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            Principles and Terminology in Biological
                             Science
Biological principles of life are the basis for any medical study. These bases would give the student the chance to understand the evolution of life from cellular level the higher organism. In that review a light would be thrown upon the animal life.
(a) Order:
All characteristics of life emerge from an organism's complex organization. Biology in general deals with the life properties of animal and plant cell.
(b) Reproduction:
Organisms reproduce their own kind. Life comes only from life, an axiom known as biogenesis. Cellular division, cell cycle are base for understanding human reproduction.
(c) Growth and development:
•    DNA directs the pattern of growth and development, producing an organism that is characteristic of its species. In general growth means increase in the size and weight of an organism. Development on the other hand means improvement of behavior. DNA directs cellular growth and development.
(d) Energy utilization:
•    Organisms take in energy and transform it to do many kinds of work. Mitochondrion, a cellular organelle, is the machine which drives in the resources and activates it to produce energy.
(e) Response to the environment:
Usual daily activities requires different kinds of responses (hearing, smelling e.t.c). There are cellular receptors that help that demand. Cells on the body surface usually respond to touch; structures in the tendons would help to feel stretch. Body systems harbor different special sense organs like the eye and ear to compose the visual and auditory pathways.
(f) Homeostasis:
•    Regulatory mechanisms maintain an organism's internal environment within tolerable limits, even though the external environment may fluctuate. This regulation is called homeostasis. Under different physiological conditions, and for every body constituent (calcium, glucose e.t.c), there would be a mechanism to adjust its balance.
(g) Evolutionary adaptation:
Life evolves as a result of the interaction between organisms and their environments. One consequence of evolution is the adaptation of organisms to their environment. During early life, while cells are experiencing the phases of growth, they would undergo differentiation. During its later phases of life, different stimuli would affect cell behavior, and so adaptation starts
•    Biological Chemistry and Metabolism
•    Biology is a blend of microscopy, biochemistry, genetics, and physiology. Cell biologists are concerned with the ways in which cells accomplish their functions and activities within their structural framework.
•    The matter consists of chemical elements in pure form and in combinations called compounds.
•    Organisms are composed of matter, which is anything that takes up space and has mass.
•    Matter exists in many diverse forms, each with its own characteristics. Metals, wood, and glass are just a few examples of what seems an endless assortment of matter.
•    Cell study became possible when microscope lenses were invented in 1590. In the 17th century, Robed Hooke and Nehemiah Grew drew attention to the cell wall in plant tissues, attention was not shifted to cell contents until the mid-19th century.
•    In 1838-1839 Matthew Schleiden and Theodor Schwann postulated the cell theory, which stated that all living organisms are made up of one or more living units or cells, each cell can maintain its living properties independent of other cells. It is the smallest unit of life.


    Correlation between the target and tool
        of study and measurements
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By the end of the 19th century
 there was a solid appreciation of
 the role of the nucleus in the
 continuity of life, and the
 foundations were laid for
 incorporating Mendelian genetic
 principles into the cell theory.
 Nucleic acids were first analyzed
 in the 1870s but were not finally
 accepted as the genetic material
 until 1953 when James Watson
 and Francis Crick proposed a
 molecular model for DNA. 













           Metabolism
•    One of the defining features of life is the exchange of energy with the environment. Animals obtain chemical energy in food, which contains organic molecules synthesized by other organisms. Food is digested by enzymatic hydrolysis, and energy-containing molecules are absorbed by body cells. The cells harvest chemical energy from some of the molecules, generating ATP by the catabolic processes of cellu-lar respiration and fermentation. The chemical energy of ATP powers cellular work, enabling organ systems to perform functions that keep an animal alive. An animal constantly exchanges energy with its environment as cellular work generates heat, which the animal loses to its surroundings.


  Energy storage and expenditure
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•    When the individual ingest food, It will be transformed into its
     simple forms (simple sugar, glycerol, fatty acids and minerals.
     Those elements would go to the circulation after its absorption
•    Anabolism (building up) will starts by creating the building blocks
     of lipid, protein and carbohydrate
•    By respiration, oxygen would combines with those elements to generate energy.
•    During energy generation, waste products are released and
     excretion starts
•    Metabolism is a sum of all chemical activities; anabolism and
     catabolism. Energy is released from food particles during
      respiration
•    Energy is stored as adenosine triphosphate (ATP), phosphate is
     added to adenosine diphosphate (ADP), and become ATP (storing energy).
•    On the other hand, energy is released as phosphate from ATP to
     become ADP (expending energy)







  Prokaryote and Eukaryote
•   The introduction of electron microscopy in the 1950s opened a new era of cell study. High magnification and resolution of the electron microscope permitted new levels of observation, including the basic distinction in cellular organization between prokaryotes and eukaryotes
•   Bacteria and blue-green algae are examples of Prokaryotes. Prokaryotes are ancestral to eukaryotes. They are not compartmented. The only permanent membrane system in prokaryotes is the plasmalemma, which may be differentiated into functionally distinct regions. Prokaryote DNA is not separated from the cytoplasm by a membrane, but does exist in a distinct region called the nucleoid.
•   Eukaryotes are characterized by intact plasmalemma, a membrane-bounded nucleus, a number of membranous compartments and ribosomes. A set of genes situated in their DNA molecules. Eukaryotes can be grouped into four kingdoms: Protista, Fungi, Plantae, and Animalia

       Fundamental types of cells: prokaryotic and eukaryotic
	
	Prokaryotic (e.g. Bacteria)
	Eukaryotic (e.g. Plant, animal cell)

	Size
	Small (1-5 um)
	Larger

	Features
	Do not have:
•    a limiting nuclear envelope
•    histones in its DNA
•    membranous organelles
	Having:
•    a nuclear envelope
■   histones are associated
•    numerous membranous organelles

	Division
	By binary fission
	By mitosis, meiosis






























       Prokaryote and Eukaryote
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• Viruses are too small to be seen with the light microscope. Electron microscopy can disclose them. Viruses do not give rise directly to new viruses. Instead, they must subvert the biosynthetic machinery of their host so that virus-specific proteins and nucleic acids are made, according to viral genetic information. Viruses assemble from newly made molecules in host cells and are released when the host cells burst. They initiate new cycles of infection in other host cells. They provide the genetic instructions that ensure their continuity from generation to generation.

          The Cell
The cell is the structural and functional unit of all living organisms. It is capable to perform all essential life functions. The process of cell specialization is called differentiation. During cell evolution, its structure became modified and specialized, resulting in increased functional efficiency. So, the undifferentiated primitive cells exhibiting several functions would transform into a variety of differentiated cells to perform a specific function with much greater efficiency.


















Different functions employed by different cells
	Function
	Specialized cell

	Movement
	Muscle cell

	Conduction
	Nerve cell

	Perception of stimuli
	Sensory cell

	Synthesis, secretion of proteins
	Pancreatic acinar cell

	Synthesis and secretion of steroid
	Cell of adrenal gland, testis

	Synthesis and secretion of mucus
	Mucus secreting cell

	Ion transport
	Tubular cells of the kidney

	Absorption
	Intestinal cells

	Intracellular digestion
	Macrophage, blood cells



Cell components
•    The resolving power of the light microscope (LM) is limited (0.2 um).
     Having a higher resolving power (0.2 nm), electron microscope (EM)
     can visualize smaller cellular details. This capacity permits
     the resolution of structures as small as 1.0 nm (10 Angstroms).
•    (A) Cytoplasm
•    (B) Nucleus
•    A matrix that contains organelles genetic material
•    (Living) and inclusions (non-living)
•    Separated from the exterior by a cell membrane.
 
Cell (plasma) Membrane, Plasma lemma
It is a limiting living semi-permeable
membrane which regulate
 intracellular traffic and interchanges
	Tail
	Head

	long non-polar
 (uncharged)
	Polar (charged)

	Hydrophobic
	Hydrophilic

	directed towards the
center.
	directed outwards


 between the cell and its surroundings
Chemical and molecular structure:
It is composed of: lipids, protein and
 carbohydrate (oligosaccharides.)
1.Lipids: (phospholipids and
cholesterols)
A-phospholipids: Lipid is arranged
 as a double layer, each consists of 
a head and a tail.
B-Cholesterol mol. are directed
 internally to the cytoplasm.
2.Protein: divided into two groups:







•   The fluidity of integral protein and the lipid bilayer is the basis for the fluid mosaic model for cell membrane. Integral protein can protrude from the outer and inner surface. Lipids and proteins can move within the plane of the fluid membrane. The more unsaturated fatty acids in phospholipids of the bilayer, the more the fluidity and mobility of the membrane.

•    Distribution of protein molecules (as lipids) is not symmetrical among the two surface of the cell membrane. Protein molecules can move within the plane of the cell membrane, accumulate forming localized aggregations called capping.
Transmembrane proteins extend across the two lipid layers. They (act as a channel) allow water soluble substances (ions) to pass across.
•    Lipoproteins and glycoprotein project from the external surface as a cell coat (receptors or glycocalyx). They function in
adhesion and recognition.


Membrane structure
•    It ranges from 7.5-10 nm (75-100 Angstrom) in thickness
     (seen only by EM unless sectioned obliquely).
•    It has a trilammelar structure called unit membrane (3x2.5=7.5nm).
    This appearance is due to the deposition of reduced osmium on
     the hydrophilic groups on each side of the lipid bilayer.
•    Outer face of the cm
•    Inner (cytoplasmic) face
•    Has carbohydrate as cell coat
•    Has cholesterol molecules
•    Not linked with microfilaments
•    Linked
•    The outer and inner surface of the cm are not identical:
      Two-dimensional arrangement of membrane Molecules
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Membrane function
♦  1.  Acts as a selective barrier that regulates the passage of certain materials
 into and out of the cell. There are different ways:-
A Passive transport (simple diffusion):
allow small molecules e.g. gaseous molecules (02, Co2),
water and ions to pass without energy expenditure.
•    B. Active transport, some ions (Na, K and Ca) and small water
     soluble molecules (glucose and amino-acids) use energy and enzymes
     through integral membrane protein as a channel. Na pump is an example;
     where cell membrane is always irritable to keep the Na ions outside in a higher
    concentration (positive charge outside), and K ions inside in higher concentration
    (negative charge).
•    C. Selective transport, receptors act to prevent or allow different
     types of molecules according to cell demands e.g. drugs, hormones..
          Active and passive transport
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            Endocytosis
•    Endocytosis: active ingestion, uptake of materials inside the cell. There are 3 types:
•    1. Fluid-phase pinocytosis,
•    2. Receptor mediated endocytosis
•    3. Phagocytosis.
1. In fluid-phase pinocytosis (cell drinking)
-  This process is non-selective, small invaginations of the cell
   membrane are formed to entrap extracellular fluid.
-  Macropinocytosis (less common), droplets of 0.5-1.5 urn in size are
   interiorized with formation of lamellipodial formation.
-  Micropinocytotic vesicles ( 80-90 nm ) are commonly
   pinched off from cell surface, example: capillary endothelial cells.
2.  In receptor-mediated endocytosis (phagocytosis)
[image: C:\Users\mjood\Desktop\h.png]•    This process is very specific and selective.

In phagocytosis
Cytoplasmic process arises to 
surround the invading bacterium to 
enclose it inside the cell as 
phagocytic vacuole ready to be 
attached by a lysosome.


Exocytosis: release of materials outside the cell. Fusion of a
membrane-limited structure with the plasma membrane resulting in the release of its contents into the extracellular space.

•    Two types of exocytosis are recognized:
-  Stimulus dependent secretion where secretory products are surrounded by membrane and concentrated forming secretory granules at the apical cytoplasm, granules would move to the surface to fuse with the membrane.
-  Constitutive secretion, where secretions are continuously released into the surface without concentration or stimulation.
-  Membrane trafficking:
•    Membrane is reused for cell economy during endocytosis (endocytotic vesicle) and exocytosis where the membrane is returned to the cell surf
•   Cell coat or glycocalyx:
-  Carry out specific recognition, adhesive and regulatory function. The cell has a role in immunological specificity.
-   It has a protective mechanical barrier.
-  contains blood group antigens
-   In small intestinal cell, it has disaccharides and polypeptides, thus functioning in digestion.

•    Cell membrane undergoes different modifications on its surface.
-  Upper surface; cilia, flagella (movements), and microvilli (absorption). Microvilli are tubular evagination with a cytoplasmic core containing microfilaments.
-  Lateral surface; a space of 20 nm is left between neighboring cells, tongue and groove, and desmosomes function for cellular adhesion. Cells can establish contacts by desmosomes
-  Basal surface; hemidesmosomes (adhesion), basal infolding (increase surface area).
•    4) Cell communication
•   Local communication is achieved through:
- Chemical effect on receptors of neighboring cell.
-  Cell junctions (gap) and adhesions are important factors in communication. Ion exchange between adjacent cells IS facilitated or impeded, according to the types of junctions.
-  In nerve cells, communication is achieved through synaptic way
*  Distant communication:
Achieved through release of hormone into blood stream to affect target cells
Cell communication




 
   MITOCHONDRIA
•    Mitochondrion is the fuel house of the cell. They tend to accumulate in parts where metabolic activity is needed; apex of ciliated cell or middle piece of the spermatozoa.
Structure:
•    It is a filamentous or spherical organelle (0.5-1 urn wide, 10 urn length). Composed of protein and small quantities of lipid in DNA and RNA.

EM: outer smooth and inner shelved membrane. The shelves (cristae mitochondrialis) arise to project into mitochondrial matrix. They increase in number, increasing the inner membrane surface where enzymes are located. Phosphorylation system (ADP to ATP) is located as globular units on the inner membrane (elementary particles). Cristae appear flat in most cells and tubular in steroids secreting cells.


Function of Mitochondria
•    Mitochondria is located in sites where cell activity is needed; e.g. basal tubular cell (ionic exchange), middle piece of the sperm, apex of intestinal absorbing cell.
•    They produce ATP by transforming chemical energy of the cytoplasmic metabolites into easily accessible energy. The number of mitochondria and the number of their cristae corresponds to its activity.

•    Enzymes of Krebs cycle and fatty acid oxidation found in the matrix.
•    Enzymes of oxidative phosphorylation and electron transport are located along the inner membrane.
•    DNA and RNA are present in mitochondrial matrix so it can syntheses protein and is capable of division.
•    Matrix granule is responsible for regulation of the internal ionic environment of the mitochondria.

Ribosome
•    Ribosomes are small electron dense particles found in all cell types.
•    Structure & origin:
-  LM shows ribosomes as basophilic particles ((20 x 30 nm), because of their staining characteristics (being acidic), they react with Haematoxylin (a basophilic dye)
-   It is found singly, in groups (polyribosomes or polysomes) linked together by m RNA thread. Polysomes may be free or attached to the rER.

-  Composed of rRNA and a number of proteins. It is formed of two subunits. r RNA is synthesized in the nucleolus of the nucleus. The protein is synthesized in the cytoplasm to move to the nucleus to be associated with the r RNA. Now the ribosomal subunits move through nuclear pores to the cytoplasm.
-  Large subunit (rRNA) has three binding sites for tRNA
-  Small subunit (protein) has one binding site for mRNA
Function:
-  Single ribosome act as a store or reserve
-  Polysomes (being unattached to the endoplasmic reticulum) is responsible for the synthesis of protein used by the cell (for growth and regeneration)
-  Ribosomes attached to ER synthesize protein used outside the cell as hormones and enzymes (either for secretion or storage as secretory granules). Moreover, synthesis of integral membrane protein.



Endoplasmic reticulum (ER)
ER is a membranous labyrinth organelle. Two types of ER are present; smooth (sER) and rough (rER). They may establish a membranous continuity between them. Enzymes required for the function of the sER are prepared in the rER.
STRUCTURE:
•    1. Rough ER
•    Has polysomes studded on its outer surface, so imparts basophilia (LM). Composed of Tubules+ parallel stacks of flattened cisternae+ vesicles. May be continuous with nuclear envelope
•    2. Smooth ER
•    Has no ribosome on its surface, composed only of tubules and vesicles (no cisternae)
Function
1.  Rough ER:
Segregation of the
formed protein into its lumen
2. Smooth ER:
a.  Prominent in steroid
hormone
secreting cells (lipid synthesis)
b. Glycogen breakdown
c. Sequestration and release of
Ca ion during muscle
contraction.
d.  Prominent in stomach cells which secrete Hcl

Golgi (apparatus) Complex
•    Golgi complex is one of the membranous organelles. It completes modifications; accumulation, concentration and packaging.
Structure:
•    Golgi is located inbetween the nucleus and cell apex.
•    LM: it appears as dark brown network using silver stain.
•    EM: It is composed of three membrane limited compartment;
-  a curved stack of 3-10 flattened cisternae.
-  Numerous small microvesicles (transport vesicles) at one face of Golgi and the periphery of the stack
•    A few larger macrovesicles at the other face of Golg
Function
•    Secretion: From the ER, small vesicles arise by budding to join the small transport vesicles at the immature (forming, convex, cis) face of Golgi. Processing (chemical modification: sulfation, phosphorylation, glycosylation and proteolysis) of the formed protein occurs through the sequence of flattened cisternae. From the other (mature, concave, trans) face larger secretory (condensing) vacuoles containing protein ready for secretion arise where packing, condensation and storage of secretory product occurs.
•    Formation of primary lysosome.
•    Shares in the renewal (assembly) of cell
membrane.

Liposome
Lysosomes are membranous organelles. They are the sites of intracellular digestion.
Structure:
They are membrane-limited spherical vesicle (0.05 to 0.5 um), contain a large variety of hydrolytic enzymes.
Origin:
Lysosomal enzymes are synthesized and segregated in rER and subsequently transferred to Golgi complex where the enzymes are modified and packaged as primary lysosomes.
Types of Lysosomes
	Primary Lysosomes
	Secondary Lysosomes

	Smallerand regular border
	larger and irregular     border

	Homogenou s appearance
	Heterogeneous appearance




Function
- They are prominent in phagocytic cells (e.g. macrophages and blood leucocyte). Lysosomes contain hydrolytic enzymes active in acidic pH e.g. acid phosphatase, ribonuclease, proteases,
sulfatases...
•    Foreign materials engulfed by the cell (bacteria or viruses) are surrounded by a limiting membrane to constitute what is known as phagosomes (phagolysosome).
•    Old worn out organelles (mitochondria) are surrounded by a limiting membrane to constitute what is known as autophagic vacuole (autopgagosome).
•    Engulfed fluid is surrounded by a limiting membrane (pinocytotic
vesicle).
•    Primary lysosomes fuse with the phagosomes, pinocytotic vesicles or autophagic vacuoles to form secondary lysosomes: heterophagic vacuole, multivesicular body and autophagic vacuole respectively. In long-lived cells (cardiac muscle), residual bodies accumulate as lipofuchsin pigment (wear and tear or age pig



Cytoskeleton
•    These are non-membranous complex network of microfilaments (MF) and microtubules (MT). They are fibrous protein structures found in eukaryotes.
•    They provide support and shaping of the cells. They are responsible for the movement and transport activities, contribute to all directed motion of living cells.
•    Tubulin is the principal microtubular protein, while actin or myosin is the major proteins of thin and thick microfilaments, respectively.
•    Motor molecule: Cytoskeletal elements undergo motility by interacting with protein called MOTOR MOLECULES. The process is ATP powered. They attache to one element of the cytoskeleton to cause their sliding (sliding of MT to move cilia and flagella or sliding of the MF to initiate muscular contraction).
Microtubules (MT)
•    These are straight hollow tubular rods in the cytoplasm of eukaryotic cells. They exist in two forms:
•    Labile (free): polymerize, depolymerize depending on
temperature, pressure and drugs..
•    Stable population that forms the wall of centriole and axoneme of cilia and flagella.

•    Structure:
- They have a diameter of 24 nm, a dense wall (5 nm thick), a
hollow core of 14 nm wide and a variable length. Arms (bridges) link the tubules. Tubulin subunit polymerize in a spiral way (13 units for a complete turn) to form microtubules.
•    Polymerization is directed by Micro Tubule Organizing Center (MTOC). MTOC includes; centrioles (pericentriolar bodies), basal bodies and centromeres of the chromosomes. During polymerization,
they exhibit polarity i.e
Function
-  Serve as a cytoskeletal element. It maintains cell shape. MT disruption will lead to loss of cellular symmetry.
-   Intracellular transport of other organelle (e.g. melanin transport in pigment cell). Regulation of biochemical activities of the cell by mechanically transmitting signals from the cell surface to its interior.
-  Share in the structure of centrioles, cilia and flagella.
-  Involved in separation of chromosomes during cell division.

Microfilaments (MF) Structure
•    Microfilaments (MF) 
Structure:
•    Actin is thin MF (5-7 nm in diameter). Myosin is thick MF (16 nm). It is composed of globular subunits protein (actin molecules) organized into a double-stranded helix.
Function:
They forming the structural framework of the cell.
•    MF related activities depend upon the interaction of myosin and actin. It is present in muscle and non-muscle cells. In muscle cells, actin is structurally stable. In non-muscle cells, they
dissociate and reassemble.
•    Has a role in cell motility (actin and myosin is the contractile apparatus for muscle contraction). The work is ATP powered, provides free energy for sliding of thin actin filaments past thick myosin filaments. The sliding filament mechanism of striated muscle contraction is regulated by troponin and tropomyosin, which are proteins bound to actin filaments.

•    Forming the structural components of pseudopodia and filopodia. Thin sheath of MF under the plasmalemma of cells undergoing endocytosis and exocytosis.
•    Moving of cytoplasmic components (cytoplasmic streaming).
•    Forming the cleavage furrow responsible for cell division.

Intermediate Filament


Centrioles
These are cylindrical structure (0.15 um in diameter X 0.3-0.5 um in length). Composed of highly organized MT ( 9 sets of triplets of MT). Adjacent tubules of a triplet share a common wall. In each pair, the long axes of the centrioles are at right angles to each other.
•    In non-dividing cell, a pair of centriole is normally found. Prior to cell division (S period of interphase, each centriole duplicates itself. During mitosis, the resulting two pairs move to opposite poles of the cell and become organizing centers for the developing mitotic spindle.
•    Centrioles are found at the base of cilia or flagella and at the poles of dividing cells. They are essential for formation of cilia and flagella, but they are not essential for formation of the mitotic spindle during nuclear division



Cilia and flagella
•   Cilia and flagella are specialized surface structures whose movements propel a cell through a liquid medium or sweep molecules past the surface of non-motile cells lined with these organelles. Cilia and flagella have the same ultrastructure. Ciliated cells are common in respiratory epithelium, male and female epithelium. There is only one flagellum per spermatozoa.
•    Cilial length (2-10 urn), their diameter (0.3 to 0.5 um). Flagella is 100-200 um in length. It consists of basal body, shaft (axoneme) and rootlet (MF extension from the basal body towards cell interior), basal body is present at the base of each cilium or flagellum, it is identical to a centriole. Ciliary and flagellar axonemes are doublets that arise directly from the distal end of the basal body.

Clinical importance:
Immotile cilia syndrome (Kartagner) is characterized by absence of dynein arms leading to immotile sperms (infertility) and immotile cilia (respiratory infection
Nucleus
•    The nucleus is the genetic apparatus of the cell. It directs the process of protein synthesis and is responsible for transmission of genetic information.
Structure:
•    It ranges from 5 to 10 urn. It is a heterogeneous mass of electron dense and electron lucent areas. It is composed of nuclear envelop, chromatin, nuclear sap and nucleolus
1.Nuclear envelop :
•    EM: it appears as a double membrane of (standard phospholipids bilayer). The two parallel membranes are separated by a space (40-70 nm). The outer membrane is continuous, in some cases, with rER (perinuclear cisternae) and so is studded with ribosomes.
•    Nuclear pores (70 nm) are evenly distributed along nuclear membrane. At these circular gaps, the inner and outer membrane fuses to allow communication between nucleus and cytoplasm. Pores are bridged by electron-dense membrane forming a single layered diaphragm of protein.
Function
When attached with rER, nuclear envelop function as rER.
Pore function to allow exchange between the cytoplasm and the nucleus. Diaphragm membrane is permeable to macromolecules (cytoplasmic protein and mRNA)

Chromatin
•    This is the genetic material of the cell. By its replication, DNA will give information about cell division. By its transcription, DNA will direct the process of protein synthesis.
•    Heterochromatin is electron-dense coarse granules, distributed as peripheral (attached to nuclear membrane), nucleolar associated (attached to nucleolus) and chromatin islands. In that type chromatin threads are coiled and condensed forming chromatin granules. With LM, they impart nuclear basophilia.
•    Euochromatin are not seen in LM (pale-staining). They appear as fine uncoiled threads in EM.O
•    The proportion of Euo to Heterochromatin accounts for the light-to-dark appearance of nucleoli in tissue sections as seen in light and electron micrographs.
•    Chromatin is composed of coiled strands of DNA bound to basic proteins (histone). Histones are involved in folding DNA strands
and regulation of DNA activity.
•    The structural unit of chromatin is nucleosome.
•    Chromosome organization: It is organized in the form of multiple coils and supercoils. Coils are composed of nucleosome core of histones with a DNA double helix wrapped around them.


	Hetero-chromatin
	Euo-chromatin

	LM
	Dens staining nuclear basophilia
	Pale-staining or not seen at all.

	EM
	Electron dense coiled condensed, (clumped) threads and granules arranged as
peripheral, nucleolar
associated and chromatin
islands
	Fine uncoiled, extended, threads

	Activity
	Inactive In RNA synthesis
	Active in RNA synthesis




Nucleoli
In highly active protein synthesizing cells, one or more electron dense structure called nucleolus is seen.
-  They are heterogeneous structures with pale and dark areas. Pale areas (nucleolar sap or matrix) are continuous with nuclear sap and dark areas are sits for ribosomal assembly.
-  EM: nucleolus is composed of three distinct parts:
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Fluid and Electrolyte balance Homeostasis
•    Maintenance of static or constant condition takes place independently in the internal environment. All body organs and systems perform functions that help maintain these constant conditions
•    Osmosis
•   When two sugar solutions of different concentration are separated by a porous membrane that is permeable to the solvent (water) but not to the solute (sugar), water would diffuse from the hypotonic solution to the hypertonic solution. This passive transport (no energy expenditure) of water is called osmosis; this will reduce differences in sugar concentrations. It is the diffusion of water across a selectively permeable membrane from low to high concentration of solute.
•    Hypertonic solution: solution with high concentration of solute
•    Hypotonic solution: solution with low concentration of solute
•    Isotonic solution: solution with equal concentration of solute
Water balance of living cells
•    Living cells react to changes in solute (salt) concentration in their environment.
•   Animal cell reacts well in isotonic solution; they undergo lysis if placed in a hypotonic solution, as water will come in, while they undergo shrinkage if placed in a hypertonic solution.
•   Plant cells are generally healthiest in a hypotonic solution where the tendency for continued uptake of water is balanced by its elastic wall which will push back on its wall
Body fluid and electrolyte
Body fluids constitute about 73% of the human body weight. These fluids are distributed among two major compartments:
Intracellular fluid (ICF)   "
Extracellular fluid (ECF), which is divided into:
Interstitial (intercellular) tissue fluid
plasma
Blood contains both ICF (fluids inside blood cells) and ECF (plasma). In
the adult human body, blood volume is about 8% of the total body
weight or (about 5 liters), on the average, about 60 % plasma and 40%
red blood cells.
Cell membrane is freely permeable to water and selectively permeable     • to electrolyte, while capillary membrane is freely permeable to both.
Components of the ECF (plasma and interstitial fluid) have the same ionic composition, because they are separated by highly permeable capillary membranes. The main difference between both is the high concentration of protein In the plasma.
Epithelial Tissue
•   Epithelial tissue covers the outside of the body and lines organs and cavities within the body. The cells of an epithelium are closely joined, with little material between them. In many epithelia, the cells are riveted together by tight junctions. This tight packing enables the epithelium to function as a barrier protecting against mechanical injury, invasive microorganisms, and fluid loss.
The free surface of the epithelium is exposed to air or fluid, whereas the cells at the base of the barrier are attached to a basement membrane, a dense mat of extracellular matrix
Connective Tissue
•   Connective tissue bind and support other tissues. In contrast to epithelia, with their tightly packed cells, connective tissues have a sparse population of cells scat-tered through an extracellular matrix. The matrix consists of fibers embedded in a uniform foundation that may be liquid, jellylike, or solid. In most cases, the substances of the matrix are secreted by the cells of the connective tissue.
•    Connective tissue fibers, which are made of protein, are of three kinds: collagenous fibers, elastic fibers, and reticular fibers.
•    The major types of connective tissue are:
•    Loose connective tissue,
•    Adipose tissue,
•    Fibrous connective tissue,
•    Supportive CT: cartilage, bone
•    Vascular CT:, and blood and lymph.
Nervous Tissue
•   Nervous tissue senses stimuli and transmits signals from one part of the animal to another. The functional unit of nervous tissue is the neuron, or nerve cell, which is uniquely specialized to transmit signals called nerve impulses.
•   It consists of a cell body and two or more extensions, or processes, called dendrites and axons, which may be as long as a meter in humans. Dendrites transmit impulses from their tips toward the rest of the neuron. Axons transmit impulses toward another neuron or toward an effector, a structure such as a muscle cell that carries out a body response.
Muscle Tissue
•   Muscle tissue is composed of long cells called muscle fibers that are capable of contracting when stimulated by nerve impulses. Arranged in parallel within the cytoplasm of muscle fibers are large numbers of microfilaments made of the contractile proteins actin and myosin.

•   There are three types of muscle tissue: skeletal muscle, cardiac muscle, and smooth muscle:
- Attached to bones by tendons, skeletal muscle is
responsible for voluntary movements of the body. Adults have a fixed number of muscle cells; weight lifting and other methods of building muscle do not increase the number of cells but simply enlarge those already present. Skeletal muscle is also called striated muscle because the arrangement of over-lapping filaments gives the cells a striped (striated) appearance under the microscope.
-    Cardiac muscle forms the conlraclile wall of the heart. It is striated like skeletal muscle, but cardiac cells are branched, and the ends of the cells are joined by intercalated discs, which relay signals from cell to cell during a heart beat.
-   Smooth muscle, so named because it lacks striations. is found in the walls of the digestive tract, bladder, arteries, and other organs. The cells are spindle-shaped. They contract more slowly than skeletal muscles but can remain contracted longer. Smooth muscles are responsible for involuntary body activities, such as churning of the stomach or constriction of arteries.


REPRODUCTIVE SYSTEM
	Organ system
	Components
	Function
	

	Digestive
	Mouth, pharynx, esophagus, stomach, intestine, liver. pancreases, anus
	Food processing (ingestion, digestion, absorption, elimination
	

	Circulatory
	Heart, blood vessels and
	Internal distribution ol material
	

	Respiratory
	Nose, larynx, trachea, bronchi, lung
	Gas exchange)uptake of oxygen and disposal of carbon dioxide)
	

	Lymphatic, Immune
	Bone marrow, lymph node. thymus, spleen, lymph vessels, white cells
	Body defense (fighting Infection and cancer)
	

	Excretory
	Kidney, ureters, urinary bladder, urethra
	Disposal of metabolic waste, regulation of sail and electrolyte balance
	

	Endocrine
	Pituitary, thyroid, pancreases,
	Coordination of body activities
	

	Reproductive
	Ovaries, testes
	reproduction
	

	Nervous
	Brain, spinal cord, nerves
	Coordination of body activities and detection of external stimuli
	

	Skin
	Skin, derivatives: nails, hairs and glands
	Protection against mechanical Injury, drying out and Infection
	




REPRODUCTIVE SYSTEM
Male reproductive system:
•    Male external reproductive organs are the scrotum and penis.
•     Internal reproductive organs consist of gonads that produce gametes (sperm cells) and hormones.
•   The male gonads, or testes, consist of many highly coiled somniferous tubules. The Leydig cells produce testosterone and other androgens.
•    Production of normal sperm cannot occur at the body temperatures. The testes of humans held outside the abdominal cavity in the scrotum. The temperature in a scrotum is about 2°C below that in the abdominal cavity.
•    From the somniferous tubules, the sperm pass into the epididymis. It takes about 20 days for sperm to pass through the 6-m-long tubules of each epididymis. During this passage, the sperm become motile and gain the ability to fertilize.
•   During ejaculation, the sperm are propelled from the epididymis through the muscular vas deferens. These two ducts run from the scrotum around and behind the urinary bladder, where each joins a duct from the seminal vesicle, forming a short ejaculatory duct. The ejaculatory ducts open into the urethra. The urethra runs through the penis and opens to the outside at the tip of the penis.

•    Three sets of accessory glands (the seminal vesicles, prostate, and bulbourethral glands) add secretions to the ejaculated semen.
•    A pair of seminal vesicles contributes about 60% of the total volume of the semen. It contains mucus, fructose sugar (which provides most of the energy used by the sperm), a coagulating enzyme, ascorbic acid, and prostaglandins.
•    The prostate gland secretes its products directly into the urethra through several small ducts. Prostatic fluid is thin and milky, contains anticoagulant enzymes, citrate, and is slightly acidic.
•  The semen is slightly alkaline, and this helps neutralize the acidic environment of the vagina, protecting the sperm and increasing their motility. When first ejaculated, the semen coagulates, making it easier for uterine contractions to move it along; then anticoagulants liquefy the semen, and the sperm begin swimming through the female tract.
•   The human penis is composed of erectile tissue. During sexual arousal, the erectile tissue fills with blood. The increasing pressure seals off the veins that drain the penis, causing it to engorge with blood. The resulting erection is essential to insertion of the penis into the vagina.
•   The main shaft of the penis is covered by relatively thick skin. The head, or glans penis, has a much thinner covering and is consequently more sensitive to stimulation. The human glans is covered by a fold of skin called the prepuce, which may be removed by circumcision.
Female reproductive system
•    The female's external reproductive structures are the clitoris and two sets of labia surrounding the clitoris and vaginal opening.
•    The internal reproductive organs consist of a pair of gonads and a system of ducts and chambers to conduct the gametes and house the embryo.
•    The female gonads, the ovaries, lie in the abdominal cavity, attached by a mesentery to, the uterus. Each ovary contains many follicles. A follicle consists of one egg cell surrounded by one or more layers of follicle cells, which nourish and protect the developing egg cell.
All of the 400,000 follicles a woman will ever have are formed before her birth. Of these, only several hundred will release egg cells during the woman's reproductive years.
 Starting at puberty and continuing until menopause, usually one follicle matures and releases its egg cell during each menstrual cycle.
•   The female reproductive system is not completely closed, and the egg cell is released into the abdominal cavity near the opening of the oviduct, or fallopian tube.
 The oviduct has a funnel-like opening, and cilia to help collect the egg cell by drawing fluid from the body cavity into the duct.
•    The uterus is a thick, muscular organ that can expand during pregnancy to accommodate a 4-kg fetus. The inner lining of the uterus, the endometrium, is richly supplied with blood vessels.
•    The neck of the uterus is the cervix, which opens into the vagina. The vagina is a thin-walled chamber that forms the birth canal through which the baby is born.
Oogenesis:
•   (a) The production of ova begins with mitosis of the primordial germ cells in the embryo, producing diploid oogonia (2n = 4). Each oogonium develops into a primary oocyte, which is also diploid. Starting at puberty, a single primary oocyte usually completes meiosis I each month. The meiotic divisions in oogenesis involve unequal cytokinesis.
•    The first meiotic division produces a large cell, the secondary oocyte, and a much smaller polar body. The second meiotic division, which produces the ovum and another small polar body, occurs only if a sperm cell penetrates the secondary oocyte. After meiosis is completed and the second polar body separates from the ovum, the haploid nuclei of the sperm and the mature ovum fuse in the actual process of fertilization.
(b) The developmental stages of ovarian
follicle accompany oogenesis.
Each primary oocyte develops within a follicle.
In response to FSH, several follicles grow, but
Usually only one matures.
In ovulation, the follicle ruptures, releasing a
secondary oocyte.
The remaining follicular tissue develops into
the corpus luteum
Disintegrates if fertilization does not occur.
Formation of the zygote and early post-fertilization events
•   Ovulation releases a secondary oocyte, which enters the oviduct. Fertilization occurs if sperm are present; the union of the ovum and sperm produces a zygote.
•   Cleavage, or cell divi-sion, begins in the oviduct and continues as the developing embryo moves down the oviduct toward the uterus, propelled by peristalsis and cilia.

•   By the time the embryo reaches the uterus, cleavage has transformed the embryo into a ball of cells. Cleavage continues while the embryo floats freely in the uterus for sev-eral days, nourished by fluid secreted by endometrial glands.
•   About 7 days after conception, the embryo is called a blastocyst which implants into the endometrium
Placental circulation
•   From the fourth week of development until birth, the placenta, a combination of maternal and embryonic tissues, transports nutrients, respiratory gases, and wastes between the embryo and the mother. Maternal blood enters the placenta in arteries, flows through blood pools in the endometrium, and leaves via veins.
•    Embryonic or fetal blood, which remains in vessels, enters the placenta through arteries and passes through capillaries in fingerlike chorionic villi, where oxygen and nutrients are acquired.
•    The fetal (or embryonic) capillaries and villi project into the maternal potion of the placenta. Fetal blood leaves the placenta through veins leading back to the fetus. Materials are exchanged by diffusion, active transport, and selective absorption between the fetal capillary bed and the maternal blood pools.
Circulatory System
•    Cardiovascular system and Blood
•   The cardiovascular system (CVS) consists of the heart and its vessels where blood circulate through out body organs.
•   The heart is a muscular pump, cardiac muscle constitute the main bulk. It is lined with smooth the endothelium which allows for easy blood passage. From outside, it is covered by the pericardial sac which is a double-layered serous membrane.
•  the outer parietal layer separate the heart from the
surrounding mediastinal contents. The inner visceral membrane invests the heart itself for the sake of protection. Inbetween the two serous membranes, the pericardial cavity contains the pericardial fluid which allows gliding of the two membranes.
•   The heart has 4 four chambers; 2 upper chambers (two atria), the right one receive deoxygenated blood from the whole body through the superior and inferior vena cava. The left atrium receive oxygenated blood from the lung through the pulmonary veins.
•    During cardiac relaxation (diastole), blood from the right atrium finds its way to the right ventricle through the tricuspid valve, while that from the left goes to the left ventricle through the mitral valve.
•    By ventricular contraction (systole), blood on the right side is pushed into the pulmonary trunk through pulmonary valve, to be oxygenated in the lung. That from the left ventricle will be ejected through aortic valve into the aortic artery to be distributed to the whole body parts.

The circulatory system
Cardiac cycle is a sequence of events, systole followed by diastole
Cardiac valve control the passage of blood from one chamber into the other (in one direction). The opening of the cardiac valve is guarded by leaflet of thin tissue called cusp. The delicate cusp is protected by chorda tendena and papillary muscles Two atrio-ventricular valve {tricuspid and mitral) separate atria from ventricles. Two semilunar valve (pulmonary and aortic) separate ventricle from the big vessels (pulmonary trunk and aorta






The heart

The aorta give rise to smaller, medium sized arteries, which in turn divide intc smaller arteries. The smallest arteries are the arteriole which would supply oxygenated blood to different body organs through capillary network. After supplying the blood to the organ blood is collected from the bed into the venules (the smallest vein). Small veins drain blood to bigger ones and so to bigger ones. The biggest veins collect blood from upper body parts to the superior vena cava, while inferior vena cava collects blood from lower body parts.
Contraction of the heart is called cardiac systole, its relaxation is called diastole. Cardiac cycle Is systole + diastole

Blood
•    Blood is a type of connective tissue consisting of several kinds of cells suspended in a liquid matrix called plasma. The average human body contains about 4 to 6 L of blood. If a blood sample is taken, the cells can be separated from the plasma by spinning the whole blood in a centrifuge. Anticoagulant must be added to prevent the blood from clotting. The cellular elements, which occupy about 45% of the volume of blood, settle to the bottom of the centrifuge tube, forming a dense red pellet. Above this cellular pellet is the transparent, straw-colored plasma.

Plasma
Plasma is about 90% water. Solutes dissolved in the water are inorganic salts (electrolytes), present in the form of dissolved ions. The combined concentration of these ions is important in maintaining osmotic balance of the blood. Some of the ions also help buffer the blood, which has a pH of 7.4 in humans. And the ability of muscles and nerves to function normally depends on the concentration of key ions in the interstitial fluid, which reflects their concentration in plasma. The kidney maintains plasma electrolytes at precise concentrations, an example of homeostasis.

•    Plasma proteins have a number of functions:
-  They act as buffers against pH changes,
-   Help maintain the osmotic balance between the blood and
interstitial fluid,
-  Contribute to the blood's viscosity (thickness)

•    The various types of plasma proteins also have specific functions. Some serve as escorts for lipids, which are insoluble in water and can travel in blood only when bound to proteins.
•    Immunoglobulins, are the antibodies that help combat viruses and other foreign agents that invade the body.

•    Fibrinogens, are clotting factors that help plug leaks when blood vessels are injured. Blood plasma that has had these clotting factors removed is called serum.
•    Plasma contains various substances including nutrients, waste products, respiratory gases, and hormones.
•    Plasma and interstitial fluid are similar in composition, except that plasma has a higher protein concentration than interstitial fluid (capillary walls are not very permeable to proteins).

Cellular Elements
- Dispersed throughout blood plasma are:
•   Red blood cells, which transport oxygen
•  White blood cells, which function in defense.
•  Platelets, is pieces of cells that are involved in blood clotting
•   Red blood cells, or erythrocytes, are by far the most numerous blood cells. Each cubic millimeter of human blood contains 5 to 6 million red cells, and there are about 25 trillion of these cells in the body's 5 L of blood.

Respiratory System
•    Two types of respiration are
known;
•    internal respiration, where exchange of gas occur between the cell and its surrounding medium
•    External breathing, that occur between the individual and the surrounding environment.

- Two types of respiratory movement are known:
•    Inspiration, that is to get air (o2) in
•    Expiration, to get rid of carbon dioxide

The respiratory system is divided into two compartments:
A-Upper airway, that starts from the nose to the naso-pharynx, larynx, trachea, bronchi and bronchiole.
B- Lower airway, starts after the terminal bronchiole as respiratory bronchiole.

DIGESTIVE SYSTEM
•    The digestive system is divided into the following parts:
•    Starts from the mouth, pharynx, esophagus and the stomach
•    This  part  is  concerned   mainly mechanical   and  chemical digestion
•    The Second  part consists of the small  intestine with its attached gland
•    It is concerned mainly with chemical, mechanical digestion and absorption
•    The third part is the colon, which is concerned with elimination of undigested food
•    The fourth part is the attached glands:
•    Salivary   gland;   parotid,   submandibular   and   sublingual
gland + accessory glands
•    Liver, concerned with bile secretion and other endocrine
function
•    Pancrease, concerned with digestion of all food types+ endocrine function


The Oral Cavity
• Physical and chemical digestion of food both begin in the mouth. During chewing, teeth of various shapes cut, smash, and grind food, makipg the food easier to swallow and increasing its surface area.
•   The presence of food in the oral cavity triggers a nervous reflex that causes the salivary glands to deliver saliva through ducts to the oral cavity. Even before food is actually in the mouth, salivation may occur in anticipation because of learned associations between eating and the time of day, cooking odors, or other stimuli
 
      The Pharynx
The region we call our throat is the pharynx, an intersection that leads to both the esophagus and the windpipe (trachea). When we swallow, the top of the windpipe moves up so that its opening, the glottis, is blocked by a cartilaginous flap, the epiglottis.
 •   You can see this motion in the bobbing of the "Adam's
apple" during swallowing. Closing the opening of the windpipe guards the respiratory system against the entry
of food or fluids during swallowing. The swallowing mechanism normally ensures that a bolus will be guided into the entrance of the esophagus

The Esophagus
• The esophagus conducts food from the pharynx down to the stomach. Peristalsis squeezes a bolus along the narrow esoph-agus. The muscles at the very top of the esophagus are striated (voluntary). Thus,
•   the act of swal-lowing begins voluntarily, but then the involuntary waves of contraction by smooth muscles in the rest of the esophagus take over. Salivary amylase continues to hydrolyze starch and glycogen as the bolus passes through the esophagus.

The stomach
•    The stomach is located on the left side of the abdominal cavity, just below the diaphragm. Because this large organ can store an entire meal, we do not need to eat constantly. With a very elastic wall and folds, the stomach can stretch to accommodate about 2 L of food and water. The epithelium that lines deep pits in the wall of the stom-ach secretes gastric juice, a digestive fluid that mixes with the food. With a high concentration of hydrochloric acid, gastric juice has a pH of about 2-acidic enough to dissolve iron nails. One function of the acid is to disrupt the extracellular matrix that binds cells together in meat and plant material.

The acid also kills most bacteria that are swallowed with the food. Also present in gastric juice is pepsin, an enzyme that begins the hydrolysis of proteins. Pepsin breaks peptide bonds adjacent to specific amino acids, cleaving proteins into smaller polypeptides. Pepsin is one of the few enzymes that work best in a strongly acidic environment. Indeed, the low pH of gastric juice denatures the proteins in food, increasing expo-sure of their peptide bonds to pepsin.

Small intestine
•   With a length of more than 6 m in humans, the small intestine is the longest section of the alimentary canal. The small intestine is the organ in which lost enzymatic hydrolysis of the macromolecules in food occurs. It is also responsible for the absorption of most nutrients into the blood.

•    The pancreas, liver, and gallbladder, as well as the small intestine itself, participate in digestion. The first 25 cm or so of the small intestine is called the duodenum.
*    The pancreas produces several hydrolytic enzymes and an alkaline solution rich in bicarbonate. The bicarbonate acts as a buffer, offsetting the acidity of the stomach.

Absorption of Nutrients
•   To enter the body, nutrients that accumulate in the lumen when food is digested must cross the lining of the digestive tract. A limited number of nutrients are absorbed in the stomach and large intestine, but most absorption occurs in the small intestine.

•    The lining of the small intestine has a huge surface area of about 300 m2, roughly the size of a tennis court.
•    Large circular folds in the lining bear fingerlike
projections called villi,
•    and each of the epithelial cells of a villus has many microscopic appendages called microvilli, which are exposed to the lumen of the intestine

Lymphoid System & Immune Response
•    The lymphoid system is composed of thousands of lymph nodes and nodules scattered throughout the body. These stations would filter and cleans the lymph fluid
•    Among the well known components of the lymphoid tissue are the spleen, palatine and lingual tonsils
•    An animal must defend itself against unwelcome intruders, the many potentially dangerous viruses, bacteria, and other pathogens it encounters in the air, in food, and in water. It must also deal with abnormal body cells, which, in some cases, may develop into cancer. Three cooperative lines of defense that counter these threats have evolved. Two of these are nonspecific-that is, they do not distinguish one infectious agent from another.
Lymphatic system (lymphatic organs and
vessels)
•  The first line of nonspecific defense is external, consisting of epithelial tissues that cover and line our bodies (skin and mucous membranes) and the secretions they produces.
•  The second line of nonspecific defense is internal: It is triggered by chemical signals and involves phagocytic cells and antimicrobial proteins that indiscriminately attack invaders that penetrate the body's outer barriers.
•  The third line of defense is the immune system. Immune system plays simultaneously with the second line of defense, but it responds in a specific way to particular microorganisms, toxins, and other

NON-SPECIFIC DEFENSES AGAINST
INFECTION
• An invading microbe must penetrate the external barrier formed by the skin and mucous membranes, which cover the surface and line the openings of an animal's body.
•  If it succeeds in doing so, the pathogen encounters the second line of nonspecific defense, interacting mechanisms that include phagocytosis, the inflammatory response, and antimicrobial proteins.

The skin and mucous membranes provide first line barriers to infection
•   Intact skin is a barrier that cannot normally be penetrated by bacteria or viruses, although even minute abrasions may allow their passage. Likewise, the mucous membranes that line the digestive, respiratory, and genitourinary tracts bar the entry of potentially harmful microbes.
•    Beyond their role as a physical barrier, the skin and mucous membranes counter pathogens with chemical defenses. In humans, for example, secretions from sebaceous and sweat glands give the skin a pH ranging from 3 to 5, which is acidic enough to prevent colonization by many microbes. (Bacteria that make up the skin's normal flora are adapted to its acidic, relatively dry environment.)
Phagocytic cells and inflammatory
response
•   Microbes that penetrate the first line of defense, such as those that enter through a break in the skin, face the second line of defense. The body's internal mechanisms of nonspecific defense depend mainly on phagocytosis, the ingestion of invading organisms by certain types of white cells.
•   Phagocyte function is intimately associated with an effective inflammatory response and also with certain antimicrobial proteins. These nonspecific mechanisms help limit the spread of microbes in advance of specific Immune responses.
Phagocytic and Natural Killer Cells
•   The phagocytic cells called
neutrophils constitute about 60% to 70% of all white blood cells
(leukocytes). Cells damaged by invading microbes release chemical signals that attract neutrophils from the blood.
•   The neutrophils enter the infected tissue, engulfing and destroying microbes there. (This migration toward the source of a chemical attractant is called chemotaxis.). A/eutrophils tend to self-destruct as they destroy foreign invaders, and their average lifespan is only a few days
•    Monocytes, circulate in the blood for only a few hours, then migrate into tissues, developing into large macrophages. Tissue macrophages, the largest phagocytic cells, are especially effective, long-lived phagocytes. These cells extend long pseudopodia that can attach to polysaccharides on a microbe's surface and engulf the microbe, which is then destroyed by enzymes within macrophage lysosomes.
•    Free macrophages migrate throughout the body, while fixed variety reside permanently in certain tissues: in lung (alveolar macrophages), liver (Kupffer's cells), kidney (mesangial cells), brain (microglial cells), connective tissues (histiocytes), and especially in lymph nodes and the spleen, key organs of the lymphatic system.
•   About 1.5% of all leukocytes are eosinophils. Their main contribution to defense is against parasitic invaders, such as the blood fluke Schistosoma mansoni. Eosinophils position themselves against the external wall of a parasite and discharge destructive enzymes from cytoplasmic granules.
•   Nonspecific defense also includes natural killer (NK) cells. NK cells do not attack microorganisms directly; instead, they destroy virus- infected body cells as well as abnormal cells that could form tumors. NK cells are not phagocytic; rather, they mount an attack on the cell's membrane, causing it to lyse (burst open).


The Inflammatory Response
•    Damage to tissue by a physical injury (such as a cut) or by the entry of microorganisms triggers a localized inflammatory response. In the injured area, precapillary arterioles dilate and postcapillary venules constrict, increasing the local blood supply. These events are responsible for the characteristic redness and heat of inflammation
•    Some of these signals arise from the invading organism itself Others, such as histamine, are released by cells of the body in response to tissue injury. Histamine is produced by circulating white blood cells called basophils and by mast cells found in connective tissue. When injured, these cells release histamine, triggering both dilation and increased permeability of nearby capillaries. Leukocytes and damaged tissue cells also discharge prostaglandins and other substances that further promote blood flow to the site of injury.
•   Increased local blood flow and capillary permeability also enhance the migration of phagocytic cells from the blood into the injured tissues. Probably the most important element of inflammation-indeed, of nonspecific defense-is phagocy-tosis. Phagocyte migration usually begins within an hour after injury and is mediated by chemotactic factors called chemokines.
•    Neutrophils are the first phagocytes to arrive, followed by blood monocytes, which develop into large, active macrophages- Macrophages not only phagocytose pathogens and their products, but also clean up damaged tissue cells and the remains of neutrophils destroyed in the phagocytic process. The pus that accumulates at the site of some infec-tions consists mostly of dead phagocytic cells and the fluid and proteins that leaked from the capillaries during the inflammatory response. Usually, the pus is absorbed by the body within a few days.
Lymphocytes (B&T)
Both Band T cells develop from the same kind of precursor stem cells which are found in the bone marrow, and which initially differentiate into Band T lymphocytes that can become activated immune re-sponse components. Interactions between antigens and circulating immunoglobulins,
•   or with cell-surface receptor proteins, can lead to rejection of the invading agent. According to the clonal selection theory, invading antigens are met by a large number of B or T lymphocytes which are already committed to respond to specific antigens. Immune responses are primarily cell-surface phenomena.
•   The means by which B cells and T cells recognize specific antigens are their plasma membrane-bound antigen recep-tors. Antigen receptors on a B cell are actually transmembrane versions of antibody molecules and are often referred to as membrane antibodies (or membrane immunoglobulins). The antigen receptors on a T cell, called T cell receptors, are structurally related to membrane antibodies, and they recognize antigens just as specifically. But, unlike antibodies, T cell receptors are never produced in a secreted form. A single T or B lymphocyte bears about 100,000 receptors for antigen, all with exactly the same specificity.
Primary and secondary immune
response
•  A microorganism interacts only with lymphocytes bearing receptors specific for its various antigenic molecules.
•  Each selected lymphocyte
•  is activated to divide and
•   to differentiate, eventually
•   forming two clones of cells.
•   One clone consists of a
•   large number of effector
•   cells, short-lived cells
•   that combat the same antigen.
•   Fig. 37. primary and secondary IR

Endocrine System
•  The endocrine system is concerned with maintaining the internal environment
•  The general feature of that system is that all the components are secreting their products directly into blood. In that way the secretion would excite its effect immediately in seconds and in a general fashion, although each gland has its target organ
•  Target organ is the organ where the effect of the hormone is achieved.
•  The secretion of the endocrine gland is a hormone, which is a chemical messenger, devoted to excite or inhibit the target organs
•  Components of that system are endocrine glands and cells scattered allover the body
Nervous System
•   Nervous system consists of organs that is composed mainly from nervous tissue
•   The brain and spinal cord together form the central nervous system (CNS). which is responsible for the integration of information.
•  Nerves forming the peripheral nervous system (PNS) carries information from sensory receptors (sensory input) to the CNS and motor commands from the CNS (motor output) to various target organs or glands, called effectors
Structure of a neuron
•    Neuron may be sensory (receive
•    impulse from the receptor) in
•    PNS to the CNS, or motor
•    (send impulse to the target organ)
•    in the PNS from the CNS.
The knee-jerk reflex.
•    The knee-jerk, or patellar, reflex is caused by tapping the tendon connected to the quadri-ceps muscle.
•    Sensory receptors detect a sudden stretch in the quadriceps (extensor) muscle in the thigh.
•    Sensory neurons convey the information
to
•    the synapses with motor neurons in the spinal cord.
•    The motor neurons convey signals to the quadriceps muscle to contract, jerking the lower leg forward. Only two kinds of neurons (sensory and motor) mediate the actual reflex action, but
•    the sensory neurons from the quadriceps also communicate with interneurons in Tthe spinal cord.
•    In turn, the interneurons inhibit the motor neurons that
•    send signals to different leg muscles (flexors), whose action opposes that of the quadriceps. T

The basis of the membrane potential
•   (a) Intracellular and extracellular fluids have different ions
     compositions. The approximate concentrations for a mammalian
     cell (in mill moles per liter) of potassium, [K+J; sodium, [Na+J;
•   chloride, cl-; and anions that
•   remain inside the cell.
•   (b) There is a steady diffusion
•    of K+ out of the cell and
•    steady diffusion of Na+
•   into the cell. Over time,
•   diffusion would cause the
•   ionic gradients shown in
•   part to dissiation is prevented
•   by the sodium-potassium
•   pump, which uses ATP
•   to actively transport Na+
•   out of K+ into the cell


A chemical synapse.
•   Synapse is a point of contact between two neurons
•   The presynaptic membrane release neurotransmitter
    in the synaptic cleft to inhibit or excite postsynaptic membrane
•   When an action potential depolarizes the
    membrane of the synaptic terminal, it:
•   triggers an influx of Ca2+ that
•    causes synaptic vesicles to fuse with the membrane of the presynaptic neuron. When the synaptic vesicles fuse with the membrane,
•    they release neurotransmitter molecules into the synaptic cleft. These molecules diffuse across the cleft and bind to the receptors of ion channels embedded in the postsynaptic membrane.
•    The binding of neurotransmitter molecules to their specific receptors opens the ion channels. The resulting movement of ions changes the voltage of the postsynaptic membrane, either moving the membrane potential toward the threshold required for an action potential (an excitatory synapse, as illustrated here) or hyperpolarizing the membrane (an inhibitory synapse).
•    In either case, the neu-rotransmitter
molecules are quickly degraded by enzymes or are taken up by another neu-ron, closing the ion channels and terminating the synaptic
response

The components of he nervous system is highly organized:

•  1  Central nervous system 
•  (brain and spinal cord)
•  2.  Peripheral nervous system:
•   Cranial nerves,
•  (originating from the brain).
•  Spinal nerves
•  originating in the spinal cord).
•  3.   Ganglia outside the central
•   nervous system make up the
•   peripheral nervous system.
•  It act as a relay station in the PNS

Central and peripheral nervous system
Autonomic nervous system
•    The involuntary autonomic nervous system iis specialized inn regulating internal body functions. It is divided into two main parts:
*    the parasympathetic and
*    the sympathetic components
•    The parasympathetic nerves originate from the lower brain and the sacral region of the spinal cord.
•    Sympathetic nerves emerge from the middle (thoracic and lumbar) regions of the spinal cord.

•  Most autonomic pathways consist of a chain of two neurons. The synapse between the two neurons is within a ganglion in the PNS. In each pair, the neuron that conveys signals from the CNS to the ganglion is called the pre-ganglionic neuron. Preganglionic neurons release acetylcholine at the synapse.
•  The neuron that conveys signals from the ganglion to the target organ is called the postganglionic neuron.
•    Several sympathetic pathways include a synapse in prominent sympathetic ganglia near the spinal cord.
•    Those of the parasympathetic neurons reside close to or within the target organs.
•    Most sympathetic axons release the neurotransmitter nor-epinephrine in their target organs. Parasympathetic neurons release acetylcholine.
•    Sympathetic stimulation prepares the body to meet emergency (fight or fear). It is generally catabolic. Hear rate accelerate, respiratory rate increase, skin became cool and dry, face became pale, blood is shifted from gastro-intestinal and genitor-urinary to brain, skeletal muscle and eyes
•    Parasympathetic stimulation prepare the body for primitive vegetitative functions; digestion, secretion. Generally, it is anabolic in function. It took the opposite action from the sympathetic.
Many organs with primarily non-endocrine functions secrete hormones:
-  The digestive system, for instance, is the source of at least eight hormones, including gastrin and secretin.
-  The endocrine functions of the heart and kidneys.
-  The liver secretes a number of growth factors
- The role of the thymus gland in the immune system .During childhood, the thymus begins to decline at puberty, when the immune system is well established. By adulthood it is largely replaced by adipose and fibrous tissue, but it continues to function throughout life. It secretes several messengers, including thymosin, that stimulate the development and differentiation of T lymphocytes after they leave the thymus
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