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  14.0 Objectives:
· To enable the students to understand the structure of nerve cell or neuron and its components

· To distinguish between different types of neurons

· To understand the nature of nerve impulse and its properties

14.1 Introduction:
The nervous system includes – the brain, spinal cord and nerves. In higher vertebrates the nervous system is divisible into three parts namely – 1. The central nervous system 2. The Peripheral nervous system and 3. The Autonomic nervous system. The brain and the spinal cord constitutes the central nervous system, the peripheral nervous system consists of nerves arising from the central nervous system. The nerves arising from the brain are called cranial nerves and the nerves arising from the spinal cord are known as spinal nerves. The autonomic nervous system exists in the form of two distinct nerve chains on either side of the vertebral column. On the basis of anatomy and physiology the autonomic nervous system is divided into two parts: Parasympathetic and the Sympathetic nervous system.
14.2 Nerve cell or Neuron:
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The billions of cells in the nervous system are the neurons or nerve cells, so neurons are considered as the structural and functional unit of the nervous system. These are highly specialized cells designed to receive and transmit information.

14.2.1 Structure of nerve cell or neuron:
Fig 14.2.1 Structure of Neuron

Neuron consists of three parts namely the cell body or Soma, Dendrites and the Axons. The parts of the neuron that looks like a cell is called cyton or soma or perikaryon. It is surrounded by plasma membrane and filled with cytoplasm called neuroplasm. The neuroplasm contains cell organelles such as the nucleus, endoplasmic reticulum, ribosomes, mitochondria and numerous secretory bodies called nissil granules or tigroid bodies. The nissil granules help in regeneration of lost parts of axons and dendrites. The cell body or soma produces certain chemical messengers called neurotransmitters that help in transmission of nerve impulse from one neuron to the other. The cell body is drawn out into two types of processes or extensions called dendrites and axon. The dendrites meaning tree like are more numerous, short but highly branched extensions, which receive signals from other neurons and pass them to the cell body or soma. The axon is the longest extension of the neuron it transmits nerve signals to other nerve cells or effector organs like muscle and glands. Axons are specialized for transmitting signals over long distances for example: the sciatic nerve that extends from spinal cord to the feet consists of longest axon of one meter. The conical region from which the axon arises from the cell body is called axon hillock, it is the point where nerve signals are converted to nerve impulse that travel down the axon. The axon is surrounded by a specialized insulator sheath called myelin sheath which is interrupted at regular intervals called Nodes of Ranvier. The myelin sheaths present in between nodes are called internodes. The myelin sheath is made up of Schwann cells and fatty material. Nerve fibers with myelin sheath are called myelinated or medullated nerve fibers and nerve fibers without myelin sheath are called Non-myelinated nerve fibers.
14.2.2 Different types of neurons:
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Neurons come in three functional classes. These classes are derived from the amount of cell extensions that are found on the cell body or soma and the direction of flow of information.
Fig.14.2.2 Different types of directional neurons
a) Unipolar neurons – are nerve cells that have one extension connected to the soma. These cells are often used in afferent nervous, sensory in function which conduct impulses.
b) Bipolar neurons – are nerve cells that have two projections – one axon and one dendrite, used in specialized sense detection such as smell and sight.

c) Multipolar neurons – are nerve cells that have many cell extensions including dendrites, and a single axon. 
Three types of neurons are present in the nervous system based on their function these are sensory neurons, motor neurons and inter neurons. They are classified on the basis of their function and show structural differences.

(i) Sensory neurons (Afferent neurons): As the name implies they are sensory in nature and collect information selected to light, touch, heat ect., form the receptors and transmit it to the central nervous system. Their cell body is located in the dorsal root ganglion of the spinal cord. Sensory neurons do not posses dendrites but it has two axons a central axon and a peripheral axon. The peripheral axon collects signals from the sense organs and conducts then to the cell body, which in turn directs them to other neurons through the central axon.

(ii) Motor neurons (Efferent neurons): These carry motor signals to effector organs such as muscles and glands. They possess small dendrites and long axon. Their dendrites and cell bodies are located in the spinal cord and the axons are present outside of it.
(iii) Interneurons (Relay neurons): They interconnect sensory neurons with motor neurons. In vertebrates the interneurons are present in the brain and spinal cord. Their cell bodies, dendrites and axons are located in the central nervous system. They receive signals from the sensory neuron and relay them to motor neurons, which in turn send them to acceptors.
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Fig.14.2.2 Different types of functional neurons
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14.2.3 Nerve Impulse:
Nerve transmits information in the form of nerve impulses. The nerve impulses are generated and conducted in the form of electric signals, like electric current in live electrical wires. The nerve impulse shows the following features:
· Nerve impulses are conducted along the axon and nerves do not show any visible change in their physical appearance.
· Nerve impulses are not seen, but can be recorded and observed with help of electrodes.
· The function of nerve impulse is in the form of actions such as contraction of muscle or secretion by a gland.
· The nerve impulse receives initiation in the form of a force, when stimulated. The stimulus may be mechanical, chemical or electrical.
14.2.4 Generation and transmission of nerve impulse:
As mentioned above the nerve impulse involves the generation and propagation of electrical signals which are divided into two stages:
1. The Resting Potential: 
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It is a condition in which the nerve cell maintains an electrical potential difference across its plasma membrane, when it is not transmitting nerve signals. At rest the nerve membrane shows net positive charge outside (i.e., in the extracellular fluid) and a net negative charge inside (i.e., in the axoplasm), this condition of the nerve is said to be in a polarized state. This difference of charge is called membrane potential or transmembrane potential (i.e., when at rest) and also called as resting potential or resting membrane potential. It is measured as -70 mV (millivots; 1 / 1000 of volt).
Fig 14.2.4 Polarized state of Axon
Origin of Resting Membrane Potential:
Hodgkin and Huley (1952) stated that the resting membrane potential in neuron is controlled by unequal concentrations of sodium, potassium and chloride ions. The extra cellular fluid around the neuron contains more sodium (Na+) and chloride ions (Cl-) and less potassium (K+) ions. Conversely the nerve cytoplasm (Neuron cell interior) contains more potassium (K+) ions and less sodium (Na+) and chloride (Cl-) ions. In addition to these ions the nerve cytoplasm also contains a large member of negatively charged proteins, organic and inorganic ions which contribute to its negative charge. The resting membrane potential arises from three important sources:

(i) [image: image6.jpg]DENDRITES

CELLBODY

AxoN

AXON TERMINALS.

SYNAPSE

UNIPOLAR NEURON

DENDRITE

'DIRECTION OF NERVE IMPULSE

CELL BODY

/ MYELIN SHEATH

AxoN

AXON TERMINALS

SYNAPSE

BIPOLAR NEURON

SYNAPSE:

MULTIPOLAR NEURON

AXON TERMINALS

/




The Electrochemical Gradients of Ions: The combined strength of negative and positive ions both inside and outside the neuron generates an electrical and chemical gradient. The electrical gradient is caused by the net charge of positive and negative ions. The net negative charge by organic and inorganic ions in the cytosol ( nerve cytoplasm) is more than that of the positive charge contributed by sodium (Na+) and potassium (K+) ions both inside and outside the nerve cell. Hence, the nerve cell interior tends to maintain a negative potential of -70 mV compared to outside. 


The chemical gradient is caused by the difference in the concentrations of cations and anions across the nerve membrane, i.e., the resting potential results from the diffusion of sodium (Na+) ions and potassium ions (K+) through ungated ion channels that are always open. Both K+ and Na+ ions tend to diffuse from the region of higher concentration to lower concentration to establish equilibrium i.e., Na+ ions diffuse from outside to inside and K+ ions move from inside to outside through these channels.  In resting condition more K+ ions move from inside to outside through leaky potassium channels continuously than the entry of Na+ ions into the nerve cell. 


At the same time the negatively charged organic anions and proteins do not move out of the nerve cell. Since, only the positively charged particles (i.e., K+) alone move out from the cytosol and all the negatively charged anions are retained inside so the nerve membrane tends to develop negative charge on its inner surface.

Fig 14.2.4 Sodium and Potassium ungated leaky channels

(ii) The pH gradient: At resting potential the nerve cytoplasm maintains slightly acidic i.e., pH of 6.1 compared to that of the extracellular fluid with pH of 7.3. This is due to the outward transport of hydrogen ions (H+) and inward transport of bicarbonate ions (HCO3 -) across the nerve membrane. The incoming bicarbonate ions react with H+ in the cytoplasm to produce water and carbon dioxide. This buffering  action not only reduces the net positive charge in the cytoplasm but also enhances its net negative charge.

(iii) The Sodim-Potassium pump (Na+/K+ pump):  This pump maintains resting potential against the electrochemical gradient of the ions. It involves the active transport of three sodium ions from the axon with the uptake of two potassium ions from the extracellular fluids for each cycle with the help of carrier proteins present in the nerve cell surface membrane. It is an energy dependent process releasing one ATP molecule for each cycle. These pumps are also called as electrogenic pumps. These pumps store energy that can be trapped for cellular activity.
Fig 14.2.4 Sodium and Potassium Pump
2. Action Potential: 

The nerve impulse is recorded in the form of an action potential or spike potential. The action potential is an electrical phenomenon that occurs in all nerve cells. It is a self propagating event that begins at a dendrite and travels down the axon to the end of the neuron. When the neuron is stimulated, Na+ ions enter into the neuron, thus depolarizing the neuron, which is referred to as graded potential. As enough Na+ ions enters inside the neuron its membrane becomes positive and reaches a state called threshold potential. 

The threshold potential further increases the permeability of membrane for Na+ ions and becomes more positive. The threshold potential results in the upstroke of the action potential. As a result the resting membrane potential shifts rapidly from -70 mV to about + 30 to + 40 mV. This shift involves a change of about 100 or 110 mV across the nerve membrane. The reversal in the polarity of the resting membrane caused by the influx of Na+ is called depolarization. 
Initially the depolarization affects only a small part of the membrane, but later passes along the axon till it reaches the end. Because of this reason an action potential is defined as a self propagating wave of depolarization that moves along the axon. In the depolarized region, the outer surface of the membrane shows negative charge and the inner surface shows positive charge. Due to charge reversal the membrane potential in this region rises from – 70mV to about +110 mV.


In the propagating nerve the action potential generates a series of spikes that flow like waves in an ocean. Each spike shows a rising phase (ascending phase) and a falling phase (descending phase). The raising phase represents depolarization phase and the falling phase represents the repolarization phase. The descending curve falls below the level of the resting membrane potential in the form of an undershoot called hyperpolarization. Later the curves become normal and the resting potential is restored.

Raising phase (Depolarization): when the nerve membrane is depolarized Na+ ions inflow into the nerve cytoplasm. The entry of Na+ ions causes charge reversal that converts the nerve membrane from negative inside to positive inside. As more Na+ ions enter through Na+ channels the membrane potential becomes positive inside.

Peak (Inactivation): when the membrane potential reaches +30 mV to +40 mV Na+ channels close and potassium channels open thus  allowing flow of K+ ions from inside of the nerve cell to the outside.

Falling phase (Repolarization): This phase is the recovery phase of action potential during which the nerve tries to come back to the normal state of resting potential. As the K+ channels open the K+ ions rush out form the cytosol to the extracellular fluid. The exit of potassium ions from the cytosol causes a reversal of the membrane potential to negative (-ve) inside.

Hyperpolarization (undershoot): As K+ ions exit from the cell the membrane repolarization initiates the closing of potassium channels, but these K+ channels do not close immediately but slowly so K+ ions continue to leak out of the nerve cell even after complete repolarisation of the nerve membrane. Hence the nerve membrane potential dips below the normal level of the resting membrane potential and makes the cell interior more negative than -70 mV for a brief moment.


It is now clear that the resting membrane potential of the neurons is maintained by outward diffusion of potassium ions, while the action potential is determined by the inward diffusion of sodium ions. The movement of these two ions is facilitated by ion channels present in the nerve membrane.


Fig 14.2.4 Nerve impulse recorded in the form of Action Potential
14.2.5 Properties of nerve impulse
The nerve impulse shows the following properties such as

(i) Threshold and initiation: It is the minimum strength of stimulus required to initiate an action potential in a resting neuron. This threshold value is about 15 mV more positive than the cells resting membrane potential.
(ii) All or none law: an axon will only generate an action potential at a potential valve. It will not generates an action potential below the threshold value i.e., an axons membrane can be completely depolarized at a partical potential value, but cannot be depolarized at all below that value. This phenomenon is called “All or None law”.
(iii) Non–decremental nature: The nerve impulse generated propagates constantly from one end of the axon to the other. Its magnitude and speed are not altered by an increase or decrease in stimulus.  This means that the action potential always reaches +40 mV as it moves along an axon, and it is never reduced by long axons. However the action potential depends on stimulus strength, i.e., a weak stimulus generates fewer impulses per second, while a strong stimulus generates more impulses at the same time. Thus the frequency of action potential is proportional to the intensity of the stimulus, this is called as frequency code.
(iv) Refractory period: Once nerve impulse is generated the nerve will not respond to the second stimuli until it completely recovers. This is the period during which a depolarized nerve cannot respond to a second stimulus, this is called refractory period. It is about 1 to 3 milliseconds.
14.3 Summary:

The nervous system is made of billions of cells called neurons. Neuron forms the structural and functional unit of nervous system. It consists of three parts, namely the cell body or soma, dendrites and the axon. There are different types of neurons based on the direction of flow of information viz. a) Unipolar neurons b) Bipolar neurons and c) Multipolar neurons. Neurons are also classified based on their function as 1) sensory neurons 2) motor neurons and 3) interneurons.


Stimulus is transmitted through neurons are called nerve impulses with properties like that of electric current in live electric wires. The nerve impulse transmitted in the neuron at rest is called the resting potential and in neurons stimulated is called the action potential. Properties of nerve impulse mainly include    i) Threshold and initiation ii) All-or-None law and iii) Non- decremental nature and refractory period.
14.4 Glossary:
· Nissil granules – is a large granular body found in nerve with ribosomes for protein synthesis.
· Myelin Sheath – is an insulating layer found around neurons made of proteins and fatty substances.

· Schwann cell – cells producing myelin sheath around the axons.
14.5 Lesson and Questions:
Very short questions (2 Marks)

1. Cell body or soma
2. Myelin sheath
Short answer questions (4 Marks)
1. Sensory neurons
2. Multipolar neurons
Essay answer questions (15 Marks)

1. Give an account of the resting potential with neat labelled diagram.
2. Write an essay on action potential with neat labelled diagrams.
14.6 Answers to lesson and questions:
Very short questions (2 Marks)

1. Refer 14.2.1
2. Refer 14.2.1
Short answer questions (4 Marks)
1. Refer 14.2.2
2. Refer 14.2.2
Essay answer questions (15 Marks)

1. Refer 14.2.4
2. Refer 14.2.4
14.7 Books for further study:
1. Varma,P.S. and V.K.Agrwal, 1995. Cell and Molecular Biology, 8th edition,  S.Chand &Co.
2. Powar,C.B., 1989. Essential of Cytology, Himalaya Publishing House, Bombay.
3. Gies,A.C., 1979. Cell Physiology, Saunders Co., Philadelphia, London, Toronto.
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Check your Progress:


Mention types of neurons based on the direction of flow of information.


__________________________________________________________________________________________________________________





What are the types of neurons based on their functions.


__________________________________________________________________________________________________________________
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