells (Fig. 4D)
following nest-deprivation for 2 or more days, indicating
that the programmed cell death is occurring in lactotrophs.
In rats, a considerable number of lactotrophs, about 25%
of the total pituitary cell count, undergo regression between
3 and 7 days after withdrawal of litters [6]. Lactotrophs
were found to undergo autolytic degenerative changes, but
not apoptosis, in response to interruption of lactation in rats
[36, 37]. Following autolytic changes, the cell debris was
cleared by a pituitary and systemic mononuclear phagocytic
system that may involve migration of phagocytosed stellate
cells from the pituitary parenchyma into the blood circu-
lation [38]. Pituitary gland cells harvested from rats at the
end of lactation were reported to have a large number of
apoptotic bodies that may have possibly arisen from redun-
dant lactotrophs [39].

Factors that may induce apoptosis in response to inter-
ruption of incubation behavior remain to be elucidated. Va-
soactive intestinal peptide has been shown to regulate mi-
tosis, differentiation, and survival of cultured sympathetic
neuroblasts [40], protect thymocytes from glucocorticoid-
induced apoptosis [41], and to suppress apoptosis in the
ovary [42]. In addition, pituitary adenylate cyclase-activat-
ing peptide, a member of the VIP family, prevents apopto-
sis in cultured cerebellar granule neurons [43]. Vasoactive
intestinal peptide is the most important PRL releasing fac-
tor in avian species. An increase in hypothalamic VIP con-
tent and VIP-ir neurons was found in incubating turkey
hens [44]. Furthermore, VIP concentration was higher in
the incubating turkey hen hypophysial portal blood com-
pared with the laying hen [45]. Nest-deprivation of incu-
bating turkey hens may decrease VIP secretion from the
hypothalamus. Consequently, a decline in VIP concentra-
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tion in the pituitary gland may trigger programmed cell
death of lactotrophs, similar to apoptotic death of adreno-
cortical cells occurring in response to ACTH deprivation
[46, 47].

In summary, interruption of incubation behavior in the
turkey hen results in marked cellular changes within the
pituitary gland characterized by programmed cellular death
of lactotrophs and replacement in the caudal lobe by so-
matotrophs by the proliferation of nonsomatotrophic cells
that then differentiate into somatotrophs. The reciprocal re-
modeling of lactotroph and somatotroph populations ap-
pears to be initiated by the removal of neural stimulation
from the brood patch, but further studies are needed to de-
termine whether the same or different neuroendocrine path-
ways are involved.

ACKNOWLEDGMENTS

We thank Dr. Luc Berghman for providing PRL antibody, Mr. Wayne
Smoot for animal care, and Ms. Shirley Moore for RIA of hormones.

REFERENCES

1. El Halawani ME, Rozenboim |I. The ontogeny and control of incu-
bation behavior in turkeys. Poult Sci 1993; 72:906-911.

2. Ramesh R, Proudman JA, Kuenzel WJ. Changes in pituitary soma-
totroph and lactotroph distribution in laying and incubating turkey hen
pituitary. Gen Comp Endocrinol 1996; 104:67—-75.

3. Ramesh R, Solow R, Proudman JA, Kuenzel WJ. Identification of
mammosomatotrophs in the turkey hen pituitary: increased abundance
during hyperprolactinemia. Endocrinology 1998; 139:781-786.

4. Goluboff LG, Ezrin C. Effect of pregnancy on the somatotroph and
the prolactin cell of the human adenohypophysis. J Clin Endocrinol
Metab 1969; 29:1533-1538.

5. Porter TE, Hill JB, Wiles CD, Frawley LS. |s the mammosomatotrope
a transitional cell for the functional interconversion of growth hor-
mone- and prolactin-secreting cells? Suggestive evidence from virgin,
gestating, and lactating rats. Endocrinology 1991; 127:2789-2794.

6. Haggi ES, Torres Al, Maldonado CA, Aoki A. Regression of redun-
dant lactotrophs in rat pituitary gland after cessation of lactation. J
Endocrinol 1986; 111:367—-373.

7. Book CM, Millam JR, Guinan MJ, Kitchell RL. Brood patch inner-
vation and itsrole in the onset of incubation in the turkey hen. Physiol
Behav 1991; 50:281-285.

8. El Halawani ME, Burke WH, Dennison PT. Effect of nest-deprivation
on serum prolactin levelsin nesting female turkeys. Biol Reprod 1980;
23:118-123.

9. Opel H, Proudman JA. Effects of poults on plasma concentrations of
prolactin in turkey hens incubating without eggs or a nest. Br Poult
Sci 1988; 29:791-800.

10. Ramesh R, Proudman JA, Kuenzel WJ. Changes in pituitary somato-
trophs and lactotrophs associated with ovarian regression in the turkey
hen (Meleagris gallopavo). Comp Biochem Physiol 1995; 112C:327—
334

11. Proudman JA, Opel H. Turkey prolactin: validation of a radioimmu-
noassay of changes associated with broodiness. Biol Reprod 1981, 25:
573-580.

12. Proudman JA. Recombinant derived chicken growth hormone used
for radioimmunoassay. Proc Soc Exp Biol Med 1984; 175:417—-419.

13. Gavridli Y, Sherman Y, Ben-Sasson SA. |dentification of programmed
cell death in situ via specific labeling of nuclear DNA fragmentation.
J Cell Biol 1992; 119:493-501.

14. SAS. SAS/STAT Guide for Personal Computers, version 6. Cary, NC:
Statistical Analysis System Institute, Inc.; 1987.

15. Porter TE, Wiles CD, Frawley LS. Evidence for bi-directional inter-
conversion of mammotropes and somatotropes: rapid reversion of ac-
idophilic cell types to pregestational proportions after weaning. En-
docrinology 1990; 129:1215-1220.

16. Dolbeare F Bromodeoxyuridine: a diagnostic tool in biology and med-
icine, part |: historical perspectives, histochemica methods and cell
kinetics. Histochem J 1995; 27:339-369.

17. Yoshimura Y, Heryanto B, Tamura T. Changes in the population of
proliferating cells in chicken anterior pituitary during induced molt-

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

35.

36.

37.

38.

39.

40.

41.

617

ing: an immunocytochemical analysis for proliferating cell nuclear
antigen. Poult Sci 1997; 76:1569-1573.

Qishi Y, Okuda M, Takahashi H, Fujii T, Morii S. Cellular proliferation
in the anterior pituitary gland of normal adult rats: influences of sex,
estrous cycle, and circadian change. Anat Rec 1993; 235:111-120.
Taniguchi Y, Tamatani R, Yasutaka S, Kawari Y. Proliferation of pi-
tuitary corticotrophs following adrenalectomy as revealed by immu-
nohistochemistry combined with bromodeoxyuridine-labeling. Histo-
chemistry 1995; 103:127-130.

Morpurgo B, Dean CE, Porter TE. Identification of the blood-borne
somatotroph-differentiating factor during chicken embryonic devel-
opment. Endocrinology 1997; 38:4530—4535.

Gertz BJ, Contreras LH, McComb K, Kivacs JB, Tyrrel JB, Dallman
MJ. Chronic administration of corticotropin-releasing factor increases
pituitary corticotroph number. Endocrinology 1987; 120:381-388.
McNicol AM, Kubba MAG, McTeague E. The mitogenic effects of
corticotrophin-releasing factor on the anterior pituitary gland of the
rat. J Endocrinol 1988; 118:237-241.

Childs GV, Rougeau D, Unabia G. Corticotropin-releasing hormone
and epidermal growth factor: mitogens for anterior pituitary cortico-
tropes. Endocrinology 1995; 136:1595-1602.

Stefaneanu L, Kovacs K, Horvath E, Clark RG, Cronin MJ. Effect of
intravenous infusion of growth hormone-releasing hormone on the
morphology of rat pituitary somatotrophs. Endocr Pathol 1993; 4:131—
139.

Billestrup N, Swanson LW, Vale W. Growth hormone-releasing factor
stimulates proliferation of somatotrophs in vitro. Proc Natl Acad Sci
USA 1986; 83:6854—6857.

Garner LL, Campbell GT, Blake CA. Luteinizing hormone (LH)-re-
leasing hormone: chronic effects on LH and follicle-stimulating hor-
mone cells and secretion in adult male rats. Endocrinology 1990; 126:
992-1000.

Torres Al, Pasolli HA, Maldonado CA, Akoi A. Changesin thyrotroph
and somatotroph cell populations induced by stimulation and inhibi-
tion of their secretory activity. Histochem J 1995; 27:370-379.
Proudman JA, Vandesande F Berghman LR. Immunohistochemical
evidence that follicle-stimulating hormone and luteinizing hormone
reside in separate cells in the chicken pituitary. Biol Reprod 1999; 60:
1324-1328.

Childs GV, Unabia G, Rougeau D. Cells that express luteinizing hor-
mone (LH) and follicle-stimulating hormone (FSH) subunit messenger
ribonucleic acids during the estrous cycle: the major contributors con-
tain LHB, FSHPB, and/or growth hormone. Endocrinology 1994; 134:
990-997.

Wyllie AH. Cell death: a new classification separating apoptosis from
necrosis. In: Bowen ID, Lockshin RA (eds.), Cell Death in Biology
and Pathology. London: Chapman and Hall; 1981: 9-34.

Umansky SR. The genetic program of cell death. Hypothesis and
some applications: transformation, carcinogenesis, aging. J Theor Biol
1982; 97:591-602.

Brusch W, Kleine L, Tenniswood, M. The biochemistry of cell death
by apoptosis. Biochem Cell Biol 1990; 88:1071-1074.

Ucker PS. Death by suicide: one way to go in mammalian cellular
development? New Biol 1991; 3:103-109.

. Kerr JFR, Wyllie AH, Currie AR. Apoptosis. basic biological phe-

nomenon with wide-ranging implications in tissue kinetics. Br J Can-
cer 1972; 26:239-257.

Wyllie AH, Morris RH, Smith AL, Dunlop D. Chromatin cleavagein
apoptosis: association with condensed chromatin morphology and de-
pendence on macromolecular synthesis. J Pathol 1984; 142:67-77.
Orgnero De Gaisan EM, Madonado CA, Aoki A. Fate of degener-
ating lactotrophs in rat pituitary gland after interruption of lactation:
a histochemical and immunocytochemica study. Histochem J 1993;
25:150-165.

Aoki MR, Madonado CA, Aoki A. Apoptotic and non-apoptotic cell
death in hormone-dependent glands. Cell Tissue Res 1998; 291:571—
574.

Aoki A, de Gaisan EO, Passolli HA, Torres Al. Disposal of cell debris
from surplus lactotrophs of pituitary gland. Exp Clin Endocrinol Di-
abetes 1996; 104:256-262.

Chauvet N, Mouihate A, Verrier D, Lestage J. Apoptosis occurs in-
dependently of the release of interleukin-18 in the anterior pituitary
of end-lactating rats. Neuroreport 1996; 7:2593-2596.

Pincus DW, DiCicco-Bloom E, Black I1B. Vasoactive intestinal peptide
regulates mitosis, differentiation and survival of cultured sympathetic
neuroblasts. Nature 1990; 343:564.

Delgado M, Garrido E, Martinez C, Leceta J, Gomariz, RP. Vasoactive



618

42.

44,

intestinal peptide and pituitary adenylate cyclase-activating peptides
(PACAP27 and PACAP38) protect CD4+ CD8+ thymocytes from
glucocorticoid-induced apoptosis. Blood 1996; 87:5152-5161.

Flaws JA, DeSanti A, Tilly KlI, Javid RO, Kugu K, Johnson AL,
Hirshfield AN, Tilly JL. Vasoactive intestinal peptide-mediated sup-
pression of apoptosis in the ovary: potential mechanisms of action
and evidence of a conserved anti-atretogenic role through evolution.
Endocrinology 1995; 136:4351—-4359.

. Cavallaro S, Copani A, D’Agata V, Musco S, Petralia S, Ventra C,

Stivala K, Travali S, Canonico PL. Pituitary adenylate cyclase activat-
ing polypeptide prevents apoptosis in cultured cerebellar granule neu-
rons. Mol Pharmacol 1996; 50:60—66.

Mauro LJ, Elde RR Youngren OM, Phillips RE, El Halawani ME.

46.

47.

RAMESH ET AL.

Alterations in hypothalamic vasoactive intestinal peptide-like immu-
noreactivity are associated with reproduction and prolactin release in
the female turkey. Endocrinology 1989; 125:1795-1804.

. Youngren O, Chaiseha Y, Philips RE, EI Halawani ME. Vasoactive

intestinal peptide concentration in turkey hypophysial portal blood differ
across the reproductive cycle. Gen Comp Endocrinol 1996; 103:323—
330.

Ceccatelli S, Diana A, Villar MJ, Nicotera P Adrenocortical apoptosis
in hypophysectomized rats is selectively reduced by ACTH. Neurore-
port 1995; 6:342-344

Carsia RV, Macdonald GJ, Gibney JA, Tilly KI, Tilly JL. Apoptotic
cell death in therat adrenal gland: anin vivo and in vitro investigation.
Cell Tissue Res 1996; 283:247-254.



