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Chapter 4  

Excretion in Living Organisms 
  
Excretion:-  
The process by which the living organisms get rid of the waste products . 
 
Importance of excretion:- 
Helps the body to get rid of waste products as soon as they are formed, otherwise they will 

cause many problems and infections. 
 
 
 
 
The process of excretion refers only to the materials that leave the body through the 

plasma membranes.  

This is not applied  to 

      -The undigested food that goes out of the animal body in the form of faeces 

 G.R. The undigested food is not considered as excretion.  

         Because it goes out of the animal body in the form of faeces not through the plasma  

         membranes.  

     -The nitrogen in the air which enters the lungs in inspiration and leaves them in  

        expiration . 

 

The important waste products that are produced and excreted from the 
animal body include:- 
 CO2 and water that are produced from degeneration of organic molecules  

 Nitrogenous waste products (ammonia, urea and uric acid) which result from protein  

     degeneration. 

 Some of the spices that have volatile content 

 The poisonous materials are transformed into non-poisonous forms in the body or into  

     non-soluble form by the liver or the kidney. 

 

Waste products Excretion organs 
CO2 the lungs 

Water Kidneys, the lungs & skin 

Nitrogenous waste Kidneys & skin (small percentage) 

Salts  Kidneys & skin 

spices that have volatile content  Kidneys, the lungs 

poisonous materials  liver and the kidneys 
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●It is considered an excretion organ in man. 

●It is the biggest organ in the body as it covers the whole body and the limbs from the 

outside. 

Skin structure: 
-The skin consists of two main layers  (outer epidermis and an inner dermis).  

-Under this is a layer of fat. 

1-The epidermis: 
It consists of several layers of epithelial cells.  

Surface layer:- 
  -The cells are dead, full of a horny substance, called keratin  

  -It always are subjected to friction, e.g. when wiping your face or body with a towel or  

     rubbing your hands.  

  -This layer is worn away and continually replaced from beneath.  

 Inner layer:-  
  -At the base of inner layer, there are pigment cells which secrete granules responsible  

    for the colour of the skin (melanin). 
 

2-Dermis: 
It is next to the epidermis, consisting of connective tissues. It contains  

Blood capillaries   

Sweat glands:-  
It is a coiled tube that reaches the skin surface through a pore. 

   ►This sweat is produced & evaporates on the surface of the skin, so decreasing the body  

       temperature. 
   ►Remaining wastes cause the skin to be sticky.  

G.R. It is important to remove these wastes continually by washing 

        To protect sweat pores from blocking and bad odour. 

The hair:- 

It is made of a hair follicle, surrounded 

 by many blood capillaries.  

Fat glands:- 

At free end of the hair, there is  

a sebaceous (fat) gland, which produces 

 an oily secretion.         

    ►This oil secretion facilitates the exit  

of the hair from skin, keeping it soft & pliable.      

    ►The hair follicle is supplied with an  

       erector muscle. 
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The sensory nerve endings:- 

They respond to touch, pain and temperature.  
Lymphatics & fatty cells  
 

 
 
 

Each vertebrate animal has two kidneys.  

In lower vertebrates In higher vertebrates (mammals) 

kidneys are long, thin organs Kidneys are more firm 

extend from the two sides of the vertebral 

column 

situated behind the peritoneum 

(membranes lining the abdominal cavity) 

 

Human kidneys    

-Place: The two kidneys are situated in the upper part of the abdominal cavity, one at each  

 side of the vertebral column. 
-The length :  of each kidney is about 12 cm long  

-Width : about 7 cm wide.  

-Its thickness : is about 3 cm.  

-Shape :The kidney is bean-shaped. Its outer part is convex, while the inner one is concave  

On the inner side of each kidney, the renal artery comes from the aorta,  

   and the renal vein leads to the posterior vena cava. 
 

Internally, the kidney is differentiated into two regions 

   - an outer narrow cortex (contains nephrons) 

   - an inner broad medulla.  
 

 The nephron : The functional unit of the kidney . 

   -Each kidney consists of about one million nephrons 

   -Each nephron starts in the cortex with a cup shaped, thin, double-walled Bowman’s   

     capsule. 
   -The capsule leads to the first coiled tubule (Nephric tubule) in the cortex  

   -Then to the (loop of Henle) in the medulla which is U-shaped 

   -Then to the second coiled tubule in the cortex  

   -Then joining the collecting duct. This duct opens in the concave cavity of the kidney  

     called the pelvis.  

 

The ureter   

-A tube which emerges from each kidney, which passes the urine into a small muscular sac 

called the urinary bladder.  

-The ureter opens at the back of the bladder in an inclined position.  
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The urinary bladder  

- Small muscular sac 

-A sphincter muscle closes the outlet of the bladder till urine accumulates, then the bladder 

contracts expelling the urine through a duct called the urethra. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Urine extraction: 

1-The renal arteries (come from the aorta), each entering a kidney at its concave surface.  

2-The renal artery divides into a great many arterioles and capillaries at the cup-shaped 

nephron(Bowman's capsule). 

3- Plasma (blood fluid) filters out of the blood to collect 

 in the nephron. The filtered fluid contains water, wastes, 

 salts and glucose 
 

Note:-  

 Blood cells & large protein molecules remain in the blood. 

 What happens if all the contents of this fluid are  

    excreted outside the body? 

     In this case the body will lose much of its required water 

     and essential substances  

 The individual has to drink, daily, 170 litres of water to  

    compensate its loss. 
 

4-Re-absorption of required water, glucose and mineral  

    substances, back into the blood, must takes place. 

5-The remaining liquid (urine) contains 

    ● excess water 

    ●nitrogenous wastes (urea) 

    ●some inorganic salts  

    ●Excess substances, such as small amounts of glucose and vitamins may be also present. 
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Re-absorption takes place in the nephron tubule.  

6-Urine then passes down the collecting duct to the pelvis of the kidney where it collects 
7-Urine then passes to ureter then to the bladder to be stored.  

8-When the bladder contracts, urine is expelled through the urethra. 
 

Kidneys, ureters, urinary bladder and urethra are collectively known as “the urinary 

system”. 

The individual can live with one kidney. In this case, this kidney grows and becomes 

slightly bigger to perform the function of two kidneys.  

No one can live without a kidney; nor can he live if the kidneys stop functioning. 

Accumulation of poisonous wastes in the blood leads to death. 

-The human body contains about 5.6 litres of blood.  

    -1.2 - 1.3 litre of blood passes through the kidney per minute.  

  -The total amount of blood which passes daily through the kidney is about 1600 litres  

    (i.e. approximately 1/4 of the blood volume pumped by the heart).  

  -This means that a very high percentage of blood always passes through the kidney. 

  - Of the total blood volume, three litres of plasma pass through the kidney to be examined   

    about 560 times per day.  

 

Kidney failure :-  
It takes place due to some diseases. The kidney stops functioning and this leads to the 

accumulation of harmful wastes in the blood. 

 

The Artificial Kidney:- 
-In treating cases of kidney failure 

1- A tube is inserted into an artery in the patient’s arm and the blood is channelled through  

  semipermeable tube 

2-The semipermeable tube immersed in a bath containing all the normal blood chemicals   

  except urea and other metabolic wastes.  

3-Since the concentration of harmful metabolic wastes is higher in the blood than in the  

  bath, they pass through the wall of the tubes into the bath  

4-Purified blood is returned to the body.  

5-A patient receives artificial kidney treatment for several hours each day, 2-3 times a  

  week. 
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The function of liver : in digestion and metabolism, & has a role in the excretion process  

 

The role of liver in the excretion process :- 
1-It breaks down poisonous substances which are absorbed by the small intestine to purify  

    the blood  

2-separates the amino group from excess amino acids (deamination) to change them to urea   

   and expel them through kidneys outside the body . 
 
 

 

►Excretion in plants does not cause any serious problem because 
1-The rate of catabolism is much lower than that in animals of equal weights. 

    As a result, accumulation of metabolic wastes in the plant cells will be very slow. 
 

2-Green plants re-use the catabolic wastes.  

   For example,  

   -carbon dioxide and water, which result from respiration, are used in photosynthesis. 

   -The plant also utilizes the nitrogenous wastes in the synthesis of the required proteins.  

Note: the wastes of carbohydrate metabolism are less toxic than those resulting from  

           protein metabolism. 
 

3-The metabolic wastes such as organic salts and acids are stored in the form of insoluble  

  crystals in the cells of terrestrial plants, mainly in the cytoplasm or in the vacuoles.  

  Since  these crystals are insoluble they will cause no harm to the cells. 
 

4-Many plants get rid of carbon dioxide and some mineral salts through their roots.  
 

5-Plants, which live in soils rich in calcium, can get rid of the excess amounts of these   

  elements by its accumulation in leaves which are finally shed. 
 

6-Carbon dioxide which results from respiration and oxygen obtained from photosynthesis  

  are excreted through the stomata by diffusion. 
 

7-Excess water is cast, mainly through transpiration or guttation 

Guttation  

A process in which drops of water can be seen at the leaf tips of some plants in the early 

morning in spring  (like potatoes and tomatoes).  
 

System for guttation which consists of one or many loose cells, opening by a "water 

stoma"  called a "hydathode" which is open constantly day and night.  

hydathode :The opening through which the drops of guttation are coming out and it is  

   opened constantly day and night 

Guttation water : contains other substances which can therefore be deposited, when   

   water evaporates rapidly. 
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Great quantities of water are absorbed from the soil, mainly through the roots.  

    Water is then transferred through the conductive tissues to the stems and leaves.  

►Losing water by the plant: 
●Loss of water therefore takes place over the total surface of the plant, exposed to air.  

1-Water passes, in the form of vapour, through the moist cell walls of the mesophyll tissue, 

and evaporates into the intercellular spaces 

2-where it diffuses out into the atmosphere through the stomata. 

3-Small quantities of water pass through  

   A-The cuticle  

   B- Through lenticels (openings that exist in the cork layer of the tree’s stem).  

Transpiration  

The loss of water in the form of water vapour .  

●Types of transpiration: 
►Stomatal transpiration: More than 90% of the total is lost through the stomata. 

► Cuticular  transpiration: Water vapour which passes out directly through the epidermis 

covered with cuticle in the vegetative organs. It does not exceed 5% of the total amount of 

the lost water. 

 ►Lenticular transpiration: Stems of woody plants lose small quantities 5%of water  

    vapour through the lenticels . 

-Stomata occur in plant leaves rather than in any other vegetative organ so most of the 

transpired water is lost through the leaves. 

 

●Adaptation of leaf blade to transpiration: (In most of the dicotyledonous plants) 

1-The leaf blades are wide, flattened & Stomata occur in plant leaves  

2-It contains a network of veins. The veins contain transporting cells which provide the  

   mesophyll with water.  

3-The mesophyll tissue has intercellular spaces, which allow water to evaporate  

   continuously to these spaces through the cell walls. 
 

●Importance of transpiration for the plant: 
1. Decrease of plant temperature: 
    ●A large amount of energy absorbed by the leaves is in the form of heat or is converted  

      into heat inside the leaf tissues.  

    ●This may cause a rise in the leaf temperature, especially on sunny, warm days. This  

      rise in temperature harms the protoplasm and could lead to its death  

    ●Transpiration decreases the plants’ temperature through water evaporation 

2. Ascent of water and salts from the soil: (Transpiration cycle) 

    ●The root cells contain cell sap with a concentration (of soluble organic and inorganic  

       substances) higher than that of the soil solution. 

     As a result, the soil water enters the root cells by osmosis.  

    ●The osmotic pressure is sufficient to move water from the root hairs to the inner root 
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      tissues till it reaches the xylem vessels and tracheids.  

    ●Water rises upwards through the xylem vessel of the stem, through vessels of the leaf   

      (veins) and at the end it reaches the mesophyll cell sap 

   ●this decreases the ability of mesophyll cells to pull up more water. 

   ●There are intercellular spaces full of air between the mesophyll cells, to which water   

      vapour passes. As a result of the continuous loss of water from the mesophyll cells,   

      their concentration increases, and so the ability to pull water upwards increases.  
 

Note:- Osmotic pressure is only enough to move water through the plant stem for a short  

                 distance by what is known as root pressure. 

-  In some trees, water has to move through their vessels to a height up to 125     

   meters, by adhesion and cohesion theory. 
 

Experiment to illustrate transpiration in plants: 
Steps:- 

1-Take a potted leafy plant. Cover the soil surface and the surface of the pot with paraffin. 

2-Place the potted plant on a glass sheet under a dry bell-jar and wait for some time 

 

Observation: 

Tiny droplets of water appear on the inside of the  

bell-jar, accumulate, they become bigger in size and 

run downwards on the wall of the bell-jar. 

 

Conclusion: 

-Air inside the bell-jar receives water vapour 

from the plant which condenses.  

-If you add the condensed liquid to anhydrous white  

copper sulphate, it becomes blue, confirming that the 

liquid is water.  

-We can conclude that water passes from the exposed 

 parts of the plant to the surrounding air. 
 

 

 

Experiment to show that water ascends through the xylem: 
Steps:- 

1-Fill a test tube with eosin solution.  

2-Carefully detach a small flowering plant (potted  

  plant) with its roots.  

3-Immerse the plant roots in the eosin solution and  

  close using a cotton wool plug at the opening of 

  the tube.  

4-Keep the tube in a vertical position for few hours. 
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Observation: 

-The leaf petioles change to pink, as well as the 

  veins of the leaves and petals.  
-Xylem tissue only is stained by eosin. 

 

Conclusion: 

Pink coloration of petioles and petal veins indicates  

that eosin solution reaches these organs. This experiment shows: 

1. Water is absorbed by roots. 

2. Water ascends through xylem tissue of the stem to the leaves. 
 

Experiment to show the ascent of water by transpiration: 
Steps: 

1-Fill a small beaker with mercury.  

2-Fill a narrow tube with water and invert it in the beaker, so that its lower end becomes   

   immersed in the mercury. 

3-Cut a leafy twig of a potted plant under water. Insert the lower tip of the twig in a cork  

   plug through a hole.  

4-Fix the cork plug tightly with the twig in the upper opening of the tube and close it  

   firmly with vaseline.  

5-Mark the mercury level in the tube.  

6-Leave the apparatus in open air for a while.  

Observation: 

Mercury rises in the tube. 
Conclusion: 

-The rise of mercury is due to transpiration pull 

- where the leafy twig loses water by evaporation, so water from the tube must rise to 

replace it. As a result, mercury rises up in the tube. 

- This indicates that water loss by transpiration generates a pull to raise water upwards. 
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Chapter 5 

Sensitivity (IRRITABILITY) 

    in Living Organisms 
  
Sensitivity: 
It is one of the functions shown by a living organism to maintain its life. 

Note:-  
-Sensitivity in animals is more obvious than in plants. 

-It reaches its highest efficiency and accuracy in man 
-Sensitivity takes place in all living organisms from unicellular to man. 
 

 
 
 

1-Response to touch and darkness  

Mimosa 
 1-If you touch a Mimosa leaflet, its petiole soon droops as if it has wilted. 

    Other neighboring leaflets soon follow, till the effect is seen in all the leaflets. 

 2-Sleep movements  

    In day time, the leaflets are held in a horizontal position.  

    At night, the leaflets hang downwards and fold their upper surfaces 

 

Structure of mimosa leaves:-  

 1-Mimosa leaves are compound, pinnate 

 2-Each leaf has a primary rachis which carries at its end four secondary rachis.  

 3-Each secondary rachis carries two rows of leaflets.  

 4-At the base of each primary and secondary rachis, there is a swollen structure called a  

    pulvinus. 

 

Explaining the movement:- 

These movements can be explained according to cell turgidity. 

  1-When the leaflet is touched or at night, the primary rachis hang downwards, the  

      secondary ones become depressed and so the upper surfaces of the opposing leaflets   

      become folded together.  

  2-It is found that the cell walls of the lower half pulvinus are more sensitive than those of  

      the upper half. 

  3-The swollen structures (pulvinus) act as joints in these movements where the lower 

     surfaces shrink when being touched. This leads to water diffusing to the neighbouring    

      tissues and hence the leaflets droop.  

  4-When the stimulus is removed, the cells regain their turgidity and the leaflets open once  

      more. 
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2-Tropism  

It is the curvature of the root or stem under the factors of light, humidity and gravity on 

the sides of the stem or roots in an unequal form 

 

-Irritability (sensitivity) and movement in plants are seen in tropisms 

 

Types of tropisms: 
 

 Positive and negative phototropism: 

     Experiment (A) 
Steps: 

1-Place a straight seedling on a cork disc floating on surface of a beaker half-filled with water.  

2-Put the beaker in a light-proof box. At one side leave a small circular hole to admit light. 

3-Leave it for a few days.  

Observation: 

The stem will be inclined towards the source of light, while the roots grow away from it  

Explanation: 

 1-Tropism is due to the unequal growth of the two sides in both the root and stem.  

 2-The side of the stem which is away from light grows more rapidly(Stem is positive phototropic) 

 3-In case of the roots the opposite occurs.( root is negative phototropic) 

 
   Experiment (B)  (Explanation of Bosyen Johnson) 
1-Oat (Avena) coleoptile,  loses its ability to bend towards light, 

    if the tip is cut off  or separated from the remaining coleoptile  

    with a mica sheet (1-2 mm of the tip) 

2- But this ability is restored if the decapitated tip is returned or  

    fixed again to the tip with gelatin 
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Explanation: 

The tip of the coleoptile synthesizes chemical substances 

Called auxins and affect the growth  

   1-They diffuse through gelatine 

   2-They cannot pass through the mica sheet. 

►The main auxins are (indole-acetic acid (IAA)).  

►Curvature towards light is the result of the unequal growth of the two sides which is due  

    to the unequal concentration of auxins on the two sides of the coleoptile.  

 

 

 

 

 

 

 

 

 

   Experiment (C)  (Went) 

Steps: 

1-“Went” exposed an oat coleoptile to unidirectional illumination 

2-Then he cut off the tip and placed it on two blocks of agar separated by a metallic sheet. 

3-He measured the concentration of auxins in each block  

Observation: 
He found that a great amount of auxins accumulated in the side, away from light.  

Conclusion: 

1-Auxins move from the side facing light to the far (dark) side. 

2-These blocks of agar will produce curvature if placed on decapitated coleoptiles which 

are not subjected to light. 

Explanation: 

1-If a coleoptile tip is exposed to light, auxins move away from light to non-illuminated 

side.  

2-This leads to the elongation of cells on that side thus curvature towards light occurs. 

    (The stem is known to be positive phototropic). 

3-In the root, accumulation of auxins on the dark side produces an opposite effect.     

4-Elongation is inhibited in the dark side, while the illuminated side continues to grow. 

   The root curvature bends away from light, and root is known to be negative phototropic. 
 

Note:-  
The difference in the behaviour of the root and the stem can be explained in view of the 

fact that the concentration of auxins required for the elongation of root cells is less than 

that required for the elongation of stem cells. As a result, the increase in auxins 

concentration will inhibit cell-elongation in roots, whereas it activates elongation of stem 

cells. 
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  Geotropism: 
Geotropism is the response of plant parts to the external stimulus of gravity  

-It was believed that roots grow downwards in order to avoid light and seek nutrients, 

but this is incorrect. When you hang a pot with a plant upside down for a certain time the 

root grows downwards away from the soil and towards gravity. While the stem grows 

upwards away from gravity. 

   Experiment (A) 
-A number of seeds are germinated in a soil moistened with water. 

Observation: 
The plumules grow vertically upwards, while the radicles grow downwards. 

   Experiment (B) 
-One seedling is placed on its side so that the radicle and the plumule are horizontal.  

-Leave it for several days. 

Observation: 
-The growth of the plumule upwards and the growth of the radical downwards  

Conclusion: 

-The stems are negative geotropic, while the roots are positive geotropic.  

Explanation: 
Curvature is due to the variation in growth of the two sides of the organ as a result of the 

unequal distribution of auxins. 

 

 

 

 

 

    

  1-When the plant grows in its natural vertical position: 

●Auxins will be equally distributed in the tips of both roots and stems. As a result, the 

stem grows vertically upwards, while the root grows downwards.  

  2-In the horizontal position: 

●Auxins accumulate in the lower side of both the root and the stem.  

●Auxins activate the cells of the lower side of the stem, which elongate more than those of 

the upper side, and so the tip of the stem curves upwards, against gravity.  

●On the contrary, accumulation of auxins on the lower side of the root inhibits activity, 
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and so cells of the upper side elongate more than the lower side and the root bends 

downwards. 

 

 

 

 

 

 

 

 

 

 

  Hydrotropism: 

   Experiment (A) 
Steps: 

1- Germinate some seeds in two glass troughs containing two equal amounts of dry soil.  

2-Spray water at regular intervals in the first trough 

3-Put the water only at the sides in the second trough.  

4-Leave the two troughs for several days. 

Observation: 
1-Roots in the first trough will grow straight down 

2-while roots in the second trough grow towards the water at the sides of the trough. 

Explanation: 

1-In the first trough, the roots grow vertically due to equal distribution of water in the soil 

around the roots which causes equal distribution of auxins  

2- while curvature of roots in the second trough is due to the presence of water at the sides 

and its absence in the middle. As a result, auxins accumulates in the side facing water and 

inhibits the elongation, while the cells on the far side continue their normal growth which 

leads to curvature of the root towards water. (The root is positive hydrotropic). 
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Nervous 

system 

3. Autonomic 

nervous system: 
2. Peripheral 

nervous system 
1. Central nervous 

system: (C.N.S) 

spinal 

cord 

brain spinal nerves cranial nerves 

Parasympathetic 

nervous system 

Sympathetic 

nervous system 

 

 

 

 

 

 

 

 

1- Controls all functions of human body systems, 

2-Receives information in the form of external and internal stimuli through receptor  

   systems and gives the proper response. To:-  

       a-keep the human body in a continuous direct communication with his external and  

           internal environment.  

       b-help, with the endocrine glands to keep the internal condition of the body in an ideal,   

           constant and balanced state (homeostasis).  

 

The nervous system is highly developed in vertebrates, especially in man. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Autonomic nervous system:  

Includes the nerves that control the involuntary muscles and the glands. 

Note:- 

1. Sympathetic nervous system: 

 The nerve fibres of this system originate from the thoracic and lumbar regions (segments) 

of the spinal cord. 

2. Parasympathetic nervous system:  
 The nerve fibres of this system originate from the brain and the sacral region of the spinal 

cord. 
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The Nerve Cell (Neuron)  
●The unit of structure of the nervous system 
●The nerve cell is small in size and cannot be recognized by the naked eye. 

●It consists of : 
   A) Cell body: 
It contains  

1-rounded nucleus  

2-cytoplasm known as "neuroplasm". It contains 

       neurofilaments  

       Nissil granules (which are unique for nerve 

           cells). They are considered as a stored food  

          for the cell.  

       All cell organelles as mitochondria and 

          Golgi bodies are present except the centrioles 

         (that’s why neurons cannot divide). 

 
  B) Cell processes: 
1- Dendrites:  

Many short processes which increase the surface 

area available to receive nerve impulses and  

through which all nerve impulses enter to the cell. 
2- Axon:  

►It is a long cytoplasmic extension of the cell (may reach more than a metre in length) 

and usually known as the "nerve fibre".  

 

-In some cells the axon is surrounded by a sheath of lipid called "myelin sheath" secreted 

by special cells called Schwann cells.  

-The outer cover of the axon “nerve fibre” is the "neurolemma".  

-The myelin sheath is not continuous around the axon but is interrupted at certain points by 

 "Raniver's  nodes". 

-The axon ends in a group of branches called "terminal arborizations". 

 

Note:- 

The conduction of nerve impulses in myelinated axons (covered by myelin sheath) are 

much more rapid than in nonmyelinated nerve fibres (axons) because the myelin sheath is 

an insulator. 

 

Normally, the nerve impulse is propagated and conducted through the nerve cell in one 

direction only:- 

    a-from the dendrite to the nerve cell body to the axon 

    b- then to another next neuron “nerve cells” through a synapse. 
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Types of Nerve cells: 
 ●According to the function, nerve cells are classified into three types: 

 

A- Sensory neurons B- Motor neurons C- Connector 

(intermediate) neurons 

Convey (transmit) impulses 

from receptors to the central 

nervous system. 

 

Convey impulses from the 

central nervous system to the 

effector organ as muscles 

and glands. 

Relay impulses from 

sensory to motor neurons. 

 

 

Neuroglia  
●Another type of cells in the nervous system, have the ability to divide  

●It performs the following functions: 

   1. Act as a connective tissue to support neurons. 

   2. Act as insulators between neurons. 

   3. Nutrition of neurons. 

   4. Have a role in repair of 

 injured parts of some neurons. 

 

 

 

 

 

 Structure of the Nerve  

►Nerve fiber : A group of axons 
 

►Nerve bundles: is formed of a group of nerve fibres (axons) and connected by 

supporting neuroglia cells (glial cells). 
 

►The nerve : consists of a group of nerve bundles, each of which is surrounded by a 

connective tissue sheath. 
 

►Epineurium :The whole nerve is surrounded by another connective tissue called 

epineurium which contains blood vessels.  
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The Nerve Impulse  

The nerve impulse:-   

It is the message transmitted through the nerves from sense organs (receptors) to the 

central nervous system and from the latter to the effector (responding) organs.  

 

The nature of the nerve impulse:- 

The nerve impulse is an electrical phenomenon with a chemical nature (electrochemical 

phenomenon). 

 

The transmission of nerve impulse:-  

To understand the nature of the nerve impulse and its transmission, we have to study the 

nerve cells “neuron” during four different conditions: 

 
1- The nerve cell at rest :- 
●It is called the resting potential. 

●At rest, there is a difference in distribution & concentration 

of ions outside and inside the nerve cell, as follows:  

 

   The concentration of sodium ions (Na+) outside the 

  cell is 10 to 15 times higher than inside. 

  The concentration of potassium ions (k+) inside the cell is 30 times higher than outside. 

  The concentration of negative ions as chloride (C1-) and protein ions are higher inside  

     the cell. 

  The amount of negative ions inside the cell exceeds the positive ions. 

Potential difference (resting potential:-) 

It is the electrical potential difference resulting from the unequal distribution of ions 

between outside and inside the cell surface equals - 70 millivolt (mV).  

 

Polarization:-  
It is the electric state of the membrane of the nerve cell during resting condition in which 

its outer surface is positive & its inner surface is negative is( polarized)  

 

This state of polarization is a result of:- 
1- The selective permeability of the resting membrane:  
The membrane of the nerve cell is 40 times permeable for potassium ions (which diffuse 

from inside to outside) than for sodium ions (which diffuse from outside to inside).  

This results in accumulation of excess positive charges on the outer surface of the 

membrane. 
2- Accumulation of high molecular weight protein ions in addition to chloride  
    Ions: 
 which are negatively charged on the inner side of the membrane. 
3- Sodium- potassium pump:  
which plays a role in maintaining this ionic distribution. 
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Therefore, at rest there is accumulation of positive potassium ions outside and negative 

protein and chloride ions inside the membrane. 

 
2- Changes in the nerve cell on stimulation:- 
●The nerve cell is stimulated only when the stimulus is sufficient (strong enough). 

  1-There are changes in the permeability of the membrane in which the inflow of the 

positively charged sodium ions exceeds the outflow of potassium ions through special 

channels in the membrane  

  2-This leads to accumulation of excess positive charges inside the membrane, i.e.reverse 

the original polarity  

  3-The membrane potential becomes + 40 mV. This new state is called depolarization. 

 
3- Propagation of nerve impulse through the  
    nerve fibres:- 
  The depolarized (stimulated) point acts as 

  a stimulus for the  neighbouring points which when 

  stimulated undergo the same previously mentioned 

  changes as the first one and the process is repeated  

  along the nerve fibre. 

 

 

 
4- The nerve cell returns to its original state: (Repolarization) 
1- After the end of depolarization the membrane becomes again permeable to potassium  

   ions and impermeable to sodium ions. 

2- Continuous outflow of potassium ions leads again to accumulation of excess positive   

  ions outside the membrane and the membrane is said to be "repolarized", i.e. returns to   

  the resting state again (-70 mV). 

 

Action potential:-  
It is the response of the nerve cell to the stimulus which includes a state of depolarization 

followed by repolarization (110 mV). 

 

The nerve impulse:-  
It is the propagation of the action potential along the nerve cell (fibre). 

 

The refractory period:-  
It is the period in which the nerve cell will not respond to any stimulus what ever its 

strength & it ranges between 0.001 to 0.003 second following stimulation, 

 

3-During the refractory period the membrane of the nerve cell regains its physiological 

properties to be ready to respond to new stimulus and to transmit another nerve impulse. 
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Properties of the nerve impulse: 
  1- The speed of propagation of the nerve impulse along a nerve fibre depends on its   

                       diameter  

    ●where it reaches 140 meters/second in thick (myelinated) nerve fibres 

    ●while the speed is 12 meters/second in thin (non myelinated) nerve fibres. 

 

  2- Stimulation of the nerve “and muscle” obeys "the all or none law" which means that 

    ● The nerve responds maximumly or does not respond at all; in other words the 

sufficient stimulus produces a maximum response (generation of nerve impulse) and any 

increase in the strength of the stimulus will not increase the response.  

    ●Weak stimuli are insufficient to produce an action potential (nerve impulse). 

 

The synapse  
 

The synapse is the site between the terminal branches (arborizations) of the axon of one 

neuron and the dendrites of the next. 

 

Types of synapses: 
a) Synapse between two neurons. 

b) Synapse between a neuron and a muscle fibre. 

c) Synapse between a neuron and gland cells. 

 

Structure of the synapse: 
The ultrastructure of the synapse reveals that  

    Buttons (synaptic knob): the terminal branches of the axon 

 end with swellings called buttons which are very close to the dendrite of the next neuron.  

    synaptic vesicles: The synaptic button contains a small vesicles (sacs) called synaptic 

vesicles, filled with chemical transmitters as "acetylcholine" and "noradrenaline" which 

play an important role in synaptic transmission of the nerve impulse from one neuron to the 

next. 

   synaptic cleft: In between, there is a very narrow space called the synaptic cleft. 

This cleft separates a presynaptic membrane (axon) from a postsynaptic membrane 

(dendrite).  

 

Mechanism of transmitting a nerve impulse across a synapse: 
1-Arrival of a nerve impulse to the buttons leads to entrance of calcium ions by the action 

of a calcium pump in the cell membrane. 

 The inflow of calcium ions leads to rupture of the synaptic vesicles and the release of the 

chemical transmitters. 
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2-The chemical transmitters cross the synaptic cleft and reach the membrane of the 

dendrites of the next neurons. 

 

3- Binding of the chemical transmitters to special receptors on the membrane of the 

dendrites leads to stimulation of theses points and changes the permeability of the 

membrane to sodium and potassium ions. These results in depolarization and reduction of 

an action potential (nerve impulse) as previously mentioned.  

 

4-This nerve Impulse is propagated through the cell body then to the axon of the neuron 

then to a next synapse and so on. 

 

5-After performing its function, acetylcholine (chemical transmitter) is destroyed under the 

effect of an enzyme called cholinesterase to terminate its action. After that, the 

postsynaptic membrane (dendrite) returns to the resting state again. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Ms.Asmaa Sobhy     Mob.01063740616   

https://www.facebook.com/Asmaa-Sobhy-107633591414496/ 

The Central Nervous System (C.N.S) 
 

A) The brain:  
-The brain constitutes the major part of the central nervous system, with a weight that 

ranges from 350 grams at birth, and reaches 1400 grams in adults.  

-The brain occupies a bony space called the brain case or the cranium (a part of the skull).  

-The brain is surrounded by three membranes called the meningies which are responsible 

for the protection and nutrition of the brain cells. These membranes are: 

   1. The dura mater:  

The membrane which lines the skull.  

  2. The pia mater:  

The membrane which is in direct contact and adheres to the brain.  

  3. The arachnoid:  

The membrane which is in between the other two membranes and contains a transparent 

fluid to protect the brain from mechanical trauma.  

 

 

 

 

 

 

 

 

 

 

 

 

 

The brain consists of three main parts:  

   1. Forebrain:  

It includes the two cerebral hemispheres (the brain cortex), thalamus, and hypothalamus.  

   2. Midbrain.  

   3. Hindbrain: 

 It includes the cerebellum, pons Varolii, and medulla oblongata.  

12 pairs of cranial nerves originate from the brain 
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The structure and the function of each part of the brain:  

1. Forebrain:  
a. Two cerebral hemispheres (the cerebral cortex):  
-Two big lobes separated by a big fissure and attached to each other through a big 

bundle of nerve fibres.  

-Each lobe is called a cerebral hemisphere.  

-The cortex of each lobe (the cerebral cortex) is characterized by the presence of 

depressions of different depths called fissures and grooves, and in between there are 

folds.  

-Each cerebral hemisphere is divided into many lobes.  

 

These lobes are:  

         1. Frontal lobe.  

         2. Parietal lobe.  

         3. Temporal lobe.  

         4. Occipital lobe.  

 

In addition, there is a 5th. Lobe covered by the frontal and parietal lobes  
 

 

 

 

The functions of the cerebral cortex: 
a. The frontal lobe contains centres of voluntary movements 
(motor centres), centre of memory and speech. 
 
b. The parietal lobe controls many sensory functions and 
contains centres of sensation of heat, cold, pressure, and touch 
(somatic sensations from the skin) 
 
c. The occipital lobe contains centres of vision. 
 
d. The temporal lobe contains centres of smell and also centers of speech. 

 
b. Thalamus: 
Thalamus is an important centre for coordination of different sensations 
(except the smell). 

 
c. Hypothalamus: 
Hypothalamus controls different reflexes and contains centres of 
hunger, satiety, thirst, and body temperature regulation, in 
addition to centre of sleep. 
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2. Midbrain: 
The smallest part of the brain, and represents a connection 
between the forebrain and the hindbrain, and contains centres of equilibrium 
and centres related to hearing and vision.  
In addition, it regulates many reflexes as those related to hearing. 
 

 

3. Hindbrain: It consists of:  

a. Cerebellum:  
That is situated in the posterior region and consists of three lobes. The main function 

is to keep balance and equilibrium of the body in association with the inner ear and 

muscles.  

 

b. Pons Varolii and medulla oblongata:  
That performs the following functions:  

1. Transmission of nerve impulses between the spinal cord and different brain 

regions.  

2. The medulla oblongata contains vital centres as those of respiration, swallowing, 

vomiting, cough, sneezing, and blood vessels.  
 

 

B) The spinal cord:  
-The spinal cord exists inside a canal in the vertebral column called the neural canal.  

-It extends from the medulla oblongata in the form of a cylindrical cord about 45 cm long. 

-The spinal cord is hollow containing a central canal and covered by meningies as those 

surrounding the brain (dura mater, pia mater, and arachnoid).  

-Along the midline there are two fissures (dorsal, and ventral) which divide the spinal cord 

incompletely into two halves. The spinal cord consists of 2 layers; outer white matter 

formed of nerve fibers and inner grey matter formed of nerve cells with their dendrites and 

neuroglia.  

-Gray matter is H-shaped with two dorsal horns and two ventral horns.  

 

Functions of the spinal cord:  

-The grey matter is the main center of reflex action as it contains thousands of reflex 

arcs.  

-The white matter transmits impulses from different parts to the brain and vice versa.  
 

 

 

 

 

 



 

Ms.Asmaa Sobhy     Mob.01063740616   

https://www.facebook.com/Asmaa-Sobhy-107633591414496/ 

Spinal nerves:  
There are 31 pairs of spinal nerves that originate as successive pairs from both sides of the 

spinal cord as follows:  

1. Eight pairs of cervical nerves. 

 2. Twelve pairs of thoracic nerves.  

3. Five pairs of lumbar nerves.  

4. Five pairs of sacral nerves.  

5. One pair of coccigeal nerves.  
 

Each spinal nerve originates from the spinal cord by two roots (dorsal, and ventral). The 

dorsal root carries sensory nerve fibers that transmit impulses from the receptors to the 

spinal cord and then to the brain. The ventral root carries motor nerve fibers that transmit 

impulses to the responding organs (effectors) as muscles and glands.  

 

Peripheral Nervous System 

 

This system consists of a network of nerves distributed all over the body connecting 

the central nervous system to all parts of the body.  

These nerves are of two types:  

1) Cranial nerves:  
12 pairs connected to the brain:  

a. Some cranial nerves are purely sensory containing sensory fibres only and  

     carry impulses from receptors to the brain. 

b. Others are purely motor containing motor fibres only and carry impulses  

     from the brain to the effecter organs. 

c. Some cranial nerves are mixed with both motor and sensory fibres. 

 

2) Spinal nerves: 
31 pairs connected to the spinal cord and these are mixed nerves with both 
sensory and motor fibres. 

 

The reflex action ( reflex arc): 
-The reflex action is the unit of nervous activity.  
-The majority of the nervous functions can be analyzed to a group of reflex actions 
at different levels. 
-The reflex action consists of at least two nerve cells (neurons), one sensory 
(afferent) and the other is motor (efferent). 

 
The majority of reflex actions consist of 5 elements: 
1. Receptor (sense organ) 

2. Afferent (sensory) neuron. 
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3. Connector (intermediate) neuron. 

4. Efferent (motor) neuron.  

5. Effector (responding) organ.  

 

 

 

 

 

 

 

 

 

Reflex actions are of two types:  
a. Voluntary (somatic) reflex: 
In which effector organ is a voluntary (skeletal) muscle.  

 

b. Involuntary (autonomic) reflex: 

In which the effector organ is an involuntary muscle, a gland or the heart muscle.  

 

 

Autonomic Nervous System 

 

This system regulates the different involuntary activities as contraction of cardiac 

muscle and smooth (involuntary) muscles in addition to secretion of glands.  
 

The autonomic nervous system includes two divisions:  
1) Sympathetic nervous system:  
The nerve fibres of this system originate from the thoracic and lumbar regions of the spinal 

cord. This system is important as an emergency system which enables the body to confront 

emergency situations.  

 

2) Parasympathetic nervous system:  
The nerve fibers of this system arise from the brain (stem) and the sacral region of the 

spinal cord. Most of the internal parts of the body receive nerve fibres related to both 

sympathetic and parasympathetic systems and in most cases the effort of one system 

antagonize the effect of the other.  
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Effects of autonomic nervous system on some parts of the body 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



 

Ms.Asmaa Sobhy     Mob.01063740616   

https://www.facebook.com/Asmaa-Sobhy-107633591414496/ 

 

 

 
 


