


Applied Physiology 
9.2 HOW DOES OUR BODY KNOW 'WHAT TO DO'? 

Feeling, knowing, doing anything depends on special structures called nerves. Neuronal 
cells in the body act as various messengers according to the need involved. We are 
born with all the nerve cells we will ever have. There are about 100-billion nerve cells 
in our brain. If any nerve cell is somehow damaged, it will not be replaced by a new 
cell. Each nerve cell is known as a neuron. We will learn about the morphology of 
the nerve cell in the next section. 

The nervous system, as you may recall reading earlier, consists of 100-billion neurons 
and the glial cells. The whole brain is a collection of neuronal and glial cells. These 
cells are also responsible for higher functions of the brain like learning, memory, 
speech etc. This fascinating study of biological fbnction of nervous system is called 
as neurobiology. 

So how does our body get to know, what to do? The terminal endings of the nerves 
are equipped with sensitive receptors. They generate the impulse in relation to any 
change in the environment i.e., temperature, pressure, touch and send them to 
main part of the nerve cell, to be transmitted to the brain. The brain receives 
such messages fiom various axonal tips. Further brain decides what information has 
to be processed. If actions are necessary, brain signals the muscles to carry out the 
work required. We will learn about this mechanism in greater details later here in 
this unit. 

A neuron releases its messages as chemicals. These are capable of changing polarity 
of cells. This is because of the ionic nature of the chemicals. Since it is achieved 
through movement of ions, we call them ionic channels. Their movement is termed 
as gait. The ions which play a major role are Ca++, Na++, K+. They are able to 
create energy for nerve cells to hnction in a better manner. This creates some 
amount of electricity in the cell, which can be measured in volts. This principle was 
discovered by an Italian scientist Alessandre Volta during his experiment on frog leg 
muscle. 

We will understand the hnctioning of the nerve cell better b y  first getting to know 
the morphology of the nerve cell. The next section focuses on this aspect. 

9.3 NERVE CELL 

The basic unit of the nervous system as studied above, is the individual nerve cell - 
the neuron. The nerve cells operate by generating electrical signals and passing 
them fiom one part of the cell to another and by releasing chemical messengers 
to communicate with other nerve cells. Let us get to know about the nerve cell 
morphology first. 

9.3.1 Nerve Cell Morphology 

The neurons in the mammalian nervous system occur in a variety of shapes and 
sizes. A typical cell has a cell body, the dendrites, axon and its terminals. Look at 
Figure 9.1 which illustrates the structure of a nerve cell - the neuron. The cell body, 
which has a nucleus, arborizes to form dendrites which are the thin processes that 
extend out, as shown in Figure 9.1. From the thick concentrated region of the cell 
body arises a long extended fiber known as aron. Each axon is covered by a myelin 
sheath. It is made up of a protein lipid complex. This is further surrounded by 
schwann cells (Glial cells).The axon is constricted at various positions, where it is 
denuded of myelin. This region is known as nodes of Ranvier. 
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Applied Physiology 9.3.5 -The Fate of the Neurotransmitter 

Postsynaptic membranes bind the neurotransmitters by an active process. The 
chemicals keep moving in and out of the membrane. The synapse takes care not to 
have a continuous indefinite action. This is brought about by enzyme degradation, re- 
uptake mechanisms, recycling mechanisms etc. To illustrate, acetylcholine is removed 
by enzymatic hydrolysis fiom post synaptic membrane while nor-adrenaline is removed 
fiom the synaptic cleft by catechol-o-methyl transferase. It is further partly uptaken, 
partly recycled and inactivated by monoamine oxidase. 

Neurotransmitters therefore, cross the synapse enabling impulse transmission to an 
adjacent neuron. Once in the synapse, they are active for only a short time - 
between 0.5 and 1 millisecond. Enzymes in the synapse inactivate neurotransmitters, 
which are either taken back into the axon (reuptake) and transported back to the 
neuron for re-usage or destroyed. 

Next, having studied about the mechanism of transmission, let us now get to know 
. how we perceive and respond to stimulus. 

9.3.6 How do You Perceive and Respond to a Stimulus 

In this world, our first perception is to see, then to hear, sense, smell or taste. The 
organs involved respectively are the eyes, ears, skin, nose and tongue. These organs 
have specific sensory cells which enable them to receive any change in the 
environment. These structures are generally known as receptors. They convey 
their messages to the brain. The brain translates the message into a state called 
perception (awareness). In addition to this, we have baroreceptors (senses pressure 
changes), chemoreceptors (senses chemical changes) and proprioreceptors (changesf 
shifts in positions / posture). The basic mechanism is that all the sensory ficeptors 
are very similar. E.g. skin, it can feel pain, temperature, pricks and many more 
responses. Here, as soon as the receptor cell receives a stimulus, it brings a 
conformational change in the membrane so that Na+ ion channels become more 
permeable. This leads to depolarization and results in creation of a receptor potential. . 
Further, it leads to generation of an action potential. 

Action potential is brief, all or none depolarization occurs. The signal propagated 
slowly changes the fiequency in the postsynaptic neuron. We generally get adapted 
to a prolonged stimulus. The degree and rate would vary e.g. though our touch 
receptors are fully functional, we are not aware of our clothes touching our body. 
This is because we are adapting ourselves to the stimulus. This occurs due to regular, 
continuous information which is persisting. 

Finally, in our study of the nerve cell, we will look at how the signals get conveyed 
to the central nervous system (CNS). 

9.3.7 How the Signals are Conveyed to the CNS 

Once the action potential is generated at the periphery receptors on the skin in relation 
to the specific stimulus such as pain, touch, temperature etc., as we have studied above, 
these action potentials go to the spinal cord through the dorsal root ganglion cells as can 
be seen fiom the Figure 9.3. In the spinal cord, the synapse occurs at the dorsal horn 
cell (which is first order serisory relay neurons). The information then passes along the 
spinothalmic tract system, as you may have noticed in Figure 9.3, to the specific sensory 
neurons of the thalamus (second order sensory relay neurons). From this thalamic area, 
the sensations project to the somato-sensory area of the cortex (third order neuron 
relay station). The sensations are processed and perceived in this area. Therefore, it 
must be clear to you that at least three neuron relay stations are required for processing 
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Check Your Progress Exercise 1 

1) Label the parts of neuron in the structure given herewith: Enumerate the 
functions of a neuron. 

4 

- ..................................................................................................................... 

..................................................................................................................... 

2) Discuss the role of neurons in the process of communication. . . 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

3) What are neurotransmitters? Enlist any two characters of neurotransmitter. 

..................................................................................................................... 

..................................................................................................................... 

4) Discuss how messages are conveyed throgh DRG. 

........................... i ......................................................................................... 

..................................................................................................................... 

..................................................................................................................... 
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Applied Physiology The external covering, skulllcranium protects the brain. Brain being a soft tissue has 
a meningal membranes covering it. These membranes have spaces in between them 
which are filled with cerebrospinal fluid (CSF). In fact, the entire surface of the 
central nervous system is bathed by the clear, colourless cerebrospinal fluid. The CSF 
is contained within a system of fluid-filled cavities called ventricles. There are 4 
ventricles as illustrated in Figure 9.6. Two are lateral, which communicate with the 
3rd ventricle through independent openings, which are known as interventricular 
foramen (foramen of Monro). 3rd ventricle M h e r  communicates with narrow duct 
passing through mid brain called the aqueduct of Sylvius. This finther leads through 
4th ventricle as shown in Figure 9.6, which is enclosed by medulla oblongata and it 
continues through the spinal cord as central canal. 

The 4th ventricle of the brain posses bunches of vascular tissue - choroid plexus. 
This is an arterial bunch which comes from main arterioles and supplies the brain. 
The major source of CSF is choroid plexus. The other sources of CSF are ependymal 
cells of the ventricles and the brain itself via the perivascular spaces. Total volume 
of CSF in an adult is about 100-125 ml. The rate of CSF formed per day averages 
to 500 ml per day. 

Fdvcntricle 
Figure 9.6: The ventricles 

So we have seen that the CSF flows through the ventricles. But what does the CSF 
do? What is its role in the brain? 

The CSF has many functions. These include the following: 

1) It provides the optimum condition for a meaningful signallstimulus. The neurons 
become very sensitive. 

2) It helps in maintaining homeostasis. It can transmit neuronal messages to respond 
for chemo sensitivity which enhances the appropriate homeostatic signals. 

3) It helps in removing the proteins which are leaked into the brain since no major 
lymphatic system prevails here. CSF further shunts these proteins to the blood 
stream. 

4) It protects the brain as a cushion by absorbing all the shocksljerks etc. It also 
helps the brain to remain floating inside the skull cavity. 

5) It provides buoyancy to the brain. Because the brain is immersed in fluid, the net 
weight of the brain is reduced from 1400 g to about 50 g only. Therefore, pressure 
at the base of the brain is reduced. 

6) It helps in the excretion of waste materials. The pne-way flow from the CSF to 
the blood takes potentially harmful metabolites, drugs and other substances away 
from the brain. 
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Applied Physiology Looking at the functionality of each lobe, it must be evident to you that cerebrum has 
a major function in our body. Let us get to know these functions. 

Functions of the cerebrum 
The cerebrum is associated with higher brain functions such as thought and action. 
The three major varieties of activities involved are: 

1) Mental activities involved in memory, intelligence, sense of responsibility, thinking, 
reasoning, moral sense and learning attributed to higher centres. 

2) Sensory perception, including pain, touch, temperature, sight, hearing, taste and 
smell, and 

3) Initiation and control of voluntary muscle contraction. 

The main areas of the cerebrum are associated with sensory perception (sensory 
centre) and voluntary motor activity (motor activity). Both hemispheres are equally 
active unless mentioned specifically. Figure 9.8 shows these cerebral functional areas. 
Let us get to know them. 

ONT~\-  LO^^ - 
Premotor Cortex - F ? ~ I . . T , ~ ~ :  '& 

Auditory ~ b r t  

The motor area lies in the frontal lobe, immediately anterior to the central sulcus (a 
brain fissure extending upward on the lateral surface of both hemispheres, separates 
the frontal and parietal lobes). The nerve cells are pyramid shapes and imitate 
contraction of 'voluntary muscles. The nerve fibre from this cell passes downwards I 
area of the right hemisphere of the cerebrum controls voluntary muscle movement 
on the left side of the body and vice-versa. The neuron which has its cell in the 
cerebrum. is the upper motor neuron, while the Ode with the cell in spinal cord is 
the lower motor neuron. Damage to either of them causes paralysis. I 
In the motor area of the cerebrum, body is represented upside down, i.e. the cells 
nearest the cortex control the feet and those in the lowest part control the head, neck, 
face, fingers. In comparison with the trunk, the hand, tongue and lips are represented 
by large cortical areas. 

Thepre motor areas too lie in the frontal lobe immediately anterior to the motor area 

258 
as highlighted in the Figure 9.8. The cells are thought to exert a controlling influence 
over the motor area, ensuring a series of movements, e.p. while writing or tying a I 



shoe lace, many muscles contract but the movement must be camed out in a particular 
sequence. This is described as manual dexterity. In the lower part of this area, just 
above the lateral sulcus is the broca b area which controls Movement for speech. It 
is dominant in the left hemisphere in the right handed people and vice versa. 

Theji-ontal area or pole, as shown in the Figure 9.8, extends anteriorly from the pre 
motor area to include the remainder of the frontal lobe. This area is large and is 
highly developed in humans. Communications between this region and the other 
region and other areas are responsible for behaviour, character and emotional state 
of the individual, as mentioned above. 

The post central area is behind the central sulcus. Here, the sensations of pain, 
temperature, pressure and touch, knowledge of muscular movements and position of 
joints are perceived. The sensory areas of the right hemisphere receive impulses 
from left side of the body and vice versa. 

The parietal area, as you can see in the Figure 9.8, lies behind the post central area 
and includes greater part of parietal lobes of the cerebrum. It is functional in providing 
accuiate knowledge of objects. The objects can be recognized by touch alone, because 
of the knowledge from past experience is retained in this area. 

The serzsoly speech area is situated in the lower part of the parietal lobe and extends I ,  
. I 

into temporal lobe as indicated in the Figure 9.8. This area perceives spoken word. 
Dominance is in left area if the individual is a right handed person and vice versa. 

The auditoly area lies immediately below lateral sulcus within the temporal lobe as 
can be seen in Figure 9.8. Cells receive and interpret impulses transmitted from inner 
ear by vestibulocochlear nerve. 

The olfactoly area lies deep within the temporal lobe. Look at Figure 9.8 for its 
positio~l. Cells receive and interpret impulses from nose which come through olfactory 
nerves. The taste area is above lateral sulcus, in deep layers of the sensory area. 

The visual area lies behind the parieto-occipital sulcus and includes greater pa* of 
occipital lobes. Optic nerve passes from eyes to this area which receives and interprets 
impulses as visual impressions. 

Deep within the cerebral hemispheres are groups of nerve cells called nuclei or 
ganglia which act as relay stations, where impulses are passed from one n&uron to 
next in a chain. The basal nuclei are, therefore, also called the basal ganglia. The 
term "basal" refers to the location of these colle~tions of neurons (nuclei or ganglia) 
deep within the brain, seemingly at its very base. This region located at the base of 
the brain is composed of 4 clusters of neurons or nerve cells - sensory nuclei, 
association nuclei, non specific nuclei and motor nuclei. This area of the brain is 
responsible for body movements and coordination. The area influences skeletal muscle 
tone. If control is inadequate or absent, movements are jerky, clumsy and unco- 

The discussion above focused on the cerebrum. Next, let us look at the other structures 
of the forebrain i.e. the thalamus and hypothalamus (diencephalon), which you 
learnt earlier, are a part of the limbic system. 

9.5.1.2 The Limbic System 

The limbic system, as you would realize, is also referred to as the emotional brain. 
It is found buried within the cerebrum. This system contains the thalamus, hypothalamus 
and other related part like the amygdala and hippocampus. Let us get to know about 
the thalamus and the hypothalamus. 

Thalamus is a large mass of gray matter deeply situated in the forebrain. Figure 
9.9 illustrates the position of the thalarnus.The structure has sensory and motor 
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Applied Physiology Next, we move on to the hindbrain. The hindbrain is made of the cerebellum, pons 
and medulla. Let us learn about each of these structures. 

9?5.1.4 Pons Varolli 

Look at Figure 9.9. Situated in front of the cerebellum below the midbrain and above 
the medulla oblongata, is the pons. It is involved in motor control and sensory analysis. 
For example, information fiom the ear first enters the brain in the pons. It has parts 
that are important for the level of consciousness and for sleep. Some structures 
within the pons are linked to the cerebellum, thus are involved in movement and 
posture. 

Pons consists mainly of nerve fibers which fonn a bridge between the two hemispheres 
of the cerebellum and fibers passing between higher levels of brain and spinal cord. 
There are groups of cells which act as relay stations and some of which are associated 
with the cranial nerves. The anatomical structure of poris varolli is different from that 
of cerebrum in the aspect that here the nerve cells lie deeply and nerve fibers are 
on the surface. 

Next, we shall read about the medulla oblongata. 

9.5.1.5 Medulla Oblongata 

The medulla extends from the pons above and is continuous with the spinal cord 
below as can be seen in Figure 9.9. It is about 2.5 cm long shaped like a pyramid 
with a base upwards. It lies within the cranium just above foramen magnum. The 
anterior and posterior surfaces are marked by central fissures. The outer aspect is 
composed of white matter, which passes between the brain and spinal cord and gray 
matter lies centrally. Some cells constitute relayZstations for sensory nerves passing 
fiom spinal cord to the cerebrum. The vital centers consisting of groups of cells 
associated with autonomic reflex activity lie in the deeper area. These are the 
cardiac, respiratory, vasomotor and reflex centers for vomiting, coughing, sneezing 
and swallowing. 

The medulla has several special features: 

Pyramids: Pyramids are the bulges of ventral surfaces, where most of the 
lateral corticospinal tracts originating from motor area of cerebrum decussate 
and cross over to opposite side. This means left hemisphere of cerebrum controls 
right half of the body and vice versa. 

Sensory decussation: Some of the sensory nerves ascending to the cerebrum 
from spinal cord, cross fiom one side to the other in the medulla. 

Cardiac centers: These control rate and force of cardiac contraction. Sympathetic 
and parasympathetic fibers originating in the medulla pass to the heart. Sympathetic 
stimulation increases the rate and parasympathetic decreases. 

Respiratory center: The center for regulating rate and depth of respiration is 
present in the medulla. Here, nerve impulses initiate respiratory mechanism. The 
center is stimulated by excess COz, to a lesser extent by deficiency of 0 2  in 
blood. 

Vasomotor center: The vasomotor center is found in medulla. It controls diameter 
of the blood vessels especially the ones which have smooth muscle fibers in their 
walls. The impulse reaches the blood vessel through autonomic nervous system. 
Stimulation may either cause constriction or dilatation, depending on the site. It 
also controls vasomotor responses linked with body temperature, emotions, 
excitement, fall in blood pressure etc. 
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Check Your Progress Exercise 3 

1) Mention the special features of medulla oblongata. 

................................................................................................................ 

................................................................................................................ 

................................................................................................................ 
1 

................................................................................................................ 

2) List the majdr functions of cerebellum. 

................................................................................................................ 

................................................................................................................ 

................................................................................................................ 



Applied Physiology 
3) What is meant by reticular formation? Enlist its functions. 

................................................................................................................ 

................................................................................................................. 

................................................................................................................ 

................................................................................................................ 

................................................................................................................. 

................................................................................................................ 
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Check Your Progress Exercise 4 

1) ' Explain the structure of spinal cord, giving its functions. 

...... J.. ...................................................................................................... 

.............................................................................................................. 

................................................................................................................ 

2) .Give the details of sensory nerve pathway. 

........a ...................................................................................................... 
., .. , . . 
. . . . 

............................................................. :.. ............................................... 
, * ............................................ ..................................................................... 

. . 
. . 



3) what  is the role of motor neurons in voluntary and involuntary muscle 
movements? 

.............................................................................................................. 

.............................................................................................................. 

4) What is a reflex action or reflex arc? 

............................................................................................................... 

.............................................................................................................. 

.............................................................................................................. 

9.6 PERIPHERAL NERVOUS SYSTEM (PNS) 

The peripheral nervous system or PNS, is a part of the nervous system and consists 
of the nerves and neurons that reside or extend outside the central nervous system- 
to serve the limbs and organs. 

The peripheral nervous system consists of: 

sensory neurons running from stimulus receptors that inform the central nervous 
system of the stimuli, and 

motor nerves running from the spinal motor neurons to the muscles and 
glands - called effectors - that take action. Figure 9.15 illustrates the systems 
within the PNS. 

Figure 9.15: The sensory and the motor neurons 

The peripheral nervous system, as can be seen in Figure 9.15, is subdivided irito: 

Somatosensory nervous system, and 

Autonomic ne'rvous system 

Let us now get to know these two systems within the PNS. 

9.6.1 Somatosensory System 

The somatosensory system consists of: 

12 pairs of cranial nerves, and 

31 pairs of spinal nerves. 

All our conscious awareness of the external environment and all our motor activity 
to cope with it operate through the somatosensory division of the PNS. Each nerve 



N8ervous System has nerve bundles, each bundle has a covering of following protective connective 

1) Endoneurium: delicate tissue surrounding individual fibres 

2) Perineurium: smooth tissue surrounding bundles of fibres. 

3) Epineurium: surrounds and encloses members of bundles of nerve fibres. 

Let us get to know more about these nerves. We shall start with the spinal nerves. 

A) Spinal Nerves 

As mentioned earlier, there are 3 1 pairs of spinal nerves that leave the vertebral canal 
by passing through the intervertebral foramina formed by adjacent vertebrae. All of 
the spinal nerves are "mixed", that is, they contain both sensory and motor neurons. 
A representation of these spinal nerves supplying to the specific organs, you may 
recall has already been presented, in Figure 9.12. Look up Figure 9.12 now. 

You will realize that these spinal nerves are named and grouped according to vertebrae 
to which they are associated. 

8 - Cervical, 12 - Thoracic, 5 - Lumbal; 5 - Sacral, 1 - Coccygeal 

Although there are only 7 cervical vertebrae, there are eight nerves because the first 
pair leaves the vertebral canal between the occipital bone and the atlas and eighth 
pair leaves below last cervical vertebrae. 

Lumbar, sacral, coccygeal nerves leave spinal cord near its termination at the level 
of first lumbar vertebrae. They extend down inside the vertebral canal in the 
subarachnoid space, which forms a sheaf of nerves, which resembles a horse's tail 
- the cauda equina. They leave the vertebral canal at the appropr~ate lumbar, sacral 
or coccygeal level. 

There are 12 pairs of thoracic nerve. Eleven of them are situated between the ribs, 
and are therefore termed intercostal; the twelfth lies below the last rib. They pass 
in-between the ribs supplying the intercostal muscles and overlying skin. The 12th 
pairs are the sub costal nerves. The 7th to 12" thoracic nerves also supply muscles 
of the skin of posterior and anterior abdominal walls. 

The spinal nerve arises from both sides of spinal cord and emerges through intervertebral 
foramina. Each nerve is formed by the union of a motor and sensory nerve root and 
thus forms a mixed nerve, as mentioned above. Each spinal nerve has contributions 
from sympathetic part of autonomic nervous system in the form of a preganglionic 

Nerve roots: Each nerve is attached to the medulla spinalis by two roots, an anterior 
or ventral, and a posterior or dorsal (as you may have noticed in Figure 9.13). The 
anterior nerve root consists of motor nerve fibres which are the axons of nerve 
cells. The axons of nerve cells are in the anterior column of the gray matter in the 
spinal cord. In the thoracic and lumbar region, sympathetic nerve fibres which are 
axons of cells, is in the lateral columns of gray matter. 

Posterior nerve root consists of sensory nerve fibres, having cell bodies in root 
ganglions and enter the spinal cord. 

Immediately after emerging from the intervertebral foramen, each spinal nerve 
divides into ramus communicants, posterior and anterior ramus. The ramus 
communicants are part of pre ganglionic sympathetic neurons of the autonomic nervous 
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,plied Physiology The posterior rami pass backwards and divide tnto medial and lateral branches to 
skin, muscles etc. The anterior rami supply anterior and lateral aspects of the trunk, 
upper and lower limbs. 

In the cervical, lumbar and sacral regions, the anterior rami unite near the origins to 
form large masses of nerves or plexus. They divide and branch to proceed to skin, 
muscles, join@ etc. There are 5 such large plexus. They are the cervical plexus, 
brachial plexus, lumbar plexus, sacral plexus and coccygeal plexus. 

B). Cranial Nerves 

There are 12 pairs of cranial nerves originating from the brain. Some are sensory, 
some are motor and some mixed. Table 9.1 presents their type and functions. Look 
at Figure 9.16, which illustrates these nerves and their hnctions. 

Table 9.1: Cranial nerves - type and functions 

Newe Type Functions 

I Sensory Olfaction (smell) 
Olfactory 

Optic (contains 38% of all the axons connecting to 

m Motor Eyelid and eyeball muscles 
Oculomotor 

N Motor . Eyeball muscle 
Trochlear 

V Mixed Sensory: facial and mouth sensation 
Tngeminal ' p/lotor chewing 

Vl Motor Eyeball movement 
Abducens 

W Mixed Sensory:taste 
Facial Motor: facial muscles and salivary glands 

VIII Sensory Hearing and balance 
Auditory 

IX Mixed Sensory:taste 
Glossopharyngeal Motor: swallowing 

b 

. X Mixed Main nerve of the parasymethatic nervous 

VW system 

Accessory 

W Tongue muscle 
Hypoglossal 

With the discussion on cranial nerves, we end our study of the somato- 
sensory system of the periphery nervous system. Next, we shall study about the 
autonomic nervous system, which you may recall reading earlier, is the other system 
of the PNS. .. 





Applied Physiology 9.6.2 Autonomic Nervous System (ANS) 
The autonomic or involuntary part of nervous system controls the functions of the 
body carried out automatically i.e. initiated in the brain below the level of cerebrum. 
Although stimulation may not occur voluntarily, the individual may be conscious of 
its effect, e.g. an increase in the heart rate. Some of the physiological activities 
controlled by the ANS are: 

1) Rate and force of heart beat 

2) Secretion of the glands of alimentary canal 

3) Contractions of involuntary muscle 

4) Size of pupil of the eyes 

So it must be clear to you by now that the actions of the autonomic nervous system 
are largely involuntary (in contrast to those of the somatosensory system). The 
autonomic nervous system consists of sensory neurons and motor neurons that run 
between the central nervous system (especially the hypothalamus and medulla 
oblongata) and various internal organs such as the heart, lung, viscera and glands. It 
is responsible for monitoring conditions in the internal environment and bringi~lg about 
appropriate changes in them. The contraction of both smooth muscle and cardiac 
muscle is controlled by motor neurons of the autonomic system. 

We must also emphasize here that the autonomic nervous system also differs from 
the somatosensory system in using two groups of motor neurons - the preganglionic 
and postganglionic - to stimulate the effectors instead of one. 

Autonomic nervous system is divided into 2 parts - sympathetic and parasympathetic. 
Sympathetic is a thoracolumbar outflow, parasympathetic craniosacral outflow. What 
do we mean by thoracolumbar and craniosacral outlfow? Let us get to know about 
these two systems. 

Sympathetic Nervous System 

The sympathetic component of the autonomic nervous system is concerned with in- 
creasing the level of arousal and energy expenditure - primitive 'fight or flight' behaviour 
at times of stress. 

Alike the parasympathetic nervous system, the central integrating c&ter for sympathetic 
activity is within the hypothalamus. This may be influenced by higher cortical centre. 
Efferent fibres descend from the hypothalamus within the intermedi~lateral columns of 
the spinal cord. As sympathetic fibres emerge from the central nervous system at spinal 
segments TI (thoracic) to L5 (lumbar), the sympathetic system is also known as the 
thoraco-lumbar outflow. 

Here 3 neurons are involved in covering impulses from the hypothalamus and medulla 
oblongata to effectors organs and tissues. 

Neuron - 1: has its cell in the brain and its fibre extends to the spinal cord. 

Neuron - 2: has its cell in lateral column of gray matter in the spinal cord. 

Neuron - 3: has its cell in a ganglion (small mass of nerve tissue containing the cell 
bodies of the neuron) and terminates in the organ or tissue supplied. 

The preganglionic motor neurons of the sympathetic system arise in the spinal cord 
(lateral group column). They pass into sympathetic ganglia which are organized into 
two chains that run parallel to and on either side of the spinal cord. 

The neurotransmitter of the preganglionic sympathetic neurons is acetylcholine (ACh). 
It stimulates action potentials is  the postganglionic neurons. The neurotransmitter 
released by the postganglionic neurons is noradrenaline (also called norepinephrine). 
The action of noradrenaline on a particular gland or muscle is excitatory in some 
cases, inhibitory in others. 

Parasympathetic Nervous System 

274 The main nerves of the parasympathetic system are the tenth cranial nerves, the 
vagus nerves. They originate in the medulla oblongata. Other preganglionic 
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Tissue of origin of pain Site of referred pain 

Heart Shoulder 

Biliary tract Right shoulder 

Kidney, urethra Loin and grain 

Uterus Low back 

Male genitalia Low abdomen 

Prolapsed disc k 

Check Your Progress Exercise 5 

1) What is Peripheral Nervous system? What does it consists of ? 

...................................................................................................................... 

...................................................................................................................... 

2) Name any two pairs of cranial nerves. Also state the role of each of these. 

- Nerve Type Functions 

, 



3) List the physiological activities of the autonomic nervous system. 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

4) What are the two components of ANS? Discuss the roles of'each of these. 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

5) Giving one or two examples, present the effects of autonomic stimulation on 
the cardiovarcular system. 

Sympathetic effect Parasympathetic effect 

Nervous System 





Check Your Progress Exercise 5 

1) What is ah EEG? How is it useful? 

................................................................................................................. 

.................................................................................................................. 

................................................................................................................. 

2) 'What are the different types of waves in an EEG? Differentiate between a 
and p waves. 

................................................................................................................. 

................................................................................................................. 

................................................................................................................. 
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Applied Physiology Neurobiology : a study of biological functions of nerves. 

Neuron : nerve cell. 

Postsynaptic neuron : neuron which receives message. 

Post Tetanic facilitation : a higher frequency in the response of a fiber 
caused due to repeated stimulation of fiber. 

Presynaptic neuron : neuron which sends a message. 

able them to receive a change in environment. 

Reflex action 

Sulci 

Synaptic fatigue 

: an immediate stereotyped involuntary motor 
response to a sensory s'timulus. 

: fissures separating the folds of cerebral cortex. 

muscle. 

: the reduction in the postsynaptic gradual response 
on repeated stimulation. 

Synaptic transmission : process of communication between two neurons 
across a synapse. 

Synergy 

Threshold 

: smoothness and coordination of various move- 
ment. - 

: the minimum magnitude by which a depolarized 
fiber triggers for an action potential. 

9.10 ANSWERS TO CHECK YOUR PROGRESS 

Check Your Progress Exercise 1 

1) (2) Cell Body, (5) Axon, (1 and 4) Dendrite, (3) Schwann cells. 

Neuron is a cell which conducts electric neural impulses from one part of the 
body to another. Neurons are made up of dendrites and axons. It communicates 
with other neurons and effector organs at junctures called synapses. 

2) Communication occurs through chains of neurons, which interconnect with parts 
of the neuronal terminals which brings the message and carries the message 
away. This communication can be from one neuron to the other or from one 
neuron to muscle. The junction between two neurons is called a synapse. 

, 
3) Neurotransmitters are the substances involved in neuronal transmission. They 

have the following characteristics: 

The synthesis should be from a neuron. 

The degradation and uptake mechanism should exist at concerned synapse. 

4) The messages through DRG are conveyed to the spinal cord. The information 
then passes along the spinothalamic tract system to the special neurons in the 
thalamus and from the thalamic area to the where messages are perceived. The 



IVervous System Check Your Progress Exercise 2 

1) The central and peripheral nervous system make up the nervous system. The 
brain and spinal cord forms the central nervous system. The brain receives 
information through sensory neurons, passes the processes messages to carry 
out specific actions back by motor nerves. The peripheral nervous system has 
sensory and motor nerves. 

2) The brain is made of three main parts: the forebrain, midbrain and hindbrain. 
The forebrain consists of the cerebrum, thalamus and hypothalamus (part of the 
limbic system). The midbrain consists of the tectum and tegmentum. The hindbrain 
is made of the cerebellum, pons and medulla. Often the midbrain, pons, and 
medulla are referred together as the brainstem. 

3) a) The cerebrum performs the following functions: 

Mental activities 

Sensory perception 

Initiation and control of voluntary muscle contraction. 

1)) Sensory inputs from skin, viscera'and special sense organs are transmitted 
to the thalamus before re-distribution to the cerebrum. All sensory 
information reaches thalamus where it can be integrated. It also has non 
sensory functions. 

c) Hypothalmus controls output of hormones from both lobes of the gland. It 
is involved in functions including homeostasis, emotion, thirst, hunger, body 
temperature, circadian rhythms, defensive reactions - fear, anger, rage 
etc., and control of the autonomic nervous system. Also, it controls the 

d) Midbrain is involved in vision, he&ng, eye movement and body movement. 
The anterior part of the mid brain is important for voluntary motor function. 
The brain stem serves as the path for messages travelling between the 
upper brain and spinal cord. It is also the seat of basic and vital functions 
such as breathing, blood pressure. and heart rate, as well as reflexes like 
eye movement and vomiting. Also distributed along its length is a network 
of cells, referred to as the reticular formation, which governs the state of 

4) a) - iii) 

Check Your Progress Exercise 3 

1) The special features of medulla oblongata includes the 1) pyramids: bulges of 
ventral surface - major site for crossing of both sensory and motor nerves 
2) centers for regulation of blood pressure and breathing 3) swallowing and 
vomiting centers 4) reticular formation (continues to midbrain) - involved in 
consciousness, attention, sleep and 5) four cranial nerves (9-12) that leave the 

2) The cerebellum is involved in the co-ordination of voluntary motor movement, 
posture balance and equilibrium and muscle tone. 

3) Reticular formation is an apparently diffusely organized area that forms the 
central core of the brain stem. It is the collection of neurons in the core of the 
brain stem. The reticular formation is involved in four general types of functions- 
motor control, visceral control, sensory control and control of consciousness. 



Nerve Type Functions 

I sensory Olfaction (smell) 
Olfactory 

I1 Sensory Vision 
Optic (contains 38% of all the axons connecting 

to the brain) 

m Motor Eyelid and eyeball muscles 
Oculomotor 

lV Motor Eyeball muscle 
Trochlear 



Nervous System 

Sympathetic Parasympathetic 

On Cardiovascular System: 

Increase rate and force of heart beat, causes Effects opposite to those of sympathetic stimulation 
dilatation of coronary arteries, increases on heart spleen and blood vessels. 
blood supply to heart muscle. 

Causes dilations of blood vessels in skeletal 
muscles and thus increases the supply of 
0,, nutritional materials thereby increasing 
capacity of muscles to do work. 

Causes sustained contraction of spleen, 
increases the volume of the circulating 
blood, can increase blood pressure of the , 
skeletal muscles, can cause constriction of 
blood vessels and reduces flow of digestive 
juices. 




