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INTRODUCTION 

The nervous system along with the endocrine system, provides 

most of control functions for the body. 

The nervous system can be said to comprise the nerves, the ganglia 

with which they are connected, and the mass of tissue from which they 

emerge. Expressed in cellular terms this would include all the nerve cell 

bodies, their processes (fibers, tracts, etc.) and supporting cells and 

membranes. Physiologically speaking the nervous system is that 

component of a living system which is specialized for carrying 

information and for integrating the reactions to the environment. 

The nervous system is usually divided into central and peripheral 

parts. The central nervous system (CNS) comprises the parts contained 

within the skull and vertebral column, while the latter term  includes the 

ganglia and the fiber bundles which connect the central portion of the 

system with the sense organs and with the effectors of the body (muscles, 

glands, etc.). The central part may further be subdivided into the brain 

(contained within the skull) and the spinal cord (contained within the 

vertebral column). The peripheral parts subdivided into cranial and spinal 

nerve. 

The spinal nerves are connected to the CNS by two roots (ventral 

and dorsal), while cranial nerves are variable in their connected to these 

nerves are actually bundles of fibers, each connected single nerve cell 

body. 

One can furthermore distinguish an autonomic nervous system, 

which consists of an aggregation of nerves and ganglia through which 

the heart, blood vessels, viscera, glands, etc. receive their innervation. 

These organs which are regulated "involuntarily" receive a double 

innervation, one component from the sympathetic and the other from 

the parasympathetic division of the autonomic nervous system. The 

actions of the two are generally opposite, so that the activity level of 

these organs is determined by the relative strengths of excitatory and 

inhibitory nerve actions upon it. 
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*NERVOUS SYSTEM* 

Nervous system consists of the following:- 

1-The central nervous system. 

2-The peripheral nervous system. 

3-Autonomic nervous system. 

1-The central nervous system composed of:- 

A-The brain           B-The spinal cord. 

The peripheral nervous system which composed of the nerves -2

:include and ending from the central nervousext 

A. Cranial nerves                     B. Spinal nerves. 

3-The autonomic nervous system Is classified into two part: 

A) Sympathetic nervous system: is made up of two chains of nerve 

ganglia lying on both sides of the vertebral column. 

B) Para-sympathetic nervous system: The bodies of its pre-

ganglionic neurons lie in CNS. 

*The para-sympathetic ganglia differ from the sympathetic ones in: 

1-They are fewer in number. 

2-Larger in size. 

3-And are situated near, on or in the walls of different viscera 

(while sympathetic ganglia lie very close to the CNS far from the 

viscera). 
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THE NERVE CELL 

The basic unit of the nervous system is the individual nerve cell or 

neuron. 

The neuron, as a cell, consists of a cell body with from one 

(unipolar) to several (multipolar) processes. 

Nerve cells possess the particular of being able to conduct and 

transmit impulses. They synthesize neurotransmitters such as 

acetylcholine, catecholamines and indoleamines. They are also involved 

in lipid. Carbohydrate and protein synthesis. All neurons have a high 

metabolic rate and they require a constant supply of O2 and glucose as 

well as other nutritional components. 

The processes of nerve cells have been classified as being of two 

sorts. One, the dendrite, transmits generally an impulse toward the cell 

body or soma and the other, the axon, transmits an impulse away from the 

soma. 

The cell bodies of neurons are fundamentally the soma as all other 

cells. They are enclosed within a cell membrane and contain a nucleus 

and nucleolus, mitochondria, Golgi substance, endoplasmic reticulum and 

ribosomes, fibrils (neurofibirils) and micro vesicles. It should be noted 

that, in the neuron, the endplasmic reticulum and the ribosomes are 

associated together to form a chromophilic structure recognized by light 

microscopy as Nissl substance. All the evidence suggest that the 

endoplasmic reticulum with its RNA is connected with synthesis of 

various materials, under the influence of the nucleus. 

The axon of a neuron is very delicate structure often protected and 

strengthened in vertebrates by being surrounded by cells known as 

Schwann cells. Some nerves have these cells developed in a remarkable 

manner, the cells being wounded around the axon several times. 

The result is that the axon is surrounded by numerous layers of the 

plasmalemma of the Schwann cell. The layers of lipoprotein membrane 

known collectively as the myelin sheath of the neuron. The sheath 

provides electrical insulation and myelinated nerves usually conduct 

signals faster than nonmyelinated ones. 
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However, axons are not entirely covered with the sheath, for there 

are small gaps between the Schwann cells, known as nodes of Ranvier. 

Here the axon comes into direct contact with the normal extracellular 

fluid of the animal. 

Types of Neurons: 

According to the number of processes arising from the cell body, a 

neuron is termed unipolar, bipolar or multipolar. The unipolar neuron 

having only one true process, an axon, which divides into peripheral and 

central branches (e.g. sensory neuron of spinal ganglion). The bipolar 

neurons are characteristically found in the retina, where the two processes 

emerging from the cell-body are both described as axons. Typical 

multipolar neuron is the major neuron seen, characteristically, in the 

ventral horn of the cord. It is a large cell with many dendrites and an axon 

that terminates on one or more muscle fibers. 

From a functional standpoint we may classify the neurons as (a) 

sensory, (b) effector or motor, and (c) connector neurons 

(interneurons). 
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Central Nervous System 

The central nervous system is composed of the brain and the 

spinal cord. 

The brain is composed of six subdivisions: cerebrum, 

diencephalon, mid-brain, pons, medulla and cerebellum. The midbrain, 

pons and medulla together from the brainstem, whereas the cerebrum 

and diencephalon together constitute the forebrain. 

1-Forebrain: 

 it is consists of a central core (the diencephalon) and the right and 

left cerebral hemispheres (the cerebrum). The hemispheres, although 

largely separated by a longitudinal division, are connected to each other 

by axon by bundles known as commissures, the corpus callosum. 

The outer part of the cerebral hemispheres, the cerebral cortex or 

gray matter, is a cellular shell about 3 mm thick, covering a dense thick 

inner layer of white matter. There are three main areas in the cerebral 

cortex, these are sensory, motor and association areas. 

 

Sensory areas: 

Receive an coordinate impulses sent by the sense organs, such as 

vision or hearing. 

Motor areas: 

Generate impulses that travel out to the voluntary muscles of the 

body and stimulate eye movements, speech, walking, swimming, writing 

and many other complex body motion. 

Association areas: 

Certain association areas are connected with speech, while others 

control memory, reasoning power, judgment and emotions such as love, 

fear and anger. 
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The thalamus, part of the diencephalon, is a region of gray matter 

that relays impulses between the cerebral cortex and spinal cord. It is 

also thought that subjective feelings as pleasure or pain and likes or 

dislikes, are determined here. 

The hypothalamus, is a mass of gray matter found beneath the 

thalamus. It is concerned with a variety of functions, including regulation 

of the heart beat and the body's metabolism of carbohydrates, fats and 

water. It is also important in regulating sleep and in controlling emotions 

and sensivity to sexual excitement. Indeed, the hypothalamus appears to 

be single most important control area for the regulation of internal 

environment. 

2-Brain-stem:  

The brain-stem is the stalk of the brain, through it pass all the 

nerve fibers relaying signals of afferent input and efferent output 

between the spinal cord and higher brain centers. In addition, the brain 

stem gives rise to 12 pairs of cranial nerves, whose axons innervate the 

muscles and glands of the head and many organs in the thoracic and 

abdominal cavities. 

Running through the entire brain-stem is a core of tissue called 

the reticular formation. Which is composed of small, highly branched 

neurons. These neurons receive  and integrate information from many 

afferent pathways as well as from many other regions of the brain. 

Mid-brain:  

The smallest part of the brain tem, it is continuous with the pons 

below and the diencephalon above. The ventral surface is characterized 

by the large cerebral peduncle, lying laterally and carrying axons from 

the motor area of cerebrum to the  brain-stem and to the cerebellum. The 

dorsal surface may be recognized by two pairs of protuberances, the 

superior and inferior calculi. The superior collicular neurons are 

concerned with the processing of visual information, and the inferior 

collicular neurons with auditory signals. Within the mud-brain, there exist 

centers active in the senses of hearing, vision and touch. 
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Pons:  

Is continuous with the medulla and composed of fiber bundles that 

pass from the cerebrum to the spinal cord. Within the pons, many fibers 

from the fight and left sides of the brain cross over one another. Located 

within the pons are reflex centers that influence the rate of breathing and 

heartbeat. 

Medulla:  

Is continuous with the spinal cord and contains the same fiber 

tracts. Several regulatory centers are present in the medulla, these centers 

help to control the rate of breathing, heartbeat, blood pressure, sweating, 

vomiting and the production of digestive juices in the stomach. 

3-Cerebellum: 

 the cerebellum is involved with skeletal muscle functions, it help 

to maintain balance and to provide smooth, directed movements. The 

cerebellum is important in coordination voluntary muscular activities. It 

is similar to the cerebrum in having a central  area of white matter 

surrounding by a covering of gray matter. 
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The spinal cord is connected to the brain and is about the diameter 

of a human finger. From the brain the spinal cord descends down the 

middle of the back nd is surrounding and protected by the bony vertebral 

column. 

The spinal cord is surrounded by a clear fluid called Cerebral 

Spinal Fluid (CSF), that acts as a cushion to protect the delicate nerve 

tissues against damage from banging against the inside of the vertebrate. 

The anatomy of the spinal cord itself, consists of millions of nerve 

fibers which transmit electrical information to and from the limbs, trunk 

and organs of the body, back to and from the brain. The nerves which exit 

the spinal cord in the upper section, the neck, control breathing and arms. 

The nerves which exit the spinal cord in the mid and lower section of the 

back, control the trunk and legs as well as bladder, bowel and sexual 

function. The nerves which carry information from the brain to muscles 

are called Motor Neurons. The nerves which carry information from the 

body back to the brain are called Sensory Neurons carry information to 

the  brain about skin temperature, touch, pain and joint position. 

The brain and spinal cord are referred to as the Central Nervous 

System, while the nerves connected the spinal cord to the body are 

referred to as the Peripheral Nervous System. 
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PERIPHERAL NERVOUS SYSTEM 

 

Afferent division: 

Afferent neurons convey information from receptors in the 

periphery to the central nervous system. The cells bodies of afferent 

neurons are outside of the brain or spinal cord in structure called ganglia. 

From the region of the cell body, one long process (the peripheral 

process) extends away from the ganglion out to the receptors; commonly, 

the process branches several times as it nears its destination, each branch 

containing or innervating one receptor. A second process (the central 

process) passes from the body into the central nervous system, where it 

branches; these branches terminate in synapses on other neurons. 

Efferent division: 

The efferent division is more complicated than the afferent, being 

subdivided into a somatic nervous system and an autonomic nervous 

system. These terms are somewhat unfortunate because they conjure up 

additional "nervous system" distinct from the central and peripheral 

nervous systems. Keep in mind that the terms refer simply to the efferent 

division of the peripheral nervous system. 

Although separating these two divisions is justified by many 

anatomical and physiological differences, the simplest distinction 

between the two is that the somatic nerve fibers innervate skeletal 

muscles, whereas the autonomic nerve fibers innervate smooth and 

cardiac muscle and glands. Outer differences are listed in Table 2. 

Divisions of Peripheral nervous system  
 

I.  Afferent division 

II. Efferent division 

a. Somatic nervous system 
b. Autonomic nervous system 

1. Sympathetic division 
2. Para-sympathetic division 
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Table (2) 

Differences between somatic and autonomic nervous system 

Autonomic nervous system Somatic nervous system 

Has a two-neuron chain (connected 
by a synapse) between the central 
nervous system and the effector 

Consists of a single neuron 
between the central nervous 

system and the effector organ 

Innervates smooth and cardiac 
muscles or glands 

Innervates skeletal muscles 

Can lead to excitation or inhibition 
of the effector cells 

Always leads to excitation of the 
muscle 

SOMATIC NERVOUS SYSTEM 

The somatic division of the peripheral nervous system is made up 

of all the fibers going the central nervous system to skeletal muscle cells. 

The cell bodies of these neurons are located in groups in the brain or 

spinal cord; their large-diameter, myelinated axons leave the central 

nervous system and pass directly (i.e., without any synapses) to skeletal 

muscle cells. The neurotransmitter substance released by these neurons is 

acetylcholine. Because activity in the somatic efferent neurons leads t 

contraction of the innervated skeletal muscle cells, these neurons are 

often called motor neurons. Excitation  of motor neurons only leads to the 

contraction of skeletal muscle cells; there are no inhibitory somatic 

neurons. 

:Cranial nerves 
There are twelve pairs of cranial nerves. Two of these pairs arise from 
neurone cell bodies located in the forebrain and ten pairs arise from the 
midbrain and hindbrain. The cranial nerves are designated by Roman 
numerals and by names. The Roman numerals refer to the order in 
which the nerves are positioned from the front of the brain to the back. 
The names indicate structures innervated by these nerves (e.g., facial) or 
the principal function of the nerves (e.g., oculomotor). 
Most cranial nerves are classified as mixed nerves. This term indicates 
that the nerve contains both sensory and motor fibers. Those cranial 
nerves associated with the special senses (e.g., olfactory; optic), 
however, consist of sensory fibers only. The cell bodies of these sensory 
neurones are not located in the brain, but instead are found in ganglia 
near the sensory organ. 

Crinal nerves are.  
          Olfactory                Optic-                         Oculomotor                        
Trochlear                  Abducens                            Facial-                          
Vestibulocochlear             Glossopharyngeal 
Vagus                                  Accessory                                             Hypoglossal 
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Cranial Nerves 

Attached to the brain are 12 pairs of cranial nerves. Three of them 

contain sensory nerve fibers and conduct impulses into the brain. Five 

contain motor nerve fibers and conduct impulses from the brain out to 

various body regions. The remaining four are mixed nerves, composed of 

both sensory and motor fibers. 
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Spinal nerves: 

There are thirty one pairs of spinal nerves. These nerves are 

grouped into eight cervical, twelve thoracic, five lumbar, five sacral and 

one coccygeal according to the region of the vertebral column from 

which they arise. 

Each spinal nerve is  a mixed nerve composed of sensory and 

motor fibers, these fibers are packaged together in the nerve, but separate 

near the attachment of the nerve to the spinal cord. This produces two 

"roots" to each nerve. The dorsal root is composed of sensory fibers, and 

the ventral root is composed of motor fibers. The dorsal root contains an 

enlargement called the dorsal root ganglion, where the cell bodies of the 

sensory neurons are located, thus the dorsal root, carries information into 

the spinal cord from peripheral receptors, and the ventral root, carries 

signals out. 
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REFLEXES 

A reflex is an involuntary, unlearned response to a stimulus. It is 

common knowledge that application of many kinds of stimulus to 

different parts of the body produces an involuntary movement. Many 

reflexes regulating the internal environment occur without any conscious 

awareness. Examples of such basic reflexes would be pulling one's hand 

away from a hot object or shutting one's eyes as an object rapidly 

approaches the face. However, there are also many responses which 

appear to be automatic and stereotyped but which actually are the result 

of learning and practice. For example, an experienced driver performs 

many. Complicated acts in operating a car, to the driver these motions 

are, in large part, automatic, stereotyped, and unpremeditated, but they 

occur only because a great deal of conscious effort was spent to learn 

them. We shall refer to such reflexes as learned or acquired. 

The reflex Arc 

The structural background of reflex activity is chain of sensory, 

connector and motor neurons, which form the pathway of the nerve 

impulse that travel from a receptor to an effector organ during the 

performance of any reflex. The pathway is known as a reflex arc. There 

must be at least two neurons in a reflex arc, but usually there are more. 

In a somatic spinal reflex arc, three neurons may be involved: 

1- The afferent or receptor neuron with its cell body in the dorsal 

root ganglion.  

2- A connector neuron in the dorsal horn of grey matter which by 

means of its axons transmits the impulse to the ventral horn.  

3- The ventral horn cell and its axon-the excitor neuron which 

transmits the efferent impulses to skeletal muscle. 
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THE NERVE IMPULSE 

The main function of a neuron is to transmit information rapidly 

from one part of the body to another. It does so in the form of a nerve 

impulse. The nerve impulse can be described both as an electrical and 

chemical event, and involves the selective permeability of the cell 

membrane surrounding the neuron. 

A resting neuron (on that is not conducting an impulse) actively 

transports positively charged sodium ions to the outside of the cell, while 

allowing positively charged potassium ions to pass into the cel. 

Negatively charged ions are not free to move through the membrane, and 

the number of sodium ins transported out is greater than the number of 

potassium ions that pass into the cell. Cell membranes tend to be 

relatively permeable to potassium ions and since the intracellular K+ ion 

concentration is greater than the extracellular level, there is a great strong 

tendency for K+ to leak out of cells. Also the K ions are exposed to an 

attraction towards the internal negative charge. The result is a difference 

in charge on the two sides of the cell membrane. This difference in 

electrical charge is referred to as the membrane potential, (or potassium 

diffusion potential) and the cell is said to be polarized. Thus, when in the 

resting state, the exterior of the neuron is positively charged with respect 

to the interior. 

A nerve impulse may originate at any point the nerve cell that is 

properly stimulated; however under normal circumstances, the impulse , 

originates on the ends of the dendrites and passes to the ends of the axon. 

Once stimulated the membrane of the axon suddenly becomes permeable 

to the sodium ions that have become concentrated on the outside and 

outside and sodium rapidly diffuses into the cell. This sudden flow of 

positive ions into the cell temporarily reverses the polarity of the 

membrane, and the cell's interior momentarily becomes positively 

charged with respect to the exterior, so the action potential is largely a 

Sodium diffusion potential. The change in membrane permeability that 

allowed sodium to enter the cell now permits positively charged 

potassium ions to diffuse out. Almost enough potassium passes out to 

equal the number of sodium ions that entered the cell, thereby almost 

reestablishing the original resting membrane polarity. The cell now 

returns to pumping sodium out of the cell while allowing potassium to  
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return back into cytoplasm. All of this occurs in less than five 

thousandths of a second. 

If the event just described occurred only at one spot on the neuron, 

the impulse would end right where it began. Instead, the change of the 

polarity at one the membrane stimulates adjacent parts, initiating the 

same sequence of ions flow and depolarization. As each new section of 

membrane becomes depolarized, it in turn stimulates adjacent areas, and 

so a wave sweeps along the axon. This wave is the nerve impulse. 
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Generally, as soon as a portion of the membrane has been restored 

a polarized state, it is capable of transmitting another impulse. One 

advantage of nervous system over a hormonal one for communication is 

the speed at which a nervous system can deliver messages. The 

circulatory system may take seconds to deliver a hormone to different 

parts of the body, but nerve impulses can be delivered in small fractions 

of a second. Even in the slowest neurons, an impulse travels at about one 

half meter per second and in the fastest neurons impulses can move at 

rates up to 100 meters per second. 

Differences in speed of transmission between different neurons 

depend on the diameter and structure of the axon. Those that transmit 

impulses most rapidly are large and possess a myelin sheath. The sheath 

is impermeable to ions except at very thin areas that occur at intervals 

along the axon. Apparently the high rate of movement along an axon of 

this type is possible because the impulse is able to "jump" from one thin 

region to the next, traversing the length of the cell in a fraction of the time 

required in a nonmyelinated cell of the same length. 

A nerve impulse is a signal that travels along a neurone as sodium 

and potassium ions pass through the membrane in opposite directions this 

impulse can travel from the central nervous system to the tip of your 

fingers in less than 1/100 of a second. 

 

THE SYNAPSE 

A synapse is the functional connection between a neuron and a 

second cell. There is no cytoplasmic continuity between them. In the 

CNS, this other cell is also a neuron. In the CNS the other cell may be a 

neuron or an effector cell within a muscle or a gland. Although the 

physiological of neuron-neuron synapses and neuron-muscle is similar, 

the latter synapses are often called myoneural, or neuromuscular, 

junctions. 

Neuron-neuron synapses usually involve a connection between the 

axon of one neuron and the dendrites, cell body, or axon of a second 

neuron. These are called, respectively, axodendritic, axosomayic and 

axoaxonic synapses . in almost all synapses, transmission is in one 

direction only from the axon of the first (or presynaptic) cell to the  
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second (or postsynaptic) cell. Dendrodendritic synapses do not fit this 

classic  pattern; in these synapses, two dendrites from different neurons 

make reciprocal innervations some of these synapses conduct in one 

direction and others conduct in the opposite direction. 

Synaptic transmission might be chemical that the presynaptic nerve 

endings might be release chemical called neurotransmitters that 

stimulated action potentials in the postsynaptic cells. 

More recent evidence, has shown that electrical synapses do exist 

in the nervous system (through they are the exception), within smooth 

muscles, and between cardiac cells in the heart. 

Types of synapses 

Electrical Synapses: Gap Junctions 

In order for two cells to be electrical couples, hey must be 

approximately equal in size and they must be joined by areas of contact 

with low electrical resistance. 

Adjacent cells that are electrical couples are together by gap 

junctions. In gap junctions, the membranes of the two cells are separated 

.meter) 9-by only 2 nanometers (1 nanometer equals 10 

Gap junction are present in cardiac muscles and smooth muscles, 

where they allow excitation and rhythmic contraction of large masses of 

muscle cells. Gap junctions have also been observed in various regions of 

the brain. Although their functional significance in the brain is unknown, 

it has been speculated that they may allow a two-way transmission of 

impulses(in contrast to chemical synapses, which are always one-way). 

Gap junctions have also been observed between neuroglia cells, which do 

not produce electrical impulses. Many embryonic tissues have gap 

junctions, and these gap junctions disappear as the tissue becomes more 

specialized. 

Chemical Synapses  

Transmission across the majority of synapses in the nervous system 

is one-way and occurs through the release of chemical neurotransmitters 

from presynaptic axon endings, which are called chemical terminal 

boutons because of their swollen appearance, are separated from the  
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postsynaptic cell a synaptic cleft so narrow that it can be seen clearly only 

with an electric microscope. 

Neurotransmitter molecules within the presynaptic neuron endings 

are contains within many small, membrane enclosed synaptic vesicles. In 

order for the neurotransmitter within these vesicles to be released into the 

synaptic cleft, the vesicle membrane must fuse with the axon membrane 

in the process of exocytosis. The number of vesicles that undergo 

exocytosis is directly related to the frequency of action potentials 

produced at the presynaptic axon ending, therefore, when stimulates to 

the presynaptic axon is increased, more vesicles will undergo exocytosis 

and release their neurotransmitters, so that the postsynaptic cell will be 

more greatly affected. 

Action potentials in the terminal bouyon of the presynaptic axon 

cause the opening of voltage-regulated Ca++ channels. There is thus a 

sudden, transient inflow of Ca++ into the presynaptic endings. Ca++ 

activates a regulatory protein within the cytoplasm called calmodulin, 

which inturn activates an enzyme called protein kinase. This enzyme 

phosphorylates (adds a phosphate group to) specific proteins known as 

synapsins in the membrane of the synaptic vesicle. This permits the 

vesicle to undergo exocytosis and release its content of neurotransmitter 

molecules. Regulation by Ca++ , calmodulin and protein kinase is also 

involved in the action of some hormones.  

Once the neurotransmitter molecules have been released from the 

presynaptic axon terminals, they diffuse rapidly across the synaptic cleft 

and reach the membrane of the postsynaptic cell. The neurotransmitters 

then bind to specific receptor proteins that are part of the postsynaptic 

membrane. Binding of the neurotransmitter to its receptor protein causes 

ion channels to open in the postsynaptic membrane. The gates that 

regulate these channels, therefore, can called chemically regulated gates 

because they open in response to chemical changes in the postsynaptic 

cell membrane. 
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Mechanism of transmission of impulse through Synapses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



26 
 

 

 

Structure of Synapses 
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Types of synapse according to its functions 

1- Postsynaptic excitation: 

  By the arrival of a nerve impulse to the nerve terminal and entery of 

Ca++ ions, the mediator produced in the nerve endings is freed from its 

bound state and secreted into the synaptic cleft. Since the latter is very 

narrow the mediator quickly (within about 0.5 millisecond) diffuses to 

the postsynaptic membrane and interacts with its receptors. That results 

in a considerable increase in the permeability of the postsynaptic 

membrane to sodium and potassium ions, which is followed by its 

depolarization and the appearance of what is called the excitatory 

postsynaptic potential. As soon as this potential has reached the critical 

value a wave of excitation (an action potential or spike) arises in the cell. 

Since the membrane of the initial segment of the axon has the lowest 

critical level of depolarization, the action potential is generated first in 

that part of the neurone and spreads from there both to the cell body 

and along the axon. 

As regards certain excitatory synapses in the brain and spinal cord is has 

been established that the mediator in them is acetylcholine. It is also 

known that the level of certain other highly active compounds 

(dopamine, noradrenaline, serotonin) which are possibly also mediators, 

is increased in the tissues of the brain and spinal cord during intense 

excitation. 

2- Postsynaptic inhibition: 

Is begins by the arrival of a nerve impulse to the nerve terminals, 

then opening of calcium channels and entery of Ca2+ ions. The 

transmitter present in the synaptic vesicle is released into the 

extracellular fluid when a vesicle fuses with the membrane of the nerve 

terminal. The transmitter 

Diffuses across the synaptic gap to the post synaptic membrane 

where it combines with specialized receptors. The combination of the 

neurotransmitter with its receptors results in hyperpolarization of the 

postsynaptic membrane ( the inside of the membrane becomes more  
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negative than it is at rest) so the response is inhibitory and the local 

hyperpolarization is an inhibitory postsynaptic potential(IPSP). Neurons  

releasing neurotransmitter substances that cause IPSPS are inhibitory 

neurons. The IPSP is the result of an increase in the permeability of the 

cell membrane to chloride (Cl-) or potassium (K+) ions.  

Because (Cl-) ions are more concentrated outside the cell than 

inside, when the permeability of the membrane of Cl- ions increases, they 

diffuse into the cell, causing the inside of the cell to become more 

negatively and resulting in hyperpolarization. The concentration of K+ 

ions is grater inside the cell than outside, and increased permeability of 

the membrane of K+ outside the cell. Consequently, the outside of the cell 

becomes more positive than inside, resulting in hyperpolarization. 

Transmitter substances (Mediators): 

 The terminal region of each branch of an axon contains a chemical 

transmitter substance that it secretes into synapse whenever an impulse 

arrives. The chemical diffuses across the synapse to the membrane of the 

next neuron. The effect of the transmitter substance is to act as a stimulate 

to the next neuron by the permeability of its membrane to become 

permeable to sodium ions.  

Several different compounds have been identified as transmitter 

substances. Acetylcholine, norepinephrine and serotonin are all examples 

of compounds that act as transmitter substances in different parts of the 

nervous system, with the latter acting in certain portions of the brain. 

Once a transmitter substance has been released into a synapse and 

performs its function on the opposing membrane. It must be removes 

from the region so that it will not interfere with transmission of 

subsequent impulses. 

Acetylcholine: 

The mediator function of acetylcholine provides a good example of 

chemical mediation of synaptic activity. Neuron that release acetylcholine 

are known as cholinergic neurons. 

The arrival of an impulse at a synaptic knob increases the Ca2+ 

permeability of the membrane, and the resultant Ca2+ influx causes 

liberation of acetylcholine into the synaptic cleft by the process of 

exocytosis. The transmitter crosses the cleft and at these synaptic 

junctions where acetylcholine is an excitatory mediator, it acts on 

receptors on the membrane of the postsynaptic cell to increase the 

permeability of the membrane to Na+. 
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Cholinesterase:  

Acetylcholine must be rapidly removed from the synapse if 

repolarization is to occur. Some is taken up again by the presynaptic 

terminals, but most is hydrolyzed by a process catalyzed by the enzyme 

acetyl cholinesterase (AchE) this is also called true or specific 

cholinesterase. It is present in high concentrations in the cell membranes 

at nerve terminals that are cholinergic. There are a variety of esterases in 

body. One found in plasma is capable of hydrolyzing acetylcholine but 

has different properties from acetyl cholinesterase. It is therefore called 

pseudo cholinesterase or nonspecific cholinesterase. 

Acetylcholine synthesis: 

Synthesis of acetylcholine involves the reaction of choline with 

acetate. There is an active uptake of choline into cholinergic neurons. The 

acetate is activated by the combination of acetate groups with reduced 

coenzyme A. the reaction between active acetate (acetyl-coenzyme A) 

and choline is catalyzed by the enzyme choline acetyltransferase. This 

enzyme is found in high concentration in the cytoplasm of cholinergic 

nerve endings. 

Other chemical Mediators:  

Norepinephrine, dopamine, epinephrine and 5-hydroxy-tryptamine 

(serotonin) are among the mediators found in the CNS. Neurons that 

secrete norepinephrine or epinephrine are called adrenergic neurons. 

Histamine, peptides such as "substance P" and other agents may also be 

mediators in the rain. 

Interest in the action of amino acids upon the mammalian central 

nervous system is closely linked with the possible role of some these 

compounds as central transmitter substances. It has been shown that 

glutamic acid has a potent excitatory effect on invertebrate and neurons. 

Gamma-aminobutyric acid (GABA) has been proved to be the mediator 

for presynaptic inhibition in the spinal cord and an inhibitory mediator in 

the brain and in the retina of mammals. Glycine in the mediator 

responsible for direct inhibition in the spinal cord. 
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AUTONOMIC NERVOUS SYSTEM 

The autonomic nervous system innervates organs whose functions 

are not usually under voluntary control. The effectors that responds to 

autonomic regulation include cardiac muscle (the heart), smooth(vesicle) 

muscles, and glands. Anatomical and physiological differences within the 

autonomic nervous system are the basis for its further subdivision into 

sympathetic and parasympathetic components. The cell bodies of the first 

neurons in the two subdivisions are located in different areas of the 

central nervous system and their fibers ,leave at different levels. The 

synaptic fibers from the thoracic and lumbar regions of the spinal cord, 

(from T1 to L2) and the parasympathetic from the brain (specially, the mid 

brain, medulla oblongata and pons) and the sacral portion the spinal cord. 

Thus, the sympathetic division is also called the thoracolumbar division, 

and the parasympathetic the craniosacral division.  

The organization of the autonomic nervous system differs from the 

somatic division as all final motor neurons lie completely outside the 

CNS. The cell bodies of the peripheral neurons are grouped together to 

form ganglia. The efferent fibers passing from the CNS to the ganglia, the 

preganglionic fibers, release the neurotransmitter Ac. The final motor 

neurons from the ganglia to the tissues, the postganglionic fibers, and 

fibers form visceral sensory receptors run together as visceral nerves. 

Sympathetic system 

All preganglionic sympathetic nerves have their cell bodies in the 

thoracic and upper lumbar segments (T1-L2). The axons, along with 

somatic motor fibers, pass out of the spinal in the ventral roots. On 

leaving the spinal column, the preganglionic fibers separate from the 

somatic nerves to form the which rami communicants and join a distinct 

group of sympathetic ganglia, the vertebral (paravertebral or chain) 

ganglia. These ganglia are segmentally arranged and lie along each side 

of the spinal column. The preganglionic fibers either: 

(a) Synapse with postganglionic neurons is one or more of the 

vertebral ganglia, or 

(b) Leave the vertebral ganglia in visceral nerves and pass to 

paravertebral ganglia in the abdomen or to the adrenal medulla. 
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   Many of the postganglionic fibers from vertebral ganglia leave the 

ganglia as the grey rami communication and join the spinal nerves that 

pass to peripheral tissue, join visceral nerves to postganglionic organs. 

Most of these postganglionic fibers release the neurotransmitter 

noradrenaline (norepinephrine) and are referred to as adrenergic fibers. 

The adrenal medulla can be thought of as modified ganglia that release 

the hormone adrenaline (epinephrine), and also some noradrenaline, into 

the bloodstream rather than directly onto effector cells. Small groups of 

sympathetic nerves that do not release noradrenaline innervate the blood 

vessels of muscles, sweat glands and their follicles in the skin, and release 

acetylcholine. The distribution of the postganglionic sympathetic nerves 

is not necessarily the same as the somatic motor nerves from the same 

segment and there is a lot of overlap between adjacent outflows. In brief, 

and very approximately, the T1 outflow passes to the head, T2 to the neck, 

T3-T6 to the thorax, T7-T11 to the abdomen and T12-L2 to the legs. 
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Sympathetic System 
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Parasympathetic system: 

 The preganglionic nerves of the parasympathetic system come from 

both the brain-stem and sacral cord (S2-S4); the axons from the brain stem 

leave in cranial nerves III, VII, IX and X and the sacral axons leave in the 

ventral roots. There are not vertebral or paravertebral ganglia in this 

system; instead all ganglia are found adjacent to or within the effector 

organ. The postganglionic fibers from parasympathetic ganglia are 

relatively short and nearly all release acetylcholine as a neurotransmitter. 

In most cases the distribution of the parasympathetic outflow is more 

restricted than that of the sympathetic system. Thus cranial nerve III 

supplies the smooth muscle of the eye (ciliary muscle and pupillary 

constrictor muscle), VII the lacrimal and sub maxillary glands, and IX the 

parotid gland. The major and most widely distributed parasympathetic 

outflow travels in cranial nerve X, the vages. 

Approximately 70% of all parasympathetic preganglionic fibers leave 

the CNS in this nerve and supply all viscera in the thorax and  most of all 

viscera in the abdomen. The sacral parasympathetic outflow supplies the 

lower colon, rectum, bladder, the lower part of the ureters and the 

external genitalia. 
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Functions of Autonomic Systems 

A-Sympathetic system: 

1-In general, the sympathetic system preserves homeostasis. However, 

the sympathetic nervous system can be active under normal conditions, 

and some of the postganglionic fibers discharge topically "at rest". 

2-In emergency situations (intense muscular exercise, stress. Fear, 

cold, fatigue, hemorrhage, etc.) there is a generalized discharge of the 

sympathetic system. This includes not only an increase in the firing 

frequency of fibers discharging topically but nit also activating of 

sympathetic fibers that are silent at rest (fibers directed to sweat glands, 

pilomotor muscles and the adrenal medulla, as well as vasodilator fibers 

to muscle). 

a-During strenuous muscular exercise, sympathetic activity is 

directed toward supplying adequate energy to the working muscles and 

removing waste products from them. This is accomplished by 

 (1) Activation of vasodilator fibers to muscles and vasoconstrictor fibers 

to other areas (principally splanchnic), which shift an important part of 

the cardiac output to the active areas 

 (2) An increase in cardiac output by augmented venous return 

(sympathetic effects in veins and arterioles), a rise in cardiac frequency 

and augmentation of myocardial contractility, (sympathetic effects on the 

pacemaker and the myocardium). 

 (3) The dilator fibers to the bronchi favor oxygenation.  

(4) Activation of the adrenal medulla leads to release of epinephrine and 

norepinephrine into the circulation. The effects of both adrenal  catechol 

amines are mainly metabolic in these circumstances and effectors organs 

are fully activated. In the liver glycogenolysis is increased by epinephrine 

and the blood sugar level rises; in muscle, glycolysis is increased and the 

lactic acid level rises. In adipose tissues there is a more rapid hydrolysis 

of triglycerides and an increase in the rate of mobilization of free fatty 

acids. Both mechanisms lead to an increased supply of the metabolic 

fuels-carbohydrates and free fatty acids necessary for muscular activity.  

 



36 
 

 

 

(5) Activity of the sympathetic fibers to sweat glands and an increase in 

blood flow to the skin, allow the dissipation of heat engendered muscle 

by exercise.  

(6) Other functions, temporarily of minor importance, are inhibited e.g. 

intestinal motility is inhibited by the activity of sympathetic fibers 

innervating the intestine. 

What has been described is the general pattern of sympathetic activation. 

However; some differences are seen in different emergency situations. 

b-For instance, expose to cold leads to muscular contractions 

(shivering), and the heat produced by this mechanism and by adrenal 

medullary activity is preserved through intense cutaneous 

vasoconstriction and piloerection. 

c- In hemorrhage, the bold flow through the skin is reduced by 

stimulated of sympathetic vasomotor fibers. 

3-It must be stressed that one of the most important functions of the 

sympathetic system is the regulation of vasomotor tone; indeed, this is 

accomplished almost exclusively by means of the sympathetic nerves. 

Activity of these nerves produced contraction of arteriolar smooth 

muscles, so that the arterioles are constricted and the blood pressure rises. 

Another important sympathetic effect on the cardiovascular system is that 

produced by epinephrine transported via the blood or by norepinephrine 

released from sympathetic terminals innervating the heart. Both 

substances increase the frequency of the heartbeat and the strength of 

contraction of the heart muscle. 

Most of the sympathetic fibers provoked vasoconstriction, but some of 

them induced the possible effect in some tissues. Classic in this respect is 

the effect of sympathetic stimulation on the blood supply to muscles 

(both cardiac and skeletal); sympathetic stimulation may evoke 

vasodilatation and consequently an increase in blood flow. 

B-Parasympathetic system 

The parasympathetic nervous system has specific effects according to the 

kind of visceral effector that is subjected to its actions. In the head, 

parasympathetic supply is provided by cranial III, VII and IX, part of the 

supply is directed to the eye, where these fibers contract the sphincter  
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pupillae muscle and the ciliary muscle, leading to miosis (contraction of 

the pupil) and accommodation to near vision. The lacrimal gland receives 

parasympathetic innervation (sympathetic fibers are directed to the 

vessels), which stimulates tear secretion. The salivary gland (parotid, 

submaxillar and sublingual) have an important parasympathetic 

innervation. Stimulation of the chorda tympani evokes secretion of saliva. 

The upper extremities seem to lack a parasympathetic supply. 

However, parasympathetic fibers are abundant in the thoracic and 

abdominal viscera; for the most part they are provided by the vagus 

nerve, increased vagal activity slows the heart. If parasympathetic 

stimulation is prolonged and intense, the heart may stop transiently in 

diastole, and during this period it is filled with blood from the large veins. 

Vagal fivers to the respiratory tract produce bronchial constriction and 

bronchial secretion when stimulated. 

In the gastrointestinal tract, the general effects of the vagus are 

increased peristalsis and secretion as well as relaxation of sphincters. The 

stimulation effects on gastric secretion are well known, and severance of 

the vagus has been tried as therapy for peptic ulcers. Stimulation of the 

vagus evokes increased intestinal motility and elicits secretion by the 

intestinal exocrine glands. The sacral division of the parasympathetic 

innervates the urinary bladder, which contracts during stimulation of 

theses nerves. At the same time, vagal activity inhibits the action of the 

intestinal sphincter of the bladder. The musculature of this organ has 

relatively unimportant sympathetic control, although the sympathetic 

system does regulate its blood flow. The sacral division of the 

parasympathetic system also contains vasodilator fibers that go to the 

genitals. 

In general, the actions of the sympathetic and parasympathetic 

system are antagonistic; if one system activates a function, the other 

inhibits it. 

In fact, most of the vessels involved in the control of the blood 

pressure are innervated only by sympathetic nerves; these nerves are 

continuously active. The parasympathetic nerves serving blood vessels 

usually are restricted to small areas of the body, and vasodilator in these 

areas does not contribute significantly to systemic blood pressure. 

Therefore, to decrease blood pressure it is more important to paralyzed 

the continuous sympathetic activity (tone) then to elicit parasympathetic 

action. 
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Receptor 

Information about the external world and the internal environment 

exists in different energy forms-pressure, temperature, light, sound 

waves, etc. it is the function of receptors to translate these energy forms 

into action potentials. The rest of the nervous system can extract meaning 

only from action potentials or, over very short distances, from graded 

potentials. Regardless of its original energy form, information from 

receptors must be translated into the language of action potentials. The 

process by which stimulus energy is transformed into electrical responses 

in a receptors is known as transduction.  

Receptors are either specialized peripheral endings of afferent 

neurons or separate cells that affect the peripheral ends of afferent 

neurons. In the former case, the afferent neuron is activated directly when 

the stimulus energy impinges on the specialized plasma membrane of the 

receptor; in the late case, the separate receptor cell contains the 

specialized membrane that is activated by the stimulus, and upon 

stimulation, the receptor cell releases a chemical messenger. This 

substance diffuses across the extracellular cleft separating the receptor 

cell from the afferent neuron. The relation between a separate receptors 

cell and the afferent nerve ending is similar in mechanism to the transfer 

of signals across a synapse. 

There are many types of receptors, each of which is specific; i.e., 

each responds much more readily to one from of energy than to others, 

although virtually all receptors can be activated by several different forms 

of energy if the intensity is sufficient. For example, the receptors of the 

eye normally respond to light, but they can activated by an intense 

mechanical stimulus, like a poke in the eye. Note, however, that one still 

experiences the sensation of light in response to the poke in the eye; 

regardless of how the receptors is stimulated, it always gives rise to the 

same sensation. Thus, the sensation experienced depends on the type of 

receptor stimulated and not on the nature of the stimulus. This concept, 

that for every kind of sensation there is a special type of receptor whose 

activation always gives rise to that sensation, is stated as doctrine of 

specific nerve energies, receptors can be grouped as follows according to 

their location in the body: 
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Types of Receptor accordance to its location  

 

        1-Somatic receptors 
 

 

 

(a) Cutaneous receptors 

 

On the body surface and accessible 

mucous membranes. 

 

(b) Proprioceptors 

 

In muscles, tendons and joints. 

 

2-Visceral receptors In the walls of blood 

vessels, gastrointestinal 

tract, bladder and other 

hollow viscera. 

 

        3-CNS receptors    In the brain and spinal 

cord. 

 

        4-Receptors of special senses 

(a) Visual receptors                  In the eye 
(b) Auditory receptors              In the ear 
(c) Orientation receptors          In the vestibular apparatus 
(d) Olfactory receptors             In the nose 
(e) Gustatory receptors In the tongue and oral mucosa 
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Receptors can be also be classified according to the physical nature of 

the stimulus, i.e. as mechanoreceptors, thermo receptors, 

chemoreceptors. Photoreceptors or nociceptors (Table 3). 

Receptor type Adequate 

stimulus 

Location Examples of 

effective stimulus 

Mechano-

receptors 

Mechanical 

deformation 

Skin 

 

Muscles and 

tendons 

 

Joints 

 

Viscera (e.g. 

blood vessles, 

lung, stomach, 

bladder) 

 

Cochlea 

 

 

Vestibule (e.g. 

semi-circular 

cannals, utricle) 

 

Touch, pressure, 

vibration 

Changes in muscle 

length and tension  

Joints position and 

movement 

Distension  

 

 

 

 

 

Sound vibration, 

about 15 Hz to 20 

Hz 

Linear acceleration, 

angular acceleration 

 

Phermo-

receptors 

Heart changes Skin 

 

Hypothalamus 

Warming or cooling 

Warming or cooling 

Chemo-

receptors 

Certain chemicals Carotid and 

arotic bodies 

 

Medulla 

oblongate 

Tongue and gut 

Nose 

 

Hypothalamus 

Changes in plasma 

Po2, PCo. pH 

Local changes in pH 

Acid, salts, sugars 

 

Odorous chemicals 

Changes in plasma 

osmolality 

Thoto-receptors Electromagnetic 

radiation of 

particular 

wavelength (400-

700 nm) 

Eye Light 

Noci-ceptors Mechanical, 

thermal or 

chemical but only 

At an intensity 

which threatens or 

causes tissue 

damage 

Skin 

 

 

 

Deep structures 

(muscles, joint 

and viscera) 

Pinch, crush, sting, 

heat above 45-50 oC  

 

 

 

Excessive stretch 
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(B) 

CHEMICAL CONTROL SYSTEM 

(ENDOCRINE GLANDS) 
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Introduction 

To function effectively, every cell in the body must communicate 

with its neighbors and with cells and tissues in distant portions of the 

body. Table (1) provides an overview of the ways our cells and tissues 

communicate with one another. In a few specialized tissues cellular 

activities are coordinated by the exchange of ions and molecules from 

one cell to the next across gap junctions. This direct communication 

occurs between cells of the same type, and the two cells must be in 

extensive physical contact. The two cells are communicating so closely 

that they function as a single entity. For example, gap junctions: 

(1) Coordination ciliary movement among epithelial cells.  

(2) Coordination the contraction Cardiac muscle cells. 

(3) Facilitate the propagation of action potential from one neuron to the 

next at an electrical synapse. 

Direct communication is highly specialized and relatively rare. 

Most of the communication between living cells involves the release and 

receipt of the chemical messages. Each living cell is continuously 

"talking" to its neighbors by releasing chemicals often called cytokines, 

into the extracellular fluid. These chemical tell cell what their neighbors 

are doing at any given moment. The result is the coordination of tissue 

function at the local level. Examples of these: 

 Local hormones include the prostaglandins: this is a fatty acid 

secreted by one cell that alters the metabolic activates or sensitive 

of adjacent cells. 

 Growth hormones this is a group of compound mainly hormones, 

generally peptides and these compounds responsible for 

stimulating and activating that promote cell division. 

The use of chemical messages to transfer information from cell to 

cell within a single tissue is called paracrine communication and 

chemical involved are called paracrine factor. 

Paracrine factor enter the circulation but the concentrations are 

usually so low that distant cells and tissues are not affected. However, 

some paracrine factors, including several to the prostaglandins and related 

chemicals have primary effects in their tissues of origin and secondary  
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effectors in other tissues and organs. When secondary effects occur, the 

paracrine factor are also acting as hormones. 

Hormones are chemical messenger that are released in one tissue 

and transported within the circulation to reach certain cells in other 

tissues. Whereas all cells release paracrine factors typical hormones are 

produced only specialized cells. In intercellular communication, 

hormones are latters, and the circulatory system is the postal service. A 

hormone released into the circulation will be distributed throughout the 

body. Each hormone has target cells that will respond to its presence. 

These cells process the receptors needed to blnd and "read" the hormonal 

message. The general pattern is indicated in Table 1 

Table 1: mechanism of intercellular communication 
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Although every cell in the body is exposed to the mixtures of hormones 

in circulation at any given moment, each individual cell will respond to 

only a few of the hormones present. The other hormones are treated like 

junk mall and ignored, because the cell lacks the receptors to read the 

messages they contain. The use of hormones to coordinate cellular 

activities in tissues in distant portions of the body is called endocrine 

communication. 

Because the target cells can be anywhere in the body, a single 

hormone can alter the metabolic activities of multiple tissues and organs 

simultaneously. These effects may e slow to appear, but they typically 

persist for days. Consequently, hormones are effective in coordination 

cell, tissue, and organ activities on a sustained, long-term basis. For 

example, circulating hormones keep body water content and levels of 

electrolytes and organic nutrients within normal limits 24 hours a day 

throughout our entire lives. 

While the effects of a single hormone persist, a cell may receive 

additional instructions from other hormones. The result will be a further 

modification of cellular operations. Gradual changes in the quantities and 

identities of circulating hormones can produce complex changes in 

physical structure and physiological capabilities. Examples include the 

processes of embryological and fetal development, growth, and puberty. 

The nervous system also relies primarily on chemical 

communication, but it does not use the circulation for message delivery. 

Instead, as we know, neurons release a neurotransmitter very close to 

target cells that bear the appropriate receptors. The command to release 

the neurotransmitter rapidly travels from one location to another in the 

form of action potentials  propagated along axons. The nervous system 

thus acts like a telephone company, carrying high-speed "message" from 

one location in the body to another and delivering them to a specific 

destination. The effects of neural stimulation are generally short-Lived, 

and they to tend be restricted to specific target cells-primarily because the 

neurotransmitter is rapidly broken down or recycled. This form of 

synaptic communication is ideal for crisis management : if you are in 

danger of being hit by a speeding bus, the nervous system can coordinate 

and direct your leap to safety. Once the trisis is over and the neural circuit 

quiets down, things soon return to normal. 
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When viewed from a general perspective, the differences between 

the nervous and endocrine systems seem relatively clear. In fact, these 

broad organizational and functional distinctions are the basis for treating 

them as two separate systems. Yet, when we consider them in detail, the 

two systems are organized along parallel lines. For example: 

 Both systems rely on the release of the chemicals that bind to 

specific receptors on their target cells. 

 The two systems share many chemical massagers; for example, 

norepinephrine and epinephrine are called hormones when released 

into the circulating but neurotransmitters when released across 

synapses. 

 Both system are regulated primarily by negative feedback control 

mechanisms. 

 The two systems share a common goal: to preserve homeostasis by 

coordinating and regulating the activities of other cells, tissues, 

organs and systems. 

We introduce the components and functions of the endocrine system 

and explore the interactions between the nervous and endocrine 

systems, and then we shall consider specific endocrine organs, 

hormones and functions in detail. 
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AN OVERVIEW OF THE ENDOCRINE SYSTEM 

THE endocrine system includes all the endocrine cells and tissues of 

the body. As we know, endocrine cells are glandular secretory cells 

that release their secretions into the extracellular fluid. This 

characteristic distinguishes them from exocrine cell.  Which secrete 

their products onto epithelial surfaces, generally by way of ducts. The 

chemicals released by endocrine cells may affect only adjacent cells, 

as in the case of most paracrine factors, or they may affect cells  

throughout the body.  

 

 

 

 

*Types of hormones 

(I) According to the relation between the secreting cell& the cell 

acted upon:- 

(1) Endocrine hormone 

 Secreted from a gland or a cell into the bloodstream that 

transports it to its target organ or cell. 

     (2) Paracrine hormone 

 Secreted from a cell into the extracellular space& affects the 

neighboring cell. 

     (3) Autocrine hormone 

 Secreted from cell into the extracellular space & affects the 

same cell that secreted it. 

     (4) Neuroendocrine 

 Secreted from a nerve cell into the blood stream which 

transports it to its target organ or cell to relay metabolic 

information. 

Thus it is different from a neurotransmitter that secreted by a nerve cell 

in a synapse to relay a nerve impulse to another nerve cell, muscle or 

gland. 
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 Types of hormones 
(I) According to the relation between the secreting cell & the 

cell acted upon:- 
A- Endocrine hormones 

Secreted from a gland or a cell into the bloodstream that 
transports it to its target  organ or cell. 

B- Paracrine hormones 
Secreted from a cell into the extracellular space & affects the 
neighboring cell 

C- Autocrine hormone 
Secreted from a cell into the extracellular space & affects the 
same cell that secreted it. 

D- Neuroendocrine 
Secreted from a nerve cell into the blood stream which 
transports it to its target organ or cell to relay metabolic 
information. 
Thus it is different from a neurotransmitter that secreted by a 
nerve cell in a synapse to relay a nerve impulse to another 
nerve cell, muscle or gland. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 



49 
 

 

 

 (II) According to the chemical structure of the hormone:- 

(1) Protein or peptide hormone:- 

The majority of the hormones are protein hormones made up of amino 

acids: 

a) May be short composed of only 3 amino acids or long composed of 

up 180 amino acids or more. 

b)  Composed of a linear chain or ring structure &some are composed 

of 2 chains. 

c) Soluble in water (hydrophilic) & insoluble in lipid (lipophobic) 

e.g. insulin & glucagon. 

d) They have short half-lives due to their free state in blood making 

them available (susceptible) to the action of peptidases enzymes. 

(2) Steroid hormones:- 

(a) Synthesized from cholesterol & these cholesterol synthesized from 

the endocrine gland itself or getting it from ingested food (major 

source). 

(b) In contrast of protein hormone, insoluble in water (hydrophobic) & 

soluble in lipids (lipophilic), for this reason they simply diffuse 

across the plasma membrane to the bloodstream & transported 

bound to plasma proteins that are specific for each hormone. 

(c) The half-life is apparently enhanced by their ability to be bound to 

the plasma proteins. 

E- Thyrosin-derived hormone:- 
1- Synthesized from amino acid, tyrosine. 
2- Although they are made up of an amino acid, but their 

properties are not similar to that of the protein hormones 
e.g adrenaline & noradrenalin. 

F- Eicosanoids:- 
1- Synthesized from fatty acids derived from arachidonic acid 

within the plasma membranes of most cells of the body. 
2- Members of this group are: 

- Prostaglandin 
- Prostacyclines 
- Thromboxanes 
- Leukotrienes 

3- They act locally either on the cell that produce them ( 
autocrine) or pn the neighboring cell (Paracrine) 

4- Their major physiological role is to: 
- Control of vascular smooth muscle activity ( adjust local blood 

flow). 
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- Platelet aggregation. 
- İnduce inflammatory or allergic responses. 
*Mechanism of action 

1- Mechanism of the steroid hormone 

 The steroid hormones including our sex hormones are lipids 

made from cholesterol. 

 As lipids: 

o They can diffuse through the phospholipids plasma 

membrane of their target cells. 

o Once inside a target cell a steroid  hormone enters the 

nucleus. 

o Then bind to a specific receptors protein. 

o The hormone receptor complex then attaches to certain 

sites on the cell's DNA. 

o Activating transcription of specific genes. 

o Then translated into new proteins. 
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 In other target cells an identical hormone-receptor complex 

may activate different genes; as a result different types of 

target cells can respond differently to the same steroid 

hormone. 
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2- Mechanism of non-steroid hormone 

o Non steroid hormones are all synthesized from amino acids& there 

are three main classes of these substances. 

o The amine hormones are modified versions of single amino acids. 

o The peptide hormones are short chains of amino acids& are made 

of polypeptides having as many as 200 amino acids/ 

o Most nonsteroid hormones have the same basic mode of action. 

o Epinephrine (also known as adrenaline ) is an amine hormone. 

o It is called the "fight-or-flight" hormone because it prepares the 

body for sudden action. 

o Among other effects, it stimulates the breakdown of the energy-

storage molecule glycogen in liver cells. 

o Glycogen breakdown yields glucose which provides body cells 

with a ready supply of energy. 

o The epinephrine binds to a specific receptor in the plasma 

membrane of a liver cell& that the binding is correlated with an 

increase of a compound called cAMP within the cell. 

o It becomes clear that epinephrine signals the liver cell to synthesize 

cAMP &that cAMP then makes the cell break down glycogen. 

o A hormone that has this effect on a target cell is called a first 

messenger. 

o As: 

(1) The hormone binds to a membrane receptor protein. 

(2) Setting off a series of reaction that activate an enzyme. 

(3) The enzyme in turn converts ATP to cAMP. 

(4) cAMP serves as a second messenger; in this case triggering 

the breakdown of glycogen. 

o The cAMP molecule is one of several types of molecule known to 

function as second messengers for hormones. 

o In other types of cells, cAMP triggers different reactions. 

o Thus, a single nonsteroid hormone can produce different response 

in different target cells as can a steroid hormone. 

 

 

 

 

 



53 
 

 

 

 

THE PITUITARY GLAND 
 

The pituitary gland can divided into posterior and anterior 

divisions on the basis of function and development anatomy. Nine 

important peptide hormones are released by the pituitary gland 

seven by the anterior pituitary and two by posterior pituitary. Ala 

nine hormones bind to membrane receptors and all nine use cAMP 

as a second messenger.  
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 Blood supply 

Arterial blood 
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Blood supply 

Arterial blood  

This is supplied by branches from the internal carotid artery. 

The anterior lobe is supplied indirectly by blood that has already passed 

through a capillary bed in the hypothalamus but the posterior lobe is 

supplied directly. 

Venous blood 

This comes from both lobes, containing hormones& leaves the gland in 

short veins that enter the venous sinuses between the layers of dura mater.  
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 The Anterior pituitary 

The anterior pituitary, or adenohypophysis, contains a variety of 

endocrine cell types. The anterior pituitary can be subdivided into three 

regions: 

(1) A pars distal (distal part), which is the largest portion of the 

entire pituitary gland. 

(2) An extension called the pars tuberalis, which wraps around the 

adjacent portion of the infundibulum. 

(3) A slender pars intermedia (intermediate part), which forms a 

narrow band bordering the posterior pituitary. 

 

           An extensive capillary network radiates through these regions, so 

every endocrine cell has immediate access to the circulatory system. 

Hypothalamic Control of the Anterior Pituitary (hypothalamic-

pituitary axis) 

There are two classes of regulatory hormones: 

(1) Releasing hormones (RH): stimulates synthesis and secretion of 

one or more hormones at the anterior pituitary. 

(2) Inhibiting hormones (LH): prevents the synthesis and 

secretion of hormones from the anterior pituitary. 

An endocrine cell in the anterior pituitary may be controlled by 

releasing hormones, inhibiting hormones, or some combination of the 

two. The regulatory hormones released at the hypothalamus are 

transported directly to the anterior pituitary by the hypophyseal portal 

system. 

The rate of regulatory hormone secretion by the hypothalamus is 

controlled by a negative feedback. 
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Table (3) Hormones of the hypothalamus, anterior pituitary & their target tissues 

 

 
Hypothalamus                    anterior pituitary                         target gland or tissue 

 

GHRH                                               GH                                              Most tissues 
                                                                                                             Many tissues 
GHRIH                                           GH inhibition                               thyroid gland  
                                                       TSH inhibition                             pancreatic islets 
                                                                                                             Most tissues 
TRH                                                    TSH                                           thyroid gland 
CRH                                                   ACTH                                         Adrenal cortex 
PRH                                                    PRL                                                Breast 
PIH                                                  PRL inhibition                                 Breast  
LHRH                                                   FSH                                          ovaries & testes 
GnRH                                                   LH                                            ovaries & testes 

 
GHRH= growth hormone releasing hormone  
GH= growth hormone ( somatotrophin ) 
GHRIH= growth hormone release inhibiting hormone ( somatotrophin) 
TRH= thyroid releasing hormone 
TSH= thyroid stimulating hormone  
CRH= corticotrophin  releasing hormone 
ACTH= adrenocorticotrophic hormone 
PRH= prolactin releasing hormone 
PRL= prolactin (lactogenic hormone) 
PIH= prolactin inhibiting hormone ( dopamine) 
LHRH= luteinizing hormone releasing hormone 
GnRH= gonadotrophin releasing hormone   
FSH= follicle stimulating hormone 
LH= luteinizing hormone 
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Hormones of the Anterior Pituitary 

We will discuss seven hormones whose functions and control 

mechanisms are reasonably well understood: thyroid stimulating 

hormone, adrenocorticotropic hormone, follicle-stimulating hormone, 

luteinizing hormone, prolactin, growth hormone, and melanocyte-

stimulating hormone. Of the six hormones produced by the pars distalls, 

four regulated the production of hormones by other endocrine glands. The 

names of these hormones indicate their activities, by many the phrases are 

so long that abbreviations are often used instead. 

The hormones of the anterior pituitary are so called tropic 

hormones, because they turn on endocrine glands or support the functions 

of other organs. (some references use trophic hormones to refer to these 

hormones). 

(1) Thyroid –stimulating hormone (TSH) 

Thyroid-stimulating hormone (TSH), or thyrotropin, targets the 

thyroid gland and triggers the release of thyroid hormones. TSH is 

released in response to thyrotropin-releasing hormones (TRH) from 

the hypothalamus. As circulating concentrations of thyroid hormones 

rise, the rates of TRH and TSH production decline. 

(2) Adrenocorticotropic hormone (ACTH) 

Adrenocorticotropic hormone (ACT), also known as 

corticotrophin, stimulates the release of steroid hormones by the 

adrenal cortex, the outer portion of the adrenal gland. ACTH specially 

targets cells that hormones called glucocorticoids, which affect 

glucose metabolism. ACTH release occurs under the stimulation or 

corticotrophin. 

Releasing hormone (CRH) from the hypothalamus. As 

glucocorticoid levels increase, the rates of CRH and ACTH release 

decline. 
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(3) The Gonadotropins 

Follicle-stimulating hormone and luteinizing hormone are called 

gonadotropins, because they regulate the activities of the male and 

female gonads (testes and ovaries, respectively). the production of 

gonadotropins occur under stimulation by gonadotropin-releasing 

hormone (GnRH) from the hypothalamus. 

1- Follicle-stimulating hormone (FSH) or follitropin, promotes 

follicle development in women and, in combination with 

luteinizing hormone, stimulates the secretion of estrogen by 

ovarian cell. Estradiol is the most important estrogen. In men, FSH 

stimulates sustentacular cells, specialized cells in the tubules 

where sperm differentiate. In response, the sustentacular cells 

promote the physical maturation of developing sperm. FSH 

production is inhibited by inhibin, a peptide hormone released by 

cells in the testes and ovaries figure (10a). (Disagreement existes as 

to whether inhibin suppresses the release of GnRH as well as 

FSH). 

2- Luteinizing Hormone (LH) or Lutropin, induces ovulation in 

women and promotes the ovarian secretion of estrogen and the 

progestins (such as progesterone), which prepare the body for 

possible pregnancy. N men, LH is sometimes called interstitial 

cell0stimulating hormone (ICSH), because it stimulates the 

production of sex hormones by the interstitial cells of the testes. 

These sex hormones are called androgens (andors, amn), the most 

important of which is testosterone, LH production, like FSH 

production, is stimulated by GnRH from the hypothalamus. GnRH 

production is inhibited by estrogen, progestin, and androgen Figure  

 

(4) Prolactin (PRL) 

 

Prolactin or mammotropin, works with other hormones to 

stimulate mammary gland development. In pregnancy and during the 

nursing period that follows delivery, PRL also stimulates milk 

production by the mammary glands. The functions of PRL in the 

regulation of androgen production. (PRL appears to make interstitial 

cells more sensitive to LH). 
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Prolactin production is inhibited by prolactin-inhibiting hormone 

(PIH). This hormone is identical to the neurotransmitter dopamine. The 

hypothalamus also secrets a prolactin-releasing hormones, but the 

identity of this prolactin-releasing factor (PRF) is a mystery. Circulating 

PRL stimulate PIH release and inhibits the secretion of prolactin-

releasing factor. 

Although PRL exerts the dominant effect on the glandular cells, 

normal development of the mammary glands is regulated by the 

interaction of several hormones. Prolactin, estrogen, progesterone, 

glucocorticoids, pancreatic hormones, and hormones produced by the 

placenta cooperate in preparing the mammary glands for secretion, and 

milk ejection occurs only in response to oxytocin release at the posterior 

pituitary. 

(5) Growth Hormone 

Growth hormone (GH), or somatotropin (soma, body), stimulate 

cell growth and replication by accelerating the rate of protein synthesis. 

Although virtually every tissue responds to some degree, skeletal muscle 

cells and chondrocytes (cartilage cells) are particularly sensitive to GH 

levels. 

The stimulation of growth by GH involves two different mechanisms: 

1- The pituitary mechanism, which indirect, is best understood. Liver 

cells respond to the presence of GH by synthesizing and releasing 

insulin-like growth factor (IGFs), or somatomedins, which are 

peptide hormones that  ind to receptor sites on a variety of cell 

membranes. in skeletal muscle fibers, cartilage cells, and other 

target cells, somatomedins increase the rate of uptake of amino 

acids and their incorporation into new proteins. These effects 

develop almost immediately after GH release occurs; they are 

particularly important after a meal, when the blood contains high 

concentrations of glucose and amino acids. In functional terms, 

cells can now obtain ATP easily through the aerobic metabolism of 

glucose, and amino acids are readily available for protein synthesis. 

Under these conditions, GH, acting through the somatomedins, 

stimulates protein synthesis and cell growth. 
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2- The direct action of GH are more selective and tend not to appear 

until after blood glucose and amino acid concentrations have 

returned to normal levels: 

o In epithelia and connective tissues, GH stimulates stem cell 

division and differentiation of daughter cells will be stimulated by 

somatomedins. 

o GH also has metabolic effects in adipose tissue and in the liver. 

In adipose tissue, GH stimulate the breakdown of stored 

triglycerides by adipocytes (fat cells), which then release fatty 

acids into the blood. As circulating fatty acid levels rise, many 

tissues stop breaking down glucose and start breaking down fatty 

acids to generate ATP. This process is termed a glucose-sparing 

effect. In the liver, GH stimulates the breakdown of glycogen 

reserves by liver cells. These cells then release glucose into the 

circulation. Because most other tissues are now metabolizing fatty 

acids rather than glucose, blood glucose concentrations begin to 

climb, perhaps to levels significantly higher than normal. The 

elevation of blood glucose levels by GH has been called a 

diabetogenic effect, because diabetes mellitus, an endocrine 

disorder we will consider later in the chapter, is characterized by 

abnormally high blood glucose concentrations. 

Control of growth hormone production 

The production of GH is regulated by: 

(1) Growth hormone-releasing hormone  (GH-RH, or somatocrinin) 

from hypothalamus. 

(2)  Growth hormone- inhibiting hormone (GH-IH, or somatostatin) 

from the hypothalamus. 

(3)  Somatomedins or insulin-like growth factor (IGFs) from the 

liver stimulate GH-IH and inhibit GH-RH. 

Melanocyte-stimulating hormone (MSH) 

The pars intermedia may secret two forms of melanocyte-

stimulating hormone (MSH), or melanotropin. As the name indicates, 

MSH stimulates the melanocytes of the skin, increasing their production 

of melanin, a brown, black, or yellow-brown pigment. MSH release is 

inhibited by an inhibiting hormone now known to dopamine. MSH is 

important in the control of skin pigmentation in fishes, amphibians,  
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reptiles, and many mammals other than primates. The pars intermedia in 

adult humans is virtually nonfunctional, and the circulating blood usually 

does not contain MSH. Moreover, MSH is secreted by the human pars 

intermedia: 

1- During fetal development 

2- In very young children  

3- In pregnant women 

4- In some disease states. 

The functional significance of MSH secretion under these 

circumstances is not known. Administration of a synthetic form of MSH 

causes darkening of the skin, and it has been suggested as a means of 

obtaining a "sunless tan". 

(6) Endorphins 

Endorphins (endogenous morphine ) are endogenous opioid peptide 

that function as neurotransmitters. They are produced by the pituitary 

gland and hypothalamus in vertebrates during exercise, excitement, pain, 

consumption of spicy food, and orgasm and they resemble the opiates in 

their abilities to produce analgesia and a feeling of well-being. This 

hormone acts on the receptors of pain in the brain to decline the pain. 
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Region/ Area Hormones Targets Hormonal  
Effects 

Hypothalamic 
Regulatory 
Hormones 

Anterior pituitary 
(Adenohypophysis) 

 

 
Pars distalis  

Thyroid-stimulating 
Hormone (TSH) 

Thyroid 
Gland 

Secretion of 
thyroid 
hormones 

Thyrotropin-
releasing hormone 
(TRH) 

Adrenocorticotropic 
Hormone ( ACTH) 

Adrenal 
cortex (zona 
fasciculate) 

Glucocorticoid 
secrtion 

Cortictropin-
releasing hormone 
(CRH) 

Gonadotropic 
hormones: 

 

Follicle- stimulating 
hormone (FSH) 

Follicle cells 
of ovaries 

Estrogen 
secretion follicle 
development 

Gonadotropin-
releasing hormone 
(GnRH) 

 Sustentacular 
cells of testes 

Stimulation of 
sperm 
maturation 

As above 

Luteinizing 
hormone (LH) 

Follicle cells 
of ovaries 

Ovulation 
formation of 
corpus luteum, 
progesterone 
secretion 

As above 

 Interstitial 
cells of testes 

Testosterone 
secretion 

As above  

Prolactin (PRL)  mammary 
glands  

Production of 
milk 

Prolactin-inhibiting 
hormone (PIH) 

 Prolactin-releasing 
factor (PRF 

Growth hormone 
(GH) 

All cells Growth, 
protein, 
synthesis, lipid, 
mobilization 
and catabolism 

Growth hormone, 
releasing hormone 
(GH-RH 

 Growth hormone-
inhibiting hormone 
(GH-IH) 

Pars intermedia 
(not active in 
normal adults) 

Melanocyte-
stimulating 
hormone (MSH) 

Melanocytes Increased 
melanin 
synthesis in 
epidermis 

Melanocyte-
stimulating 
hormone- inhibiting 
hormone (MSH-IH) 
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The Posterior Pituitary 

The posterior pituitary is also called the neurohypophysis, or pars 

nervosa (nervous part), because it contains the axons of hypothalamic 

neurons. Neuron of the supraoptic  and periventricular nuclei manufacture 

antidiuretic hormone (ADH) and oxytocin, respectively. These products 

move by axoplasmic transport along axons in the infundibulum to the 

basement membranes of capillaries in the posterior pituitary gland. 

(1) Antidiuretic Hormone 

Antidiuretic hormones (ADH), also known as vasopressin or 

arginine vasopressin (AVP), is released in response to a variety of 

stimuli, most notably a rise in the electrolyte concentration in the blood or 

a fall in blood volume or blood pressure. A ruse in the electrolyte 

concentration stimulates the secretory neurons directly. Because they 

respond to a change in the osmotic concentration of body fluids, these 

neurons are called osmoreceptors. ADH secretion after a fall in blood 

volume or pressure occurs under the stimulation of another hormone, 

angiotensin II. 

The primary function of ADH is to decrease the amount of water lost 

at the kidneys. With losses minimized, any water absorbed from the 

digestive tract will be retained, reducing the concentration of electrolytes 

in the extracellular fluid. In high concentrations, ADH also causes 

vasoconstriction, a constriction of peripheral blood vessels that helps 

elevate blood pressure, ADH release is inhibited by alcohol, which 

explains the increased fluid extraction that follows the consumption of 

alcoholic beverages. 

(2) Oxytocin (OT) 

In women, oxytocin or OT, stimulates smooth muscle tissue in the 

wall of the uterus, promoting labor and delivery. After delivery, oxytocin 

stimulates the concentration of myoepithelial cells around the secretory 

alveoli and the ducts of the mammary glands, promoting ejection of milk. 

Until the last stages of pregnancy, the uterine smooth muscles are 

relatively insensitive to oxytocin, but sensitivity becomes more 

pronounced as the time of delivery approaches. The trigger for normal 

labor and delivery is probably a sudden rise in oxytocin levels at the 

uterus. There is good evidence, however, that the oxytocin involved is 

secreted by the uterus and fetus. 
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Oxytocin secretion and milk ejection are part of the neuroendocrine 

reflex the stimulus is an infant suckling at the breast, and sensory nerves 

innervating the nipples relay the information to the hypothalamus. 

Oxytocin is then release into the circulation at the posterior pituitary, and 

the myoepithelial cells respond by squeezing milk from the secretory 

alveoli into large collecting ducts.  This "milk let-down" reflex can be 

modified by any factor that affects the hypothalamus. For example, 

anxiety, stress and other factors can prevent the flow of milk, even when 

the mammary gland are fully functional. In contract, nursing  mothers can 

become conditioned to associated a body's  crying with suckling these 

women may begin milk let-down as soon as they hear a baby cry. 

Although the function of oxytocin in male and female sexual activity 

remain uncertain, it is known that circulating concentrations of oxytocin 

in both genders rise during sexual arousal and peak at orgasm. There is 

evidence that in men oxytocin stimulates smooth muscle concentrations 

in the walls of the sperm duct (ductus deferens) and prostate gland. These 

actions may be important in emission, the ejection of prostatic secretions, 

sperm, and the secretion of other glands into the male reproductive tract 

before ejaculation. There are indications that the oxytocin released during 

intercourse in females may stimulate smooth muscle concentrations in the 

uterus and vagina that promote sperm transported toward the uterine 

tubes. 
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Posterior 
pituitary 
(neurohypophysi
s or Pars 
Nervosa) 

 
Antidiureti
c hormone 
(ADH) 

Kidneys Reabsorptio
n of water, 
elevation of 
blood 
volume and 
pressure 

Transported 
along axons 
from 
supraoptic 
nucleus to 
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pituitary gland 
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r nucleus to 
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Thyroid gland 

- The thyroid gland is situated in the neck in front of the larynx& 

trachea at level of the 5th, 6th&7th cervical& 1st thoracic vertebrae. 

- It is a highly vascular gland that weighs about 25 g& is surrounded 

by a fibrous capsule.  

- It resembles as a butter fly in shape, consisting of two symmetrical 

lobes, one on either side of the thyroid cartilage & upper 

cartilaginous rings of the trachea. 

- The lobes are joined by a narrow isthmus. 

- The lobes are roughly cone-shaped, about 5 cm long & 3cm wide. 

 

 

- The thyroid gland is composed of cuboidal epithelial that forms 

spherical follicles. 

- These secret & store colloid, a thick sticky protein material. 

- Between the follicles there are other cells found singly or in small 

groups. Parafollicular cells also called C-cells which secrete the 

hormone calcitonin. 

The arterial blood supply 

 The arterial blood supply to the gland is through the superior & 

inferior thyroid arteries. 

 The superior thyroid artery is a branch of the external carotid 

artery. 

 The inferior thyroid artery is a branch of  subclavian artery. 
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The venous return 

The venous return is by the thyroid veins which drain into the internal 

jugular veins. 

- Two parathyroid glands lie against the posterior surface of each 

lobe & are sometimes embedded in thyroid tissue. 

Thyroid gland secrets 3 hormones: 

- Two thyroid hormones thyroxin (tetraiodothyronin T4 ) & 

(triiodothyronin T3). 

- Calcitonin. 

- Adult human thyroid gland weighing 10-29gm & it is the largest 

gland in human body, usually larger in woman than man. 

The thyroid hormones 

- Composed of tyrosine molecules. 

- They contain the trace element iodine. 

The active hormones are: 

(1) Thyroxine (tetra iodothyronine T4) 

Composed of  2 molecules of thyrosin+ iodine atoms (T4). 

(2) Triiodothyronine (T3) 

Composed of 2 molecules of thyrosin+3 iodine atoms (T3). 

- Iodine is essential for the formation of the thyroid gland hormones 

T3&T4. 

- The body's main sources of iodine are sea food, vegetables grown 

in iodine rich soil & iodinated table salt in the diet. 

- The thyroid gland selectively takes up iodine from the blood, a 

process called iodine trapping. 

- The thyroid hormones are synthesized as large precursor molecules 

called thyroglobulin, the major constituent of colloid. 
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Regulation of the thyroid hormones 

- The synthesis & secretion of thyroid hormones are regulated by the 

anterior pituitary thyrotrophin, TSH. 

- The secretion of TSH is stimulated by the TRH from the 

hypothalamus & secretion of TRH is stimulated by exercise, stress, 

malnutrition, low plasma glucose & sleep. 

The output of TSH influenced by:  

(1) TRH. 

(2)  Inhibitory hormones somatostatine GHRIH from hypothalamus. 

(3) Blood level of T3, T4. 

- Increased levels of T3 &T4 exert a negative feedback mechanism 

at the level of both the hypothalamus &pituitary, where they inhibit 

TRH from the hypothalamus which diminishes TSH secretion from 

pituitary. 

- At the same time they themselves inhibit TSH secretion from the 

pituitary. 

- The decreased TSH will decrease the synthesis & release of 

thyroid hormones. 

- When the supply of iodine is deficient; excess TSH is secreted & 

there is proliferation of thyroid gland cells & enlargement of the 

gland. 

- Secretion of T3 &T4 begins about the third month of fetal life & is 

increased at puberty & in women during the reproductive years, 

especially during pregnancy; otherwise it mains fairly constant 

throughout life. 

Action of thyroid hormone 

(1) Thyroid hormone enters the target cells & regulates the expression 

of gens in the nucleus, i.e. they increase or decrease the synthesis 

of some protein including hormones. 

(2)  They combine with specific receptor sites &enhance the effects of 

other hormones e.g. adrenaline & noradrenaline. 

(I.e. thyroid hormones are often required for the actions of other 

hormones). 

(3) Thyroid hormones have general metabolic effects particularly 

important in promoting normal growth & development. 

(4) Regulation a number of homeostatic functions including energy & 

heat production. 

(5) Regulation metabolism of carbohydrates, proteins & fats. 
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(6) Maintain normal blood pressure, heart rate, muscle tone, digestion 

&reproductive functions. 

(7) They are unique in that they exert effects within almost every 

tissue of the body throughout the life of the animal. 

Regulation of the thyroid hormones 

The synthesis & secretion of thyroid hormones are regulated by the 

anterior pituitary thyrotrophin, TSH. 

The secretion of TSH is stimulated by the TRH from the 

hypothalamus & secretion of TRH is stimulated by exercise, stress, 

malnutrition, low plasma glucose &sleep. 

Calcitonin has 3 effects: 

(1) It causes more Ca2+ to be deposited in the bones & reuce the 

reabsorption of calcium from bones. 

(2) It makes the intestine absorb less Ca2+ from the diet. 

(3) It makes the kidneys reabsorb less Ca2+ as they form urine. 

 The results are a lower Ca2+ level in the blood. 

 CT is important during childhood when bines undergo 

considerable changes in size &shape. 

Calcitonin is probably most important during childhood, when it 

stimulates bone growth and mineral deposition in the skeleton. It also 

appears to be important in reducing the loss of bone mass: 

(1) During prolonged starvation. 

(2) In the late stages of pregnancy, when the maternal skeleton 

competes with the developing fetus for calcium ions absorbed by 

the digestive tract. 
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Parathyroid gland and parathyroid hormone 

The parathyroid glands arose relatively recently in vertebrate 

evolution , they are not found in fish and are seen in amphibians such 

as the salamander only after metamorphosis to the land-dwelling form. 

The importance of the parathyroid in normal calcium economy was 

established during the latter part of the nineteenth century when it was 

found that parathyroidectomy resulted in lethal tetany. 

Human begins typically have four parathyroid glands, but as few as 

two and as many as eight have been observed. These glands adhere to 

the posterior surface of the thyroid gland or occasionally are 

embedded within thyroid tissue. 

Parathyroid glands are composed of two cell types (Chief cells) 

predominant and are arranged in clusters or cords. They are the source 

of PTH and have all of the cytological characteristics of cells that 

produce protein hormones. Rough endoplasmic reticulum, prominent 

Golgi apparatus, and some membrane-bound storage granules. 

Oxyphil cells which appear singly or in small groups, are larger than 

chief cells and contain a remarkable number of mitochondria. Oxyphil 

cells have no known function  and are thought by some to be 

degenerated chief cells. 
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Physiological actions of parathyroid hormone: 

Parathyroid hormone is the principle regulator of the extracellular 

calcium pool. It increases the calcium concentration and decreases the 

phosphate concentration in blood by various direct and indirect actins 

on bone, kidney and intestine. In its absence, the concentration of 

calcium in blood and hence interstitial fluid, decreases dramatically 

over a period of several hours while the concentration of phosphate 

increases. 

Hypoparathyroidism may result from insufficient production of 

active hormone or defects in the responses of target tissues; acutely, 

all the symptoms of hypocalcemia are seen, including tetany and 

onvulsions. Chronically, neurological, ocular and cardiac deficiencies 

may also be seen. Hyperparathyroidism results in kidney stones and 

excessive demineralization, leading to weakening of bone. 

Increases in PTH concentration in blood result in mobilization of 

calcium phosphate from the bone matrix, due primarily, and perhaps 

exclusively, to increased osteoplastic activity. Evidence of osteoplastic 

activity is reflected not only by calcium phosphate mobilization, but 

also by increased urinary excretion of hydroxyproline and other 

products of collagen breakdown. 

  In the kidney, PTH products three distinct effects, each of which 

contribution to the maintenance of calcium homeostasis. In the distal 

nephron PTH promotes the reabsorption of calcium, and in the 

proximal tubule it inhibits reabsorption of phosphate and promotes 

hydroxylation and hence activation of vitamin D. 

Calcium balance ultimately depends on intestinal absorption of 

dietary calcium. Calcium absorption is severely reduced in hypo 

parathyroid patients and dramatically increased in those with 

hyperparathyroidism. PTH stimulates the renal enzyme that converts 

vitamin D to its active form, but has no direct effects on intestinal 

transport of either calcium or phosphate. 

Regulation of PTH secretion: 

Chief cells of the parathyroid glands are exquisitely sensitive to 

changes in extracellular calcium and rapidly adjust their rates of PTH 

secretion in a manner that is inversely related to the concentration of 

ionized calcium. The resulting increases or decreases in blood levels 

of PTH produce either positive or negative changed in the plasma 

calcium concentration and thereby provide negative feedback signals 

for regulation of PTH secretion. The activated form of vitamin D, the 

synthesis of which depends on PTH is also a negative feedback 

inhibitor of PTH synthesis. 
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The adrenal gland 

These are two adrenal glands, one situated on the upper pole of 

each kidney enclosed within he renal fascia. 

The glands are composed of two parts which have different 

structures & functions: 

(1) Cortex: 

To the outside, mesodermal in origin. 

(2) Medulla: 

In the center, originated from the ectodermal neural crest. 

Thus it is not surprising that the 2 parts are under different control 

system & their products are completely different in structure &function. 

Blood supply:- 

The arterial blood supply to the glands is by branches from the 

abdominal aorta & renal arteries. 

The venous return is y suprarenal veins: 

 The right gland drains into the inferior vena cava & the left into the 

left renal vein. 
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 (1)-Adrenal cortex 

- The adrenal cortex produces three groups of steroid hormones from 

cholesterol. 

 They are collectively called adrenocorticoids (corticosteroids, 

corticoids). 

 They are glucocorticoids, mineralocorticoids & sex hormones 

(androgens). 

-The cortex is divided into 3 distinct (zonae) parts: 

(1)The zona glomerlusa, with secrete the steroid hormone, 

mineralocorticoids. 

(2) Zona fasciulata, which secrete glucocorticoids hormone. 

(3) Zona reticulosa, which produce the androgens (sex hormones). 

The hormones in each group have different characteristic actions but due 

to their structures similarity their actions may overlap. 

(1) The zona glomerulosa 

- It is the outermost layer comprising 5-10 % of the cortex. 

- The main mineralocorticoid that it secrets is aldosterone. 

- Its role is regulating sodium balance & blood pressure: 

 It increases sodium reabsorption (promoting retention of 

sodium) by the renal tubules. 

 Increase excretion of potassium & hydrogen atoms in the 

urine. 

 As a result, the osmotic pressure increases thus water is 

retained which elevates blood pressure by increasing blood 

volume. 

 Main site of action od aldosterone are the distal tubule & 

the collecting ducts in the kidney. 

Regulation of zona glomerulosa 

 Aldosterone is controlled by the : 

a) Renin-angiotensin (RAS). 

b) Sodium &potassium. 

c) Hemorrhage. 
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(1) Decrease in blood pressure is detected detected by baroreceptors 

found in the arterial vessels of the kidney, resulting in release of 

renin. 

(2)  Renin in a proteolytic enzyme, synthesized & stored within 

secretory granules in cells located at long the terminal part of the 

afferent arteriole entering the renal glomeruli called 

juxtaglomerular (JG) cells. 

(3)  Following stimulating of JG cells, renin is released into the blood 

where it act a plasma protein called angiotensinogen synthesized 

in liver, splitting off a decapeptide (10 amino acids) named 

angiotensin I. 

Angiotensinogen         Renin             Angiotensin I 

(4) A converting endopeptidase enzyme (angiotensin converting 

enzyme ACE)  found in the endothelial cells (especially in the 

lung) quickly converts angiotensin I (by cleaving 2 more amino 

acids) to angiotensin II. 

Angiotensin I                 ACE Angiotensin II  

(5)  Angiotensin II stimulates the cells of the adrenal zona glomerulosa 

aldosterone & is also a very to potent vasoconstrictor hormone. 

(2) The zona fasciolata 

It is the middle zone & is the thickest layer. 

Cortisol (hydrocortisone), corticosterone & cortisone are the main 

glucocorticoids hormones. 

Cortisol affects most tissues of the body & its effects are widespread. 

Glucocorticoids are essential for life, regulating metabolism & 

response to stress, but most physiological effect of glucocorticoids is 

a metabolism (carbohydrates, protein& a lesser extent, fat). 

Glucocorticoids have widespread effects & these include: 

(1) Gluconeogenesis (formation of new sugar non-carbohydrate 

source e.g. protein) & hyperglycemia ( raised blood glucose level). 

(2)  Lipolysis (breakdown of triglycerides into fatty acids & glycerol 

for energy production). 
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(3) Stimulating breakdown of protein, releasing amino acids which can 

be used for synthesis of proteins e.g. enzymes or for ATP 

production. 

(4) Promoting absorption of sodium & water from renal tubules (a 

weak mineralocorticoid effect). 

 

In pathological & pharmacological quantities glucocorticoids: 

(5) Have anti-inflammatory action. 

(6) Suppress the immune response. 

(7) Delay wound healing. 

(8) It affects as well as the cardiovascular gastrointestinal & skeletal 

systems. 

Cortisol increases the concentration of glucose in the body by: 

(1) Stimulating gluconeogenesis in the liver. 

(2) Convert the increased blood glucose to glycogen in the liver. 

(3) Decrease the utilization of glucose in other tissues. 

(4) Enhances the breakdown of proteins in muscles & the release of 

amino acids necessary for gluconeogenesis in the liver. 

(5) Mobilizes fatty acids from adipose tissue to the liver (lipolytic 

action) where their metabolism supply the energy required for 

gluconeogenesis. 

- Thus, although the action of this hormone in the lover is anabolic, 

the action on skeletal muscles & adipose tissue is catabolic. 

- The metabolic effects of cortisol (increased plasma concentration 

of glucose, amino acids &fatty) are ideally suited for adaptation to 

stress. 

- Since foregoing food is associated with stress these metabolic 

changes are essential for survival during fasting. 

- Also amino acids liberated by catabolism of protein stores not only 

provide a source of glucose but constitute of amino acids needed 

for tissue repair should injury occur. 

Regulation of zona fasciculate  

 The anterior pituitary controls the activity of zona fasciculate by 

adrenocorticotrophic hormone (ACTH) which stimulates the 

synthesis & release of cortisol. 
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 Cortisol has a direct negative feedback loop on the hypothalamus 

to influence the release of corticotrophin releasing hormone 

(CRH). 

 Secretion of estradiol is also stimulated by stress. 

 

(3) The zona reticularis 

 It is the innermost layer &consists of cells which are similar to 

those of zona fasciculate. 

 This zona secret androgens, although the production of androgens 

by the adrenal is minimal compared to their production by gonads. 

 Their physiological role is still not clear. 

 This zone is also regulated by ACTH. 

(II) The adrenal medulla 

 The medulla is completely surrounded y the cortex. 

 It develops from nervous tissue in the embryo &is part of the 

sympathetic division of the autonomic nervous system (i.e. 

originated from the ectodermal neural crest). 

 The adrenal medulla secrets 2 of hormones, adrenaline 

(epinephrine E) &noradrenaline (norepinephrine NE). 

 Adrenaline, noradrenaline & dopamine are collectively referred to 

as catecholamine. 

 The catecholamine is usually synthesized in the brain, at synapse 

of postganglionic nerve ending & in the adrenal medulla. 

 Therefore they mayact as neurotransmitters or as neurohormones. 

 In the adult, adrenaline is the major product of the adrenal medulla 

constituting about 80% of the catecholamines in the medulla &it is 

not synthesized in extramedullary tissue. 

  In contrast 20% only of noradrenaline is produced in the medulla, 

while it is primarily produced in neural tissues & released at the 

endings of sympathetic nerve fibers where it serves as 

neurotransmitter to carry signals across the gap that separates the 

fibers & the organ it innervates. 

 The hormones of the adrenal medulla are not vital for survival. 

 The hormones have been named the 3 F'S "fear-fight-flight" 

hormones because they contribute the response to stress. 
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 Due to the neural origin of the medulla it is closely related to the 

nervous system being innervated by preganglionic sympathetic 

fiber making is capable to respond instantaneously of stressful 

circumstances. 

  The response involves stimulation of organ vital to the response 

(brain, muscle, cardiopulmonary stem & liver ) at the express of 

other organs that are less immediately involved (skin, 

gastrointestinal & lymphoid systems). 

 The adrenal medulla also synthesized &stores a number of 

opioidpeptide, particularly met-enkephaline & leu-enkephaline. 

 The secretion of enkephaline from adrenal medulla may account 

for the ability of runners t overcome pain & production of a 

euphoric state over distance, through the action of endogenous 

analgesics. 

Regulation of secretion 

 Stressful stimuli, whether negative or positive, activate certain 

nerve cells in the hypothalamus. 

 These cells send signals to nerve cells in the spinal cord. 

 The spinal cord cells extend to the adrenal medulla & stimulate it 

to release noradrenaline & adrenaline. 

Response of adrenal gland to stress 

 When the body is under stress homeostasis is distributed. 

 To restore it & in some cases to maintain life these are immediate 

& if necessary longer term response. 

 Stressors include exercise, fasting, fright, temperature changes, 

disease & emotional disturbances situations. 

The immediate response is sometimes descried as preparing for fight of 

flight; this is mediated by the sympathetic part of the autonomic nervous 

system &peripheral system. 

The long-term response, ACTH from the anterior pituitary stimulates the 

release of glucocorticoids & mineralocorticoids from the adrenal cortex 

& a more prolonged response to stress occurs. 
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Actions of medullary hormones: 

 (1) On circulation: high dose of adrenaline or noradrenaline causes rise 

of both systolic and diastolic blood pressure. In small doses adrenaline 

slightly rises the systolic pressure, increases the heart rate and cardiac 

output. Adrenaline causes dilation of some blood vessels while 

constriction of others. Noradrenaline causes constriction of all vessels and 

thus causes ore rise of blood pressure. 

(2) On respiration: adrenaline is more bronchodilator than 

noradrenaline. Adrenaline increases O2 consumption by about 30% while 

noradrenaline has no such effect. 

 (3) On blood: adrenaline reduces the blood coagulation time. It increases 

the red cell count, hematocrit value, Hb concentration and plasma protein 

concentration. This may be due to movement of fluid out of the blood 

causing haemoconcentration. Adrenaline reduces the eosinophil count by 

about 50% in presence of corticoids. 

 (4) On metabolism: adrenaline stimulates glycogenolysis. It accelerates 

the breakdown of glycogen in liver into glucose in blood and also affects 

the conversion of muscle glycogen into lactic acid. Adrenaline also 

stimulates the secretion of ACTH. The discharge of glucocorticoids is 

increased and gluconeogenesis is stimulated. 
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The Pancreatic Islets 

       The principle pancreatic hormones are insulin and glucagon, whose 

opposing effects on the liver regulate hepatic storage, production, and 

release of energy rich fuels. 

       Insulin is an anabolic hormone that promotes sequestration of 

carbohydrate, fat, and protein in storage depots throughout the body. Its 

powerful actions are exerts principally on skeletal muscle, liver and 

adipose tissue, whereas those of glucagon are restricted to the liver, 

which respond by forming and secreting energy-rich water-soluble fats: 

glucose, acetoacetic acid and Beta-hydroxybutric acid. 

       Glucagon acts in concert with other fuel-mobilizing hormones to 

counter balance the fuel0storing effects of insulin. 

      Because compensatory changes in secretion of all of these hormones 

are readily made, states of glucagon excess or deficiency rarely lead to 

overt human disease. Insulin, on the other hand, acts alone, and prolonged 

survival is not possible in its absence. Inadequacy of insulin due either to 

insufficient production [diabetes mellitus type I; insulin-dependent 

diabetes mellitus (IDDM)] or end-organ unresponsiveness [diabetes 

mellitus type II; noninsulin-dependent diabetes mellitus (NIDDM)] 

results in one of the most common of the endocrine diseases affecting 

more than 3% of the American population. 

Morphology of the endocrine pancreas: 

     The 1-2 million islets of the human pancreas range in size from about 

50 to about 500 mm in diameter. Collectively the islets comprise only 1-

2% of the pancreatic mass. 

     Blood is supplied by the pancreatic artery and drains into the portal 

vein, which thus delivers the entire output of pancreatic hormones to the 

liver. The islets are also richly innervated with both sympathetic and 

parasympathetic fibers that terminate on or near the secretory cells. 

     Histologically, the islets consist of three cells types beta cell. Which 

synthesize and secrete insulin make up about 60-75% of a typical islets. 

Alpha cells are the source of glucagon and comprise perhaps as much as 

20% of islet tissue. Delta cells, which are considerably less abundant, 

produce somatostatin.  
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     An additional but rarer cell type, the F cell may also appear in the 

exocrine part of the pancreas. A fifth cell type that secrets ghrelin  has 

been identified recently in both fetal and adult islets. 

1- GLUCAGON 

Biosysnthesis, secretion and metabolism: 

        Glucaogon is a simple unbranched peptide chain that consists of 29 

amino acids and has a molecular weight of about 3,500. Its amino acid 

sequence has been remarkably preserved throughout evolution of the 

vertebrates. 

      The glucagon gene, which is located  on chromosome 2, is expressed 

primarily in the alpha cell, L-cell of the intestinal epithelium, and discrete 

brain areas. It encodes a large, 158-amionacide preprolucagon protein 

that is processed in a tissue-specific manner to give rise to at least six 

biologically active peptides that contain similar amino acid sequences. In 

alpha cells, the preprologlucagon molecule is enzymatically cleaved to 

release glucagon and the major proglucagon fragment. 

       Glucagon is packaged, stored in membrane-bound granules, an 

secreted by exocytosis like other peptide hormones. It circulates without 

binding to carrier proteins and has-life in blood in blood of about 5 

minutes. 

      Glucagon concentrations in peripheral blood are considerable lower 

than in portal venous blood. This difference refers the fact that about 25% 

of the secreted glucagon is destroyed during passage through the liver. 

The kidney is another important site of degenerated and a considerable 

fraction of circulating glucagon is destroyed by plasma peptidases. 

Physiological actions of glucagon: 

     The physiological role of glucagon is to stimulate hepatic production 

and secretion of glucose and to a lesser extent, ketone bodies that are 

derived from fatty acids. Under normal circumstances, liver and possible 

pancreas beta cells are the only target of glucagon action. 

     Glucagon stimulates the liver to release glucose and produces a 

prompt increase in blood glucose concentration. Glucose that is released 

from the liver is obtained from breakdown of stored glycogen 

(glycogenolysis) and from new synthesis (gluconeogenesis). Because the  
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principle precursors for gluconeogenesis are amino acids, especially 

(alanine, glucagon also increases hepatic production of urea (ureogenesis) 

from the amino groups. 

     Glucagon also increase production of ketone bodies (ketogenesis) by 

directing metabolism of long-chain fatty acids toward oxidation and away 

from esterification and export as lipoproteins. Concomitantly, glucagon 

also promote breakdown of hepatic triglycerides to yield long-chain fatty 

acids, which, along with fatty acids that reach the liver from peripheral fat 

depots, provide the substance for ketogenesis. 

     All of the effects of glucagon appear to mediated y cyclic AMP. 

Glucagon may also increase intracellular concentrations of calcium by a 

mechanism that depends on activation of protein kinase A, and the 

increased calcium may reinforce some actions of glucagon, particularly 

on glycogenolysis. 

Regulation of glucagon secretion: 

     The concentration of glucose in blood is the most important 

determinant of glucagon secretion in normal individuals. When the 

plasma glucose concentration exceeds 200mg/dl, glucagon secretion is 

maximally inhibited. Inhibitory effects of glucose are proportionately less 

at lower concentrations and disappear when glucose concentration falls 

below 50 mg/dl. 

    The set point for glucose concentration thus falls well within the range 

over which glucagon secretion is regulated, and alpha cells can be 

respond to changes in blood appear to respond directly to changes in 

glucose concentration, but we do not yet understand how they monitor 

blood glucose concentration and translate that information to an 

appropriate rate of glucagon secretion. 

      Low blood glucose (hypoglycemia) not only relieves inhibition of  

glucagon secretion, but this life-threatening circumstance stimulates the 

central nervous system to single both parasympathetic and sympathetic 

nerve ending within the islet to release their neurotransmitters, 

acetylcholine and vasoactive intestinal peptide from parasympathetic 

endings, and norepinephrine and neuropeptide Y (NPY) from 

sympathetic endings. 

     Alpha cells express receptors for these neurotransmitters, and they 

secrete glucagon in response to both parasympathetic and sympathetic 

stimulation. 

    Glucagon secretion is evoked by a meal rich in amino acids. Alpha 

cells respond directly to increased blood levels of certain amino acids, 

particularly arginine. 
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2-INSULIN 

Biosynthesis, secretion and metabolism: 

     Insulin is composed of two unbranched peptide chains joined together 

by two disulfide bridges. The singles gene that encodes the preproinsulin 

molecule consists of three exons and two introns and two introns and is 

located on chromosome 11. 

     After removal of leader sequence in ER the pro insulin molecule 

undergoes folding and disulphide bond formation before it is transferred 

to Golgi apparatus where it is packaged in secretory granules and stored 

complexed with zinc. 

     Processing of the single chain pro insulin molecule to form the two 

chained mature insulin takes place in the secretory granules where 31-

residue peptide, called the connecting peptide (C peptide), is excised by 

stepwise actions of two trypsin like enzymes called prohormone 

convertases.   

     When insulin is secreted, the entire contents of secretory vesicles are 

disgorged into extracellular fluid. Consequently, the C peptide and any 

remaining proinsulin and processing intermediates are released into 

circulation. 

      Insulin is cleared rapidly from the circulation with a half-life of 4-6 

minutes and is destroyed by a specific enzyme, called (insulinase) (or 

insulin-degrading enzyme), that is present in liver, muscle, kidney and 

other tissues. 

     The first step in insulin degrading is receptor-mediated internalization 

through an endosome mechanism. Degradation may take place within 

endosomes or after fusion of endosomes with lysosomes. The liver is the 

principal site of insulin degradation and inactivates about 30-70% of the 

insulin that reaches it in hepatic portal blood. 

     The kidneys destroy about half of the insulin reaches the general 

circulation following receptor-mediated uptake, both from the glomerular 

filtrate and from post glomerular blood plasma. Muscle and other insulin-

sensitive tissues through the body apparently account for destruction of 

the remainder. 
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     Because little degradation of the C peptide occurs in the liver, its 

concentration in blood is useful for estimating the rate of insulin secretion 

and for evaluation of beta cell function in patients who are receiving 

injection of insulin. 

Physiological actions of insulin: 

The actions of insulin on the global human metabolism level include: 

1- Control of cellular intake of certain substances, most prominently 

glucose in muscle and adipose tissue (about 2/3 of the body cells). 

2- Increase of DNA replication and protein synthesis via control of 

amino acid uptake. 

3- Modification of the activity of numerous enzymes. 

The actions of insulin on cells include: 

I. Increased glycogen synthesis –insulin forces storage of glucose in 

liver (and muscle) cells in the form of glycogen, lowered levels of 

insulin cause liver cells to convert glycogen to glucose and excrete 

it into the blood. This is the clinical action of insulin, which is 

directly useful in reducing high blood glucose levels as in diabetes. 

II. Increased fatty acid synthesis-insulin forces fat cells to take in 

blood lipids, which are converted to triglycerides; lack of insulin 

causes the reverse. 

III. Increased esterification of fatty acids-forces adipose tissue to make 

fats (i.e., triglycerides) from fatty acid esters: lack of insulin causes 

the reverse. 

IV. Decreased proteolysis-decreasing the breakdown of protein. 

V. Decreased lipolysis-forces reduction in conversion of fat cell lipid 

stores into blood fatty acids; lack of insulin causes the reverse. 

VI. Decreased gluconeogenesis – decreases production or glucose 

from non-sugar substrates, primarily in the liver (remember, the 

vast majority of endogenous insulin arriving at the liver never 

leaves the liver), lack of insulin causes glucose production from 

assorted substrates in the liver and elsewhere. 

VII. Increased amino acid uptake-forces cells to absorb circulating 

amino acids, lack of insulin inhibits absorption. 
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Regulation of insulin secretion: 

      As might be expressed of a hormone whose physiological role is 

promotion of fuel storage, insulin secretion is greater immediately after 

eating and decreases during between meal periods. Coordination of 

insulin secretion with nutritional state as well as with fluctuating demands 

of energy production is achieved through stimulating of beta cells by 

metabolites, hormones and neural signals. 

 

     Glucose is the most important regular of insulin secretion. In the 

normal individual its concentration in blood is maintained within the 

narrow range of about 70-80 mg/dl after an overnight fast to about 150 

mg/dl immediately after a glucose-rich meal. When blood glucose 

increases above a threshold value, insulin secretion increases 

proportionately. At low concentrations, adjustments in insulin secretion 

are largely governed by other stimuli that act as amplifiers or inhibitors of 

the effects of glucose. 

      Amino acids are important stimuli for insulin secretion. The transient 

increase in plasma amino acids after a protein-rich meal is accompanied 

by increased secretion of insulin. Arginine, lysine and leucine are the 

most potent amino acid stimulators of insulin secretion. 

      Secretion of insulin in response to blood intake is also mediated by a 

neural pathway. The taste or smell of food or the expectation of eating 

increase insulin secretion during this so-called cephalic phase of feeling. 

      An increase in the concentration of glucose in portal blood is detected 

by glucose sensors in the wall of the portal vein and the information is 

relayed to the brain via vagal afferent nerves. In response, vagal efferent 

nerves stimulates the pancreas to secrete insulin and the liver to take up 

glucose. 

3-Somatostatin (GHRIH) 

 In pancreas somatostatin is synthesized by the D-cells, 

 Since it was identifies in the hypothalamus & it inhibit release of 

growth hormone from pituitary gland. 

 Somatostatin has also been identifies in a number of tissues 

including many areas of the brain, gastrointestinal tract & the 

pancreas. 

 Generally somatostatin is an inhibitory pancreas hormone & in the 

pancreas it inhibits the release of both insulin & glucagon. 

 The hormone has been implicated in the regulation of nutrient- 

concentration in the exaggerated response following a meal. 
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 It has been found to retard the entry of nutrient into the body by 

inhibiting various digestive digestive events such as:  

(1) Gastric emptying. 

(2) Acid secretion. 

(3) Pepsin & gastrin secretion. 

(4) Duodenal motility. 

 So the function of somatostatin hormone is regulating the 

movement of the nutrient from the gut to the internal environment. 

4- Pancreatic polypeptide (PP): 

 It is a peptide found in the F-cells of the islets of Langerhans of the 

pancreas. 

 PP is released after a high portion meal& in the case of 

hypoglycemia. 

 Its major effect is the inhibition of the secretion of enzymes by the 

pancreas & the bile by the gall bladder. 

5-Amylin: 

 Recent literature reveals that peptide is secreted from beta-cells of 

the pancreas that secret insulin. 

 Although it is co-secreted with insulin, in response to glucose & 

other beta-cells stimulators, it was found to have opposing 

metabolic effects to those of insulin. 

 It metabolic role is unclear. 
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Structure / Cells Hormone Primary 
Targets 

Hormonal Effects Regulatory 
Control  

Pancreatic islets  

Alpha cells Glucagon Liver, adipose 
tissues 

Mobilizes lipid 
reserves; promotes 
glucose synthesis 
and glycogen 
breakdown in liver; 
elevates blood 
glucose 
concentrations 

Stimulated by low 
blood glucose 
concentrations; 
inhibited by 
somatostatin from 
delta cells 

Beta cells Insulin Most cells Facilitates uptake of 
glucose by target 
cells; stimulates 
lipid and glycogen 
formation and 
storage  

Stimulated by high 
blood glucose 
concentrations, 
parasympathetic 
stimulation, and 
high levels of 
some amino acids; 
inhibited by 
somatostatin from 
delta cells and by 
sympathetic 
activation 

Delta cells  Somatostatin (GH-IH) Other islet 
cells, digestive 
epithelium 

Inhibits insulin and 
glucagon secretion; 
slows rates of 
nutrient absorotion 
and enzyme 
secretion along 
digestive tract 

Stimulated by 
protein-rich meal; 
mechanism 
uncertain 

F cells Pancreatic 
polypeptide 

Digestive 
organs 

Inhibits gallbladder 
contraction; 
regulates 
production of 
pancreatic enzymes; 
influences rate of 
nutrient absorption 
by digestive tract 

Stimulated by 
protein-rich meal 
and by 
parasympathetic 
stimulation 
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Reproductive endocrinology 

 Is the study of endocrine physiology of male & female 

reproductive system. 

 The hormones of the male & the female play an important role in 

the differentiation, growth & maintenance of the sexual 

reproductive tissue necessary for continuation of the species. 

Male reproductive system: 

       It consists of the two testes, epididymis, vas deference, the 

ejaculatory duct in addition of the male accessory glands which include 

prostate, seminal vesicles and two urethral glands. 

Function of the male gonads(testis):  

1- Synthesis of the male sex hormones ( androgens). 

2- The production of gametes (spermatogenesis). 

The androgens 

 These are hormones vital for development & functioning of the 

male reproductive systems. 

 The Ledig cells found between the seminiferous tubules in the 

testes secrete a number of androgens which include a large amount 

testosterone & small quantity of progesterone. 

 Testosterone is converted to the more potent androgens 

(Dihydrotestosterone "DHT") in many target cells. 

 Also testosterone changes to estradiol in the tissue. 

 The role of estradiol & progesterone in the male not clear. 

 The secreted testosterone is mostly bound to plasma proteins, 

either albumin or beta-globulin called sex hormone binding 

globulin (SHBC). 

Action of androgens: 

1-Testosterone is vital for completion of spermatogenesis I the 

seminiferous tubules. 

2-Androgens are necessary for the appearance & development of male 

2ry sex characteristics. 

3-Androgens are strong anabolic hormones responsible for the male 

muscular development & greater growth rate. 
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4-Androgens stimulate growth of facial & body hair, recession of scalp 

hair & thickening of voice. 

5-They are responsible for male sex "drive" & behavioral development. 

Control of androgen production: 

 The synthesis & secretion of testosterone & spermatogenesis is 

controlled by a gonadotrophin releasing hormone (GnRH)from the 

hypothalamus that stimulates gonadotrophe cells of the anterior 

pituitary to secrete both follicle stimulating hormone (FSH) & 

luteinizing hormone (LH). 

 Testosterone acts on the hypothalamus to decrease secretion of 

GnRH. 

Female reproduction system: 

       It consists of the 2 ovaries, fallopian tubes (oviducts), uterus & 

vagina (birth canal).  

The function of the female gonad (ovary) is: 

1-Biosynthesis & secretion of the female sex hormone progesterone & 

estrogen. 

2-Production of gametes (oogenesis). 

Ovarian hormones: 

1-Estrogen are group steroid hormone that have similar effects on femal 

reproductive system Estradiol being the major estrogen secreted by the 

Graafian follicle in the ovaries. 

2-Progesterone is another steroid hormone secreted by the corpus leutum 

& by the placenta during pregnancy. 

3-Ovary also produces 2 peptide hormones inhibin & relaxin. 

(a)Inhibin inhibits the production of FSH from the anterior pituitary. 

(b)Relaxin helps during childbirth. 

4-The relative amount of the ovarian hormones secreted vary throughout 

the menstrual cycle & drastically in the prequantstate. 
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5-When released into circulation, the gonadal steroid bind to plasma 

proteins, estradiol to sex hormone binding globulin (SHBG), while 

progesterone bind to cortico-steroid binding globulin (CBG). 

Action of Estrogens: 

         They are responsible for inhibiting & maintaining maturity of the 

female genitalia & 2ry sex characteristics. 

1- Stimulate ovary & follicle growth as well as reproductive 

tract. 

2- Stimulate external genitalia. 

3- Stimulate breast growth. 

4- Stimulate female body configuration development: 

marrow scolders, broad hips & female pubic hair. 

5- Stimulate the rapid union of growth center of bones, 

epiphysis with the shafts of the long bones that is what 

the growth of girls ceases earlier than the boys. 

6- Affect the epithelium of the skin, causing it to become 

soft & smooth. 

7- Cause deposition of subcutaneous adipose tissue & are 

responsible for the characteristics distribution of fat in the 

mature female. 

8- Together with progesterone, they maintain * control the 

normal menstrual cycle. 

Action of progesterone: 

 The main effects of progesterone are the preparation the 

endothelium for implantation & maintenance of pregnancy. 

1- It causes the secretory changes necessary for 

implantation of the fertilized ovum & it suppresses 

uterine contractions. 

2- It has a profound effect on the fluid balance causing 

the kidneys to retain water * the tissues to accumulate 

fluids. 

3- Stimulate breast growth, particularly glandular tissue. 

4- During pregnancy it is responsible for inhibition of 

ovulation. 
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Control of ovarian hormones: 

 The basic factors contrloing the production of the ovarian 

hormones are similar to those described for testicular function I 

that they involve: 

a) GnRH from hypothalamus. 

b) The anterioir pituitary gonadotrophin (LH & 

FSH). 

c) The gonadal sex hormones (estrogen & 

progesterone). 

 However, in the female the amount of GnRH secreted from the 

hypothalamus is cyclic, the female sex hormones changes over the  

course of menstrual cycle due to the development of the ovum. 

 The interaction of the sex hormones & hypothalamus-pituitary 

hormones in the female is very complex & variable. 

 Throughout most of the menstrual cycle, ovarian steroids exert a 

negative feedback effect of both secretion of both FSH & LH. 

 During the second half of the follicular phase, estradiol exerts a 

positive feedback effect resulting in an increase in gonadotropins 

especially LH. 

Menstrual cycle 

 The menstrual cycle may be derived into two main phases that are 

nearly equal in length: 

1- The follicle phase: during which a single mature follicle develops 

forming the Graafian follicle & end by ovulation. 

1.a- At the beginning of each menstrual cycle several oocyte are found 

growing in the ovary. 

1.b- About a weak into the cycle a selection occurs & only one secondary 

oocyte is chosen, the dominant follicle & continues to develop while the 

others that had begun to enlarge during that week degenerate. 

1.c- The dominant follicle matures & is called the Graafian follicle. 

1.d- Ovulation occurs when the wall of the follicle & the ovary rapture & 

the oocyte is expelled out of the ovary into the fallopian tubes (oviduct). 
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2- The luteal phase: beginning after ovulation & formation of the 

corpus luteum (CL) & ends by the degeneration of the CL & ovum. 

2.a- After the Graafian  follicle discharges its ovum, it undergoes rapid 

transformation, where the cells enlarged greatly & a gland known as the 

corpus luteum formed. 

2-b- If the ovum in the oviduct is not fertilized within two days , the 

corpus luteum degenerates. 

2.c- The disappearance of the corpus luteum leads to menstruation & a 

new cycle begins. 

Hormonal regulation of the menstrual cycle:- 

1-At the end of the cycle plasma estrogen conc. is low exerting little 

negative feedback inhibition on the hypothalamus & anterior pituitary 

thus GnRH increases stimulating FSH & LH secretion. 

2-Under the effect of rising level of FSH & LH the follicle develop. 

3-The follicle produce estrogen & the end of the 1st week the selected 

dominant follicle becomes the major produce of estrogen, markedly 

increasing plasma estrogen levels. 

4-The increase level of estrogen exerts a negative feedback inhibition on 

GnRH, FSH & LH levels that gradually decrease in plasma. 

5- During the late follicle phase (days 11,12 & 13 of the cycle), plasma 

estrogen level rises dramatically due to enlarged Graafian  follicle & 

decrease level of gonadotropins (GnRH, FSH & LH). 

6- The raised estrogen levels, if maintained high for a minimum period of 

36 hours, has a positive effect on the hypothalamoanteroir pituitary 

system; consequently there is a sudden rapid increase (called surge) in 

LH & FSH secretion, this surge of gonadotropins induces the follicle to 

rapture & ovulation occurs. 
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Structure/cells Hormone(s) Primary 

Targets 

Hormonal Effects  Regulatory Control 

Testes 

Interstitial cells Androgens Most cells Support functional 

maturation of sperm, 

protein, synthesis in skeletal 

muscles, male secondary 

sexual characteristics, and 

associated behaviors 

Stimulated by LH from 

anterior pituitary gland 

(see figure 18-10a) 

Ovaries 

Follicular cells Estrogens Most cells Support follicle maturation, 

female secondary sexual 

characteristic, and 

associated behaviors 

Stimulated by FSH and LH 

from anterior pituitary 

gland see figure (18-10a) 

Inhibin  Anterior 

pituitary 

gland 

Inhibits secretion of FSH  Stimulated by FSH from 

anterior pituitary gland 

(see figure 18-10a) 

Corpus luteum Progestins Uterus, 

mammary 

gland 

Prepare uterus for 

implantation; prepare 

mammary glands for 

secretory activity 

Stimulated by LH from 

anterior pituitary gland 

(see figure 18-10a) 

 

Relaxin Pubic 

symphysis, 

uterus, 

mammary 

glands 

Loosens pubic symphysis, 

relaxes uterine ( cervical) 

muscles, stimulates 

mammary gland 

development  

Stimulated by LH from the 

anterior pituitary gland 

and by placental hcG 

(human chorionic 

gonadotropin) 
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Animal behavior 

Introduction 

 

          The response of organisms to their environment is a crucial 

part of survival, and, as we have seen, a key component of 

ecology. For example, plant roots must grow toward sources of 

water and nutrients, while plant leaves and stems must grow to 

effectively capture sunlight. Bacteria, on the other hand, may 

increase or decrease their rates of cell division in response to 

fluxes of nutrients in their environment. In all forms of life one 

finds such coordinated responses to environmental stimuli that 

allow organisms to more effectively interact with their 

surroundings. In the animal kingdom, such responses are often 

fairly complex or elaborate, and are referred to by scientists as 

behavior. Behavior can refer to many aspects of animal activity, 

from physiological responses, such as the production of hormones 

at a certain time of year, to physical activity, such as migration. 

 

Ethology: is the scientific study of animal behavior. 

 

Behavior: is what animal do. 

•   Or: refers to all externally recognizable changes in 

movements, colour,   odour or sounds. 

•   Or: The response of living matter to some form of 

stimulus or actions   performed in response to stimulus.  
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A Brief History of animal behavior 

In the middle of the twentieth century, the study of animal 

behavior became an independent scientific discipline, called 

ethology, mainly through the efforts of two biologists, the 

Austrian Konrad Lorenz (1903–89) and the Dutchman Niko 

Tinbergen (1907–88). It can be said that Lorenz was the more 

philosophical, theoretical of the two, whereas Tinbergen was very 

much an experimentalist, who together with his students and 

collaborators conducted an extensive series of field and laboratory 

experiments on the behavior of animals of many different species. 

Lorenz put forward a number of theoretical models on different 

aspects of animal behavior such as evolution and motivation. 

He was also the more outspoken of the two men, and some of his 

publications met with considerable controversy. In 1973 Lorenz 

and Tinbergen were awarded the Nobel Prize for Physiology and 

Medicine. They shared their prize with Karl von Frisch (1886–

1982), an Austrian comparative physiologist and ethologist who 

had pioneered research into the ―dance language‖ of bees. 

 

Methods of studying Ethology 

 

• Ethology is a combination of laboratory and field science. 

1-  Observation of the animal in its natural field without 

causing any disturbance and record all external factors 

surrounding the animal. 

2- Laboratory experiments on the animal in environment 

nearly as natural. 

3- Analyze each behavior in order to understand the roles of 

development, ecology, physiology and evolution in shaping 

that behavior.  
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Why is it necessary for us to study animal behavior? 

 

1- Majority of people come to contact with animals. 

2- Hunter has to know the ways of animal which is hunted. 

3- Farmer must be aware of the habits of his farm animals. 

4- Knowing the behavior of insects and rodents that damage 

our crops helps in controlling. 

5- Industries like cattle breeding and fishery have been 

developed after understanding behavior of these animals. 

6- Can be important in animal training. 

 

Why do animal behave? 

 

• Animals behave for their benefit and survive. 

Example:  

• The male of stickle-back (a small fish) (fig. 1) builds a 

tubular nest of grass and weeds for fertilized eggs and 

guards them by swimming around the nest and fanning the 

eggs with the pectoral fins for continuous fresh dissolved 

oxygen. As the eggs grow the male increase fanning for 

more oxygen and form a number of holes in the roof of the 

nest. If the male is removed, the eggs will die. 
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Fig. (1) 

 

What is the stimulus? 

 

Stimulus: something that elicits a response and can be divided 

to: 

External stimulus: Something outside the animal. 

• Ex.: Sound, sight, touch, smell, taste, heat, light, chemicals, 

colors, pressure, presence of another animal.  

Internal stimulus: Something inside the animal. 

• Ex.: Hunger, fatigue, feeling hot/cold, hormones.  

 

Animal motivation 

Animals generally do not simply react to the immediate stimuli 

available from the environment, but maintain also an internal 

state, which together with the external (sensory) stimuli determine 

which action to take. Behaviors which depend on an internal state 

are said to be motivated, and the study of animal motivation is an 
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important part of ethology. Motivational states include thirst, 

hunger, fear and the urges to migrate, mate, nest-build and dust 

bathe. These motivations are internal states which vary in 

magnitude from one moment to the next, and that help determine 

which stimuli animals will react to and which they will not; which 

goals they seek out and which they do not. For example: a hungry 

dog would get up, look around for food, at this time motivational 

level or the urge for eating is at the highest level. When it finds 

goal (food) it starts eating and after that the motivational level 

goes down to the minimum level. This dog will not eat for next 

few hours. By this time the motivational level rises again 

gradually. Thus the dog would respond to food differently when it 

is hungry or full. There seems to be an internal drive to elicit a 

particular behavior at particular time. 

General forms of animal behavior 

 

1-Foraging = feeding 

    e. g. locate, obtain & consume food 

2. Parental Care = ensuring survival of young 

    e. g. carrying, nursing, cuddling, holding young 

3. Courtship = attracting a mate 

   e. g. courtship displays, bright feathers, songs, other 

vocalizations, head butting, fighting 

4. Reproductive e.g. mating, giving birth 

5. Offensive/Defensive = aggression, submissive behavior, 

defense from aggressors 

   e. g. hiding, fighting, escape, threatening 

6. Territorial = protect a resource for exclusive use 

    e. g. scenting / marking, birdsong, protection of mate / 

offspring, space, food or water source 
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Animal behavior can be classified to: 

 

• 1- Innate Behavior: natural, inborn and acquired 

through inheritance. 

• 2- Learned Behavior: acquired through experience. 

• 3- Complex Behavior: a blend of innate and learned 

components. 

 

Innate Behavior 

 It is inherited behavior that comes naturally.  

 Genetically programmed responses to stimuli.  

 Innate= instinctive= inborn= inherent= 

consummatory action. 

 In general innate behaviors will always be:  

 Heritable -- encoded in DNA and passed from 

generation to generation  

 Intrinsic -- present in animals raised in isolation from 

others  

 Stereotypic -- performed in the same way each time by 

each individual  

 Inflexible -- not modified by development or 

experience  

 Consummate -- fully developed or expressed at first 

performance. 
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How do we know if a behavior is innate? 

By definition, an innate behavior is genetically built in to an 

organism rather than learned. But how do biologists figure out if a 

behavior is innate? 

In general, scientists test whether a behavior is innate by seeing 

whether it is performed correctly by animals that have not had a 

chance to learn the behavior by experience. For instance, this 

might involve raising young animals separate from adults or 

without stimuli that trigger the behavior. 

As an example, let's consider digging behavior in the deer mouse 

and the beach mouse. These species are closely related and can 

interbreed, but they live in different natural environments and 

have different burrow-digging behaviors. 

 The deer mouse digs a small, short burrow. 

 The beach mouse digs a long burrow with an escape tunnel 

or "back door" to get away from predators. 

 Is this difference in burrow digging innate? To ask this 

question, researchers raised mice of both species in the lab 

with no exposure to sand or opportunity to burrow. Then, 

they provided them with sand, a cue for burrow 

construction. 

 Given sand, each naive mouse dug exactly the type of 

burrow made by its species in the wild. That is, beach mice 

dug a long burrow with an escape tunnel, while deer mice 

dug a short burrow without an escape tunnel. The ability of 

the mice to construct their normal tunnels, without ever 

having seen such a tunnel before, showed that the 

burrowing behavior was indeed innate. 
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Another example:  

Cuckoos, a type of North American forest birds, display a well-

known example of innate behavior in the animal kingdom. In 

cuckoos, parents often lay their eggs in the nest of other birds, 

which in turn raise the cuckoo young as their own. However, as 

the cuckoo matures, it takes on the behavioral characteristics of 

its biological parents, rather than its surrogate parents. 

 

Types of innate behavior 

1- Refelxes  

A reflex is an automatic response to a stimulus.  When you 

touch a hot object, you quickly pull you hand away using the 

withdrawal reflex. The doctor uses a small rubber hammer to hit 

someone knee. When he does this, the leg immediately kicks up. 

Even though the patient hasn't had this done before, because 

reflexes are innate. 

These are the steps: 

 The stimulus is detected by receptors in the skin. 

 These initiate nerve impulses in sensory neurons leading 

from the receptors to the spinal cord. 

 The impulses travel into the spinal cord where the sensory 

nerve terminals synapse with interneurons. 

o Some of these synapse with motor neurons that 

travel out from the spinal cord entering mixed nerves 

that lead to the flexors that withdraw your hand. 

o Others synapse with inhibitory interneurons that 

suppress any motor output to extensors whose 

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/M/Muscles.html#Anatomy_of_Skeletal_Muscle
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/M/Muscles.html#Anatomy_of_Skeletal_Muscle
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contraction would interfere with the withdrawal 

reflex. 

2- Orientation Behaviors  

They are coordinated movements (walking, flying, swimming, 

etc.) that occur in response to an external stimulus. There are two 

types: 

* Kinesis is non-directed orientation, that is, the animal exhibits 

a "random walk".  An example of kinesis would be cockroaches 

in response to light (they run either towards or away from the 

light; completely random). 

*Taxis is a movement directly toward (positive) or away from 

(negative) a stimulus. 

An example of taxis would be birds migrating south to a warmer 

environment. 

Another example, sea turtle hatch and dig their way out of the 

buried hatchery at night. They struggle toward the sea. There is 

no parent present to tell them they must wait for nightfall or that 

they must get to the sea. 

3- Fixed Action Patterns (FAP)  

FAP is a sequence of coordinated movements that are performed 

together as a "unit" without interruption. Each FAP is triggered by 

a unique stimulus variously known as a sign stimulus, a key 

stimulus, or a releaser. 

A classic example of a fixed action pattern comes from the three-

spined stickleback, a small freshwater fish. During the breeding 

season, male sticklebacks develop a red belly and display innate 

aggressive behavior towards other males. 
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When a male stickleback spots another nearby male, he will 

launch into a fixed action pattern involving aggressive displays 

designed to scare off the stranger. The specific stimulus that 

triggers this fixed action pattern is the red belly coloration pattern 

characteristic of males during breeding season. 

How do we know that this is the trigger? In the lab, researchers 

exposed male fish to objects that were painted red on their lower 

halves but didn't otherwise look like a fish, see below. The male 

sticklebacks responded aggressively to the objects just as if they 

were male sticklebacks. In contrast, no response was triggered by 

lifelike male stickleback models that were painted white. 

 
By some accounts, this fixed action pattern has even been 

triggered by a fire truck driving past a male stickleback's tank. 

Another example of a releaser is the beak movements in many 

bird species performed by the newly-hatched chicks, which 

stimulates the mother's regurgitating process to feed her offspring. 

Ex.: (fig. 2) a goose rolls a displaced egg near its nest back to the 

others with its beak. The sight of the displaced egg triggers this 

mechanism.  
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Fig. (2) 

Other forms of FAP 

1- Mating 

2- Feeding patterns 

3- Nest building (fig. 3, 4) 

4- Parental care,  

5- Vocalization 

6- Songs of crickets, birds and whales. 

7- Wing cleaning in insects. 

8- Birds territory and aggression 
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9- Construction of web by spider   

 
 

Fig. (3): The weaver bird 

 

 
 

Fig. (4): The tailor bird 

 

 



14 

 

Learned Behaviors 

Learned behaviors come from experience and are not present in 

an animal at its birth. Through trial and error, memories of past 

experiences and observations of others, animals learn to perform 

certain tasks. Generally speaking, learned behaviors are not 

inheritable and must be taught to or learned by each individual.  

 In general, learned behaviors will always be:  

1- Nonheritable -- acquired only through observation or 

experience.  

2- Extrinsic -- absent in animals raised in isolation from others  

3- Permutable -- pattern or sequence may change over time  

4- Adaptable -- capable of modification to suit changing 

conditions  

5- Progressive -- subject to improvement or refinement through 

practice  

Learned behavior can be of two types: 

 

A- Flexible: accept further changes and experiences.  

 

1- Habituation is learning to "ignore" stimuli that are 

unimportant, irrelevant, or repetitive. 

 For example, 1-a puff of air on the cerci of a cockroach (fig. 5) 

will cause the animal to scamper away.  But repeating the same 
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stimulus over and over will lead to a decrease in the response and 

eventually to no response at all.  

2- Birds learn to ignore scare crow.  

3-In squirrels: When one of them feels threatened, the others hear 

its signal and go to the nearest refuge. However, if the signal 

comes from an individual that has caused many false alarms, the 

other squirrels ignore the signal. 

 

Fig. (5) 

2- Associative Learning which takes two forms: classical 

conditioning and operant conditioning.  

(Classical Conditioning) is learning to associate one stimulus 

with another, unrelated stimulus. 

  Honey bees, for example, learn to associate floral colors and 

fragrances with the presence of nectar.  They can be "trained" to 

collect sugar water from colored dishes on a feeding table.  If a 

blue dish with pure water sits next to a yellow dish with sugar 

water, worker bees will quickly learn to associate "yellow" with 

"food" (even if the dishes are moved around).  When solutions in 

the two dishes are suddenly swapped (sugar to blue and water to 
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yellow), the bees will ignore blue and continue to forage at yellow 

until they eventually "learn" (by trial and error) to look for the 

blue dish.  

In another experiment (Ivan Pavlov’s experiments) (fig. 6) every 

time a dog was given food, a bell was rung. This was repeated 

during several trials. After some time, the dog learned to associate 

the ringing of the bell with food and to respond by salivating. 

 

Fig. (6) 

 

Also Classical Conditioning involves animals recognizing the 

relationship between certain stimuli and their positive or negative 

effects. 

 

A bird that normally preys upon butterflies may capture and 

attempt to eat a brightly colored butterfly, such as a monarch, that 

is completely unpalatable. If this experience is strong enough, or 

is repeated enough times, the bird may learn to associate the 

bright colors of the monarch butterfly with its bad taste, and so 

will not prey on those butterflies anymore. Interestingly enough, 
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this phenomenon may also bring a benefit to other butterflies that 

resemble the bad tasting monarch, as birds will also by pass them 

as prey items due to their physical appearance. 

Operant conditioning 

Operant conditioning is a bit different than classical conditioning 

in that it does not rely on an existing stimulus-response pair. 

Instead, whenever an organism performs a behavior—or an 

intermediate step on the way to the complete behavior—it is 

given a reward or a punishment. At first, the organism may 

perform the behavior—e.g., pressing a lever—purely by chance. 

Through reinforcement, the organism is induced to perform the 

behavior more or less frequently. 

One prominent early investigator of operant conditioning was the 

psychologist B. F. Skinner, the inventor of the Skinner box, see 

image below. Skinner put rats in boxes containing a lever that 

would dispense food when pushed by the rat. The rat would 

initially push the lever a few times by accident, and would then 

begin to associate pushing the lever with getting the food. Over 

time, the rat would push the lever more and more frequently in 

order to obtain the food.  

Operant conditioning (sometimes referred to as instrumental 

conditioning) is a method of learning that occurs through rewards 

and punishments for behavior. Through operant conditioning, an 

association is made between a behavior and a consequence for 

that behavior. 

https://www.verywellmind.com/what-is-instrumental-conditioning-2795408
https://www.verywellmind.com/what-is-instrumental-conditioning-2795408
https://www.verywellmind.com/what-is-instrumental-conditioning-2795408
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Not all of Skinner's experiments involved pleasant treats. The 

bottom of the box consisted of a metal grid that could deliver an 

electric shock to rats as a punishment. When the rat got an electric 

shock each time it performed a certain behavior, it quickly 

learned to stop performing the behavior. As these examples show, 

both positive and negative reinforcement can be used to shape an 

organism's behavior in operant conditioning. Ouch! Poor rats! 

Operant conditioning is the basis of most animal training. For 

instance, you might give your dog a biscuit or a "Good dog!" 

every time it sits, rolls over, or refrains from barking. On the 

other hand, cows in a field surrounded by an electrified fence will 

quickly learn to avoid brushing up against the fence. 

As these examples illustrate, operant conditioning through 

reinforcement can cause animals to engage in behaviors they 

would not have naturally performed or to avoid behaviors that are 

normally part of their repertoire. 
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3- Cognitive learning, perhaps the most complex type of 

learning. 

 

Cognitive learning involves the ability of animals to not only 

receive and store information, but to also combine different 

sources of information and solve problems. Cognitive learning is 

also often associated with the presence of consciousness or self-

awareness. As one example, consider a group of chimpanzees 

placed in a room. In the room, there are sticks on the floor, and 

food that is too high up to be reached by the chimps alone. In this 

scenario, the chimps eventually utilize the sticks to reach the food 

source. It isn‘t that sticks are directly associated with food in the 

chimpanzees‘ experience, but they are representative of a tool 

that, in this case, can be used to solve the problem of how to get 

to the food. 

It is doubtful whether cognitive learning occurs in all or even 

most animals. 

Cognitive learning seems to be more prevalent in certain groups 

of animals, such as the primates and dolphins. 

4- Imitation is an advanced behaviour whereby an animal 

observes and exactly replicates the behaviour of another. Fig. (7) 

The National Institutes of Health reported that capuchin monkeys 

preferred the company of researchers who imitated them to that of 

researchers who did not. The monkeys not only spent more time 

with their imitators but also preferred to engage in a simple task 

with them even when provided with the option of performing the 

same task with a non-imitator. 
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Fig. (7) 

 

B- Restricted, it is only one type called imprinting. 

 

Imprinting occurs in the young of some 

animals. Fig. (8) 

 

Imprinting, which is very common in bird species, occurs when 

young of a species first recognize another organism as a parent 

figure. In most cases, the first other organism that newborn 

animals see is their parent. From that point, newborns quickly 

learn to associate their parent with food and protection. In some 

cases, however, offspring happen to see other organisms before 

their parents, and so ‗imprint‘ on them, instead. This often 

happens, for instance, when humans raise ducks or geese from 

eggs. The first parent-figure that the newly hatched birds see, and 

which they associate with food and protection, is their human 

‗parent‘. Because of this, chicks will follow around the person on 

which they imprinted, and even develop some of their behaviors. 

Imprinting is also interesting because it is a time-sensitive 

phenomenon. In other words, organisms that imprint have a 
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sensitive period during which they exhibit a strong tendency to 

imprint, and after which they are capable of imprinting much less, 

if at all.  

 

 
Fig. (8) 

 

3-Complex Behavior 

Behavior is actually more complicated than "innate" or "learned." 

Most behaviors are a mix of the two, neither completely innate 

nor entirely learned. For instance, some innate behaviors--such as 

flying in insects--can be perfected over time and through 

experience. Locusts know how to fly from birth, but they get 

better at it with practice, eventually learning to expend less 

energy to accomplish the same flight. The same is certainly true 

of foals, born with the knowledge of how to walk; it still takes 

time for the foal to learn how to operate its legs. 
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Social behavior and social organization 
 

Social behavior is defined as interactions among individuals, 

normally within the same species, that are usually beneficial to 

one or more of the individuals. Social behavior serves many 

purposes and is exhibited by an extraordinary wide variety of 

animals, including invertebrates, fish, birds, and mammals. Thus, 

social behavior is not only displayed by animals possessing well-

developed brains and nervous systems. 

 

Types of Animal Groups 

1- Aggregation or association = chance gathering 

produced by external factors or temporary union of 

individuals reacting in the same way to environmental 

stimuli. 

e.g.: insects gather around a source of light for mating. 

e.g.: earthworms collect under a rock for moisture or 

protection. 

e.g.: housefly collected around food source.  

2- True societies or organized societies = permanent 

(sometimes temporary) union of individuals held together 

by mutual attraction of its members.  

Eisenberg (1965) proposed four properties of organized societies: 

1- Communication: all organized societies have some form 

of complex communication system. Members of a social 

group indicates messages by touch, change in coulor, 

vocalization, raise hair or complex messages like facial 

expression with vocalization in chimpanzees. 

2- Cohesion: the individuals of a society tend to remain in 

close proximity to one another e.g. all the bees of a group 
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live in one hive, the individuals in a herd of deer or wolves 

remain in close in the home range. 

3- Division of labour: individuals of different status (sexes 

or age group) have different function in remaining the 

society. Baboon and macaque young adult males often 

serve as front or rear guard for group as the group moves, 

they are the ones to face perdition. The old, adult, dominant 

males remain in a more central place decide the foraging 

and resting areas, the function of females is to bear and 

bring up infants and care for young. In bees colony there is 

one queen, few drones and workers (builders, soldiers and 

foragers). 

4- Permanence and impermeability: individuals making 

up a society tend to be the same, there is little migration 

from or to the group.      

 

Benefits of being Social  

 

Social behavior seems to provide many benefits to those who 

practice it.  

1- Many animals are more successful in finding food if they 

search as a group. This is especially true if food resources 

are clumped together only in certain places. If more 

individuals are cooperating in the search, there is a greater 

chance one of them will find the clump of food. In some 

cases, foraging in a group makes it easier to capture a prey. 

Dolphins are known to surround a school of fish and to take 

turns darting into the center to eat the fish that are trapped 

in the middle. Many carnivores (wolves and lions) will 

band together when they try to capture large prey. When 
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these animals are hunting much smaller prey, they will 

often hunt singly.  

 

2- Many animals live in social groups for protection. 

Although one baboon might not be able to fight off a 

leopard, a troop of baboons often is able to do so. In 

addition, with more individuals cooperating together, some 

can serve as sentries looking for danger while the other 

group members are eating or sleeping like Prairie dogs.  

Many prey species, such as schools of fish and flocks of 

shorebirds, travel in groups in which their rapidly 

movements are highly coordinated. This behavior creates 

confusion for the predator. However, if one individual is 

unable to keep up with the group, the predator will then be 

able to focus on it and usually will succeed in catching it.  

 

3- Some animals form social groups to make travel easier. 

Canada geese and other bird species typically fly in a V 

formation. Just like bicyclists who ride behind one another 

in order to reduce wind resistance, the geese fly in 

formation to reduce the wind they must encounter.  

4- Some animals congregate in close proximity to one another 

in cold weather in an effort to stay warm. Small birds are 

sometimes known to huddle so closely they form a single 

large ball of birds.  

 

5- Facilitation of reproduction: group living improves 

reproductive success. In some animals it is difficult for 

them to find a mate in solitary but it may be easier in large 

social group.  
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Aggression and Dominance 

Sociality requires cooperation at the same time animals tend to 

compete with one another because of limitations in the common 

resources that all require for life like food, water, sexual mates, or 

shelter when such requirements are limited in quantity and are 

therefore worth a fight. 

Aggression may define as an offensive action, or threat, to force 

others to abandon something they own or might attain. Many 

behaviorists consider aggression part of a somewhat interaction 

called agonistic behavior, referring to any activity related to 

fighting, whether it be aggression, defense, submission, or retreat. 

 

The winner of an aggressive competition is dominant to the loser, 

the subordinate. In a social species, dominance interactions often 

take the form of a dominance hierarchy. One animal at the top 

wins encounters with all other members in the social group; the 

second in rank wins all but those with the top-ranking individual. 

 

Such a simple, ordered hierarchy was first observed in chickens 

by Schjelderup-Ebbe, who called the hierarchy a ―peck-order.‖ 

Once social ranking is established, actual pecking diminishes and 

is replaced by threats, bluffs, and bows.  

 

Aggression and Territoriality 

 

Territorial ownership is another facet of sociality in animal 

populations. A territory is a fixed area from which intruders of 

the same species are excluded. This exclusion involves defending 

the area from intruders and spending long periods of time being 

conspicuous on the site. Territorial defense has been observed in 
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numerous animals: insects, crustaceans, fishes, amphibians, 

lizards, birds, and mammals, including humans. 

 

Territoriality is generally an alternative to dominance behavior, 

although both systems may be observed operating in the same 

species. A territorial system may work well when the population 

is low, but it may break down with increasing population density 

and be replaced with dominance hierarchies in which all animals 

occupy the same space 

 

Territory can be classified according to activities that take place 

inside it: 

1- Mating, nesting and feeding territory: common among 

song birds and some mammals such as the muskrat. The 

males find a territory and defend it by fighting or by song 

in the case of birds. 

2- Mating and nesting territory: common among some 

hawks. 

3- Mating territory as in wood-cock and this area is not 

defended. 

4- Nesting territory: some birds defend territories that large 

enough to build a nest. 

5- Feeding and resting territory: common defended in 

winter.  

 

Birds are conspicuously territorial. Most male songbirds establish 

territories in the early spring and defend these vigorously against 

all males of the same species during spring and summer when 

mating and nesting are at their height.. 

 

Territorial behavior is not as prominent with mammals as it is 
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with birds. Mammals are less mobile than birds, making it more 

difficult for them to patrol a territory for trespassers. Instead, 

many mammals have home ranges. A home range is the total 

area an individual traverses in its activities. It is not an exclusive, 

defended preserve but overlaps with the home ranges of other 

individuals of the same species. 

For example, home ranges of baboon troops overlap extensively, 

although a small part of each range becomes the recognized 

territory of each troop for its exclusive use. Home ranges may 

shift considerably with the seasons. A baboon troop may have to 

shift to a new range during the dry season to obtain water and 

better grass. 

 

 

Mating Systems 

 

Sometimes social behavior is exhibited by groups of males or 

females during the breeding season. Animals display a diversity 

of mating systems. Behavioral ecologists generally classify 

mating systems by the degree to which males and females 

associate during mating.  

1- Monogamy is an association between one male and one 

female at a time and both join to rear offspring. This type 

found in 90 % birds and less than 4 % mammals.   

2- Polygamy: females and males may have more than one 

mate.  

a- Polygyny refers to a male that mate with more than one 

female. Male usually do not stay to help rearing young. 

This type most common among mammals. There are 

specific types of polygyny: 
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Resource defense polygyny occurs when males gain access to 

females indirectly by holding critical resources. For example, 

female bullfrogs prefer to mate with males who are larger and 

older. These males defend territories of higher quality than 

smaller males because their territories have better temperature 

regimes for tadpoles to grow or because they are free of predatory 

leeches.  

Female defense polygyny occurs when females aggregate and, 

consequently, are defendable. Thus, when female elephant seals 

occupy a small island, dominant males can defend and gain 

access to them for mating relatively easily. This situation was 

previously known as a ―harem.‖  

Male dominance polygyny occurs when females select mates 

from aggregations of males. For example, some animals form 

leks. A lek is a communal display ground where males congregate 

to attract and court females. Females choose and mate with the 

male having the most attractive qualities. Leks characterize some 

birds, including prairie chickens and sage grouse. In these 

systems, sexual selection is often intense, resulting in evolution of 

bizarre courtship rituals and exaggerated morphological traits.  

b- Polyandry is a system in which a female mates with 

more than one male. It is the rarest and unusual mating 

system found in some birds. 

3- Promiscuity: members of both sexes mate randomly (any 

male with any female in the group). The two sexes do not 

form long term bonds. It found in bears, wildebeests, and 

chimpanzees. 

 

Parental care 
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Parental care is found in a broad range of taxonomic groups, 

including both ectothermic (invertebrates, fish, amphibians 

and reptiles), and endothermic (birds and mammals) species. 

Care can be provided at any stage of the offspring's life: pre-

natal care including behaviours such as egg guarding, 

preparation of nest, brood carrying, incubation, and placental 

nourishment in mammals; and post-natal care including food 

provisioning and protection of offspring. 

In Fishes 

A number of fishes build nests made of bubbles that not only 

hold the eggs together but also provide the oxygen necessary 

for the developing embryos. Other fishes, particularly those 

that live in oxygen-poor waters, display elaborate fanning 

behaviour to keep the water moving around the eggs. In 

some fishes, the female incubates the egg in her mouth, thus 

providing protection against predators as well as constant 

aeration. The fry (young) of some of these mouthbreeders 

travel in a school near the parent. When danger approaches, 

they flee into the parent‘s mouth and later swim out after the 

danger passes. 

In Birds 

Birds have the problem of keeping the eggs at an optimum 

temperature for development of the embryo. With the onset 

of egg laying in many species, the feathers of the lower 

abdomen are lost, and the skin in that area becomes thickened 

and highly vascularized (filled with blood vessels), forming 

the so-called brood patches. The brood patches and 

―broodiness‖ are controlled by several hormones, combined 

http://en.wikipedia.org/wiki/Ectotherm
http://en.wikipedia.org/wiki/Warm-blooded
http://www.britannica.com/EBchecked/topic/395148/mouthbreeder
http://www.britannica.com/EBchecked/topic/81155/brood-patch
http://www.britannica.com/EBchecked/topic/536988/sex-hormone
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with visual and tactile stimuli. Chief among these hormones 

is prolactin, which also controls the production of pigeon 

milk, a cheese-like substance produced only in the crops of 

adult doves and pigeons. 

 

 

In mammals 

Although there are some outstanding exceptions, most young 

mammals are completely helpless at birth. This helplessness 

is most striking in the marsupials (e.g., opossums and 

kangaroos), in which the young are born at a very early stage 

of development; they crawl through the mother‘s hair to the 

brood pouch, where they attach themselves to a nipple and 

their development continues for many more months. 

An early characteristic behaviour in mammals following 

birth is that of the mother licking the newborn. This serves at 

least two functions—one is general cleanliness to avoid 

infections or the attraction of parasites; the other would 

appear to be purely social. If a newborn mammal is removed 

from its mother and cleaned elsewhere before she can lick it, 

she usually will not accept it. Thus, licking behaviour also 

serves, in some manner, to establish a unique relationship 

between the mother and her offspring.  

In some mammalian species, the females form social groups 

during the breeding season. In certain circumstances, females 

will look after one another's offspring while the other mother 

goes out to find food. In other species, such as lemurs, 

http://www.britannica.com/EBchecked/topic/478570/prolactin
http://www.britannica.com/EBchecked/topic/460131/pigeon
http://www.britannica.com/EBchecked/topic/170301/dove
http://www.britannica.com/EBchecked/topic/360838/mammal
http://www.britannica.com/EBchecked/topic/366719/marsupial
http://www.britannica.com/EBchecked/topic/81159/brood-pouch
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females may form social groups as a kind of defense. Males 

of some lemur species will try to kill the offspring of females 

that mated with another male. By banding together, the 

females are sometimes able to ward off the attacking male.  

Animal Communication 

 

Animal communication is "the transmission of a signal from 

one animal to another such that the sender benefits, on 

average, from the response of the recipient". Communication 

most often happens between members of a species, though it 

can also take place between different species. Animals may 

communicate by sounds, scents, touch, and movement.  

1- Visual communication 

It is done in various ways depending on the animal's 

physical structure and behavior. These includes:  

a- changes in facial expressions. Dogs for example 

express anger through a snarling and showing their 

teeth. In alarm their ears will perk up. When fearful a 

dog will pull back their ears, expose teeth slightly and 

squint eyes. 

b- changes in body shapes, when a cobra expands 

the skin on its neck as a sign of attack.  

c- Change in color, some cephalopods, such as the 

octopus, have specialized skin cells that can change 

the apparent colour, rapid changes in skin colour are 

used while hunting and in courtship rituals. 
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d- Change in movements, honey bees use a dance to 

help other bees find flowers to collect food to the 

hive. Also courtship dancing in some birds. Fig. (9) 

 

Fig. (9) 

2- Vocal communication 

Many animals communicate through vocalizations. 

Communication through vocalization is essential for many 

tasks including mating rituals, warning calls, conveying 

location of food sources, and social learning. Male mating 

calls are used to signal the female and to beat competitors 

in species such as hammer-headed bats, red deers, 

humpback whales and elephant seals. In birds, who use 

sounds to convey warnings, attract mates, defend 

territories, and coordinate group behaviors. Some birds 

also produce birdsong. 

 Monkeys cry out a warning when a predator is near, 

giving the other members of the troop a chance to 

escape. Vervet monkeys even have different calls to 

indicate different predators. 
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 Bullfrogs croak to attract female frogs as mates. In 

some frog species, the sounds can be heard up to a mile 

away! 

 Gibbons use calls to mark their territory, keeping 

potential competitors away. A paired male and female, 

and even their offspring, may make the calls together. 

Water, like air, can carry sound waves, and marine 

animals also use sound to communicate. Dolphins, for 

instance, produce various noises—including whistles, 

chirps, and clicks—and arrange them in complex patterns. 

The idea that this might represent a form of language is 

intriguing but controversial. 

3- Tactile communication 

Tactile communication is the use of feel or touch to 

communicate. An example of tactile communication is 

when a cat rubs against your leg. Many species of 

primates groom each other using touch to both clean one 

another and to grow closer bonds. 

 

4- Olfactory (or chemical) communication 

Many mammals, in particular, have glands that generate 

distinctive and long-lasting smells, and have corresponding 

behaviours that leave these smells in places where they have 

been. Often the scented substance is introduced into urine or 

feces. Sometimes it is distributed through sweat, though this 

does not leave a semi-permanent mark as scents deposited on 

the ground do. Many animals such as mountain lions mark 

http://en.wikipedia.org/wiki/Urine
http://en.wikipedia.org/wiki/Feces
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their territories by urinating on territory boundaries. Bees 

carry with them a pouch of material from the hive which they 

release as they reenter, the smell of which indicates that they 

are a part of the hive and grants their safe entry. Ants use 

pheromones to create scent trails to food as well as for alarm 

calls, mate attraction and to distinguish between colonies. 

Additionally, they have pheromones that are used to confuse 

an enemy and manipulate them into fighting with each other. 

A pheromone is a secreted chemical signal used to trigger a 

response in another individual of the same species. 

Pheromones are especially common among social insects, 

such as ants and bees. Pheromones may attract the opposite 

sex, raise an alarm, mark a food trail, or trigger other, more 

complex behaviors. 

 

Dogs also communicate using pheromones. They sniff each 

other to collect this chemical information, and many of the 

chemicals are also released in their urine. By peeing on a 

bush or post, a dog leaves a mark of its identity that can be 

read by other passing dogs and may stake its claim to nearby 

territory 

 

 

5- Electro-communication 

Some fishes and animals are capable of releasing electricity 

in the water to use as electrocommunication (fig. 10).The 

Black Ghost Knife fish and Elephant Nose fish produce 

electric organ discharges (EOD) to communicate where they 

are, what gender they are and to help locate surrounding prey. 
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These fish produce these EODs in either a pulse or wave 

pattern depending on the fish. 

 

Fig. (10) 

 

 

 

Language of Honey Bees  

One of the most complexes of all nonhuman communication 

systems is the symbolic language of bees. Honey bees are 

able to communicate the location of food resources when 

these sources are too distant to be located easily by individual 

bees. They communicate by dances, (fig. 11) which are 

mainly of two forms. The form having the most informational 

richness is the waggle dance. Bees most commonly execute 

these dances when a forager has returned from a rich source, 
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carrying either nectar in her stomach or pollen grains packed 

in basketlike spaces formed by hairs on her legs. The waggle 

dance is roughly in the pattern of a figure-eight made against 

the vertical surface on the comb inside the hive. One cycle of 

the dance consists of three components: (1) a circle with a 

diameter about three times the length of the bee, (2) a straight 

run while waggling the abdomen from side to side and 

emitting a pulsed, low frequency sound, and (3) another 

circle, turning in the opposite direction from the first. This 

dance is repeated many times with the circling alternating 

clockwise and counterclockwise.  

The straight, waggle run is the important informational 

component of the dance. Waggle dances are performed 

almost always in clear weather, and the direction of the 

straight run is related to the position of the sun. If the forager 

has located food directly toward the sun, she will make her 

waggle run straight upward over the vertical surface of the 

comb. If food was located 60 degrees to the right of the sun, 

her waggle run is 60 degrees to the right of vertical. We see 

then that the waggle run points at the same angle relative to 

the vertical as the food is located relative to the sun. 
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Figure(11): Waggle dance of the honey bee used to communicate both the 

direction and distance of a food source. The straight run of the waggle dance 

indicates direction according to the position of the sun (angles X and Y). 

 

 

Distance of the food source is also coded into bee dances. If 

the food is close to the hive (less than 50 m), the forager 

employs a simpler dance called the round dance. The 

forager simply turns a complete clockwise circle, then turns, 

and completes a counterclockwise circle, a performance that 

is repeated many times. Other workers cluster around the 

scout and become stimulated by the dance as well as by the 

odor of nectar and pollen grains from flowers she has visited. 
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The recruits then fly out and search in all directions but do 

not stray far. The round dance carries the message that food 

is to be found in the vicinity of the hive. 

 

If the food source is farther away, round dances become 

waggle dances, which provide both distance and directional 

information. The tempo of the waggle dance is related 

inversely to the food‘s distance. If the food is about 100 m 

away, each figure-eight cycle lasts about 1.25 seconds; if 

1000 m away, it lasts about 3 seconds; and if about 8 km (5 

miles) away, it lasts 8 seconds. When food is plentiful, the 

bees may not dance at all. But when food is scarce, the 

dancing becomes intense, and other workers cluster around 

the returning scouts and follow them through the dance 

patterns. 

 

Functions of communication 

While there are as many kinds of communication as there are 

kinds of social behaviour, a number of functions have been 

studied in particular detail. They include: 

1-Agonistic interaction: everything to do with contests and 

aggression between individuals. Many species have 

http://en.wikipedia.org/wiki/Agonistic_behavior
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distinctive threat displays that are made during competition 

over food, mates or territory; much bird song functions in this 

way. Often there is a matched submission display, which the 

threatened individual will make if it is acknowledging the 

social dominance of the threatener; this has the effect of 

terminating the aggressive episode and allowing the 

dominant animal unrestricted access to the resource in 

dispute.  

2-Mating rituals: signals made by members of one sex to 

attract or maintain the attention of potential mate, or to 

cement a pair bond. These frequently involve the display of 

body parts, body postures or the emission of scents or calls, 

that are unique to the species, thus allowing the individuals to 

avoid mating with members of another species which would 

be infertile.  

3-Ownership/territorial: signals used to claim or defend a 

territory, food, or a mate. 

4-Food-related signals: many animals make "food calls" that 

attract a mate, or offspring, or members of a social group 

generally to a food source. When parents are feeding 

offspring, the offspring often have begging responses 

(particularly when there are many offspring in a clutch or 

litter - this is well known in altricial songbirds, for example). 

Perhaps the most elaborate food-related signal is the dance 

language of honeybees studied by Karl von Frisch. 

http://en.wikipedia.org/wiki/Territory_(animal)
http://en.wikipedia.org/wiki/Dominance_(ethology)
http://en.wikipedia.org/wiki/Mating
http://en.wikipedia.org/wiki/Pair_bond
http://en.wikipedia.org/wiki/Species
http://en.wikipedia.org/wiki/Territory_(animal)
http://en.wikipedia.org/wiki/Food
http://en.wikipedia.org/wiki/Altricial
http://en.wikipedia.org/wiki/Waggle_dance
http://en.wikipedia.org/wiki/Waggle_dance
http://en.wikipedia.org/wiki/Waggle_dance
http://en.wikipedia.org/wiki/Honeybee
http://en.wikipedia.org/wiki/Karl_von_Frisch
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5-Alarm calls: signals made in the presence of a threat from 

a predator, allowing all members of a social group (and often 

members of other species) to run for cover, become 

immobile, or gather into a group to reduce the risk of attack. 

 

Communication between Humans and Other Animals 

  

Human–animal communication is the communication 

observed between humans and other animals, from non-

verbal cues and vocalizations through to, potentially, the use 

of a sophisticated language. 

Scientists believe that to establish two-way communication 

between humans and other animals, the investigator must 

translate meanings into symbols that the animal can 

understand.  

In the late 1960s Beatrix and Allen Gardner of the University 

of Nevada in Reno began using American Sign Language 

(ASL) to train a chimpanzee named Washoe to communicate 

with her hands the same way that deaf people do. By age five 

Washoe could sign 132 words, which she could put into 

strings forming sentences and phrases. She could answer 

questions, make suggestions, and convey moods. In one 

session, when asked what a swan was, Washoe answered 

―water bird.‖ Washoe also taught signs to other chimpanzees. 

At first, signs were used as play but soon the chimpanzees 

used them to make spontaneous requests to trainers such as 

http://en.wikipedia.org/wiki/Alarm_call
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―drink,‖ ―tickle,‖ and ―hug.‖ Similar work has been done 

with other primates including gorillas, orangutans, and 

pygmy chimpanzees. 

Irene Pepperberg of the University of Arizona has worked for 

years with an African Grey parrot named Alex. Because 

parrots can vocalize like humans, Pepperberg was able to 

communicate with Alex using human vocal language. Over 

the years Alex learned a number of attributes including 

colors, shapes, and materials for more than 100 objects. Alex 

not only can identify objects by colors and shape, but can 

also distinguish the difference between two objects. Thus, if 

Alex is given two objects of the same color but one larger 

than the other, he could state that the difference between 

them was ―size.‖ Alex can also count and relate to the trainer 

how many objects of each particular category are present. 

 

Human–animal communication is easily observed in 

everyday life. The interactions between pets and their 

owners, for example, reflect a form of spoken, while not 

necessarily verbal dialogue. A dog being scolded does not 

need to understand every word of its admonishment, but is 

able to grasp the message by interpreting cues such as the 

owner's stance, tone of voice, and body language. This 

communication is two-way, as owners can learn to discern 

the subtle differences between barks and meows, one hardly 

has to be a professional animal trainer to tell the difference 

between the bark of an angry dog defending its home and the 

happy bark of the same animal while playing.  

 

https://en.wikipedia.org/wiki/Body_language
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