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I. Gastrointestinal System

	Plexus
	Location
	Cell Types
	Functions

	Myenteric (Auberach’s)
	Between the inner circular and outer longitudinal layers of smooth muscle within the muscularis externis
	Glial cells, intramural neurons (small and not identifiable), postganglionic parasympathetics (large with fine Nissl substance and an eccentrically placed nucleus)
	Stimulate peristalsis and segmentation

	Submucosal (Meissner’s)
	Within the submucosa
	Same
	Stimulate secretion of mucus and motility of muscularis mucosa


How to Identify the Organs of the GI Tract: A How To Book by Laura Elyse Shevy

	ORGAN
	Epithelium
	Lamina Propria
	Muscularis Mucosa
	Sub-mucosa
	Muscularis Externa
	Serosa/ Adventitia
	Other Identifying Characteristics

	I. Mouth:  

A. Vestibule

a) cutaneous lip
	stratified squamous incompletely keratinized
	
	
	
	
	
	Epithelium has hair follicles (not teeth!), sebaceous, and sweat glands

	b) red area of lip
	stratified squamous incompletely keratinised; no stratum granulosum
	
	
	
	
	
	-Tall dermal papillae

-No glands or follicles

-Lots of capillaries

	c) buccal surface 
	serous and mucous acini as labial glands
	
	
	
	
	
	DO NOT WORRY ABOUT THIS ONE! *NOT ON SLIDE*

	B. Oral Cavity Proper

a) tongue
	Stratified squamous incompletely keratinized
	dense, irregular FECT
	
	NONE
	Intrinsic muscles of tongue
	
	Epithelium has lingual papillae including filiform, fungiform, and circumvallate (see next tables)

	II. Pharynx (oropharynx)
	Stratified squamous incompletely keratinized
	-dense, irregular FECT

-lymphocytes

-mucus glands 
	
	NONE
	layered skeletal muscle-backwards:

-inner longitudinal = elevators (stylopharyngeus)

-outer circular=constrictors
	Adventitia (buccopharyngeal fascia!)
	No epithelial specializations

	III. Eso-phagus

a) upper
	Stratified squamous incompletely keratinized
	Cardiac glands secrete mucus
	Scattered bundles of smooth muscle
	Esophageal glands secrete mucus
	Irregularly arranged skeletal muscle (inferior constrictor)
	Adventitia of Dense FECT
	

	b)lower
	Stratified squamous incompletely keratinized
	Cardiac glands secrete mucus
	Discrete layer of smooth muscle
	Esophageal glands secrete mucus
	Smooth muscle only as inner circular and outer longitudinal (normal!)
	Serosa inferior to diaphragm
	Pyloric Sphincter is a physiological sphincter, not an anatomical one. 

	IV. Stomach

a) cardiac 
	Mucus columnar (but is at transition of ss(columnar) line surface and gastric pits. Lots of glands present. 
	Reticular CT with lotsa capillaries 
	Present
	Present with large blood vessels
	Loosely packed with normal layering
	Serosa due to mesentery
	-gastric pits give rise to gastric glands. Pits are lined by mucus columnar cells.

-Pit:gland ratio is low; there are mostly glands and few pits.

	b) fundic
	Mucus columnar cells in epithelium; glands contain NO mucus; do contain parietal, chief, mucus neck cells. 
	Reticular CT with lotsa capillaries
	Present
	Present with large blood vessels
	Loosely packed with normal layering
	Serosa
	-Pit:gland ratio is low; pits are short and glands are long.

-Parietal and Chief Cells found here

	c) pyloric
	Mucus columnar; apical cytoplasm is light staining with flattened, hypochromatic nucleus located basally.
	Reticular CT with lotsa capillaries
	Present
	Present with large blood vessels
	Inner circular layers thicken considerably to form the pyloric sphincter.
	Serosa
	-Pit:gland ratio is high; the pits are large and there are more pits than glands.

Gastric pits are deeper here so most cells we can see are mucus columnar cells. 

-Glands are branched.

	V. Small Intestine

A) Duodenum
	Simple columnar; few goblet cells. Most cells are columnar absorptive cells. Few pareth cells at base of crypts.
	Reticular CT with crypts. 
	
	Brunners Glands are basic glands that protect the 1st ½ of the duod. Clear b/c of mucus.
	
	
	-Crypt cells and villi are present on mucosa.

-No plicae circulares.



	V. Small Intestine

B) Jejunum

? (
	Simple columnar; more goblet cells. Most cells are columnar absorptive cells. Few pareth cells at base of crypts. Plicae are tall.
	Within the villus the LP is present, containing capillaries, lymphatic capillaries.
	
	
	
	
	-Crypt cells and villi are present on mucosa.

-Plicae are present. Have submucosal centers. Villi and crypt cells emanate from the plicae.

-Peyer’s Patches are lymphoid nodules which have germinal centers. 



	V. Small Intestine 

C) Ileum
	Simple columnar; tons of goblet cells. Many pareth cells at base of crypts. Plicae are tall but not as tall as those in the jejunum.
	
	
	
	
	
	

	VI. Large Intestine

A) Colon 
	Flat epithelial lining with crypts, not unlike the stomach, but has many goblet cells.
	
	
	
	Inner circular and outer longitudinal (normal!). Has uneven surface with three bumps which comprise the taenia coli.
	
	-No pareth cells.

	VI. Large Intestine

B) Vermiform Appendix
	Colon histology but is very small.
	
	Many lympho-cytes present.
	
	
	
	

	VI. Large Intestine

C) Internal and External Anal Sphincters
	Stratified squamous incompletely keratinised.
	
	
	
	Internal = smooth muscle

External = skeletal muscle
	
	

	VII. Gall-bladder


	Simple columnar with centrally placed nucleus; no goblet cells; no striated border because the epi. is not absorptive.
	Loose FECT with plasma cells, etc. but is not considered reticular CT because there are only few cells present.
	None
	None
	Smooth muscle lies in discrete bundles like in the ureter/bladder. This allows for bile to be squeezed into the cystic duct.
	Not a S/A, but this thickest  layer is called the perimusc-ular coat comprised of dense( loose FECT.
	-No villi present.

-There are, however, mucosal folds of LP that exist irregularly.

-Presence of perimuscular coat as thickest layer and discrete smooth muscle bundles is pretty defining for the gall bladder.


I. B) How To Differentiate Papillae

	Papilla
	Shape
	Function

	Filiform
	Hooked
	Grabs onto food as you eat it

	Fungiform
	Small box-shaped
	?

	Circumvallate
	Tall and rectangular; apical surface extends further than fungiform
	Have taste buds and serous acini which secrete saliva so you don’t taste your food for three days!


I. B) Differentiating Lingual Glands

	Lingual Glands
	Cell Types
	Miscellaneous

	Anterior (Nuhn)
	Mixed serous and mucous acini
	*NOT ON OUR SLIDES!*

	Middle (von Ebner)
	Serous
	Associated with circumvallate papillae of sulcus terminalis

	Posterior
	Mucous
	


IV. B) Cells of the Fundic Stomach

	Cell
	Nucleus
	Cytoplasm
	Location

	Parietal
	central
	eiosinophilic-red bc of mitochondria. They make ATP which is necessary to run all of the ion pumps (ATPases).
	Apex of gland

	Chief
	eccentric
	basophilic-blue bc of proteins. Chief cells secrete pepsinogen.
	Base of gland

	Mucus Neck Cells
	eccentric/cuboidal
	eiosinophilic-secretes mucus so the stain is cleared out. 
	Junction of pits and glands


V. Types of Crypt Cells

	Cell
	Function
	Location

	APUD
	secrete local hormones
	

	Oligomucous cells
	goblet cells that secrete mucus
	

	Pareth cells (ileum)
	release lysozyme, an antibacterial agent to help control bacterial levels in intestine.
	Only in base of crypt cells


II. Exocrine and Endocrine Glands

I. Ducts - As glands exist as multiple lobules encased in FECT, ducts can exist either within the lobules as intralobular ducts or between lobules as interlobular ducts. Intralobular ducts are further subdivided into intercalated and striated ducts:

I. A Comparison of Exocrine Duct Types

	Duct
	Cell Type
	Other ID Features

	1. Intralobular - Intercalated
	Simple cuboidal
	Lighter staining cells

	2. Intralobular - Striated
	Simple columnar, has many mitochondria
	Adipocytes

	3. Interlobular
	Stratified cuboidal or tall columnar
	Surrounded by CT that is the interlobular septum


II. Salivary Glands - are comprised of the parotid which opens into the vestibule of the mouth opposite the 2nd upper molar, the submandibular, and the sublingual glands.

III. Pancreas - is divided into exocrine and endocrine portions. The exocrine portion secretes pancreatic juice which flows into the duodenum by a duct system. The endocrine portion secretes insulin and other fun hormones into the capillaries that surround the endocrine cells. The endocrine cells are clustered into islets of Langerhans. 

Within the exocrine pancreas, secretions can be divided into aqueous secretions and enzymatic secretions. The enzymatic component is secreted by the secretory acini (there are no mucous acini here!). The acinar cells cluster around a (perhaps invisible) lumen which sometimes contains a centroacinar cell. This cell represents the intra-acinar portion of the duct system. 

II. A Comparison of Exocrine Glands

	Gland
	Cell Types
	Duct Type 

	II. Salivary Glands

A) Parotid
	Mainly serous acini. Granular appearance because of proteins secreted.
	Long intercalated ducts that stain lightly and are cuboidal; and striated ducts that are few in number. Give rise to Stenson’s duct which drains the gland and is lined by stratified columnar epithelium.

	I. Salivary Glands B) Submandibular
	75% serous; 25% mucous

acini with serous demilunes.
	Mainly striated ducts which are longer and more branched than in parotid; looser organization. Intercalated ducts are shorter and difficult to see in the slide. 

	II. Salivary Glands C) Sublingual
	75% mucous; 25% serous.
	Few intralobular ducts. Mainly interlobular ducts which are larger than intralobular ducts.

	III. Exocrine Pancreas
	100% serous acini. Acinar cells are pyramidal and exist in clusters around a lumen. Stain darkly at the base due to the abundant rER, but stain acidophilically at the apex because of the enzymes being produced as zymogen granules. Centroacinar cells exist within the acini themselves, but look like intercalated ducts. Have euchromatic nuclei and 
	Intercalated ducts only. Few to no striated ducts. 


IV. Liver - the liver is considered both an endocrine and an exocrine organ. It is classified as the former because it secretes stuff into the blood, and as the latter because it produces bile. The secretory cell is the hepatocyte. The blood flow of the liver is anatomically divided into hepatic lobules, which are hexagonally shaped with a central vein in the center. The central veins combine to form the hepatic veins which leave the liver and drain blood to the IVC. At the corner of each hepatic lobule is a portal canal, which contains a branch each of the hepatic artery, common bile duct, and portal vein. Deoxygenated, though nutrient-rich blood flows from the:

portal canal (branch of the portal vein)(central vein(hepatic vein(IVC(right heart

This rich blood supply allows for the secretion of good stuff into the blood, and also for the liver to pick up bad stuff (detoxify). Since the arterioles are small and must cover a large territory, liver disease attacks zone I areas first (those not immediately near a portal canal, i.e. those in the center of the hepatic lobule.

The bile flow of the liver is anatomically divided into portal lobules which denotes the flow of bile over a triangular area (from central vein to central vein to central vein). Bile flows radially inwards from the central vein.

III. Cell Types of the Exocrine Liver

	Cell Types/Structures
	Functions

	A. Hepatic Lobules

     a. portal canals - surrounded by CT and comprised of dense, irregular FECT. Contain a lumen which is comprised of squamous cell epithelium. A branch of the common bile duct, portal vein, and hepatic artery (portal triad) run within the PCs. Common bile duct branch has simple cuboidal epithelium with apical cytoplasm. 

     b. central veins collect blood flowing from the portal canal into the hepatic lobule.  
	The hepatic lobules dictate the flow of blood within the liver, from the portal triad in the portal canal, to the central vein within the center of the hepatic lobule.

	B. Portal Lobules just the triangular region connected by three adjacent central veins.
	The portal lobules dictate the flow of bile, from the central veins, radially inwards.

	C. Parenchymal cells

    a. hepatocytes - may be binucleate. Sit in rows surrounded by sinusoids. 

    b. sinusoids - wide capillaries lined by an endothelium. Lymphocytes and WBCs are present. 

     c. Kupffer cells - span the lumen of sinusoids. Have many stellate processes and red cytoplasm. Macrophage cells with large, dark nuclei and frosty cytoplasm. 
	The space between the hepatocyte and the sinuosid is called the Space of Disse and is the area through which materials must diffuse to enter or exit the capillary/hepatocyte. 

Kupffer cells act as the macrophage cell of the sinusoids, clearing them of debris and potential pathogens.


III. Skin

I. Layers of the Skin, Compared

	Layer (O(I)
	Cell Types

	Epidermis
	Has our favorite layers, the stratum corneum

stratum granulosum

stratum spinosum

stratum basale

Ducts of sweat glands

	Dermis
	Papillary Layer

Subpapillary Plexus

Reticular Layer

Ducts of Sweat Glands

Metarterioles

	Dermal/Hypodermal Junction
	Cutaneous Plexus

Sweat Glands

	Hypdermis
	Adipose and Fascia

AV shunts


II. Layers of the Epidermis

	Layer (O(I)
	Cell Types
	Thickness

	Stratum Corneum
	Squames-cell remnants after the cells die and lose their organelles and nuclei. Essentially represent protein-filled sacs.
	Variable, depending on region: plantar surface has a very thick S. corneum, while palmar surface has a smaller one.

	Stratum Granulosum
	Keratohyaline granules-basophilic cells.
	

	Stratum Spinosum
	Keratinocytes- cells which have desmosomes to connect to each other. Cells shrink during the staining process and leave big spaces.
	Variable thickness.

	Stratum Basale
	At junction of epi/dermis.

Keratinocytes 

Melanocytes - make melanosomes which migrate to stratum spinosum and create skin coloring. Seen as clear areas. 
	1 cell layer thick.


III. Layers of the Dermis

	Layer (O(I)
	Cell Types

	Papillary Layer
	Dense, irregular FECT. Collagen fibers are smaller and more densely packed.

	Reticular Layer
	Dense, irregular FECT. Collagen fibers are larger and more loosely packed with only a few fibroblasts.


IV. Glands of the Skin

	Gland
	Location
	Nucleus
	ID Characteristics

	Ecrine Sweat Glands
	Dermal/hypodermal junction
	Secretory part: columnar/pyramidal simple epithelium

Duct part:

cuboidal stratified with red articular border at lumen.
	Ye old normal sweat glands. Have a secretory part at the d/h junction with a duct system that runs up into the epidermis.

	Sebaceous
	Associated with hair follicles
	Basally-placed nucleus with light-staining cytoplasm.
	

	Apocrine Sweat Glands
	Specialized sweat glands associated with hair follicles of armpits and pubic regions.
	Simple columnar with basally placed nuclei. 
	Prominent myoepithelial cells, apical cytoplasm has secretory granules. Large lumen.


IV. Endocrine Glands

I. Pituitary - the hypophysis is comprised of two distinct layers of embryonic origin-the neuroectoderm (becomes the pars nervosa) and Rathke’s pouch (becomes everything else). Eventually, the neurohypophysis is comprised of the infundibular stalk, infundibulum, and pars nervos and is called the posterior pituitary. The adenohypophyisis is comprised of the pars intermedialis, pars distalis, and the pars tuberalis and is called the anterior pituitary. There is no direct neural control of the adenohypophysis by the hypothalamus. Instead, releasing factors (either stimulatory or inhibitory) are released from the hypothalamus and act on the pars distalis of the anterior pituitary to control secretions. For this reason, the pars distalis is heavily surrounded by blood vessels.

I. Histological Distinctions of the Regions of the Pituitary

	Pars
	Cell Types
	Function

	Infundibular Stem
	Fibrous due to presence of non-myelinated axons of neurosecretory cells whose cell bodies lie in the hypothalamus.
	Hypothalamopituitary tracts

	Pars Nervosa
	-pituicytes-small, dark, flattened nuclei with red cytoplasm. Abundant.

-blood vessels-endothelial cells of caps/postcapvenules

-herring bodies-neurosecretory vesicles
	Provide support for terminal axons.

Blood supply of region, also transport hormones

Contain ADH, oxytocin. 

	Lumen
	
	

	Pars Tuberalis 
	Epitheloid cells with sparsely scattered granules; blood vessels.
	Encases the infundibular stem and covers the median eminence. 

	Pars Intermedia
	Basophilic nuclei with red cytoplasm
	Site of Melanocyte SH

	Pars Distalis (largest)
	-chromophobes-no cytoplasmic staining in middle of a cluster. Just a nucleus (50% of cells)

-chromophils-have cytoplasmic staining and include the following:

     -acidophils (80% of chromophils)

     -basophils (20%)
	Acidophils include somatotrophs and mammotrophs which make growth hormone and prolactin, respectively.

Basophils include corticotropes, thryotropes, and gonadotropes.


II. Pineal Gland - secretes melatonin. 

	Cell Type 
	Function

	Pinealocyte
	Parenchymal; produces melatonin. Red-staining cytoplasm

	Glial Cells
	Not visible.

	Corpora arenacea
	Brain sand-calcium salt deposits.


III. Endocrine Pancreas - islets of Langerhans contain (, (, and ( cells, though these are indistinguishable. ( cells lie in the middle of the islets, while ( cells lie at the periphery.

IV. Thyroid Gland - 

	Cell Type 
	Function

	Connective Tissue Capsule
	Trabeculae/septa arise and divide the thyroid into lobules. The septa contain all the many blood vessels.

	Follicles (external) and

Colloid (internal)
	Circular structures which have cuboidal follicular cells on their periphery. These cells trap iodide, send it to be complexed with thyroglobulid in the colloid center, and then put it back into the follicular cells where it is secreted as T3 and T4.

	Parafollicular Cells
	calcitonin-secreting cells. Basophilic nucleus with a thin rim of cytoplasm.


V. Parathyroid Gland - secretes parathyroid hormone which regulates calcium.

	Cell Type
	Function

	Connective Tissue Capsule
	

	Trabeculae
	House very large blood vessels

	Parenchymal cells: chief cells
	Make parathyroid hormone; round, euchromatic nucleus

	Parenchymal cells: oxyphils
	Irregularly shaped, dark nucleus; function unknown.


VI. Adrenal Glands - the cortex is responsible for secreting mineral corticoids (aldosterone), glucocorticoids (cortisol), and androgens and is derived from mesoderm. The medulla secretes catecholamines like epinephrine, and is derived from neural crest cells.

	Cell Type
	Function

	Capsule
	Very thick

	Cortex
	Has blood vessels called sinusoids running through it. Where the sinusoids end is the medulla.

	Cortex: zona glomerulosa
	roundish, located beneath the capsule; stains basophilically but it secretes aldosterone

	Cortex: zona fasciculata
	Little staining because it secretes steroid hormones

	Cortex: zona reticularis
	Stains eiosinophilically 

	Medulla
	Red cells, no blood vessels. Chromaffin cells look like zona reticularis but there are no sinusoids running through the medulla.


V. Bone

I. Bone Cell Types

	Cell Type
	Function
	Location
	Cell Characteristics

	Osteocyte
	
	Within bone matrix.
	Lies in a lacuna within the matrix. ?Many cellular processes?

	Osteoblast
	Secretory cell of organix matrix-only secretes towards bone surface. 
	Line all bone surfaces. On edges. 
	Cell height varies; usually cuboidal, hasta columnar or squamous.

	Osteoid
	Very thin clear space between matrix and osteoblasts. Noncalcified/ nonmineralized bone matrix.
	Clear space between matrix and osteoblasts.
	Clear space

	Osteoclasts
	Destroy bone tissue and aid in resorption. 
	On bone, on top of a Howship’s lacuna. Along surface.
	Huge cells that exist irregularly. Insert themselves onto a Howship’s lacuna and do the whole ruffled border thing.


II. MacroAnatomy of Bone

Bone, on a macroscopic level, is identified as either compact or cancellous. Compact bone consists of lamellar bone (see microscopic) and has no spaces. Cancellous bone consists of lamellar microscopic bone but has spaces and is therefore trabecular bone. Spicules  are islands of bone formation within developing bone. Seen in intramembranous ossification, and form cansellus bone.

	Macroscopic Bone Type
	Characteristics

	Compact
	Black areas are the spaces where cells were. No cement lines present. Wispy black canaliculus contains the cellular processes from the cell sitting within the lacuna.

	Cansellus
	Trabecular bone  has spiny processe sticking out. Develop from spicules.


III. Microanatomy of Bone

	Bone Type
	Location
	Collagen Type and Array

	Woven Bone
	Embryonic tissue only!
	Type I in random array

	Lamellar Bone
	Replaces woven bone.
	Collagen lines up in parallel although orientation changes as you go through the tissue. Less flexible.


III. Diaphysis

	Region
	Location
	Cell Type

	Periosteum
	Outside the bone itself
	(Inner: Osteogenic-cellular; osteoblasts are cuboidal-squamous 

(Outer: Fibrous-dense, irregular FECT

	Endosteum
	Inside the bone, lining the marrow cavity
	(Inner only: Osteogenic-single layer of squamous osteoblasts if not growing; multiple layers of same if bone is growing

	Resorption Canals
	Within the circumferential lamellae.
	Osteoclasts present on bone surface.

	Immature Haversion System
	Within the circumferential lamellae. Occupy the space that was the resorption canal.
	Cuboidal osteoblasts along the inside of the lumen. Cement line denotes presence of former resorption canal.

	Mature Haversion System
	Within the circumferential lamellae. Occupy the space that was the immature haversion system.
	Squamous osteoblasts in the center, no more room for growth in the center. Cement line. 

	Haversion Canal
	Divide Lamellae into Outer and Inner Circumferential Layers. Bring blood to osteocytes.
	Concentric lamellae (note: interstitial lamellae are ex-circumferential lamellae that lie in between Haversion canals).  

	Primary Canal
	
	No cement line; has blood vessels. Not surrounded by concentric lamellae (Haversion Canals are surrounded by such). 

	Volksman’s Canal
	Invagination at endosteal surface and lead to primary canals and marrow cavity. Supply both with blood. 
	


Resorption Canal(Immature Haversion System(Mature Haversion System

III. Regions of the Epiphyseal Plate

	Zone
	What’s Going on There
	Cells Present

	Reserve Cartilage
	Chondrocytes, just hanging out
	Chondrocytes

	Proliferation
	Chondrocytes divide and proliferate. Daughter cells form rows and stacks of cells.
	Chondrocytes, lined up in rows

	Hypertrophy
	Larger chondrocytes.
	Larger chondrocytes, in lacunae.

	Calcified Cartilage
	Long septa are calcifying
	Purple cells.

	Bone Deposition (Ossification Center)
	Bone depostion onto the surface of the cartilage. Calcification.
	Bone. Red/orangish.


Ode to Katie Schulz-Heik:

“I think I have monkey testes instead of human testes. I really wish I had human testes because these just don’t look enough like them. This is so cool!”

 “I love nuts. They have nut oils. Nuts are just inherently a useful, wonderful thing”.

V. Male Reproductive

I. MacroAnatomy:

(Gonad - a. testis produces germ cells (spermatozoa) and hormones (androgens) like testosterone. They are all steroids and cause changes in target cells leading to a masculine phenotype. 

(Duct System - (fig 19.1 Lab Manual) epididymis ( vas deferens ( traverses inguinal canal ( behind bladder behind ureter ( goes through the prostate gland ( widens to form ampulla ( ejaculatory duct ( urethra (prostatic, membranous - traverses pelvic cavity, and penile)
(Exocrine glands - which contribute to semen. Semen contains spermatozoa and gland components: prostate, seminal vesicles, and bulbourethral glands.

II. Microanatomy:

The testis is divided into a bunch of layers:

-Capsule = tunica albuginea and tunica vasculosa

-Trabecula = divide testis into lobules

-Lobule = contain seminiferous tubules- simple columnar epithelium of Sertoli Cells. 4 Seminiferous tubules/lobule. But highly convoluted, so we see many/lobule in cross-section.

The Testis

	Organ
	Tunica Vaginalis
	Tunica Albuginea
	Tunica Vasculosa
	Parenchyma

	I. Testis
	Endothelial Cells of primitive mesentery?
	Very thick capsule of dense, irregular FECT
	Actually a part of Tunica Albuginea; has blood vessels
	Seminiferous Tubules occupy lobules. Lobules are divided by trabeculum, which are thickenings of CT and house blood vessels.


III. Spermatogenesis:

Spermatogenesis is a sequence of stages that involves stem cells that can divide mitotically to provide spermatozoa. Occurs in stages:

Spermatogonia (cycling stem cell) ( Meiosis I (slow) (Primary Spermatocytes ( Meiosis II(FAST) ( Secondary Spermatocytes (Fast)( Spermiogenesis(Spermatozoa

Spermatogonia

A) Type A Dark Cell

B) Type A Pale Cell

C) Type B Cell - becomes 1ary spermatocytes

IV. Cells of the Seminiferous Tubules 

	Cell Type
	Functions
	Location
	Nucleus

	Leydig Cells


	Secrete androgens
	At widening of interstitium. Not part of the seminiferous tubule, not squamous (peritubular myoid cells). Lie in proximity to blood vessels bc exocrine glands.
	Round, prominent nucleoli. Vaculated appearance; sER because secrete androgens. 

	Sertoli Cells
	Basic cell comprising seminiferous tubules. 
	Midway through the seminiferous tubule (middle 1/3 of cell). 
	Large oval nucleus lying midway through the seminiferous tubule. Prominent nucleolus.

	Spermatogenic cells

A) Type A Dark
	Quiescent cell; represents reserve cells used if needed only. Usually just sit down there and hang out.
	Right on basement membrane, within the basal compartment.
	Oblong, dark nucleus except for a light staining nuclear vacuole. Right on basement membrane.

	B) Type A Pale
	Cycling stem cell. It divides and half daughter cells remain as A Pale cells; other half become B cells.
	Right on basement membrane, within the basal compartment.
	Very light, sitting right on basement membrane.

	C) Type B 
	
	Right on basement membrane, within the basal compartment. Some B cells migrate across Blood-Testis Barrier and reside in Adluminal Compartment.
	Round, euchromatic nucleus with threadlike chromatin.

	Primary Spermatocytes
	Divides by Meiosis I 
	Near basement membrane
	Round, large, nucleus with very thickened chromatin = chromosomes.

	Secondary Spermatocytes
	NOT PRESENT BECAUSE
	MEIOSIS II HAPPENS  
	SO QUICKLY

	Spermatids
	
	
	Round, evenly staining nucleus, pretty dark

	Spermatozoa
	
	Near Lumen
	Dark, flattened, hyperchromatic nucleus like a large endothelial cell almost

	Peritubular Myoid Cells
	
	Beneath basement membrane (not visible, but pretend). Other cells in the interstitium are probably fibroblasts.
	


V. Structures of the Male Reproductive System; Post-Testis

	Structure
	Epithelium
	Function
	Smooth Muscle Present?
	Other ID Characteristics

	A. Seminiferous Tubules 
	
	Spermatogenesis
	No sm muscle, but do have peritubular myoid cells.
	

	B. Straight Tubules (Tubulo recti; within mediastinum)
	Simple columnar
	Pathways for spermatozoa from seminiferous tubules to rete testis
	No sm muscle
	Smaller lumenal diameter. 

	C. Rete Testis
	Simple cuboidal
	Pathway out of the testis
	No sm muscle.
	Located further out. 

	D. Efferent Ductules (within mediastinum)
	Simple epithelium but varies in height
	Connecting tubules that also resorb some testicular fluid.
	Surrounded by CT and the occasional sm muscle cell.
	Irregular lumenal surface due to cell height. Star-shaped lumen.

	II. Epididymis 
	Pseudostratified epithelium. Immotile cilia = stereocilia which are huge microvilli that don’t contain tubules.
	Storage organ for spermatozoa, and it is here where spermatozoa attain motility and mature.
	More sm muscle, usually a few layers. As you go down from head(body(tail, the sm muscle increases.
	Lumenal surface is very smooth. Epithelium is regular in appearance. 

	III. Vas Deferens
	Pseudostratified. Only one lumen. 

SMALL LUMEN with corrugated appearance, bc sm muscle contracted upon fixation. 
	
	Smooth muscle comprises a lot of wall thickness:

(inner longitudinal

(middle circular

(outer longitudinal

Sympathetic stimulation causes contraction(peristaltic waves(forces stuff into spermatic cord(pelvic cavitiy(ejaculatory duct.
	Cremaster muscle (skeletal!). Testicular, Deferential arteries present. Panpiniform Plexus is a complex of veins that surrounds arteries, so heat coming in is transferred from body to veins.

	IV. Seminal Vesicle
	Simple cuboidal/columnar, sometimes even pseudostratified.

Tall mucosal folds into the lumen. Have CT within them = Lamina Propria. 
	Contracts last, but contributes most to semen.
	Smooth muscle present in large amts. Contracts during emission phase of ejaculation. 
	Tall, skinny mucosal folds.

	V. Prostate
	simple columnar (pseudostratified epithelium. Many individual tubules, not just one lumen. CT capsule.
	Secretions drain to prostatic urethra.
	Present but in smaller amts.


	Prostatic Concretions are calcium salts that  precipitate in lumen bc of alkaline environment.

	VI. Urethra
	Stratified columnar.
	
	
	Mucous-secreting glands = Van Littre stimulated by PS during erection. Their secretion lubricates the lumen of the urethra.

	VII. Glans Penis
	Stratified squamous incompletely keratinised. Becomes keratinised at surface. 
	Expanision at tip of penis of the corpus spongiosum where the corpora cavernosum end. Navicular fossa is the space at the end. 
	
	Also has erectile tissue with helicene arteries.


II. Penis

Layers of the Penis (out to in):

Epidermis

Dermis

Tunica Albuginea

Corpora Cavernosa











Corpus Spongiosum

Deep Artery with radiating Helicene Arteries







Penile Urethra

Erection

Postganglionic Cells(NO(smooth ms relaxes(gorge(psi increases(expansion of penis. In flaccid penis, there are AV shunts which avoid the venous spaces. Also, the helicene arteries constrict.

VI. Female Reproductive

(04/16/01)

I. MacroAnatomy:

(Gonad - Ovary 

(Duct System - fallopian tube ( uterus ( vagina

GONAD
    


II. Microanatomy:

The ovary is divided into medulla and cortex. The cortex is comprised of (from out to in) the mesovarium, tunica Albuginea, and a layer of oocytes. 

The Ovary

	Organ
	Mesovarium
	Tunica Albuginea
	Inner Cortex
	Medulla

	Ovary
	“Germinal Epithelium” lo cual es un misnomer. Cuboidal mesothelial cells that comprise this part of the broad ligament.
	Connective tissue
	Oocytes-large, euchromatic cells that have an almost indiscernible nucleus. Associated with other cells to form follicles.
	No oocytes and no follicles. Major blood vessels are housed here. Comprised of loose(dense irregular FECT.


III. Oogenesis:

Oogenesis is a sequence of stages that involves stem cells that can divide mitotically to provide secondary oocytes. Occurs in stages, such that all the oogonia that will be present within the female are around prior to birth. The primary oocytes develop after meiosis I and stick around until puberty. At puberty, these divide to form the secondary oocytes which will be ovulated and excreted unless fertilzation occurs, in which case the secondary oocyte will undergo meiosis II to form an ovum:

Oogonia ( Primary Oocytes ( Meiosis I ( Secondary Oocyte (+1st polar body) ( 

Meiosis II ( Ovum  (+ 2nd polar body)

So in our slides we can only see primary oocytes because the secondary oocytes are shed, and oogonia are only in fetal ovaries.

IV. Follicular Development in the Ovary

	Cell Type
	Granulosa Cells
	Oocyte
	Zona Pellucida
	Antrum
	Thecal Cells

	Primordial Follicle
	Squamous. Supportive cells that reach out to contact the oocyte. Eventually secrete estrogens.
	Chromatin is very euchro-

matic; some-

times there is a prominent nucleolus. Primary oocyte.
	Not present
	Not present
	Not present

	Primary Follicle, 1
	Cuboidal. 
	Growing. Still primary.
	Not present.
	Not present. 
	Not present.

	Primary Follicle, 2
	Proliferated in a major way to form a stratum granulosum. They secrete glyco-substances to form the ZP.
	Growing. Still primary.
	Barely visible; formed by the granulosa cell secretions.
	Not present.
	Squamous.

	Secondary (Antral) Follicle
	Accumulate fluid which collects like Sertoli cells. This is the antrum.
	Same size, still primary oocyte.
	Visible and readily noticeable as a dark red line. 
	Present as a pre-antrum. Due to fluid accumulation from granulosa cells. 
	Cuboidal. Thecal differentiation forms 2 layers: Theca externis= fibroblasts; Theca internis= steroid secretors like Leydig cells. Have LH receptors and are stimulated to make androgens which diffuse to granulosa cells.

	Graafian Follicle
	Layer of cells is very large.
	Secondary oocyte? Shifted to one side because of the antrum.
	
	
	Still thecal differentiation. 


*Note: the Graafian follicle is covered in cumulus oophorus which is sometimes thought to be the corona radiata. However, the CR really only exists post-ovulation and this is pre-ovulation. 

The LH/FSH surge causes ovulation. and the oocyte is extruded from the ovary, goes into the peritoneal cavity and eventually is released. When the oocyte is gone, the basement membrane disintegrates. Bolld vessels come into the antrum and form a blood clot. This leads to the riveting process of…

V. Lutenization

This process leads to the formation of the Corpus Luteum. The granulosa cells undergo extensive growth, causing the CL to become huge and everything within it moves to one side. The CL secretes estrogens and progesterones. Progesterone dominates the luteal phase in terms of hormonal secretions. 

Defining Features of the Corpus Luteum

-purple and light staining

-Theca externis: CT

-Theca internis: cells increase in number but not in size. Create the sort of septum dividing the regions of the CL. Looks like every other septum we’ve ever seen, only I guess it’s not actually a septum.

-The basement membrane has gone and blood vessels come in. Since this area is vascularized and is secreting stuff, it is considered an endocrine organ. 

-Granulosa-luteal cells are HUGE.

-Upon CL death, a corpus albicans is formed. This is not to be confused with the corpus atretica that is formed upon atresia of follicles that never reach maturity:

	Corpus...
	What it is
	What it Looks Like

	Albicans
	A dead corpus luteum
	LARGE, avascular scar of dense, irregular FECT in the cortex. Blood vessel-less.

	Atretica
	A dead immature follicle
	Small cell-less area within the cortex.


DUCT SYSTEM

VI. Fallopian Tubes 

The fallopian tubes are divided into four parts: infundibulum (includes the fimbriae), ampulla, isthmus, and intrauterine (or intramural). Fertiliazation typically occurs in the ampulla, and the fertilized zygote should pass on to the uterus, although sometimes an ectopic pregnancy occurs outside the infundibulum, and a tubal pregnancy can occur within the isthmus. 

	Structure
	Epithelium
	Lamina Propria
	Muscularis Externa
	Serosa/Adv
	Other ID Characteristics

	II. Fallopian Tube

A) Fimbriae
	Peg cells and ciliated cells are present. Peg cells secrete serous fluid to move the oocyte. These cells lack cilia. Ciliated cells have apical surface with striated border of cilia. NO goblet cells. Not pseudostratified.
	Tall, skinny mucosal folds.
	
	Serosa
	Tall, skinny, hollow folds.

Ciliated cells and peg cells have increased activity with estrogen release.

	B) Infundibulum
	Peg cells and ciliated cells, but epithelium is slightly taller. 
	
	
	Serosa
	

	C) Ampulla
	Simple columnar with tall mucosal folds. Some ciliated cells present. Peg cells bulge out into lumen. 
	Tall mucosal folds include this layer of dense, irregular FECT.
	Smooth muscle thickens as you go down and becomes more continuous.
	Serosa - mesosalpinx. Loose(dense irregular FECT.
	

	D) Intrauterine
	Simple columnar with peg and ciliated cells.
	Smaller mucosal folds.
	HUGE due to myometrium (see below).
	
	

	III. Uterus
	The mucosal layer comprises the endometrium. Invaginations are uterine glands and extend to the top of the myometrium. 
	Glands invaginate also into the LP. Lymphocytes accumulate here.
	Smooth muscle is continuous and thick and comprises the myometrium. Has interlacing bundles of sm m in varying arrays. 
	Perimetrium - big blood vessels come in and branch to pierce the myometrium. Serosa because of broad ligament.
	See below for endometrial blood supply.

	IV. Cervix at level of External Os
	Simple columnar to stratified squamous incompletely keratinized. At this point of transition, you have reached the external os.
	Thin CT. Cervix has mucus-secreting glands that stain lightly. Nubothian Cyst is when a cervical gland is blocked. This is normal!
	
	
	

	V. Vagina
	Stratified squamous incompletely keratinized. 
	NO GLANDS! Secretions are due to cervical mucus or ISF diffusing into lumen, but there is no glandular secretion. Lots of blood vessels and CT.
	Muscle is in disorganized array. Lots of CT here, too.
	Adventitia.
	Estrogen stimulates thickening of the epithelium.

	VI. Mammary Gland
	Low to tall cuboidal. Run to exocrine ducts. These ducts are lactiferous ducts and converge on the nipple.
	
	
	
	Lots of adipose present. Secretory units are elaborated around the ducts.


Uterine Blood Supply

Endometrium

Spiral Arteries - supply superficiae of endometrium; shed during menses.
















Basal Arteries - (Deep) supply base of endometrium.

Myometrium


Arcuate Arteries


Perimetrium





	Phase
	Day
	Epithelium of Glands 
	Glands
	Blood Supply

	Menses
	1-4
	Surface epithelium is shed, as are glands. LP is therefore open to the environment. Cells on surface are less dense because they are being shed. Zona functionalis is comprised of the z. compacta and z. basalis and this is what is shed during menses.
	Lost
	Spiral arteries are first constricted so necrosis of epithelium and LP occurs; then they are dilated to allow blood to push off all the old, dead tissues. Both blood and epithelium are shed.

	Follicular (O), Proliferative (U)
	5-10
	Shift from cuboidal after menses to tall columnar with centrally placed nuclei.
	Straight glands only
	Few blood vessels; blood vessels don’t quite reach surface of the gland.

	Follicular (O), Proliferative (U)
	10-Ovulation
	Cells clump and nuclei become pseudostratified.
	Straight glands.
	Arteries begin to reach superficiae of glands.

	Luteal (O), Secretory (U)
	Post Ovulation, 15-17
	Nuclei are shifted apically, basally there are glycogen vacuoles (pink) which present as a clearing within cell.
	Tortuous glands
	Spiraling Spiral arteries

	Luteal (O), Secretory (U)
	18-Menses
	Nuclei shift basally and glycogen vacuoles become granular at their maximum secretion rate. Glycogen is converted to lactic acid within the cervix and vagina to keep it acidic.
	Tortuous
	Spiraled.


VII. Lymphatics

I. Overview

The lymphatic system is divided up into central and peripheral lymphoid organs. 

(Central- includes bone marrow where B lymphocytes are made and the thymus where T lymphocytes are made. We will only look at the thymus.

(Peripheral- Sites of B cell proliferation and include GALT, BALT, tonsils, lymph nodes, and the spleen. Out of all of these we will only see the tonsils, lymph nodes, and spleen.

II. Structures Comprising Lymphatic Tissues

	Structure
	Location
	Density of Cells
	Stromal Tissue
	Other ID Characteristics

	A. Lymphocytic Inflitration
	Submucosa
	Similar
	Dense, irregular FECT to loose; some RCT
	Transient structure due to an onslaught of Ag attack

	B. Lymphoid Nodule
	Reticular connective tissue
	Outside is more dense than inside
	RCT
	Permanent; includes germinal center surrounded by a layer of higher cell density. Location of B cell proliferation. 

	C. Peyer’s Patch
	Lamina propria of small intestine
	Outside is more dense than inside
	RCT (CT of LP in small intestine)
	


III. Tissues and Organs 

A. Tonsils

The tonsils are collections of lymphoid nodules deep to the mucosa. The lingual tonsil is deep to the oral mucosa. 

	Tonsil
	Epithelium
	Crypts
	Musculature
	Glands 
	Stroma 
	Aff/Eff Vessels?

	1. Lingual
	Stratified squamous incompletely keratinized 
	Shallow
	Lingual muscles (i.e. skeletal muscle that is not well organized)
	Posterior lingual glands are mostly mucus-producing.
	CT capsule located basally only; contain lymph vessels which are clear spaces 
	Efferent vessels only because fluid coming to the tonsil just diffuses in from the oral cavity.

	2. Palatine
	Stratified squamous incompletely keratinized. As you get lower, it becomes thinner to the point of becoming simple squamous.
	Very deep
	None
	No glands
	CT capsule located basally only; contain lymph vessels which are clear spaces where lymph flows. RCT is stromal tissue.
	Efferent vessels only because fluid coming to the tonsil just diffuses in from the oral cavity.

	3. Pharyn-geal
	Pseudostratified
	?
	None
	No glands
	Not too much seen on the slide, though there is more of a capsule in real life. RCT.
	? Efferent only probably.

	B. Lymph Node
	Only a thin layer of CT with adipose
	None
	None-just adipose
	No glands
	Completely encapsulated. Trabecula present. RCT. Stellate cells secrete reticular fibers (seen on slide with Ag salts). 
	Afferent vessels surround entire lymph node and enter bringing lymph. Efferent vessel is only in the hilum of the node. Both are lined by endothelium and have one-way valves. 

	C. Spleen
	White pulp contains many lymphoid nodules if Ag is stimulating response; surrounds red pulp which has fewer lymphocytes.
	None
	None-surrounded by marginal sinuses 
	No glands
	Completely encapsulated and has trabeculae.
	The spleen monitors the blood for antigens so there is no afferent vessel (just the blood supply to the spleen, see below). There are efferent lymphatic vessels which receive lymph through the marginal sinuses. 

	D. Thymus (non-involuted!)
	Reticular cells bc thymus is derived from pharyngeal pouch, not from mesenchyme.
	None
	None
	No glands
	Completely encapsulated in CT. Purple with orange streaks. Has trabeculae and epithelial RT. Also Hassel’s corpuscles  
	I have no idea.


B. Lymph Node

Lymph nodes have a cortex and medulla. The path of lymph flow before, including, and after the lymph node is as follows:

Afferent Lymphatic Vessel ( Subcapsular Sinus ( Cortical Sinus ( Medullary Sinus ( Medulla ( Effent Lymphatic Vessel
    

C. Spleen

The blood supply to the spleen is as follows:

Splenic artery (in peritoneal cavity) ( Trabecular artery (in trabeculum) ( White pulp ( Central artery (in white pulp) ( Many penicillary arteries (smaller arteries within the white pulp) ( Artery to the pulp (at boundary of white and red pulp; has endothelium and smooth muscle) ( Red Pulp ( Sheathed artery (no worries!) ( Splenic sinus (wall is comprised of Cord of Bilroth which is a series of RCT cells. Cell destruction occurs here) ( Pulp vein (venule size) ( Trabecular vein ( Splenic vein ( IVC

D. Thymus

The thymus is large in new borns and increases in size until about age 12-14 at which time it undergoes an involution as the cells regress and die. The thymus is recognizable because it is purple with orangish streaks. It is divided into lobules by the trabeculae and is further subdivided into a cortex and a medulla. The cortex is more dense than the medulla with cells. There are no lymphoid nodules because there are no B cells being produced here. Hassel’s corpuscles are present in medulla looking like bvs but they have a whirl-type appearance and stuff in middle.

The involuted thymus has mainly adipose, and little dark patches of thymus that include lymphocytes and Hassel’s corpuscles. Very non-exciting.

Laura Shevy 04/18/01
