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COORDINATION 

Introduction 

Coordination is the transmission of both chemical and electrical messages (hormones and 

impulses) respectively from one part of the body of an organism to another in response to a 

specific stimulus. Coordination is a major component of irritability (sensitivity). 

Irritability is a characteristic feature of all living organisms and it involves their ability to 

respond to stimuli which is achieved through coordination. 

A stimulus is any change in the external or internal environment of the body of an organism 

which results into an appropriate response. Examples of stimuli and their responses are 

shown below. 

Stimulus Response 

Increase in carbon dioxide concentration 

in blood 

Increase in breathing rate and heart beat 

Coldness Shivering 

Hotness Withdrawal from heat 

Light See objects 

Sound Hearing 

In all organisms, some degree of internal coordination and control is necessary in order to 

ensure that the events of the stimulus and the responses made bear some mutual relationship 

associated with the maintenance of the steady state and the survival of the organism. 

COORDINATION IN ANIMALS 

Animals unlike plants have two different but related systems of coordination namely, the 

nervous system and endocrine system. 

The nervous system is fast acting. Its effects are localised and involves electrical and 

chemical transmission well as the endocrine system is slower acting and its effects are wide 

spread and it relies on chemical transmission and transmits impulses to other differentiated 

cells capable of producing a response. 
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All sensory information (stimuli) is detected in multicellular animals by specialised cells 

known as receptors. This sensory information is conducted by specialised cells called 

neurones to the effectors which produce a response. 

Effectors: are cells (tissues/organs) which respond to appropriate stimulus for example 

muscles and glands. 

Receptors: are sensory cells (tissues and organs) which detect a particular stimulus and 

initiate the firing of an impulse along the sensory neurone to the central nervous system 

(Brain and spinal cord). 

 

NEURONES 

These are cells which form the basic structural and functional units of the nervous system. 

Neurons unite together to form nerves which ramify (spread) throughout an organism thereby 

forming an elaborate communication network. 

Neurons are excitable cells i.e. they are capable of transmitting electrical impulses and this 

provides a means of communication between effectors and receptors. 

There are three types of neurons namely 

(a) Sensory neurones (Afferent neurones) 

These neurones transmit impulses from receptors (sensory cells) to the central nervous 

system (brain and spinal cord). The nerve endings of this neuron connect with sensory cells 

(receptors).  

(b) Motor neurones 

These are neurones that transmit impulses from the central nervous system to the effectors. 

The dendrites are found on the cell body and these make contact with the neighbouring 
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neurones in the central nervous system. The terminal dendrites at the end of the axon 

(synaptic knobs) connect with the muscle fibres (effectors).  

Unlike the sensory neurone which is unipolar, the motor neurone is multipolar, i.e. many 

processes project from the cell body.  

(c) Intermediate (relay, association or bipolar neuron) 

These are found in the central nervous system where they connect the sensory neurones with 

the motor neurones. These neurones are Bipolar.  

 

The processes (extensions) found on neurones which conduct impulses to the all body are 

called dendrons while the extensions which conduct impulses away from the cell body are 

called axons. The elongated parts of neurones usually axons are called nerve fibres. The 

terminal region of the axon communicates with adjacent neurones via microscopic gaps 

called synapses which may be excitatory or inhibitory. 

The cytoplasm of a neurone contains many prominent mitochondria so as to produce a lot of 

ATP that can supply much energy for impulse transmission. It also contains other organelles 

such as ER and lysosomes. The cytoplasm also contains Nissl’s granules which are groups 

of ribosomes associated with protein synthesis. 

The entire neurone is capable of transmitting impulses but the nerve fibres (axons) being 

greatly elongated regions of the cell have special adaptation for this purpose. Each axon is 
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filled with axoplasm which is continuous with the cytoplasm in the cell body and is bound 

by the thin plasma membrane of the cell body. The cell body carries out the metabolic 

activities of the cell. 

The fatty myelin sheath secreted by the Schwann cells is interrupted at intervals by 

constrictions called Nodes of Ranvier. The majority of the vertebrate nerve fibres are 

myelinated. The Schwann cells are attached to a thin membrane around the myelin sheath 

called Neurilemma. 

 

The myelin sheath is important because it protects the inner parts of the nerve cell against 

mechanical damage. It also insulates the axon thereby preventing leakage of ions during 

salutatory transmission of impulse (the jumping of impulse from one node of ranvier to 

another due to the insulation nature of the myelin sheath). 

Differences between the sensory neurone and motor neurone 

Motor Neurone Sensory Neurone  

The terminal dendrites connect with the 

effectors 

Terminal dendrites connect with 

intermediate  neurones 

Cell body is at the terminal end of the 

axon 

Cell body is an axon branch 

It has short dendrons It has long dendrons 

Long axon Short axon 

Has many dendrons Has one dendron 

Conducts impulses from CNS to the 

effector 

Conducts impulses from receptors to CNS 
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NERVES 

A nerve is a bundle of fibres made of many neurones covered by a connective tissue called 

epineurium. Nerves are classified according to the direction in which they convey impulses 

to the CNS, e.g. the olfactory nerve, optic nerve and auditory nerve. Most motor nerves 

(efferent nerves) conduct impulses away from the CNS to the effectors. 

Mixed nerves however, conduct impulses in both directions, e.g. the vagus nerve, spinal 

nerves and facial nerves. 

Typically the cell body of the neurones are organised into distinct clusters called 

ganglion/ganglia. 

ELECTRICAL NATURE OF NERVE IMPULSES 

A nerve impulse is a wave of depolarisation which travels along the axon membrane of the 

nerve cell. By nature, a nerve impulse exists in form of an action potential. When there is 

no nerve impulse travelling along the nerve, the nerve undergoes a resting potential. 

Resting potential (Negative resting potential) 

This is the potential difference which exists across the membrane of the axon of the nerve 

cell when not conducting an impulse. The membrane of the axon at resting potential is said 

to be polarised (charged), i.e. the inside of the membrane is more negative relative to the 

outside which is more positively charged. Its overall potential difference measures between 

-60mV to -70Mv. There is no net flow of sodium ions which accumulate outside the neurones 

and potassium (K+) ions which accumulate inside the neurones. 

The electrochemical gradient of these ions is maintained by the active transport of these ions 

against their electrochemical gradients carried out by specific regions of the axon membrane 

known as cation pumps (Na+/K+ pumps).  These active carrier mechanisms are driven by 

energy supplied by ATP from the mitochondria. Na+ ions are actively transported to the 
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outside of the axon while K+ ions are actively transported to the inside of the axon through 

the protein-lined pores in the cell membrane of the axon. For every two potassium ions taken 

up, three sodium ions are removed from the axon. 

The accumulation of Na+ ions outside and K+ ions inside due to the Na+ pump mechanism 

eventually lead to facilitated diffusion of these ions down their electrochemical gradient, i.e. 

Na+ ions diffusing into the axon while K+ ions diffuse out of the axon. The outside of the 

membrane is positively charged while the inside is negatively charged because the axon 

membrane is more permeable to K+ ions than Na+ ions. 

In a resting cell, the sodium gates are closed. As a result, a larger amount of K+ ions rapidly 

diffuses out of the axon than the Na+ ions slowly diffusing into the axon. This rapid outward 

movement of K+ ions means that the inside becomes negative relative to the outside. It is 

therefore the electrochemical gradient of K+ which the resting potential.   That is potassium 

ions are more on the outside than the inside. 

Negatively charged proteins and organic anions like COO- stay in the axoplasm as they 

cannot leak out through the membrane which increases negatively outside the axon. In 

addition, there is also a high concentration of chloride ions outside the cell which tend to leak 

into the cell, hence increasing negativity of the cell. 

Resting potential is largely maintained by active transport of ions which ensures that the 

inside does not become positively charged due to facilitated diffusion of Na+ ions into the 

cell as active transport pumps them out. Therefore, in resting potential, most Na+ ion gated 

channels are closed and all K+ ion gated channels are all open. 
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Action Potential 

A nerve impulse is an action potential which place along the axon as a wave of depolarisation. 

An action potential is a temporal and sudden renewal and sudden reversal of the resting 

potential arising when an axon is stimulated such that many sodium ions diffuse into the axon 

compared to the few K+ diffusing out. Action potential is generated by a sudden momentary 

increase in the permeability of the axon membrane to Na+ which being more concentrated 

outside the axon enter the axon by diffusion hence making the inside positively charged. The 

permeability of the axon membrane to the K+ reduces greatly when an impulse arrives at the 

axon and therefore few K+ diffuse out of the axon through the K+ gated channels, thereby the 

outside of the axon is negatively charged. The axon membrane therefore becomes 

depolarised due to the increased diffusion of Na+ to the inside through the sudden and brief 

opening of Na+ gated channels.  

When an axon is stimulated by the arrival of the impulse, the Na pump breaks down so that 

there is no active transport of Na+ and K+ ions but only facilitated diffusion of ions occurs. 

When the level of depolarisation reaches a threshold, an action potential which accompanies 

an impulse is fired along the axon membrane such that the impulse travels as a wave of 

depolarisation.  
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Hyperpolarisation 

The slight delay in closing all K+ gates compared to  the Na+ gates causes a slight overshoot 

into a more negative potential that the original resting potential. 

Resting potential is restored by the return of K+ ions to the inside of the axon. 

Repolarisation 

Repolarisation refers to the return of resting potential at the peak of action potential. Na+ 

gates begin to close and sodium permeability declines. K+ gates slightly delay to close and 

K+ ions diffuse out, making the inside more negative. The cation pump removes the Na+ ions. 

 

The figure below shows changes in voltage in an axon during the passage of an impulse. 

 

 

 

 

 

(a) Using an arrow, mark on the diagram the direction of the impulse. 

(b) Which of the following represents 

Potential Difference (mV) 

0 

-

40 

Time/m

1 

2 

3 

4 

5 

6 
7 
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(i) Action Potential 

(ii) Resting Potential 

(c) Describe the state of the protein channels in the axon membrane and the ionic changes 

taking place in 1,2 and 4  

(d) In which of these stages would be difficult to stimulate the axon and why? 

 

 

 

 

 

 

 

 

The figure below shows changes in polarity as an impulse passes along the axon. 

 

 

 

 

 

(a) What is the state of the axon membrane between; 

(i) R and S? 

(ii) S and T? 

(b) Describe the movement of ions across the axon membrane 

(i) R and S (ii) S and T (iii) T and U 

Ion movements during an action potential 

160 

    0 

- 60 
R S 

T 

U 

No net movement of ions 

K+ moving out rapidly 
+ve 
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What is the source of energy used to establish 

(a) Resting Potential 

(b) Action Potential 

Summarise the changes in the plasma membrane of an axon between the resting potential 

condition and the passage of an impulse which is followed by repolarisation 

Ion channels in the membrane open. Na+ channels open first. Na+ ions flow in, action potential 

is generated. Almost immediately, Na+ ion channels close again and K+ ion channels open. 

K+ ions flow out (the resting potential starts to be reformed). 

Na+ ions are pumped out and K+ ions are pumped in. K+ ions diffuse out rapidly but Na+ ions 

diffuse back in slowly (creating a resting potential). 

TRANSMISSION OF A NERVE IMPULSE 
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Once an action potential is fired, it moves rapidly from one end of the neurone to the other 

along the nerve. 

At resting potential, there is a high concentration of Na+ ions outside the axon and a high 

concentration of K+ ions inside the axon. When the axon is stimulated by the arrival of the 

stimulus, Na+ ions enter into the axon by rapid diffusion along a concentration gradient. This 

causes depolarisation of the axon membrane. Since sodium gates are sensitive to 

depolarisation, the greater the depolarisation, the more the gates open (positive feedback). 

Localised electrical circuits are established which cause further influx of Na+ ions into the 

axon and so the impulse moves forward along the nerve. Behind the impulse K+ ions begin 

to leave by diffusion along the concentration gradient. Therefore as the impulse progresses 

forward, the out flux of K+ ions causes the axon to become repolarised behind the impulse. 

Na+ ions are once again expelled out of the neurone actively in order to increase external 

concentration and to bring resting potential state. 

 

Depolarisation creates an area of positive charge in the axon and the flow of current is set up 

in a local circuit between this active area where the impulse is and the negatively charged 

resting region immediately in front. The local currents in front of the action potential cause 

depolarisation of the resting region of the membrane. 
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Differences between action potential and resting potential 

Resting Potential Action Potential 

Active transport controls the resting 

potential 

There is no active transport, therefore action 

potential is controlled by diffusion 

The potential difference is created largely by 

the difference in the diffusion rates of K+ and 

Na+ ions during active transport. However, 

K+ ions move out much more rapidly by 

diffusion than Na+ ions that diffuse in 

slowly. 

The potential difference is created largely by 

the difference in permeability of the axon 

membrane to the K+ and Na+ ions. However, 

the membrane is more permeable to Na+ ions 

during depolarisation than K+ ions such that 

more Na+ ions diffuse in rapidly than K+ 

ions. 

The inside of the axon is negatively charged The inside of the axon is positively charged 

The axon membrane is in a polarised state 

that is positively charged outside and 

negatively charged inside.  

K+ ions are transmitted actively to the inside 

of the cell. 

The axon is in a depolarised state and has a 

repolarised phase.  

K+ ions are transported outside the axon via 

the protein channels 

Na+ ions diffuse into the axon K+ ions diffuse out of the axon 

 

Assignment 1 

In the space below, draw a graph showing the change in permeability to Na+ ions and K+ 

ions of the axon membrane with the arrival of an impulse. (Ref: BS Page 559) 
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Properties (features) of nerves and nerve impulses 

1. Stimulation 

The axon membrane of a nerve cell must be stimulated to conduct an impulse by either 

applying an appropriate stimulus to the receptor or applying the stimulus directly to the nerve 

fibre, i.e. nerves cannot conduct an impulse unless they are stimulated. However, there is 

always need for the threshold stimulus in order for the nerve impulse to be transported. This 

is referred to as all or nothing law. 

This law states that the size of the action potential does not change (decrease or increase) as 

it is transmitted along a nerve fibre but always remains constant regardless of the intensity 

of the stimulus above threshold value. Therefore for the generation of one action potential of 

an axon, the stimulus must be above the threshold intensity, above which further increase in 

the intensity of the stimulus does not give a larger action potential. 

Assignment 2 
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(a) Explain the property of the nerve impulses as shown by the diagram 

(b) What is the importance of the stated property? 

(c) Which stimulus is the representative of the threshold stimulus intensity? Why? 

2. Refractory Period 

After an axon has transmitted an impulse, it cannot transmit another impulse in a short given 

period. This is because it has to be repolarised before an action potential can be transmitted. 

The time taken for repolarisation to occur is called refractory period. This is the state when 

the axon cannot transmit an impulse following a previous impulse. It can also be defined as 

the time taken for an axon to recover before another impulse can be transmitted.  

The refractory period may be referred to as a relative refractory period when an impulse of 

significantly high intensity may cause its transmission along the axon (the stimulus above 

normal threshold level). 

Absolute refractory period is when the axon is completely incapable of transmitting an 

impulse however much the intensity of the stimulations. A second stimulus no matter how 

strong cannot produce a second action potential. 

The refractory period is a major limiting factor in the transmission of an impulse because it 

determines the number of action potentials that can be produced by an excitable membrane. 

It determines the speed or conduction of an impulse. In turn, this determines the pattern of 

muscular response. 

It ensures that the action potential proceeds in the forward direction only as it can only be 

propagated in the region which is not refractory. The action potential is prevented from 

spreading out in both directions. 
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Assignment 3 

A graph demonstrating excitability of a nerve following stimulation 

 

 

 

 

 

 

(a) Explain the property demonstrated by the graph 

(b) What is the significance of the stated property?  

At absolute refractory period, the Na+ channels enter a closed inactive state at the peak of 

action potential. For ionic movements to occur the axon must recover and the membrane 

must repolarise before the Na+ channel proteins return to a state in which they can be opened 

again by depolarisation. 

3. SPEED OF IMPULSE TRANSMISSION 
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Impulses travel at a high speed across the axon. In certain mammalian axons this is about 

100m/s.  There are three factors that determine the speed of transmission of an impulse. 

(i) Presence of myelin sheath 

Myelinated neurones (axons) conduct impulses faster than non-myelinated neurones since 

the fatty myelin sheath acts as an electrical insulator. An action potential can only form at 

the nodes of Ranvier where there is no myelin sheath. This ensures that the action potential 

jumps (leaps) from one node of ranvier to another, thereby speeding up impulse transmission 

along the axon. This is called salutatory transmission. 

(ii) Axon diameter 

An axon with a large cross-sectional area (diameter) transmits impulses faster than the one 

with a smaller diameter. This is due to two reasons namely:  

- The thicker axon provides a larger membrane area over which ion exchange can take 

place. 

- A large diameter has a very low longitudinal resistance to impulse flow created by the 

axoplasm towards electric circuits compared to a smaller diameter which offers a 

higher resistance. 

Generally, myelinated axons transmit impulses faster than the non-myelinated giant axons of 

invertebrates. 

(iii) Temperature 

As temperature increases, rate of impulse transmission increases. Temperature increases the 

kinetic energy of the impulse. 

SYNAPSE 

This is the functional gate at which an impulse is transmitted from the axon of one neurone 

to the dendrite of another. It also exists between the motor and the muscle. The impulse 
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transmitted across the synapse uses mostly chemical transmission. Chemicals which transmit 

impulses across the synapse are called neurotransmitter substances, e.g. acetylcholine, 

noradrenaline. 

Neurones using acetylcholine (Ach) as their neurotransmitter are called cholinergic 

neurones and those using noradrenaline are called adrenergic neurones. 

Structure of the synapse 

The synapse consists of a bulbous expansion of the nerve terminal known as the synaptic 

knob lying in close proximity to the membrane of the dendrite of another neurone. The 

cytoplasm of the synaptic knob contains numerous mitochondria that provide energy in form 

of ATP for impulse transmission. The cytoplasm also contains sac-like vesicles known as 

synaptic vessels. 

Each synaptic vesicle contains a neurotransmitter substance such as acetylcholine (Ach) and 

noradrenaline, etc. 

The membrane of the synaptic knob nearest to the synapse is called the pre-synaptic 

membrane. The membrane of the dendrite of the adjacent neurone is known as the post-

synaptic membrane. 

The pre-synaptic membrane is modified for the release of neurotransmitter substance (NTS) 

into the synaptic cleft. The synaptic cleft is a 20 nanometre or 20nm wide microscopic gap 

that separates the two membranes. The post-synaptic membrane contains large protein 

molecules which act as receptor sites for the neurotransmitter substance. 

Diagram of a synapse 
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Mechanism of synaptic transmission/Impulse transmission across the synapse 

Arrival of the nerve impulse at the synaptic knob of the pre-synaptic neurone depolarises the 

pre-synaptic membrane and increases its permeability to calcium ions which diffuse into the 

synaptic knob from the synaptic cleft. The influx of calcium ions into their knob causes the 

synaptic vessels to move and fuse with the pre-synaptic membrane after which they rapture 

and release the neurotransmitter substance such as acetylcholine into the synaptic cleft. The 

empty vesicles then return to the cytoplasm of the synaptic knob of the pre-synaptic neurone 

so as to be refilled with neurotransmitter substance. 

The neurotransmitter substance diffuses across the synaptic cleft and attaches to specific 

protein receptor sites on the post-synaptic neurone (receptor activation). This induces the ion 

channels within the post-synaptic membrane to open. This enables the rapid diffusion of Na+ 

ions from the synaptic cleft to the synaptic wall of the post-synaptic neurone and the K+ ions 

to diffuse out of this to the synaptic cleft. This local depolarisation is called excitatory post 

synaptic potential (EPSP). If the EPSP becomes sufficient enough to reach the threshold 

then an action potential is generated in the post-synaptic neurone. 

After an action potential has been generated in the post-synaptic neurone, Acetylcholine 

being a large molecule and therefore unable to diffuse back into the pre-synaptic neurone is 

broken into acetyl and choline by an enzyme acetylcholinesterase on the post-synaptic 

neurone.  
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Choline and acetyl then diffuse back across the synaptic cleft into the synaptic knob of the 

pre-synaptic neurone where they are resynthesize using energy from ATP and an enzyme 

cholineacetylase. 

NB: The post ganglionic fibres of the sympathetic nervous system produce at their synapses 

a neurotransmitter substance known as noradrenaline. After producing a change in the 

membrane permeability of the post-synaptic membrane, noradrenaline is oxidised and 

inactivated by an enzyme monoaminooxidase. It then moves back as oxidised noradrenaline 

to the synaptic knob of the pre-synaptic neurone where it is reactivated and kept in synaptic 

vesicles. There are three possible ways of removing neurotransmitter substances from the 

cleft; 

(i) Re-absorption by the pre-synaptic membrane 

(ii) Diffusion out of the cleft 

(iii) Hydrolysis by enzymes 

Some synapses are inhibitory in nature. These respond to the neurotransmitter released into 

the synaptic cleft by opening K+ ion and Cl- ion channels when an impulse arrives, leaving 

Na+ ion channels closed. 

The K+ ions therefore move out of the synaptic knob of the pre-synaptic neurone into the 

synaptic cleft across post-synaptic neurone. Chloride ions move into the synaptic knob 

thereby causing the post-synaptic membrane to become more polarised (hyper polarisation). 

This leads to formation of a local potential difference known as inhibitory post-synaptic 

potential known as IPSP. 

When the IPSP reaches a high level, it inhibits any action potential being fired in the post-

synaptic neurone. Therefore it becomes more difficult for the threshold value to be exceeded 

and as a result, it is not possible for a new action potential to be created. 

SUMMATION 
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A single synaptic knob of the pre-synaptic neurone may produce sufficient neurotransmitter 

substance to depolarise the post-synaptic membrane and generate an action potential in the 

post-synaptic neurone. 

In other neurones, a single EPSP is normally unable to produce sufficient depolarisation to 

produce the thresholds required to propagate an action potential in a neuro-cell. In such 

neurones, the depolarising effect of EPSP is additive, a phenomenon known as summation. 

The summation may be spatial or temporal. 

Spatial Summation 

A pre-synaptic neurone fires an action potential in the post-synaptic neurone only when 

excited through two or more synaptic knobs simultaneously to produce sufficient EPSP. 

In this case, a single synaptic knob fails to produce enough neurotransmitter substance so as 

to fire an impulse in the post-synaptic nerve cell but sufficient neurotransmitter substance is 

produced by two or more synaptic knobs acting simultaneously at different regions on the 

same neurone. This adds up to fire an impulse in the post synaptic nerve cell, i.e. sufficient 

depolarisation is produced to start an action potential. 

Temporal Summation 

Temporal summation is the phenomenon whereby rapid and repeated release of the 

neurotransmitter by the same synaptic knob produces individual EPSPs which are so close 

together that they summate and from one action potential in the post-synaptic neurone. 

In this type of summation, two or more impulses arrive in quick succession at the same place 

on the synaptic knob of the pre-synaptic membrane and each of them forms an individual 

EPSP summate to provide sufficient EPSP that forms an action potential in the post-synaptic 

neurone. The effect of the second impulse adds to the first.  

Temporal summation involves a process known as facilitation because the first impulse fails 

to generate an action potential in the post-synaptic neurone but leaves an effect on the post-

synaptic membrane which now facilitates the passage of the second impulse. 
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Each stimulus received at the synapse leaves the synapse more responsive to the next 

stimulus thereby increasing sensitivity of the synapse to the stimuli. Therefore weaker stimuli 

can eventually cause a response.   

 

Assignment 4 

Qn. (a) Differentiate between EPSP and IPSP 

(b) Differentiate between temporal and spatial summation 
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(c) Figure 1 shows three synaptic inputs to the post-synaptic cell. Axons A and B are 

excitatory and the synapse from the axon C is inhibitory. 

Figure 2 shows the membrane potential of the post-synaptic cell when stimulated. 

Fig.1 

 

 

Fig.2 

 

 

 

(a) Which number on the graph represents 

(i) Temporal summation 

(ii) Spatial summation 

(iii) IPSP 

(b) Complete the graph between 4 and 5 

(c) Compare impulses and synapses 

Functions of a synapse 

1. They transmit impulses between neurones and/or between a neurone an effector. 

2. They streamline flow of impulse in one direction only. This is because 

neurotransmitter substances are released from only the synaptic knob of the pre-
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synaptic neurone and the protein receptor sites exist only on the post-synaptic 

neurone. This increases the precision of the nervous system. 

3. They act as junctions where several pre-synaptic neurones converge to release 

sufficient neurotransmitter substance into the synaptic cleft so as to generate an active 

potential in a single post synaptic neurone. In doing so, synapses enable the body to 

respond to weak stimuli as a result of facilitation and summation. This is because 

synapses allow spatial summation. 

4.  Synapses filter out insignificant low level stimuli to avoid wastage of energy. This is 

because low frequency of impulses causes the release of neurotransmitter substances 

at the synapse which are insufficient to create an action potential in the post-synaptic 

neurone. 

5. Allow adaptation to intense stimuli to occur in order to reduce the level of fatigue of 

effectors which would be damaged from over stimulation. 

6. Allow integration of information from the different parts of the nervous system. 

Through spatial summation a typical post-synaptic cell receives information from 

thousands of pre-synaptic membranes. 

NEURO-MUSCULAR JUNCTION 

 

This is a synaptic connection or contact between the modified membrane of the muscle fibre 

and the terminal dendrite of the motor neurone. The modified membrane of the muscle fibre 

to which the terminal dendrite of the motor neurone is attached is called a motor end plate, 

i.e. the synapse of a motor axon with a skeletal muscle cell. The muscle membrane is folded 



24 | P a g e  

 

to increase the surface area over which the swollen terminal dendrite of the motor neurone is 

attached. The membrane also has protein receptor sites which control the opening and closing 

of the K+ and Na+ gated channels which allow the diffusion of Na+ and K+ ions down their 

concentration gradient upon opening. 

In order to allow rapid muscle contraction, animals have evolved a system whereby there are 

many endplates spread throughout a muscle. 

Arrival of an impulse at the synaptic knob increases the permeability of the pre-synaptic 

membrane to calcium ions therefore calcium ions enter the synaptic knob from the synaptic 

cleft. This causes the synaptic vesicles to move and attach themselves to the pre-synaptic 

membrane so as to release the neurotransmitter substance (NTS) into the synaptic cleft. 

Molecules of the NTS diffuse across the cleft and attach themselves to specific receptor sites 

on the sarcolemma (post-synaptic membrane/endplate) where it causes local depolarisation 

called endplate potential. During this depolarisation, an influx of Na+ ions into the 

sarcoplasm of the muscle fibres occurs as K+ ions diffuse out. This sets up the endplate 

potential which builds up to sufficient levels to fire an action potential in the muscle fibre 

which contracts as a result. 

The breakdown of Acetylcholine by Acetylcholinesterase ensures that the muscle is not over 

stimulated as it allows fatigue of the muscle and ensures that the sarcolemma becomes 

repolarised. 

Disadvantages of synapses 

1. They reduce speed of conduction of impulses from receptors to effectors. 

2. They are easily damaged by drug poisoning. 

3. They prevent some impulses from reaching the effectors. 

ACTION OF DRUGS AND POISONS ON SYNAPTIC TRANSMISSION 

Since transmission across synapse is by chemical means, any chemical which destroys the 

neurotransmitter substance inhibits synaptic transmission. There are many naturally 
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occurring chemicals as well as man-made ones which are known to block or modify synaptic 

transmission at various levels. These levels include: 

(i) Interfere with synthesis of NTS. 

(ii) They may disrupt the packaging of neurotransmitter substance in the synaptic vesicles 

after it has been synthesised. 

(iii) They may inhibit or amplify the release of the neurotransmitter substance into the 

synaptic cleft. 

(iv) May inactivate the transmitter-binding sites (protein receptor sites) on the post-synaptic 

membrane. 

(v) Some drugs interfere with the recovery of the NTS from the synaptic cleft by hydrolysis, 

diffusion or re-uptake. 

(vi) May affect the pre-synaptic membrane’s permeability to calcium ions or availability of 

calcium ions 

Narcotics such as heroin and morphine mimic the actions of the neurotransmitter substances 

known as endorphins binding to their specific receptors thereby blocking the sensation of 

pain. 

Atropine stops acetylcholine from depolarising the post-synaptic membrane. Other drugs 

include cocaine, umphetamines, nicotine, etc. 

ACCOMODATION 

A constant bombardment of a synapse with impulse of high frequency over a long period of 

time results into failure of the post-synaptic neurone to respond and generate impulses. Under 

such circumstances the synapse is said to fatigue or accommodate. 

Accommodation is the failure of the post-synaptic neurone to fire an impulse due to the 

exhaustion of the NTS as a result of prolonged stimulation of the synapse by the constant 

high frequency stimuli. 
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Accommodation is mainly caused by the fact that the rate of release of the NTS such as 

acetylcholine is higher that the rate of its re-synthesis. This leads to a decrease in 

concentration of NTS in the synaptic knobs of the pre-synaptic neurone until it becomes 

completely finished and this inhibits information transfer. Accommodation is significant 

because it prevents over stimulation and damage of the effectors. 

NERVOUS SYSTEM 

Classification of the nervous system in a vertebrate is summarised below. 

 

THE CENTRAL NERVOUS SYSTEM 

The system acts as the coordinator of the entire nervous system. It comprises of the brain and 

spinal cord protected by the bones of the skull (meninges) from damages and the vertebral 

column for the spinal cord. 

 

 

THE BRAIN 



27 | P a g e  

 

 

It is covered by three layers called meninges, namely: 

- The outer tough protective layer called dura mater. 

- The innermost layer called pia mater which is in direct contact with the nervous 

system. 

- The middle layer called the Arachnoid layer which has connective tissue and 

contains a space called subarachnoid layer. In this space is a fluid cerebrospinal fluid 

which is secreted by the anterior and posterior choroid plexus of the brain. 

Cerebrospinal fluid supplies the brain with oxygen and nutrients. It contains lymphocytes 

which protect it against infections. 

The meninges absorb mechanical shock, support the nervous system and remove metabolic 

waste from the nervous tissue. 

Generally, the brain is composed of nerve fibre tracts known as white matter. It also contains 

cell bodies and synapses which form the grey matter. It also contains many blood vessels. 

The grey matter and white matter are expanded to form larger cavities called ventricles which 

contain the cerebrospinal fluid. In this fluid, carbon dioxide and nutrients are saturated 

throughout the CNS using cilia found on the epithelial lining of the spinal cord of the 

ventricles. The brain is comprised of; 
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(i) The fore brain 

(ii) The mid brain 

(iii) The hind brain 

 

THE FORE BRAIN 

This is composed of the thalamus, hypothalamus, cerebrum and olfactory lobe. 

(a) Thalamus - Is the synaptic relay station for sensory pathways on their way to the 

cerebral cortex. It is also important for perception of pleasure and pain and plays a 

role in awareness. 

(b) Hypothalamus - Is the single most important control area for homeostatic regulation 

of internal environment and behaviours having to do with preservation of the 

individual, e.g. drinking, reproduction, etc. it has two centres, one controlling the 

sympathetic nervous system and the other, the parasympathetic nervous system.  

- The hypothalamus regulates water balance 

- Controls secretory activities of various hormones by the pituitary glands 

- It is an endocrine gland, secreting GHRF (Growth Hormone Releasing Factors) 

- It regulates body temperature 

- It regulates the level of metabolism in the body 

- It is important in controlling complex behaviour patterns, e.g. anxiety, anger, 

aggression, sleeping and sexual feelings.   

(c) Cerebrum - It is highly folded and is the most complex. It is divided into the right and 

left cerebral hemispheres which are joined together by a thin layer - the corpus 

callosum. The right hemisphere controls the left hand while the left hemisphere 

controls the right hand. The hemispheres are complementary to each other and none 

is dominant over the other. This is known as cerebral lateralization. The cerebrum 

is the largest part of the brain and performs the following functions; 

- It controls most of the voluntary activities of the organism 

- It is important in learning, memory, intelligence and reasoning 
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- It is important in hearing, vision, taste, smell, speech and creativity; imagining and 

planning 

- It initiates walking, controls behaviour and personality 

- It has an association centre for integration of sensory information from different 

receptors for its effective storage and transmission of impulses to the effectors along 

motor neurones to make appropriate responses. 

THE MID BRAIN 

This links the information between the fore brain and hind brain. It contains the reticular 

formation, a part of the brain that is absolutely essential for life. It receives and integrates 

input from all regions of the CNS. 

The mid brain also consists of four rounded bodies known as corpora quadrigemina. 

These control the movement of the eyelids, head and the trunks of the body. They also 

control auditory and visual reflexes. 

 

 

THE HIND BRAIN 

(a) Medulla Oblongata - This region contains many important control centres of the 

autonomic nervous system. These centres control reflex activities like the rate of heart 

beat, ventilation rate and blood pressure. This part also controls swallowing, 

coughing, salivation, vomiting, peristaltic movements of the gut walls. 

(b) Cerebellum - Its function is almost exclusively motor; concerned with muscular 

movement and posture and balance. It has also been implicated in some forms of 

learning. 

(c) Pons - it is mainly used to relay nerve impulses to the cerebellum 

THE SPINAL CORD 
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This is a dorsal cylinder of nervous tissue running within the vertebrate. At intervals along 

the length of the spinal cord are 31 pairs of spinal nerves emerging. The cylinder is dorsal 

ventrally flattened and runs from the ventral part of the brain to the lumbar region. 

TRANSVERSE SECTION THROUGH THE SPINAL CORD 

 

The spinal cord contains gray matter which is composed of cell bodies, synapses, dendrites 

and non-myelinated relay/intermediate neurones. It also contains a spinal nerve which 

divides close to the attachment of the spinal cord into the dorsal and ventral roots. The dorsal 

root has a dorsal root ganglion which contains a group of cell bodies of the afferent (sensory) 

neurone.  

The dorsal and ventral roots combine to form the spinal nerve. The dorsal root carries only 

sensory neurones and the ventral root carries only motor neurones.  

White matter contains myelinated axons. The central canal contains cerebrospinal fluid. 

REFLEX ACTION 

This is a short-lived, rapid, automatic, involuntary and stereotypic response to a stimulus 

which is not under the conscious control of the brain. The passage of the impulse from the 
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receptor to the effector to bring about a reflex action is known as the reflex arc, i.e. the 

nervous pathway that transmits information rapidly. 

A reflex arc can be described as mono-synaptic if it has only one synapse located between 

the sensory and effector neurones in the spinal cord, for example, the knee-jerk reflex. In a 

knee-jerk reflex, the stimulus is usually generated by a blow to the tendon below the knee-

cap. This tendon is connected to the muscles that extend the leg and therefore hitting it 

stretches it. The muscle spindles work as receptors and the impulse is generated out of the 

stretching. The sensory neurone transmits the impulse to the spinal cord. The impulse crosses 

the synapses between the sensory neurone and the motor neurone. The motor neurone 

transmits the impulse back to the muscle responsible for extending the leg. This muscle then 

contracts upon receiving the impulse, causing the lower leg to jerk upwards. This is an 

example of negative feedback, i.e. stretching of the muscle stimulates the shortening of the 

muscle. 

Reflex arcs involving two or more synapses within the central nervous system as a result of 

the inclusion of the intermediate neurone are called poly-synaptic reflex arcs, e.g. 

withdrawal of the hand from a sharp object. 

Essential components of a reflex arc 
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Note: 

Any reflex arc which is localised within the spinal cord and does not involve the brain is 

known as the spinal reflex. 

When the reflex arc passes through the brain, it is called a cranial reflex. 

Importance of reflex actions 

1. They allow the body to make automatic adjustments to changes in the external  

environment, e.g. the iris-pupil reflex in response to change in light intensity 

2. They facilitate the control of the internal environment through control of breathing 

rate, heart rate, blood pressure, etc. 

Note: 
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Some reflexes are more complex in nature than the simple reflexes so far described, e.g. 

conditioned reflexes. These are forms of reflex actions where the type of response is 

modified by past experience. They are coordinated by the brain and learning forms the basis 

of all conditioned reflexes. For example salivation on the sight and smell of food, toilet 

training, etc. 

THE PERIPHERAL NERVOUS SYSTEM 

This is made up of the autonomic nervous system and the somatic nervous system. 

The interrelationships of the various components of the nervous system are shown 

below. 

 

 

 

 

 

 

 

 

Differences between the somatic nervous system and the autonomic nervous system 

Somatic nervous system Autonomic nervous system 

There is only one neurone between the 

CNS and skeletal muscles in the efferent 

pathway 

There is a two neurone chain between the 

CNS and the effector organ in the efferent 

pathway 

It innervates skeletal muscles It innervates smooth, cardiac muscles, 

gastro-intestinal neurones and glands 

Stimulus  

Sensory nervous system   

Central nervous system   

Motor effector nerves   

Somatic nervous system  Autonomic nervous system  

Motor nervous system   Response 
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It excites muscles (no somatic nervous 

inhibit skeletal muscles) 

Can be both excitatory and inhibitory 

 Has pre-ganglionic neurones and post-

ganglionic neurones 

Somatic Nervous System 

 

 

Autonomic Nervous System 

 

 

 

AUTONOMIC NERVOUS SYSTEM 

This system controls the involuntary activities of mainly visceral organs, thereby maintaining 

a stable internal environment of the body. It is made up of motor nerves which transmit 

impulses from the spinal cord and the brain to the effectors. Most of the activity of the ANS 

is controlled by reflex actions known as visceral reflexes. 

CNS Skeletal Muscle 
Impulse  

CNS Skeletal, cardiac muscles, glands 

Impulse  

Ganglion  Preganglionic fibre Post ganglionic fibre  
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Structurally or anatomically, the ANS is composed of two types of neurones, namely; 

The myelinated pre-ganglionic neurone which leaves the CNS in the ventral root, making a 

synapse with several non-myelinated post-ganglionic neurones leading to the effectors 

A ganglion is a collection of cell bodies outside of the CNS. 

The ANS is subdivided into two parts, namely; 

(i) The sympathetic nervous system 

(ii) The parasympathetic nervous system 

Anatomical Differences 

Sympathetic Nervous System Parasympathetic Nervous System  

Nerve fibres leave the CNS from the 

thoracic and lumbar regions of the spinal 

cord (thoracolumbar) 

Nerve fibres leave the CNS from the brain 

and sacral region of the spinal cord 

(cranialsacral) 

Most of the sympathetic ganglia lie close 

to the spinal cord 

Ganglia lie within the organs innervated 

by the post-ganglionic neurone or very 

close to the organs 

Has short pre-ganglionic fibre Long pre-ganglionic fibre 
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Has long post-ganglionic fibre Short post-ganglionic fibre 

Pre-ganglionic fibre innervate a wider 

area and therefore exert a diffuse effect 

Pre-ganglionic fibres innervate a small 

area and therefore exert a localised effect 

A chain of connected sympathetic ganglia 

run alongside the spinal cord. To some 

extent, this arrangement ties the entire 

system together. 

Made of relatively independent 

components 

Releases noradrenaline at the effector Releases acetylcholine at the effector. 

 

 Similarities between sympathetic and parasympathetic nervous systems 

- Both consist of pre-ganglionic neurones that originate in the CNS. 

- Both consist of the post-ganglionic neurones that originate in ganglia outside of the 

CNS. 

Functional differences 

These systems generally have antagonistic effects on organs they supply. A useful 

generalisation of the sympathetic is that it increases the response under conditions of physical 

and physiological stress, i.e. fight or flight response. All resources are mobilised, blood 

pressure increases, blood flow to skeletal muscles, the heart and the brain increases. The liver 

releases glucose and pupils dilate. Simultaneously activity of the gastro-intestinal tract and 

blood flow to the skin decreases. 

Region Sympathetic Parasympathetic  

Head  - Dilates pupils 

- Inhibits secretion of saliva 

- Constricts pupils 

- Stimulates secretion of saliva 

- Stimulates secretion of tears 

Heart - Increases strength and rate of heart 

beat 

-  Decreases strength and rate 

of heart beat 

Lungs - Dilates bronchioles  

- Increases ventilation rate 

-  Constricts bronchioles 

-  Decreases ventilation rate 

Gut - Inhibits peristalsis -  Stimulates peristalsis 



37 | P a g e  

 

- Inhibits secretion of alimentary 

juices 

- Contracts anal sphincter muscle 

-  Stimulates secretion of 

alimentary juices 

-  Inhibits contraction of anal 

sphincter muscle 

Blood - Constricts arterioles to gut and 

smooth muscle 

- Dilates arterioles to brain and 

skeletal muscle 

 

 

- Increases blood pressure 

- Increases blood volume 

- Maintains steady muscle tone 

in arterioles to gut, smooth 

muscle, brain and skeletal 

muscle, allowing normal blood 

flow 

- Reduces blood pressure 

- None 

Skin - Contracts hair erector muscles 

- Constricts arterioles in skin of 

limbs 

- Increases secretion of sweat 

- None 

- Dilates arterioles in skin of face 

- None  

Kidney - Decreases output of urine  

Bladder - Contracts bladder sphincter 

muscle 

- Inhibits contraction of bladder 

sphincter muscles 

Penis - Induces ejaculation - Stimulates erection 

Glands - Release adrenaline from adrenal 

medulla 

 

RECEPTORS 

These are cells, tissues or organs which detect a particular stimulus and then initiate the firing 

of impulses along the sensory neurone to the CNS. The coordinated activity of an organism 

relies upon a continuous input of information that leads to change of activity or behaviour of 

an animal. 

The specialised regions of the body that detect stimuli are known as sensory receptors 

(transducers). Therefore receptors transduce (change) different forms of energy in the 

environment into the energy of nerve impulses. 
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A transducer is any device or structure which transforms the stimulus energy detected from 

the environment into an electric impulse, e.g. the retina of the eye, organ of Corti of the ear, 

taste buds of the tongue, the skin, etc. 

 

Assignment 5 

What is stimulus transduction? 

Classification of receptors 

 

Receptors can be classified according to the following. 

(a) Structure 

(i) Primary structure cell. 

These are the simplest type of receptors consisting of a single sensory neurone whose 

terminal end is capable of detecting the stimulus and giving rise to the nerve impulse passing 

to the central nervous system, e.g. pressure receptors in the skin. 

The sensory receptor is the dendritic endings of the sensory neurone. 
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(ii) Secondary structure cell 

 

These are modified epithelial cells that respond to an environmental stimulus and activate 

sensory organs, e.g. taste buds on the tongue, sensory hair in the organ of Corti. 

 

Sensory Organs 

These are complex receptors made up of large numbers of sensory cells, sensory neurones, 

and associated accessory structures. The accessory structures are either, protective and 

sometimes supportive. They often function by eliminating undesirable stimuli and 

amplifying the effect of desired stimuli. 

(b) Type of sensory information delivered to the brain 

(i) Cutaneous receptors - these include touch and pressure receptors, warmth and cold 

receptors and pain receptors. 

(ii) Proprioreceptors - these detect stimuli related to the position of the body and allow 

control of the skeletal muscle movement. They include muscle spindles and joint 

receptors. 

(c) Functional category  

Receptors can be classified according to the stimulus energy they transduce.  

Type of receptor Type of stimulus Example of stimulus 

Photoreceptors e.g. rods 

and cones 

Light u.v light 

visible light 

Mechano receptors e.g. 

mechanical deformation 

of hair cells in the inner 

ear 

Mechanical Pressure, tension 

movement and gravity 

Thermo receptors Thermo Degrees heat (hot/cold) 

Chemoreceptors Chemical Blood pH, smell, taste 

Electro receptors Electromagnet Electrical field e.g. 

electric cell 

Despite their diversity, all receptors transform energy of the stimulus into a localised non 

propagated, electrical potential. Electrical potential initiates nerve impulses nerve 

impulses in the neurone leaving the receptors to the CNS where the stimulus is interpreted 

to produce the required response. This localised electrical potential is called the generator 

potential. It increases with increase in the intensity of the stimulus. 
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The functioning of receptor cells 

In the absence of an appropriate stimulus, the membrane of the sensory cell is polarised 

whereby it’s positively charged outside and the negatively charged inside. The resting 

potential is due to the activity of the Na+ ion pump mechanism and this makes the sensory 

neurone unable to fire an impulse. This pump actively pumps Na+ ions to the outside from 

the receptor cell and K+ ions to the inside of the membrane receptor cell so as to maintain 

the relative degree distribution. This pump makes K+ ions to accumulate inside more than 

outside and Na+ ions to accumulate outside more than inside. K+ ions thus diffuse out 

rapidly than Na+ ions which diffuse into receptor cells slowly because the membrane is 

more permeable to K+ ions than Na+ ions in the absence of an impulse.  

In the presence of an appropriate impulse, the Na+ ion mechanism breaks down and the 

membrane becomes more permeable to Na+ ions which rapidly diffuse into the receptor 

cells as less K+ ions diffuse into the outside. Therefore the inside becomes positive 

compare to the outside. 

This leads to depolarisation of the membrane which results into a local voltage known as 

generator potential. This is a localised non-propagated electrical voltage across the 

receptor cell membrane due to depolarisation of the membrane. 

The magnitude of the generation potential increases with increase in the intensity of the 

stimulus, therefore if the stimulus is strong enough, the generator potential builds up to 

the threshold value and gives rise to an action potential which is transmitted along the 

sensory neurone, leading from the sensory cell to the CNS. In the CNS, the impulse is 

transmitted so that an action potential can be carried out. 

 

 

 

Differences between generator potential and action potential 



41 | P a g e  

 

Generator Potential Action Potential 

The amplitude of a generator potential 

increases with stimulus intensity 

Amplitude of an action potential is 

always the same 

Occurs in receptors only Occurs in neurones 

Localised Propagated 

Disobeys all or nothing law Obeys all or nothing law 

The figure above shows changes in the electrical potential of a receptor when stimulated 

by three separate stimuli. Only the third stimulus produces a generator potential high 

enough to start action potential. 

Properties of receptors 

(i) Adaptation  

Most receptors undergo adaptation which is a condition where receptors initially 

respond to a strong constant stimulus by producing a high frequency of impulses in the 

sensory neurone which eventually declines and stops when the generator potential falls 

below the threshold such that no further action potential is generated, e.g. one feels 

some discomfort upon putting on some coarse sweater or shirt which eventually 

disappears or on entering a room, you may notice a clock ticking, yet after some time 

you become unaware of its presence in the room. 

 

 

 

 

 

 

 

An unchanging stimulus results in a decline in generator potential produced by sensory 

stimulus. Adaptation arises because eventually the membrane of the receptor cell 

becomes less permeable to the inward diffusion of Na+ ions which eventually stop 

entering. 
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Some receptors respond rapidly at the stimulus onset but after their initial burst of 

activity, they stop firing for the remainder of the stimulus. These are known as rapidly 

adaptive stimulus, e.g. the fading sensation of clothes pressing on one’s skin is due to 

rapidly adaptive receptors. 

Slowly adaptive receptors maintain their response at or near the initial level of firing 

regardless of the stimulus sensation. 

These receptors signal slow changes or prolonged events such as those that occur in the 

joints and muscle receptors that participated in the maintenance of upright posture 

during standing or sitting for long periods of time. 

Significance of adaptation 

- It prevents wastage of energy by preventing receptors from responding towards trivial 

stimuli of high frequency. 

- It increases the efficiency of the nervous system to process information about changes 

in the environment. 

- It prevents overloading of the central nervous system and effectors so that there is no 

excessive discharge of impulses. 

Assignment 6 
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(a) Which of the above figures represents 

(i) Slowly adaptive receptor 

(ii) Rapidly adaptive potential 

(b) Explain how action potentials arise in A and B 

 

(ii) Receptor convergence and summation 

Some receptor cells such as red cells undergo convergence condition whereby more 

than one receptor cell makes a synaptic connection with a single sensory neurone and 

a bipolar neurone so that their generator potentials unite at the bipolar neurone to fire 

one impulse in the sensory neurone. Numerous receptors share a bipolar neurone. 

Assignment 7 

In the space below, make a drawing of a rod and a cone 

Assignment 8 

Compare the arrangement of rods with that of cones 

      

When groups of rods converge into a single optic nerve fibre, it results into a high degree of 

sensitivity to dim light. The increased visual sensitivity produced by this arrangement of rods 

is highly adapted to dim light vision and is well developed in nocturnal species. 

Retinal convergence - occurs when more than one rod cell (at least six) makes a synaptic 

contact with a single bipolar neurone which in turn connects with a single optical fibre. 
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Summation - occurs when several generator potentials produced independently by each rod 

cell unite together to form a larger potential that can reach the threshold for an action potential 

to be fired in the sensory neurone. 

(iii) Precision  

At the fovea, each cone synapses with its own bipolar neurone connected to a single optic 

nerve fibre. The cones are packed close together about 7 million at the fovea. It is therefore 

possible for the images of two separate objects to fall onto different cones separated by at 

least one in between. Two separate signals are sent to the CNS via two different optic nerves. 

This is known as the revolving power of the eye; the ability to discriminate between two 

separate objects close together. 

(iv) Lateral inhibition (mutual) 

This is the reduction in the ability of the membrane of adjacent sensory cells from being 

depolarised by the nearby sensory neurone, hence forming less generator potential than they 

would. 

A sensory cell often has synaptic contact with adjacent sensory cells. These synapses may be 

inhibitory making it more difficult for the membrane of the sensory cell to be depolarised. 

The inhibitory effect of the cone cell (b) by the rod cells (a) and vice versa sharpens the 

contrast between low and high light intensity. 

 

 

 

 

 

The inhibitory effect of group B by group A through the amacrine cell and vice versa 

sharpens the contrast between low and high light intensities. 
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Lateral inhibition thus enables precision of the receptor cells. 

Information from afferent neurones whose receptors are at the edge of a stimulus is strongly 

inhibited compared to the information from the stimulus centre. 

SENSE ORGANS 

THE MAMMALIAN EYE 

Structure of the human eye (drawing and functions of the parts) 

 

Selera - External covering of eye; very tough, containing collagen fibres, protects and 

maintains shape of eye ball. 

Cornea - Transparent front part of the sclera; the curved surface acts as the main structure 

refracting (bending) light towards the retina. 
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Conjuctiva - Thin transparent layer of cells protecting the cornea and continuous with the 

epithelium of eyelids. The conjuctiva does not cover the part of the cornea over the iris.  

Eyelid - Protects the cornea from mechanical and chemical damage and the retina from bright 

light by reflex action 

Choroid - Rich in blood vessels supplying the retina and covered with black pigments to 

prevent reflection of light within the eye. 

Ciliary body - At the junction of sclera and cornea; continuous tissue, blood vessels and 

ciliary muscles 

Ciliary muscle - circular sheet of smooth muscle fibres that form bundles of circular and 

radial 

Suspensory ligament -  

 

Assignment 9 

List in order, the structures through which light passes before striking the retina 

ACCOMODATION OF THE EYE 

It is the ability of the eye lens to change its shape, size and refraction power in order for the 

eye to focus far and near objects. 

Relationship between structures changing the shape of the lens and the degree of 

refraction 

Light from a distant 

object 

 Light from a near object 

Almost parallel Light rays Diverging 

Refracts light Cornea Retracts light 

Relax Ciliary muscles Contract 

Taut Suspensory ligament Relaxed 
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Less convex (thinner) Lens More convex (thicker) 

Reduced Refraction of light Increased 

Light focused on the retina 

A real diminished and inverted image is formed on the retina. The photoreceptors are 

stimulated. Their membranes become depolarised. A generator potential builds up to above 

threshold thereby firing an impulse via the optic nerve fibre to the brain which interprets the 

image on the retina as the actual image of the objects. 

Control of light intensity entering the eye 

Bright light  Dim light 

Are stimulated Photosensitive cells of retina Fewer are stimulated 

More impulses Sensory neurones to the brain Fewer impulses 

Impulses sent by brain 

along parasympathetic 

system 

Autonomic nervous system Impulses sent by brain 

along sympathetic 

system 

Contract Circula

r 

Iris 

diaphragm 

muscles 

Circula

r 

Relax 

Relax Radial Iris 

diaphragm 

muscles 

Radial  Contract 

Constricts Pupil Dilates 

Reduced Light entering the eye Increased  

 

STRUCTURE OF THE RETINA 

Structurally, the retina consists of three layers of cells; 

(i) The photoreceptor layer made of rods and cones 

(ii) The intermediate layer made of bipolar neurones which synapse with amacrine and 

horizontal cells 

(iii) Internal surface layer made of ganglion cells and whose axons become optic nerves. 

The tips of the rods and cones face away from the incoming light therefore light must pass 

through several neurone layers before reaching the photoreceptors. 
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(i) Photoreceptors 

This outer most layer contains photosensitive cells namely; rods and cones which are 

partially embedded in the microvilli of the pigmented epithelium of the choroid. Light is 

converted into a generator potential at the photoreceptors. 

(a) Rods 

These are numerous cells within the photoreceptor, i.e. 120 million. They are elongated 

cells and evenly distributed throughout the retina except at the fovea. They are much 

more sensitive to light that cones and respond to lower light intensities, hence suitable 

for night vision. 

Rods contain vesicles which contain photosensitive pigments called rhodopsin. They 

undergo synaptic convergence to increase their sensitivity. Several rods make a synaptic 

contact with a single optic nerve fibre. Overall convergence is 105:1 and stimulation of 

several rod cells add up together, i.e. they summate to bring about a response even in 

cases where separate stimulations would not be sufficient to build a generator potential 

up to the threshold. 
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Despite sensitivity, rods are unable to discriminate colours. 

The outer segment is the most sensitive part for both rods and cones because it is where 

light energy is transferred into electrical impulses as it provides a large surface area for 

carrying enough photo pigments. The inner segment of both rods and cones contains 

more cell organelles.  

 

Assignment 10 

(a) Below is a diagram of a rod cell. Name parts: A, B, C, D, E and F 

 

 

 

 

 

 

 

 

 

 

 

(b) Indicate by means of an arrow; 

(i) The flow of the impulse built up in the cell on stimulation 

(ii) The direction of light 

(c) Mark with (x) the part which contains the light sensitive pigment 

(d) Briefly outline the process which leads to the building up of an impulse in the sensitive 

cell 

(e) State the adaptations of rods to their functions 

(f) Explain why retinal convergence increases the sensitivity of the eye 
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(g) Explain why when trying to see an object at night, it is best not to look directly at it 

but rather slightly to the side 

(h) Compare rods with cones 

(b) Cones  

Cones are fewer than rods, i.e. are about 6 million. They are conical elongated cells with their 

greatest concentration at the fovea of the retina. Their photosensitive pigment called iodopsin 

and it is located in the numerous infoldings of the outer segment to provide a large surface 

area for carrying a lot of pigment. Cones do not show retinal convergence since each cone has 

a separate synaptic connection with a single optic nerve fibre. This arrangement together with 

the close proximity of the cones to each enables the eye to discriminate between objects very 

close to each other. 

The ability of the eye to distinguish/resolve two or more stimuli separated by spatial 

summation is called visual acuity of the eye, i.e. resolving power. 

For the cones to separate stimuli so that they send separate impulses to the CNS they must 

connect to separate optic nerves rather than sharing the same optic nerves where they would 

lose their identities. Retinal convergence also explains why cones are not very sensitive to 

light like rods. 

 

Assignment 11 

(a) Explain the difference in acuity and sensitivity to light by different parts of the retina (13 

mks) 

(b) Where on the retina is visual acuity greatest and sensitivity lowest? 

Note:     

Visual acuity is the ability to distinguish two or more stimuli of equal intensity as separate 

stimuli in order to focus clearly. The horizontal and amacrine cells link certain numbers of 
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rods and cones together; this allows a degree of processing visual information before it leaves 

the retina through lateral inhibition. 

 

Mechanism of photoreception  

Rods contain a photosensitive pigment called rhodopsin. It is attached to the outer surfaces of 

membranous vesicles where it is stacked in piles. Rhodopsin is a combination of scotopsin, 

alipo-protein and retinene (derived from vitamin A). Retinene exists in two shapes known as 

cis-retinene and trans retinene, i.e. it has isomers 

Trans retinene is more stable but only the cis-form is found attached to opsin (scotopsin) 

In dim light, the rods become stimulated and cis-retinene is converted into trans-retinene by 

retinene isomerise. 

Cis-retinene binds to a site on scotopsin such that when Rhodopsin is illuminated, it shifts 

from cis-to trans, changing the binding site configuration on scotopsin. As a result, rhodopsin 

is bleached due to lack of cis-retinene. 
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This photo decomposition results into scotopsin and trans-retinene being formed from 

rhodopsin. 

 

 

 

Trans-retinene then completely dissociates from scotopsin thereby breaking down rhodopsin. 

This dissociation is called bleaching because it causes loss of purple colour. Bleaching in 

turn, leads to depolarisation of membranes of rods, leads to the building up of generator to 

threshold such that an impulse is fired via the bipolar neurone then to the optic nerve and 

finally to the brain which interprets it as dim light.  

Rhodopsin is re-synthesised so that it can be stimulated again. 

(i) Trans-retinene is first converted back to cis-retinene using retinene isomerise 

(ii) cis combines with scotopsin to form rhodopsin 

(iii) Hydrolysis of ATP provides the required energy 

 

DARK ADAPTATION 

Scotopsin + trans-retinene  Rhodopsin  
Bleaching   

Dim light   (Visual purple)  
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It is the gradual increase in photoreceptor sensitivity which happens when a light adapted 

person enters a dark room. For the first minutes, sensitivity is low and vision is poor. 

At high light intensities, rhodopsin is broken down faster than it can be re-synthesised. If the 

retina is then exposed to dim light for example in a dark room the rods show little response 

for a period of time that is required for enough rhodopsin to be re-synthesised from cis-

retinene and scotopsin, i.e. one takes sometime without seeing anything when moving from 

a bright lit room to a dim lit room and only starts seeing when rhodopsin is re-synthesised.  

Dark adaptation involves use of ATP and also calcium ions. When the light is of a high 

intensity, the cones are stimulated and photodecomposition of their pigment iodopsin occurs 

to form iodine and opsin. This depolarises the membrane of the cone such that a generator 

potential (G.P) builds up to a threshold and an impulse is fired via the bipolar neurone to the 

ganglionic cell and then to the optic nerve which carries it to the brain. The brain interprets 

the impulse as bright light which enables an individual to see colours. 

 

After impulse generation, opsin combines again with iodine using energy from ATP 

hydrolysis to form iodopsin. This action is much slower than that for re-synthesis of 

rhodopsin.  The ability to see in bright light is called light adaptation. 

Trichromatic theory of colour vision 
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Colour vision according to the trichromatic theory is produced by the degree of 

stimulation and activity of the three types of cones namely; Red cones, Blue cones, Green 

cones by light reflected from the object. This is because each type of cone contains 

retinene but this molecule is associated with a different protein than opsin. The three 

forms of opsin namely blue, green and red opsin correspond to light of different 

wavelength. Relative stimulation of each type of opsin is interpreted by the brain as a 

particular primary colour. 

Other colours such as secondary colours are perceived by the combined stimulation of 

these three cones, e.g. equal stimulation of red and green colour is perceived as yellow 

and if all cones are stimulated, white is perceived. 

 

Colour blindness 

It is a congenital lack of one or more types of cones. People with normal colour vision 

are trichromat. Dichromats have two types of cones, e.g. a person missing blue cones or 

red cones or green cones may have difficulty distinguishing between two colours such as 

red and green. Monochromats have only cone system and see shades of grey, black and 

white. 

Arthropod eye 

Vision in the insect occurs through the compound eye. The simple eye (ocellus) of an 

insect is not used for colour vision but to distinguish between light and darkness. Simple 

eyes cannot form clear images and are common in larvae. A simple eye contains one 
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photosensitive visual element, ommatidium. A compound eye contains many separate 

ommatidia. 

                       

The ommatidium consists of two refractory bodies namely the cornea, made of the 

cuticular lens and crystalline cone. It also contains a group of photosensitive retinal cells 

surrounded by pigment cells. The pigment cells reduce the reflection of light in the 

ommatidium. The light sensitive part of the ommatidium is a structure called a rhabdom, 

an elongated structure formed by the fusion of densely packed villi on the inner membrane 

of the retinal cells. The visual pigment is within the microvilli of the rhabdom. 

Light enters the ommatidium and is refracted by the cuticular lens and crystalline cone, 

which projects onto the rhabdom. Light then travels down the rhabdom, thereby 

stimulating the light sensitive cells. The membrane of the retinal cells is depolarised. The 

impulses are then passed via the optic nerve to the brain and interpreted as light coming 

from an object. Pigmented cells separate one ommatidium from another 

 

 

 

Structural comparison between the mammalian eye and compound eye 

Similarities 

- Both contain the cornea 
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- Both have optic nerve fibres that link the eye to the brain. 

- Both contain light refractory structures such as the lens 

- Both contain pigmented cells 

- Both possess retinal cells 

Differences 

Compound eye Mammalian eye 

Consist of many ommatidia (visual 

elements) each functioning on its own 

The whole eye functions as one unit 

It has no muscles attached to it and is 

immobile 

Has muscles attached to it and is mobile 

Has rhabdom Has no rhabdom 

Photosensitive cells are not 

differentiated into rods and cones 

Photosensitive cells are differentiated 

into rods and cones 

Has no eye lids and is not protected at all 

externally 

Has eye lids and is protected externally 

Photosensitive part of the retinal cells is 

the rhabdom 

Photosensitive part of the retinal cells is 

the outer membrane 

THE MAMMALIAN EAR 

The ear consists of three sections; the outer ear which consists of the pinna that focuses 

and collects sound waves into the external auditory metaus. The sound waves cause the 

tympanic membrane to vibrate. 

In the middle ear, vibrations of the tympanic membrane are transmitted across to the oval 

window by the movement of the three ossicles.  

The inner ear consists of a complex system of canals and cavities within the skull bone 

which contain a fluid called perilymph. Within these canals are membranous sacs filled 

with endolymph and sensory receptors. Auditory receptors are found in the cochlea and 

balance receptors are found in the utricle and saccule and the ampullae of the semi-

circular canals. 
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COCHLEA 

This is a snail-shaped canal, 35mm in length, subdivided into three longitudinal canals, 

separated from each other by two flexible membranes. Close to the oval window is the 

upper vestibular canal which is separated from the centrally located median canal by the 

Reissner’s membrane. The median canal is separated from the lower canal (the tympanic 

canal) by the basilar membrane. The vestibular canal and tympanic canal contain a fluid 

called the perilymph while the median canal contains the fluid called the endolymph. 

The membrane which runs parallel to the basilar membrane and projects into the median 

canal is known as the tectorial membrane. An association of the basilar membrane, the 

hair cells with their sensory fibres and the tectorial membrane make up the organ of 

Corti. The organ of Corti works as a region where transduction of sound waves into 

electrical impulses occur. The organ of Corti sits on the basilar membrane. Sensory hair 

cells are rooted in the membrane and are also in contact with an overhanging tectorial 

membrane. 

The diagrams below show the transverse section of the cochlea 
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Air vibrates to form sound waves. The ear pinna traps and directs the sound waves into the 

auditory canal which in turn conveys them to the eardrum. The eardrum vibrates at the same 

frequency as the sound waves to the ear ossicles. These amplify sound which is important 

since there is a shift from air to fluid medium.  

Vibrations are also amplified by the oval window to about 20 times. The oval window has a 

smaller area than the tympanic membrane. The amplification of sound makes it easier for 

vibrations to pass through the dense fluid-filled inner ear. 

The vibrations of the oval window then cause the perilymph of the cochlea to vibrate and 

generate pressure. Its vibrations are therefore passed first into the perilymph in the vestibular 

canal. The vibrations and the pressure generated then cause the Reissner’s membrane to 

vibrate. The displacement of the Reissner’s membrane causes the endolymph to also vibrate 

within the middle canal, which in turn sends the vibrations to the basilar membrane.  

The basilar membrane vibrations cause each hair of the sensory hair cell to push or pull 

against the tectorial membrane. The distortion produced and the sensory hair cells due to the 

shearing forces (forces that bend and twist the hairs) causes the depolarisation of the 

membrane of the hair cells which produce generator potentials. The generator potentials build 

up an action potential and therefore an impulse is fired in the auditory nerve. The auditory 

nerve then carries the impulses to the brain for interpretation as sound. 
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Meanwhile vibrations of the basilar membrane also disturb the perilymph in the tympanic 

canal and since fluid is incompressible, the movement of the fluid is taken up by the 

membrane covering the round window. 

PITCH AND INTENSITY OF SOUND 

When the sound sensation reaches the auditory centre of the brain, the brain is able to 

discriminate the quality of sound in terms of pitch and intensity. 

(i) Pitch is directly related to frequency (cycles per second) 

(ii) intensity/loudness of sound is directly related to amplitude 

The ability to distinguish the pitch of sound depends upon the frequency of the sound waves, 

i.e. the wavelength of the waves producing movement of the basilar membrane. 

High tones of sound are as a result of higher frequencies, i.e. short wavelength and are hence 

high pitched. 

Low tones are as a result of lower frequencies, i.e. long wavelength and therefore low 

pitched. 

The sensitivity of the basilar membrane to frequency changes along its length in the cochlea. 

The basilar membrane is about 2.5 times wider at the apex of the cochlea than at the base. It 

becomes broader, more flexible and under low tension from the tip. 

Sounds of different frequencies stimulate both the sensory hair cells at different parts of the 

basilar membrane. 

Sound waves of high frequency travel only a short distance and vibrate a short portion of the 

basilar membrane. Therefore, high frequency sounds stimulate sensory hair cells at the base 

of the basilar membrane (hair cells nearest the oval window). 

Low frequency waves travel mush further and vibrate a longer portion of the basilar 

membrane. Hair cells further along the basilar membrane (at the apex) are stimulated. 
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In addition, the brain can distinguish between sounds of different intensities. The intensity 

(loudness) of sound is translated from the intensity which a particular region of the basilar 

membrane is vibrated. Greater amplitude of the basilar membrane results in more impulses 

generated in the hair cells. 

Sounds of a higher intensity causes a high amplitude of vibration of the ear drum thereby 

causing a large displacement of the basilar membrane. This stimulates the sensory hair cells 

with a high vibration threshold to have their membranes depolarised such that a generator 

potential builds up to a threshold and impulses are fired to the auditory cortex of the brain at 

a very high frequency. The brain interprets this high frequency of impulses as the high 

intensity of sound thereby making the sound very loud. 

BALANCE 

The sense of equilibrium is provided by structures in the inner ear known collectively as 

vestibular apparatus. The vestibular apparatus consists of two endolymph-filled sacs; utricle 

and saccule which contain maculae. Maculae are receptors sensitive to gravity. 

On top of the utricle are three semicircular canals. Movement of the head causes fluid within 

these structures to bend extensions of sensory hair cells. This mechanical bending results in 

the production of many action potentials. Therefore balance is achieved as a result of 

continuous firing of impulses by monoreceptors (sensory hair cells) of the vestibular 

apparatus to the cerebrum via the vestibular nerve. 

(a) Perception  

The function is performed by both the utricle and saccule which contain receptors called 

maculae sensitive to gravity. Each maculae consists of a patch of sensory hair cells. Small 

hairs project from the receptor cells into the endolymph. The hairs are attached to calcium 

carbonate crystals called otolith. Otolith are a gelatinous secretion with a high relative density 

which makes it pull/push against the hair processes. 

Section through the macula 
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Gravity causes the otolith to distort the sensory hairs in the direction determined by the 

position of the head, e.g. when the head is in the upright position, the weight of the otolith 

applies direct downward pressure on the extensions of the hair cells. 

This mechanical distortion depolarises the membranes of the sensory cells thereby sending 

an impulse via the nerve. When the head bends downwards, the extensions of the hair cells 

bend in response to gravitational force. The otolith pull the sensory hairs fixed on the sensory 

cells which stretch the hair processes hence causing depolarisation. 

In response to distortion, sensory cells are stimulated, depolarisation occurs and a generator 

potential is formed, and an action potential results into an impulse being fired to the brain. 

Utricle and saccule 

Because of the orientation of their hair cell processes into the otolith membrane, the utricle 

is more sensitive to horizontal acceleration while the saccule is more sensitive to vertical 

acceleration. 

(i) Utricles 

During forward acceleration, for example in a car, the otolith membrane lags behind the hair 

cells due to inertia so the hairs of the utricle are pushed backwards. 

(ii) Saccule 
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When a person descends rapidly in an elevator, the hairs of the saccule are pushed upwards 

due to inertia. These effects produce a change in the pattern of action potentials which allows 

us to maintain equilibrium with respect to gravity during linear acceleration. 

Assignment 12 

What happens in the maculae when a person accelerates backwards or upwards? 

NB: Hair cells of the saccule are horizontal when the head is upright while those of the utricle 

are vertical. 

Semicircular canals 

The three semicircular canals are oriented at right angles to each other and therefore detect 

movement whatever direction the head is moved in. each canal contains a bulge called 

ampulla -where sensory hairs are located. The processes of the sensory hairs are embedded 

in a gelatinous membrane called the copular which projects into the endolymph. The 

endolymph provides inertia so that the sensory hairs will bend in a direction opposite to that 

in angular acceleration. Like a sail in the wind, the cupula is pushed in one direction or the 

other by the movements of the endolymph. 

 

Any movement of the head pushes the semi-circular canals in the same direction. The lymph 

in the canals however, lags behind and pushes the cupula in the opposite direction. As a 
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result, the hairs projecting into the cupulae are bent and nerve impulses are sent to the brain 

via the vestibular nerve. 

Assignment 13 

(a) Describe the characteristics of receptor cells (6 marks) 

(b) Describe the role played by each of the following in the maintenance of balance in a 

human body 

(i) Semicircular canals (7 mks) 

(ii) utriculus and sacculus (7 mks)  

THE ENDOCRINE SYSTEM (Hormonal Coordination) 

It consists of endocrine glands; the secretions of glands are called hormones. A hormone is 

a specific chemical substance produced by an endocrine gland in one part of the body from 

where it enters the blood stream which transports it to the target organ where it exerts a 

specific regulating effect. 

Generally, a gland is a structure which secretes a specific chemical substance. There are two 

types of glands; the exocrine and endocrine. 

Exocrine glands are those that release chemical secretions into ducts which transport them 

to a particular destination, e.g. salivary glands, gastric glands, sweat glands and tear glands. 

Endocrine glands are those that lack ducts and thus pour their secretions directly into the 

blood stream. 

Characteristics of an endocrine gland 

- It secretes chemicals called hormones. 

- It has no ducts (a ductless gland); the hormone is secreted directly into the blood stream. 

- It has a rich supply of blood with a relatively large number of blood vessels. 

Properties of hormones (chemical messenger) 
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- It travels in the blood. 

- It has its effect at the site different from the site where it is made the target. 

- Small soluble organic molecule.  

- Effective in low concentrations. 

- It fits precisely into receptor molecules in the target like a key in a lock. Its specific for a 

particular target. 

Assignment 14 

(a) Describe how the pancreas is both an exocrine and endocrine organ. 

(b) What are the differences between hormonal control and nervous system? 

(c) What is the significance? 

(d) What are the differences between enzymes and hormones? 

(e) Why is the pituitary gland known as the master gland? 

THE MAJOR ENDOCRINE GLAND LOCATIONS IN THE BODY 

                            

MECHANISMS OF HORMONE ACTION 

Hormones may be grouped as follows: 
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1. Derivative of amines, e.g. adrenaline, FSH, LH, thyroxine, noradrenaline  

2. Proteins and peptides, e.g. insulin, glucagon, oxytocin 

3. Steroids, e.g. progesterone, testosterone, oestrogen 

4. Fatty acids, e.g. prostaglandis 

The release of hormones is controlled by: 

(i) Presence of a specific metabolite in blood such as glucose which causes the release of 

insulin. 

(ii)  Presence of another hormone in the blood. Such hormones are called stimulating 

hormones because they stimulate the release of other hormones from specific glands. The 

anterior pituitary gland produces most of the stimulating hormones. 

(iii) Stimulation of neurones from the ANS (Automatic Nervous System). 

Hormones are specific chemical substances and only exert their effects on target cells which 

possess specific receptors but interact with the hormone in a way similar to that of the lock 

and key hypothesis. There is a complementary configuration between the hormone molecule 

and its receptor. 

Effects of hormones on target cells 

Hormones may affect the target cells by altering the cell membrane permeability or affecting 

enzyme activity or gene activity. 

(i) The hormone may affect the cell membrane by increasing the membrane’s permeability 

as it binds on the receptor sites on the membrane, e.g. insulin increases the uptake of glucose 

into the cell by binding with the receptors on the cell membrane thereby changing the 

permeability of the wall to glucose. 

(ii) Lipid soluble hormones such as thyroxine and steroids pass through the target cell 

membrane and act directly with the target cell. The hormones bind to specific receptors in 

the cell membrane of the target cell which then carries it to the nucleus. Once in the nucleus, 
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the hormone directly activates appropriate genes in the DNA. The genes direct the synthesis 

of enzymes which bring about appropriate response. 

 

(iii) Hormones that are polar act on the target cell membrane so as to cause production of a 

second messenger inside the cell. In the second messenger mechanism, hormones bind to 

specific receptors on the target cell membrane. This activates an enzyme, adenyl cyclise 

inside the membrane catalyses the conversion of ATP to cyclic AMP. Cyclic AMP acts as a 

second messenger for the hormone and therefore activates specific enzymes in the cytoplasm. 

The enzymes produced then bring about changes in the structure and function of the cells. 
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Mechanisms of hormone action: Peptide hormones and epinephrine act through second 

messenger systems as for example cyclic AMP shown in the diagram. The combination of 

hormone with membrane receptor stimulates the enzyme adenylate cyclise to catalyse 

formation of cyclic AMP ( the second messenger) Steroid and thyroid hormones penetrate 

the the cell membrane to combine with cytoplasmic or nuclear receptors that alter gene 

transcription. 

Hormones are effective in small quantities. This is achieved by use of a two messenger 

system in which a very small amount of the hormone can lead to the synthesis of 

comparatively high concentrations of a 2nd messenger which in turn evokes a correspondingly 

large response by activating enzymes in the cell. This is known as cascade effect. Ca2+ and 

cyclic AMP (cAMP) are examples of second messengers. 

Assignment 15 

(a) Give a brief illustrated account of how hormones are believed to affect their target cells. 

(b)  
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The diagram above shows how adrenaline affects the target cell 

(i) Explain how proteins are suited to their functions as receptors. (2 Marks) 

(ii) Describe the precise function of adenyl cyclise. (2 Marks) 

(iii) Explain how a single molecule of adrenaline can lead to the formation of many 

molecules. (3 Marks) 

Endocrine glands 

The pituitary gland and the hypothalamus 

The pituitary gland is also called the master gland because many of its secretions control the 

activity of other endocrine glands. It is connected to the hypothalamus and has two lobes; the 

anterior and posterior pituitary gland. 

The hypothalamus is an important link between the endocrine and the nervous system. it 

collects information from other regions of the brain and from the blood vessels passing 

through it. It passes this information to the pituitary gland which by its secretions directly or 

indirectly regulates the activity of other glands. 

Functions of the hypothalamus 

1. Controls the functioning of the anterior pituitary gland. 

2. Monitors the levels of hormones and other chemicals in the blood passing through it. 

3. Produces Ant Diuretic Hormone (ADH) and oxytocin using its neurosecretory cells. 

These hormones are then stored in the posterior pituitary gland. 

THE ANTERIOR PITUITARY GLAND 
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Produces and secretes 6 trophic hormones and controls the release of other hormones from 

other endocrine glands. The secretion of the 6 hormones is triggered by releasing factors in 

the hypothalamus. 

Hypothalamus Anterior pituitary hormone and 

release 

Site of action 

Growth hormone releasing 

factor (GHRF) 

Growth hormone releasing 

inhibiting factor (GHRIF) 

Growth hormone Most tissues 

Prolactin releasing factor 

(PRF) 

Prolactin inhibiting factor 

(PTF) 

Prolactin  

Inhibition of prolactin secretion 

Ovary and mammary 

glands 

Luteinising hormone 

releasing hormone 

Follicle stimulating hormone 

(FSH) 

Luteinising hormone (LH) 

Ovary and testis  

Thyrotrophin releasing 

hormone (TRH) 

Thyroid stimulating hormone 

(TSH) 

Thyroid gland 

Adrenocorrico trophin 

releasing factor (CRF) 

Adrenocortico trophin hormone 

(ACTH) 

Adrenal cortex 

A trophic hormone is one which stimulates other endocrine glands to release their hormones. 

THE THYROID GLAND 

The gland produces three hormones; Triodothyronine, T3 

Thyroxine, T4 

Calcitonin 

T3 and T4 are commonly known as thyroxine hormone which stimulates protein synthesis, 

regulation of metabolic rate in the body, brain development and promotes the breakdown of 

glucose and fatty acids to provide enough energy therefore thyroxine is usually produced 

during cold conditions, hunger and emotional stress. Calcitonin lowers the calcium level in 

the blood. 
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The level of thyroxine circulating in the blood controls its release from the thyroid gland by 

negative feedback mechanisms involving the hypothalamus and the anterior pituitary gland. 

The diagram below illustrates the regulation of thyroxine hormone. 

                  

 

THYROID ABNORMALITIES 

Hypothyroidism 
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This may be due to lack of TSH production from the pituitary gland, iodine deficiency in the 

diet or failure of enzyme systems involved in thyroxine production. 

Symptoms include: slow brain activity, weight gain, puffy eyelids, hair loss, swollen tongue, 

etc. 

Hyperthyroidism 

Over production of thyroxine results into increase in heart rate, ventilation rate and 

temperature. 

Regulation of calcium ion levels 
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