PITUITARY AND PINEAL GLANDS

Roger J Bick, PhD, MMEd
Reading: Gartner & Hiatt, Chapter 10; Klein and McKenzie, 251-270
Learning Objectives:

· Describe the development of the pituitary

· Describe and identify the cell types and hormones of the adenohypophysis

· Describe and identify the cell types and hormones of the neurohypophysis

· Describe the histology and function of the pineal gland

Key Words:  Rathke's pouch, chromophobes, acidophils, basophils, herring bodies, pinealocytes, corpora aranacea

PITUITARY GLAND
OVERVIEW- Consists of adenohypophysis (anterior pituitary) and neurohypophysis (posterior pituitary)
· Embryogenesis

· Neurohypophysis
· Pars nervosa
· Infundibulum (stalk + median eminence)

· Adenohypophysis – thickening of oral ectoderm that invaginates, forming a pouch (Rathke’s pouch).  

· Pars distalis (pars anterior)
· Pars tuberalis (surrounds the neural stalk)
· Pars intermedia
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· Arterial supply is from the internal carotid artery

· Right and left superior hypophyseal arteries – pars tuberalis + infundibulum + median eminence
· Right and left inferior hypophyseal arteries – pars nervosa + a little stalk
· Portal system
· Primary capillary plexus branches off of superior hypophyseal arteries in the stalk and median eminence.  Carry hypothalamic hormones to the adenohypophysis
· Secondary capillary plexus found in pars distalis
· Capillaries are fenestrated.
· Sites of hormone production and regulation

· Neurons of supraoptic and paraventricular nuclei of the hypothalamus produce hormones that are stored at the ends of their axons in the neurohypophysis.
· Neurons of the dorsal medial, ventral medial and infundibulary nuclei of the hypothalamus produce releasing and inhibitory hormones that control function of the anterior pituitary gland. They are stored in axons in the median eminence and transported to the adenohypophysis via the primary capillary plexus.
· Hormones are produced by cells of the pars distalis and enter the circulation via the secondary capillary plexus.
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             Pituitary Gland 
ADENOHYPOPHYSIS
· Pars Distalis composed of nest and cords of epithelial cells surrounded by capillaries and reticular fibers.
· Chromophobes – cytoplasm very lightly stained (if at all).  Few to no secretory granules.
· Chromophils – cytoplasm stains pink to blue due to large number of secretory granules
· Acidophils – Consist of somatotrophs (growth hormone/GH) and mammotrophs (prolactin)
· Basophils – Consist of gonadotrophs (follicle-stimulating hormone/FSH and lutenizing hormone/LH); thyrotrophs (thyrotropin-releasing hormone/TSH); and corticotrophs (adrenocorticotropic hormone/ACTH).

· Pars Tuberalis -- portion of the adenohypophysis around the infundibulum.  Composed of basophilic cells that secrete gonadotrophs (FSH and LH).
· Pars Intermedia – Lies between the pars distalis and pars nervosa.  Contains small basophilic cells (function unknown) and remnants of Rathke’s pouch (colloid-filled cysts lined by cuboidal cells).  

NEUROHYPOPHYSIS
· Composed of unmyelinated axons originating from the supraoptic and paraventricular nuclei of the hypothalamus + pituicytes + vascular network.

· Hormones are made in the hypothalamus and stored in the pars nervosa in axonal dilatations (Herring bodies).
· Release oxytocin and antidiuretic hormone (ADH) into capillaries.  These are bound to a protein called neurophysin.  Release of the hormones is triggered by nerve impulses.
· Oxytocin induces contraction of the smooth muscle of the uterus for delivery of the fetus, and contraction of the myoepithelial cells of the mammary gland for nursing.
· ADH acts on the kidney to cause absorption of water when the osmotic pressure of the blood increases.

· Pituicytes -- make up approximately 25% of the mass.  Are glial cells with numerous branching processes.
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      Neurohypophysis 

Secretory Cells of the Pars Distalis.

	Cell Type
	Stain Affinity
	Hormone Produced
	Main Physiologic Activity
	Hypothalamic Releasing Hormones
	Hypothalamic Inhibiting Hormones

	Somatotroph
	Acidophilic
	Growth Hormone
	Acts on growth of long bones 
	Somatotropin-releasing hormone (SRH)


	Somatostatin

	Mammotroph
	Acidophilic
	Prolactin
	Promotes milk secretion
	Prolactin-releasing hormone (PRH)
	Prolactin-inhibiting hormone (PIH)



	Gonadotroph
	Basophilic
	Follicle-stimulating hormone (FSH) and luteinizing hormone (LH)
	FSH promotes ovarian follicle development & estrogen secretion (female); stimulates spermatogenesis (male).

LH promotes ovarian follicle maturation & progesterone secretion (female); Leydig cell stimulation and androgen secretion (male).


	Gonadotropin-releasing hormone (GnRH).  May be two releasing hormones:  FRH (follicle-releasing) and LRH (lutein-releasing)
	

	Thyrotroph
	Basophilic
	Thyrotropin (TSH)
	Stimulates thyroid hormone synthesis, storage, and liberation


	Thyrotropin-releasing hormone (TRH)
	

	Corticotroph
	Basophilic
	Corticotropin (ACTH)
	Stimulates secretion of adrenal cortex hormones
	Corticotropin-releasing hormone (CRH)
	







PINEAL GLAND
GENERAL INFORMATION - Located in the roof of the posterior 3rd ventricle; also called the epiphysis cerebri or pineal body. Covered by pia mater except at its base. Blood supply is from the posterior choroid arteries.
· Synthesizes melatonin and serotonin. Involved in circadian biorhythms via a brain response to light and subsequent secretion of melatonin. It also has a number of more ill defined functions in the regulation of reproductive processes (onset of puberty, for instance).
· Is innervated by unmyelinated nerve fibers that synapse with pinealocytes. The neurotransmitters norepinephrine and serotonin are found in these nerve endings. 
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HISTOLOGY

· Basic histologic pattern is that of ill-arranged cells separated by wide perivascular spaces. Fibrous septae are present. There are 2 primary cell types.
· Pinealocytes – the most numerous cell present and the principal functional cell. With EM, see long, branching processes that end in a flat “foot” on blood vessels.  These are the cells that produce melatonin.
· Astrocytes – the nucleus is smaller and darker than that of the pinealocytes.  They form end-feet that abut blood vessels.
· Corpora aranacea (brain sand) – irregular, multilayered concretions of hydroxyapatite, calcium phosphate, and other stuff.  Are seen in increasing numbers as the body ages since there is increasing mineralization of the pineal gland with age; it serves as a good landmark for radiologists.
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               Pineal Gland 
________________________________________________________________________________
PITUITARY & PINEAL LABORATORY

Slide 66 (Pituitary Gland)

This is a human pituitary gland stained with H&E.  Hold the slide against a white background and it will become a bit more obvious that the tissue is composed of 2 distinct areas –the adenohypophysis and the neurohypophysis.  Once you place the slide on the microscope, note that certain areas are very cellular (the adenohypophysis) and other areas have a “neural” look (the neurohypophysis).  Locate the following:

· Acidophil cells stain bright pink and seem most numerous in the lateral aspect of the gland.

· Basophil cells stain light pink-blue or lavender (often not real “basophilic”), and seem most numerous in the central part of the gland.

· Chromophobe cells do not demonstrate cytoplasmic staining, and appear as nuclei surrounded by a relatively clear area.

· Notice that the cells are often arranged in islands or cluster and that various combinations of the three cell types may be seen adjacent to each other.  They are separated by intervening delicate vessels and fibrous strands.

· The posterior pituitary has a “neural” look.  The nuclei belong to pituicytes and fibroblasts.

· Herring bodies are small islands of amorphous colloid substance; remember that they are the result of expanded foot processes of the astrocytes.

· Within the anterior pituitary, close to the posterior, are small cystic spaces lined by cuboidal epithelium, some of which may demonstrate cilia.  These are the remnants of Rathke’s pouch.

Slide 67 (Pineal Gland)

Note that the fibroglial vascular septae produced a pseudoalveolar pattern in this pineal. What in the world does this mean, you ask?  It is pathologist (pathological?) terminology meaning that there are thickened fibrous septae (remember that fibrous connective tissue will be pink) that separate groups of cells more or less into islands.  The majority of the cells are the pinealocytes with large, vesicular nuclei.  Astrocytes are present as well (they tend to have small, dark nuclei).  Of particular interest (and a dead give-away as to the tissue type) are the corpora aranacea.  These are multilayered dark-purple concretions.  On some of the slides, choroid plexus is present as well (recall the location of the pineal). 
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