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Pituitary Gland

Linda M. Ernst

 Introduction

Despite its small size, the fetal pituitary gland produces a 
variety of important hormones. Normal development of the 
human fetal pituitary gland is essential for fetal homeostasis, 
as well as for the appropriate differentiation and maturation 
of several organ systems required for extrauterine survival 
[1]. This chapter reviews the histological features of the 
adenohypophysis (the anterior lobe of the pituitary gland) 
and the neurohypophysis (the posterior lobe of the pituitary 
gland). In addition, some features unique to the fetal and 
neonatal pituitary gland, such as laminated calcifications 
within the anterior lobe, are discussed.

 Embryology

The pituitary gland is formed from two different ectoder-
mally derived structures: Rathke’s pouch and a portion of the 
diencephalon known as the infundibulum. These distinctive 
embryologic origins correlate with the two distinct histologi-
cal compartments of the pituitary gland, the adenohypoph-
ysis (anterior lobe), derived from Rathke’s pouch, and the 
neurohypophysis (posterior lobe), derived from the infun-
dibulum [2–4].

Rathke’s pouch begins in the third week of gestation as 
an outgrowth of ectoderm from the stomodeum, the primi-
tive mouth of the embryo. The epithelial outgrowth develops 
a lumen and forms an epithelium-lined diverticulum. This 
pouch extends dorsally toward the infundibulum, which is the 
small ventral extension of the floor of the diencephalon; it will 
become the neurohypophysis. At approximately 6 weeks ges-
tation, Rathke’s pouch loses its connection with the surface 
ectoderm of the mouth and becomes an epithelium- lined cyst. 

The posterior wall of the cyst remains thin and is in close con-
tact with the infundibulum; it will become the pars intermedia. 
The epithelium of the anterior wall of the cyst proliferates to 
form the rounded mass of the anterior lobe of the pituitary 
gland, the pars distalis (Fig.  23.1). A small group of cells 
from the posterior portion of the anterior lobe grow up the 
stalk of the infundibulum and are known as the pars tuberalis. 
The lumen of the original Rathke’s pouch becomes flattened 
in the anteroposterior direction and becomes a slit-like space 
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Fig. 23.1 Low-power view of the entire fetal pituitary gland at 
17 weeks gestation. The gland, removed with portions of the cartilagi-
nous sella turcica (upper right), is shown here. The slit-like opening of 
Rathke’s pouch (RP) is visible. The most anterior portion of the anterior 
lobe or pars distalis (PD) is the rounded mass anterior to Rathke’s 
pouch. The thin rim of similar-appearing cells of the anterior pituitary 
on the opposite side of Rathke’s pouch is known as the pars intermedia 
(PI). The posterior lobe (PL) is adjacent to the PI and has a generally 
paler staining appearance than the anterior lobe (hematoxylin and eosin 
(H&E), 2×)
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between the pars distalis anteriorly and the pars intermedia 
posteriorly. Its remnants become the microscopic glandular 
structures of the pars intermedia [2–4].

The anterior lobe of the pituitary gland is responsible for 
elaboration of the pituitary hormones: growth hormone (GH), 
adrenal corticotropin hormone (ACTH), prolactin (PRL), 
thyroid-stimulating hormone (TSH), follicle- stimulating hor-
mone (FSH), and luteinizing hormone (LH). Differentiation 
of the ectodermal cells from Rathke’s pouch into the various 
hormone-producing cells depends on gradients of growth 
factors, such as fibroblast growth factor 8, which emanates 
from the ventral diencephalon, and bone morphogenetic pro-
tein 2, which emanates from the ventral pituitary organizing 
center. These overlapping gradients result in the expression 
of specific transcription factors that drive differentiation and 
the production of specific hormones [5–7].

The posterior lobe of the pituitary gland forms by the pro-
liferation of neuroglial cells at the distal end of the infun-
dibulum. The infundibulum remains the stalk of the pituitary 
gland, and nerve fibers from the hypothalamus also grow 
into the posterior lobe via the infundibular stalk.

 Histology

 General Overview

Sampling the fetal pituitary gland for histological exami-
nation can be difficult because the tissues of the gland are 
extremely soft and are easily compressed if they are grasped 
by forceps. After removing the brain, the pituitary gland can 
be removed intact by excising it along with the bony tissues 
of the sella turcica. Using this technique, the surrounding 
cartilaginous and bony tissues of the sella turcica protect the 
pituitary gland and serve as a “handle” to grasp the gland. 
The entire gland with the rim of the cartilaginous and bony 
tissue can be submitted in toto for histologic examination 
after brief decalcification.

Because of their separate embryologic origins, the ante-
rior and posterior lobes of the pituitary gland have quite dis-
tinct histological appearances in the fetus. The anterior lobe 
of the pituitary gland appears as an ovoid, amphophilic mass 
of polygonal epithelial cells that are separated by a slit-like 
cavity from the thin layer of similar-appearing cells, form-
ing the pars intermedia in the posterior aspect of the anterior 
lobe. Although well demarcated from the anterior lobe, the 
posterior lobe is in direct contact with the anterior lobe and 
stands in contrast, with its pale staining and fibrous appear-
ance (Figs. 23.1, 23.2, 23.3, and 23.4). In routine sections of 
the fetal pituitary gland, the posterior lobe may not be readily 
identified, because it makes up a smaller proportion of the 
gland and the gland often has a random orientation. Deeper 
sections may be needed to assess the posterior pituitary gland.

a

b

Fig. 23.2 Higher-power views of the anterior lobe of the pituitary 
gland at 17 weeks gestation. (a) The anterior lobe is composed of the 
pars distalis and pars intermedia, separated by residual lumen of 
Rathke’s pouch. (b) This close-up view is of the cells lining the lumen 
of Rathke’s pouch. Note the cuboidal to columnar, palisading epithelial 
cells. ((a) H&E, 4×; (b) H&E, 20×)

Fig. 23.3 Low-power view of the pituitary gland at 26 weeks gesta-
tion. Note that the gland is larger, but the overall structure of the ante-
rior and posterior lobes is identical (H&E, 2×)
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 Anterior Pituitary

The anterior lobe of the pituitary gland is composed of epithe-
lial cells arranged in cords and nests with an intervening deli-
cate capillary network. The epithelial cells have round, slightly 
eccentrically placed nuclei and fairly abundant cytoplasm, 
which is characterized by an affinity for either acidophilic dye 
(acidophils), basophilic dye (basophils), or neither (chromo-
phobes) on H&E staining. The acidophil cells appear to be the 
most numerous in the fetal pituitary gland and have brightly 
eosinophilic cytoplasmic granules. As a general rule, acidophil 
cells are considered to secrete GH and PRL and are located 
primarily in the rounded lateral projections of the pars distalis. 
Basophil cells are also commonly present and have dark blue-
stained cytoplasmic granules. Basophils that secrete ACTH 
and TSH are located primarily in the central region of the pars 
distalis, referred to as the mucoid wedge because the basophil 
cells are also positive using the periodic acid–Schiff method 
[8]. Basophil cells that secrete the gonadotropins FSH and LH 
are scattered throughout the pars distalis. Both acidophils and 
basophils are generally arranged in clusters throughout the 
gland (Fig. 23.5). Although chromophobe cells can represent 
up to 50% of cells in the adult pituitary gland [8], they are not 
very prominent in the fetal pituitary. They are seen as only small 
clusters of cells with poorly stained, inconspicuous cytoplasm.

Immunohistochemical studies in rats indicate that 
ACTH is the first pituitary hormone, detectable on embry-
onic day 15, and that the other hormones become detect-
able in a predictable pattern over the next few days [9]. 
Immunohistochemical and ultrastructural studies of human 
fetal pituitary glands [10–12] have shown that ACTH- 
producing cells are seen as early as 6–8  weeks gestation. 

Features characteristic of somatotrophs, which secrete 
GH, are seen at 8–9  weeks, and cells producing most 
other hormones are identifiable by 15–16 weeks gestation. 
Lactotrophs, PRL-producing cells, are somewhat variable in 
number in the first and second trimesters but are relatively 
numerous near term. In general practice, immunohisto-
chemical stains for the pituitary hormones can be performed 
on the human fetal pituitary gland and will reveal the pres-
ence of all the anterior pituitary hormones near term. The 
staining pattern for each hormone is different, varying in 
intensity and the number of cells stained, but is similar to 
the pattern for adult control pituitary glands. The hormones 
with the most intense and widespread staining in the ante-
rior lobe are ACTH (Fig. 23.6) and GH (Fig. 23.7).

A unique histological feature of the anterior lobe of the 
fetal and newborn pituitary is the presence of ovoid, calci-
fied concretions (Fig. 23.8). These laminated calcifications 
have been noted in a majority of fetal pituitaries from mid- 
gestation to term, but they generally disappear within the 
first 6 months of life [13, 14]. Although the etiology of these 
calcifications is uncertain, hypotheses include a relationship 
to hormonal activity of the fetal pituitary gland or develop-
mental processes associated with cell death [13, 14].

By adulthood, the lumen of Rathke’s pouch between the 
pars distalis and pars intermedia is no longer visible, but 
in the fetal and neonatal pituitary gland, the space may be 
present and lined by cuboidal to columnar epithelial cells 
(see Fig. 23.2). Persistence of a so-called Rathke cleft cyst 
(Fig. 23.9) is identified as an incidental finding in up to one 
third of autopsy cases [15, 16]. If large enough, the Rathke 
cleft cyst in adults and children can become symptomatic 
and require surgical intervention. Embryonic epithelial rem-
nants of the obliterated stalk connecting Rathke’s pouch to 
the embryonic oral cavity may also persist in the submucosa 
of the nasopharynx as the “pharyngeal pituitary” or in the 
sphenoid bone along the embryonic path of the stalk; these 
embryonic rests may be functional, may be the origin of 
ectopic pituitary adenomas, and have been described with 
central nervous system malformations such as anencephaly, 
holoprosencephaly, and neural tube defects [17–20].

 Posterior Pituitary

The main cell type seen in the posterior pituitary is the pitui-
cyte, which is best classified as a subtype of the glial cell. 
Pituicytes have ovoid to elongate nuclei, and most have fibril-
lary cytoplasmic processes (Fig. 23.10; see also Figs. 23.1, 
23.3, and 23.4). In the adult pituitary gland, the posterior 
pituitary shows immunoreactivity for glial fibrillary acidic 
protein, vimentin, and S100 protein, but in fetal life, only 
very few glial fibrillary acidic protein-positive fibers are 
seen (Fig. 23.11). The morphologic features of pituicytes can 

Fig. 23.4 Closer view of the junction between anterior and posterior 
pituitary lobes at 26  weeks gestation. Note the residual lumen of 
Rathke’s pouch and the lining epithelial cells. Glandular structures are 
formed within the pars intermedia. The posterior lobe (upper left) has a 
pale, fibrillary appearance (H&E, 4×)
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Fig. 23.6 Anterior pituitary gland at 35  weeks gestation. 
Immunohistochemical stain for ACTH shows numerous anterior pitu-
itary cells with positive staining (ACTH immunohistochemistry, 20×)

Fig. 23.7 Anterior pituitary gland at 35  weeks gestation. 
Immunohistochemical stain for GH shows numerous anterior pituitary 
cells with positive staining (GH immunohistochemistry, 20×)

a b

Fig. 23.5 (a, b) Views of the anterior lobe from the pars distalis region 
at 26 weeks gestation. Cells of the anterior lobe are arranged in small 
clusters, cords, and nests with intervening capillary network. Acidophil 

cells with eosinophilic cytoplasm are easy to distinguish from the baso-
phil cells, with their dark, granular cytoplasm. Chromophobe cells are 
inconspicuous (H&E: a 20×; b 40×)
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Fig. 23.8 (a, b) Anterior lobe of the pituitary gland at 35 weeks gesta-
tion. The overall architecture and cellular components are similar to 
26 weeks gestation (as in Fig. 23.5). Acidophil and basophil cells are 
easily distinguished by their cytoplasmic features. Chromophobe cells 

are still inconspicuous. Note the ovoid, darkly basophilic concretions 
present in the anterior lobe. These calcified concretions, which appear 
partially laminated, are commonly seen in fetal and newborn pituitary 
glands, until approximately 6 months of age (H&E: a 20×; b 40×)

Fig. 23.9 Rathke cleft cyst in a 1-year-old infant. Note the large 
cystic space involving the anterior pituitary gland. The cyst is lined 
by cuboidal to columnar epithelial cells, which can have cilia 
(H&E, 1×)

Fig. 23.10 Posterior lobe of the pituitary gland at 35 weeks gestation. 
The posterior pituitary occupies most of the field, with a small amount 
of anterior pituitary on the left for comparison. The posterior pituitary 
is less cellular, and its pituicytes have ovoid to elongated nuclei and 
fibrillary cytoplasm (H&E, 20×)
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vary, with at least five different types described in the adult 
pituitary [8]. The second major constituent of the posterior 
lobe is the nonmyelinated axons of neurosecretory neuronal 
cell bodies originating in the supraoptic and paraventricular 
nuclei of the hypothalamus. These axons store the two secre-
tory products of those nuclei, vasopressin or antidiuretic hor-
mone and oxytocin. These axons are easily identifiable in 
silver-stained sections of adult glands, but they are not as 
easily identifiable, even with silver stains, in the fetal pitu-
itary. The pituicytes surround the neurosecretory axons, and 
a major function of the posterior lobe is to release the stored 
hormones into the circulation. The posterior pituitary also 
has a rich vascular network.

Salivary gland rests have been described in a small per-
centage of normal pituitary glands in children and adults; 
their presence may explain the occurrence of salivary gland 
neoplasms within the sella turcica [21]. The rests are typi-
cally found either on the surface of the neurohypophysis 
or within it. They are characterized by a cluster or clusters 
of small, rounded glandular structures lined by a simple 
cuboidal to columnar epithelium (Fig.  23.12). The nuclei 
of the epithelium are usually basally located, and the cyto-
plasm is granular and strongly PAS-positive [8]. Two pos-
sible mechanisms for the formation of these rests are the 
transfer of salivary glands from the primitive mouth dur-
ing the formation of Rathke’s pouch or the induction of 
pituitary epithelium by heterotopic submandibular mesen-
chyme [21].
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