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Abstract: The central organs of the endocrine system — the hypothalamus and
the pituitary gland (hypophysis) — form a functional unit that orchestrates the entire
endocrine axis. Understanding their histological structure is fundamental to
comprehending their neuroendocrine regulatory roles. Objective: To describe the
microscopic anatomy of the hypothalamus and pituitary gland, highlighting the
structural features that underpin their neuroendocrine functions. Methods: A narrative
review was conducted using standard histology textbooks and peer-reviewed
literature on the histology of the endocrine system. Results: The hypothalamus
contains specialized neurosecretory neurons grouped into nuclei (e.g., supraoptic
and paraventricular nuclei) that produce releasing/inhibiting hormones and the
posterior pituitary hormones (ADH and oxytocin). The pituitary gland consists of two
distinct lobes with different embryological origins: the adenohypophysis (anterior
lobe), composed of chromophobes and three types of chromophils (acidophils,
basophils, and corticotrophs) that secrete trophic hormones; and the
neurohypophysis (posterior lobe), composed of unmyelinated axons, pituicytes, and
Herring bodies that store neurohormones. The hypothalamic-hypophyseal portal
system connects the hypothalamus to the anterior pituitary, enabling precise
hormonal regulation. Conclusion: The histological organization of the hypothalamus
and pituitary gland reflects their integrated function as the master regulators of the
endocrine system.
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Introduction

The endocrine system is a complex network of glands that secrete hormones
directly into the bloodstream to regulate physiological processes such as metabolism,
growth, reproduction, and homeostasis. At the apex of this hierarchical system lie the
central organs: the hypothalamus and the pituitary gland (hypophysis) . These two
structures are anatomically and functionally connected, forming the hypothalamic-
pituitary axis, which serves as the primary link between the nervous and endocrine
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systems. The hypothalamus, a region of the diencephalon, integrates neural and
humoral signals and translates them into endocrine commands. The pituitary gland,
often termed the "master gland," receives these commands and, in turn, regulates
peripheral endocrine glands (thyroid, adrenal cortex, gonads). A thorough
understanding of the histological organization of these central organs is essential for
grasping their physiological roles and the pathological basis of neuroendocrine
disorders. This article provides a detailed histological description of the
hypothalamus and pituitary gland, correlating structure with function.

Methods

A narrative review was conducted using standard histology textbooks
(Junqueira's Basic Histology, Gartner's Textbook of Histology, Ross and Pawlina's
Histology) and peer-reviewed articles from PubMed and Google Scholar databases
covering the period 1990-2025. Keywords used included: "hypothalamus histology"”,
"pituitary  gland  histology”,  "neurosecretory cells", "adenohypophysis",
"neurohypophysis”, "hypothalamic-hypophyseal portal system", "paraventricular
nucleus”, and "supraoptic nucleus”. Information was synthesized into sections
describing the histology of the hypothalamus and the two lobes of the pituitary gland.

Results

The pituitary gland is a small, pea-sized organ (approximately 1 cm in diameter)
located in the sella turcica of the sphenoid bone. It is connected to the hypothalamus
by the infundibulum (pituitary stalk).Embryologically, the pituitary gland has dual
origins: the adenohypophysis (anterior lobe) develops from Rathke's pouch (oral
ectoderm), while the neurohypophysis (posterior lobe) develops from a downward
outgrowth of the hypothalamus (neural ectoderm).

Histology of the Hypothalamus

The hypothalamus is not a distinct gland but a region of the brain containing
specialized neurosecretory neurons. These neurons are morphologically similar to
other neurons but have the unique ability to secrete hormones into the bloodstream.

These are large neurons (20-40 ym) located primarily in the supraoptic nucleus
(SON) and paraventricular nucleus (PVN) . Their axons project directly to the
posterior pituitary. They synthesize two major hormones:

* Antidiuretic hormone (ADH / vasopressin) — produced primarily in the SON

» Oxytocin — produced primarily in the PVN

These hormones are transported along axons to the posterior pituitary, where
they are stored in axon terminals and released into the bloodstream upon neural
stimulation.

These are smaller neurons located in various hypothalamic nuclei (e.g., arcuate
nucleus, periventricular nucleus). Their axons project to the median eminence, where
they secrete releasing and inhibiting hormones (e.g., TRH, CRH, GnRH, GHRH,

134



PEDAGOGICAL SCIENCES AND TEACHING METHODS / 2026 — PART 56/

somatostatin, dopamine). These hormones are released into the hypothalamic-
hypophyseal portal system to regulate the anterior pituitary.

The pituitary gland is encapsulated by a thin fibrous connective tissue capsule.
It is divided into two main lobes with distinct histological features.

Adenohypophysis (Anterior Lobe)

The adenohypophysis comprises approximately 75% of the pituitary gland. It is
further subdivided into the pars distalis (main bulk), pars tuberalis (wrapping the
infundibulum), and pars intermedia (rudimentary in humans). The parenchyma
consists of cords and clusters of epithelial cells supported by a delicate reticular fiber
network and rich sinusoidal capillaries.

Based on their affinity for stains, secretory cells are classified into two main
types:

A. Chromophils (approximately 50% of cells) — actively secreting cells with
abundant cytoplasmic granules. They are further divided into:

 Acidophils: Stain red with eosin. They include somatotrophs (secrete growth
hormone, GH) and mammotrophs or lactotrophs (secrete prolactin, PRL).

» Basophils: Stain blue with hematoxylin. They include corticotrophs (secrete
adrenocorticotropic hormone, ACTH), thyrotrophs (secrete thyroid-stimulating
hormone, TSH), and gonadotrophs (secrete follicle-stimulating hormone, FSH, and
luteinizing hormone, LH).

B. Chromophobes (approximately 50% of cells) — stain poorly; they may
represent resting, degranulated, or stem cells.

The neurohypophysis comprises the pars nervosa (main part), the infundibular
stalk, and the median eminence. It does NOT contain secretory cells. Instead, it is
composed of three main structural elements:

* Unmyelinated axons: These are the axons of magnocellular neurons from the
SON and PVN.

 Herring bodies: Dilated bulbous swellings of axons that contain accumulations
of neurosecretory granules (ADH or oxytocin). These represent storage sites for
hormones before release.

 Pituicytes: Specialized glial cells (modified astrocytes) that surround and
support the axons. They have elongated nuclei and long cytoplasmic processes.

» Fenestrated capillaries: These allow direct release of stored hormones into the
systemic circulation.

Hypothalamic-Hypophyseal Portal System

This specialized vascular system connects the hypothalamus to the anterior
pituitary. It consists of three components:

1. Primary capillary plexus in the median eminence — receives releasing and
Inhibiting hormones from parvocellular neurons.
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2. Portal veins (long and short) — transport hormones directly to the anterior
pituitary without dilution into the systemic circulation.

3. Secondary capillary plexus in the anterior pituitary — delivers hormones to
target chromophil cells.

This system ensures that hypothalamic hormones reach the anterior pituitary in
high concentrations, enabling precise regulation of trophic hormone secretion.

Discussion

The histological organization of the hypothalamus and pituitary gland reflects
their integrated role as the central regulators of the endocrine system. The presence
of specialized neurosecretory neurons within the hypothalamus bridges the critical
gap between neural signaling and hormonal output. The distinction between
magnocellular and parvocellular neuronal systems highlights two different modes of
neuroendocrine communication: direct axonal projection to the posterior pituitary
(magnocellular) versus indirect regulation via the portal system (parvocellular).

The adenohypophysis, with its diverse population of chromophils, demonstrates
how a single gland can produce multiple trophic hormones that regulate distinct
peripheral targets. The classification of acidophils, basophils, and chromophobes
based on staining affinity correlates with specific hormone products, though
immunohistochemistry is now the gold standard for precise cellular identification. The
neurohypophysis, contrary to its name, is not a true gland but rather an extension of
neural tissue. The presence of Herring bodies and pituicytes distinguishes it from
typical neural tissue elsewhere in the brain.

From a clinical perspective, understanding normal histology is essential for
recognizing pathological conditions. Pituitary adenomas are common benign tumors
that can be classified based on the cell type of origin (e.g., prolactinoma from
lactotrophs, somatotroph adenoma causing acromegaly). Damage to the
hypothalamic-pituitary axis resulting from trauma, surgery, or tumors can lead to
panhypopituitarism. Histological examination of biopsy or autopsy specimens
remains an important tool for definitive diagnosis.

A limitation of this review is that it focuses primarily on normal histology; detailed
pathological correlates are beyond its scope. Future research using advanced
techniques such as single-cell RNA sequencing and multiplex immunohistochemistry
is likely to reveal previously unrecognized heterogeneity among pituitary cell
populations and refine our understanding of their functions.

Conclusion

The hypothalamus and pituitary gland represent the central command center of
the endocrine system. The hypothalamus contains specialized neurosecretory
neurons organized into distinct nuclei that produce either posterior pituitary hormones
(via magnocellular neurons) or hypothalamic regulatory hormones (via parvocellular
neurons). The pituitary gland is divided into two functionally and histologically distinct
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lobes: the adenohypophysis, composed of chromophils (acidophils and basophils)
and chromophobes that secrete trophic hormones; and the neurohypophysis,
composed of unmyelinated axons, pituicytes, and Herring bodies that store and
release ADH and oxytocin. The hypothalamic-hypophyseal portal system provides a
direct vascular link that enables precise hormonal regulation. A thorough
understanding of this histological architecture is fundamental for comprehending
normal endocrine physiology and the pathogenesis of neuroendocrine disorders.
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