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MODULE 2

CONNECTIVE TISSUE AND SKIN

Introduction

CONNECTIVE TISSUE

1. Connective Tissue Proper

a. Loose connective tissue

b. Dense connective tissue

1. Regular

2. Irregular

2. Specialized Connective Tissue

a. Adipose tissue

b. Elastic tissue

c. Hemopoietic tissue

d. Lymphatic tissue

3. Supporting Connective Tissue

a. Cartilage

b. Bone

4. Embryonic Tissues

a. Mesenchymal

b. Mucous

Section A: Connective Tissues

I. ACELLULAR COMPONENTS

Amorphous Ground Substance. The intercellular ground substance is composed of a complex mixture of a) glycosaminoglycans and b) structural glycoproteins.

1. Define glycosaminoglycans in general chemical terms.

Glycosaminoglycans (originally called acid mucopolysaccharides) are linear polysaccharides formed by characteristic repeating disaccharide units usually composed of uronic acid and a hexosamine. The hexosamine can be glucosamine or galactosamine, and the uronic acid can be glucuronic or iduronic acid.

2. Define proteoglycans in general chemical terms.

Linear chains of glycosaminoglycans attached to a protein core. Glycosaminoglycans (mucopolysaccharides), except for hyaluronic acid, are bound to protein chains in covalent complexes; occur in the extracellular matrix of connective tissue. Because of the abundance of hydroxyl, carboxyl, and sulfate groups in the carbohydrate moiety of most proteoglycans, they are intensely hydrophilic and act as polyanions. 

3. List the major glycosaminoglycans and give their distribution within the body.

GLYCOSAMINOGLYCAN
DISTRIBUTION

Hyaluronic acid
Umbilical cord, synovial fluid, vitreous humor, cartilage

Chondroitin 4-sulfate
Cartilage, bone, cornea, skin, notochord, aorta

Chondroitin 6-sulfate
Cartilage, umbilical cord, skin, aorta (media)

Dermatan sulfate
Skin, tendon, aorta (adventitia)

Heparan sulfate
Aorta, lung, liver, basal laminae

Keratan sulfate (cornea)
Cornea

Keratan sulfate (skeleton)
Cartilage, nucleus pulposus, annulus fibrosis

4. Define the general structure of proteoglycans (a drawing may be helpful). 

Proteoglycans contain a core of protein to which molecules of glycosaminoglycans are covalently bound. This is a three-dimensional structure that can be pictured as a test tube brush, with the wire stem representing the protein core and the bristles representing the glycosaminoglycans.

5. List the major functions of glycosaminoglycans and proteoglycans within connective tissues. 

• Act as structural components of the extracellular matrix.

• Have specific interactions with collagen, elastin, fibronectin, laminin, and other proteins of the matrix.

• The glycosaminoglycans present in the proteoglycans are polyanions and hence bind polycations and cations such as Na+ and K+. This ability attracts water by osmotic pressure into the extracellular matrix and contributes to its turgor. 

• Glycosaminoglycans also gel at relatively low concentrations. Because of the long extended nature of the polysaccharide chains of glycosaminoglycans and their ability to gel, the proteoglycans can act as sieves, restricting the passage of large macromolecules into the extracellular matrix but allowing relatively free diffusion of small molecules.

• Hyaluronic acid is especially high in concentration in embryonic tissues and is thought to play an important role in permitting cell migration during morphogenesis and wound repair. 

• The high concentrations of hyaluronic acid chondroitin sulfates present in cartilage contribute to its compressibility.

• Chondroitin sulfates are located at sites of calcification in endochondral bone and are also found in cartilage. They are also located inside certain neurons and may provide an endoskeletal structure, helping to maintain their shape.

• Both keratan sulfate I and dermatan sulfate are present in the cornea. They lie between collagen fibrils and play a critical role in corneal transparency.  

• Dermatan sulfate in the sclera may also play a role in maintaining the overall shape of the eye.

• Heparin is an important anticoagulant. It binds with factors IX and XI but its most important interaction is with plasma antithrombin III.

• Certain proteoglycans (e.g., heparan sulfate) are associated with the plasma membrane of cells, with their core proteins actually spanning that membrane. In it they may act as receptors and may also participate in the mediation of cell growth and cell-cell communication. The attachment of cells to their substratum in culture is mediated, at least in part, by heparan sulfate. 

• Heparan sulfate is also found in the basement membrane of the kidney, along with type IV collagen and laminin, where it plays a major role in determining the charge selectiveness of glomerular filtration. 

• Are components of synaptic and other vesicles. Proteoglycans are present in some storage or secretory granules, such as the chromaffin granules of the adrenal medulla. It has been postulated that they play a role in the release of the contents of such granules. 

6. Define the term tissue fluid.

Tissue fluid is the fluid component of blood, similar to plasma, that percolates throughout the ground substance, carrying nutrients, oxygen, and other blood-borne materials to and carbon dioxide and waste products from cells. 

Tissue Fluid: similar to blood plasma in its content of ions and diffusible substances. Tissue fluid contains a small percentage of plasma proteins of low molecular weight that pass through the capillary walls as a consequence of the hydrostatic pressure of the blood. 

7. Describe the flow of fluid between blood vessels, the connective tissue, and the lymphatic system.

Water in the intercellular substance of connective tissue comes from the blood, passing through the capillary walls into the intercellular regions of the tissue. The capillary wall is only slightly permeable to macromolecules but permits the passage of water and small molecules, including low-molecular-weight proteins.

Blood brings to connective tissue the different nutrients required by the cells and carries metabolic waste products away to the detoxifying and excretory organs (liver, kidney, etc).

There are two forces acting on the water contained in the capillaries: the hydrostatic pressure of the blood, a consequence of the pumping action of the heart, which forces water to pass through the capillary walls; and the colloid osmotic pressure of the blood plasma, which draws water back into the capillaries. Osmotic pressure is due mainly to plasma proteins. Because the ions and low-molecular-weight compounds that pass easily through the capillary walls have approximately the same concentration inside and outside these blood vessels, the osmotic pressures they exert are approximately equal on either side of the capillaries and cancel each other. The colloid osmotic pressure exerted by the blood protein macromolecules – which are unable to pass through the capillary walls – is not counterbalanced by outside pressure, however, and tends to bring water back into the blood vessel.

Normally, water passes through capillary walls to the surrounding tissues at the arterial end of a capillary. This occurs because the hydrostatic pressure here is greater than the colloid osmotic pressure; the hydrostatic pressures, however, decreases along the length of the capillary toward the venous end. As this hydrostatic pressure falls, osmotic pressure rises because of the progressive increase in the concentration of proteins, which is caused by the passage of water from the capillaries. As a result of this increase in protein concentration and fall in hydrostatic pressure, osmotic pressure becomes greater than the hydrostatic pressure at the venous end of the capillary, and water is drawn back into the capillary.

The quantity of water drawn back is less than that which passes out through the capillaries. The water that remains in the connective tissue returns to the blood through the lymphatic vessels. The smallest lymphatic vessels are the lymphatic capillaries, which originate in connective tissue with blind ends. Lymphatic vessels drain into veins at the base of the neck. 

Therefore, because of the equilibrium that exists between the water entering and the water leaving the intercellular substance of connective tissue, there is little free water in the tissue.  

8. Define the term edema and list some of the possible causes of this condition.

Edema is an accumulation of an excessive amount of watery fluid in cells, tissues, or serous cavities. 


Causes of Edema:

· Venous obstruction

· Chronic starvation (due to lack of colloid pressure in plasma)

· Increased permeability of the blood capillary endothelium resulting from chemical or mechanical injury or the release of certain substances produced in the body (e.g., histamine).

· Obstruction of lymphatic vessels (e.g., by plugs of parasites or tumor cells)

9. Describe and be able to recognize amorphous ground substance in histological preparations.

The amorphous intercellular ground substance, a complex mixture of glycoproteins and proteoglycans that participate in binding cells to the fibers of connective tissue, is colorless, transparent, and homogenous. 

RECOGNIZE
10. List the major classes of degradative enzymes active against glycosaminoglycans.

Acid hydrolases


Endoglycosidases


Exoglycosidases


Sulfatases

11. Describe the fibronectin molecule including its functional domains.

Fibronectin is a glycoprotein synthesized by fibroblasts and some epithelial cells. This molecule, with a molecular weight of 222,000-240,000, has binding sites for cells, collagen, and glycosaminoglycans. These interactions help mediate normal cell adhesion and migration. Fibronectin contains three types of repeating motifs (I, II, and III), which are organized into function domains (at least seven); functions of these domains include binding heparin and fibrin, collagen, DNA, and cell surfaces. The protein is a member of the transmembrane integrin class of proteins. Fibronectin contains an Arg-Gly-Asp (RGD) sequence that binds to the receptor. Fibronectin has been postulated in both embryonic development and the increased ability of cancer cells to invade other tissues. 

12. Describe how cells interact with the fibronectin and define the importance of the Arg-Gly-Asp (RGD) sequence.

Fibronectin contains an Arg-Gly-Asp (RGD) sequence that binds to the receptor.  The RGD sequence is shared by a number of other proteins present in the extracellular matrix that bind to integrins present in cell surfaces.  Synthetic peptides containing the RGD sequence inhibit the binding of fibronectin to cell surfaces.

13. Define integrin receptors and describe their function.

Integrin receptors are transmembrane proteins with receptor sites for one or more glycoproteins; they are principle receptors for binding most extracellular proteins (collagen, fibronectin, laminin); integrin receptors serve as transmembrane linkers by binding a matrix protein to the outside of the cell and to the actin skeleton inside the cell.

14. Describe how fibronectin participates in cell adhesion, cell migration, and modulation of cellular behavior.

The fibronectin receptor interacts indirectly with actin microfilaments present in the cytosol. A number of proteins, collectively known as attachment proteins, are involved; these include talin, vinculin, an actin-filament capping protein, and α-actinin. Talin interacts with the receptor and vinculin, whereas the latter two interact with actin. The interaction of fibronectin with its receptor provides one route whereby the exterior of the cell can communicate with the interior and this affect behavior. Via the interaction with its cell receptor, fibronectin plays an important role in the adhesion of cells to the extracellular matrix. It is also involved in cell migration, by providing a binding site for cells and this helping them to steer their ways through the extracellular matrix. 

15. Describe how laminin facilitates the attachment of cells to collagen.

Laminin is a large glycoprotein detected in basal laminae that is partially responsible for the adhesion of epithelial cells to these structures. Laminin is formed by three intertwined polypeptides in the shape of a cross. It has a high affinity for cell membrane receptors and type IV collagen and heparan sulfate, which are components of basal laminae. Laminin thus promotes adhesion of cells to basal laminae. Laminin consists of three distinct elongated polypeptide chains (A, B1, and B2) linked together to form an elongated cruciform shape. It has binding sites for type IV collagen, heparin, and integrins on cell surfaces. The collagen interacts with laminin (rather than directly with the cell surface), which in turn interacts with integrins or other laminin receptor proteins thus anchoring the lamina to the cells.

16. Define basal laminae and basement membranes.

Basal Laminae and Basement Membrane: an amorphous extracellular layer closely applied to the basal surface of epithelium and also investing muscle cells, fat cells, and Schwann cells; thought to be a selective filter and to serve both structural and morphogenetic functions. It is composed of three successive layers (lamina lucida, lamina densa, and lamina fibroreticularis), a matrix of collagen (of which type IV is unique to this membrane), and several glycoproteins. Main components are type IV collagen, laminin, and proteoglycans. 

17. Describe and be able to recognize basal laminae and basement membranes in histological preparations at the light and electron microscope levels.
Lamina densa: dense layer, 20-100nm thick, consisting of a network of fine fibrils

Laminae rarae (lucidae): electron lucent layer on one or both sides of the dense layer

RECOGNIZE
II. FIBERS

A. Collagen is the most abundant protein in the human body (approx. 25% of the protein is collagen). The term collagen refers to a group of structural proteins. At present at least 20 different collagen types have been described. This discussion will be restricted to the five most abundant collagen types (Type I – V). Collagen fibers are inelastic and possess high tensile strength; they are important for providing structure and support in the body.

1. Describe the successive stages in collagen biosynthesis and the post-translational modifications that occur in the formation of the mature protein.

Synthesis of collagen occurs on the rough endoplasmic reticulum, where polyribosomes possess different mRNAs coding for the three α chains (pre-procollagens). Within the rough endoplasmic reticulum cisternae, specific proline and lysine residues are hydroxylated, and hydroxylysine residues are glycosylated. Each α chain possesses propeptides (telopeptides) located at both amino and carboxyl ends. These propeptides are responsible for the precise alignment of the α chains, resulting in the formation of the triple helical procollagen molecule. 

Non-clathrin coated transfer vesicles convey the procollagen molecules to the Golgi apparatus for modification, mostly the addition of carbohydrate side chains. Subsequent to transfer to the trans Golgi network, the procollagen molecule is exocytosed (via non-clathrin-coated vesicles), and the propeptides are cleaved by the enzyme procollagen peptidase, resulting in the formation of tropocollagen.

Tropocollagen molecules self-assemble, forming fibril with 67-nm characteristic banding. Type IV collagen is composed of procollagen rather than tropocollagen subunits, hence the absence of periodicity and fibril formation in this type of collagen.

2. Differentiate between the cellular and extracellular events associated with the processing of fibrillar collagen.

Intracellular

· Formation of mRNA for each type of α chain.

· Synthesis of α chains of preprocollagen with registrations peptides. Cleavage of signal peptide.

· Hydroxylation of specific prolyl and lysyl residues in the endoplasmic reticulum.

· Attachment of galactosyl and glucosyl to specific hydroxylysyl residues.

· Assembly of procollagen molecules (triple helix).

· Transport of procollagen to Golgi complex.

· Packaging of procollagen in secretory vesicles.

· Secretory vesicles assisted by microtubules and microfilaments transport procollagen molecules to cell surface. 

1. Cleavage of signal peptide

2. Hydroxylation of Y-prolyl and some Y-lysyl residues; glycosylation of some hydroxylysyl residues

3. Formation of intrachain and interchain S-S bonds in extension peptides

4. Formation of triple helix

Extracellular

· Discharge of procollagen molecules to extracellular space. Procollagen peptidases cleave most of the nonhelical registration peptides, transforming procollagen into insoluble tropocollagen, which aggregates to form collagen fibrils.

· Fibrillar structure is reinforces by the formation of covalent cross-links between tropocollagen molecules catalyzed by the enzyme lysyl oxidase.
1. Cleavage of amino and carboxyl terminal peptides

3. Assembly of collagen fibers in quarter-staggered alignment

4. Oxidative deamination of ε-amino groups of lysyl and hydroxylysyl residues to aldehydes

5. Formation of intrachain and interchain cross-links via Schiff bases and aldol condensation products

2. Describe the molecular features of collagen structure from the primary amino acid sequence to the fibril structure.

In mature collagen type I, each polypeptide subunit or α chain is twisted into a left-handed helix of three residues per turn. Three of these alpha chains are the wound into a right-handed superhelix, forming a rod-like molecule 1.4 nm in diameter and about 300 nm long. A striking characteristic of collagen is the occurrence of glycine residues at every third position of the triple helical portion of the alpha chain. This is necessary because glycine is the only amino acid small enough to be accommodated in the limited space available down the central core of the triple helix. This repeating structure, represented as (Gly-X-Y)n, is an absolute requirement for the formation of the triple helix. While X and Y can be any other amino acids, about 100 of the X positions are proline and about 100 of the Y positions are hydroxyproline. Proline and hydroxyproline confer rigidity on the collagen molecule. Hydroxyproline is formed by the posttranslational hydroxylation of peptide-bond proline residues catalyzed by the enzyme prolyl hydroxylase, whose cofactors are ascorbic acid (vitamin C) and α-ketoglutarate. Lysines in the Y positions may also be posttranslationally modified to hydroxylysine through the action of lysyl hydroxylase, an enzyme with similar cofactors. Some of these hydroxylysines may be further modified by the addition of galactose or galactosyl-glucose through an O-glycosidic linkage, a glycosylation site that is unique to collagen. 

Collagen types that form long rod-like fibers in tissue are assembled by lateral association of these triple helical units into a “quarter staggered” alignment such that each is displaced longitudinally from its neighbor by lightly less than one-quarter of its length. This arrangement is responsible for the banded appearance of these fibers in connective tissues.  

3. Describe how covalent cross-linking is important for tensile strength of collagen fibers.

Collagen fibers are further stabilized by the formation of covalent cross-links, both within and between the triple helical units. These cross-links form through the action of lysyl oxidase, a copper-dependent enzyme that oxidatively deaminates the ε-amino groups of certain lysine and hydroxylysine residues, yielding reactive aldehydes. Such aldehydes can form aldol condensation products with other lysine- or hydroxylysine-derived aldehydes or form Schiff bases with the ε-amino groups of unoxidized lysines or hydroxylysines. These reactions, after further chemical rearrangements, result in the stable, covalent cross-links that are important for the tensile strength of the fibers. The cross-links allow for the distribution of force to all of the fibers. This decreases the likelihood of an individual fiber breaking, which increases the tensile strength.
4. Compare and contrast collagen Types I, II, III, IV, and V. Special attention should be given to tissue distribution, the cells involved in biosynthesis, appearance, interaction with glycosaminoglycans, and function.

Type
Tissue Distribution
Site of Synthesis
Appearance
Interaction with Glycosaminoglycans
Main Function

I
Dermis, bone, tendon, dentin, fascias, sclera, organ capsules, fibrous cartilage.
Fibroblast, osteoblast,

Odontoblast, chondroblast.
Closely packed, thick, nonargyrophilic, strongly birefringent yellow or red fibers.

Collagen fibers.
Low level of interaction, mainly with dermatan sulfate.
Resistance to tension.

II
Hyaline and elastic cartilage.
Chondroblast.
Loose, collagenous network visible only with picro-Sirius stain and polarization microscopy.


High level of interaction, mainly with chondroitin sulfates.
Resistance to intermittent pressure.

III
Smooth muscle, endoneurium, arteries, spleen, uterus, liver, kidney, lung.


Smooth muscle, fibroblast, reticular cells, Schwann cells, hepatocyte.
Loose network of thin argyrophilic, weakly birefringent greenish fibers.

Reticular fibers
Intermediate level of interaction, mainly with heparan sulfate
Structural maintenance in expansible organs.

IV
Epithelial and endothelial basal laminae basement membranes.
Endothelial and epithelial cells, muscle cells and

Schwann cells.
Thin, amorphous, weakly birefringent membrane.
Interaction with heparan sulfate.
Support and filtration.

V
Muscle basal laminae.
Insufficient data.
Insufficient data.
Insufficient data.
Insufficient data.

5. Describe and be able to recognize collagen in histological preparations at the light and electron microscope levels.

Individual collagen fibrils display alternating transverse dark and light banding along their length. The specific banding results from the ordered arrangement of the tropocollagen molecules constituting the collagen fibrils.

RECOGNIZE 

6. Compare and contrast heritable diseases that affect collagen. Limit this to the examples given in your texts.

Disorder
Defect
Symptoms

Ehlers-Danlos type IV
Faulty transcription or translation of type III
Aortic and/or intestinal rupture

Ehlers-Danlos type VI
Faulty lysine hydroxylation
Augmented skin elasticity, rupture of the eyeball

Ehlers-Danlos type VII
Decrease in pro-collagen peptidase activity
Increased articular mobility

Frequent luxation

Scurvy
Lack of vitamin C (cofactor for proline hydroxylase)
Ulceration of gums, hemorrhages

Osteogenesis imperfecta
Change of one nucleotide in genes for collagen type I
Spontaneous fractures, cardiac insufficiency

7. Describe the clinical condition scurvy in terms of its nutritional and biochemical basis.

Scurvy affects the structure of collagen. However, it is due to a deficiency of ascorbic acid (vitamin C) and is not a genetic disease. Its major signs are bleeding gums, subcutaneous hemorrhages, and poor wound healing. These signs reflect impaired synthesis of collagen due to deficiencies of prolyl and lysyl hydroxylases, both of which require ascorbic acid as a cofactor.

B. The elastic fiber system is made up of microfibrils (composed of the protein fibrillin) and elastin. Elastic fibers are important in providing elasticity to certain structures that require this property. These include lung, large arterial blood vessels, and elastic ligaments.

1. Describe events associated with the biosynthesis of elastin.

Elastin is synthesized as a soluble monomer of 70 kDa called “tropoelastin.” Some of the prolines of tropoelastin are hydroxylated to hydroxyproline by prolyl hydroxylase, though hydroxylysine and glycosylated hydroxylysine are not present. After secretion from the cell, certain lysyl residues of tropoelastin are oxidatively deaminated to aldehydes by lysyl oxidase. The major cross-links formed in elastin are the desmosines, which result from the condensation of three of these lysine derived aldehydes with an unmodified lysine to form a tetrafunctional cross-link unique to elastin.


Proelastin is a globular molecule (MW 70,000) produced by fibroblasts in the skin and tendons and by smooth muscle cells in the large blood vessels. The proelastin polymerizes, producing elastin. 

2. Describe the stages in development of the elastic fiber system.

(1) In early stages of formation, developing fibers consist of numerous small glycoprotein microfibrils (oxytalan fibers).

(2) With further development amorphous aggregates of elastin are found among the oxytalan fibers forming elaunin fibers. 

(3) The amorphous elastin accumulates, ultimately occupying the center of an elastic fiber delineated by microfibrils. 

3. Compare and contrast elastin and collagen.

Collagen
Elastin

Many different genetic types
One genetic type

Triple Helix
No triple helix; random coil conformations permitting stretching

(Gly-X-Y)n repeating structure
No (Gly-X-Y)n repeating structure

Presence of hydroxylysine
No hydroxylysine

Carbohydrate containing
No carbohydrate

Intramolecular aldol cross-links
Intramolecular desmosine cross-links

Presence of extension peptides during biosynthesis
No extension peptides present during biosynthesis

4. Describe the amino acid modifications and cross-linking events that account for the elastic properties of elastic fibers.

The amino acid composition of elastin resembles that of collagen in that elastin is rich in glycine and proline. Elastin contains two unusual amino acids, desmosine and isodesmosine, formed by the covalent reactions among four lysine residues. This effectively cross-links elastin and is thought to account for the rubberlike qualities of this protein.

Elastin molecules are joined together by covalent bonds to generate an extensive cross-linked network. Because each elastin molecule in the network can expand and contract like a random coil, the entire network can stretch and recoil like a rubber band. 

5. Describe and be able to recognize elastic fibers in histological preparations at the light and electron microscope levels. 

Elastic fibers are arranged in parallel arrays. However, the fibers are short and are curled at their ends. 

RECOGNIZE
6. Describe Marfan’s Syndrome and define its molecular basis.

Marfan’s Syndrome: a syndrome of congenital changes in the mesodermal and ectodermal tissues, skeletal changes (arachnodactyly, excessive length of extremities, laxness of joints), bilateral ectopia lentis, and vascular defects (particularly aneurysm of the aorta, dissecting or diffuse); iris transillumination is marked due to a deficiency of posterior epithelium pigment; autosomal dominant inheritance.


Marfan’s syndrome is a relatively frequent inherited disease affecting connective tissue; it is inherited as an autosomal dominant trait. It affects the eyes (e.g., causing dislocation of the lens, known as ectopia lentis), the skeletal system (most patients are tall and exhibit long digits [arachnodactyly] and hyperextensibility of the joints), and the cardiovascular system (e.g., causing weakness of aorta media, leading to dilation of the ascending aorta). Most cases are caused by mutations in the gene (on chromosome 15) for fibrillin; missense mutations have been detected in several patients with Marfan’s syndrome.

C. Reticular fibers are thin structures that form extensive networks in certain organs. Reticular fibers are arranged in a mesh-like pattern. Reticular fibers form flexible networks that are present in structures that are subject to changes in shape or volume (e.g., arteries, spleen, uterus, smooth muscle layers). In addition reticular fibers are present as a supporting stroma in a variety of locations such as hemopoietic tissue, lymphatic tissues, and the liver.

1. Define the major collagen type in reticular fibers.

Immunocytochemical and histochemical evidence reveals that reticular fibers are composed mainly of collagen type III in association with other types of collagen, glycoproteins, and proteoglycans. They are formed by loosely packed, thin fibrils bound together by abundant small interfibrillar bridges probably composed of proteoglycans and glycoproteins.

2. Compare the glycosaminoglycan levels of reticular fibers to Type I collagen.

Reticular fibers

~6-12% glycosylation


Type I collagen 

~1% glycosylation

3. Describe how reticular fibers are usually rendered visible at the light microscope level.

Reticular fibers are not visible with hematoxylin and eosin preparations but can be easily stained black by impregnation with silver salts (argyrophilic).
III. CELLULAR COMPONENTS

1. List the various cells present in connective tissue and give their major functions and/or activities.

Cell Type
Main Product or Activity
Main Function

Fibroblast, chondroblast, osteoblast, odontoblast
Production of fibers and ground substance
Structural

Plasma Cell
Production of antibodies
Immunologic

Lymphocyte
Production of immunocompetent cells
Immunologic

Eosinophilic leukocyte
Phagocytosis of antigen-antibody complex
Immunologic

Macrophage, neutrophilic leukocyte
Phagocytosis of foreign substances, bacteria
Defense

Mast cell basophilic leukocyte
Liberation of pharmacologically active substances (e.g., histamine)
Defense

Adipose cell
Storage of neutral fats, heat production
Energy reservoir; heat production

2. Compare and contrast active and quiescent fibroblasts.

The active fibroblast has an abundant and irregularly branched cytoplasm. Its nucleus is ovoid, large, and pale-staining, with fine chromatin and a prominent nucleolus. The cytoplasm is rich in rough endoplasmic reticulum, and the Golgi complex is well developed.

The fibrocyte (quiescent fibroblast), a smaller cell that the fibroblast, tends to be spindle-shaped. It has fewer processes than the fibroblast; a smaller, darker, elongated nucleus; and acidophilic cytoplasm; and a small amount of rough endoplasmic reticulum. When it is adequately stimulated, the fibrocyte may revert to the fibroblast state, and its synthetic activities are reactivated. This occurs during wound healing, and in such instances the cell resumes the form and appearance of a fibroblast. 

3. Name a condition where actively dividing (mitotic) fibroblasts would be found.

In adults, fibroblasts in connective tissue rarely undergo division. Mitoses are observed only when the organism requires additional fibroblasts, e.g., when connective tissue is damages.

4. Describe how fibroblasts in connective tissue receive nutrients and eliminate metabolic wastes.

Fibroblasts in connective tissue receive and eliminate substances via diffusion.

5. Describe and be able to recognize fibroblasts in histological preparations at the light and electron microscope levels. 

Fibroblast’s nuclei are clearly evident as thin dark lines, while their cytoplasm is only somewhat discernible. The nuclei of fibroblasts appear to be strewn about in a haphazard manner.

RECOGNIZE
6. Define the term mononuclear phagocyte system.

Macrophages derive mainly from precursor cells from the bone marrow that divide, producing monocytes that circulate in the blood. In a second step, these cells migrate into the connective tissue where the mature and are called macrophages. Tissue macrophages can proliferate locally, producing such cells.

Macrophages, which are distributed throughout the body, are present in most organs and constitute the mononuclear phagocyte system. In certain regions, macrophages have special names:



Kupffer cells

Liver



Microglial cells
Central Nervous System



Osteoclasts

Bone Tissue

7. List the major functions of macrophages in connective tissue.

The major functions of macrophages are the ingestion of particles and their digestion by the lysosomes and the secretion of an impressive array of substances that participate in defensive and reparative functions. Ingestion is performed by surrounding the particle with thin extensions of the cell surface the ultimately fuse, isolation the particle within a phagocytic vacuole. Next, lysosomes fuse with the phagocytic vacuole and digest the contests. In addition to this function, macrophages participate in the immune system of the body; these is evidence that these cells influence activation of the immune response. They also participate in cell-mediated resistance to infection by bacteria, viruses, protozoa, fungi, and metazoa (e.g., parasitic worms); in cell-mediated resistance to tumors; and extra-hepatic bile production, iron and fat metabolism, and the destruction of aged erythrocytes. 

8. Define the term multinuclear giant cell as it related to macrophages.

When adequately stimulated, macrophages may increase in size, forming epithelioid cells, or several may fuse to form multinuclear giant cells – cell types that are usually found only in pathologic conditions. 

9. Define the term phagocytosis and describe the cellular events associated with this process.

Phagocytosis of foreign particles

1) Coating of a foreign particle by substances such as immunoglobulins opsonins) for which the phagocyte has receptors; opsonization.

2) Recognition of opsonized particle and binding to phagocyte.

3) Uptake of the opsonized particle involving sequential interaction of phagocyte membrane receptors with the particle (“zippering”).

4) Fusion of the phagocytic vacuole with lysosomes.

5) Killing and digestion of the foreign particle.

10. Compare and contrast macrophages in the activated and inactivated states.

When macrophages are stimulated (by injection of foreign substances or by infection), they change their morphology and metabolism. They are then called activated macrophages and acquire characteristics not present in their nonactivated state. These activated macrophages, in addition to showing an increase in their capacity for phagocytosis and intracellular digestion, exhibit enhanced metabolic and lysosomal enzyme activity. The can also secrete substances that participate in inflammation and repair (e.g., collagenase) and exhibit increased tumor-cell-killing capacity.

11. Describe and be able to recognize macrophages in histological preparation at the light and electron microscope levels. 

Macrophage: any mononuclear, actively phagocytic cell arising from monocytic stem cells in the bone marrow; these cells are widely distributed in the body and vary in morphology and motility, though most are large, long-lived cells with a nearly round nucleus and have abundant endocytic vacuoles, lysosomes, and phagolysosomes. Phagocytic activity is typically mediated by serum recognition factors, including certain immunoglobulins and components of the complement system, but also may be nonspecific for some inert materials and bacteria, as in the case of alveolar macrophage's; macrophage's also are involved in both the production of antibodies and in cell-mediated immune responses, participate in presenting antigens to lymphocytes, and secrete a variety of immunoregulatory molecules.

RECOGNIZE
12. Compare the appearance of a mast cell to that of a macrophage.

13. Define the histological term metachromasia and describe how it relates to mast cells.

Mast cell granules are metachromatic because of their content of glycosaminoglycans. Metachromasia is a property of certain basic aniline dyes (e.g., toluidine blue) in which the stained material takes on a different color (purple-red) from that of the applied dye (blue).  

14. List the major constituents of mast cell granules.

· Glycosaminoglycans

· Histamine

· Neutral proteases

· Eosinophil chemotactic factor of anaphylaxis (ECF-A)

Mast cells also release leukotrienes, but these substances are not stored in the cell. Rather, they are synthesized from membrane phospholipids and immediately released upon appropriate stimulation.

15. Define the two major populations of mast cells.

There are at least two populations of mast cells in connective tissues. One type is called the connective tissue mast cell, in which the proteoglycan in the granules is mainly heparin, a substance with anticoagulant activity. In the second type, termed mucosal mast cells, the granules contain chondroitin sulfate instead of heparin. The two types also react differently to pharmacologic agents. 

16. Describe the cellular basis for secretion of mast cell granules. Define the term exocytosis.

Mast-cell secretion: After a second exposure to an antigen (e.g., bee venom), IgE molecules bond to surface receptors are cross-linked by the antigen. This activates adenylate cyclase and results in the phosphorylation of certain proteins. At the same time, Ca+2 enters the cell. These events lead to intracellular fusion of specific granules and exocytosis of their contents. In addition, phospholipases act on membrane phospholipids to produce leukotrienes. The process of extrusion does not damage the cell, which remains viable and synthesizes new granules. 

EXOCYTOSIS: the process whereby secretory granules or droplets are released from a cell; the membrane around the granule fuses with the cell membrane, which ruptures, and the secretion is discharged.

17. Define the principal function of mast cells.

The principal function of mast cells is the storage of chemical mediators of the inflammatory response.

18. Define the phrases immediate hypersensitivity reaction and anaphylactic shock and describe the role(s) of mast cells in these processes.

Release of the chemical mediators stored in mast cells promotes the allergic reactions known as immediate hypersensitivity reactions because they occur within a few minutes after penetration by an antigen of an individual previously sensitized to the same or a very similar antigen. There are many examples of immediate hypersensitivity reaction; a dramatic one is anaphylactic shock, a potentially fatal condition. It may occur, for example, when a person is injected with tetanus antitoxin months after having had one or more injections of it. The process of anaphylaxis consists of the following sequential events: The first exposure to an antigen (allergen), such as tetanus antitoxin or bee venom, results in production of the IgE class of immunoglobulins (antibodies) by plasma cells. IgE is avidly bound to the surface of mast cells. A second exposure to the antigen results in binding of the antigen to IgE on the mast cells. This event triggers release of the mast cell granules, liberating histamine, heparin, leukotrienes, and ECF-A.

Histamine causes contraction of smooth muscle (mainly of the bronchioles), dilates blood capillaries, and increases their permeability. Leukotrienes produce slow contractions in smooth muscle, and ECF-A attracts blood eosinophils. Heparin is a blood anticoagulant, but blood clotting remains normal in humans during anaphylactic shock. Any liberated histamine is inactivated immediately after release.  

19. Describe and be able to recognize mast cells in histological preparations at the light and electron microscope levels.

Mast cells are oval to round connective tissue cells, 20-30 μm in diameter, whose cytoplasm is filled with basophilic granules. The rather small and spherical nucleus is centrally situated; cytoplasmic granules frequently obscure it. The secretory granules are 0.3-2.0 μm in diameter and are limited by a membrane. Their interior is heterogeneous in appearance, with a prominent scroll-like substance.

RECOGNIZE
20. Define the major function of plasma cells.

Plasma cells are responsible for the synthesis of the antibodies found in the bloodstream. 

21. Describe the morphological appearance of plasma cells that are present in connective and compare that to B lymphocytes.

Plasma cells are large, ovoid cells that have a basophilic cytoplasm owing to their richness in rough endoplasmic reticulum. The juxtanuclear Golgi complex and the centrioles occupy a region that appears pale in regular histologic preparations. The nucleus of the plasma cell is spherical and eccentrically placed, containing compact, coarse heterochromatin alternating with lighter areas of approximately equal size. This configuration resembles the face of a clock with the heterochromatin clumps corresponding to the numerals. Thus, the nucleus of a plasma cell is commonly describes as having a clock-face appearance.

B lymphocytes: an immunologically important lymphocyte that is not thymus-dependent, is of short life, and resembles the bursa-derived lymphocyte of birds in that it is responsible for the production of immunoglobulins, i.e., it is the precursor of the plasma cell and expresses immunoglobulins on its surface but does not release them. It does not play a direct role in cell-mediated immunity.
22. Be able to recognize plasma cells in histological preparations at the light and electron microscope levels. 

RECOGNIZE
23. List the leukocytes that may be present in connective tissue.

Granulocytes



Neutrophils



Eosinophils



Basophils

Agranulocytes



Lymphocytes (Plasma cells)



Monocytes
24. Define the term diapedesis.

Diapedesis: the continuous movement of leukocytes from blood to connective tissue; the passage of blood, or any of its formed elements, through the intact walls of blood vessels.

25. Name the predominant leukocyte type present during an acute inflammatory reaction in connective tissue. 

Neutrophils phagocytize, kill, and digest bacteria at the site of acute inflammation. Pus is an accumulation of dead neutrophils at an inflammatory site.

26. Describe and be able to recognize neutrophils, eosinophils, and lymphocytes in histological preparations at the light and electron microscope levels.  

Neutrophils constitute 60-70% of circulating leukocytes. They are 12-15 μm in diameter, with a nucleus consisting of 2-5 (usually 3) lobes linked by fine threads of chromatin. The immature neutrophil (band form) has a nonsegmented nucleus in the shape of a horseshoe. 

Eosinophils are far less numerous than neutrophils, constituting only 2-4% of leukocytes in normal blood. The cell has a diameter of 12-15 μm and contains characteristic bilobed nucleus. The endoplasmic reticulum, Golgi complex and mitochondria are poorly developed. Glycogen particles are relatively abundant. The main identifying characteristic is the presence of many large and elongated refractile specific granules (about 200 per cell) that are stain by eosin.

Lymphocytes constitute a family of spherical cells with similar morphologic characteristics. They can be classified into several groups according to distinctive surface molecules. Lymphocytes with diameters 6-8 μm are known as small lymphocytes. A small number of medium-sized lymphocytes and large lymphocytes with diameters up to 18 μm are present in circulating blood.

RECOGNIZE
IV. TYPES OF CONNECTIVE TISSUE

A. Connective Tissue Proper.

1. List the two classes of connective tissue proper.

Loose Connective Tissue

Dense Connective Tissue

2. Compare and contrast the structure of loose and dense connective tissue.

Loose connective tissue also called areolar tissue, is the most abundant of the two types. In loose connective tissue, the most numerous cells are fibroblasts and macrophages, but all the other types of connective tissue cells are present also. Collagen, elastic, and reticular fibers appear in this tissue, although the proportion of reticular fibers is small. Loose connective tissue has a delicate consistency; it is flexible, very well vascularized, and not very resistant to stress.

Dense connective tissue consists of the same components found in loose connective tissue, but there are fewer cells and a clear predominance of collagen fibers. Dense connective tissue is less flexible and far more resistant to stress than is loose connective tissue.

3. Describe the distribution of loose connective tissue in the body.

Loose connective tissue fills spaces between fibers and muscle sheaths, supports epithelial tissue, and forms a layer that ensheathes the lymphatic and blood vessels. Loose connective tissue is also found in the papillary layer of the dermis, in the hypodermis, in the serosal linings of the peritoneal and pleural cavities, and in glands and the mucous membranes (wet membranes that line the hollow organs) supporting the epithelial cell. 

4. Compare and contrast the structure of dense irregular and dense regular connective tissue.

Dense irregular connective tissue has collagen fibers that are arranged in bundles without a definite orientation. The collagen fibers form a three-dimensional network in this tissue and provide resistance to stress from all directions.

Dense regular connective tissue has collagen fibers that are arranged according to a definite pattern. The collagen fibers of this tissue are formed in response to prolonged stresses exerted in the same direction; they consequently offer great resistance to traction forces.

5. Describe the distributions of dense irregular and dense regular connective tissue in the body.

Dense Irregular Connective Tissue:



Dermis of the skin



Capsules of some organs

Dense Regular Connective Tissue:



Tendons



Ligaments

6. Describe and be able to recognize the various categories of connective tissue proper in histological preparations at the light and electron microscope levels.

Loose Connective Tissue

Dense Connective Tissue (Irregular and Regular)

RECOGNIZE
B. Elastic Tissue.

1. Describe the structure and appearance of elastic tissue.

Elastic tissue is composed of bundles of thick, parallel elastic fibers. The space between these fibers is occupied by thin collagen fibers and flattened fibroblasts. The abundance of elastic fibers in this tissue confers on it a typical yellow color and great elasticity.

2. Describe the distribution of elastic tissue in the body.

Elastic tissue, which occurs infrequently, is present in the yellow ligaments of the vertebral column and in the suspensory ligament of the penis. 

C. Reticular Tissue.

1. Define the phrase reticular tissue.

Reticular tissue is a specialized loose connective tissue variation that provides the architectural framework of the myeloid (bone marrow) and lymphoid (lymph nodules and nodes, spleen) hematopoietic organs.

2. Name the major cell type responsible for elaboration of reticular tissue.

In reticular tissue, reticular cells elaborate a fine matrix of branched reticular fibers. Reticular cells are simply fibroblasts specialized for secreting the constituents of reticular fibers. 

3. Describe the distribution of reticular tissue in the body.

a. Myeloid (bone marrow)

b. Lymphoid (lymph nodules and nodes, spleen) hematopoietic organs

D. Embryonic Connective Tissue.

1. Describe mesenchymal tissue.

Mesenchymal tissue consists of mesenchymal cells and fine reticular fibers interspersed in a semifluid matrix of ground substance. Mesenchymal cells are stellate to spindle-shaped whose process touch one another. They have a pale, scanty cytoplasm with large clear nuclei. The cell membrane is indistinct. 

2. Describe mucous connective tissue.

Mucous tissue has an abundance of amorphous ground substance composed chiefly of hyaluronic acid. It is a jellylike tissue containing very few fibers. The cells in this tissue are mainly fibroblasts. Mucous tissue is the principal component of the umbilical cord, where it is referred to as Wharton’s jelly. It is also found in the pulp of young teeth. 

E. Hemopoietic Tissue.

F. Lymphatic Tissue.

G. Adipose Tissue.

1. Describe how adipose tissue can be considered on of the “largest organs” of the body.

Adipose tissue is, in a sense, one of the largest organs in the body. In men of normal weight, adipose tissue represents 15-20% of the body weight; in women of normal weight, 20-25% of body weight.

2. Define the role of adipose tissue as a repository of energy reserves.

Adipose tissue is the largest repository of energy (in the form of triglycerides) in the body.

3. Compare the triglycerides with glycogen (the other major energy reserve) as an energy storage form.

Energy Form
Density
Caloric Value
Location

Triglycerides 
lower
high (9.3 kcal/g)
adipose cells

Glycogen
higher
low (4.1 kcal/g)
liver and muscle

Triglycerides are very efficient for energy storage.

4. List functions of adipose tissue distinct from energy storage.

· Shape the surface of the body

· Shock absorbers (pads in soles and palms)

· Thermal insulation due to poor heat conduction

· Fill up spaces between other tissues

· Helps to keep some organs in position

5. Compare and contrast unilocular and multilocular adipose tissue.

There are two known types of adipose tissue; they present different locations, structures, colors, and pathologies. Unilocular (common, or yellow) adipose tissue is compose of cells that when completely developed contain one large central droplet of yellow fat in their cytoplasm. Multilocular (or brown) adipose tissue is composed of cells that contain numerous lipid droplets and abundant brown mitochondria. Both types of adipose tissue have a rich blood supply.




UNILOCULAR





~50-150 μm diameter spherical cells





Contain one large fat vacuole





Eccentric and flattened nuclei

Main energy depot for the organism





Distribution and density partly determined by age and gender





Richly vascularized 




MULTILOCULAR



Contain several fat vacuoles



Direct sympathetic innervation



Transform stored energy to heat when stimulated



Smaller then unilocular cells



Spherical and central nucleus



Formation stops after birth

6. Describe the developmental stages associated with adipocyte formation.

Adipose cells develop from mesenchymally derived lipoblasts. These cells have the appearance of fibroblasts but are able to accumulate fat in their cytoplasm. Lipid accumulations are at first isolated from one another but soon fuse to form the single larger droplet that is characteristic of unilocular tissue cells. Lipoblasts or immature adipose cells that contain more than one lipid droplet are considered to be in the multilocular stage.

7. Define obesity in terms of adipocyte biology.

Obesity in adults may result from and excessive accumulation of fat in unilocular tissue cells that become larger than usual (hypertrophic obesity). An increase in the number of adipocytes causes hyperplastic obesity.

8. Describe and be able to recognize the two types of adipose tissue in histological preparations at the light and electron microscope levels.

RECOGNIZE
Section B: Supporting Connective Tissues
I. CARTILAGE

1. Compare and contrast the types of fibers in the different kinds of cartilage.

Type of Fiber

Hyaline Cartilage
Collagen Type II

Elastic Cartilage
Collagen Type II & Elastic Fibers (elastin)

Fibrocartilage

Collagen Type I
2. Define the distribution of the different kinds of cartilage in the body.

Hyaline Cartilage


Articular surfaces of the moveable joints


Walls of larger respiratory passages (nose, larynx, trachea, bronchi)


Ventral ends of ribs, where they articulate with the sternum


Epiphyseal plate where bone grows longitudinally


Temporary skeleton in fetus until it is gradually replaced by bone

Elastic Cartilage


Auricle of Ear


Walls of external auditory canals


Auditory (eustachian) tubes


Epiglottis


Cuneiform cartilage of the larynx

Fibrocartilage


Intervertebral disks


Attachments of certain ligaments to the cartilaginous surface of bones



Symphysis pubis

3. Describe the relationship of cartilage to blood vessels, lymphatics, and nerves.

Cartilage is avascular, and has no lymphatic vessels or nerves. In some instances, blood vessels traverse a cartilage to nourish other tissues, but these vessels do not supply nutrients to the cartilage.

4. Define the term perichondrium and describe its relationship to cartilage.

The perichondrium is a capsulelike sheath of dense connective tissue that surrounds cartilage in most places, forming an interface between the cartilage and the tissue the cartilage supports. The perichondrium harbors the vascular supply for the avascular cartilage. Articular cartilage, which covers the surfaces of the bones of movable joints, is devoid of perichondrium and is sustained by the diffusion of oxygen and nutrients from the synovial fluid.  

5. List the predominant proteoglycans present in cartilage.

Cartilage proteoglycans contain:

Chondroitin 4-sulfate

Chondroitin 6-sulfate 
covalently linked to core proteins

Keratan sulfate

Up to 200 proteoglycans are noncovalently associated with long molecules of hyaluronic acid, forming proteoglycan aggregates that interact with collagen.
6. Describe the molecular organization of the matrix of cartilage.

Linking proteins noncovalently bind the protein core of proteoglycans to the linear hyaluronic acid molecules. The chondroitin sulfate side chains of the proteoglycan electrostatically bind to the collagen fibrils, forming a cross-linked matrix. The high content of solvation water bound to the negative charges of glycosaminoglycans acts as a shock absorber or biomechanical spring.

See figure 7-3 on page 126 of Basic Histology, 8th Edition
7. Describe the cellular events associated with mesenchymal cell differentiation and histogenesis of hyaline cartilage.

Cartilage derives from the mesenchyme. The first modification observed is the rounding up of the mesenchymal cells, which retract their extensions, multiply rapidly, and form mesenchymal condensations. The cells formed by this direct differentiation of mesenchymal cells, now called chondroblasts, have a ribosome-rich basophilic cytoplasm. Synthesis and deposition of the matrix then begin to separate the chondroblasts from one another. The differentiation of cartilage takes place from the center outward; therefore, the more central cells have characteristics of chondrocytes, while the peripheral cells are typical chondroblasts. The superficial mesenchyme develops into chondroblasts and fibroblasts of the perichondrium. 

8. Define the following terms in relationship to the structure and organization of hyaline cartilage:

a. chondroblast

· A dividing cell of growing cartilage tissue

· Cells derived from mesenchyme, which will give rise to the chondrocytes

· Located in the most peripheral part of the cartilage, just inside the perichondrium


b. chondrocyte

· A nondividing cartilage cell; occupies a lacuna within the cartilage matrix

· Mature, end cells of cartilage

· Located with the central part of cartilage

· Secretory cells (Type II collagen, proteoglycans, hyaluronic acid, and chondronectin)

c. territorial matrix

· Cartilage capsule

· Cartilage matrix immediately surrounds each chondrocyte

· Rich in glycosaminoglycans, poor in collagen

· Intensely basophilic, metachromatic, with greater PAS positivity then interterritorial matrix

d. interterritorial matrix

· Matrix located between capsules

e. isogenous groups

· A clone of cartilage cells derived from one cell by division; occur in a cluster called isogenous nest

· Resulting divisions of a single chondrocyte sharing a territorial matrix

· Up to 8 cells originating from mitotic divisions of a single chondrocyte

f. lacunae

· A cavity within the matrix of cartilage, occupied by a chondrocyte

9. Define the term chondronectin and describe its role in the biology of chondrocytes.

Chondronectin is a glycoprotein macromolecule that promotes the adherence of chondrocytes to matrix collagen.

10. Describe the reasons why the maximum size of cartilage is restricted. Focus your response in terms of chondrocyte metabolism.

Because cartilage is devoid of blood capillaries, chondrocytes respire under low oxygen tension. Hyaline cartilage cells metabolize glucose mainly by anaerobic glycolysis to produce lactic acid as the end product. Nutrients from the blood cross the perichondrium to reach more deeply placed cartilage cells. Mechanisms include diffusion and transport of water and solute promoted by the pumping action of intermittent cartilage compression and decompression. Because of this, the maximum width of the cartilage is limited. The nutrients diffuse through the solvation water of the matrix. There is almost no free water in cartilage matrix.

11. Describe, in brief, the hormonal control of chondrocyte function.

Chondrocyte function depends on a proper hormonal balance. Growth hormone, thyroxine, and testosterone accelerate the synthesis of sulfated glycosaminoglycans. Cortisone, hydrocortisone, and estradiol retard it. Cartilage growth depends mainly upon the hypophyseal growth hormone, somatotropin. This hormone does not act directly on cartilage cells but promotes the synthesis of somatomedin C in the liver. Somatomedin C acts directly on cartilage cells, promoting their growth. 

12. Compare and contrast interstitial growth and appositional growth of cartilage.

The growth of cartilage is attributable to two processes: interstitial growth, resulting from the mitotic division of preexisting chondrocytes; and appositional growth, resulting from the differentiation of perichondrial cells. Interstitial growth is the less important of the two processes. Cartilage grows in girth only by apposition.

13. Describe the role of the perichondrium in cartilage regeneration.

When cartilage fractures, chondroblasts from the perichondrium invade the fractured area and generate new cartilage. In extensively damaged areas – and occasionally in small areas – the perichondrium generates a scar of dense connective tissue instead of forming new cartilage. 

14. Describe and be able to recognize hyaline cartilage in histological preparations at the light and electron microscope levels.

Fresh hyaline cartilage is bluish-white and translucent. Hyaline cartilage is surrounded by a well-defined perichondrium. The collagen fibers of this cartilage are mostly very fine and are, therefore, fairly well masked by the surrounding glycosaminoglycans, giving the matrix a smooth, glassy appearance.

RECOGNIZE
15. List the sites in the body where elastic cartilage can be found.

· Auricle of Ear

· Walls of external auditory canals

· Auditory (eustachian) tubes

· Epiglottis

· Cuneiform cartilage of the larynx

16. Describe and be able to recognize elastic cartilage in histological preparations at the light and electron microscope levels.

Fresh elastic cartilage has a yellowish color caused by the presence of elastin. Elastic cartilage possesses a perichondrium. The matrix, in addition to the collagen fibers, contains a wealth of coarse elastic fibers that impart to it a characteristic appearance.

RECOGNIZE
17. List the sites in the body where fibrocartilage can be found.

· Intervertebral disks

· Attachments of certain ligaments to the cartilaginous surface of bones

· Symphysis pubis

18. Describe and be able to recognize fibrocartilage in histological preparations at the light and electron microscope levels.

Fibrocartilage differs from elastic and hyaline cartilage in that it has no perichondrium. Additionally, the chondrocytes are smaller and are usually oriented in parallel longitudinal rows. The matrix of the cartilage contains a large number of thick collagen fiber bundles between the rows of chondrocytes.

RECOGNIZE
19. Describe the two anatomical components of the intervertebral disk.

Annulus Fibrosus (cartilaginous)

The annulus fibrosus has an external layer of dense connective tissue, but it is mainly composed of overlapping laminae of fibrocartilage in which collagen bundles are orthogonally arranged in adjacent layers. The multiple lamellae, with the 90-degree registration of type I collagen fibers in adjacent layers, provide the disk with an unusual resilience that enables it to withstand the pressures generated by impinging vertebrae. In tangential section, the disk presents a characteristic herringbone pattern as a result of the orthogonal alignment of collagen in alternating lamellae.   

Nucleus Pulposus (liquid)

The nucleus pulposus is situated in the center of the annulus fibrosus. It is derived from the notochord and consists of a few rounded cells embedded in an amorphous viscous substance rich in hyaluronic acid and type II collagen fibrils. In children, the nucleus pulposus is large, but it gradually becomes smaller with age and is partially replaced by fibrocartilage. The nucleus pulposus serves as a shock absorber to cushion the impact between adjacent vertebrae.

20. Describe how the organization of the extracellular matrix of the intervertebral disk provides for its resilient properties.

There exist overlapping laminae of fibrocartilage in which collagen bundles are orthogonally arranged in adjacent layers. The multiple lamellae, with the 90-degree registration of type I collagen fibers in adjacent layers, provide the disk with an unusual resilience that enables it to withstand the pressures generated by impinging vertebrae.

II. BONE

1. Compare and contrast the structure and origin of the three types of bone cells: osteoblasts, osteocytes, and osteoclasts.

Bone Cell
Origin
Structure

Osteoblasts
Located exclusively on the surface of bone tissue, originate from undifferentiated mesenchymal cells.
· Cuboidal to columnar

· Basophilic cytoplasm

· Long cytoplasmic processes in contact with neighboring osteoblasts

Osteocytes
This is an osteoblast that has been surrounded by matrix. Lie in lacunae between lamella of matrix; 1 per lacuna.


· Flat, almond shape

· Reduced rough endoplasmic reticulum and Golgi (not producing as much matrix, just maintaining)

· More condensed chromatin

· Possess cytoplasmic processes to make contact (via gap junctions) with other osteocytes

Osteoclasts
Derived from the fusion of blood-derived monocytes.

These belong to the mononuclear phagocyte system. Lie in Howship’s lacunae.
· Multinucleated (5-50), very large and extensively branched

· Acidophilic cytoplasm

· Ruffled border and clear zone are where resorption of bone matrix occurs

· Some rough endoplasmic reticulum, abundant mitochondria, and a well-developed Golgi complex are found within the cell

· Great number of lysosomes present

2. Compare and contrast the function of the three types of bone cells.

Bone Cell
Function

Osteoblasts
Synthesize the organic components of the bone matrix (collagen type I, proteoglycans, glycoproteins) and deposit some of the inorganic material.

Osteocytes
Responsible for maintaining the bone matrix.

Osteoclasts
Function is resorption and remodeling of bone matrix.

3. Define the terms lacunae and canaliculi as they pertain to bone structure.

Lacunae: cavities in the bone matrix which house osteocytes

Canaliculi: thin, cylindrical spaces that perforate the bone matrix forming tiny canals that surround the cytoplasmic processes of osteocytes; link osteocytes to each other and to capillaries since there is no diffusion through bone



4. Describe the origin of lacunae and canaliculi in bone.

Both are produced as an artifact of the shape of osteoblasts. The osteoblast secretes the matrix, which develops around the cell proper (lacunae) and the cytoplasmic processes (canaliculi).

5. Describe how nutrients reach mature osteocytes.

Processes of adjacent cells make contact via gap junction, and molecules are passed via these structures from cell to cell. Some molecular exchange between osteocytes and blood vessels also takes place through the small amount of extracellular substance located between osteocytes (and their processes) and the bone matrix. This exchange can provide support for a chain of about 15 cells.

6. Define the phrase Howship’s lacunae and describe how this structure relates to bone resorption.

In areas of bone undergoing resorption, osteoclasts are found to lie within enzymatically etched depressions in the matrix known as Howship’s lacunae.

7. Describe cellular specializations of osteoclasts that facilitate bone resorption.

Ruffled border

In active osteoclasts, the surface-facing bone matrix is folded into irregular, often subdivided projections forming a ruffled border. Lysosomes and H+ empty in the ruffled border creating a microenvironment that is conducive to resorption.

Clear Zone

Area of the osteoclast surrounding the ruffled border that is devoid of organelles, yet rich in actin filaments (microfilaments). This zone is a site of adhesion of the osteoclast to the bone matrix and creates a microenvironment for bone resorption.

8. Define the phrase bone apposition and describe how the antibiotic tetracycline can be used to measure the rate of bone apposition.

During matrix synthesis, osteoblasts have the ultrastructure of cells actively synthesizing proteins for export. Osteoblasts are polarized cells. Secretion of matrix components occurs at the cell surface, which is in contact with older bone matrix, producing a layer of new (but not yet calcified) matrix, called osteoid between the osteoblast layer and the previously formed bone. This process, bone apposition, is completed by subsequent deposition of calcium salts in to the newly formed matrix.

The fluorescent antibiotic tetracycline interacts with great affinity with recently deposited mineralized bone matrix. Based on this interaction, a method was developed to measure the rate of bone apposition – an important parameter in the study of bone growth and the diagnosis of bone growth diseases. Tetracycline is administered twice to patients, with an interval of 5 days between injections. A bone biopsy is then performed and the section studied with fluorescence microscopy. The distance between the two fluorescent layers is proportional to the rate of bone apposition. This procedure is of diagnostic importance in such diseases as osteomalacia, in which mineralization is impaired, and osteitis fibrosa cystica, in which increased osteoclast activity results in removal of bone matrix and fibrous degeneration. 

9. Define the term osteoprogenitor cell.

Osteoprogenitor cell is a mesenchymal cell that differentiates into an osteoblast. These are cells that give rise to osteoblasts. They are more differentiated then mesenchyme, but less than osteoblasts. These are located on the periosteum’s inner layer and the endosteum.

10. Compare and contrast the structure of periosteum and endosteum and define Sharpey’s fibers.

Periosteum (lines outside of bone)

· outer layer of collagen and fibroblasts

· inner layer of osteoprogenitor cells and osteoblasts

· Sharpey’s fibers bind it to the bone matrix

Endosteum (lines inside of bone)

· single layer of flattened osteoprogenitor cells

· small amount of connective tissue, so the layer is very thin

Sharpey’s fibers are bundles of periosteal collagen fibers that penetrate the bone matrix, binding the periosteum to bone.

11. Define the functions of the periosteum and endosteum.

· Nutrition of osseous tissues

· Provision of a continuous supply of new osteoblasts for repair or growth of bone

12. Compare and contrast primary bone and secondary bone tissues.

Primary bone (immature or woven)

· First bone to appear in embryonic development or fractures 

· Irregular array of collagen fibers

· Lower mineral content

· Higher proportion of osteocytes than in secondary tissue

Secondary bone (mature or lamellar)

· Found in adults

· Collagen fibers arranged in lamellae (3-7 μm thick)

· Fibers are parallel or concentrically organized around a vascular canal

· Contains haversian system, or osteon

13. Compare and contrast the structure of long, short, and flat bones.

Long Bones

· Epiphyses – spongy bone covered by a thin layer of compact bone

· Diaphysis – almost totally compact bone with small component of spongy bone on inner surface around marrow cavity

Short bones

· Core of spongy bone completely surrounded by compact bone

Flat bones

· Two layers of compact bone called plates (tables) separated by a layer of spongy bone called the diploë

14. Describe the difference between red bone marrow and yellow bone marrow.

Red bone marrow – blood cells are forming

Yellow bone marrow – composed mainly of fat cells

15. Describe the structure of the osteon or haversian system of compact bone.

The whole complex of concentric lamellae of bone surrounding a canal containing blood vessels, nerves, and loose connective tissue is called haversian system, or osteon. Surrounding each osteon is a deposit of amorphous material called the cementing substance that consists of mineralized matrix with few collagen fibers. The haversian system is found only in secondary bone tissue.

16. Describe the organization of blood vessels in compact bone.

All vascular canals found in bone tissue come into existence when matrix is laid down around preexisting blood vessels.

17. Define the term cementing substance.

Cementing substance- deposit of amorphous material consisting of mineralized matrix with few collagen fibers surrounding each haversian system

18. Describe the lamellar organization in compact bone and define outer circumferential lamellae, inner circumferential lamellae, and instertitial lamellae.

Inner and outer circumferential lamellae are, as their names indicate, located around the marrow cavity and immediately beneath the periosteum. Their lamellae have a circular distribution, with the marrow cavity as the center. There are more outer than inner circumferential lamellae. Between the two circumferential systems are numerous haversian systems, and among the latter are triangular or irregularly shaped groups of parallel lamellae called interstitial (or intermediate) lamellae. These structures represent lamellae left by haversian systems destroyed during growth and remodeling of bone.

19. Describe the typical organization of collagen fibers in the lamellae of the haversian system.

Examination of haversian systems with polarized light shows bright anisotropic layers alternating with dark isotropic layers. When observed under polarized light at right angles to their length, collagen are birefringent (anisotropic). The alternating bright and dark layers are due to the orientation of collagen fibers in the lamellae. In each lamella, fibers are parallel to each other and follow a helical course. The pitch of the helix is, however, different for different lamelae, so that at any given point, fibers from adjacent lamellae intersect at approximately right angles.

20. Compare and contrast the structure of compact and cancellous bone.

Compact Bone – in macroscopic view, in cross section it lacks cavities

Cancellous Bone – “spongy” appearance, there are numerous interconnected cavities 

Under the microscope, however, both compact bone and the trabeculae separating the cavities of cancellous bone have the same basic histologic structure. 

21. Compare and contrast the delivery of nutrients to compact and cancellous bone.

22. Describe the two methods by which bone forms and define the terms intramembranous ossification and endochondral ossification.

Intramembranous ossification

- Direct mineralization of matrix secreted by osteoblasts

Endochondral ossification

- Deposition of bone matrix on a preexisting cartilage matrix

23. Define the phrases primary ossification center as it relates to intramembranous ossification.

Primary ossification center is the starting point for ossification in the mesenchymal condensation layer.

24. Define the phrase bone spicule.

New bone matrix is formed and calcification follows, resulting in the encapsulation of some osteoblasts, which then become osteocytes.  These islands of developing bone are known as spicules because of their appearance in histologic sections. Spicules are sections of walls that delineate elongated cavities containing capillaries, bone marrow cells, and undifferentiated cells.

25. Describe how the cranial flat bones develop compact bone on both their external and internal surfaces.

In cranial flat bones, especially after birth, there is a marked predominance of bone formation over bone resorption at both the internal and external surfaces. Thus, two layers of compact bone (internal and external plates) arise, whereas the central portion (diploë) maintains its spongy nature.

26. Describe the fontanelles of newborn infants in terms of bone ossification.

The fontanelles of newborn infants are soft areas in the skull that correspond to parts of the connective tissue not yet ossified.

27. Define the role of hyaline cartilage in endochondral ossification.

Hyaline cartilage serves as a model of the bone to be formed. Endochondral ossification takes place within this piece of cartilage.

28. Describe the role of chondrocyte hypertrophy in endochondral ossification.

The first phase of endochondral ossification is hypertrophy and destruction of the chondrocytes of the model of the bone, leaving expanded lacunae separated by septa of calcified cartilage matrix.

29. Define the phrase osteogenic bud and describe its role in endochondral ossification of long bones.

In the second phase of endochondral ossification, an osteogenic bud consisting of osteoprogenitor cells and blood capillaries penetrates the spaces left by the degenerating chondrocytes. The osteoprogenitor cells give rise to osteoblasts, which cover the cartilaginous septa with bone matrix. The septa of calcified cartilage tissue thus serve as supports for the beginning of ossification.

30. Describe a role for intramembranous ossification in the process of ossification of flat bones.

Intramembranous ossification, the source of most of the flat bones, is so called because it takes place within condensations of mesenchymal tissue. This process also contributes to the growth of short bones and the thickening of long bones. The process begins when a group of cells differentiate into osteoblasts. New bone matrix is formed and calcification follows, resulting in the encapsulation of some osteoblasts, which then become osteocytes. The several ossification centers of a bone grow radially and finally fuse together, replacing the original connective tissue.

31. Define the term bone collar.

Bone collar is a hollow bone cylinder produced in deep portions of the perichondrium surrounding the cartilage via intramembranous ossification.

32. Describe how chondrocyte death plays a role in calcification of cartilage.

Within the forming bone collar, chondrocytes of the model begin to degenerate and lose their ability to maintain the matrix; calcium deposits form, and the cartilage becomes calcified.

33. Describe how calcified cartilage forms a scaffold for primary bone formation in developing long bones.

Blood vessels of the osteogenic bud, coming from the periosteum through holes made by osteoclasts in the bone collar, penetrate the calcified cartilage matrix. Osteoprogenitor cells invade the area along with the blood vessels; they proliferate and give rise to osteoblasts. Osteoblasts form a continuous layer over the calcified cartilaginous matrix and start to synthesize bone matrix. Primary bone synthesis thus takes place over the remnants of calcified cartilage.

34. Define the terms epiphyses and diaphysis as they relate to long bonds.

Epiphyses – the bulbous ends which are composed of spongy bone covered by a thin layer of compact bone; a part of a long bone developed from a center of ossification distinct from that of the shaft and separated at first from the latter by a layer of cartilage (epiphyseal plate)

Diaphysis – cylindrical shaft which is almost totally composed of compact bone, with small component of spongy bone on its inner surface around the bone marrow cavity; the shaft of a long bone, as distinguished from the epiphyses, or extremities, and apophyses, or outgrowths
35. Compare and contrast primary ossification and secondary ossification centers in the development of long bones.

Primary ossification center

· Occurs in whole diaphysis eventually

· Growth is longitudinal and accompanied by expansion of the periosteal bone collar, which also grows in direction of epiphyses

Secondary ossification center

· Arises at the center of each epiphyses

· Growth is radial, instead of longitudinal

· Since the articular cartilage has no perichondrium, there is no bone collar formed here

36. Define the two places where cartilage persists following initial ossification of developing long bones.

Articular cartilage – articular surfaces of bones forming a synovial joint

Epiphyseal cartilage – connects epiphyses to diaphysis at epiphyseal plates

37. Diagram the major steps in the formation of long bones.

See figure 8-13 on page 142 of Basic Histology, 8th Edition
38. Describe the roles of the epiphyseal plate in longitudinal growth of long bones.

Growth in length of a long bone occurs by proliferation of chondrocytes in the epiphyseal plate adjacent to the epiphysis.  At the same time, chondrocytes of the diaphyseal side of the plate hypertrophy; their matrix becomes calcified, and the cells die. Osteoblasts lay down a layer of primary bone on the calcified cartilage spicules. Because the rates of these two opposing events (proliferation and destruction) are approximately equal, the epiphyseal plate does not change thickness. Instead, it is displaced away from the middle of the diaphysis, resulting in growth in length of the bone.

39. Describe the five regions into which the epiphyseal plate is usually divided and define the role of each region in the longitudinal growth of long bones.

Resting Zone 

· Hyaline cartilage without morphological changes in the cells (chondrocytes inactive).

Proliferative Zone

· Chondrocytes divide rapidly and form columns (isogenous groups) of stacked cells parallel to the long axis of the bone.

Hypertrophic Cartilage Zone

· Region with large chondrocytes whose cytoplasm has accumulated glycogen.  The resorbed matrix is reduced to thin septa between the chondrocytes.

Calcified Cartilage Zone

· Death of the chondrocytes occurs simultaneously with the thin septa of the cartilage matrix becoming calcified by the deposit of hydroxyapatite.

Ossification Zone

· Endochondral bone tissue appears.  Bone matrix is deposited on the calcified cartilage after osteoprogenitor cells invade, transform to osteoblasts, and then secrete their matrix.

40. Compare and contrast the increases in length and width in the diaphysis of long bones.

Increase in length occurs due to growth of the epiphyseal plate.

Increase in width (appositional) occurs as a result of the formation of bone by the periosteum on the external surface of the bone collar.  At the same time, the inner diameter increases because bone is removed from the inner surface.
41. Describe the events that occur at the epiphyseal plate after an individual stops growing.

When the cartilage of the epiphyseal plate stops growing, it is replaced by bone tissue through the process of ossification. The closure of the epiphyses follow a chronologic order according to each bone and is complete around age 20

42. Describe the major events occurring in the repair of a fractured bone.

When a bone is fractured, bone matrix is destroyed and bones cells adjoining the fracture die. The damaged blood vessels produce a localized hemorrhage with formation of a blood clot.

During repair, the blood clot, cells, and damaged bone matrix are removed by macrophages. The periosteum and the endosteum around the fracture respond with intense proliferation of osteoprogenitor cells, which form a cellular tissue surrounding the fracture and penetrating between the extremities of the fractured bone.

Primary bone is then formed by endochondral ossification of small cartilage that appear in the connective tissue of the fracture. Bone is also formed by means of intramembranous ossification. Therefore, areas of cartilage, intramembranous ossification, and endochondral ossification are encountered simultaneously in fractures. Repair progresses in such a way that irregularly formed trabeculae of primary bone temporarily unite the extremities of the fracture bone, forming a bone callus.

Normal stresses imposed on the bone during repair and during the patent’s gradual return to activity serve to remodel the bone callus. Since these stresses are identical to those that occurred during growth of the bone – and therefore influence its structure – remodeling of the callus reconstitutes the bone as it was prior to fracture. The primary bone tissue of the callus is gradually resorbed and replaced by secondary bone, thereby restoring the original bone structure. 

43. Define the term joint as it relates to bones.

Joints are regions where bones are capped and surrounded by connective tissue that hold the bones together and determine the type and degree of movement between them.

44. Classify the types of joints and describe how each relates to bone movement.

Diarthroses – generally unite long bones, and have great mobility.

Synarthroses – very limited or no movement occurs; there are three types.

· Synostosis: united by bone tissue and no movement takes place

· Synchondrosis: articulations joined by hyaline cartilage, some movement

· Syndesmosis: joined by interosseous ligament of dense connective tissue

45. Diagram the joint uniting long bones.

See figure 8-19 on page 148 of Basic Histology, 8th Edition
46. Describe the organization of articular cartilage in terms of its extracellular matrix and define how this organization is important for the resilient properties of this structure.

The resilient articular cartilage is a very efficient absorber of the intermittent mechanical pressures to which many joints are subjected. Proteoglycan molecules, found isolated or aggregated in a network, contain a large amount water. These matrix components, rich in highly branched hydrophilic glycosaminoglycans, function as a biomechanical spring. When pressure is applied, water is forced out of the cartilage matrix into the synovial fluid. When water is expelled, another mechanism that contributes to cartilage resilience enters into play. This is the reciprocal electrostatic repulsion of the negatively charged carboxyl and sulfate groups in the glycosaminoglycan molecules.  These charges are also responsible for separating the glycosaminoglycan branches and thus creating spaces to be occupied by water. When the pressure is released, water is attracted back into the interstices of the glycosaminoglycan branches. These water movements are brought about by the use of the joint. They are essential for nutrition of the cartilage, facilitating the interchange of O2, CO2, and other molecules between the synovial fluid and the articular cartilage.

47. Describe how chondrocytes of articular cartilage receive nourishment.

Water movements are brought about by the use of the joint. They are essential for nutrition of the cartilage, facilitating the interchange of O2, CO2, and other molecules between the synovial fluid and the articular cartilage. Note that the synovial fluid is responsible for supplying nutrients and O2. It also aids in the removal of wastes.

48. Describe the organization of the capsules of diarthroses.

External Fibrous Layer (external)

· Dense connective tissue that envelops the ligaments of the joint and some of the tendons inserted into the bone near the joint

· Better developed in parts subject to great strain

Internal Synovial Layer (internal

· Arranged in folds

· Internal surface has a layer of squamous or cuboidal cells

· Underneath these cells is a layer of loose or dense connective tissue with areas of adipose tissue

· Two cell types lining the synovial membrane

A cell: intensely phagocytic; they have a structure similar to cells in the mononuclear phagocyte system; they have a large Golgi complex and many lysosomes but only a small amount of rough endoplasmic reticulum

B cell: resembles a fibroblast, developed rough endoplasmic reticulum; probably secrete synovial fluid

49. Define the amount of calcium in the body that is present in the adult skeleton.

The skeleton contains 99% of the total calcium of the body.

50. Define the two pathways by which calcium is mobilized from bone as they relate to bone structure. 

Mechanism I (rapid)

Transfer of ions from hydroxyapatite crystals to interstitial fluid - from which, in turn, calcium passes into the blood. The large surface area of hydroxyapatite crystal aids this purely physical mechanism, which takes place mostly in spongy bone.

Mechanism II (slow)

Depends on the action of hormones on bone. Parathyroid hormone activates and increases the number of cells (osteoclasts) promoting resorption of the bone matrix, with the consequent liberation of calcium. Another hormone, calcitonin, which is synthesized mainly by the parafollicular cell of the thyroid gland, inhibits matrix resorption. Calcitonin has an inhibitory affect on osteoclast activity. 
51. Describe, in brief, the counteracting effects of hormonal regulation of calcium mobilization from bone.

Parathyroid hormone activates and increases the number of cells (osteoclasts) promoting resorption of the bone matrix, with the consequent liberation of calcium. Another hormone, calcitonin, which is synthesized mainly by the parafollicular cell of the thyroid gland, inhibits matrix resorption. Calcitonin has an inhibitory affect on osteoclast activity.

52. Define a role for growth hormone in the biology of the epiphyseal plate.

The anterior lobe of the pituitary synthesizes growth hormone, which stimulates overall growth - especially that of epiphyseal cartilage. 

· Pituitary Dwarfism: not enough growth hormone during growing years

· Gigantism: excess growth hormone during growing years

· Acromegaly: increase in growth hormone after closure of the epiphyseal plate resulting in bones (mainly long) becoming very thick

53. Describe and be able to recognize compact bone and its cellular components in histological preparation at the light and electron microscope levels.

RECOGNIZE
54. Describe and be able to recognize cancellous bone and its cellular components in histological preparation at the light and electron microscope levels.

RECOGNIZE
55. Describe and be able to recognize sites of intramembranous ossification and the relevant cell types in histological preparation at the light and electron microscope levels.

RECOGNIZE
Section C: Skin (The Integument)

1. Define the term epidermis.

Epidermis is an epithelial layer of ectodermal origin. It is a nonvascular layer overlying the dermis that contains the epithelial derivatives (hair, nails, sebaceous and sweat glands).

2. List the cell types in the epidermis.

Stratified squamous keratinized epithelium (keratinocytes)

Melanocytes

Langerhans’ cells

Merkels cells

3. List the various layers of keratinocytes in the epidermis (deepest to most superficial).

Stratum Basale (Stratum Germinativum)

Stratum Spinosum

Stratum Granulosum

Stratum Lucidum

Stratum Corneum

4. Describe the functional significance of the layered arrangement of keratinocytes in the dermis.

The functional significance of the layered arrangement is that layers of keratinized cells can progressively develop each with different function before being sloughed off.

Stratum Basale

· Single layer of basophilic cuboidal or columnar cells resting on the basal lamina at the dermal-epidermal junction.

· Desmosomes bind cells to each other and hemidesmosomes bind cells to the basal lamina.

· Intense mitotic activity, cells contain some filaments (cytokeratins).

· Contains melanocytes and Merkel cells.


Stratum Spinosum

· Composed of many layers of polyhedral prickle cells bearing intercellular bridges. Cells are bound together by filament filled cytoplasmic extensions/spines (intercellular bridges) and desmosomes.

· Filament bundles are called tonofilaments (tonofibrils) and the insert into the desmosomes.

· Filaments play an important role in maintaining cohesion among cells and resist effects of abrasion. 

· Mitotic activity is also present.

· Contains Langerhans cells and processes of melanocytes.

Stratum Granulosum

· Contains 3-5 layers of cells that are somewhat flattened and contain basophilic keratohyalin granules. Granules contain a phosphorylated histidine-rich protein as well as cystine-containing proteins. The numerous phosphate groups account for the intense basophilia of the granules, which are not surrounded by a membrane.

· Absent as a distinct layer in thin skin.

· Also contains membrane coated lamellar granules that discharge their contents into intercellular spaces in stratum granulosum where they are deposited as lipid-containing sheets. This layer provides an important barrier/sealing effect for the skin.  

Stratum Lucidum

· Thin translucent layer whose extremely flattened, eosinophilic cells contain eleiden. 

· Also absent in thin skin.

· Organelles and nuclei are no longer evident.

· Cytoplasm is densely packed with filaments embedded in an electron-dense matrix.

· Desmosomes are still evident between adjacent cells.

Stratum Corneum

· Composed of dead hulls known as squames packed with keratin. Superficial squames are desquamated.

· Consists of 15-20 layers of flattened nonnucleated keratinized cells whose cytoplasm is filled with keratin.

5. Define the term cytokeratin and compare the cytokeratins to the other major types of intermediate filaments.

Cytokeratins are found in most epithelia and constitute a family of approximately 20 polypeptides (MW 40,000-68,000). They are coded by a family of genes and present different chemical and immunologic properties. 
Filament Type
Cell Type
Examples

Cytokeratins
Epithelium
Both keratinizing epithelia and

nonkeratinizing epithelia

Vimentin
Mesenchymal cells
Fibroblasts, chondroblasts, macrophages, endothelial cells vascular smooth muscle

Desmin
Muscle
Striated and smooth muscle(except vascular smooth muscle)

Glial Fibrillary Acidic Proteins
Glial cells
Astrocytes

Neurofilaments
Neurons
Most, but probably not all, neurons 

6. Define the term desmosome and compare this type of intercellular junction to the other types of intercellular junctions.

Desmosomes (maculae densae or maculae adherens) 

Complex disk-shaped structure at the surface of one cell that is matched with an identical structure at the surface of the adjacent cell. Desmosomes are the only type of junction present in the stratified squamous epithelium of the skin.

Hemidesmosomes


Attach epithelial cells to underlying basal lamina.

Gap Junctions

Lateral communicating junctions (connexons) that couple adjacent cells metabolically and electrically.  Ions and small molecules are allowed to pass between adjoining cells. 

Zonula Occludens 

Most apical junction that forms a tight, impenetrable seal encircling the cell, preventing material from taking a paracellular route between the connective tissue and the lumen.

Zonula Adherens

Located just below the zonula occludens. This junction encircles the cell and is thought to provide for the adhesion of one cell to its neighbor.

7. Describe the role of desmosomes and tonofilaments in the maintenance of the architecture of the epidermis.

Tonofilaments (cytokeratins) loop in an out of the dense plaque of the desmosome. This helps to adhere the two cells together, thereby keeping the macrostructure together.

8. Describe hemidesmosomes in terms of their structure and molecular organization and their role in anchoring epithelial cells to the underlying basal lamina and reticular lamina.

Hemidesmosome are found in the contact zone between epithelial and the basal lamina binding them to each other. They form a half-desmosome on the epithelial plasmalemma.

9. Describe the region of the epidermis where proliferation of keratinocytes occurs and give the approximate time required for renewal of the epidermis.

Mitosis (production of keratinocytes) occurs in the stratum basale and the stratum spinosum in what is known as the malpighian layer. The human epidermis is renewed about every 15-30 days.

10. Define the term malpighian layer as it relates to the epidermis.

The malpighian layer consists of the stratum basale and the stratum spinosum and is the site of mitosis in the epidermis.

11. Define the term keratohyalin granules and describe how their appearance can be used as a landmark for orientation in histological preparations of epidermis.

Keratohyalin granules are the course basophilic granules that fill the cytoplasm of the stratum granulosum. These granules contain a phosphorylated histidine-rich protein as well as cystine-containing proteins. The numerous phosphate groups account for the intense basophilia and subsequent identification of these non-membranous granules.

12. Define the term lamellar granule (lamellar body) as it relates to cells in the stratum granulosum of the epidermis.

The lamellar granule is a characteristic structure found with an electron microscope in the cells of the stratum granulosum, these small (0.1-0.3 μm), membrane-coated ovoid or rodlike structures contain lamellar disks that are formed by lipid bilayers.

13. Describe how the contents of the lamellar granules form the barrier to water in the epidermis.  Reflect on how the existence of this barrier permits terrestrial life.

Lamellar granules fuse with plasmalemma and discharge their contents into intercellular spaces of the stratum granulosum where they are deposited in the form of as lipid-containing sheets. This layer provides an important barrier/sealing effect for the skin against foreign particles and water. Formation of this barrier, which appeared first in reptiles, was one of the important evolutionary events that permitted development of terrestrial life. 

14. Describe the role of keratinocytes and cell death in keratinocyte biology.

Keratinocytes undergo mitosis to reproduce. The keratinocytes are slowly pushed up to the skin surface where they are sloughed off after losing their nucleus and organelles.

15. Compare and contrast thick and thin skin in terms of structure and distribution in the body.

Thick Skin (400-600 (m): glabrous, or smooth and nonhairy

· Prominent stratum corneum, distinct stratum lucidum, and well-developed stratum granulosum.

· Lacks hair follicles, sebaceous glands, and arrector pili muscles.

· Lines the palms of the hands and soles of the feet.

Thin Skin (75-150 (m): hairy

· Stratum granulosum and stratum lucidum are gone or non-distinct.

· Stratum corneum is less developed.

· Contains hair follicles, sebaceous glands, and arrector pili muscles.

· Present over most body surfaces.

16. Define the phases dermal papillae and epidermal ridges as they relate to the junctions of the epidermis and the underlying dermis.

The surface of the dermis is very irregular and has many projections (dermal papillae that interdigitate with projections (epidermal pegs or ridges) of the epidermis. These structures are more numerous in skin that is subject to frequent pressure; they are believed to increase and reinforce the dermal-epidermal junction.

17. Define the term dermatoglyphics and describe how the epidermal ridges lead to the formation of fingerprints.

Upon close observation, certain portions of human skin show ridges and grooves arranged in distinctive patterns. These ridges first appear during intrauterine life – at 13 weeks in the tips of the digits (fingerprints) and later in the volar surfaces of the hands and feet. The patterns assumed by ridges and intervening sulci are known as dermatoglyphics (fingerprints). They are unique for each individual, appearing as loops, arches, whorls, or combinations of these forms. Multiple genes probably determine these configurations, which are used for personal identification.

18. Describe and be able to recognize thick and thin skin in histological preparations at the light and electron microscope levels.

RECOGNIZE
19. Describe the condition psoriasis in terms of epidermal cell biology.

In psoriasis, a common skin disease, there is an increase in the number of proliferating cells in the stratum basale and stratum spinosum as well as a decrease in the cycle time of these cells. This results in greater epidermal thickness and more rapid renewal of epidermis – 7 days instead of 15-30 days. 

20. Describe the various factors that affect skin color.

The color of the skin is the result of several factors, the most important of which are its content of melanin and carotene, the number of blood vessels in the dermis, and the color of the blood flowing in them.

21. Describe melanocytes in terms of their cellular architecture and distribution in the epidermis.

Melanocytes are derived from neural crest cells. They have rounded cell bodies from which long irregular extensions branch into the epidermis, running between the cells of the basale and spinosum layers. Tips of these extensions terminate in invaginations of the cells present in the two layers. The electron microscope reveals a pale-staining cell containing numerous small mitochondria, a well developed Golgi complex, and short cisternae of rough endoplasmic reticulum. Intermediate filaments, about 10 nm in diameter are also present. While melanocytes are attached to the adjacent keratinocytes by desmosomes, hemidesmosomes bind melanocytes to the basal lamina.

22. Define the terms melanin and melanosome (melanin granule).

Melanin: any of the dark brown to black polymers of indole 5,6-quinone and/or 5,6-dihydroxyindole 2-carboxylic acid that normally occur in the skin, hair, pigmented coat of the retina, and inconstantly in the medulla and zona reticularis of the adrenal gland. Melanin may be formed in vitro or biologically by oxidation of tyrosine or tryptophan, the usual mechanism being the enzymatic oxidation of tyrosine to 3,4-dihydroxyphenylalanine (dopa) and dopaquinone by monophenol monooxygenase, and the further oxidation (probably spontaneous) of this intermediate to melanin.

Melanosome: the generally oval pigment (melanin) granule (0.2 by 0.6 mm) produced by melanocytes.

23. Describe the formation of melanin.

Synthesis of melanin occurs in the melanocyte, with tyrosinase playing an important role in the process. As a result of tyrosinase activity, tyrosine is transformed first into 3,4-dihydroxyphenylalanine (dopa) and then into dopaquinone, which is converted, after a series of transformations, into melanin.

24. Describe the process of maturation of the melanosome.

Tyrosinase is synthesized on ribosomes, transported in the lumen of the rough endoplasmic reticulum of melanocytes, and accumulated in vesicles formed at the Golgi zone. Four stages can be distinguished in the development of the mature melanin granule: of vesicle development occurs during melanin development:

Stage I

A vesicle is surrounded by a membrane, showing the beginning of tyrosinase activity and formation of fine granular material; at is periphery, electron-dense strands show an orderly arrangement of tyrosinase molecules on a protein matrix.


Stage II

The vesicle (melanosome) is ovoid now and shows, in its interior, parallel filaments with a periodicity of 10 nm or cross-striation of about the same periodicity. Melanin is deposited on the protein matrix.

Stage III



Increased melanin formation makes the periodic fine structure less visible.


Stage IV

The mature melanin granule is visible in the light microscope, and melanin completely fills the vesicle. No ultrastructure is visible. The mature granules are ellipsoid in shape with a length of 1 μm and a diameter of 0.4 μm.

25. Describe how keratinocytes acquire melanin.

Once formed, melanin granules migrate within cytoplasmic extensions of the melanocyte and are transferred to cells of the stratum basale and stratum spinosum of the epidermis. Melanin granules are essentially injected into keratinocytes where they accumulate in the supranuclear region of the cytoplasm, thus protecting the nuclei from the deleterious effects of solar radiation.

26. Describe the events that occur during processing of melanin (and/or melanosomes) within keratinocytes.

Melanin granules are essentially injected into keratinocytes where they accumulate in the supranuclear region of the cytoplasm, thus protecting the nuclei from the deleterious effects of solar radiation. Within the keratinocyte, melanin granules fuse with lysosomes - the reason melanin granules disappear in upper epithelial cells.

27. Describe skin tanning in terms of melanocyte and keratinocyte biology.

Darkening of the skin (tanning) after exposure to ultraviolet rays of sunlight (wavelength of 290-320 nm) is the result of a two step process. A physicochemical reaction occurs first, darkening the preexisting melanin and releasing it rapidly into the keratinocytes. In the second stage, the rate of melanin synthesis in the melanocytes accelerates, increasing the amount of this pigment.

28. Describe conditions (related to skin color) that may result from aberrant melanocyte function.

Lack of cortisol from the adrenal cortex in humans causes overproduction of ACTH, which increases the pigmentation of skin, as in Addison’s disease, which is caused by dysfunction of the adrenal glands.

Albinism, a hereditary inability of the melanocytes to synthesize melanin, is caused by the absence of tyrosinase activity or the inability of cell to take up tyrosine. As a result, the skin is not protected from solar radiation by melanin, which lead to a greater incidence of basal and squamous cell carcinomas.

The genetically regulated degeneration and disappearance of entire melanocytes results in a depigmentation disorder called vitiligo.

29. Define the term melanoma as it relates to melanocytes.

Melanoma: a malignant neoplasm, derived from cells that are capable of forming melanin, which may occur in the skin of any part of the body, in the eye, or, rarely, in the mucous membranes of the genitalia, anus, oral cavity, or other sites; occurs mostly in adults and may originate de novo or from a pigmented nevus or malignant lentigo. In the early phases, the cutaneous form is characterized by proliferation of cells at the dermal-epidermal junction which soon invade adjacent tissue extensively. The cells vary in amount and pigmentation of cytoplasm; the nuclei are relatively large and frequently bizarre in shape, with prominent acidophilic nucleoli; and mitotic figures tend to be numerous. Melanomas frequently metastasize widely, and the regional lymph nodes, liver, lungs, and brain are likely to be involved. 
30. Be able to recognize melanocytes on histological preparations of skin at the light and electron microscope levels.

RECOGNIZE
31. Describe langerhans cells in terms of their function within the skin.

These star-shaped cells, found mainly in the stratum spinosum of the epidermis, represent 2-8% of the epidermal cells. They are bone-marrow-derived macrophages that are capable of binding, processing, and presenting antigens to T lymphocytes, and they participate in the stimulation of these cells. Consequently, they have a significant role in immunologic skin reactions.

32. Describe Merkel cells in terms of their function and distribution within the skin.

Merkel’s cells, generally present in the thick skin of palm and soles, somewhat resemble the epidermal epithelial cells but have small dense granules in their cytoplasm. The composition of these granules is not known. Free nerve endings that form an expanded terminal disk are present at the base of Merkel’s cells. These cells may serve as sensory mechanoreceptors, although other evidence suggests that they have functions related to the diffuse neuroendocrine system. Merkel cells are found in the stratum basale.

33. Define the dermis in terms of its location and composition.

The dermis is composed of the connective tissue that supports the epidermis and binds it to the subjacent layer, the subcutaneous tissue (hypodermis). The dermis is a dense irregular collagenous connective tissue subdivided into two layers: papillary and reticular.

34. Define dermal papillae and epidermal pegs (or ridges) and describe their interaction.

The surface of the dermis is very irregular and has many projections (dermal papillae that interdigitate with projections (epidermal pegs or ridges) of the epidermis. These structures are more numerous in skin that is subject to frequent pressure; they are believed to increase and reinforce the dermal-epidermal junction.

35. Be able to recognize dermal papillae and epidermal pegs in histological preparations.

RECOGNIZE
36. Describe the junction of dermis and epidermis in terms of cellular and extracellular components.

The distinctive dermal-epidermal junction is seen in histologic sections of the human skin; this under-structure of the epidermis is unique in each part of the body. A basal lamina is always found between the stratum basale and the papillary layer of the dermis and follows the contour of the interdigitations between these layers. Underlying the basal lamina is a delicate net of reticular fibers, the lamina reticularis. This composite structure is called the basement membrane. Special collagen fibrils insert from the dermal papillae (primarily papillary layer of dermis) into the basal lamina and extend into the dermis. They bind the dermis to the epidermis and are called anchoring fibrils.
37. Compare and contrast the papillary layer and reticular of the dermis.

The dermis contains two layers with rather indistinct boundaries – the outermost papillary layer and the deeper reticular layer. The thin papillary layer is composed of loose connective tissue; fibroblasts and other connective tissue cells are present, with the most abundant being mast cells and macrophages. Extravasated leukocytes are also seen. The papillary layer is so called because it constitutes the major part of the dermal papillae. From this layer, special collagen fibrils insert into the basal lamina and extend into the dermis. They bind the dermis to the epidermis and are called anchoring fibrils (structures); The reticular layer is thicker, composed of irregular dense connective tissue (mainly type I collagen), and therefore has more fibers and fewer cells than does the papillary layers. The glycosaminoglycan content of the dermis varies in different regions. In the skin the principal glycosaminoglycan is dermatan sulfate. The dermis contains a network of elastic fibers, with the thicker fibers characteristically found in the reticular layer. From this region emerge fibers that become gradually thinner and end by inserting into the basal lamina. As these fibers progress toward the basal lamina, they gradually lose their amorphous elastin component, and only the microfibrillar component inserts into the basal lamina. This elastic network is responsible for the elasticity of the skin.
38. Describe alterations in the extracellular matrix of the dermis that typically occur during aging.

Age-related changed on the dermis can be observed histologically and biochemically. Collagen fibers thicken and collagen synthesis decreases with age. Elastic fibers steadily increase in number and thickness, so that the elastin content of human skin increases approximately fivefold from fetal to adult life. In old age, extensive cross-linking of collagen fibers, the loss of elastic fibers, and degeneration of these fibers caused by excessive exposure to the sun (solar elastosis) causes the skin to become more fragile, lose its suppleness, and develop many wrinkles. Several disorders, such as cutis laxa and Ehlers-Danlos syndrome, are characterized by a considerable increase in skin and ligament extensibility caused by defective collagen-fibril processing.

39. Define the term hypodermis (subcutaneous tissue).

This layer consists of loose connective tissue that binds the skin loosely to the subjacent organs, making it possible for the skin to slide over them. The hypodermis often contains fat cells that vary in number according to the area of the body, and in size according to the nutritional status of the individual. This layer is also referred to as the superficial fascia and, where thick enough, the panniculus adiposus.

40. Define the phrase epidermal derivatives.

Derivatives of skin include hair, sebaceous glands, sweat glands, and nails. These structures originate from epidermal downgrowths, whiles maintaining their connection to the outside. These epidermal derivatives do not necessarily reside within the epidermis.

41. Define hair in terms of its composition.

Hairs are elongated keratinized structures derived from invaginations of epidermal epithelium.

42. Describe the distribution of hair on the body.

Hairs are found everywhere on the body except on the palms, soles, lips, glans penis, clitoris, and labia minora.

43. Describe the structure of a typical hair follicle and be able to identify its component parts in histological preparations.

The concentric layers of the follicle are:

1. Connective tissue sheath

2. Glassy membrane (modified basement membrane)

3. External root sheath (a few layers of polyhedral cells and a single layer of columnar cells)

4. Internal root sheath (stops at the neck of the follicle where sebaceous gland ducts open into the hair follicle forming a lumen into which the sebum is delivered)

5. Cuticle of the hair (highly keratinized cells that overlap each other)

6. Cortex (bulk of the hair, composed of highly keratinized cells)

7. Medulla (thin core of hair, cells contain soft keratin)

IDENTIFY
44. Describe the formation of hair and its acquisition of color in terms of the structure of the hair follicle.

Each hair arises from an epidermal invagination, the hair follicle, that during its growth period has a terminal dilation called the hair bulb.  At the base of the hair bulb, a dermal papilla can be observed. The dermal papilla contains a capillary network that is vital in sustaining the hair follicle. The epidermal cells covering this dermal papilla form the hair root that produces and is continuous with the hair shaft, which protrudes beyond the skin. 

During periods of growth, the epithelial cells that make up the bulb are equivalent to those in stratum germinativum of the skin. They divide constantly and differentiate into specific cell types. In certain types of thick hairs, the cells of the central region of the root at the apex of the dermal papilla produce large, vacuolated, and moderately keratinized cells that form the medulla of the hair. The cells located around the central region of the root multiply and differentiate into heavily keratinized, compactly grouped fusiform cells that form the hair cortex.

Farther toward the periphery are the cells that produce the hair cuticle, a layer of cells that are cuboidal midway up the bulb, then become tall and columnar. Higher up they change from horizontal to vertical, at which point they form a layer of flattened, heavily keratinized, shinglelike cells covering the cortex. These cuticle cells are the last line in the hair follicle to differentiate. 

The outermost cells give rise to the internal root sheath, which completely surrounds the initial part of the hair shaft.  The internal sheath is a transient structure whose cells degenerate and disappear above the levels of the sebaceous glands. The external root sheath is continuous with epidermal cells and near the surface it shows all the layers of epidermis.  Near the dermal papilla, it is thinner and is composed of cells corresponding to the epidermal stratum basale.

Separating the hair follicle from the dermis is a noncellular hyaline layer, the glassy membrane, which represents a thickening of the basal lamina. The dermis that surrounds the follicle is denser, forming a sheath of connective tissue. Bound to this sheath and connecting it to the papillary layer of the dermis are bundles of smooth muscle cells, the arrector pili muscles. They are disposed in an oblique direction, and their contraction results in the erection of the hair shaft to a more upright position.  

Hair color is caused by the activity of melanocytes located between the papilla and the epithelial cells of the hair root that produce the pigment present in the medullary and cortical cells of the hair shaft.  These melanocytes produce and transfer melanin to the epithelial cells by a mechanism similar to that described for the epidermis. There are two types of melanin pigment, eumelanin and pheomelanin.  Eumelanin, a dark brown to black pigment composed of polymers of hydroxyindole, is present in dark hair.  Pheomelanin, a red to rust colored compound composed of cysteinyl dopa polymers, is present in red and blond hair.

45. Compare and contrast keratinization in hair and the epidermis.

Although the keratinization processes in the epidermis and hair appear to be similar, they differ in several ways:

1. The epidermis produces relatively soft keratinized outer layers of dead cells that adhere slightly to the skin and desquamate continuously. The opposite occurs in hair, producing a hard compact keratinized structure.

2. Although keratinization in the epidermis occurs continuously and over the entire surface, it is intermittent in the hair and present only in the hair root. The hair papilla has an inductive action of the covering epithelial cells, promoting their proliferation and differentiation. Injuries to the dermal papillae thus result in the loss of hair.

3. Contrary to what happens in the epidermis, where differentiation of all cells in the same direction gives rise to the final keratinized layer, cells in the hair root differentiate into various cell types that differ in ultrastructure, histochemistry, and function. Mitotic activity in hair follicles is influenced by androgens.

46. Define nails in terms of cellular structure.

Nails are plates of keratinized epithelial cells on the dorsal surface of each distal phalanx corresponding to the stratum corneum of the skin.

47. Describe the structure of the fingernail and be able to recognize its component parts in histological preparations.

Nails are plates of keratinized epithelial cells on the dorsal surface of each distal phalanx. The proximal part of the nail, hidden in the nail grove, is the nail root. The epithelium of the fold of skin covering the root consists of the usual layers of cells. The stratum corneum of this epithelium forms the eponychium, or cuticle. The nail plate, which corresponds to the stratum corneum of the skin, rests on a bed of epidermis call the nail bed. Only stratum basale and the strum spinosum are present in the nail bed. Nail plate epithelium arises from the nail matrix. The proximal end of the matrix extends deep to the nail root. Cells of the matrix divide, move distally, and eventually cornify, forming the proximal part of the nail plate. The nail plate then slides forward over the nail bed (which makes no contribution to the formation of the plate). The distal end of the plate becomes free of the nail bed and is worn away or cut off. The nearly transparent nail plate and the thin epithelium of the nail bed provide a useful window on the amount of oxygen in the blood by showing the color of blood in dermal vessels.

RECOGNIZE
48. Describe the structure of sebaceous glands.

Sebaceous glands are in the forms of saccules associated with hair follicles.  They are branched alveolar holocrine glands that produce an oily sebum. Secretions are delivered into the neck of the hair follicle (mode of acinar type gland) via short, wide ducts. Basal cells are regenerative cells of sebaceous glands, located at the periphery of the saccule.

49. Define the term holocrine gland.

A holocrine gland is a gland whose secretion consists of disintegrated cells of the gland itself.

50. Define sebum and describe its formation.

The acini of sebaceous glands consist of a basal layer of undifferentiated flattened epithelial cells that rest on the basal lamina. These cells proliferate and differentiate, filling the acini with rounded cells containing abundant fat droplets in their cytoplasm. Their nuclei gradually shrink, and the cells simultaneously become filled with fat droplets and burst. The product of this process is sebum, the secretion of the sebaceous gland, which is gradually moved to the surface of the skin.

51. Describe eccrine sweat glands in terms of their structure and cellular makeup.

The eccrine (merocrine) sweat glands are simple, coiled tubular glands whose ducts open at the skin surface. Their ducts do not divide and their diameter is thinner than that of the secretory portion. The secretory part of the gland is embedded in the dermis; it measures approximately 0.4 mm in diameter and is surrounded by myoepithelial cells. Contraction of these cells helps discharge the secretion. A fairly thick basal lamina lies outside the secretory portion of the gland. Two types of cells have been described in the secretory portion of the eccrine sweat glands. Dark cells (mucoid cells) are pyramidal cells that line most of the luminal surface of this portion of the gland. Their basal surface does not touch the basal lamina. Secretory granules containing glycoproteins are abundant in their apical cytoplasm. Clear cells are devoid of secretory granules. Their basal plasmalemma has the numerous invaginations characteristic of cells involved in transepithelial salt and fluid transport. The ducts of these glands are lined by stratified cuboidal epithelium.

52. Describe sweat in terms of its chemical composition and formation.

Sweat is not viscous and contains little protein. Its main components are H2O, NaCl, urea, NH3, and uric acid. The sodium content is 85 meq/L well below that of blood (144 meq/L).
53. Describe the role of sweat in thermoregulation.

Sweat is released onto the surface of the skin, where it evaporates cooling the skin.

54. Be able to recognize eccrine sweat glands and their component parts in histological preparations.

RECOGNIZE
55. Describe the distribution of apocrine sweat glands in the body.

Apocrine sweat glands are present in the axillary, areolar, and anal regions.

56. Describe, in brief, how the secretion product of apocrine sweat glands acquires its characteristic odor.

The viscous secretion is initially odorless. It acquires its distinctive odor as a result of bacterial decomposition.

57. Describe the organization of the arteriovenous anastomosis.

Arteries that supply the skin are located in the subcutaneous layer.  They branch upward to form a network (plexus) called rete cutaneum, parallel to the boundary between the dermis and hypodermis. Vessels are given off that nourish the deeper sweat glands and hair follicles. Other vessels enter the dermis.  Another network (rete subpapillare) forms at the boundary of the papillary and reticular layers of the dermis. Thin branches project into the dermal papillae. These projections are single loops of capillary vessels with an ascending arterial and venous circulation in the skin without intervening capillaries. These arteriovenous anastomoses are important in thermoregulation.  The skin is also well supplied with lymphatic vessels. They begin as blind outgrowths in the papillary layer of the dermis. They converge to form two networks similar to that of the blood vessels. Lymphatic vessels do not associate with the epidermal appendages.

58. List the types of touch and pressure receptors. 

Corpuscles of:

Ruffini

Merkel

Meissner

Krause

Pacini (best known)

59. Describe and be able to recognize Meissner’s corpuscle and the pacinian corpuscle in histological preparations.

Meissner’s Corpuscle

Oval, encapsulated mechanoreceptors lying in dermal ridges just deep to stratum germinativum.

Pacinian Corpuscle (mechanoreceptor)

Encapsulated nerve ending covered by connective tissue capsule that is composed of 20-70 layers of flattened fibroblasts alternating with thin collagen fibers.
RECOGNIZE
60. Describe the organization of receptors for heat, cold, and pain.

These sensations are mainly mediated by free nerve endings that branch in the dermis, penetrate the basement membrane, and extend into the lower cell layers of the epidermis.
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