Respiratory System
I. General Anatomy

a. Blood Supply

i. Pulmonary artery carries deoxygenated (venous) blood from the right ventricle to the lungs for oxygenation 
ii. Bronchial arteries carry oxygenated blood from the aorta to lung tissues Pulmonary veins return oxygenated blood back to the heart

b. Lymphatics

i. No lymphatic vessels in the interalveolar walls; they are found only in regions with substantial domains of connective tissue (pleura, interlobular septa)

ii. Hylum of lung contains lymph nodes which filter the lymph 

c. Pleura

i. Visceral pleura – dense connective tissue membrane

ii. Both pleural surfaces are covered with a simple squamous epithelium called mesothelium  

II. Conducting portion of the lung (tubes with walls of their own)

a. Trachea

i. Characteristic U-shaped hyaline cartilage, trachealis muscle joins the ends of the cartilage
ii. Four layers:

1. Mucosa = epithelium + lamina propria

a. Epithelium – pseudostratified, ciliated, columnar

i. Ciliated cells: apical surface contains about 200 cilia attached to basal bodies; functions in the muco-ciliary escalator

ii. Goblet cells – secrete PAS + mucus
iii. Cuboidal basal cells 

1. Brush cells: apical microvili
2. Short cells: reserve stem cells

3. Small Granule cells: contain cytoplasmic granules, APUD cell

b. Respiratory epithelium notable for thick basement membrane containing collagen 

c. Beneath basement membrane is lamina propria – loose network of collagen and elastic fibers
2. Submucosa = glands + connective tissue

a. Glands contain two types of cells:

i. Mucous-secreting: thick, dark purple PAS + material

ii. Serous-secreting: paler, watery protenaceous material 

3. Cartilage

a. Numerous rounded chondrocytes sitting in their lacunae, surrounded by ECM of proteoglycan

b. Cartilage ring covered by perichondrium – dense, irregular connective tissue 

4. Adventitia – connective tissue
b. Bronchi

i. Similar to trachea except:

1. smaller, narrower lumen

2. discontinuous, irregular cartilage plates rather than a ring

3. layer of smooth muscle under the lamina propria 

ii. Deeper in lungs, the smaller bronchi have decreased amount of cartilage, less goblet cells, and epithelium becomes simple columnar (ciliated) rather than pseudostratified 

c. Bronchioles

i. As bronchi branch into bronchioles, epithelium goes from simple columnar to simple cuboidal (ciliated but shorter)

ii. No more cartilage and mucous glands; no goblet cells 
iii. Continuous smooth muscle coat is conspicuous and the major functional tissue  

iv. Clara cells  - specialized non-ciliated cells that are rich in mitochondria and SER; 

1. dome shaped and protrude into bronchiolar lumen (hence appearance of scalloped lumen)
2. many membrane bound secretory droplets

III. Respiratory Portion of the lung

a. Respiratory Bronchioles

i. Begins immediately when the 1st alveolus blebs out from its wall

ii. Cilia disappears, decreasing smooth muscle

iii. Cells become lower and lower, and more cuboidal until they disappear and become true alveolar wall

b.  Alveolar ducts – long branching hallways from the respiratory bronchioles
c. Alveoli

i. Dense capillary network

ii. The floors and septa surrounding alveoli contain occasional fibroblasts, elastic fibers, and smooth-muscle-like cells 

iii. Only 2 cell types line alveolar wall

1. Type 1 (Lesser alveolar cells): 90% of alveolar cells, simple squamous epithelial; exceedingly thin

2. Type 2 (Greater alveolar cells): large, rounded secretory cells that bulge into the alveolar space

a. Contain multilamellar bodies, which upon exocytosis form surfactant 

b. Usually have bubbly or granular appearane

iv. Alveolar cells share very thin basement membrane with the capillary endothelial cells( trilaminar unit (epithelial cell, basement membrane, endothelial cell) called air-blood membrane 

v. Alveolar macrophages (aka dust cells): monocyte origin; phagocytose foreign matter
Renal System
I. Kidneys

a. Main structural subdivisions

i. Cortex – contains the renal corpuscles and associated tubules (PCT, DCT and cortical collecting ducts)
ii. Medulla – consists of 10-18 pyramidal or cone-shaped structures; each pyramid with its cap of cortical tissue is defined as a kidney lobe
iii. Renal papillae (tips of the renal pyramids) ( minor calyx ( major calyx ( renal pelvis ( ureter ( bladder ( urethra (all these structures lined by transitional epithelium)
b. Structures of the Renal Corpuscle

i. Bowman’s capsule – simple squamous epithelium, continuous with epithelium of proximal tubule, and with visceral layer overlying the glomerular capillaries

ii. Glomerulus – (red) tufts of fenestrated capillaries

1. Fenestrations lack diaphragms

2. Share basement membrane with podocytes 

iii. Visceral epithelium (podocytes) – spidery cells embracing the underlying capillaries; pedicles interdigitate with one another ( slit pores 

iv. Mesangial cells – modified pericytes
1. Seen surrounded by a reddish-purple matrix in PAS stain
2. Found between the tufts of glomerular capillaries

v. Basement membrane – principal filtration barrier

1. Made by endothelial cells and podocytes

2. Composed of 3 layers – lamina rara interna, lamina densa, lamina rara externa

c. The Tubules 

i. Proximal convoluted tubule
1. “fuzzy” lumen lined by cuboidal epithelial cells with a prominent brush border 

2. PAS + ( in PAS stain, brush border stain characteristic shaggy pink 

3. Interdigitation of cell borders ( cannot see lateral borders

4. Abundant basal mitochondria

5. Most commonly seen in sections of the cortex

ii. Thick Descending Limb of Loop of Henle: similar in structure to PCT

iii. Descending and Ascending thin limbs of Loop of Henle 

1. Thick PAS + basal lamina

2. Lined with squamous epithelium (abrupt transition from PCT) 

3. No brush border

iv. Thick Ascending Limb of Loop of Henle: similar in structure to DCT
v. Distal Convoluted Tubule 

1. Clear lumen lined by cuboidal epithelium

2. No brush border

3. Basal striations (due to abundant basal mitochondria)

4. Eosinophilic cytoplasm

vi. Collecting tubules and ducts

1. Consist of principal and intercalated cells

2. Cells are columnar (taller than in DCT), pale with distinct lateral cell boundaries

3. No brush border

4. Low concentrations of mitochondria

5. When a number of collecting ducts course together in the cortex they appear as pale medullary rays
d. The Juxtaglomerular Apparatus

i. Contain a group of structures at the vascular pole of the glomerulus

ii. Juxtglomerular cells 

1. located in the wall of the afferent arteriole as it approaches the glomerulus

2. adjacent to the macula densa cells of distal tubule and communicate with them via gap junctions

3. modified smooth muscle cells

4. store the enzyme Renin in cytoplasmic granules

iii. Macula Densa cells

1. part of the distal convoluted tubule wall where it contacts the mother glomerulus

2. cells are narrow, columnar, and their nuclei are close together (in stained sections this appears as a dense region)

iv. Extraglomerular mesangial (or lacis) cells

1. located outside the glomerulus, in the region near the macula densa

2. believe to be related to the mesangial cells inside the glomerulus, and like them, stain a magenta color with the PAS stain

e. Vasa Recta 
i. Thin walled, filled with blood

ii. In medulla

II. Ureter

a. Thick layer of transitional epithelium; surface cells are large and ovoid
b. Under that is thick lamina propria of connective tissue

c. Under that is 2 layers of smooth muscle: inner longitudinal, outer circular 

III. Bladder

a. Epithelium: transitional; surface cells are large and ovoid

i. the number of epithelial layers depends on whether balder is full or empty

b. Bulk of organ consist of large, interwoven bundles of smooth muscles underneath the epithelium
c. Bottom (serosal) side lined by mesothelium

IV. Female Urethra

a. Lumen lined by transitional epithelium; becomes stratified squamous towards external orifice

b. Connective tissue containing blood vessels and smooth muscle bundles underlies the epithelium

c. Striated muscle of the external urethral sphincter is present in the caudal wall of urethra

V. Male urethra 

a. surrounded by irregularly shaped vascular spaces

b. lined by transitional epithelium

c. Three regions: 

i. prostatic urethra – horseshoe-shaped, ducts of prostatic glands opening into urethra

ii. membranous urethra

iii. spongy urethra

Gastrointestinal System

Alimentary Canal 

I. General plan of the alimentary canal

a. There are four concentric coats or layers: 

i. Mucosa: innermost layer; varies most along the alimentary canal
1. Specialized epithelial cell layer

2. Lamina propria – underlying connective tissue layer containing fibroblasts, granulocytes, lymphocytes, and (sometimes lymph nodules, capillaries, lymphatics)

3. Muscularis mucosa – usually consists of 2 thin layers of smooth muscle cells: an inner circular and outer longitudinal

ii. Submucosa: fibrous connective tissue and functions as a service are for blood vessels, lymphatics and nerves

iii. Muscularis: thick layer, usually formed by two layers of smooth muscle: inner circular and outer longitudinal

iv. Adventitia or Serosa: outermost connective tissue coat of collagenous and elastic fibers

b. Glands

i. Mucosal: epithelial invaginations into the lamina propria, lined by simple columnar epithelium

ii. Submucosal: epithelial invaginations into the submucosa (eg. Crypts of Lieberkuhn)

iii. Ducts from accessory glands (salivary, liver, pancreas)

c. Blood vessels: enter through the adventitia 
i. Largest arteries run longitudinally in the submucosa

ii. Branches go to the mucosa as well as the muscularis

iii. Capillaries in mucosa are fenestrated; capillaries in muscularis is continuous

iv. Veins arise in the mucosa, anastomose in the submucosa and pass out alongside arteries

d. Lymphatics

i. Arise as blind tubes in the mucosa; have numerous valves

ii. In small intestine, they are known as lacteals (responsible for absorbing lipids in the form of chylomicron)

iii. Have no endothelial pores and little to no basement membrane and lamina 

iv. In the mysentery, lymphatics have muscular walls which aid in propelling the lymph

e. Innervation (enteric nervous system)
i. Meissner’s plexux – in submucosa layer

ii. Aurbach’s plexus – in muscularis layer

II. Esophagus 

a. Mucosa thrown into many longitudinal folds

b. Thick stratified squamous epithelium 

i. Thicker than skin, and lacks granulosa and corneum
ii. The stratum basalis of the epithelium appears as a dark pink scalloped line (because cells are more densely packed together)

c. Relatively few cells in lamina propria

d. Muscularis mucosa 

i. Prominent longitudinally arranged fibers are present in upper esophagus

ii. Scattered fasicles are present in lower esophagus

e. Thick fibrous submucosa – contains some mucous secreting glands
f. Muscularis: inner circular, outer longitudinal

i. Upper third: striated muscle 

ii. Middle third: mixed

iii. Lower third: smooth muscle

g. Gastro-esophageal sphincter: distinct, abrupt change from stratified squamous to simple columnar epithelium

i. Continuous muscularis mucosa, submucosa and muscularis externa

ii. Esophageal-submucosa glands similar in appearance with gastric glands

III. Stomach

a. Mucosa: characterized by straight pits which are continuous with gastric glands; glands may be coiled and there may be several associated with each pit

i. Epithelial cells types:

1. Surface and neck mucous cells – stain dark purple with PAS
2. Parietal – large cells in upper and middle parts of gastric glands

a. Contain unique tubulovesicles derived from SER

b. Looks like fried egg

c. The center of the glands are paler staining due to the abundance of parietal cells 

3. Chief or zymogenic cell 
a. In deeper third of glands

b. Purple cytoplasm due to their abundant RER

4. Hormone-secreting/entero-endocrine/APUD cells 
a. Usually identified only with special staining 

b. Scattered throughout GI tract ( form diffuse endocrine organ

c. Peptide hormones secreted into lamina propria ( secretory vesicles close to lamina surface

b. Submucosa: loose, fibrous layer with blood and lymph vessels and nerves; involved in formation of rugae (longitudinal folds) 

c. Muscularis: three layers instead of two:

i. Inner oblique

ii. Middle circular

iii. Outer longitudinal

d. Serosa: the usual mesothelium covers the stomach and is continuous with the gastric mesenteries or omenta

e. Three histological regions of stomach:

i. Cardia 

1. mostly mucus secreting; cells are mostly surface mucus and mucus-neck cells

2. short pit, short gland

ii. Fundus 

1. secreting gastric juices and mucus

2. major histological region; all five types of cells found here

3. short pit, long gland

iii. Pylorus

1. mostly surface mucus and mucus-neck cells

2. most of endocrine cells located here 

3. long pit, short gland

IV. Small Intestine
a. Distinctive regional features:

i. Duodenum 

1. submucosal Brunners glands (occasionally break through muscularis mucosa to be in mucosa layer)
2. villi leaf-like

ii. Jejunum 

1. circumferential folds of submucosa and mucosa forms plica circularis (external muscularis is not involved in plicae circulares) 
2. villi tall and narrow
iii. Ileum 

1. Peyer’s patches – specialized lymph nodules (region of dark-staining concentrations) in the mucosa/submucosa
2. low and broad villi

b. Villi – present only in small intestine

i. Projections of epithelium supported by a core of lamina propria

ii. Each villus contains an artery, capillary network and vein, and a central lymphatic or lacteal

iii. Smooth muscle cells extend into the villi and make them contractile

c. Epithelial cells of small intestine

i. Absorptive cells, aka enterocytes

1. columnar cells with basal nuclei

2. brush borders

ii. Goblet cells 

iii. Paneth cells – highly eosiniphilic (red staining) at the base of the glands
iv. APUD cells 

v. Unindifferentiated cells

V. Large intestine/Colon

a. Mucosa

i. Epithelial cell types:

1. Abrupt change from villus to non villus epithelium at the ileo-cecal junction  

2. Straight glands; glands closely packed in mucosa

3. Goblet cells - on surface and in glands, relatively more than in small intestine

4. Absorptive cells – on surface 

5. occasional APUD cells

ii. Cellular lamina propria with lymphoid nodules (which are esp. prominent in the appendix)

iii. Muscularis mucosa – inner circular, outer longitudinal
b. Submucosa – not special

c. Muscularis – outer longitudinal layer concentrated into 3 longitudinal bands (taenia coli)

d. Recto-anal junction

i. Transitions from mucosa epithelium to stratified, squamous, cornified epithelium

ii. Skeletal muscle forms the external sphincter
iii. Smooth muscle of internal sphincter is continuation of circular muscularis externa

Liver and Gallbladder
I. Liver

a. General 

i. Made up of 4 incompletely separated lobes

ii. Thin connective tissue capsule (Glisson’s capsule)

iii. Definite hilus where vessels enter and ducts leave

iv. Hepatocytes – parenchymal cell of the liver; distributed in plates, one cell thick

b. Blood flow

i. Blood from interlobular branches of Portal Vein and Hepatic Artery leave terminal branches of portal canal to enter Sinusoids 

1. sinusoids –  the capillaries of the liver, lined by:

a. a discontinuous, fenestrated endothelium with no basement membrane and no pericytes

b. large population of resident macrophages (Kupfferr cells) 

2. Space of Dise – pericapillary space between hepatocytes and sinusoidal lining

a. Contains supporting network of reticular fibers

b. Lipocyes (Ito cells or Vitamin A storing cells) lie in the space of Dise
ii. Sinusoidal blood flows toward center of each lobule and is collected by a central vein

iii. Central veins empty into large hepatic veins 

c. Bile flow

i. From liver cell ( bile canaliculi ( terminal ductules (canals of Hering) ( interlobular bile duct ( right/left hepatic bile ducts ( common hepatic bile duct ( joins the cystic duct to form the common bile duct ( sphincter of oddi at the ampulla of Vater ( duodenum

ii. Bile canaliculi: limiting wall made up of local surface specializations on adjacent liver cells; bounded on both sides by tight junctions
iii. Bile duct 

1. lined by single layer of cuboidal cells

2. basal lamina

3. microvilli on luminal surface

d. Hepatic lobule

i. Classic lobule: polyhedral prism of tissue with central vein at center and portal triads (portal vein, hepatic artery, and bile duct) at each corner

ii. Portal lobule: triangular unit with the portal triad at center

iii. Liver acinus: zones of parenchymal tissue irrigated by the smallest terminal branches of the portal vein and hepatic artery

II. Gallbladder

a. Mucous membrane

i. Epithelium 

1. simple columnar

2. no goblet cells

3. short, irregular microvilli

4. tight junctions at luminal surface

5. intercellular spaces near base of cells (more notable when the cell is concentrating bile)

6. when the gallbladder is empty the epithelium is thrown into folds but these are not villi

ii. Thin lamina propria

iii. NO muscularis mucosa

b. NO submucosa

c. Muscularis externa - irregular network of longitudinal, transverse and oblique fibers accompanied by network of elastic fibers

d. Serosal connective tissue layer 

i. Contains blood vessels, nerves, lymphatics

ii. Covered by simple squamous mesothelium 

Salivary Glands and Pancreas

I. The major salivary glands
a. Basic structure 

i. Acini

1. secretory units composed of pyramidal secretory cells arranged as spheres or short tubes on the ends of branching ducts

2. mucous secreting cells 

a. light staining

b. basal compressed nucleus

c. apex filled with granules 

3. serous secreting cells 

a. dark staining

b. basal round nucleus

c. cytoplasm filled with RER

d. apex filled with granules

4. acini may be pure mucous, pure serous, or mixed; mixed acini have proximal mucous cells and distal serous cells which often form demilunes

5. all acinii contain myoepithelial or “basket” cells – flat stellated contractile cells arranged like a basket on the peripheral surface of the acini, extending all the way to the 1st part of intercalated duct

ii. Ducts

1. Intralobular (within lobules)

a. Intercalated – low cuboidal cells; clear cytoplasm

b. Striated – cuboidal or columnar cells with infolded basal plasma membrane, interdigitating foot processes with abundant mitochondria (hence looks striated)

2. Interlobular (in connective tissue between lobules): simple columnar

3. Primary or excretory: stratified squamous

iii. Large vessels enter along major ducts; within lobules, rich capillary plexuses lie around acini and striated ducts

b. Parotid – largest of the three

i. Purely serous 

ii. Many intercalated and striated ducts

iii. Fat cells usually abundant in tissue

c. Submandibular
i. Mixed serous and mucous gland

ii. Many striated ducts

iii. Demilunes

d. Sublingual 

i. Mostly mucous

ii. Relatively few ducts

iii. Demilunes

II. Pancreas

a. Exocrine pancreas

i. Composed of acini and system of branching ducts, supported by a thin capsule and septae of connective tissue
ii. Acini – pyramidal-shaped serous type cells; secrete zymogens

iii. Ducts 

1. small cuboidal duct cells extend into the lumen as “centroacinar” cells 

2. low cuboidal intralobular ducts lead to LARGE simple columnar interlobular ducts (in connective tissue between lobules)

3. no striated ducts

b. Endocrine pancreas

i. Islet of Langerhans 

ii. Islet cells are arranged in irregular cords, richly vascularized and supported by delicate reticular connective tissue

iii. Very thin capsule separate islets from exocrine pancreas

iv. 3 cell types secrete into the fenestrated capillary bed:

1. Alpha cells: dense spherical granules with loosely-fitting membrane; contain the hormone glucagons

2. Beta cells: membrane-bound spherical vesicles contain dense polygonal crystals; contain the hormone insulin

3. Delta cells – paler staining secretory granules; contain somatostatin

Blood Vessels

I. General plan of tissue organization in blood vessels

a. Tunica intima – thin layer of tissue Facing the blood space composed of the endothelium, basement membrane, and an internal elastic lamina

i. Internal elastic lamina – located just external to the basement membrane is a dense layer or sheet of elastic fibers composed of elastin

ii.  Occasional gaps and discontinuities in the basement membrane and the lamina allow direct contact between the endothelial cells and smooth muscle cells of the underlying muscle layer; gap junctions may be found at these locations

iii. Subendothelium area may contain smooth muscle cells and occasional macrophages, especially in large vessels

b. Tunica media

i. Contains layers of circumferentially oriented smooth muscle cells, collagen and elastin plus an external elastic lamina
ii. A prominent external elastic lamina is usually present even in smaller vessels 

iii. Multiple elastic laminae appear in large elastic arteries such as aorta

c. Tunica adventitia

i. The adventitia is composed of a dense connective tissue sheath of longitudinally and some circumferentially oriented fibroblasts, collagen, and elastic fibers
ii. In some cases, adventitia is loosely organized and more difficult to identify

iii. In large vessels, adventitia contain blood vessels (vasa vasorum = vessels of the vessels) and nerves

II. Vessel types

a. Elastic arteries (aorta, subclavian, common carotid, pulmonary arteries)
i. Largest arteries; found closest to heart
ii. Media – multiple elastic laminae interspersed with circumferential layers of smooth muscle (each set of elastic lamina and associated smooth muscle layers called lamellar unit)

iii. Elastic laminae full of holes – like Rubbermaid mats for sink

iv. Vasa vasorum may penetrate into the adventitia and even into the media of larger arteries from the surrounding connective tissue

b. Muscular arteries (brachial artery, femoral artery, branches of abdominal aorta)

i. Tunica media VERY prominent
ii. A single internal and a single external elastic laminae are visible

c. Arterioles

i. Thin internal elastic lamina

ii. 1-3 smooth muscle layers, but NO external elastic lamina

iii. Endothelial cells directly contact smooth muscle cells via myoepithelial junctions (gap junctions) for direct regulation of blood vessel tone

d. Capillaries

i. NO media and no adventitia 

ii. Single layer of endothelial cells

iii. Sometimes surrounded by one/two pericytes (contractile cells of capillaries)

1. Long extensions that reach along and around capillary

2. Pericytes are embedded in the capillary basement membrane

iv. Continuous capillaries –essentially closed tubes with tight junctional contacts between edges to make a tight permeability seal; found in muscle, connective tissue, brain, and testes

v. Fenestrated capillaries – the two apposing cell membranes of the endothelia cell contact at many places to form pores or fenestrations; found wherever fluid must be rapidly filtered or absorbed from underlying tissue (eg kidney glomeruli) 
vi. Discontinuous capillaries – walls are not complete, allowing free passage of plasma and direct contact of blood cells to underlying tissue cells; found in liver, spleen, and bone marrow

e. Venules

i. Significantly less media – much thinner than in artery wall

ii. Facilitate emigration of white blood cells to underlying tissue (diapedesis) during inflammation

f. Veins

i. Often, the adventitia is thicker than the media

ii. Near heart, the vena cava and pulmonary veins have a thicker media that includes some cardiac muscle cells

iii. Valves

III. Endothelial cells

a. Endothelial cells form a simple squamous epithelium that lines all blood and lymphatic vessels

b. Edges of endothelial cells are joined by tight junctions to form permeability seal
c. Cells communicate via gap junctions

d. Plasmalemmal vesicles – form a shuttle or pore-based system for moving proteins and metabolites from apical to basal surface of cell (aka transcytosis) 

i. Cell surface invaginations pinch off to become plasmalemmal vesicles or micropinocytotic vesicles; then migrate across the cell to open at the other side

ii. Alternatively, chains of vesicles may temporally fuse to form a continuous channel or pore that extends from the basal to apical surface of the cell 

e. Caveoli – permanent pinocytotic vesicles; function in the uptake of certain metabolites

f. “Weibel-Palade” bodies – secretory granules unique to endothelial cells that contain von Willebrand factor, a protein that is essential for blood clotting 

IV. Lymphatic system

a. Terminal lymphatics begin as open-ended endothelium-lined spaces with thin walls that do not form continuous tight junctions

b. Branching network of lymphatic capillaries coalesces gradually to form a network of larger lymphatics 

c. These channels have valves like those in veins that keep the lymph moving in one direction (back to the heart) 

d. The walls of larger lymphatics are thin with one or two smooth muscle cell layers

e. In the mesentery, where there is little support from body tissues, the walls of the lymphatic vessels contain a larger number of cells
V. The Heart
a. Tissue organization

i. Endocardium (= intima) 

1. simple squamous epithelium and basement membrane

2. thin loosely organized subendothelial layer with loose collagen fibers

3. denser connective tissue layer – the major tissue mass of the endocardium, with abundant elastic fibers

4. strands of endocardium connective tissue penetrate the myocardium

ii. Myocardium (=media)

1. substantial mass composed of extensive strands of cardiac muscle cells (cardiomyocytes) and connective tissue

2. elastic fibers are plentiful between muscle fibers in the atrial walls but are scarce in the ventricles

3. valves are myocardial projects

iii. Epicardium (=adventitia)

1. covered by mesothelium on its free surface

2. below mesothelium is a thin layer of connective tissue with elastic fibers, blood vessels and many nerves

3. adipose tissue is found along the coronary blood vessels

b. Impulse-conducting system

i. Purkinje fibers – large diameter, modified cardiac muscle cells, 

1. running right next to endocardium

2. fibers lack actomyosin contractile proteins and are invested with connective tissue coverings, causing them to look pale 

c. Cardiomyocytes

i. Branched, short-length cardiomyocytes

ii. Striated like skeletal muscle, but unlike skeletal muscle, the sarcomeric units are not organized into myofibrils; rather, the contractile proteins come right up to the surfaces of the nucleus and organelles
iii. Each cardiac muscle cell contains a single centrally located nucleus and abundant mitochondria and glycogen granules

iv. Diagnostic landmark or cardiac muscle is the presence of transverse, intercalated disks along the length of cardiac muscle strand
v. Near the disks, on lateral membrane surfaces, are large numbers of gap junctions that support electrical conductance between cells 

Skin

I. Epidermis – surface epithelium 
a. Stratified, squamous, keratinizing epithelium

b. Thick skin: really prominent epidermal layer and folds (epidermal ridges and dermal pegs)

c. Generally divided into 4 histological layers, defined by keratinocyte morphology:

i. Basal layer

1. cuboidal keratinocytes – majority of cells 

a. contain variable numbers of melanin granules

b. attached to the basement membrane by hemidesmosomes

2. Melanocytes 
a. In H&E stain, appear as clear cells with small dark nuclei, wedged between basal layer keratinocytes

b. Octopus-like: tentacle like projections of cytoplasm that embrace keratinocytes

3. Merkel-like cells 

a. Epithelial cells (i.e. contain keratin filaments and desmosomes) found primarily in thick skin

b. Contain electron dense granules similar to granules in chromaffin cells, suggesting they are another APUD cell

ii. Spinous layer 

1. keratinocytes – polyhedral and no longer mitotic

a. filled with bundles of tonofilaments (intermediate filaments comprised to keratin)

b. interconnected with numerous desmosomes that look like cytoplasmic bridges of spines 

2. Langerhans cell – macrophages of the epidermis

a. In H&E stain, appear as clear cells in spinous layer

b. By EM, can see the bilobed/irregular shaped nucleus and the Birbeck granules that look like tennis rackets

iii. Granular layer –

1. cells undergoing destruction of intracellular organelle, nuclear breakdown

2. cornified envelop forms on underside of plasma membrane of cells

3.  flattened keratinocytes which contain at least two types of granules

a. Keratohyalin granules are dense complexes of proteins not surrounded by membrane; basophilic in H&E stains

b. Lamellar granules – surrounded by a membrane 

iv. Cornified layer or stratum corneum

1. stacked keratinocyte ghosts which contain no nuclei or mitobolically active cytoplasm 

2. keratin filament bundles within the ghosts are embedded in an amorphous matrix and surrounded by a cornified envelope

d. Dermal-epidermal junction – includes the basal cell plasma membrane, the basal lamina (containing lamina lucida and lamina densa), and an underlying fibrous zone (containing anchoring fibrils, collagen fibers and microfibril bundles)  
II. Dermis 

a. Contains primarily noncellular connective tissue (ie. Collagen, elastin) surrounding some cells (fibroblasts, mast cells, macrophages) and some organized structures (nerves, blood vessels, sweat glands) 

b. Papillary dermis – composed of thin loosely packed collagen and elastin fibers

i. Merkel cell receptors

ii. Meissner’s corpuscle – collection of transverse cells with no lumen

c. Reticular dermis containing coarse elastic fibers and thick collagen bundles

III. Hypodermis

a. Varies in thickness from up to 3 cm over the abdomen to a very thin layer over the eyelids

b. Contains primarily adipose tissue

c. Bordered by two vascular plexi which run parallel to the skin; involved in thermoregulation; a third vascular plexus supplies the capillaries in the dermal papillae

d. Pacinian corpuscles deep in the hypopdermis of palms and soles – onion-like circular structures with many layers

IV. Specilized epidermal appendages found in skin

a. Hair follicle

i. Found deep in hypodermis, but is formed from invagination of epidermis

ii. Follicle, together with attached smooth muscle (erector pili muscle) and a sebaceous gland called the pilosebaceous unit 

b. Sebaceous glands
i. Sebum has frothy appearance in the distended cells of the glands

ii. Excretory ducts empty into hair follicles

c. Sweat glands

i. Secretory portion is simple convoluted tube in hypodermis; conducting portion is spiraling duct through dermis and epidermis

ii. Gland consists of single layer of cuboidal secretory cells supported by pink-staining contractile myoepithelial cells 

iii. Ducts have double layer of cuboidal cells and stain much more pink than gland itself b/c have more mitochondria 

Endocrine Glands

I. Pituitary

a. Adenohypophysis – larger, darker staining portion of pituitary

i. Subdivisions:

1. Pars tuberalis – “collar” of cells around neural stalk

2. Pars intermedia (Intermediate Lobe) – cells surround colloid-filled follicles

3. Pars distalis (anterior lobe) – 75% of pituitary;  glandular hormone-secreting cells are arranged in irregular cords and clumps separated by fenestrated endothelium-lined sinusoids and think connective tissue septa

ii. Histologically there are 3 types of cells:

1. Acidophiles 

a. large dark round nucleus

b. stains bright red with eosin stain

c. PAS negative 

2. Basophiles

a. larger, paler nucleus

b. more purpilish cytoplasm 

c. granules stain blue with methylene blue 

d. PAS positive

3. Chromophobes – do not pick up stains very well so look very pale 

b. Neurohypophysis – smaller, lighter staining

i. Subdivions: 

1. Pars nervosa or infundibular process (posterior lobe)

2. Infundibulum or neural stalk

a. infundibular stem

b. median eminence

ii. Composed mainly of a large bundle of unmyelinated nerve fibers whose cell bodies are in the hypothalamus ( fibrous look

iii. Neurosecretory material (hormones) collects in axons and thickened thermals (Herrring bodies) 

iv. Contains pituicytes – neuroglia-like cells 

c. Vasculature – capillaries in both the adenohypophysis and neurohypophysis are fenestrated

II. Adrenal

a. Cortex –composed of three different zones with large cuboidal cells and abundant fenestrated sinusoids
i. Cells of all three zones abound in mitochondria, SER, and lipid droplets

ii. Zona glomerulosa – immediately beneath capsule ; parenchymal cells grouped into little, irregular clusters with capillaries between clusters

iii. Zona fasiculata – thickest layer; cells (spongiocytes, bubbly looking) in fairly straight cords with straight capillaries between them
iv. Zona reticularis – smaller cells, more densely packed; in cords that run in various directions and anastomose with one another
b. Medulla – inner part of the organ, beneath the three layers of cortex
i. Cells are large, ovoid, columnar, and grouped in clumps and cords around fenestrated capillaries

ii. Hormone containing granules are oxidized by chromic acid or chrome salts – hence are called chromaffin cells 

iii. NE cells have denser granules than Epi cells 

III. Thyroid

a. Structural unit: the follicle (thousands per lobe, varying in size)

i. Single layer of simple cuboidal epithelium cells with tight junctions, enclosing follicular cavity

ii. Thin, PAS + basement membrane surrounds the follicle

iii. Follicle is filled with PAS+ gel-like colloid containing thyroglobulin

iv. Interfollicular space contains numerous fenestrated capillaries, fibroblasts, reticular fibers

b. Follicle cell:

i. Histological changes of an active follicle cell: 

1. number and size of microvilli increase

2. changes from low cuboidal to columnar

3. increase in intracellular lysosomes

c. Parafollicular or C cells 

i. Situated on inner aspect of basement membrane surrounding the thyroid follicle 

ii. Larger, paler and much less numerous than follicle cells

IV. Parathyroid – paired, usually four in number; usually embedded in posterior surface of thyroid
a. Chief or principal cells – arranged in clumps or cords, with sinusoids between the cords
i. Smaller than secretory cells of most endocrine glands; nuclei rather close together

ii. Have relatively few granules compared to other types of secreting cells

b. Oxyphil cells: usually seen in islands; larger and pinker than chief cells due to the higher mitochondrial content 
Reproductive System

Male Reproductive System

I. Structure of the Testes
a. Tunica Albugina: 

i. Dense fibrous connective tissue covering the testis

ii. Mediastinum testis: thickened part of the tunica albugina at the posterior margin of the testis through which blood vessels, nerves, lymphatics, and ducts enter and leave the testis

b. Lobuli Testis: each testis is subdivided into about 250 lobules by delicate connective tissue septa; each lobule contain 1-4 seminiferous tubules 

c. Seminiferous tubule:

i. Ensheathed by basal lamina, collagen fibrils and a few flattened peritubular myoid cells, which are responsible for the rhythmic contraction of the seminiferous tubule to facilitate movement of the immotile sperm to the efferent ducts of the testis

ii. Contain germinal cells undergoing meiosis and special supportive cells (Sertoli cells)

1. spermatogonia – first stage of precursor cells, found near periphery of tubule
2. spermatocytes – chromosome in distinct stages of chromosome condensation

3. spermatids – small round cells with dark nuclei found near center of tubule
4. spermatozoa – acrosomal formation, nuclear condensation and tail formation, found around center of tubule
5. Sertoli cells – non-dividing, tall columnar cells which function as nurse cells 

a. Extend from base of seminiferious tubule epithelium to tubule lumen
b. Cytoplasm has elongated thin processes which surround ~50 adjacent spermatogonic cells

c. Very large, euchromatic, pale, irregularly shaped nucleus and very prominent nucleoli 

6. Blood-testis barrier: ultrastructural basis of this barrier is a series of tight junctions between adjacent Sertoli cells 

iii. Leydig cells

1. sit in the loose connective tissue with much contact with interstitial fluid and lymphatic drainage

2. abundant smooth endoplasmic reticulum

3. sometimes contain unique crystals of Reinke and pigmented bodies called lipofuscin

II. Duct system

a. Rete Testis: series of flattened channels in the mediastinum testis lined by simple cuboidal epithelium with short microvilli; conducts seminal plasma and spermatozoa to the efferent ductules

b. Efferent ductules: connect the rete testis to the epididymus; lined by both non-ciliated and ciliated cells

c. Epididymus

i. Highly coiled and convoluted duct

ii. Subdivided into three regions: head, body and tail

iii. Epithelium lining is pseudostratified columnar epithelium consisting of small basal cells and taller columnar cells (principal cells) each with a tuft of sterocilia

iv. Very thin smooth muscle layer over much of the length of the epididymal duct; thickens towards tail region

d. Vas deferens
i. Wall consists of the mucosa, and a very thick and robust layer of smooth muscle

ii. Muscularis layer unique in containing 3 smooth muscle layers: inner longitudinal, middle circular, and outer longitudinal 

iii. Adventitia is minimal 

III. Accessory sex glands

a. Seminal vesicles

i. Elongated and lobulated hollow muscular evaginations of the vas deferens

ii. Consists of a tube coiled on itself and looks like an irregular diverticulum in cross section
iii. Lumen is lined with a simple columnar or cuboidal epithelium with a secretory function

iv. Septa and walls are rich in smooth muscle 

b. Prostate gland

i. Situated below the neck of the bladder and surrounds the posterior portion of the urethra and consists of 30-50 separate tubulo-alveolar glands each with a duct that opens separately on the urethra wall

ii. Glandular epithelium varies from cuboidal to columnar depending on location, state of activity, and age

iii. Lumen infoldings 

iv. May also find concretion granules within lumen

c. Bulbourethrall (Cowper’s) glands - compound tubulo-alveolar glands that secrete a mucus like substance 

IV. Penis

a. Erectile tissue: two cavernous bodies: corpus cavernosum and corpus spongiosum surrounding the urethra are enclosed by dense connective tissue sheath, the tunica albuginea 

b. Epithelium lining urethra initially transitional and then becomes stratified squamous

Female Reproductive System

I. The ovaries
a. Almond shaped, paired organs

b. Peritoneal lining, where its reflected over the ovary, forms a low cuboidal epithelium

c. Cortex

i. Surrounded by tunica albuginea

ii. Contains primordial and developing follicles and corpus luteum (found only in the post-ovulatory ovary, after puberty); may also find the corpus albicans (the scar left over after the corpus luteum)

iii. Stroma – densely packed spindle-shaped cells in reticular network

d. Medulla

i. Contains large blood vessels, nerves, lymphatics in a stroma of loose connective tissue 

ii. Vessels (unusually large lumen) enter at the hilus; coiled to allow adaptation to rapid ovarian enlargement during formation of corpus luteum

II. The different follicles found in ovaries:

a. Primordial follicles - consists of a large round oocyte, surrounded by a single layer of flattened follicular cells

b. Primary follicle

i. Oocyte enlarges, develops microvilli

ii. Follicular cells become cuboidal, proliferate to become stratified; outer ones rest on distinct basement membrane

1. Follicle cells now referred to as stratum granulosum

2. follicle cells just adjacent to oocyte called corona 
adiate

iii. Stroma cells organize around follicle and are called theca interna, surrounded by less organized theca externa

iv. Theca interna becomes vascularized

v. Zona pellucida, an extracellular PAS + glycoprotein envelope forms between the follicle cells and oocyte

c. Secondary (antral) follicle
i. 6-12 layers of granulosa cells

ii. Hyaluroinc fluid (liquor folliculi) forms lakes which coalesce to form antrum in the granulosa layers

iii. Oocyte has attained full size 150 µm diameter; eccentric and surrounded by cumulus oophorus (cloud) of follicular cells 

iv. Stroma cells

1. theca interna differentiates into endocrine cells 

2. outer fibrous theca externa provides support

d. Graafian (mature) follicle

i. Bulges on surface of ovary and occupies entire thickness of ovarian cortex

ii. Follicle has grown to 15-20 mm in diameter, but oocyte is still the same size as it was in the secondary follicle

iii. Liquor folliculi accumulates between cells of cumulus oophorus into one giant antrum ( frees the oocyte from all but one layer of loosely adherent cells, the corona radiate

e. Atretic follicles -degenerated follicles; have eccentric ova with pyknotic (shrunken, dark nuclei) 

f. Corpus Luteum

i. After ovulation, the ruptured follicles collapse, fill with a blood clot and reorganize into the corpus luteum (named because of yellow pigment)

ii. Transformation of ovulated follicle into corpus luteum

1. basement membrane separating granulose cells and theca interna cells dissolves, fenestrated capillaries invade region

2. granulosa cells ( granulosa lutein cells

3. theca interna cells ( theca lutein cells

4. both kinds of lutein cells are polyhedral; have abundant SER and mitonchondria
III. Oviducts (Fallopian tubes)

a. Divided according to structure into 3 segments: intramural, isthmus, and ampullary region with a flattened orifice containing tentacle like appendages called fibriae (opening called infundibulum)

b. Mucosa – 

i. Varies from one region to another:

1. ampulla: highly convoluted and infolded 

2. isthmus: less convoluted

3. ampulla: almost no folds in mucosa

ii. simple columnar epithelium with secretory cells (peg cells, poke out from ciliated cells) and many highly ciliated cells 

iii. height of ciliated cells depend on time of menstrual cycle – tallest at time of ovulation

iv. lamina propria is thin and rests directly on tunica muscularis- NO submucosa

c. Muscularis: inner circular layer, outer poorly defined longitudinal fibers

d. Thin Serosa

IV. Uterus

a. Anatomical regions: fundus (top), corpus (body), and cervix (cylindrical lower part which opens into the vagina at the external os)

b. Wall of uterus divided into three layers 

i. Endometrium (the mucosa) – undergoes cyclic changes in structure and secretory activity

1. Consists of simple ciliated columnar epithelium and a wide lamina propria

2. Endometrial stroma with simple tubular uterine glands and spiral arteries 

3. Uternine glands penetrate almost to myometrium 

4. Stroma rests directly on the myometrium with NO submucosa

5. Functionally divided into two regions, with no distinct line to differentiate the border

a. Stratum Basalis:

i. Directly applied to myometrium and may extend into pockets in the myometrium

ii. Undergoes few microscopic changes during menstrual cycle

b. Stratum Functionalis

i. Upper half to 2/3 of endometrium

ii. Site of principle cyclic changes; layer is cast off during menstruation

iii. In the secretory phase, when the functionalis is thickest, it is further subdivided into a stratum spongiosum (lower, glandular part) and stratum compactum (upper, highly stromal part) 

ii. Myometrium (muscularis)

1. Thick muscular wall of uterus supplied by uterine arteries and composed of 3 poorly distinguishable muscle layers

2. During pregnancy, muscle cells increase in number and size 

iii. Perimetrium (serosa) 

c. Cyclic stages of Uterine Mucosa

i. Proliferative phase (follicular phase): begins at end of menstruation and continues for 12-14 days until ovulation

1. Both epithelial and stromal cells are in mitosis

2. tubular glands are increasing in length

3. spiral arteries are growing, and gradually becoming more coiled

ii. Secretory phase (luteal phase): days 14-28

1. Glands become torturous and sacculated (saw-toothed in appearance); they accumulate a carbohydrate-rich secretion

2. Stroma cells become edematous

3. in the stratum compactum stromal cells enlarge (decidual reaction)

4. spiral arteries thicken, elongate and become convoluted

5. endometrium reaches maximum thickness at 5 mm

iii. Menstrual phase

1. Spiral arteries constricts, blanching the endometrium 

2. Glands stop secreting; leukocytes invade the stroma

3. Necrosis and rupture of vessel walls ensues; clumps of endometrium tear away

4. Entire functionalis sloughed off by 4th day of menstruation

d. Cervix

i. Thick muscular wall, continued from corpus of uterus

ii. Mucosa: deep transverse folds (plica palmitae) into which open branched cervical glands which are simple involdings of epithelium

iii. Epithelium is simple columnar mucous secreting cells, whose product fills lumen of cervix

iv. Little change in mucosa thickness throughout menstrual cycle

V. Vagina

a. Abrupt change at external from simple columnar to stratified squamous, non cornified epithelium

b. Lamina propria – dense elastic connective tissue; many lymphocytes

c. Musculars – interlacing bundles of smooth muscle fibers
Placenta

I. Histology of the placental villi
a. Each villus composed of a core of mesodermal fibroblastic tissue bearing fetal capillaries and separated by a basement membrane from the ensheathing cyto- and syncytio-trophoblast

b. Desmosomes connect the inner cytotrophoblasts to the outer syncytiotrophoblasts  (full term – very few cytotrophoblasts remaining)

c. Another cell of phagocytotic properties (Hofbauer cell) can be seen occasionally among the fibroblasts of the villus core

II.  Components of the Placenta

a. Maternal contribution – the deciduas basalis

i. Endometrial mucosa lying beneath the basal plate 

ii. May see subdivided into compacta and spongiosa layers

b. Fetal contribution
i. Basal plate

1. underlies the deciduas basalis

2. can find syncyotrophoblasts, some cytotrophoblasts, and pink staining acellular colloidal material called fibrinoid

ii. Chorionic plate

1. covered by amnion – single layer of cuboidal cells

2. contains chorionic mesoderm and fetal blood vessels (large because capillaries in villi merge into these vessels)

3. chorionic villi (villi of placenta) arise from chorionic plate and lie in the spaces through which maternal blood circulates

4. many villi are free-floating; others attach to the deciduas basalis and are called anchoring villi

III. Umbilical cord

a. Outer covering of amniotic epithelial cells and contains the two fetal umbilical arteries and the one fetal umbilical vein

b. Vessels surrounded by mucoid mesodermal connective tissue called Wharton’s jelly

