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Connective Tissue
     The different types of connective tissue maintain the form of organs throughout the body. Connective tissues provide a matrix that supports and physically connects other tissues and cells together in organs. 
Unlike the other tissue types (epithelium, muscle, and nerve), which consist mainly of cells, the major constituent of connective tissue is the extracellular matrix (ECM). 
Characteristics of Connective Tissue: 
1) The amount of matrix is more in connective tissue but the number of cells is comparatively less. 
2) Matrix may be jelly like, soft or hard and fragile. 
3) One or more than one type of fiber and materials like calcium carbonate may remain present in matrix.

Functions of connective tissue
 1.This tissue forms the internal structure of the body, e.g. skeletal system.
 2. It gives the body definite shape and firmness.
 3. It helps in organ movement and locomotion.
 4. It protects the soft and sensitive organs of the body (as brain. spinal cord, lungs,   
     heart etc.).
 5. It produces various types of blood corpuscles.
 6. It forms the surface for the attachment of voluntary muscles.
7. The interstitial fluid of connective tissue gives metabolic support to cells as    
     the medium for diffusion of nutrients and waste products.

Cells of connective tissue
1) Fibroblasts: the most common cells in connective tissue, produce and maintain most of the tissue’s extracellular components. Fibroblasts synthesize and secrete collagen (the most abundant protein of the body) and elastin, which form large fibers, as well as the GAGs, proteoglycans, and multiadhesive glycoproteins that comprise the ground substance. As described later, most of the secreted ECM components undergo further    modification outside the cell before assembling as a matrix.
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2) Adipocytes or fat cells, are found in connective tissue of many organs. These large, mesenchymally derived cells are specialized for cytoplasmic storage of lipid as neutral fats, or less commonly for the production of heat. The large deposits of fat in the cells of adipose connective tissue also serve to cushion and insulate the skin and other organs. Adipocytes have major metabolic significance with medical importance.

[image: Related image][image: Image result for fat cells]

3) Macrophages are characterized by their well-developed phagocytic ability and specialize in turnover of protein fibers and removal of dead cells, tissue debris, or other particulate material. A typical macrophage measures between 10 and 30 μm in diameter and has an eccentrically located, oval or kidney-shaped nucleus. Macrophages are present in the connective tissue of most organs and are often referred to by pathologists as “Histiocytes.”
    Macrophages derive from bone marrow precursor cells that divide, producing monocytes that circulate in the blood. These cells cross the epithelial wall of 

venules to penetrate connective tissue, where they differentiate further, mature, and acquire the morphologic features of phagocytic cells. Therefore, monocytes and macrophages are the same cell at different stages of maturation. Macrophages play an important role in:
· The early stages of repair after tissue damage.
·  Under such conditions of inflammation these cells accumulate in connective tissue by local proliferation of macrophages.

       Along with other monocyte-derived cells, they comprise a family of cells called the mononuclear phagocyte system. The macrophage like cells have been given different names in different organs, for example Kupffer cells in the liver, microglial cells in the central nervous system, Langerhans cells in the skin, and osteoclasts in bone tissue. However, all are derived from monocytes. 
[image: Related image][image: Image result for macrophage cells]


4) Mast cells are oval or irregularly shaped connective tissue cells, whose cytoplasm is filled with basophilic secretory granules. Mast cells function in the localized release of many bioactive substances with roles in the local inflammatory response, innate immunity, and tissue repair. A partial list of important molecules released from these cells’ secretory granules includes the following:
· Heparin, a sulfated glycosaminoglycan (GAG) that acts locally as an anticoagulant
· Histamine, which promotes increased vascular permeability and smooth muscle contraction
· Serine proteases, which activate various mediators of inflammation
· Eosinophil and neutrophil chemotactic factors, which attract those leukocytes

· Cytokines, polypeptides directing activities of leukocytes and other cells of the immune system
· Phospholipid precursors for conversion to prostaglandins, leukotrienes, and other important lipid mediators of the inflammatory response.
[image: Image result for mast cell][image: Related image]


5) Plasma cells are B-lymphocyte-derived, antibody-producing cells.  There are at least a few plasma cells in most connective tissues. Their average lifespan is only 10-20 days.
[image: C:\Users\D.SAHAR\Desktop\22.jpg]







6) Leukocytes: Besides macrophages and plasma cells, connective tissue normally contains other leukocytes derived from cells circulating in the blood. Leukocytes, or white blood cells, make up a population of wandering cells in connective tissue. They leave blood by migrating between the endothelial cells lining venules to enter connective tissue by a process called diapedesis. This process increases greatly during inflammation, which is a vascular and cellular defensive response to injury or foreign substances, including pathogenic bacteria 


[image: Image result for leukocytes]or irritating chemical substances. Most leukocytes function for a few hours or days in connective tissue and then die.



Fibers
    The fibrous components of connective tissue are elongated structures formed from proteins that polymerize after secretion from fibroblasts. The three main types of fibers include:
1. Collagen fibers
    The collagens constitute a family of proteins selected during evolution for their ability to form a variety of extracellular structures. The various fibers, sheets, and networks made of collagens are all extremely strong and resistant to normal shearing and tearing forces. Collagen is a key element of all connective tissues, as well as epithelial basement membranes and the external laminae of muscle and nerve cells. Collagen is the most abundant protein in the human body, representing 30% of its dry weight. A major product of fibroblasts, collagens are secreted by several other cell types and are distinguishable by their molecular compositions, morphologic characteristics, distribution, functions, and pathologies.
     Collagen type I, the most abundant and widely distributed collagen, forms large, eosinophilic bundles usually called collagen fibers. These often densely fill the connective tissue, forming structures such as tendons, organ capsules, and dermis.	
[image: Related image][image: Related image]

2. Reticular Fibers
      Found in delicate connective tissue of many organs, reticular fibers consist mainly of collagen type III. This collagen forms an extensive network (reticulum) of extremely thin (diameter 0.5-2 μm), heavily glycosylated fibers. Reticular fibers produced by fibroblasts occur in the reticular lamina of basement membranes and typically also surround adipocytes, smooth muscle and nerve fibers, and small blood vessels. Delicate reticular networks serve as the supportive stroma for the parenchymal secretory cells and rich microvasculature of the liver and endocrine glands. Abundant reticular fibers also characterize the stroma of hemopoietic tissue (bone marrow) and some lymphoid organs (eg, spleen and lymph nodes) where they support rapidly changing populations of proliferating cells and phagocytic cells.
[image: Image result for reticular fibers][image: Related image]










3. Elastic Fibers
      Elastic fibers are also thinner than the type I collagen fibers and form sparse networks interspersed with collagen bundles in many organs, particularly those subject to much bending or stretching. As the name implies, elastic fibers have physical properties similar to those of rubber, allowing tissues to be stretched or distended and return to their original shape. In the wall of large blood vessels, especially arteries, elastin also occurs as fenestrated sheets called elastic lamellae. 
[image: Related image][image: Image result for elastic fibers]

Ground substance
     Ground substance is a viscous, clear substance with a slippery feel and light water content that occupies the spaces between the cells and fibers. It consists predominately of three groups of molecules: 
· Glycosaminoglycan (GAG) such as hyaluronic acid which functions as a biochemical barrier.
·  Proteoglycans which plays a role in fiber-to-ECM adhesion. 
· Multiadhesive glycoproteins such as fibronectin and laminin.
Among the best characterized multiadhesive glycoproteins are:
1. Fibronectine plays an important role in cell attachment to the ECM and integrin, a cell-surface receptor.
2. Laminin involve in many cell-to-ECM interaction and in the development, differentiation, and remodeling of epithelium.

Types of Connective Tissue
Connective tissue encompasses a variety of tissues with differing functional properties but with certain common characteristics that allow them to be grouped together. They are classified in a manner that reflects these features:
1) Embryonic connective tissues
a. Mesenchymal Tissue: Mesenchyme is primarily found in the embryo. It contains small, spindle-shaped cells of relatively uniform appearance. Processes extend from these cells and contact similar processes of neighboring cells, forming a three-dimensional cellular network. The extracellular space is occupied by a viscous ground substance. Reticular fibers are present; they are very fine and relatively sparse. The mesenchymal tissue takes from developing fetus. Their cytoplasmic processes often give the cell a tapering or spindle appearance.

[image: Image result for Mesenchymal Tissue][image: Image result for Mesenchymal Tissue]

b. Mucoid or Mucous tissue:Mucoid (or mucous) connective tissue is another embryonic type of connective tissue, found mainly in the umbilical cord and fetal organs. With abundant ground substance composed chiefly of hyaluronic acid, mucoid tissue is jellylike with sparse collagen fibers and scattered fibroblasts. Mucoid tissue is the principal component of the umbilical cord, where it is referred to as Wharton’s jelly. A similar form of connective tissue is also found in the pulp cavities of young teeth, which remain as a postnatal source of mesenchymal stem cells.
FIGURE 5–[image: Image result for Mesenchymal Tissue][image: Related image]

2) Proper Connective Tissue 
In adults there are two general classes of connective tissue proper, loose and dense, terms that refer to amounts of collagen present. 
1. Loose connective tissue is very common and generally supports epithelial tissue. It comprises a thick layer (the lamina propria) beneath the epithelial lining of the digestive system and fills the spaces between muscle and nerve fibers. Usually well-vascularized whatever their location, thin layers of loose connective tissue surround most small blood vessels of the body.

a. Areolar connective tissue:
[bookmark: _GoBack]     All the connective Tissue cells can be found it in this Tissue and relatively sparse collagen, elastic, and reticular fibers. The ground substance, however, is abundant; in fact, it occupies more volume than the fibers do. It has a viscous to gel-like consistency and plays an important role in the diffusion of oxygen and nutrients from blood vessels. Most cell types in loose C.T. are transient wandering cell that migrate from local blood vessels in response to specific stimuli. Therefore, it is the site of inflammatory and immune reactions. It is located beneath the epithelia that cover the body surface and line the internal surface of the body.
[image: Image result for Areolar connective tissue]
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b. Reticular connective tissue:
It has a network of reticular fibers which are synthesized by special fibroblasts called reticular cells. Reticular C.T. is found around the liver, the kidney, and lymphoid organs (lymph node, red bone marrow, spleen, thymus gland, and tonsils). The fibers form a soft skeleton to support the lymphoid organs which play an important role in filtration of blood and lymph. Adipose T. is held together by reticular fibers. In some references, this tissue is a dens irregular connective tissue but not loose connective tissue. In other references, this tissue is a specialized connective tissue.

[image: Image result for Reticular connective tissue]











2. Dense connective tissue is adapted to offer stress resistance and protection. It has the same components found in loose connective tissue, but with fewer cells and a clear predominance of collagen fibers over ground substance. Dense connective tissue is less flexible and far more resistant to stress than loose connective tissue.
a) [image: Related image][image: ]Dense irregular connective tissue bundles of collagen fibers appear randomly interwoven, with no definite orientation. The collagen fibers form a tough three-dimensional network, providing resistance to stress from all directions. Dense irregular connective tissue is often found closely associated with loose connective tissue, with the two types frequently grading into each other and making distinctions between them somewhat arbitrary.
b) Dense regular connective tissue bundles of collagen fibers are arranged according to a definite pattern, with fibers and fibroblasts aligned in parallel for resistance to prolonged or repeated stresses exerted in the same direction.
[image: Related image][image: Image result for dense regular]


3) Specialized connective tissues:
     These tissues have specialized cells, fibers, and ground substance, which can be do a specialized function. Such as adipose tissue, cartilages, bones and blood

· Adipose tissue
    There are two types of adipose tissue with different locations: structures, colors, and pathologic characteristics:
A. White adipose tissue, the more common type, is composed of cells that, when completely developed, contain one very large droplet of whitish-yellow fat in their cytoplasm, typically forming about 20% of the body weight in adults.      
    Adipocytes of white adipose tissue are spherical when isolated but are polyhedral when closely packed in situ. White adipocytes are called unilocular because the triglycerides are stored in this single large droplet. White adipose tissue also functions as an important endocrine organ. Adipocytes are the sole source of the hormone leptin, a “satiety factor” with target cells in the hypothalamus and other organs. Leptin helps regulate the appetite under normal conditions and participates in regulating the formation of new adipose tissue. Excessive formation of adipose tissue, or obesity, occurs when energy intake exceeds energy expenditure, an increasingly common condition in modern, sedentary lifestyles. Although adipocytes can differentiate from mesenchymal stem cells throughout life, adult-onset obesity mainly involves increased size of existing adipocytes (hypertrophic obesity). Childhood obesity, however, can involve increases in both adipocyte size and numbers due to differentiation of more preadipocytes from mesenchymal stem cells (hyperplastic obesity).
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B. [image: Related image]Brown adipose tissue contains cells with multiple lipid droplets. Brown adipose tissue constitutes 2% to 5% of the newborn body weight, located mainly in the back, neck, and shoulders, but it is greatly reduced during childhood and adolescence. In adults it is found only in scattered areas, especially around the kidneys, adrenal glands, aorta, and mediastinum. The color of brown adipose tissue or brown fat is due to both the very abundant mitochondria (containing cytochrome pigment) scattered among the lipid droplets of the fat cells and the large number of blood capillaries in this tissue. Adipocytes of brown fat contain many small lipid inclusions and are therefore called multilocular. The many small lipid droplets, abundant mitochondria, and rich vasculature all help mediate this tissue’s principal function of heat production.
[image: Image result for brown adipose tissue]
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· Cartilage
    Cartilage is a tough, flexible form of connective tissue, characterized by an ECM with high concentrations of GAGs and proteoglycans, which interact with collagen and elastic fibers. Variations in the composition of these matrix components and cells produce three types of cartilage adapted to local biomechanical needs. Cartilage consists of cells called chondrocytes embedded in an extensive ECM. Chondrocytes

 synthesize and maintain ECM components and are located in matrix cavities called lacunae. cartilage is avascular and receives nutrients by diffusion from capillaries in adjacent connective tissue (perichondrium), also lacks lymphatic vessels and nerves.
   The perichondrium is a sheath of dense connective tissue appears divided into an inner cellular layer and an outer fibrous layer. The inner cellular layer composed of fibroblasts, which give rise to new cartilage cells. The outer fibrous layer composed of collagen fibers. it surrounds cartilage in most places, forming an interface between the cartilage and the tissues supported by the cartilage. The perichondrium harbors the cartilage’s vascular supply, as well as nerves and lymphatic vessels. Articular cartilage, which covers the surfaces of bones in movable joints, lacks perichondrium and is sustained by the diffusion of oxygen and nutrients from the synovial fluid.
[image: Related image][image: Image result for perichondrium] 





Types of cartilage
a) Hyaline cartilage: the most common of the three forms, is homogeneous and semitransparent in the fresh state. In adult hyaline cartilage is located in the articular surfaces of movable joints, in the walls of larger respiratory passages (nose, larynx, trachea, bronchi), in the ventral ends of ribs, where they articulate with the sternum, and in the epiphyseal plates of long bones, where it makes possible longitudinal bone growth. In the embryo, hyaline cartilage forms the temporary skeleton that is gradually replaced by bone.
[image: Related image]







b) Elastic cartilage: is essentially similar to hyaline cartilage except that it contains an abundant network of elastic fibers in addition to collagen type II, which give fresh elastic cartilage a yellowish color. Elastic cartilage is found in the auricle of the ear, the walls of the external auditory canals, the auditory (eustachian) tubes, the epiglottis, and the cuneiform cartilage in the larynx. Elastic cartilage in these locations includes a perichondrium similar to that of most hyaline cartilage.
c) [image: Image result for fibrocartilage][image: Related image]Fibrocartilage: takes various forms but is essentially a combination of hyaline cartilage and dense connective tissue with gradual transitions between these tissues. It is found in intervertebral discs, in attachments of certain ligaments, and in the pubic symphysis.
 
· Bone
    Bone is a type of connective tissue with a calcified ECM, specialized to solid support for the body, protects vital organs such as those in the cranial and thoracic cavities, and harbors cavities containing bone marrow where blood cells are formed. Bone (or osseous) tissue also serves as a reservoir of calcium, phosphate, and other ions that can be released or stored in a controlled fashion to maintain constant concentrations in body fluids.
    All bones are lined on both internal and external surfaces by layers of connective tissue containing osteogenic cells, called periosteum and endosteum, respectively.	
· Periosteum: The outer layer is dense connective tissue, with small blood vessels, collagen bundles, and fibroblasts. Bundles of periosteal collagen fibers, called perforating (or Sharpey) fibers, penetrate the bone matrix, binding the periosteum to bone. The inner region of periosteum is a more cellular layer containing bone lining cells, osteoblasts, and mesenchymal stem cells called osteoprogenitor cells. With the potential to proliferate and differentiate into osteoblasts, osteoprogenitor cells play a prominent role in bone growth and in 


bone repair. The principal functions of periosteum are to nourish the osseous tissue and provide a continuous supply of new osteoblasts for appositional bone growth or repair. 
· Endosteum: The inner layer is very thin covers small trabeculae of bony matrix that project into the marrow cavities. Although considerably thinner than the periosteum, endosteum also contains osteoprogenitor cells, osteoblasts, and bone lining cells. 
[image: ][image: ]

BONE CELLS
i. Osteoblasts
      synthesize and secrete the organic components of bone matrix, which include type I collagen fibers, proteoglycans, and several glycoproteins such as osteonectin. Deposition of the inorganic components of bone also depends on viable osteoblasts. Mature osteoblasts are located exclusively at the surfaces of bone matrix, usually side by side in a layer somewhat resembling a simple epithelium. When actively engaged in matrix synthesis, osteoblasts have a cuboidal to columnar shape and basophilic cytoplasm. When their synthesizing activity declines, they flatten and basophilia is reduced; inactive osteoblasts represent most of the flattened bone lining cells in both the endosteum and periosteum.

ii. Osteocytes
    Many osteoblasts are gradually surrounded by the material they secreted and differentiate further as osteocytes enclosed singly within the lacunae that are regularly spaced throughout the mineralized matrix. In the transition from osteoblasts to osteocytes, the cells extend many long dendritic processes, which 

also become surrounded by calcifying matrix. Osteocytic processes thus come to occupy the many canaliculi, 250-300 nm in diameter, that radiate from each lacuna. Osteocytes also communicate with one another via gap junctions on the dendritic processes in the canaliculi and on osteoblasts and bone lining cells.
[image: ][image: ]
iii. Osteoclasts
      Osteoclasts are very large, motile cells with multiple nuclei and play a major role in matrix resorption during bone growth and remodeling. The large size and multinucleated condition of osteoclasts are due to their origin from the fusion of bone marrow-derived cells. In areas of bone undergoing resorption, osteoclasts lie within enzymatically etched depressions or cavities in the matrix known as resorption cavities (also called Howship lacunae). In active osteoclasts, the surface against the bone matrix is folded into irregular projections, forming a ruffled border surrounded by cytoplasmic zone rich in actin filaments, which is the site of adhesion to the matrix. This circumferential adhesion zone creates a microenvironment between the osteoclast and the matrix in which bone resorption occurs.
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Bone matrix
    Inorganic material represents about 50% of the dry weight of bone matrix. Calcium hydroxyapatite is most abundant, but bicarbonate, citrate, magnesium, potassium, and sodium ions are also found. Significant quantities of amorphous (noncrystalline) calcium phosphate are also present. The surface ions of hydroxyapatite crystals are hydrated; the layer of water around the crystal facilitates the exchange of ions between the mineral and body fluids.
    The organic matter embedded in the calcified matrix includes type I collagen, proteoglycan aggregates, and bonespecific multiadhesive glycoproteins such as osteonectin. Calcium-binding glycoproteins, notably osteocalcin, and the phosphatases released in matrix vesicles by osteoblasts promote calcification of the matrix. Other tissues containing type I collagen do not contain osteocalcin or matrix vesicles and are not normally calcified. Because of its high collagen content, decalcified bone matrix is usually acidophilic.
    The association of minerals with collagen fibers during calcification is responsible for the hardness and resistance of bone tissue. After a bone is decalcified, its shape is preserved, but it becomes as flexible as a tendon.

Types of Bone
Gross observation of a bone in cross section shows a dense area near the surface corresponding to compact (cortical) bone, which represents 80% of the total bone mass, and deeper areas with numerous interconnecting cavities, called cancellous (trabecular or spongy) bone, constituting about 20% of total bone mass.
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    Microscopic examination of bone tissue shows two types of organization: lamellar bone and woven bone, which is usually more immature than lamellar bone.

1-Lamellar Bone (Compact Bone)
    An osteon (or Haversian system) refers to the complex of concentric lamellae surrounding a small central canal that contains blood vessels, nerves, loose connective tissue, and endosteum. Between successive lamellae are lacunae, each with one osteocyte, interconnected by canaliculi containing the cells’ dendritic processes. Processes of adjacent cells are in contact via gap junctions, and all cells of an osteon receive nutrients and oxygen from the microvasculature in the central canal. The outer boundary of each osteon is a more collagen-rich layer called the cement line.
[image: Related image]













    Osteon consists of a central canal surrounded by 4-10 concentric lamellae. The central canals communicate with the marrow cavity and the periosteum and with one another through transverse perforating canals (or Volkmann canals).

2-Woven Bone (Spongy Bone)
   Woven bone is nonlamellar and characterized by random disposition of type I collagen fibers and is the first bone tissue to appear in embryonic development and in fracture repair. Woven bone tissue is usually temporary and is replaced in adults by 

lamellar bone, except in a very few places in the body, for example, near the sutures of the calvaria and in the insertions of some tendons. In addition to the irregular, interwoven array of collagen fibers, this type of bone has a lower mineral content (it is more easily penetrated by x-rays) and often a higher proportion of osteocytes than mature lamellar bone. These features reflect the fact that woven bone forms more quickly but has less strength than lamellar bone.

[image: Image result for woven bone]
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JOINTS
     Joints are regions where adjacent bones are capped and held together firmly by connective tissues. 
There are three structural classifications of joints:
· Fibrous joint, where the adjacent bones are united by fibrous connective tissue. 
· Cartilaginous joint, the bones are joined by hyaline cartilage or fibrocartilage. 
· Synovial joint, the articulating surfaces of the bones are not directly connected, but instead come into contact with each other within a joint cavity that is filled with a lubricating fluid. Synovial joints allow for free movement between the bones and are the most common joints of the body.

The type of joint determines the degree of movement between the bones. Joints classified as:
1- Synarthrosis: An immobile or nearly immobile joint is called a synarthrosis. The immobile nature of these joints provide for a strong union between the articulating bones. This is important at locations where the bones provide protection for internal organs. Examples include sutures, the fibrous joints between the bones of the skull that surround and protect the brain, and the manubriosternal joint, the cartilaginous joint that unites the manubrium and body of the sternum for protection of the heart.
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2- Amphiarthrosis: is a joint that has limited mobility. An example of this type of joint is the cartilaginous joint that unites the bodies of adjacent vertebrae. Filling the gap between the vertebrae is a thick pad of fibrocartilage called an intervertebral disc. Each intervertebral disc strongly unites the vertebrae but still allows for a limited amount of movement between them.
[image: This image shows the lateral view of the intervertebral disc located between two vertebral discs.]











      Another example of an amphiarthrosis is the pubic symphysis of the pelvis. This is a cartilaginous joint in which the pubic regions of the right and left hip bones are strongly anchored to each other by fibrocartilage. This joint normally has very little mobility.

3- Diarthroses or synovial freely movable (e.g., shoulder, hip, elbow, knee). In a diarthrosis, ligaments and a capsule of dense connective tissue maintain proper alignment of the bones. The capsule encloses a sealed joint cavity that contains synovial fluid, a clear, viscous liquid. The joint cavity is lined, not by epithelium, but by a specialized connective tissue called the synovial membrane that extends folds and villi into the cavity and secretes the lubricant synovial fluid. Synovial fluid is derived from blood plasma, but with a high concentration of hyaluronan produced by cells of the synovial membrane.
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Bone marrow 
    Bone marrow is found in the medullary canals of long bones and in the small cavities of cancellous bone, with two types based on their appearance at gross examination: blood-forming red bone marrow, whose color is produced by an abundance of blood and hemopoietic cells, and yellow bone marrow, which is filled with adipocytes that exclude most hemopoietic cells. In the newborn all bone marrow is red and active in blood cell production, but as the child grows, most of the marrow changes gradually to the yellow variety. 
      Bone marrow consists of blood vessels, specialized units of blood vessels called sinusoid, and sponglike network of hemopoietic cells. The bone marrow sinusoids provide the barrier between the hemopoietic compartment and the peripheral circulation. In sections, the cells in hemopoietic compartment appear to lie in cords between sinusoids or between sinosoids and bone,
    Red bone marrow: In active red bone marrow, the cords of hemopoietic cells contain predominately developing blood cells and megakarysome. The cords also contain macrophages, mast cells, and some adipose cells. Although the cords of hemopoietic tissue appear to be unorganized, specific types of blood cells develop in nests or clusters. Each nest in which erythrocytes develop contains a macrophage. These nests are located adjacent to the sinusoid wall, and they discharge their platelets directly into the sinusoid through apertures in the endothelium. Granulocytes develop in cell nests farther from the sinusoid wall. When mature, the granulocyte migrates to the sinusoid and enters the bloodstream. 
     Active bone marrow works as the blood cell factory. The main workers at the factory are the blood stem cells. They are relatively small in number but are able, when stimulated, to reproduce vital numbers of red cells, white cells and platelets. All blood cells need to be replaced because they have limited life spans.
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     There are two main families of stem cells, which develop into various types of blood cells:
I. Myeloid: stem cells develop into red cells, white cells (Neutrophils, Eosinophils, Basophils and Monocytes) and Platelets.
II. Lymphoid: stem cells develop into two other types of white cells called T-cells and B-cells.

[image: Related image]














[image: Related image]    Yellow bone marrow: Inactive bone marrow is called yellow bone marrow. It is the chief form of bone marrow in the medullary cavity of bones in the adult that no longer hemopoietically active, such as the long bones of the arms, legs, fingers, and toes. In these bones, the red bone marrow has been replaced completely by fat. Even in hemopoietically active bone marrow in adult humans, such as that in the ribs, vertebrae, pelvis, and shoulder girdle, about only half of the bone marrow space is occupied by adipose tissue. In response to appropriate stimuli, such as extreme blood loss, yellow marrow can revert to red marrow, both by extension of the hemopoietic tissue into the yellow bone marrow and by repopulation of the yellow bone marrow by circulating stem cells.


Blood
     Blood is a specialized connective tissue in which cells are suspended in fluid extracellular material called plasma. Propelled mainly by rhythmic contractions of the heart, about 5 L of blood in an average adult moves unidirectionally within the closed circulatory system. The so-called formed elements circulating in the plasma are erythrocytes (red blood cells), leukocytes (white blood cells), and platelets.
     Blood is a distributing vehicle, transporting O2, CO2, metabolites, hormones, and other substances to cells throughout the body. Blood also participates in heat distribution, the regulation of body temperature, and the maintenance of acid-base and osmotic balance.


Plasma
    Plasma is an aqueous solution, pH 7.4, containing substances of low or high molecular weight that make up 7% of its volume. As summarized in Table 12–1, the dissolved components are mostly plasma proteins, but they also include nutrients, respiratory gases, nitrogenous waste products, hormones, and inorganic ions, collectively called electrolytes. Through the capillary walls, the low molecular- weight components of plasma are in equilibrium with the interstitial fluid of the tissues. 
   The composition of plasma is usually an indicator of the mean composition of the extracellular fluids in tissues.

The major plasma proteins include the following:
· Albumin, the most abundant plasma protein, is made in the liver and serves primarily to maintain the osmotic pressure of the blood.
· α-Globulins and β-globulins, made by liver and other cells, include transferrin and other transport factors; fibronectin; prothrombin and other coagulation factors; lipoproteins and other proteins entering blood from tissues. γ-Globulins, which are immunoglobulins (antibodies) secreted by plasma cells in many locations.
· Fibrinogen, the largest plasma protein (340 kD), also made in the liver, which, during clotting, polymerizes as insoluble, cross-linked fibers of fibrin that block blood loss from small vessels.
· Complement proteins, a system of factors important in inflammation and destruction of microorganisms.

Blood Cells
    Blood cells divided to red blood cells (RBCs), white blood cells (WBCs), and thrombocytes.
1. Erythrocytes
     Erythrocytes (red blood cells or RBCs) are terminally differentiated structures lacking nuclei and completely filled with the O2-carrying protein hemoglobin. RBCs are the only blood cells whose function does not require them to leave the vasculature.
They are approximately 7.5 μm in diameter, 2.6 μm thick at the rim, but only 0.75 μm thick in the center. The normal concentration of erythrocytes in blood is approximately 3.9 to 5.5 million per microliter (μL, or mm3) in women and 4.1-6.0 million/μL in men.  Human erythrocytes normally survive in the circulation for about 120 days.
[image: Related image]
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2. Leukocytes
     Leukocytes (white blood cells or WBCs) leave the blood and migrate to the tissues where they become functional and perform various activities related to immunity. All leukocytes are key players in the defense against invading microorganisms, and in the repair of injured tissues, specifically leaving the microvasculature in injured or infected tissues. The number of leukocytes in the blood varies according to age, sex, and physiologic conditions. Healthy adults have 4500 to 11,000 leukocytes per microliter of blood. According to the type of cytoplasmic granules and their nuclear morphology, leukocytes are divided into two groups:
a) Granulocytes
[image: Related image]     Granulocytes have polymorphic nuclei with two or more distinct (almost separated) nuclear lobes and include the neutrophils, eosinophils, and basophils.
i. Neutrophils: Mature neutrophils constitute 54% to 62% of circulating leukocytes; circulating immature forms raise this value by 3% to 5%. Neutrophils are 12-15 μm in diameter in blood smears, with nuclei having two to five lobes linked by thin nuclear extensions. Neutrophils are active phagocytes of bacteria and other small particles and are usually the first leukocytes to arrive at sites of infection. Neutrophils are short-lived cells with a half-life of 6 to 8 hours in blood and a life span of 1 to 4 days in connective tissues before dying by apoptosis. 
[image: Related image]
ii. Eosinophils: Eosinophils are far less numerous than neutrophils, constituting only 1% to 3% of leukocytes. In blood smears, this cell is about the same size as a neutrophil or slightly larger, but with a characteristic bilobed nucleus. The number of circulating eosinophils increases during helminthic infections and allergic reactions. These leukocytes also remove antigen-antibody complexes from interstitial fluid by phagocytosis. Eosinophils are particularly abundant in connective tissue of the intestinal lining and at sites of chronic inflammation, such as lung tissues of asthma patients.



iii. [image: Related image]Basophils: Basophils are also 12 to 15 μm in diameter but make up less than 1% of blood leukocytes and are therefore difficult to find in normal blood smears. The nucleus is divided into two irregular lobes. The specific granules (0.5 μm in diameter) typically stain purple with the basic dye of blood smear stains and are fewer, larger, and more irregularly shaped than the granules of other granulocytes. 
     These granules contain histamines (cause vasodilatation) and heparin (anticoagulant).

b) Agranulocytes 
[image: Related image]      Agranulocytes do not have specific granules, but they do contain (lysosomes), this group includes lymphocytes and monocytes.
i. Lymphocytes: Lymphocytes are the second most common white blood cell (20-50%). There are two main types, B-cells and T-cells. B-cells develop in the bone marrow. T cells are born in the bone marrow, but are matured in the Thymus. There will be more on this in the section on the immune system. The B-cells develop into plasma cells which make antibodies, The T-cells attack viruses, cancer cells, and transplants.

ii. [image: Related image]Monocytes: Monocytes are agranulocytes that are precursor cells of macrophages, osteoclasts, microglia, and other cells of the mononuclear phagocyte system in connective tissue. Monocytes are the third most common type of white blood cell; about 2-10% of leucocytes All monocyte-derived cells are antigen-presenting cells and havse important roles in immune defense of tissues. Circulating monocytes have diameters of 12 to 15 μm, but macrophages are somewhat larger. The monocyte nucleus is large and usually distinctly indented or C-shaped.


Platelets (Thrombocytes) 
     Platelets, also called thrombocytes  are a component of blood whose function (along with the coagulation factors) is to stop bleeding by clumping and clotting blood vessel injuries. Platelets have no cell nucleus: they are fragments of cytoplasm that are derived from the megakaryocytes of the bone marrow, and then enter the circulation.  Each cubic millimeter of blood should contain 250,000 to 500,000 of these. If the number is too high, spontaneous clotting may occur. If the number is too low, clotting may not occur when necessary.     
      Platelets assist in hemostasis, the arrest of bleeding. Serotonin is a potent vasoconstrictor. The release of serotonin from thrombocytes, which adhere to the walls of a damaged vessels, is sufficient to close even small arteries. Platelets, which come into contact with collagenous fibers in the walls of the vessel (which are not usually exposed to the blood stream), swell, become "sticky" and activate other platelets to undergo the same transformation. This cascade of events results in the formation of a platelet plug (or platelet thrombus). Finally, activating substances are released from the damaged vessel walls and from the platelets.

[image: Related image][image: Image result for platelets]
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