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Epithelial Tissue: is one of the four types of tissue (epithelial, muscular, connective, and nervous) in animals which consists of closely aggregated polyhedral cells adhering firmly to one another, forming cellular sheets that line the interior of hollow organs and cover the body surface. An epithelial tissue or epithelium (plural is epithelia) consists of cells arranged in continuous sheets, in either single or multiple layers. However the epithelium tissue Is present in two form 1-as sheet that cover the body on it's external and internal surface 2-as glands , which originate from invigilated epithelial cells. 

Characteristics of Epithelial Tissue
Even though epithelial tissue present in different parts of the body might differ in structure and function, they all have some common characteristics. Some of these characteristics are given below:
Shape and Size
The shapes and sizes of epithelial cells are variable, ranging from tall columnar to cuboidal to low squamous.
The cell’s size and morphology are generally based on their function.
Polarity
Epithelial cells generally show polarity, with organelles and membrane proteins distributed unevenly within the cell
The apical (free) surface of an epithelial cell is present towards the body surface, the body cavity, the lumen of an internal organ, or a gland duct that receives cell secretions. Apical surfaces may contain cilia or microvilli.
The lateral surfaces of an epithelial cell, facing the adjacent cells on either side, may contain intercellular adhesion and other junctions.
The basal surface of an epithelial cell adheres to extracellular materials such as the basement membrane, which is an inert connective tissue made by the epithelial cells themselves.

Basement Membrane
The basement membrane is a thin extracellular layer that commonly consists of two layers, the basal lamina, and the reticular lamina.
The basal lamina is closer to and secreted by the epithelial cells and contains proteins like laminin and collagen as well as some glycoproteins and proteoglycans.
The reticular lamina is closer to the connective tissue, present underneath, and contains collagen protein produced by connective tissue cells called fibroblasts. 
Intercellular Adhesion and Other Junctions
Several membrane-associated structures provide adhesion and communication between cells.
Tight junctions, also called zonulae occludens, are the most apical of the junctions that form a band completely encircling each cell.
The second type of junction is the adherens junction or zonula adherens, which also encircles the epithelial cell, usually immediately below the tight junction.
Another anchoring junction is the desmosome or macula adherens which are disc-shaped structures at the surface of one cell that matches with identical structures at an adjacent cell surface.
Gap junctions mediate intercellular communication rather than adhesion or occlusion between cells.

Avascular
Epithelial tissue is avascular, relying on the blood vessels of the adjacent connective tissue to bring nutrients and remove wastes.
The exchange of substances between epithelial tissue and connective tissue occurs by diffusion.

Innervated
Epithelial tissue is innervated; that is, it has its own nerve supply.

Renew and Repair
Epithelial cells have a high rate of cell division which allows the epithelial tissue to continually renew and repair itself by sloughing off dead or injured cells and replacing them with new ones.

Functions of Epithelial Tissue
Based on the location, epithelial tissue performs a bunch of functions. Some of which are:

Protection
One of the most critical functions of epithelial tissue is protection. It protects the cells present below against radiation, desiccation, invasion by pathogens, toxins, and physical trauma.
The absence of blood vessels in the epithelial tissue thus prevents bleeding in the tissue during abrasion.


Transportation
Epithelial tissue also functions in the transportation of different molecules in and out of the cells with different pumps present in the epithelial tissue.
Besides, in the digestive, respiratory, and urinary system, it allows the exchange of molecules between the underlying cells and the body cavity, capillaries, and ducts.

Secretion
Glandular epithelium secretes various macromolecules like hormones responsible for multiple bodily functions.
Many endocrine and exocrine glands also help maintain the body surfaces (skin) as well as support the functions of various organs (digestive system).

Absorption
By the function of various specialized structures like cilia and microvilli on the surface of cells, epithelial tissue also aids in the absorption of multiple molecules by increasing the surface area.
In the digestive system, columnar cells of the small intestine help in the absorption of water and various other nutrients.

Receptor function
Some cells in the epithelial tissue are specialized to perform sensory functions that can detect the sensory information and convert them into neural signals.
Cells in epithelial tissue like the pseudostratified columnar epithelium of the olfactory mucosa contain apical cilia that allow the sensation of odor.
Types / Classification with examples and location
Epithelial tissue is divided into two types:

Covering and lining epithelium, also called the surface epithelium, that forms the outer covering of the skin and some internal organs and also forms the inner lining of blood vessels, ducts, body cavities, and the inner lining of the respiratory, digestive, urinary, and reproductive systems.
Glandular epithelium that makes up the secreting portion of glands such as the thyroid gland, adrenal glands, sweat glands, and digestive glands.
Further, types of covering and lining epithelial tissue are classified according to the arrangement of cells and the shapes of those cells.



Simple epithelium
Simple epithelium is made up of a single layer of identical cells, which are usually found on secretory and absorptive surfaces, where the single layer enhances these processes.
Simple epithelium is divided into three main types, and these are named according to the shape of the cells, which differ based on their functions.
[image: ]

Classification of epithelial Membranes:


The simple squamous epithelium consists of a single layer of flat cells that resembles the tiles on a floor when viewed from the apical surface with a centrally located nucleus that is flattened and oval or spherical.
This epithelium most commonly lines the cardiovascular and lymphatic system (heart, blood vessels, lymphatic vessels), where it is known as endothelium and forms the epithelial layer of serous membranes (peritoneum, pleura, pericardium), where it is called. It is also found in air sacs of lungs, glomerular (Bowman’s) capsule of kidneys, and the inner surface of the tympanic membrane (eardrum).
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Simple cuboidal epithelium is a single layer of cube-shaped cells that are round and have a centrally located nucleus.
It covers the surface of the ovary, lines the anterior surface of the capsule of the lens of the eye, forms pigmented epithelium at the posterior surface of retina of the eye, lines kidney tubules and smaller ducts of various glands, makes up secreting portion of some glands like the thyroid gland and ducts of some glands such as the pancreas.
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The columnar epithelium is made by a single layer of cells, rectangular in shape, on a basement membrane.
This epithelium lines many organs and is often derived to make it well suited for a specific function.
Columnar epithelium lines the stomach without any surface structures. However, the free surface of the columnar epithelium lining the small intestine is covered with microvilli, which provide a vast surface area for the absorption of nutrients from the small intestine.
In the trachea, the columnar epithelium is ciliated. Also, it contains goblet cells that secrete mucus, and in the uterine tubes, ova are propelled along by ciliary action towards the uterus.



Stratified epithelium
A stratified epithelium consists of several layers of cells of various shapes, and basement membranes are usually absent. As basal cells divide, daughter cells arising from cell divisions are pushed older cells upward toward the apical layer. As they move toward the surface and away from blood supply in underlying connective tissue, they become dehydrated and less metabolically active. Tough proteins predominate as cytoplasm is reduced, and cells become tough, hard structures that eventually die. At the apical layer, after dead cells lose cell junctions, they are sloughed off, but they are continuously replaced as new cells emerge from basal cells. There are two main types of stratified epithelium: stratified squamous, stratified cuboidal, and stratified columnar epithelium.
a. Stratified squamous epithelium
the stratified squamous epithelium has two or more layers of cells. The cells in the apical layer and several layers deep to it are squamous while the cells in deeper layers vary from cuboidal to columnar.
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b- Keratinized stratified squamous epithelium
This epithelium develops a tough layer of keratin in the apical segment of cells and several layers deep to it
The relative amount of keratin increases in cells as they move away from the nutritive blood supply and the organelles eventually die.
The keratin forms a tough, relatively waterproof protective layer that prevents drying of the live cells present underneath.
Keratinized stratified squamous epithelium forms a superficial layer of skin.
Keratinized stratified squamous epithelium






Non-keratinized stratified squamous epithelium
This epithelium does not contain large amounts of keratin in the apical layer, and several layers deep and is moistened continuously by mucus from salivary and mucous glands. Nonkeratinized stratified squamous epithelium lines wet surfaces (lining of mouth, esophagus, part of the epiglottis, part of the pharynx, and vagina) and covers the tongue.
Non-keratinized stratified squamous epithelium







Stratified cuboidal epithelium
Stratified cuboidal epithelium has multiple layers of cells in which the apical layer is made up of cuboidal cells while the deeper layer can be either cuboidal or columnar. Stratified cuboidal epithelium is seen in the excretory ducts of salivary and sweat glands.


Stratified cuboidal epithelium





Stratified columnar epithelium
The stratified columnar epithelium has multiple layers of cells in which the apical layer is made up of columnar cells while the deeper layer can be either cuboidal or columnar. This type of epithelium is present in the conjunctiva of the eyes, parts of the urethra, and the small area in the anal mucosa.
Stratified columnar epithelium








Pseudostratified columnar epithelium
[bookmark: _GoBack]Pseudostratified epithelium appears to have several layers because the nuclei of the cells are present at various levels. Although all the cells are attached to the basement membrane in a single layer, some cells do not reach the apical surface. As a result of these features, it appears as a multilayered tissue, but in fact, is the simple epithelium. This epithelium lines epididymis, larger ducts of many glands, and parts of male urethra and airways of most of the upper respiratory tract. 


Pseudostratified columnar epithelium






Transitional epithelium tissue
Transitional epithelium (urothelium) has a variable appearance (transitional). In a relaxed or unstretched state, looks like stratified cuboidal epithelium, except apical layer cells tend to be broad and rounded. As tissue is stretched, cells become flatter, giving the appearance of stratified squamous epithelium. Multiple layers and elasticity make it ideal for lining hollow structures (urinary bladder) subject to expansion from within.
[image: Transitional epithelium]






Glandular Epithelium
Glandular epithelia are formed by cells specialized to produce secretion. The molecules to be secreted are generally stored in the cells in small membrane –bound vesicles called secretory granules  Glandular epithelial cells may synthesize, store, and secrete proteins (eg, pancreas), lipids (eg, adrenal, sebaceous glands), or complexes of carbohydrates and proteins (eg, salivary glands). The mammary glands secrete all three substances. Less common are the cells of glands that have low synthesizing activity (eg , sweat glands) and that secrete mostly substances transferred from the blood to the lumen of the gland. The epithelia that form the glands of the body can be classified according to various criteria. Unicellular glands consist of isolated glandular cells, and multicellular glands are composed of clusters of cells. An example of a unicellular gland is the goblet cell of the lining of the small intestine) or of the respiratory tract. Glands develop during fetal life from covering epithelia by means of cell proliferation and invasion of the subjacent connective tissue, followed by further differentiation ,Exocrine glands retain their connection with the surface epithelium from which they originated. This connection is transformed into tubular ducts lined with epithelial cells through which the glandular secretions pass to reach the surface. Endocrine glands are glands whose connection with the surface is lost during development. These glands are therefore ductless, and their secretions are picked up and transported to their site of action by the bloodstream rather than by a duct system. Multicellular glands, whether exocrine or endocrine, also
have connective tissue in a surrounding capsule and in septa that divide the gland into lobules. These lobules then subdivide, and in this way the connective tissue separates and binds the glandular components together.   Two types of endocrine glands can be recognized based on
the arrangement of their cells. The endocrine cells may form anastomosing cords interspersed between dilated blood capillaries ( eg , adrenal gland, parathyroid, anterior lobe of the pituitary or they may arrange themselves as vesicles or follicles filled with non cellular material ( eg , the thyroid gland).  Exocrine glands have a secretory portion, which contains the cells responsible for the secretory process, and ducts, which transport the secretions Simple glands have only one un branched duct, whereas compound glands have ducts that branch repeatedly.
1 - Simple tubular glands have only one tube un branched duct that connects directly to surface( e .g intestinal gland ).
2 -Simple branched tubular glands : tubular gland whose secretory units branch ( e.g , fundic gland of stomach ).
3 -Simple coiled tubular glands: Long un branched duct , the secretory unit is long coiled tube (e.g., sweat gland).
4 -Simple branched acinar glands( alveolar). Secretory units are branched and open into a single duct(e.g. sebaceous gland). 
5 - Compound tubulacinar (alveolar): Branching ducts with both tubular and acinar secretory units (e.g., submaxillary salivary
gland).
6 - Compound acinar : Branching ducts with acinar secretory unites( e.g ,. Parotid salivary gland and mammary glands ).
Exocrine glands are also classified functionally according to the way the secretory products leave the cell:
1- Merocrine secretion (sometimes called eccrine ) involves typical exocytosis of proteins or glycoproteins. This is the most common mode of secretion. 
2 - Holocrine secretion involves the cell filling with secretory product and then the whole cell being disrupted and shed. This is best seen in the sebaceous glands of skin. 
3 - apocrine secretion, In an intermediate type ,the secretory product is typically a large lipid droplet and is discharged together with some of the apical cytoplasm and plasmalemmaloss , is seen in mammary glands.
Exocrine glands with merocrine secretion can be further categorized as either serous or mucous according to the nature of the proteins or glycoproteins secreted and the resulting staining properties of the secretory cells. The acinar cells of the pancreas and parotid salivary glands are examples of the serous type which secrete digestive. 
Exocrine glands secrete their products into ducts that release the secretions onto the surface of organs such as the skin surface or the lumen of a hollow organ. The effects of exocrine gland secretions are limited, and some of them would be harmful if they entered the bloodstream. Sweat, oil, and earwax glands of the skin, digestive glands such as salivary glands (secrete into mouth cavity) and pancreas (secretes into the small intestine) are the examples of exocrine glands.


The basal ends of serous cells have well –developed :RER and Golgi complexes and the cells are filled apically with secretory granules in different stages of maturation as(figure20) ,Mucous cells, such as goblet cells, while also rich in RER and Golgi complexes are filled apically with secretory granules containing strongly hydrophilic glycoproteins called mucins. 
Endocrine glands: The secretions of endocrine glands, called hormones, enter the interstitial fluid and then diffuse into the bloodstream without flowing through a duct. Endocrine secretions have far-reaching effects because they are distributed throughout the body by the bloodstream. Examples of endocrine glands include pituitary gland at the base of the brain, the pineal gland in the brain, thyroid and parathyroid glands near larynx (voice box), adrenal glands superior to kidneys, pancreas near the stomach, ovaries in the pelvic cavity, testes in the scrotum, thymus in the thoracic cavity.
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