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Detailed Chapter Summary
Chapter 3, Histology—The Study of Tissues
3.1 The Study of Tissues (p. 53)

1. Histology is the study of tissues and how they are arranged in organs; it is concerned with the level of structure between organs and cells in complexity.

2. A tissue is a mass of similar cells and cell products that forms a discrete region of an organ and performs a specific function. 

3. The four primary tissues are epithelial, connective, nervous, and muscular tissue. These types differ in the types and functions of their cells, the characteristics of their matrix, and the relative volume or cells and matrix.

4. The matrix is composed of fibrous proteins and ground substance.
5. Most tissues are studied in the form of thin slices called histological sections, colored with stains to enhance their details. 

6. Tissues are typically cut into longitudinal, cross, or oblique sections. Some are prepared as smears or spreads. 

3.2 Epithelial Tissue (p. 55)

1.  
Epithelium is a type of tissue composed of one or more layers of closely adhering cells, either covering an organ surface or forming the secretory tissue and ducts of a gland. Epithelia have little intercellular material and no blood vessels.

2.
An epithelium rests on a basement membrane of adhesive glycoproteins and other extracellular material, which separates it from and binds it to the underlying connective tissue and binds growth factors that affect epithelial development and maintenance.
3.
Epithelia are classified as simple if all the cells contact the basement membrane. 
4.
Simple squamous epithelium is a single layer of scaly cells. Some of its locations are the serosae of abdominal viscera, endothelium of the cardiovascular system, and alveoli of the lungs. It minimizes the barrier to diffusion of gases and fluids, and secretes serous fluid.

5.
Simple cuboidal epithelium is a single layer of squarish cells. Some of its locations are the kidney tubules, many other gland ducts, bronchioles, liver, and thyroid gland. It is involved in absorption, secretion, and movement of mucus in the airway.

6.
Simple columnar epithelium is a single layer of tall narrow cells. Some of its locations are the inner linings of the uterus, stomach, and intestines. It is involved in absorption and secretion.

7.
Pseudostratified columnar epithelium is a layer of cells that are all anchored to the basement membrane, but not all of which reach the free surface. It is often ciliated. It is especially characteristic of the respiratory tract, where it secretes and propels mucus.

8.
Simple columnar and pseudostratified columnar epithelia often have mucus-secreting goblet cells, named for a shape resembling a wine glass.

9.
Epithelia are classified as stratified if some cells rest atop others, without touching the basement membrane. 
10.
Stratified squamous epithelium is composed of many layers of cells ranging from cuboidal or columnar near the basement membrane to squamous at the free surface. It is notable for its durability. Nonkeratinized stratified squamous epithelium has living cells all the way to the surface; it is characteristic of the esophagus and vagina. Keratinized stratified squamous epithelium has a thick layer of dead cells, packed with keratin, on the surface. It is drier and tougher, and is seen in the epidermis.

11.
Stratified cuboidal epithelium consists of two or more layers of cuboidal cells, or cuboidal cells resting atop squamous basal cells. Locations include sweat gland ducts, seminiferous tubules of the testis, and follicles of the ovary.

12.
Stratified columnar epithelium (not illustrated) is relatively rare. It consists of columnar cells atop a layer of cuboidal cells and is limited to regions where two other epithelial types meet, as in limited stretches of the larynx, pharynx, anal canal, and male urethra.

13.
Transitional epithelium consists of typically five or six cell layers with rounded surface cells. It is limited to the urinary tract, from within the kidney to parts of the urethra, and to the umbilical cord.

14.
Dead cells of stratified squamous epithelia flake off the free surface, a process called exfoliation. The study of such cells is called exfoliate cytology, exemplified by a Pap smear.
3.3 Connective Tissue (p. 61)

1. Connective tissue is a type of tissue in which cells usually occupy less space than the extracellular material. It constitutes all bone, cartilage, tendons, ligaments, fat, and blood; the dermis of the skin; and filler between other organs.

2. Connective tissue serves in most cases to bind organs to each other or to support and protect organs. Other functions include immunity, movement, storage, heat production, and transport.

3. Fibrous connective tissue exhibits conspicuous fibers in its matrix. The fiber types are collagenous, reticular, and elastic.

4. The cell types common in this tissue are fibroblasts, macrophages, leukocytes, plasma cells, mast cells, and adipocytes. 

5. The cells and fibers of connective tissue are embedded in a homogeneous ground substance that usually has a gelatinous consistency due to three types of large protein–carbohydrate complexes: glycosaminoglycans, proteoglycans, and adhesive glycoproteins.

6. Loose connective tissues have abundant ground substance and widely spaced cells and fibers. The loose fibrous connective tissues are areolar tissue and reticular tissue.
7. Areolar tissue consists of a seemingly random array of collagenous and elastic fibers and scattered fibroblasts and other cells. It underlies most epithelia and fills space between adjacent organs such as the trachea and esophagus. It loosely binds organs together, allows an arena for immune defense against invading pathogens, and allows nerves and blood vessels to reach other tissues.

8. Reticular tissue consists of a loose web of reticular fibers infiltrated with lymphocytes and other cells. It forms the framework of lymph nodes, the spleen, the thymus, and bone marrow.
9. Dense fibrous connective tissues have less ground substance and more closely packed fibers. The two types are dense regular and dense irregular connective tissue.
10. Dense regular connective tissue consists mostly of bundles of parallel collagen fibers with fibroblasts squeezed between them. It constitutes tendons and ligaments and resists stress and tearing.

11. Dense irregular connective tissue consists mostly of seemingly randomly arranged, densely packed collagen. It forms the most of the dermis of the skin; fibrous sheaths around bones and cartilages; and protective capsules around many internal organs such as the liver and spleen.

12. Adipose tissue (fat) consists mainly of adipocytes. In white (yellow) fat, an adipocyte has a large central globule of triglyceride surrounded by a thin layer of cytoplasm; white fat serves as an energy reserve, cushions and protects organs, holds some organs in place, and contours the body. Brown fat has multiple triglyceride globules and serves only to generate heat, especially in infants.
13. Cartilage is a supportive connective tissue with a flexible rubbery matrix. It exhibits cells called chondrocytes occupying cavities called lacunae scattered throughout the matrix. The three types of cartilage are hyaline cartilage, elastic cartilage, and fibrocartilage.
14. Hyaline cartilage has a clear matrix in which the fibers are too fine to be easily visible. It forms most of the fetal skeleton. In adults, it covers the articular surfaces of many bones, supports the larynx, trachea, and bronchi; and connects the ribs to the sternum.

15. Elastic cartilage has coarser, more conspicuous fibers made of elastin. It shapes the ear pinna and supports the epiglottis.

16. Fibrocartilage has coarse collagen bundles and often parallel rows of chondrocytes. It occurs in the intervertebral discs and pubic symphysis, and where tendons grade into hyaline cartilage at the joints.

17. A fibrous sheath called the perichondrium surrounds elastic cartilage and most hyaline cartilage, but not fibrocartilage.
18. Bone (osseous tissue) is a supportive connective tissue with a calcified matrix. It exhibits cells called osteocytes, which occupy lacunae between layers of matrix called lamellae. Lacunae are interconnected by fine channels called canaliculi, through which osteocytes communicate with each other. In compact bone, most of the tissue is arranged in cylinders called osteons, with lamellae arranged around a central canal in each. Spongy bone consists of a porous honeycomb of thin plates and spines; it is always covered with a shell of compact bone.
19. Blood is a fluid connective tissue that serves to transport cells and solutes from place to place. It consists of three kinds of formed elements—erythrocytes, which are discoidal, oxygen-transporting cells without nuclei; five kinds of leukocytes, which are round, nucleated cells involved in defense; and platelets, which are small cell fragments involved in blood vessel maintenance and clotting. All are suspended in a liquid ground substance, the plasma.
3.4 Nervous and Muscular Tissue—Excitable Tissues (p. 70)

1.  
All living cells are excitable, but nerve and muscle cells have developed this property to the highest degree. Excitability means that a cell responds to stimulation with a change in the membrane potential (voltage) across the plasma membrane.

2.
Nervous tissue is specialized for rapid communication by means of electrical and chemical signals. It constitutes the brain, spinal cord, and nerves, and consists of neurons (nerve cells) and neuroglia (supportive cells). Neurons carry out the communicative function.

3.
A neuron has a neurosoma (cell body), usually multiple dendrites which conduct incoming signals to the soma, and usually a single axon (nerve fiber) to carry signals away to another cell.

4.
Muscular tissue is specialized to contract when stimulated and to exert force on other tissues. Muscular tissue serves such purposes as body movements, movement of material through the digestive tract, waste elimination, breathing, speech, and blood circulation.

5.
There are three kinds of muscular tissue: skeletal, cardiac, and smooth muscle.

6.
Skeletal muscle consists of elongated, striated, multinucleated cells called muscle fibers. Most skeletal muscle is attached to bones and moves joints when it contracts. Skeletal muscle is under voluntary control.

7.
Cardiac muscle consists of shorter cells called cardiocytes, with a single nucleus, striations, and intercalated discs where the cells meet end to end. Cardiac muscle is involuntary and is limited to the heart.

8. 
Smooth muscle consists of short fusiform cells with a single nucleus and no striations. It is involuntary and occurs in the iris, skin, blood vessels, and the walls of the digestive, respiratory, urinary, and reproductive tracts, among other locations. Both smooth and cardiac muscle cells can be called myocytes. Smooth muscle of the internal organs is also called visceral muscle.

9.
Both smooth and skeletal muscle can form rings called sphincters that regulate body openings and the passage of material through the body, as in the eyelids, stomach, intestines, and urethra.
3.5 Glands and Membranes (p. 73)

1.  
A gland is a cell or organ that secretes substances for use in the body or for elimination as waste. 

2.
Exocrine glands usually have ducts and release their secretions onto the body surface or into the lumen of another organ. Endocrine glands lack ducts and secrete their products, called hormones, into the bloodstream.

3.
Unicellular glands are isolated gland cells found in predominantly nonglandular epithelia. They can be exocrine (such as goblet cells) or endocrine (such as hormone-secreting cells of the digestive tract).

4.
Most glands are enclosed in a connective tissue capsule, which issues fibrous septa (trabeculae) into the interior of the gland, dividing it into lobes and microscopic lobules. This supportive connective tissue framework is called the stroma. The secretory portions and ducts of a gland, called the parenchyma, are composed of epithelial cells.

5.
Simple glands have a single unbranched duct and compound glands have branched ducts. In tubular glands, the duct and secretory portion form a tubule of uniform diameter. In an acinar gland, the secretory cells are limited to a sac called an acinus at the end of a duct; in a tubuloacinar gland, the secretory cells form both acini and tubules leading away from them.

6.
Glands are classified as serous if they secrete a relatively thin, watery fluid; mucous if they secrete mucus; mixed if they secrete both; and cytogenic if their product is intact cells (eggs or sperm).

7.
Glands vary in their mode of secretion. Merocrine (eccrine) glands secrete their products by exocytosis. In holocrine glands, entire cells disintegrate and become the secretion. Apocrine glands are predominantly merocrine in their mode of secretion but have a distinctive histological appearance.

8. 
The body has numerous membranes of various types. The most extensive are cutaneous, serous, and mucous membranes. The cutaneous membrane is the skin. 

9.
Mucous membranes line passages that open to the exterior (digestive, respiratory, urinary, and reproductive tracts). Mucous membranes are composed of a secretory epithelium, a connective tissue lamina propria, and sometimes a muscularis mucosae.

10.
Serous membranes consist of a simple squamous epithelium on a thin bed of areolar connective tissue. They secrete watery serous fluid. 
11.
Endothelium is a simple squamous epithelium that lines the inside of the heart and blood vessels; mesothelium is a simple squamous epithelium of the peritoneum, pericardium, and pleurae; and synovial membranes are fibrous membranes that enclose joint cavities.

3.6 Tissue Growth, Development, Repair, and Death (p. 77)

1.
Tissues grow normally by means of hyperplasia (cell multiplication) and hypertrophy (enlargement of preexisting cells), and pathologically by neoplasia (tumor growth). 

2.  
Tissues can change from one type to another through differentiation (transformation of an unspecialized embryonic tissue into a specialized mature tissue) or metaplasia (transformation of one mature tissue type to another). 

4.
Damaged tissues can be repaired by regeneration, which restores the preexisting tissue type and its functionality, or by fibrosis, the formation of scar tissue.

5.
Tissues can shrink or degenerate by means of atrophy (shrinkage through aging or lack of use), necrosis (pathological tissue death due to trauma, toxins, infections, etc.—as in gangrene and infarction), or apoptosis (programmed cell death). 

