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Physiology of Nervous System  
 

 The nervous system has three main functions, sensory input, 

integration of data and motor output.  

The Nervous System includes both Sensory (Input) and Motor (Output) 

systems interconnected by complex integrative mechanisms. The 

fundamental unit of operation is the neuron, which typically consists of a 

cell body (soma), several dendrites, and a single axon. Although most 

neurons exhibit the same three components, there is enormous variability 

in the morphology of individual neurons throughout the brain. It is 

estimated that the nervous system is composed of more than 100 billion 

neurons.  

Much of the activity in the nervous system arises by stimulating sensory 

receptors located at the distal termination of a sensory neuron. Signals 

travel over peripheral nerves to reach the spinal cord and are then 

transmitted throughout the brain. Incoming sensory messages are 

processed and integrated with information stored in various pools of 

neurons such that the resulting signals can be used to generate an 

appropriate motor response.  

The motor division of the nervous system is responsible for controlling a 

variety of bodily activities such as contraction of muscles and secretion 

by exocrine and endocrine glands.  

Sensory Receptor: Input to the nervous system is provided by sensory 

receptors that detect such sensory stimuli as touch, sound, light, pain, 

cold, and warmth.  

There are five basic types of sensory receptors :  

1. Mechanoreceptor: which detect mechanical compression or stretching 

of the receptor or of tissues adjacent to the receptor .  

2. Thermoreceptor: which detect changes in temperature, some receptors 

detecting cold and others warmth .  

3. Nociceptors (pain receptors): which detect damage occurring in the 

tissues, whether physical damage or chemical damage.  

4. Electromagnetic receptors: which detect light on the retina of the eye  

5. Chemoreceptors: which detect taste in the mouth, smell in the nose, 

oxygen level in the arterial blood, osmolality of the body fluids, carbon 

dioxide concentration, and perhaps other factors that make up the 

chemistry of the body.  

The nervous system is comprised of two major parts, or subdivisions, the 

central nervous system (CNS) and the peripheral nervous system (PNS).  

• The CNS includes the brain and spinal cord. The brain is the body's 

"control center". The CNS has various centers located within it that carry 

out the sensory, motor and intergration of data. These centers can be 
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subdivided to Lower Centers (including the spinal cord and brain stem) 

and Higher centers communicating with the brain via effectors.  

• The PNS is a vast network of spinal and cranial nerves that are linked 

to the brain and the spinal cord. It contains sensory receptors which help 

in processing changes in the internal and external environment. This 

information is sent to the CNS via afferent sensory nerves.  

The PNS is then subdivided into the autonomic nervous system and the 

somatic nervous system. The autonomic has involuntary control of 

internal organs, blood vessels, smooth and cardiac muscles. The somatic 

has voluntary control of skin, bones, joints, and skeletal muscle. The two 

systems function together, by way of nerves from the PNS entering and 

becoming part of the CNS, and vice versa. 

Transmission of Signals of Different Intensity in Nerve fibers: Spatial 

and Temporal Summation 

One of the characteristics of each signal that always must be conveyed is 

signal intensity such as the intensity of pain. The different gradations of 

intensity can be transmitted either by using increasing numbers of parallel 

fibers or by sending more action potentials along a single fiber. These 

two mechanisms are called, respectively, spatial summation and temporal 

summation. 

Spatial summation whereby increasing signal strength is transmitted by 

using progressively greater numbers of fibers. 

Temporal summation A second means for transmitting signals of 

increasing strength is by increasing the frequency of nerve impulses in 

each fiber. 

Neural synapses 

A synapse is the junctional area between a nerve terminal and another 

cell. If the second cell is a neuron the synapse is then called a "neural or 

neuronal synapse." The axon of a neuron conducts impulses away from 

the cell body to relay onto another cell at the synapses (fig. ). The axon 

branches extensively near its end, giving off 1000 branches on the 

average. Each branch ends in a nerve terminal. This terminal is a disc-like 

expansion called the synaptic knob (the terminal button or the end foot). 

There is a gap between the nerve terminal and the adjacent neuron 30-50 

nm wide called the synaptic cleft. So, at the neural synapse there is 

contiguity but no continuity of the two adjacent neurons. 

The neuron which conducts impulses to the synapse is called the 

presynaptic neuron'' or "input neuron" and that which conducts impulses 

away from the synapse is called the "postsynaptic neuron" or "output 

neuron". The synaptic knobs of the presynaptic neuron contain vesicles 

called synaptic or transmitter vesicles which contain the chemical 

transmitter of the neuron. A polypeptide called synapsin is found in the 
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walls of the vesicles which bind the transmitter vesicles to the 

cytoskeleton keeping them in the cytoplasm away from the release sites 

on the presynaptic membrane. 

 

 

 

 

 

 

 

 

 

 

 

The Reflex Arc 

Some neurons are organized to enable your body to react rapidly in times 

of danger, even before you are consciously aware of the threat. These 

sudden، unlearned, involuntary responses to certain stimuli are called 

reflexes. 

Examples of reflexes are jerking your hand away from a hot or sharp 

object، blinking when an object moves toward your eye, or vomiting in 

response to food that irritates your stomach. Reflex arcs are simple 

connections of neurons that explain reflexive behaviors. They can be used 

to model the basic organization of the nervous system. 

The Autonomic Nervous System 

The portion of the nervous system that controls most visceral functions of 

the body is called the autonomic nervous system. This system helps to 

control arterial pressure, gastrointestinal motility، gastrointestinal 

secretion, urinary bladder emptying، sweating, body temperature, and 

many other activities, some of which are controlled almost entirely and 

some only partially by the autonomic nervous system. 

The autonomic nervous system is activated mainly by centers located in 

the spinal cord, brain stem, and hypothalamus.  
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The sympathetic nerves are different from skeletal motor nerves in the 

following way: Each sympathetic pathway from the cord to the stimulated 

tissue is composed of two neurons, a preganglionic neuron and a 

postganglionic neuron, in contrast to only a single neuron in the 

skeletal motor pathway. 

Sympathetic and Parasympathetic Function 

In some instances, the sympathetic nervous system becomes very active 

and causes a widespread reaction throughout the body called the alarm or 

stress response. At other times, sympathetic activation occurs in isolated 

areas of the body; for example, local vasodilation and sweating occur in 

response to a local increase in temperature. 

The parasympathetic nervous system (rest and digest) is usually 

responsible for highly specific changes in visceral function، such as 

changes in salivary and gastric secretion or in bladder and rectal 

emptying. Also, parasympathetic cardiovascular reflexes usually act only 

on the heart to increase or decrease its rate of beating and have little 

effect on vascular resistance. 

Widespread activation of the sympathetic nervous system can be brought 

about by fear, rage, or severe pain. The alarm or stress response that 

results is often called the (fight or flight) reaction. Widespread 

sympathetic activation causes increases in arterial pressure، muscle blood 

flow, metabolic rate, blood glucose concentration، glycogenolysis, and 

mental alertness and decreases in blood flow to the gastrointestinal tract 

and kidneys and a shorter coagulation time. 

Neurotransmitters of ANS 

The two primary neurotransmitter substances of the autonomic nervous 

system are acetylcholine and norepinephrine. Autonomic neurons that 

secrete acetylcholine are said to be cholinergic; those that secrete 

norepinephrine are said to be adrenergic. All preganglionic neurons in 

both the sympathetic and parasympathetic divisions of the autonomic 

nervous system are cholinergic. Acetylcholine and acetylcholine-like 

substances therefore excite both the sympathetic and parasympathetic 

postganglionic neurons. 

Virtually all postganglionic neurons of the parasympathetic nervous 

system secrete acetylcholine and are cholinergic. Most postganglionic 

sympathetic neurons secrete norepinephrine and are adrenergic. A few 

postganglionic sympathetic nerve fibers, however, are cholinergic. These 

fibers innervate sweat glands, piloerector muscles, and some blood 

vessels. 

Receptors on Effector Organs 
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Cholinergic Receptors Are Subdivided into Muscarinic and Nicotinic 

Receptors. 

• Muscarinic receptors are found on all effector cells stimulated by the 

postganglionic neurons of the parasympathetic nervous system as well as 

those stimulated by the postganglionic cholinergic neurons of the 

sympathetic nervous system. 

• Nicotinic receptors are found in the synapses between the 

preganglionic and postganglionic neurons of both the sympathetic and 

parasympathetic nervous systems as well as in the skeletal muscle 

neuromuscular junction. 

Adrenergic Receptors Are Subdivided into Alpha (a) and Beta (b) 

Receptors. 


