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ABSTRACT

Background The objective of this study is to demonstrate the effects of prenatal and
neonatal taking of glucocorticoid (GC) on the morphology of the pituitary gland
corticotrophs and folliculostellate (FS) cells and the experssion of lipocortin 1 (LC1;
annexin 1) which is a mediator of many actions of GC. Material and Method Sixty
adult male and female albino rats, weighting 200-230 g were used in this study
pregnant and lactating rats were divided into control and treated groups (5rats per
group). Treated groups with GC were given it via drinking water (Lug/ml) to the rats
on d 16-19 of pregnancy or in first week following delivery for lactating rats. Results:
The optical density of ACTH antibody andS100 protein antibody were significantly
decreased in both prenatal and neonatal groups of dexamethasone administration
compared to the control, prenatal dexamethasone treated group produce long-term
changes in morphology. Also there was significant reduction in prenatal and neonatal
level of annexin-lgene expression when it was compared to the control group.
Conclusion: there were significant effects of GC administration in prenatal and
neonatal rat groups in the form of morphological and physiological changes

INTRODUCTION the early embryonal stages®?.
Expression of the closely related,
Stress hormones are candidates to higher  affinity ~ mineralocorticoid
mediate changes on the development. receptor (MR) has a more limited
Synthetic glucocorticoid (GC) like tissue distribution in development and
betamethasone are used in prenatal is present only at later gestational
and early neonatal life to enhance the stages, at least in rodents®.
lung maturity in preterm delivery . Additionally, GR are highly
Glucocorticoids have potent eXpressed in the placenta ,Where they
effects upon tissue development are thought to mediate metabolic and
Indeed, it is the accelerated maturation anti-inflammatory  effects.  Clearly,
of organs, notably the lung®, which systems to transduce glucocorticoid
explains their widespread use in effects upon the genome exist from
obstetric and neonatal practice in early developmental stages, with
threatened or actual preterm delivery. complex cell-specific patterns  of
Glucocorticoid receptors (GR), which expression,and presumably
are members of the nuclear hormone sensitivity, to the steroid ligands®®.
receptor  superfamily of ligand- FS cells are the nonendocrine,
activated transcription factors, are agranular  cells in the anterior
expressed in most foetal tissues from pituitary. These star-shaped cells
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cluster together to form follicles and
extend cytoplasmic processes that
connect with processes of endocrine
cells. FS cells are characterised by
their content of S100 protein, a
nonhormonal marker, however, the
precise functions of the FS cells in the
anterior pituitary gland have not been
well characterized. Several functions
have been ascribed to FS cells
including supportive and trophic
effects, roles in ion transport,
phagocytic and catabolic activities”,
and many paracrine functions. With
their long cytoplasmic processes rich
in gap junctions extending between
other endocrine cell types, the FS cells
are in an ideal position to play a role
in intercellular communication
mechanisms.

Indeed there is substantial
evidence that FS cells modulate the
release of pituitary hormone secretion
from surrounding endocrine cells
through the release of several
bioactive molecules (e.g. follistatin,
IL-6, nitric oxide, basic fibroblast
growth factor, leptin) Moreover,
Fauquier et al.® have recently
demonstrated that the FS cell network
forms an extensive functional
intrapituitary  circuitry in  which
information by Ca2+ and small
diffusible  molecules, can  be
transferred via gap junctions over long
distances. The finding show that the
FS cells are the principal source of
annexin | in the anterior pituitary
gland and the observations that FS
cells are rich in glucocorticoid
receptor .

GLUCOCORTICOID hormones
and their synthetic analoges have
many powerful actions and are widely
used for the treatment  of

inflammation, allergy, and
autoimmune diseases. They also exert
many effects on central endocrine
mechanisms, including  powerful
inhibitory effects on the hypothalamo-
pituitary-adrenocortical (HPA) axis®.
Regulation of the HPA axis by
steroids is not fully understood, but
there is substantial evidence that they
act in part by controlling the synthesis
of regulatory proteins“?. In several
model systems glucocorticoids
increase the synthesis of lipocortin 1
(LC1; annexin 1), a potent
antiinflammatory protein®?.

LC1 is a member of the family of

annexin proteins190
calcium/phospholipid-binding
cytosolic proteins implicated in many
cellular processes™?*¥).
Glucocorticoids promote de novo
synthesis  of LC1 in  the
adenohypophysis and cause the
translocation of intracellular LC1 to
pericellular sites" as they do in other
tissues™®,
Although  the  mechanism  of
externalization of LC1, which lacks a
signal  sequence, is  unknown,
externalization appears to be essential
for mediating many actions of LC1 in
the neuroendocrine system®).

We therefore propose that LC1
exported by target cells in response to
a glucocorticoid challenge depresses
peptide release by binding to cell
surface. LC1 receptors on endocrine
cells and thereby serves as an
autocrine and/or paracrine agent.
There is increasing evidence that there
are paracrine controls of hormone
secretion.

The key role for annexin
1(ANXA1) in mediating the early
inhibitory effects of G Cs on ACTH
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release™. ANXA1l is found in
abundance in the anterior pituitary
gland in which it is localized to the
nonendocrine S100-positive
folliculostellate (FS) expression™®,
phosphorylation status (19, 20), and
subcellular localization®  are
regulated by GCs. Several lines of
evidence have led us to propose that
ANXAL1 acts as a paracrine/juxtacrine
mediator of the inhibitory actions of
GC on ACTH release within the
anterior pituitary gland®?.

First, GCs cause phosphorylation
and exportation of ANXAL from FS
cells at loci adjacent  to
corticotrophs®.  Second, specific,
high-affinity ANXAZ1 binding sites
are expressed on the surface of
corticotrophs. Third, in vitro the acute
inhibitory effects on the release of
ACTH from the corticotrophs. The
importance of ANXAL is mediating
the regulatory effects of GCs on
ACTH secretion at the pituitary level.
The feedback actions of GCs at the
pituitary level involve suppression of
the gene encoding ACTH,
proopiomelanocortin, and  more
immediate effects that attenuate the
release of preformed ACTH from the
secretory granules®”.

Glucocoticoid (GC) treatment in
children or adults suppressed the
hypothalamo-pituitary-adrenal ~ axis
(HPA). The present study, we tested
this hypothesis, using a noninvasive
method of steroid administration to
explore: (1) prenatal and early
neonatal exposure to GC produced
long-term changes in adult pituitary
corticotrophs. (2) GC affects the
expression of annexin-1 (Annxa-1) on
the surface of folliculostellate cells. .

MATERIALS & METHODS

Animals

Sixty adult male and female
albino rats, weighing 200-230 gm
were used in this study. They were
maintained in 12 hours room light and
12 hours of darkness. They were on
normal rat chow and water ad libitum.
They were housed for breeding in the
animal house, Faculty of Medicine,
Cairo University. Groups of two
females and one male rat were then
housed together overnight. Mating
was confirmed the following morning
by the presence of vaginal plugs and,
at a later stage (9 d), pregnancy was
confirmed by abdominal palpation.
Timed pregnant rats were housed five
per cage until gestational d 15 when
they were isolated in preparation for
littering. If litters were found, the day
of birth was defined as d O for that
litter.
Drug administration

Pregnant and lactating rats were
divided into control and treated
group(five rats per group).
Dexamethasone, as prednisone
(Kahira Pharm. and Chem. Industries
Company, Cairo), was administered
via drinking water (1 ug/ml) to the
rats on d 16-19 of pregnancy or in
first week following delivery for
lactating rats, Theogaraj et al.,
2005%Y. The developing rats were
thus exposed to the steroid in utero via
the placenta or as neonates via the
mother’s milk. Control group received
normal drinking water throughout
pregnancy and lactation. The progeny
were left undisturbed until weaning
when they were divided according to
gender and perinatal treatment and
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caged in groups of four to five until
aged 90 d (young adulthood).

Animals were sacrificed by high
dose of ether at 10 am to standardize
effects associated with the circadian
rhythm. The pituitary gland was
excised and processed for Gene
expression of Annexinl, histological,
immunohistochemical and
ultrastructural studies.

Light microscopic examination:

The pituitary gland was fixed in
10%  formol  saline  solution,
processed, embedded in paraffin,
sectioned and stained with
Haematoxylin and  eosin  and
immunohistochemical stain, Bancroft
and Gamble, 2002(25) for ACTH
and S100 antibody expression using a
primary antibody, which is an epitope
specific rabbit antibody (catalog
number E2651), purchased from
Spring Bioscience Co.
Immunostaining  required  boiling
tissue sections in citrate buffer (pH
6.0) in microwave for 3 minutes,
followed by cooling at room
temperature before application of the
primary antibody for 30 minutes at
room temperature. Ultravision
detection system, purchased from Lab
Vision Corporation (catalog number
TP-015-HD) was used to detect the

immunoreaction using the
streptavidin-biotin-peroxidase
technique, followed by

counterstaining with Mayer’s
haematoxylin.
Morphometric study:

The immunostained sections were
examined by image analysis using
image analyzer computer system
“Leica Qwin 500 C” (Cambridge,
UK). The optical density and area
percent in both ACTH and S100

immunostained sections were
measured in all groups at X400
magnification in 10 non- overlapping
fields/ section. The surface area of
ACTH positive cells was also
measured in the same way. The data
obtained were statistically analyzed by
comparing mean values of different
groups by ANOVA test using “SPSS
9” software. Results were considered
statistically significant when P value
was <0.05.

Electron microscopic examination:

The pituitary glands were fixed in
3% gluteraldehyde, post fixed in 1%
osmium tetroxide, dehydrated and
embedded in resin. Semithin sections
were cut and stained with toluidine
blue. Ultrathin sections were stained
by uranyl acetate and lead citrate
,Dawes, 1980%. Examination was
done on the TEM “Zeiss 10S” (Carl
Zeiss, Obekochen, Germany), in the
Histology Department, Faculty of
Medicine, Cairo University.

Detection of annexin-1 by RT-PCR.
RNA extraction:

Total RNA was extracted from
pineal body tissue samples using the
SV total RNA isolation system kit
(Promega, Madison, USA) according
to the manufacturer's recommen-
dations
RT-PCR:

cDNA was generated from 5mg
of total RNA extracted with 20pmol
oligodt primer and was denaturated at
70C for 2min then a transcription
mixture containing 50mmol  kcl,
dNTPs and 200 unit of MMLV
reverse transcriptase was added the
reaction was placed at 42C for lhour
then 95C for 5 min to stop the
reaction. Then PCR reaction was
performed by adding the PCR mix
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which contained 10mmol /L tris HCL
PH 8.3, 2.3 unit of taq polymerase,
100 mmol dNTPS and 100mmol of
each specific annexin-1primer with
the following sequence, forward:
CAGCCTCTTGAGTAGCTGG-
Reverse:
GTCAGGAGTTCGAGACCAGLC.
Then the reaction mixture was
subjected to 40 cycles of 950C for
1min, 550C for 1min and 720C for
2min. after the last cycle a final
extension at 720C for 10 min was
done, Valerie et al1999%".

Agarose gel electrophoresis:

All  PCR  products  were
electrophoresed on 2% agarose
stained with ethidium bromide and
visualized by UV transilluminator.
Fragment sizes were 113 pb.

Gel documentation:

The PCR products  were
semiquantitated  using the  gel
documentation  system  (BioDO,
Analyser) supplied by Biometra.

RESULTS

A Light microscopic results:
1) Haematoxylin and Eosin:

The anterior lobe of the pituitary
gland of a control rat showed normal
appearance of its acidophil, basophil
cells and blood sinusoids in between
(fig. 1). In the prenatal group the
different cells of the gland were also
normal (fig. 2). In the neonatal group
the basophils were faintly stained and
widely spaced) in some areas and of
normal appearance of in other areas.
The sinusoids were excess in number
and markedly dilated (fig. 3).
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2) Immunohistochemical  and
morphometric results:
a) ACTH immnunoreaction of
corticotrophs

In  the control group the
corticotrophs ~ showed  moderate
reaction to ACTH antibody (fig. 4). In

b) S 100 protein immnunoreaction
of folliculostellate cells

The folliculostellate cells of
control group showed moderate
reaction of S 100 protein (fig. 7). In

the prenatal group there was
decreased immunoreaction  and
number of corticotrophs (arrows) (fig.
5). In the neonatal group the
immunoreaction number of
corticotrophs increased to be near
those of the control group (fig. 6).

the prenatal group reaction decreased
(fig. 8). In the noenatal group there
was increased reaction of
folliculostellate cells to be near the
control group (fig. 9).

34



Bull. Egypt. Soc. Physiol. Sci. 27 (2) 2007

El-Ghamrawy et al.

The optical density of ACTH
antibody was significantly decreased
in both prenatal and neonatal groups
of dexamethasone administration
compared to the control (Table 1 &
fig. 10). The area percent of ACTH
was significantly decreased in both
groups than the control with marked

decrease in the prenatal group (fig.
11). Regarding S 100 protein antibody
the optical density was significantly

decreased in both prenatal and
neonatal groups (Table 1 & fig. 12)
while its area percent decreased
significantly in  prenatal group
compared to the control (fig. 13).

Table 1: Mean Optical density of ACTH, Area % of ACTH, Optical density of S

100 protein and Area %of S 100 pro

tein.

Area %of S 100 | Optical density of S | Area % of ACTH Optical density of
protein 100 protein ACTH
P Mean+SD P Mean+SD P Mean+SD P Mean+SD

16.526+6.29 1.026+0.01 20.318+5.67 1.194+0.02 Control
0.001* | 6.056+3.18 | 0.001* [ 0.953+0.02 | 0.001* | 3.599+1.40 0.001* | 0.93+0.03 prenatal
0.93 15.595+6.84 [ 0.001* | 0.959+0.02 | 0.013* | 15.162+2.85 | 0.001* [ 0.988+0.04 Neonatal

SD= standard deviation
*= Statistically significant as compared to control (P < 0.05).
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Optical density of ACTH

contol prenatal neonatal
Group

Fig. 10: A histogram of the mean optical density of ACTH antibody in the studied
groups.

Area % of ACTH

contol prenatal neonatal
Group
A
Fig. 11: A histogram of the mean area percent of ACTH antibody in the studied
groups.
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Optical density of S 100 protein

contol prenatal neonatal
Group

Fig.12: A histogram of the mean optical density of S 100 protein antibody in the
studied groups.

Area % of S 100 protein

contol prenatal neonatal
Group

Fig. 13: A histogram of the mean area percent of S 100 protein antibody in the
studied groups.
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B  Electron microscopic results:
The corticotrophs of control
group showed their characteristics of
angular processes of their cell
membrane and euchromatic nuclei.
Medium sized granules are distributed
in both the periphery of the cell and
near the centre of the cell beside the
nucleus, normal Golgi apparatus and
mitochondria were alsonoticed (fig.
14). In the prenatal group the

ANXA1 expression in_the pituitary
gland:

The effects of prenatal and
neonatal dexamethasone treatment on
the expression of ANXAL in pituitary
gland of adult rats, as determined by

corticotroph  showed very few
granules in the periphery and were
absent from the centre of the cell.
Secondary lysosomes were seen (fig.
15). In the neonatal group the
corticotrophs showed normal
distribution of its granules in both the
periphery and the centre of the cell.
The mitochondria were of normal
appearance (fig. 16).

Westernblot analysis were show table
2, figure 4

ANXA1l was detected in the
pituitary tissue in control rats
(121.65£10.9) and steroid-treated rats
ANXAlexpression of the pituitary
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tissue was significantly decreased in
prenatal (62.675+16.4, p<0.05), and in
neonatal group (77.72+16.4, p<0.05)
S0 dexamethasone treatment
significantly reduced the annexin-1

expression when compared with
corresponding values of control
group.,but deacreased in the prenatal
group more than the neonatal group.

Table (2): Annexin-1 gene expression in control, prenatal and neonatal GC

groups:
Mean+SD P value
Control 121.65+10.9
Prenatal 62.675+16.4 0.001*
Neonatal 77.72+16.4 0.001*

140~

120

100

80—

Annexin

60—

40

20—

control prenatal
Group

neonatal

Fig. (17) Annexin -1 gene experission in control, prenatal, and neonatal GC groups
*= Statistically significant as compared to control (P < 0.05).

DISCUSSION

In the present work
Glucocorticoids treatment in prenatal
and neonatal life induced long-term
sequelae which were manifested in
adult life. It affected the sensitivity of
HPA due to feedback of GC on

ACTH secretion and subsequently GC
secretion of adrenals®”.

Our results demonstrated that
the taking of (GC) in the form
dexamethasone showed that the
optical density of ACTH antibody,
the area percent of ACTH and the
optical density of S 100 protein
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antibody were significantly decreased
in both prenatal and neonatal groups;
while its area percent decreased
significantly in prenatal group.In the
prenatal group only the corticotroph
showed very few granules in the
periphery and were absent from the
centre of the cell. Secondary
lysosomes were seen as compered
with normal untreated rats. These
results are to some extent agreeing
with Theogaraj et al® studies that
showed that prenatal
dexamethasone treatment reduced
the size but not the number of FS
cells. It also caused a marked
reduction in corticotroph number
and impaired granule margination
without affecting other aspects of
corticotroph morphology. But less
marked effects on pituitary cell
morphology and number were
evident in tissue of neonatally
treated rats.

These results are in aggreement
with  researrches about the
glucocorticoid programming of the
brain. Maternal and/or foetal stressors
alter  developmental changes in
specific ~ brain  structures  with
persistent effects®. Glucocorticoids
are important for normal maturation in
most regions of the developing
CNS®@®), initiating terminal
maturation, the remodelling of axons
and dendrites, and for cell survival®®.
Prenatal glucocorticoid administration
retards brain weight at birth in sheep
delaying maturation of neurons,
myelination, glia andvasculature®?,

Exposure to glucocorticoids in
utero has widespread acute effects
upon neuronal structure and synapse
formation®, and may permanently
alter brain structure (33). In rhesus

monkeys, treatment with antenatal
dexamethasone caused dose
dependent neuronal degeneration of
hippocampal neurons and reduced
hippocampal volume, effects which
persisted at 20 months of age®”.
Foetuses receiving multiple lower-
dose injections showed more severe
damage than those receiving a single
large injection.

Given such widespread effects of
glucocorticoids, it is unsurprising that
GR and MR are highly expressed in
the developing brain with complex
ontogenies to allow selectivity of
effects®.

Our results revealed that both the
prenatal and neonatal adminsteration
of (GC) decrease annexin-1gene
expression as compared with values of
control groups. These results are in
agreement with Teogaraj etal
results® who show that , when
administered by a non invasive
process, perinatal and neonatal GC
treatment exerts profound effects
on the adult pituitary gland,
impairing the ANXAIl-dependent
GC regulation of ACTH release and
altering the cell profile and
morphology.

Lee Chapman et al®® have
found that annexin | is a paracrine
mediator of glucocorticoid action
and that the FS cells are an
important target for glucocorticoid
action. On a temporal basis, the
glucocorticoid-induced
translocation of annexin | in the rat
pituitary parallels the onset of the
steroid inhibition of ACTH release.
And annexin 1 is one of the regulatory
proteins produced by FS cells and
plays a primary role in the acute
inhibitory actions of glucocorticoids

22)
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on ACTH, PRL, GH, and TSH release
In  freeze-substituted sections of
mouse anterior pituitary, immunogold
electron microscopy revealed annexin
I

Glucocorticoids  influence all
types of inflammatory events, no
matter what is their cause. They
induce the lipocortin-1 (annexin-1)
synthesis, which then binds to cell
membranes preventing the
phospholipase A2 from coming into
contact with its substrate arachidonic
acid. This leads to diminished
eicosanoid production. The
cyclooxygenase (both COX-1 and
COX-2) expression is also suppressed,
potentiating the effect. In other words,
the two main  products in
inflammation  Prostaglandins  and
Leukotrienes are inhibited by the
action of Glucocorticoids®®.

Glucocorticoids also stimulate the
lipocortin-1  escaping to  the
extracellular space, where it binds to
the leukocyte membrane receptors and
inhibits various inflammatory events:
epithelial adhesion, emigration,
chemotaxis, phagocytosis, respiratory
burst and the release of various
inflammatory mediators (lysosomal
enzymes, cytokines, tissue
plasminogen activator, chemokines
etc.) from neutrophils, macrophages
and mastocytes®®.

In addition to the effects listed
above, use of high dose steroids for
more than a week begins to produce
suppression of the patient's adrenal
glands because the exogenous
glucocorticoids suppress
hypothalamic corticotropin releasing
hormone (CRH) and pituitary
adrenocorticotropic hormone
(ACTH). With prolonged suppression,

the adrenal glands atrophy (physically
shrink) and can take months to
recover full function after
discontinuation of the exogenous
glucocorticoid®®.

The studies done by John et al.*”
on GC treatment on pituitary function
showed that the feedback actions of
GCs at the pituitary level involve
suppression of the gene encoding
ACTH, proopiomelanocortin, and
more immediate effects that attenuate
the release of preformed ACTH from
the secretory granules .And the
annexin 1 (ANXAL1) is the mediating
factor for the early inhibitory effects
of GCs on ACTH release.

The mechanism(s) by which LC1
suppresses pituitary hormone release
is not known, although Christian et
al.®” studies strongly favor actions
via a cell surface "receptor.” Also the
study demonstrates for the first time
the presence of high affinity LC1-
binding sites on the surface of
multiple anterior pituitary cell types
and, thus, adds further support to this
view.
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