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                                             Blood 

Consists of formed elements, erythrocytes, leukocytes, and platelets suspended in plasma 

Hemopoiesis 

• Blood cells constantly replaced in red marrow because of limited life span, the Common 

pluripotential stem cell forms pluripotential myeloid and lymphoid stem cells , Myeloid stem 

cells give rise to erythrocytes, eosinophils, neutrophils, basophils, monocytes, and 

megakaryocytes 

• Lymphoid stem cells give rise to B lymphocytes and T lymphocytes, B and T lymphocytes 

reside in peripheral lymphoid tissue, lymph nodes, and spleen 

Sites of Hemopoiesis 

• In embryo, hemopoiesis takes place in yolk sac, liver, spleen, and lymph nodes 

• In adult, hemopoiesis is limited to red bone marrow (skull, sternum, ribs, vertebrae, pelvis) 

Formed Elements: Major Blood Cell Types 

Erythrocytes 

• Most numerous cells in blood  ,and it is biconcave disc in shape 

• Erythrocytes are no nucleated cells that remain in the blood 

• Contain hemoglobin with iron molecules in cytoplasm 

• Carry oxygen as oxyhemoglobin and carbon dioxide as carbaminohemoglobin 

• Biconcave shape increases surface area to carry respiratory gases 

• Life span is about 120 days, after which cells are phagocytosed in spleen, liver, and bone 

marrow 

Platelets 

• Are fragments of bone marrow megakaryocytes and not blood cells 

• Function in blood vessels to promote blood clotting when blood vessel wall is damaged 
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• In damaged vessels form plug; increase plug size through adhesive glycoproteins and fibrin 

• Fibrin traps platelets and blood cells, and forms blood clot 

• Cause clot retraction and removal through enzymatic Leukocytes 

• Granulocytes contain cytoplasmic granules; they are neutrophils, eosinophil, and basophils 

• Agranulocytes are without cytoplasmic granules; they are monocytes and lymphocytes 

Granulocytes 

Neutrophils 

• Cytoplasm appears clear under microscope 

• Nucleus contains several lobes connected by thin chromatin strands 

• Have a short life span in blood or connective tissue, from hours to days 

• Are very active phagocytes that are attracted to foreign material by chemotactic factors 

• Destroy phagocytosed (ingested) material with lysosomal enzymes 

• Constitute about 60 to 70% of blood leukocytes 

Eosinophils 

• Cytoplasm filled with large pink or eosinophilic granules 

• Nucleus typically bilobed 

• Have a short life span, in blood or connective tissue 

• Are phagocytic with affinity for antigen–antibody complexes 

• Release chemical that neutralizes histamine and other mediators of inflammatory reactions 

• Increase during parasitic infestation to destroy helminthic parasites 

• Constitute about 2 to 4% of the blood leukocytes 

 

 



2ed stage                                                               histology                                                       Msc. Naseer alrubea  

 

Basophils 

• Cytoplasm contains dark blue or brown granules 

• Have a short life span 

• Nucleus stains pale basophilic, but is normally obscured by dense cytoplasmic granules 

• Granules contain histamine and heparin 

• Exposure to allergens releases histamine that causes intense inflammatory response in severe 

allergic reactions 

• Constitute less than 1% of blood leukocytes 

Agranulocytes 

Lymphocytes 

• No granules in cytoplasm and vary in size from small to large 

• Dense-staining nucleus surrounded by a narrow cytoplasmic rim  

•Life span is from days to months 

• Essential in immunologic defense of organism 

• When exposed to specific antigens, B lymphocytes form plasma cells in connective tissue 

• Plasma cells release antibodies to counteract or destroy invading organisms 

• Constitute about 20 to 30% of blood leukocytes  

Monocytes 

• Largest a granular leukocyte characterized primarily by horseshoe-shaped nucleus 

• Live in connective tissue for months where they become powerful phagocytes 

• Are part of the mononuclear phagocyte system 

• Constitute about 3 to 8% of blood leukocytes 
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Circulatory system

The Circulatory system is categorized as:

1-Blood vascular system; consist of:

Heart: function to pump the blood

Vessels: (arteries, veins, capillaries)

2-Lymphatic vascular system; consist of:

a- lymph vessels

b- Organs

Circulatory system can be divided into:

Macrovasculature (includes vessels with more 
than 0.1mm in diameter)

Microvasculature (includes vessels with less than 
0.1mm in diameter: arterioles, capillaries and 
postcapillary venules



General structure of BV: generally, each BV is composed of 3 
layers; these are from inside to outside:

Tunica intima(T I) subdivided into:

Endothelium (simple seq. epith.) semipermable barrier between 
the blood plasma and the interstitial fluid.

Subendothelium: loose CT contain occasional smooth muscle 
cells.

Internal elastic lamina: composed of elastin that has gaps (for 
diffusion of substances to nourish cells deep in the vessel 
wall).In arteries may have a slightly folded .

Tunica media(TM): composed of:

Concentric layers of helically arranged smooth muscle cells.

Elastic fibers & lamellae interspired between smooth cells.

Reticular fibers ( collagen type III)

Fibroblast

Ground substance(proteoglycan and glycoprotein)

In arteries, TM has a thinner external elastic lamina that 
separate it from TA



.

Tunica adventitia (TA): consist of

external elastic membrane

Loose CT



Classification of arteries

Large size artery (elastic a)

Medium size artery(muscular a) and small size artery 

Arterioles

In arteries, TM is usually the thickest layer, while in veins; TA is 
commonly the thickest layer.

Large size a (elastic a, conducting a) ˃ 1cm diameter

Includes aorta and its largest branches & has yellowish color 
from the accumulation of elastin in the media .

Tunica intima: relatively well developed lined by polygonal 
endothelial cells. The subendothelial CT is fibroelastic .The 
internal elastic membrane is present but difficult to be 
diagnosed because it is usually mixed with the elastic lamina 
of TM 



Tunica media: it is the thickest layer in this 

type of a.s. Characterized by a distinct 

elastic lamella (40 in the newborn & 70 in 

adult in no., are occupied by fibroblasts, 

amorphous ground substance, fine elastic 

network and smooth m. cells.

Tunica adventitia: Loose c.t. , external 

elastic lamina present but can not be 

diagnosed because it is mixed with elastic 

lamina of TM.( thinner than TM 





Medium (Muscular a )and small size a( Distributing a)

Characterized by thick wall and narrow lumen, when compared 
with elastic a.

TI: have endothelium & a subendothelial layer that is 
somewhat thicker than that of the arterioles & prominent 
thick internal elastic lamina.

TM: Consist of 40 layers of circularly arranged smooth muscle 
fibers. Between smooth muscle fibers, there are small 
amount of CT that contains elastic lamellae and collagen , 
reticular fibers & few fibroblasts & external elastic lamina is 
prominent large artery.

TA: Loose c.t. & composed of many layers in the larger 
muscular arteries & found lymphatic capillaries, 
vasavasorum , nerves & may penetrate to the outer part of 
the media. ( thinner than TM 





Arterioles (generally less than 0.5mm in 
diameter)
Have relatively thick wall & narrow lumen (when 
compared with venule).

TI: this layer is very thin & int. elastic laminae 
present in big arterioles only & disappear in 
smaller arterioles. It has no subendthelial CT.

TM: composed of 1-5 layers of circularly arranged 
smooth m. fibers among which scattered elastic 
fibers present. The no. of smooth m. layers ↓ as 
diameter ↓; it becomes single layer at about 20µm 
diameter arteriole.

TA: very thin fibro-elastic coat & has no external 
elastic membrane. 





Capillaries (Cap)

Capillaries act to permit different level of 

metabolic exchange between bloods & 

surrounding tissues, it connects venous to 

arterial sides. 

Structure of cap:

LM: transverse section of cap. contains (1-

3)  polygonal endothelial cells(TI) , whose 

nuclei bulge into the cap. lumen.



•EM: 
-Endothelium: the cytoplasm is thick opposite nucleus 
&, its organelles usually lie in the perinuclear area; 
these are small Golgi complex, few mitochondria, free 
ribosomes, RER & filaments which may be related to 
the contractility of endothelium.

Basal lamina: which is a product of endothelial cells.

Thin sheath of delicate collagen & elastic fibers

Pericytes: slender, elongated, highly branched cells, 
whose cytoplasm contain filaments (myosin, actin & 
tropomyosin), which are responsible for its contractile 
function. They are located between endothelial cells & 
their basal lamina. After tissue injury, pericyte 
proliferate & differentiate to form new blood vessels & 
CT cells, thus participating in tissue repair process.





•Classification of cap.s

Cap. are classified according to their ultrastructure into:

1-continuous or somatic cap.

2- fenestrated or visceral cap.

3- sinusoidal (or discontinuous) cap.

Continuous (type I) cap.

Found in: muscle tissue, lung, CNS, skin, CT, exocrine gland.

-The endothelial cytoplasm contains asmall vesicles 
(pinocytotic vesicles) of (50-70) nm in diameter.

- Functionally, it appears that they are involved in the 
transport of fluid & macromolecules across the cap. Wall.

- Few or no pinocytotic vesicles are encountered in 
continuous cap.s of nervous system. This feature accounts 
for the existence of Blood Brain Barrier.





•Fenestrated (type II) cap.s

Found in: intestinal mucosa, endocrine glands, renal 
glomerulus, and pancreas & choroids plexus.

-Peripheral cytoplasm of endothelium is perforated at 
interval by pores ranging (30-50) nm. The pores are 
closed by thin diaphragm except in cap of renal glomeruli 
(pores have no diaphragm).

- the basal lamina of F.Cap. is continuous 



Sinusoidal (type III) cap.s (sinusoids)

-The cap. have a tortuous path & the lumen is greater than 
other types of cap.s (30-40) µm in diameter

- The wall of sinusoid is composed of discontinuous layer of 
endothelial cells are separated from one another by wide 
space.

- Cytoplasm of endothelial cells shows multiple 
fenestrations without diaphragm.

- Macrophages are closely associated with endothelial cell, 
both within & around the sinusoidal wall.

- Basal lamina is incomplete or discontinuous.

- Sinusoids are found in liver & haemopoietic organs (ex, 
bone marrow & spleen 



•Classification of veins

- Venules
- Small to medium size v.s
- Large size v.s  
Venules

- Most venules are muscular.

-The smallest venule (40µm in diameter) has TI that process 
endothelium with basal lamina. TA: outer thin sheath of collagenous 
fibers.



Small &medium size(MV) v.s

- diameter ranges 1-9 mm

- TI has no elastic membrane usually has a thin 
subendothelial which may be absent at times. 

- TM thin & its best developed in v.s of lower limb 
with few smooth muscle cells &  intermixed with 
reticular & elastic fibers & abundant CT.

- TA thickest layer & there is thick longitudinal 
collagenous bundles & frequently few smooth m. 
fibers which are arranged longitudinally along 
the vessels 





•Large v.s

-Includes the sup. & inf. Vena cava & their main tributaries.

- T I: same as medium sized v., it may be thicker.( Well 
developed)

- TM: is relatively thin with few layers of s.m. & abundant 
c.t.

- TA: thickest composed of longitudinal bundles smooth 
m.s. & coarse collagen & elastic fibers. 



Blood vessel of blood vessel (Vasa vasorum)

- Large vessels (a.s &v.s) of diameter over 1 mm are 
supplied by small, nutrient BV that is called Vasa 
vasorum which means vessels of the vessel & in veins 
more than arteries

-vasa vasorum usually enter TA & terminates in a dense 
cap. network which penetrate as far as the deepest layer 
of the TM

•The heart

It is a muscular, highly specialized portion of the vascular 
system.

It consists of 4 chambers:

RT & LT atria

RT & LT ventricles 

The heart wall consists of 3 layers

Endocardium (inner layer).
Myocardium (middle layer).
Epicardium (outer layer).



•.

The fibrous central region of the heart is called 
fibrous skeleton composed of dense irregular 
CT, thick collagen fibers in various directions
consists of 4 fibrous rings surrounding the valve 
orifices , 2 fibrous trigons connecting the rings , 
membrance part of the interventicular & 
interatrial  septa , which serves as base of the 
valves & site of origin & insertion of cardiac 
muscle cells 





Endocardium

-It lines all internal surfaces of the heart.

- It is thicker in atria than ventricles.

- It has three layers;

1- The endothelium; it is the inner most layer, it continues with that of 
blood vessels entering & leaving the heart. It is composed of simple 
squamous epithelium.

2- Subendothelium layer: consist of narrow zone of loose CT that is 
mainly composed of fine collagen, elastic & smooth muscle fibers.

3- Subendocardial layer: which is composed of CT that contains.

-B V.s

-nerves

-branches of impulse-conducting system of the heart (Purkinje fibers 



Myocardium

Composed of cardiac m. cells that run in different directions(complex 
spiral) & usually inserted into the fibrous skeleton of the heart.

Form the main mass of the heart wall.

Its thickness varies in different parts of heart being thinnest in the atria, 
thickest in the LT ventricle.

Epicardium

It is the visceral pericardium, covered externally by a single layer of 
simple sq. epith. (mesothelium), which is supported by very thin 
layer of CT containing elastic fibers.

-Subepicardial layer: composed of loose CT containing

1- BV.s

2- nerves

3- adipose tissue



•Cardiac valves:

1-Atrio-ventricular valves (A-V valves) (Tricuspid & mitral)

The valve has three layers 

Fibrosa form core of the valves contains fibrous extension from the 
dense irregular c.t. of the fibrous skeleton.

Spongiosa represent loose c.t. located on the atrial( called 
aurcularies) or blood vessel side   ( called arterialis) of each valve.

Ventricularies adjacent to the ventricular or atrial surface covered by 
endothelium & containing dense CT with many layers of elastic 
fibers. In the A-V valves, the ventricularis continues into the fibrous 
thread like cords called choradae tendineae covered by 
endothelium.       

2-Semi lunar valves (Aortic & pulmonary valves)

Are similar in structure to the A-V valves, but they have thinner central 
core.



Lymphatic vascular system

A system of endothelium-lined thin-walled 
channels that collects fluid (lymph) from tissue 
space & returns it to the venous blood. unlike 
blood, it circulate in only one direction, toward 
the heart.

Lymphatic vascular system consist of
lymph vessels

lymphatic organ

lymph vessels

lymphatic cap.: thin, closed-ended vessels that 
consist of a single layer of endothelium & 
incomplete basal lamina. It held open by 
microfibrils of elastic fiber, which also bind them 
firmly to the surrounding CT 



large lymphatic vessels: similar to that of veins 
except that they have thinner walls & lack a 
clear-cut separation between layers (TI, TM, and 
TA). They have numerous internal valves.

Lymphatic ducts: these are the end of lymphatic 
vessels converge into large trunks; the thoracic 
duct & right lymphatic duct. Their structure 
similar to that of vein which is smooth m. in the 
middle layer in a circular & longitudinal direction. 
The adventitia is under developed. They carry 
the lymph to the heart 
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                                                        CONNECTIVE TISSUE 

Connective tissue develops from mesenchyme, an embryonic type of tissue Embryonic connective tissue is 

present in the umbilical cord and in the pulp of the developing teeth. With the exceptions of blood and lymph, 

connective tissue consists of: 

A-Cells. 

 Each type of connective tissue has it own characteristic complement of one or more of a wide variety of cells.  

Connective tissue cells can be subdivided into two major groups:  

A-Resident cells: Are derived from mesenchyme and are continuously present in the tissue (e.g., fibroblasts and 

adipocytes).  

B-Migratory cells: Enter and leave the blood stream to migrate through and function in connective 

tissues (e.g., neutrophils and macrophages [monocytes]). 

B-Extracellular matrix. Synthesized and secreted by resident "blast" cells specific for each connective 

tissue type (e.g., fibroblasts and chondroblasts); the matrix is composed of: 

Fibers. Collagen, elastic and reticular 

Collagen fibers are tough, thick, fibrous proteins that do not branch. They are the most abundant 

fibers and are found in almost all connective tissue of all organs.  

Reticular fibers, consist mainly of type III collagen, are thin and form a delicate netlike framework in 

the liver, lymph nodes, spleen, hemopoietic organs, and other locations where blood and lymph are 

filtered. Reticular fibers also support capillaries, nerves, and muscle cells. These fibers become visible 

only when the tissue or organ is stained with silver stain. 

Elastic Fibers 

Elastic fibers are thin, small, branching fibers that allow stretch. They have less tensile strength than 

collagen fibers, and are composed of micro fibrils and the protein elastin. When stretched,  Elastic 

fibers are found in abundance in the lungs, bladder, and skin. In the walls of the aorta and pulmonary 

trunk, the presence of elastic 

2-Ground substance. The ground substance in connective tissue consists primarily of amorphous, 

transparent, and colorless extracellular matrix, which has the properties of a semifluid gel and a high 

water content. The matrix supports, surrounds, and binds all of the connective tissue cells and fibers. 
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The ground substance contains different types of mixed, unbranched polysaccharide chain. The 

semifluid consistency of the ground substance in the connective tissue facilitates diffusion of oxygen, 

electrolytes, nutrients, fluids, metabolites, and other water-soluble molecules between the cells and the 

blood vessels. Similarly, waste products from the cells diffuse through the ground substance back into 

the blood vessels. Also, because of its viscosity, the ground substance serves as an efficient barrier. The 

density of ground substance depends on the amount of extracellular tissue fluid or water that it contains.  

Types of connective tissues : 

-Loose Connective Tissue 

Loose connective tissue is more prevalent in the body than dense connective tissue. It is characterized 

by a loose, irregular arrangement of connective tissue fibers and abundant ground substance. 

Numerous connective tissue cells and fibers are found in the matrix. Collagen fibers, fibroblasts, 

adipose cells, mast cells, and macrophages predominate in loose connective tissue, with fibroblasts 

being the most common cell types. The overview figure shows the various types of cells and fibers 

that are present in the loose connective tissue. 

 

 

 

 

Dense Connective Tissue 
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In contrast, dense connective tissue contains thicker and more densely packed collagen fibers,with 

fewer cell types and less ground substance. The collagen fibers in dense irregular connective tissue 

exhibit a random and irregular orientation. Dense connective tissue is present in the dermis of skin, in 

capsules of different organs, and in areas that need strong support. In contrast, dense regular 

connective tissue contains densely packed collagen fibers that exhibit a regular and parallel 

arrangement. This type of tissue is found in the tendons and ligaments In both connective tissue types, 

fibroblasts are the most abundant cells, which are located between the dense collagen bundles. 

 

Dense regular connective tissues  ( tendon )  

 

( ligament)  
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CONNECTIVE TISSUES WITH SPECIAL PROPERTIES 

 1-Adipose connective tissue. Consists of accumulations of adipocytes that are partitioned into lobules 

by septa of connective tissue proper. Provides energy storage and insulation. The two distinct types of 

adipose tissues in the body are white adipose tissue and brown adipose tissue. These adipose tissues 

represent the main sites of lipid storage and metabolism in the body. 

Cells of the white adipose tissue are large and store lipids as a single large droplet. The lipids stored in 

adipose cells are primarily triglycerides. White adipose tissue exhibits a wider distribution than brown 

adipose tissue. White adipose tissue is distributed throughout the body, with the distribution pattern 

showing variations that are dependent on the sex and age of the individual.In addition to serving as an 

energy source, white adipose tissue provides insulation under the skin and forms cushioning fat pads 

around organs. Adipose tissue is also highly vascularized as a result of its high metabolic activity. The 

adipose cells also have receptors for insulin, glucocorticoids. 

2- Blood and hematopoietic (blood-forming) tissues.  

3-Elastic connective tissue. Regularly arranged elastic fibers or sheets (e.g., the vocal ligament). 

4-Reticular connective tissue. A loosely arranged connective tissue whose fibers are reticular fibers. 

Forms the stroma of hematopoietic tissue (e.g., bone marrow) and lymphoid organs (e.g., lymph node 

and spleen). 

5-Mucoid connective tissue. Embryonic connective tissue present in the umbilical cord. 

 

Cartilage 

Characteristics of Cartilage 

Cartilage is a special form of connective tissue that also develops from the mesenchyme. Similar to 

the connective tissue, cartilage consists of cells and extracellular matrix composed of connective 

tissue fibers and ground substance. In contrast to connective tissue, cartilage is nonvascular 
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(avascular) and receives its nutrition via diffusion through the extracellular matrix. Cartilage exhibits 

tensile strength, provides firm structural support for soft tissues, allows flexibility without distortion, 

and is resilient to compression. Cartilage consists mainly of cells called chondrocytes and 

chondroblasts that synthesize the extensive extracellular matrix. There are three main types of 

cartilage in the body: hyaline, elastic, and fibrocartilage. Their classification is based on the amount 

and types of connective tissue fibers that are present in the extracellular matrix. 

Cartilage Types 

Hyaline Cartilage 

Hyaline cartilage is the most common type. In embryos, hyaline cartilage serves as a skeletal model 

for most bones. As the individual grows, the cartilage bone model is gradually replaced with bone by a 

process called endochondral ossification. In adults, most of the hyaline cartilage model has been 

replaced with bone, except on the articular surfaces of bones, ends of ribs (costal cartilage), nose, 

larynx, trachea, and in bronchi. Here, the hyaline cartilage persists throughout life and does not 

calcify. 
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Elastic Cartilage 

Elastic cartilage is similar in appearance to hyaline cartilage, except for the presence of numerous 

branching elastic fibers within its matrix. Elastic cartilage is highly flexible and occurs in the external 

ear, walls of the auditory tube, epiglottis, and larynx. 

 

 

 

 

Fibrocartilage 

Fibrocartilage is characterized by large amounts of irregular and dense bundles of coarse collagen 

fibers in its matrix. In contrast to hyaline and elastic cartilage, fibrocartilage consists of alternating 

layers of cartilage matrix and thick dense layers of type I collagen fibers. The collagen fibers normally 

orient themselves into the direction of functional stress. Fibrocartilage has a limited distribution in the 

body and is found in the intervertebral disks, symphysis pubis, and certain joints. 
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Perichondrium 

Most of the hyaline and elastic cartilage is surrounded by a peripheral layer of vascularized, dense, 

irregular connective tissue called the perichondrium. Its outer fibrous layer contains type I collagen 

fibers and fibroblasts. The inner layer of perichondrium is cellular and chondrogenic. 

Chondrogenic cells form the chondroblasts that secrete the cartilage matrix. the articulating surfaces 

of bones is not lined by perichondrium. Similarly, because fibrocartilage is always associated with 

dense connective tissue fibers, it does not exhibit an identifiable perichondrium. 

Bone 

Characteristics of Bone 

Similar to cartilage, bone is also a special form of connective tissue and consists of cells, fibers, 

and extracellular matrix. Because of mineral deposition in the matrix, bones become calcified. 

As a result, bones become hard and can bear more weight than cartilage, serve as a rigid skeleton 
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for the body, and provide attachment sites for muscles and organs.Bone also protects the brain in the 

skull, heart and lungs in the thorax, and urinary and reproductive organs between the pelvic bones. In 

addition, bones function in hemopoiesis (blood cell formation) and serve as crucial reservoirs for 

calcium, phosphate, and other minerals. Almost all (99%) of the calcium in the body is stored in 

bones, from which the body receives its daily calcium supply. The Process of Bone Formation 

(Ossification). 

Bone development begins in the embryo by two distinct processes: endochondral ossification and 

intramembranous ossification. Although the bones are produced by two different methods, they 

exhibit the same histologic structures. 

Bone Types 

Examination of bone in cross section shows two types, compact bone and cancellous (spongy) 

bone . In long bones, the outer cylindrical part is the dense compact bone. 

The inner surface of compact bone adjacent to the marrow cavity is the cancellous (spongy) bone. 

Cancellous bone contains numerous interconnecting areas and is not dense; however, both types 

of bone have the same microscopic appearance. In newborns, the marrow cavities of long bones are 

red and produce blood cells. In adults, the marrow cavities of long bones normally are yellow and 

filled with adipose (fat) cells.In compact bone, the collagen fibers are arranged in thin layers of bone 

called lamellae that are parallel to each other in the periphery of the bone, or concentrically arranged 

around a blood vessel. In a long bone, the outer circumferential lamellae are deep to the periosteum. 

Inner circumferential lamellae surround the bone marrow cavity. Concentric lamellae surround the 

canals with blood vessels, nerves, and loose connective tissue called the osteons (Haversian systems). 
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The space in the osteon that contains blood vessels and nerves is the central (Haversian) canal.Most of 

the compact bone consists of osteons. Lacunae with osteocytes and connected via canaliculi are found 

between the lamellae in each osteon. 

Osteoblasts are present on the surfaces of bone. They synthesize, secrete, and deposit osteoid, the 

organic components of new bone matrix. Osteoid is uncalcified and does not contain any minerals; 

however, shortly after its deposition, it is rapidly mineralized and becomes bone. 

Osteocytes are the mature form of osteoblasts and are the principal cells of the bone; they are also 

smaller then osteoblasts. Like the chondrocytes in cartilage, osteocytes are trapped by the surrounding 

bone matrix that was produced by osteoblasts. Osteocytes lie in the cavelike lacunae and are very 

close to a blood vessel. In contrast to cartilage, only one osteocyte is found in each lacuna. Also, 

because mineralized bone matrix is much harder than cartilage, nutrients and metabolites cannot freely 

diffuse through it to the osteocytes. Consequently, bone is very vascular and possesses a unique 

system of channels or tiny canals called canaliculi, which open into the osteons. 

Osteocytes are branched cells. Their cytoplasmic extensions enter the canaliculi, radiate in all 

directions from each lacuna, and make contact with neighboring cells through gap junctions. These 

connections allow passage of ions and small molecules from cell to cell. The canaliculi contain 

extracellular fluid, and the gap junctions in the cytoplasmic extensions allow. 

Process of Bone Formation 

Endochondral Ossification 

• In endochondral ossification, hyaline cartilage model calcifies and cells die. 

• Mesenchyme cells in periosteum differentiate into osteoprogenitor cells and form osteoblasts. 

• Osteoblasts synthesize osteoid matrix, which calcifies and traps osteoblasts in lacunae as osteocytes 

• Osteocytes establish cell-to-cell communication via canaliculi. 

• Primary ossification center forms in diaphysis and secondary center of ossification in epiphysis. 



Second stage                                                                     Histology                                                         MSc. Nasser AL Rubae 

• Epiphyseal plate between diaphysis and epiphysis allows for growth in bone length. 

• All cartilage is replaced except the articular cartilage. 

Intramembranous Ossification 

• Bone develops directly from osteoblasts that produce the osteoid matrix. 

• Initially form spongy bone that consists of trabeculae. 

• Mandible, maxilla, clavicle, and flat skull bones are formed by this process. 

• Fontanelles in newborn skull represent areas where intramembranous ossification is occurring. 
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Digestive  system 

The digestive system consists of the digestive tract—oral cavity, esophagus, 

stomach, small and large intestines, rectum, and anus—and its associated glands—

salivary glands, liver, and pancreas. 

- Oral cavity: Lips, teeth, and Tongue.  

*The   general  histological  structure  of D.tract are composed from four layers. 

1-Mucosa 2-Submucosa 3-Muscularis 4-serosa. 

*Mucosa.                                                      

The mucosa comprises an epithelial lining. 

A-Lamina propria:Its loose connective tissue rich 

In blood and lymph vessels &smooth cells. 

B-Muscularis mucosae: Consisting of a thin inner Circular layer and outer 

longitudinal layer of smooth muscle cell separating the mucosa  from submucosa.                                        
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 *Sub mucosa:Its composed of dense C.T with many blood and lymph 

vessels.It may contain glands and  lymphoid  tissue  and   Meissners nerve 

plexus. 

 *Muscularis:Contains smooth muscle that are spirally oriented and divided 

in to two sublayers  

 .Internal sublayer(cicular)and in the external sublayer is longitudinal.The 

muscularis also contain the myenteric(Auerbachs)nerve plexus, which lies 

between the two muscle sublayers, and blood, lymph vessels in the C.T 

between the muscle sublayers. 

 *Serosa:Its athin layer of loose C.T ,rich in blood,lymph vessels and adipose 

tissue.  

 In   the   abdominal   cavity   ,  the   serosa   is continuous with the 

mesenteries,which support the intestines,and with the peritoneum,a serous 

membrane that lines the cavity wall. 

 *The main functions of the epithelial lining of the D.T. 

 1-Provide a selectively permeable barrier between the contents of the tract 

and the tissues of the body. 

 2-Facilitate the transport and digestion of food, 

   to promote the absorption of the products of  this digestion. 

 3-Produce hormones that affect the activity of the digestive system. 

 4-Cells   in   this   layer   produce   mucus   for lubrication and protection. 

 5-The lymphoid nodules in the lamina propria and submucosa protect the 

organs from bacterial invasion. 

 6-Produce  antibodies  mainly   immunoglobulin alfa(IgA) and bound  with  

protein  secreted by epithelial cells , this  complex  protects  against viral and 

bacterial invasion. 
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Oral   Cavity                            

 Its  lined with stratified squamous  epithelium, keratinized  or non 

keratinized depending on the region. 

 1-The keratin layer  protect  the  oral  mucosa from damage during 

masticatory function and is present mostly in  the   gingival  (gum)  and   

hard   palate . the  lamina   propria   in   these  regions  has several papillae 

and rests directly on the bony tissue. 

 2-The  non keratinized   squamous  epithelium   covers   the  soft palate,   lip 

,  cheeks, and   the   floor  of  the mouth. the  lamina  propria has papillae,  
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 similar to those in dermis of the skin ,and is continuous with a submucosa  

containing  diffuse  small salivary glands. 

 3-In  the  lips ,  a   transitional  from  the   oral   non  keratinized epithelium 

to  the  keratinized  epithelium  of    the  skin can be observed.  

 4-The  soft   palate   has  a  core  of  skeletal  muscle  ,numerous mucous   

glands  ,and   lymphoid   nodules   in   its submucosa.  

 

 **Tongue.                                                       

 1-  The  tongue  is  a mass  of  striated muscle covered by a mucous 

membrane, whose structure varies according to the region.  

 2- The muscle fibers cross one another in three plane: they are grouped in 

bandles ,usually separated by C.T.                                        

 3- The  mucous membrane is strongly adherent to the muscle and its smooth 

on the lower (ventral) surface of the tongue.   

 4- The dorsal surface of the tongue is irregular and covered anteriorly by a great 

number of small eminences called Papillae.                  

 5- The posterior one-third of the dorsal surface of  the   tongue  is    separated   

from   the   anterior    two-third     by   a   V-shaped   boundary.Behind this 

boundary,the surface of the   tongue  shows small bulges composed mainly   of   

two  types  of   small  lymphoid aggregations: Small  collections  of lymphoid  

nodules and the lingual tonsils.  **Papillae.             Its elevations  of  the  oral  

epithelium  and  lamina propria that various forms and functions. there are four 

types of papillae.                                           

 1- Filliforme  Papillae:                                      

       It have an elongated conical shape ,they are quite numerous and are present 

over the entire surface of the tongue. their epithelium ,which does not contain 

Taste buds is  keratinized.                                     
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 2- Fungiform  Papillae:   Its  resemble  mushrooms   in that they have a 

narrow stalk                

 and a smooth    surface,  dilated  upper  part. These     papillae,   which   

contain   scattered   Taste buds   on  their   upper   surfaces,  are irregularly  

interspread  among   the  Filiform papillae.                                                       

 3- Foliate  Papillae:                                       

       Its  poorly   developed    in  humans . They consist  of  two  or  more 

parallel  ridges   and furrows on the    dorsolateral   surface  of  the tongue 

and contain many taste buds.  

 4- Cicumvallate  Papillae:                             

 This  papillae   are   7-12   extremely   large   circular   papillae  whose  

flattened surfaces extend above  the  other  papillae. They are 

distributed  in the  V-region in the  posterior  portion  of  the tongue.  

 

  **Von Ebner s                                           

Its  neumeours  serous  gland  drain  their Contents  in to the deep groove that 

encircles the periphery of each papillae.The glands also Secrete  a  lipase  that  

probably  prevets  the formation of a hydrophobic layer over the taste buds. 

This   flow  of  secretions   is    important    in  removing  food  particles  from 

the vicinity of the  taste buds. lingual lipase is active in the stomach and can 

digest upto 30% of dietary triglycerides. 

Taste buds are also present in other parts of the oral cavity, such as the soft 

palate, and are continuously flushed by numerous small salivary glands 

dispersed throughout the oral mucosa. 

Taste buds are ovoid structures, each containing 50–75 cells, within the 

stratified epithelium of the tongue and the oral mucosa. About half the cells are 

elongated gustatory (taste) cells, which turn over with a 7- to 10-day life span. 

Other cells present are slender supportive cells, immature cells, and basal stem 

cells which divide and give rise to the other two types.  
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  The base of each bud rests on the basal lamina and is entered by afferent 

sensory axons that form synapses on the gustatory cells. At the apical ends 

of the gustatory cells microvilli project through an opening called the taste 

pore. Molecules (tastants) dissolved in saliva contact the microvilli through 

the pore and interact with cell surface taste receptors.  

 Taste buds detect at least five broad categories of tastants: metal ions (salty); 

hydrogen ions from acids (sour); sugars and related organic compounds 

(sweet); alkaloids and certain toxins (bitter); and certain amino acids such as 

glutamate savory). Salty and sour tastes are produced by ion channels; the 

other taste categories are mediated by G-protein-coupled receptors. Receptor 

binding produces depolarization of the gustatory cells, stimulating the 

sensory nerve fibers which send information to the brain for processing. 

Conscious perception of tastes in food requires olfactory and other 

sensations in addition to taste bud activity. 
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**Teeth.  

   The adult humans have normally 32 permanet teeth .These teeth are disposed 

in two bilaterally symmetric arches in the maxillary and mandibular bones. 

1-Each tooth is composed of aportion that projects above the gingiva called 

Crown  and one or more roots below the gingiva .that  hold  the  teeth  in bony 

sockets called alveoli ,that one for each tooth.  

2-The Crown is covered by the extremely hard enamel and the roots by another 

mineralized tissues and the cementum.  

These two covering meet at the cervix (neck) of the tooth. The bulk of a tooth is 

composed of another calcified material (dentin) that surrounds a soft C.T filled 

space known as the pulp cavity.  

3-The pulp cavity has a coronary portion (pulp chamber) and a root portion (the 

root canal) extending to the apex of the root, where an orifice (apical foramen) 

permits the entrance and exit of blood vessels, lymphatic and nerves of the pulp 

cavity. 

4-The periodontal ligament is a fibrous C.T with bundles of collagen fibers 

inserted into cementum and alveolar bone,fixing the tooth firmly in its bony 

socket (alveolus).  

Gingival  

1-the gingiva is a mucous membrane firmly bound to the periosteum of the 

maxillary and mandibular bones 

2-Its composed of stratified squamous epithelium and lamina propria containing 

numerous C.T papillae 

3-The very specialized part of this epithelium the junctional epithelium is bound 

to the tooth enamel between the enamel and the epithelium is the gingival 

sulcus a small deepening up to 3 mm surrounding the crown. 
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**P harynx:                                                   

It’s   a   transitional   space   between the oral cavity and the respirotary and   

digestive   systems   , form   an   area of   communication between the nasal 

region and    the larynx.                              

The   pharynx    is   lined   by   stratified   non keratinized     squamous   

epithelium    in the region continuous with the esophagus and by ciliated   

pseudo stratified columnar epithelium containing    goblet cells in the regions 

close to the nasal cavity.                                

      The mucosa of the    pharynx    also    has many   small   mucous salivary 

glands in its lamina propria, composed of dense C.T .The constrictor and 

longitudinal muscles of the pharynx are located outside this layer. The pharynx 

contains the Tonsils.                      

Esophagus  

1-The mucosa is covered nonkeratinized stratified squamous epithelium. 

2-In the lamina propria of the region near the stomach present esophageal 

cardiac gland, secreted mucus. 

3-In the sub mucosa there are present of esophageal gland secretion facilitates 

the transport of food stuffs  and protects the mucosa. 

4-The muscular layer at the distal end of the esophagus consists from smooth 

muscle cells only that close to the stomach form the lower esophageal sphincter.  

5-In the mid portion a mixture of striated and smooth muscle cells but at the 

proximal end, only striated muscle cells. 

6-The portion of the esophagus in the peritoneal cavity only is covered by 

serosa. While the rest is covered by a layer of C.T, the adventitia that blends 

into the surrounding tissue. 
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7-The functions of esophagus are.  

A . Transport food stuffs from the mouth to the stomach. 

B . Prevent the retrograde flow of gastric contents. 

C . Transport by peristaltic contractions and relaxation of the esophageal 

sphincters . 

Stomach  

     It is composed crossly from four region cardia, fundus, body and pylorus   . 

Histologically is composed from mucosa, submucosa , muscularis and serosa.  

Mucosa  

1-The gastric mucosa consists of a surface epithelium that invaginates to 

various extents into the lamina propria, forming gastric pits. The branched and 

tubular glands (cardiac, gastric and pyloric) emptying into gastric pits.  

2-The lamina propria of the stomach is composed of loose C.T interspersed 

with smooth muscle and lymphoid cells . 

3-The muscular is mucosa is layer of smooth muscle separating the mucosa 

from the submucosa .  

4-The epithelium covering the surface and lining the pits is a simple columnar 

epithelium, and all the cells secrete an alkaline mucus. 

5-This mucus consists of water, lipids, and glycoproteins , which in 

combination , form a hydrophobic protective gel. 

6-Bicarbonate, secreted by the surface epithelial cells into the mucus gel, forms 

a pH gradient ranging from 1 at the gastric luminal surface to 7 along the 

epithelial cell surface. 

7-The mucus firmly adherent to the epithelial surface is very effective in 

protection, while the superficial luminal mucous layer is more soluble, partially 

digested by pepsin and mixed with the luminal contents. 
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8-Surface epithelial cells also form an important line of defense due to their 

function in mucus production, intracellular tight junctions, and the ionic 

transporters that maintain intracellular pH and bicarbonate production, 

important for gel alkalinization.  

9-A third line of defense is a rich sub mucosal circulatory bed, which provides 

bicarbonate, micronutrients, and oxygen to mucosal cells, while removing toxic 

metabolic products. This factor also favors the healing of superficial wounds in 

a process called mucosal restitution.  

Cells presents in the gastric gland. 

      1-stem cells  

1-the stem cells are low columnar cells with oval nucleus near the bases of the 

cells. These cells have a high rate of mitosis; some of them move up word to 

replace the pit and surface mucous cells. Other daughter cells migrate more 

deeply into the glands and differentiate into mucous neck cells and parietal, 

chief and enteroendocrine cells. 

2-mucous Neck cells  

It’s present in clusters or as single cells between parietal cells in the necks   at 

gastric glands. Their mucus secretion is quite different from that of the surface 

epithelial mucous cells. They are irregular in shape with the nucleus at the base 

of the cells.  They are irregular in shape with the nucleus at the base of the cell 

and the secretory granules near the apical surface. 

3-Parietal (oxyntic) cells. 

It’s present mainly in the upper half of gastric glands; they are rounded or 

pyramided cells, with one centrally placed spherical nucleus and eosinophilic 

cytoplasm. Partial cells secrete hydrochloric acid HCL through two mechanisms. 

A-cholinergic nerve ending (parasympathetic stimulation)  

B-(Histamine gastrin and a polypeptide) both secreted in the gastric 

mucosa, act strongly to stimulation the production of HCL. 
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4-Chief (Zymogenic) cells  

Its present in the lower region of the tubular glands and have all the 

characteristics of protein – synthesizing. Their basophilia is due to the abundant 

rough endoplasmic reticulum. The granules in their cytoplasm contain the 

inactive enzyme pepsinogen . The precursor pepsinogen is rapidly converted in 

to the highly active proteolytic enzyme pepsin after being released into the acid 

environment of the stomach, in humans chief cells also produce the lipase 

enzyme. 

5- Enteroendocrine cells 

It’s present in the neck and bases of gastric glands.  

Its secrete serotonin (5- hydroxytryptamin). 

* Gastrin (G) cells.  

    Produce gastrin which stimulates parietal cells to produce HCL. 

* D- cells  

  Its secrets somatostatin, which inhibits the release of gastrin, secretion of 

somatostatin is stimulated by HCL. 

* sub mucosa 

It’s composed of dense C.T. containing blood and lymph vessels. It is in 

filtrated by lymphocytes, macrophages and mast cells   
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 * Muscularis:   It’s composed of smooth muscle fibers oriented in three main 

directions. The external layer is longitudinal, the middle layer is circular and 

the internal layer is oblique. At the pylorus, the middle layer is greatly 

thickened to form the pyloric sphincter. The stomach is covered by a thin 

serosa.  

Small Intestine 

The small intestine is the site of terminal food digestion, nutrient absorption, 

and endocrine secretion. The small intestine is relatively long—approximately 5 

m—and consists of three segments: duodenum, jejunum, and ileum.   

Mucosa forms villi as in small intestine or crypts as in large intestine; their 

epithelium is simple columnar (absorptive) cells with goblet cells that increased 

in large intestine.  

Sub mucosa contains mucous glands (Brunner`s glands) as in the duodenum; 

patches of lymphatic nodules on one side as in the ileum; or along the wall as in 

large intestine. 

Small intestine mucosal cells  

- Surface simple columnar absorptive cells with microvilli forming brush 

(striated) border.  

- Goblet cells (oligomucous) cells (produce mucinogen > mucus)  

- Paneth (exocrinocytes) cells with apical eosinophilic granules; probably 

secrete lysosome.  

- APUD cells (endocrinocytes; clear cytoplasm; vesicular basal nuclei): amine-

secreting cells of gastrointestinal tract and other endocrine organs.  

- Stem cells.  

Enterocytes, the absorptive cells, are tall columnar cells, each with an oval 

nucleus in the basal half of the cell. At the apex of each cell is a homogeneous 

layer called the striated (or brush) border. When viewed with the electron 

microscope, the striated border is seen to be a layer of densely packed 

microvilli, each microvillus is a cylindrical protrusion of the apical cytoplasm 
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approximately 1 µm tall and 0.1 µm in diameter containing actin filaments and 

enclosed by the cell membrane.  

Each absorptive cell is estimated to have an average of 3000 microvilli and 1 

mm2 of mucosa contains about 200 million of these structures. Microvilli 

greatly increase the area of contact between the intestinal surface and the 

nutrients, a function also of the plicae and villi, which is an important feature in 

an organ specialized for absorption. It is estimated that plicae increase the 

intestinal surface three-fold, the villi increase it 10-fold, and the microvilli 

increase it 20-fold. 

Accessory glands  

- Pancreas.  

- Liver.  

Salivary glands: mucous, serous, or muco-serous.  

- Major salivary glands: outside wall of digestive tract; attached to lumen by 

duct; respond to parasympathetic activity. - Minor or accessory glands: secrete 

continuously; ducts directly to surface (no large collecting ducts).  

Saliva: hypotonic (serous glands secrete solution isotonic with plasma) watery 

secretion containing variable amounts of mucus, enzymes (salivary amylase) 

and antibacterial enzyme lysosome, lactoferrin, and IgA (antibodies) and 

inorganic ions. Major salivary glands: outside wall of digestive tract; attached 

to lumen by duct; respond to parasympathetic activity.  

Structure:  

- Parenchyma: acinar secretory cells and ducts system.  

- Stroma (trabeculae) subdivide gland into lobules and lobules. Interlobular 

septa radiate between lobules from outer capsule; convey blood vessels, nerve 

and lg excretory ducts.  
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Secretory unit: tubulo-acinar structure embraced by myoepithelial cells. Acinar 

cells are of 3 types:-  

- Mucous cells: contain mucigen granules poorly stained; nuclei condensed and 

flattened against basement membrane.  

- Serous cells: contain zymogen granules basophilic; nuclei rounded with 

dispersed chromatin; usually occupy more central position within cell.  

Mixed units (serous demilunes) surround terminal part of mucous acini.  

Ducts of stratified cuboidal epithelia. Intercalated ducts are formed from 

merged secretory units; lined by secretory cells; drain into striated duct. 

Parotid: almost serous secretory gland; thin, watery secretion rich in enzymes 

and antibodies; rounded nuclei toward base of serous cells; granular cytoplasm; 

lateral membranes and lumen indistinct; intercalated ducts.  

Submandibular (sub maxillary): capsule gives rise to septa; subdivides gland 

into lobes and lobules. It is compound tubulo-alveolar gland, contains both 

serous (predominant) and mucous secretory acini with serous demilunes; 

myoepithelial (basket) cells embrace acini.  

Produces secretion of intermediate consistency; duct cells with pale, 

eosinophilic cytoplasm and large lumen.  

Sublingual: capsule gives rise to septa; subdivides gland into lobes and lobules. 

It is compound tubuloalveolar gland (mixed) gland; predominantly mucous 
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secretory cells (flattened dark nuclei against basement membrane; frothy 

cytoplasm; intercellular borders and lumen apparent) with serous demilunes 

(vesicular nuclei, granular, basophilic cytoplasm, no intercellular borders); 

viscid secretion; myoepithelial (basket) cells  

Liver  

— Liver is the largest gland of the body; receives both venous blood (through 

the portal vein) and arterial blood (through the hepatic artery).  

— It is surrounded by a well defined thin capsule of connective tissue. The 

connective tissue extends into the liver parenchyma and divides it into the basic 

structural units of the liver, the "classical" liver lobules.  

— It acts as an exocrine gland because it secretes bile.  

— The portal vein, hepatic artery and bile duct enter the liver through the 

porta-hepatis.  

— The groups of three tubes - a branch of the portal vein, a branch of the 

hepatic artery and a branch of the bile duct; are called collectively portal triads.  

Hepatocytes are separated from the bloodstream by a thin discontinuous simple 

squamous epithelium, which lines the sinusoids. Between the hepatocytes and 

the epithelial cells is a narrow peri-sinusoidal space (of Disse). Contents of the 

blood plasma can freely enter the peri-sinusoidal space through the openings in 

the epithelium lining the sinusoids. Fixed macrophages, Kupffer cells, are 

attached to the epithelium Adjoining liver cells from the walls of the bile 

canaliculi, which form a three dimensional network within the sheets of 

hepatocytes.  

Bile canaliculi connect via very short canals (of Hering; formed by both 

hepatocytes and cells similar to those in the epithelium of bile ducts) to terminal 

bile ducts (cholangioles) which empty into the interlobular bile ducts found in 

the portal triads.  

The liver lobule is drained by the central vein, which open into the intercalated 

or sub lobular veins of the liver. These in turn coalesce to form the hepatic 
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veins. They run alone through the tissue, are usually covered by connective 

tissue and eventually empty into the inferior vena cava.  

Pancreas: is formed of compound or mixed gland (endocrine and exocrine); 

releases enzymes as proenzymes (chymotrypsin, trypsin, elastase, 

carboxypeptidase) and active enzymes (DNase, RNase, pancreatic lipase, 

pancreatic amylase).  

Exocrine pancreas: is formed of compound tubuloalveolar gland; has capsule 

that gives rise to septa separating the gland into lobules; acinar cells (basally 

basophilic with apical eosinophilic zymogene granules) coupled to centro-

acinar cells (with pale, vesicular nuclei) and intercalated ducts release alkaline 

secretion rich in digestive enzymes. It also, contain interlobular and main duct  

Endocrine pancreas: pancreatic islets (islets of Langerhans) scattered among 

serous acini; contains 5 cell types distinguished histochemically:  

- α (A) cells: generally peripheral secret glucagon.  

- β (B) cells: most populas; located centrally secret insulin.  

- δ (Delta) cells: least numerous, secret somatostatin hormone  

- G cells; secret gastrin.  

- P.P- cells (F- cells); secret somatostatin; PP cells secret pancreatic polypeptide.  

 

 

 

 

 

 

 

 



The cell  
The concept of the cell was used firstly by Robert Hook at 1665 at the 

seventeenth century . it is believed that the cell membrane is the important part 

in the cell . then at 19 century Robert Brown was described the nucleus and 

named it . the recent  cell theory : which said that the organism are made of 

cells and cell project this theory was included the plant and animal cell , so the 

cell is the structural and functional unit of the tissue and the cell is the smallest 

unit of living multicellular organism ) . the animal cell define as : protoplasm 

surround by cell membrane . the plant cell define as : a protoplasm surround by 

cell membrane and cell wall made from cellulose . the protoplasm was divided 

into two component :  

1- Nucleus                              2- Cytoplasm 

 

Each of them consist of many different organelles . the nucleus consist of :  

1- chromatin material .  

2- nuclear membrane .  

3- nucleolus . 

4- nucleic acid ( DNA , RNA ) .    

 The cytoplasmic organelles are specific organized living structure that 

function is the cell metabolism they found in all types of cell . the cytoplasmic 

organelles include :  

1-Cell membrane  , 2-Mitochondria , 3- Endoplasmic Reticulum ( granular E.R 

, a granular E.R. ) , 4- Lysosomes , 5- Centrosomes (central body , diplosome) , 

6- Golgi system , 7- Ribosomes . 8- Cytoplasmic skeleton . 

 Cytoplasm inclusion : they are life less accumulation of some material after 

temporary in the cells . 

the cytoplasm inclusion either product of cellular metabolism or exogenous 

substances so the cytoplasmic inclusion may be found in the cytoplasm or may 

not . they are Proteins , Carbohydrate , Pigmented granules , Secretary granules 

, Crystals .  

1-Cell Membrane (plasma lemma) : It is flexible semipermiable . its thickness 

is about 75-100 A . this membrane regulate the interchange of materials 

between the cell and its environment . there are many theories to explain the 

structure of cell membrane but the traditional theory said (all cell membrane 

consist of trilamina components two of these layer are electron dence separated 

by an electron – lucent layer. the outer layer are made of phospholipids 

molecules while the inner layer (light layer) is made of fatty acid side chains . 

on the external layers (surface) of the cell membrane in animal cells there are 

many membrane of protein and some of lipid are conjugation with short chains 

of polysaccharide from glycoproteins and glycolipid which project from the 

surface of the cell formed outer cover of the cell called as glycogalx . which 



provide mechanical and chemical protection . for the cell the function of the 

cell membrane are  : 

1- transport across the cell membrane which called selective osmoses .  

2-engulfment .  

2-Mitochondria :  

The mitochondria (Mw) are found in all types of cells there number differ from 

one type of cell to another they are increase in number in the cell which have 

high metabolic activity such as liver cell , osteoclast , epithelium , of intestine . 

the Mw. are consist of two membrane space . the outer membrane is smooth 

sac like . while the inner one is projected in works as pala of tubules called 

cristae . the space between the fold is occupied by morface material called  

matrix . the chief function of Mw is to supply energy the oxidation of nutrient 

within the cell to provide energy from the synthesis of ATP from ADP  .  

The Mw have several unusual features which are : 

1-the matrix contain strain of DNA arranged as a circle in manner . 

2-the matrix contain the ribosomes which have also similar structure to the 

bacterial ribosomes .  

3-the Mw under go self replication by process similar to  bacterial cell 

diffusion . on these bases the Mw may be called as Simi-autonomous organ .  

3-The Endoplasmic Reticulum :  

 1-Granular E.R. (Rough E.R): this reticulum consist of three dimensional 

network of branching and anatomizing membrane bounded tubules and 

flattened sac like structure called Cistrance . the outer surface is contain 

ribosomes which account the term granular or rough E.R. this E.R. are well 

develop in protein secretory cells because both E.R. and ribosomes are involve 

protein synthesis .  

2-Agranular E.R. (Smooth E.R.): this reticulum is consist of three dimensional 

network of tubules and vesicles with out cistrance . this reticulum is found in 

cell that deal function including biosynthesis of lipids and then transport . also 

this reticulum has a role in cholesterol and steroid hormonesbiosynthesis and 

metabolism .  

4-Ribosomes :they are small spherical part composite of 40-60% of RNA and 

the reminder protein . the ribosomes presented in long number of cells which 

secret protein . the ribosomes (R) found either single particles or clusters three 

in the cytoplasm or associated with E.R. the three R. synthesis protein to use 

intercellular  while the R. associated with E.R. synthesis protein and use for 

secret out side of the cell .  

5-Golgi apparatus : this organelles is consisting of different numbers of flatten 

sacs aggregated like plates or cups . at the periphery of the sac there are golgi 

cisternea . Golgi (G) found near the nucleus and it is very well develop in 

secretory cell and its appearance differs depend on the cell type and activity . 



the function of Golgi apparatus is  a source of membrane unit for the to the 

cells and also provide membrane unit for the packaging or branching the 

secretory granules .  

6-Lysosomes(L) : they are small particles containing hydrolytic enzymes 

(about 12 or more enzymes) that break down proteins and nucleic acid and 

carbohydrate . the L. are found in large number in the cell which have 

phagocyte function such as the white blood cells and osteoclast . the L. are 

originated from golgi apparatus as small particles called primary L. the foreign 

particles which inter the cell by endocytosis . surrounded by membrane unit as 

phagosomes . when the primary L. come close content with phagosomes and 

these membrane fuse and the continent of two organelles mix . the new body 

called as secondary L. this body exposes the engulfed material to the L. 

enzymes . when digestion is complete the L. membrane rupture and discharge 

its contain to the cytoplasm and undigested material may remain within the 

membrane called Residual body . the L. also involve in the degradation of 

cellular organelles may of which have only a finite life spend therefore 

replaced this L. called outophages .  

7-Sentrosome(S) : the S. is a zone in the cytoplasm usually centrally located 

near the nucleus .the S. contain a pair of sentrioles joint together and known as 

aDiplosome . the S. are perpendicular to each other and each S. is a hallow 

cylinder consist of 9 triplets of parallel readiness micro tubule . during the 

interphase stage the sentrioles replicate fore the next mitotic diffusion .at the 

prophase the two pair move to the apposite side of the cell but remain 

connected to each other by the micro lobules which called the spindle . 



Immune system 

Lymphoid tisssue



• Lymphoid tissue is connective tissue characterized
by a rich supply of lymphocytes.

• network of reticular fibers of type III collagen
supporting the cells, produced by reticular cell .

• In nodular lymphoid tissue groups of lymphocytes
are arranged as spherical masses called lymphoid
nodules or follicles, containing primarily B
lymphocytes., proliferate in the center, stains lighter
called a germinal center which contain follicular
dendritic cell

• Free lymphoid nodules present in mucosal linings,
with free lymphocytes, they constitute the mucosa-
associated lymphoid tissue (MALT).



Thymus
• The thymus is a bilateral organ located in the

mediastinum; it attains its peak development during
youth.

• The thymus has a connective tissue capsule that
penetrates the parcnchyma and divides it into incomplete
lobules

• Each lobule has a peripheral darkly stained zone known as
the cortex and a central light zone called the medulla. The
cortex is richer in small lymphocytes than the medulla and
therefore it stains more darkly.

• The thymic cortex is composed of an extensive population
of T lymphoblasts thymocytes and macrophages in a
stroma of epithelial reticular cells.





• The thymic medulla many less densely packed
differentiated T lymphocytes, and structures called
thymic (Hassalls) corpuscles, consist of epithelial
reticular cells arranged concentrically, filled with
keratin filaments, and sometimes calcified.

• Arterioles and capillaries in the thymic cortex are
sheathed bv flattened epithelial reticular cells with
tight junctions. The capillary endothelium is
continuous and has a thick basal lamina. blood-
thymus barrier prevent most circulating antigens
from leaving the microvasculature and entering the
thymus cortex.

• The thymus has no afferent lymphatic vessels.





MUCOSA-ASSOCIATED LYMPHOID TISSUE (MALT)

• The digestive, respiratory, and genitourinary tracts

• The mucosal connective tissue of these tracts
contains large and diffuse collections of dendritic
cells, lymphocytes, IgA-secreting plasma cells, APCs,
and lymphoid nodules.

• Most of the lymphocytes are B cells; helper cells

• In some places, these aggregates form the tonsils and
the Peyer patches in the ileum. Similar aggregates
with lymphoid follicles are found in the appendix.



• Tonsils are partially encapsulated lymphoid tissue lying
beneath and in contact with the epithelium of the oral
cavity and pharynx. palatine, pharyngeal, or lingual tonsils
.

• in the wall of the ileum large aggregates of lymphoid
follicles called Peyer patches, each consisting of 10-200
nodules and bulging into the gut lumen with no connective
tissue capsule .

• The simple epithelium covering these nodules contains
specialized M cells with apical microfolds rather than the
brush border typical of enterocytes.

• M cells sample antigens in the intestinal lumen. Each is
characterized by a large basal intraepithelial pocket open
to the underlying lymphoid tissue through a porous
basement membrane .





Lymph nodes 

• Lymph nodes are bean-shaped, encapsulated
structures, generally 2-10 mm in diameter,

• have a convex surface that is the entrance site of
lymphatic vessels and a concave depression, the
hilum, through which arteries and nerves enter and
veins and lymphatics leave the organ A connective
tissue capsule, sending trabeculae into its interior.

• The most common cells of lymph nodes are
lymphocytes, macrophages and other

• a cortex, a medulla, and an intervening paracortex
.





• cortex, situated under the capsule:
• 1. reticular cells, macrophages, APCs, and lymphocytes
• 2.Lymphoid nodules, with or without germinal centers,
• 3. subcapsular sinuses, Lymph circulates around the wide

spaces of these sinuses after being delivered there by the
afferent lymphatic vessels.

• 4.Cortical sinuses, running between the lymphoid nodules.
They communicate with the subcapsular sinuses

• The paracortex no precise boundaries with the cortex
and medulla. its lack of B cell lymphoid nodules

• medulla :
• 1.Medullary cords are branched cordlike extensions of

lymphoid tissue arising from the paracortex.
• 2.Medullary cords are separated by medullary sinuses.







Spleen

• The spleen is the largest single accumulation of
lymphoid tissue in the body

• The spleen is surrounded by a capsule of dense
connective tissue from which emerge trabeculae,
which partially subdivide the parenchyma or
splenic pulp.

• Large trabeculae originate at the hilum, on the
medial surface of the spleen; these trabeculae
carry nerves and arteries into the splenic pulp as
well as veins that bring blood back into the
circulation.





• The spleen is composed of reticular tissue containing 
reticular cells, many lymphocytes and other blood 
cells, macrophages, and APCs. 

• The splenic pulp has two components, the white 
pulp and the red pulp . 

• The small masses of white pulp consist of lymphoid 
nodules and the periarteriolar lymphoid sheathes, 

• while the red pulp consists of blood-filled sinusoids 
and splenic cords (of Bilroth).

• The splenic artery divides into small trabecular
arteries. They leave the trabeculae and enter the 
parenchyma as arterioles enveloped by a sheath of T 
lymphocytes, central arterioles . 





• Surrounding the lymphoid nodules is a marginal zone 
consisting of many blood sinuses and lymphoid tissue .

• After leaving the white pulp, the sheath of lymphocytes 
slowly thins and the central arteriole subdivides to form 
straight penicillar arterioles . 

• The red pulp is composed of splenic cords and venous 
sinusoids. The splenic cords contain a network of reticular 
cells or reticular fibers that support T and B lymphocytes, 

• The splenic cords are separated by wide, irregularly shaped 
sinusoids Unusual elongated endothelial cells, called stave 
cells, line the splenic sinusoids

• Because the lumen of splenic sinusoids is often blood-filled 
and very small and because the splenic cords are infiltrated 
with red blood cells, microscopic distinctions between 
splenic cords and sinusoids may be difficult.

•
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                                        Muscular Tissue      
 

Muscle tissue is characterized by properties that allow movement. Muscle cells are 

excitable; they respond to a stimulus. They are contractile, meaning they can shorten 

and generate a pulling force. When attached between two movable objects, in other 

words, bones, contractions of the muscles cause the bones to move. Some muscle 

movement is voluntary, which means it is under conscious control. For example, a 

person decides to open a book and read a chapter on anatomy. Other movements are 

involuntary, meaning they are not under conscious control, such as the contraction of 

your pupil in bright light. Muscle tissue is classified into three types according to 

structure and function: skeletal, cardiac, and smooth. 

Comparison of Structure and Properties of Muscle Tissue Types (Table 1) 

Tissue Histology Function Location 

Skeletal 

Long cylindrical fiber, 
striated, many 
peripherally located 
nuclei 

Voluntary movement, produces 
heat, protects organs 

Attached to bones and 
around entrance points 
to body (e.g., mouth, 
anus) 

Cardiac 
Short, branched, 
striated, single central 
nucleus 

Contracts to pump blood Heart 

Smooth 

Short, spindle-shaped, 
no evident striation, 
single nucleus in each 
fiber 

Involuntary movement, moves 
food, involuntary control of 
respiration, moves secretions, 
regulates flow of blood in arteries 
by contraction 

Walls of major organs 
and passageways 

 
 

Skeletal muscle  

is attached to bones and its contraction makes possible locomotion, facial expressions, 

posture, and other voluntary movements of the body. Forty percent of your body mass 

is made up of skeletal muscle. Skeletal muscles generate heat as a byproduct of their 

contraction and thus participate in thermal homeostasis. Shivering is an involuntary 

contraction of skeletal muscles in response to perceived lower than normal body 
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temperature. The muscle cell, or myocyte, develops from myoblasts derived from the 

mesoderm. Myocytes and their numbers remain relatively constant throughout life. 

Skeletal muscle tissue is arranged in bundles surrounded by connective tissue. Under 

the light microscope, muscle cells appear striated with many nuclei squeezed along the 

membranes. The striation is due to the regular alternation of the contractile proteins 

actin and myosin, along with the structural proteins that couple the contractile proteins 

to connective tissues. The cells are multinucleated as a result of the fusion of the many 

myoblasts that fuse to form each long muscle fiber. 

 

 
Cardiac muscle  

forms the contractile walls of the heart. The cells of cardiac muscle, known as 

cardiomyocytes, also appear striated under the microscope. Unlike skeletal muscle 

fibers, cardiomyocytes are single cells typically with a single centrally located nucleus. 

A principal characteristic of cardiomyocytes is that they contract on their own intrinsic 

rhythms without any external stimulation. Cardiomyocyte attach to one another with 

specialized cell junctions called intercalated discs. Intercalated discs have both 

anchoring junctions and gap junctions. Attached cells form long, branching cardiac 

muscle fibers that are, essentially, a mechanical and electrochemical syncytium 

allowing the cells to synchronize their actions. The cardiac muscle pumps blood 

through the body and is under involuntary control. The attachment junctions hold 

adjacent cells together across the dynamic pressures changes of the cardiac cycle. 
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Smooth muscle tissue 

contraction is responsible for involuntary movements in the internal organs. It forms 

the contractile component of the digestive, urinary, and reproductive systems as well 

as the airways and arteries. Each cell is spindle shaped with a single nucleus and no 

visible striations. 
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Nervous system 

It is the most complex system in the body is formed by a network of more than 100 million 

nerve cell, where it provides rapid communications between different areas of the body 

through the neuron and fibers. 

The N.S. is divided into: 

1. Central NS (CNS), includes: brain and spinal cord. 

2. Peripheral NS (PNS), includes: nerve fibers, and small aggregation of nerve cell called 

nerve ganglia. 

Structurally nerve tissue consists of two cell types: 

 Nerve cells or neurons which usually show numerous long processes. 

 Glial cells which have short processes, support, protect nerve cell and participate in 

neural activity, neural nutrition and the defense processes of the C.N.S.  

Neurons are the anatomical and functional unit of the NS. Their functions are: 

1. Gather information from sensory receptors' 

2. Process information and provide memory. 

3. Generate appropriate signal to the effector cells. 

4. release of neurotransmitters 

 Neurons can be classified according to the number of processes extending from cell 

bodies; 

a- Multipolar neurons: form most neurons of the body which have single axon and two 

or multiple dendrites. They are usually large and of the motor type. 

b- Bipolar neurons: generally small in size, with single dendrite and single axon. They 

are of the interneuron type, providing local communications within the CNS, as in the 

retina, olfactory mucosa, and ganglia, cochlear and vestibular ganglia. 

c- Unipolar or Pseudo unipolar neurons: They have single process that is close to the 

cell body and divided into branches. the process forms a T shape. These cells are the 

sensory type as in the spinal ganglia and in most cranial ganglia. 
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Neurons can be subdivided according to their functional roles: 

 Motor neurons (efferent), control effector organs such as muscle fibers and exocrine 

and endocrine glands. 

 Sensory neurons (afferent), are involved in the reception of sensory stimuli from the 

environment & from within the body. 

 Interneurons, establish relationships among other neurons, forming complex 

functional networks.  

Neuron 

Each neuron consists of three main structures: 

1- Perikaryon (cell body or soma): it can be spherical, ovoid or angular, some are very 

large, measuring up to 150 µm in diameter, it represents the trophic center for the 

whole nerve cell, and acts also as a receptive area for stimuli.  

In the C.N.S. nerve cell bodies are present in the gray matter; neuronal processes & are 

not found in the white matter. 

In the P.N.S. cell bodies are found in ganglia & some sensory regions; such as the 

olfactory mucosa. 

 It contains the following organelles: 

a- Nucleus: usually it is large, spherical, achromatic (pale staining), with prominent 

nucleolus. Binuclear nerve cells are seen in sympathetic and sensory ganglia. The 

chromatin is finely dispersed. 
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b- Rough endoplasmic reticulum (RER): It is well developed. when the neuron is 

stained by basophilic stain, RER and free ribosomes will appear as basophilic granules 

Known as Nissl bodies they are abundant in large nerve cells as motor neurons, and 

absent in axon hillock. 

c- Golgi complex: Is located only in the cell body consist of parallel multiple smooth 

cisternae around the periphery the nucleus. 

d- Mitochondria: scattered throughout the cytoplasm, and abundant at the axon terminal. 

They supply energy. 

e- Lysosomes: present in large number. 

f- Neurofilaments: abundant in both cell body and processes, usually of the intermediate 

type with a diameter (10nm). They provide cytoskeleton to maintain the shape of the 

cell. When the neuron is stained by silver stain, neurofilaments will appear as brown 

threads known as neurofibrills,. 

Microtubules: Well organized network, important for the transport of substances and 

organelles through axon.  

h- Lipofuscin: which is a residue of undigested material by lysosomes.  

 

 

 

 

 

 

 

2- Dendrites: they are multiple, short, branching like a tree, to increase the receptive area of 

the neuron which often covered with many synapses. The diameter of the dendrite unlike 

axons which constant diameter, dendrite becomes thinner as it divides. Cytoplasmic 

composition of the dendrite base, close to the neuron body, is similar to that of the perikaryon 

but is devoid of Golgi complex. Most synapses impinging on neuron are located in dendrite 

spines. 
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3- Axon: Single, cylindrical processes that conduct nerve impulse from the cell body to 

another cell or effector organ. It has a variable length reaching up to 100 cm . Although some 

neurons have short axons.  The origin of the axon usually from cell body is pyramid in shape 

region and called axon hillock. In myelinated axon the portion of axon between axon hillock 

and the beginning of myelin is called initial segment, which is rich in ion channels important 

in action potential. Sometimes, collateral branches arise from the axon that returns to the 

cell body .The plasma membrane of axon called axolemma contents cytoplasm of the axon 

(axoplasm) contains mitochondria, microfilaments, microtubules, SER, but no Nissl bodies. 

Synapse 

It is a unidirectional area of nerve impulse transmission through a contact between neurons 

and effectors cells (muscle or gland). 

Axosomatic , if an axon forms a synaptic with a cell body. 

Axodendritic , if an axon forms a synaptic with a dendrite. 

Axoaxonic: very rare, if an axon forms a synaptic with axon. 

Most synapses Chemical synapse where the transmission of impulse is through a 

chemical neurotransmitter and some synapses Electrical synapse, the transmission of 

impulse is through ion. 

Structure of synapse: 

  The synapse lies at the axon terminal, which is the swollen terminal end of the axon that is 

closely applied to the target cell. The synapse consists of the following structure: 

Presynaptic terminals:(terminal bouton) lies at the axon terminal, slightly thickened, 
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contain special membrane protein. It is rich in mitochondria, microtubules, and a membrane-

bound vesicles called neurosecretory vesicle. Each vesicle is small, round, with clear center, 

or dense-core vesicles. These vesicles contain the neurotransmitter which is synthesized in 

the cell body. 

Synaptic cleft: a small gap of 20-30nm width lies between pre and post synaptic membrane. 

Sometimes, there are bridges at this cleft. 

Postsynaptic cell membrane: slightly thickened membrane at the target cells 

 

  

Glial cells 

There are non-neural cells, about ten times more in number than neuron. They are found 

around neurons and their processes. Their main function is support. A dense network of 

fibers from processes of both neurons & glial cells fills the interneuronal space of the CNS 

is called the neuropil . These are types of glial cells: 

1-Astrocyte: large, star shaped cells, with multiple radiating processes. They have an oval or 

slightly irregular nucleus, with dispersed chromatin. Their cytoplasm has bundles of 

intermediate filament, made of glial fibrillary acid protein (GFAP), to maintain their 

structure. There are two types of astrocytes: 

a- Fibrous astrocyte: found in the white matter, has few, long processes, and rich in 

GFAP 

b- Protoplasmic astrocyte: found in the grey matter, with many short, branched 

processes, and few GFAP. Cytoplasmic processes need a special stain to be 

demonstrated histologically. 

 

 

 

 

 

 

 

 

 

 

Function of astrocyte: 
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 Support. 

 Control of ionic and chemical environment of the neuron. 

 Form a scar tissue after CNS damage. 

 Their processes form the limiting glia which separates CNS from PNS. 

 Have different receptors for several stimuli to regulate the CNS functions. They can 

also secrete metabolic substances and neuroactive molecules. 

 They can transfer informations from one point to another for distant site through gap 

junctions between adjacent astrocytes, for example, the interaction with 

oligodendrocytes, to influence the process of myelination. 

 Participation in the blood brain barrier (BBB): the astrocyte develop process with 

expanded end feet (perivascular feet) that are linked to the endothelial cells by 

junctional complexes, forming a continuous barrier enveloping these endothelial cells. 

These feet important for ability of astrocytes to regulate vasodilation & transfer of O2 

ions & other substance from the blood to neurons. Endothelial cells are linked together 

by occluding junctions providing a continuous barrier. The cytoplasm of endothelial 

cells is non- fenestrated. This barrier prevents the passage of toxic and harmful 

substances from blood to brain. 

 

 

 

 

 

 

 

 

 

 

2- Oligodendrocyte: in routine section, only the nucleus is seen, as small cells with rounded, 

densely stained chromatin. Special stain is needed to demonstrate their cytoplasmic 

processes, which are few, and small. 

Function of oligodendrocyte: myelination of axons in the CNS where single cell can 

myelinate several axons. 
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3- Microglia: are small elongated cells with short irregular processes,in routine stain only the 

nucleus is seen as a dense, elongated-like structure. Special stain is needed to demonstrate the 

cytoplasmic processes. 

Functions of microglia: 

 Act as a macrophage, as part of the mononuclear phagocytic system. 

 Repair of CNS. 

 Act as part of the immune system in CNS, by secreting a number of immunoregulatory 

substances and dispose unwanted cellular debries. 

 

 

 

4- 

Epindymal cells: epithelial 

like cells, cuboidal or low columnar, with an oval basal nucleus of dense chromatin. In some 

location have apical microvilli, with cilia for facilitated movement of CSF. These cells don’t 

rest on a basal membrane, and bound together by desmosomal junctions, forming the blood-

CSF barrier, to protect CSF from foreign materials in the blood. Epindymal cells line the 

cavities of brain and central canal of spinal cord. 

5-Schwann cells (Neurolemmocytes) are found only in PNS and have trophic interactions 

with axons and allow for myelination like oligodendrocytes of the CNS . One 

neurolemmocytes forms myelin around  a segment of one axon, in contrast to the ability of 

oligodendrocytes to branch and sheath parts of more than one axon. 

6-Satellite cells of Ganglia are small cells like neurolemmocytes forms a covering layer over 

the large neuronal cell bodies in PNS ganglia . These cells exert a trophic or supportive role. 

Central nervous system 

It consists of cerebrum, cerebellum and spinal cord. These organs are relatively soft, gel-like, 

because they have no connective tissue, so, they are protected by the skull, and vertebral 

column. They are also covered by a membrane of CT called meninges. These meninges are 

arranged from outside as: 

1-Dura mater: composed of dense CT, continuous with the periosteum of the skull, while it 

is separated from the periosteum of the vertebral column by the epidural space, which 

contains veins, loose CT, and adipose tissue. Dura mater is separated from the next layer; the 

arachnoid, by a thin subdural space. Both surfaces of dura are covered by simple seq. epith. 

Of mesenchymal origin. 

2- Arachnoid mater: consist of CT devoid of blood vessels. It is found as two layers; one is 

in contact with the dura, while the other is a system of trabeculae extends to the pia mater. 

The cavities between these trabeculae represent the subarachnoid space, filled with the 

cerebrospinal fluid (CSF) and are communication with ventricles of the brain. Because 

arachnoid has fewer trabeculae in the spinal cord can be more clearly distinguished from pia 
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matter. The arachnoid & pia matter are often considered a single membrane called the pia-

arachnoid . Both surfaces of arachnoid are covered by simple seq. epith. Arachnoid, in some 

areas perforates the dura, forming the arachnoid villi. These villi are covered by endothelial 

cells and terminate in the venous sinuses of the dura. These villi reabsorbed CSF into the 

blood of venous sinuses. 

3- Pia mater: composed of loose CT, rich in blood vessels. It is separated from the neural 

element by a layer of neuroglial processes of astrocytes adhering to the pia matter & forming 

a physical barrier.  This membrane separates CNS from CSF. Pia mater is covered by simple 

seq. epith., and it follows all the irregularities of the CNS. Blood vessels penetrate CNS 

through tunnels covered by pia matter – the perivascular spaces. 

 

 

 

 

 

 

 

 

 

Choroid plexus: It is consists of invagination folds of pia mater that penetrate the interior of 

the ventricles of brain. It consists of vascular stroma of dilated fenestrated capillaries. It is 

composed of loose c.t. of pia mater, covered by cuboidal or low columnar .Choroid plexus 

secrets CSF which run in the brain ventricles, central canal of spinal cord, subarachnoid 

space, and perivascular space. CSF will be reabsorbed by the arachnoid villi into the venous 

system. 

 

CSF is clear low density, with low protein content. It contains few desquamated cells , and 

about 2-5 lymphocytes/ ml. CSF is important in the metabolism of CNS and for its protection 
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Brain 

 

 

It consists of two parts: 

: when sectioned, it shows two different regions; the superficial one appear grey Cerebrum-1

and called grey matter, and the inner or deep one which appears white and called white 

matter. 

a- Grey matter: forms the cerebral cortex. It contains neural cell bodies, dendrites, and 

the initial portion of axon, and glial cells. It consists of six layers which are poorly 

defined from each other. The most prominent neuron is the pyramidal cell. It has a 

triangular shape, the dendrites are oriented at the periphery, while axon arise from the 

base of the cell body, and is directed toward the medulla. The layers of cerebrum grey 

matter are: 

1- Molecular layer: Composed mainly of neuroglial cells and horizontal cells of 

Cajal. 

2- External granular layer: contain mainly different types of neuroglial cells and 

small pyramidal cells. 

3- External pyramidal layer: contain medium-sized pyramidal cells. 

4- Internal granular layer: is a thin layer and contain mainly small granular cells, 

some pyramidal cells, and different neuroglia that form numerous complex 

connections with the pyramidal cells. 

5- Internal pyramidal layer(ganglonic layer): contain numerous neuroglial cells 

and the largest pyramidal cells especially in the motor area of the cerebral 

cortex. 

6- Multiform layer: is the deepest layer adjacent to the white matter of cerebral 

cortex, it contains intermixed cells of varying shapes and sizes, such as 

fusiform cells, granule cells. 

b- White matter: The main component is the myelinated nerve fibers, and 

oligodendrocytes. It has no neuronal cell bodies. 
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like cerebrum, it consist of an external grey matter, and an inner white  Cerebellum: -2

matter; the medulla. 

1-Grey matter: consist of three layers: 

a- Molecular layer: it is the superficial layer, contain scattered cells, whose 

unmyelinated axons run in a horizontal direction. Deeper in this layer, basket cells 

and their collaterals are found. This layer contains also the axons of granule cells, and 

the dendrites of Purkinje cells. 

b- Purkinje cell layer: consist of one row of flask shaped cell body. It gives off one or 

two thick dendrites, which extend into the molecular layer, and branch more like a fan. 

Their axons are directed towards the granular layer, then to the medulla. 

c- Granular layer: consist of smallest cells in the body; the granule cells. They have 

darkly stained nuclei, and very little amount of cytoplasm. This layer also contains 

large satellite cells which have vesicular nucleus, and more cytoplasm. In between 

granule cells, there is a small irregular clear space, where the cells are absent, and only 

synaptic complexes are found. These spaces are called glomeruli. 

2- White matter: consist of myelinated nerve fibers. 

 

 

  

 



 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

Spinal cord 

 

In cross section, two regions are recognized; an outer white matter, and an inner grey matter, 

with a central opening called central canal. 

1-Grey matter: it has an H- shape, where the horizontal bar represents the grey commissure. 

It is divided into anterior and posterior commissures in relation to the central canal. The 

arms of H represent the posterior horns, while the legs represent the anterior horns. 

horn. It contains Anterior horn (ventral horn) is wider and shorter than the posterior (dorsal) 

large and . Posterior horn contains ventral rootslarge motor neurons, whose axons form the 

.(dorsal roots)small neurons. It receives sensory fibers from neurons in the spinal ganglia 

On the dorsal surface of the spinal cord, there is a longitudinal groove in the middle called 

the dorsal median sulcus. Form this sulcus, a neuroglial membrane extends towards the 

central canal called dorsal median septum, which divides the white matter into two halves. 

Each half is divided by the dorso-intermediate septum into dorsomedial column, and 

dorsolateral column. 

On the ventral surface of spinal cord, white matter is divided into two halves by a deep 

groove; the ventral (anterior) median fissure, where pia matter runs in this groove. Central 

canal is lined by epindymal cells, which are low columnar, ciliated cells. 

2- White matter: consist mainly of meylinated nerve 

fibers. 
 

 

 

  





 The respiratory system subdivided into two 
principal portions :-

 Conducting portion : consisting of the nasal cavity , 
nasopharynx , larynx , trachea , bronchi , bronchioles , 
and terminal bronchioles

 Respiratory portion : consisting of respiratory 
bronchioles ,alveolar ducts , alveolar sac and alveoli . 



ciliated pseudostratified columnar
epithelium .This epithelium has at least
five cell types, all of which touch the
thick basement membrane:

 1.Ciliated columnar cells are the most
abundant.

2.Goblet cells are also abundant in
some areas of the respiratory
epithelium .



 3.Brush cells : which are columnar cells ,
have numerous microvilli on their apical
surface. have afferent nerve endings on
their basal surfaces and are considered to
be chemosensory receptors .

 4.Small granule cells are Like brush cells,
and are part of the diffuse neuroendocrine
system .

 5.Basal cells, are stem cells that give rise to
the other cell types.



 Nasal Cavity:

 It is consists of two structures , the external vestibule 
and the internal nasal fossae . 

 Vestibule : It is the most anterior and dilated portion of 
the nasal cavity . the vestibule is lined with stratified 
squamous epithelium , a continuation of the skin of the 
face . around the inner surface of the narse ( nostrils ) 
are numerous sebaceous and sweat glands , in addition to 
the thick  short hairs , or vibrissae , that filter out large 
particles from the inspired air . Posteriorly , where the 
vestibules ends,  the stratified squamous epithelium
becomes thinner and undergoes a transition into typical 
respiratory epithelium before entering the nasal fossa. 
At this site , sebaceous glands are abscent . The lamina 
propria is rich with blood vessels to warm the air 



 Nasal fossae : The nasal fossae lie within the skull are two 
cavernous chambers separated by the osseous nasal septum 
. Extending from each lateral wall are three bony shelf like 
projections known as conchae . 

 The nasal fossae divided into two segments :-

 Respiratory Segment : The middle and inferior projection 
conchae are covered with respiratory epithelium & lamina 
propria is attached to the periosteum of the adjacent bone , 
contain plexuses of blood capillaries , venous sinuses and 
seromucous glands .





 Olfactory Segment : The superior conchae are covered 
with olfactory epithelium ( pseudostratified
columnar epithelium ) and contain olfactory 
chemoreceptors (smell) (olfaction) of the mucous 
membrane , located in the roof of nasal cavity.The
lamina propria of conchae contain numerous blood & 
lymphatic vessels, unmyelinated olfactory nerves , 
myelinated nerves and olfactory glands & large venous 
plexuses known as swell bodies every 20-30 minute on 
one side become temporarily engorged with blood 
,resulting in distension of the conchal mucosa & 
decrease in the flow of air & most of the air is directed 
through the other nasal fossa , allowing the mucosa to 
recover from dehydration



the olfactory epithelium, a specialized region of the
mucous membrane covering the superior conchae at
the roof of the nasal cavity.It is a pseudostratified
columnar epithelium composed of three types of cells :

 1.Basal cells are small, spherical or cone-shaped and
form a layer at the basal lamina.

 2.Supporting cells are columnar, with broad,
cylindrical apexes and narrower bases. On their free
surface are microvilli submerged in a fluid layer.

 3.Olfactory neurons are bipolar neurons present
throughout epithelium. They are distinguished from
supporting cells by" position of their nuclei, which lie
between those of the supporting cells and the basal
cells.



 The lamina propria of the olfactory epithelium 
possesses serous glands the glands of Bowman which 
are branched tubule alveolar glands & secretion , 
produces a fluid environment via ducts around the 
cilia , that may be clear the cilia , facilitating the 
access of new odoriferous substances



Nasal cavities (NC) separated by the Nasal Septum (NS)







 The larynx is a rigid, shorr (4 cm X 4 cm) passage for
air berween the pharynx and the trachea. Its wall is
reinforced by hyaline carrilage (in the thyroid, cricoid,
and the inferior arytenoid carrilages) and smaller
elastic cartilages (in the epiglottis, cuneiform,
corniculate, and the superior arytenoid cartilages), all
connected by ligaments.

 In addition to maintaining an open airway, movements
of these cartilages by skeletal muscles participate in
sound production during phonation and the epiglotis
serves as a valve to prevent swallowed food or fluid
from entering the trachea.



 The epiglottis, which projects from the upper rim
of the larynx, extends into the pharynx and has
lingual and laryngeal surfaces.

 The entire lingual surface and the apical portion of
the laryngeal surface are covered with stratified
squamous epithelium.

 At variable points on the laryngeal surface of the
epiglottis the epithelium undergoes a transition to
ciliated pseudostratified columnar epithelium.

 Mixed mucous and serous glands are found in the
lamina propria beneath the epithelium.



 Below the epiglottis, the mucosa of the larynx
extends two pairs of folds bilaterally into the
lumen.

 The upper pair, the vestibular folds or false vocal
cords, is partly covered with typical respiratory
epithelium beneath which lie numerous
seromucous glands.

 The ventricle is a deep indentation and recess that 
separates false vocal fold from true vocal folds , the 
mucosa is similar to that of  false vocal fold . 
Lymphatic nodules are numerous & sometimes called 
laryngeal tonsile , lamina propria blends with the 
perichondrium of hyaline thyroid cartilages . The 
lower of the ventricle transition to the true vocal folds



 The lower pair of folds constitutes the true
vocal folds. covered with a stratified 
squamous epithelium and a thin ,dense 
lamina propria devoid of glands, lymphatic 
tissue or blood vessels. At the apex the of 
true vocal fold is the large bundles of 
parallel elastic fibers that compose vocalis
ligament & bundles of skeletal muscle are 
Vocalis muscles which regulate the tension 
of the folds & ligaments





 TRACHEA 

 The trachea is 12-14 cm long and lined with a
typical respiratory mucosa. In the lamina propria
numerous seromucous glands produce watery
mucus and in the submucosa houses mucous &
seromucous glands ,rich lymphatic elements &
blood vessels & composed of 16-20 C-shaped rings
of hyaline cartilage keep the tracheal lumen open.

 The open ends of the cartilage rings are on the
posterior surface, against the esophagus, and are
bridged by a bundle of smooth muscle (trachealis
muscle) and a sheet of fibroelastic tissue attached
to the perichondrium. The entire organ is
surrounded by adventitia.







 Bronchi 

 Each primary bronchus branches repeatedly, with
each branch becoming progressively smaller until
it reaches a diameter of about 5 mm.

 The mucosa of the larger bronchi is structurally
similar to the tracheal mucosa except for the
organization of cartilage and smooth muscle.

 In the primary bronchi most cartilage rings
completely encircle the lumen, but as the
bronchial diameter decreases, cartilage rings are
gradually replaced with isolated plates of hyaline
cartilage





 . In the bronchial lamina propria is a
layer of crisscrossing bundles of spirally
arranged smooth muscle , which
become more prominent in the smaller
bronchial branches.

 Contraction of this muscle layer is
responsible for the folded appearance
of the bronchial mucosa observed in
histologic section.



 Bronchioles 

 Bronchioles are the intralobular airways
with diameters of 5 mm or less, formed after
about the tenth generation of branching,
and have neither cartilage nor glands in
their mucosa.

 In the larger bronchioles, the epithelium is
still ciliated pseudostratified columnar, but
this decreases in height and complexity to
become ciliated simple columnar or
cuboidal epithelium in the smaller terminal
bronchioles.





 Goblet cells disappear during this transition,
but the epithelium of terminal bronchioles
instead contains other numerous columnar
cells: the exocrine bronchiolar cells,
commonly called Clara cells.

 These mitotically active cells secrete
surfactant components and have various
important defensive roles. Scattered
neuroendocrine cells are also present,
producing serotonin and other peptides that
help control the tone of the local smooth
muscle.



 Respiratory Bronchioles 

 Each terminal bronchiole subdivides into two or more
respiratory bronchioles.

 The respiratory bronchiolar mucosa is structurally
identical to that of the terminal bronchioles, except
that their walls are interrupted by the openings to
saclike alveoli where gas exchange occurs.

 Portions of the respiratory bronchioles are lined with
ciliated cuboidal epithelial cells and Clara cells, but at
the rim of the alveolar openings the bronchiolar
epithelium becomes continuous with the squamous
alveolar lining cells (type I alveolar cells).







 Proceeding distally along these bronchioles,
the alveoli increase in number, and the
distance between them is reduced.

 Between alveoli the bronchiolar epithelium
consists of ciliated cuboidal epithelium,
although cilia may be absent in more distal
portions. Smooth muscle and elastic
connective tissue lie beneath the epithelium
of respiratory bronchioles.



 Alveolar Ducts 

 Proceeding distally along the respiratory bronchioles,
the number of alveolar openings in the bronchiolar
wall slowly increases.

 Respiratory bronchioles branch into tubes called
alveolar ducts that are completely lined by the
openings of alveoli .

 Both the alveolar ducts and the alveoli are lined with
extremely attenuated squamous alveolar cells.

 In the lamina propria surrounding the rim of the
alveoli is a thin network of smooth muscle cells, which
disappears at the distal ends of alveolar ducts.
A rich matrix of elastic and collagen fibers provides the
only support of the duct and its alveoli.







 Alveoli 

 Alveoli are saclike evaginations of the respiratory
bronchioles, alveolar ducts, and alveolar sacs.
Alveoli are responsible for the spongy structure of
the lungs .

 Structurally, alveoli resemble small pockets that
are open on one side, similar to the honeycombs of
a beehive. Within these cuplike structures, O2 and
CO2 are exchanged between the air and the blood.

 The structure of alveolar walls is specialized to
enhance diffusion between the external and
internal environments





 Air in the alveoli is separated from capillary
blood by three components referred to
collectively as the respiratory membrane or
blood-air barrier:

 1.Surface lining and cytoplasm of the
alveolar cells.

 2.Fused basal laminae of the closely apposed
alveolar cells and capillary endothelial cells.

 3.Cytoplasm of the endothelial cells.



 Type I alveolar cells (also called type I
pneumocytes or squamous alveolar cells) are
extremely attenuated cells that line the alveolar
surfaces.

 Type I cells cover 97% of the alveolar surface (
type II cells covering the remainder). Organelles
such as the ER, Golgi apparatus, and mitochondria
are grouped around the nucleus, leaving large
areas of cytoplasm virtually free of organelles and
reducing the thickness of the blood-air barrier.

 The cytoplasm in the thin portion contains
pinocytotic vesicles, which may play a role in the
turnover of surfactant and the removal of small
particulate contaminants from the outer surface



 Type II alveolar cells (type II pneumocytes) are
interspersed among the type I alveolar cells with which
they have occluding and desmosomal junctions .

 Type II cells are rounded cells that often occur in
groups of two or three along the alveolar surface at
points where the alveolar walls unite.

 These cells rest on the basement membrane and are
part of the epithelium, with the same origin as the type
I cells that line the alveolar walls.

 They divide by mitosis to replace their own population
and also the type I population.



 The outer surface is lined by a layer of flattened
mesothelium , supported by a thin basement
membrane. The underlying fibrous supporting tissue
consists primarily of collagen and elastin fibres.

 The fibrous layer of visceral pleura extends into the
lung as fibrous septa which are continuous with the
fibroelastic framework of the lung parenchyma.

 The visceral pleura contains a superficial plexus of
lymph vessels which drain via the septa into a deep
plexus surrounding the pulmonary blood vessels and
airways.
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Epithelial Tissue 

Location of Epithelium 

The four basic tissue types in the body are the epithelial, connective, muscular, and nervous tissue. 

These tissues exist and function in close association with one another. 

The epithelial tissue, or epithelium, consists of sheets of cells that cover the external surfaces 

of the body, line the internal cavities, form various organs and glands, and line their ducts. 

Epithelial cells are in contact with each other, either in a single layer or multiple layers. The structure 

of lining epithelium, however, differs from organ to organ, depending on its location and function. For 

example, epithelium that covers the outer surfaces of the body and serves as a protective 

layer differs from the epithelium that lines the internal organs.  

Classification of Epithelium 

Epithelium is classified according to the number of cell layers and the morphology or structure 

of the surface cells. A basement membrane is a thin, noncellular region that separates the 

epithelium from the underlying connective tissue. This membrane is easily seen with a light 

microscope. An epithelium with a single layer of cells is simple, and that with numerous cell layers 

is stratified. A pseudostratified epithelium consists of a single layer of cells that attach to a 

basement membrane, but not all cells reach the surface. An epithelium with flat surface cells is 

called squamous.When the surface cells are round, or as tall as they are wide, the epithelium is 

cuboidal. When the cells are taller than they are wide, the epithelium is called columnar. 

Epithelium is nonvascular, that is, it does not have blood vessels. Oxygen, nutrients, and 

metabolites diffuse from the blood vessels located in the underlying connective tissue to the 

epithelium. 

. 

 



Types of Epithelia 

Simple Epithelium 

Simple squamous epithelium that covers the external surfaces of the digestive organs, lungs, and 

heart is called mesothelium. Simple squamous epithelium that covers the lumina of the heart 

chambers, blood vessles, and lymphatic vessels is called endothelium. 

Simple cuboidal epithelium lines small excretory ducts in different organs. In the proximal 

convoluted tubules of the kidney, the apical surfaces of the simple cuboidal epithelium are lined 

with a brush border consisting of microvilli. 

Simple columnar epithelium covers the digestive organs (stomach, small and large intestines, and 

gallbladder). In the small intestine, simple columnar absorptive cells that cover the villi also exhibit 

microvilli. Villi are fingerlike structures that project into the lumen of the small intestine. In the female 

reproductive tract, the simple columnar epithelium is lined with motile cilia. 

Pseudostratified Columnar Epithelium 

Pseudostratified columnar epithelium lines the respiratory passages and lumina of the epididymis 

and vas deferens. In trachea, bronchi, and larger brochioles, the surface cells exhibit 

motile cilia; in the epididymis and vas deferens, the surface cells exhibit nonmotile stereocilia, 

which are branched or modified microvilli. 

 

 

Simple squamous epithelium: surface view of peritoneal mesothelium. Stain: silver nitrate 

with hematoxylin. High magnification 



 

Simple columnar epithelium: surface of stomach 

 

Pseudostratified columnar ciliated epithelium 

 

Transitional epithelium: bladder (unstretched 

 

 



 

Stratified squamous nonkeratinized epithelium 

 

Stratified cuboidal epithelium 

 

Stratified Epithelium 

Stratified squamous epithelium contains multiple cell layers. The basal cells are cuboidal to 

columnar; these cells give rise to cells that migrate toward the surface and become squamous. 

There are two types of stratified squamous epithelia: nonkeratinized and keratinized. 

Nonkeratinized epithelium exhibits live surface cells and covers moist cavities such as the mouth, 

pharynx, esophagus, vagina, and anal canal. Keratinized epithelium lines the external surfaces of the 

body.  



Stratified cuboidal epithelium and stratified columnar epithelium have a limited distribution 

in the body. Both types of epithelia line the larger excretory ducts of the pancreas, salivary 

glands, and sweat glands. In these ducts, the epithelium exhibits two or more layers of cells. 

Transitional epithelium lines the minor and major calyxes, pelvis, ureter, and bladder of the 

urinary system. This type of epithelium changes shape and can resemble either stratified squamous 

or stratified cuboidal epithelia, depending on whether it is stretched or contracted. When 

transitional epithelium is contracted, the surface cells appear dome-shaped; when stretched, the 

epithelium appears squamous. 

Function of the  Epithelium : 

• Protects ducts; transports and absorbs filtered material in kidney tubules 

• Lines the lumina of digestive organs 

• Secretes protective mucus for stomach lining 

• Absorption of nutrients in small intestine 

• In respiratory passages, ciliated cells clean inspired air and transport particulate matter across cell 

surfaces 

• In female reproductive tract and efferent ducts of testes, ciliated cells transport oocytes and sperm across 

cell surfaces 

• In epididymis and vas deferens, the lining stereocilia absorb testicular fluid 

• Nonkeratinized squamous forms moist and protective layer in esophagus, vagina, and oral cavity 

• Keratinized epithelium provides protection against abrasion, bacterial invasion, and desiccation 

• Cuboidal epithelium provides protection for the duct 

SURFACE SPECIALIZATIONS 

Microvilli 

1-Finger-like extensions from the free surface of the cell. 

2-Are relatively non-motile 

3-Increase surface area for absorption 

4-Prominent on cells lining the digestive tract and proximal tubules in the kidney 



 Stereocilia 

1-Large, non-motile  

2-Increase surface area 

3-Present on cells lining the epididymis and ductus deferens in the male reproductive tract 

  

Cilia 

1-Multiple hair-like extensions from free surface of the cell. 

2-Highly motile. 

3--Function to propel material along the surface of the epithelium (e.g., in the respiratory system and the 

oviduct of the female repro¬ductive system) 

 

GLANDULAR EPITHELIAL TISSUES 

GENERAL CONSIDERATIONS 

1-Develop from or within a lining or covering epithelium.  

2-Invaginate into the underlying connective tissue and remain attached to the lining epithelium 

 

EXOCRINE VS. ENDOCRINE GLANDS 

 Major classification of glands, which is based on the method by which their secretory product is 

distributed 

 Exocrine glands 

•Secretory products are released onto an external or internal epithe¬lial surface, either directly or via a 

duct or duct system. 

Endocrine glands 

•No ducts; secretory products are released directly into the extracellular fluid where they can affect 

adjacent cells or enter the bloodstream to influence cells throughout the body (endocrine secretion). 

• Secretory products are called hormones. 

 

 



CLASSIFICATION OF EXOCRINE GLANDS 

1- Unicellular glands. Individual cells located within an epithelium, such as goblet cells that secrete 

mucus 

 2-Multicellular glands 

Classification and types of multicellular glands 

1-Simple tubular. (e.g., intestinal glands). 

2-Simple, branched tubular. (e.g., fundic glands of stomach) 

3-Simple, coiled tubular. Long unbranched duct; the secretory unit is a long coiled tube (e.g., sweat 

glands). 

4-Simple, branched acinar (alveolar). Secretory units are branched and open into a single duct (e.g., 

sebaceous glands). 

5-Compound tubular. Branching ducts with tubular secretory units (e.g., Brunner's gland of the 

duodenum) 

6-Compound acinar (alveolar). Branching ducts with acinar secre¬tory units (e.g., parotid salivary gland) 

7-Compound tubuloacinar (alveolar). Branching ducts with both tubular and acinar secretory units (e.g., 

submaxillary salivary gland) 

 

 

 


