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CHAPTER 1 

NEURON 

Neurons are individual cells in the nervous system that receive, integrate, and transmit 

information. 

Neurons are the basic links that permit communication within the nervous system. The 

vast majority of them communicate only with other neurons. However, a small minority receive 

signals from outside the nervous system (from sensory organs) or carry messages from the 

nervous system to the muscles that move the body. Neurons are physically held in place by 

glial cells. Glial cells provide nourishment to neurons, insulate them, help repair damage, and 

generally support neural functioning (Bassotti et al., 2007; Fields, 2004; Kettenmann & 

Ransom, 2005). Glia are cells found throughout the nervous system that provide various types 

of support for neurons. Glia (literally “glue”) tend to be much smaller than neurons, but they 

outnumber neurons by about 10 to 1, so glial cells appear to account for over 50% of the brain’s 

volume. Among other things, glial cells supply nourishment to neurons, help remove neurons’ 

waste products, and provide insulation around many axons. The myelin sheaths that encase 

some axons are derived from special types of glial cells. Glia also play a complicated role in 

orchestrating the development of the nervous system in the human embryo. 

In contrast to most other cells, however, neurons have a distinctive feature: the ability 

to communicate with other cells and transmit information across relatively long distances. 

Many of the body’s neurons receive signals from the environment or relay the nervous system’s 

messages to muscles and other target cells, but the vast majority of neurons communicate only 

with other neurons in the elaborate information system that regulates behavior. 
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1.1: THE STRUCTURE OF THE NEURON 

 

 Although there are several types of neurons, they all have a similar structure. Trying to 

draw the “typical” neuron is like trying to draw the “typical” tree. The major parts of a nerve 

cell are mentioned below.  

 

1.1.1: The cell body / Soma 

The soma, or cell body, contains the cell nucleus and much of the chemical machinery 

common to most cells (soma is Greek for “body”). 

1.1.2: Dendrites 

Dendrites are the cluster of fibers at one end of a neuron that receives messages from 

other neurons. 

The neurons have a number of branched, feeler like structures called dendritic trees 

(dendrite is a Greek word for “tree”). Each individual branch is a dendrite. Dendrites are the 

parts of a neuron that are specialized to receive information. Most neurons receive information 

from many other cells and so have extensive dendritic trees. 

1.1.3: Axon 

Axon is the part of the neuron that carries messages destined for other neurons. 

 From the many dendrites, information flows into the cell body and then travels away 

from the soma along the axon (from the Greek for “axle”). The axon is a long, thin fiber that 

transmits signals away from the soma to other neurons or to muscles or glands. Axons may be 
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quite long (sometimes several feet), and they may branch off to communicate with a number 

of other cells. 

1.1.4: Myelin Sheath 

Myelin sheath is the protective coat of fat and protein that wraps around the axon. 

 In humans, many axons are wrapped in cells with a high concentration of a white, fatty 

substance called myelin. The myelin sheath is insulating material that encases some axons and 

that acts to speed up the transmission of signals that move along axons. If an axon’s myelin 

sheath deteriorates, its signals may not be transmitted effectively. The loss of muscle control 

seen with the disease multiple sclerosis is due to a degeneration of myelin sheaths (Schwartz 

& Westbrook, 2000). 

1.1.5: Terminal Buttons 

Terminal buttons are the small bulges at the end of axons that send messages to other 

neurons. 

 The axon ends in a cluster of terminal buttons, which are small knobs that secrete 

chemicals called neurotransmitters. These chemicals serve as messengers that may activate 

neighboring neurons. The points at which neurons interconnect are called synapses. A synapse 

is a junction where information is transmitted from one neuron to another (synapse is from the 

Greek for “junction”). In brief, information is received at the dendrites, is passed through the 

soma and along the axon, and is transmitted to the dendrites of other cells at meeting points 

called synapses. 

1.2: FIRING OF NEURON 

 Like a gun, neurons either fire—that is, transmit an electrical impulse along the 

axon—or don’t fire. There is no in-between stage, just as pulling harder on a gun trigger 

doesn’t make the bullet travel faster. Similarly, neurons follow an all-or-none law: They are 

either on or off, with nothing in between the on state and the off state. Once there is enough 

force to pull the trigger, a neuron fire. 

 

1.2.1: Resting State 

The state in which there is a negative electrical charge of about –70 millivolts within a 

neuron. 



 
 

Page | 5  
 

 Both inside and outside the neuron are fluids containing electrically charged atoms and 

molecules called ions. Positively charged sodium and potassium ions and negatively charged 

chloride ions flow back and forth across the cell membrane, but they do not cross at the same 

rate. The difference in flow rates leads to a slightly higher concentration of negatively charged 

ions inside the cell. When neuron is in a resting state —it has a negative electrical charge of 

about –70 millivolts (a millivolt is one 1∕1,000 of a volt). This charge is caused by the presence 

of more negatively charged ions within the neuron than outside it.  

1.2.2: Action Potential 

Action potential is an electric nerve impulse that travels through a neuron’s axon when 

it is set off by a “trigger,” changing the neuron’s charge from negative to positive. 

 As long as the voltage of a neuron remains constant, the cell is quiet, and no messages 

are being sent. When the neuron is stimulated, channels in its cell membrane open, briefly 

allowing positively charged sodium ions to rush in. For an instant, the neuron’s charge is less 

negative, or even positive, creating an action potential (Koester & Siegelbaum, 2000). An 

action potential is a very brief shift in a neuron’s electrical charge that travels along an axon. 

1.2.3: Absolute Refractory Period 

The absolute refractory period is the minimum length of time after an action potential 

during which another action potential cannot begin. 

 After the fi ring of an action potential, the channels in the cell membrane that opened 

to let in sodium close up. Some time is needed before they are ready to open again, and until 

that time the neuron cannot fire. This “down time” isn’t very long, only 1 or 2 milliseconds. It 

is followed by a brief relative refractory period, during which the neuron can fi re, but its 

threshold for fi ring is elevated, so more intense stimulation is required to initiate an action 

potential. 

1.2.4: Mirror Neurons 

Mirror neurons are the specialized neurons that fire not only when a person enacts a 

particular behavior, but also when a person simply observes another individual carrying 

out the same behavior. 

 Neuroscientists have discovered the existence of mirror neurons, neurons that fire not 

only when a person enacts a particular behavior but also when a person simply observes another 
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individual carrying out the same behavior (Falck-Ytter, 2006; Lepage & Theoret, 2007; 

Schulte-Ruther et al., 2007). 

Mirror neurons may help explain how (and why) humans have the capacity to 

understand others’ intentions. Specifically, mirror neurons may fi re when we view someone 

doing something, helping us to predict what their goals are and what they may do next. The 

discovery of mirror neurons suggests that the capacity of even young children to imitate others 

may be an inborn behavior. 

1.3: THE SYNAPSE 

Synapse (also called synaptic cleft) space between two neurons where the axon of a sending 

neuron communicates with the dendrites of a receiving neuron by using chemical 

messages. 

 Even though the neurons are very close to each other; they don’t actually touch. They 

are separated by the synaptic cleft, a microscopic gap between the terminal button of one 

neuron and the cell membrane of another neuron. Signals have to jump this gap to permit 

neurons to communicate. In this situation, the neuron that sends a signal across the gap is called 

the presynaptic neuron, and the neuron that receives the signal is called the postsynaptic 

neuron.  

 The arrival of an action potential at an axon’s terminal buttons triggers the release of 

neurotransmitters (chemicals that transmit information from one neuron to another). 

Within the buttons, most of these chemicals are stored in small sacs, called synaptic vesicles. 

The neurotransmitters are released when a vesicle fuses with the membrane of the presynaptic 

cell and its contents spill into the synaptic cleft. After their release, neurotransmitters diffuse 

across the synaptic cleft to the membrane of the receiving cell. There they may bind with 

special molecules in the postsynaptic cell membrane at various receptor sites. These sites are 

specifically “tuned” to recognize and respond to some neurotransmitters but not to others. The 

neurotransmitters carry messages across the synapse to a dendrite (and sometimes the cell 

body) of a receiving neuron. Like a boat that ferries passengers across a river, these chemical 

messengers move toward the shorelines of other neurons. 

 If neurotransmitters remained at the site of the synapse, receiving neurons would be 

awash in a continual chemical bath, producing constant stimulation or constant inhibition of 

the receiving neurons—and effective communication across the synapse would no longer be 
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possible. To solve this problem, neurotransmitters are either deactivated by enzymes or—more 

commonly—reabsorbed by the terminal button in an example of chemical recycling called 

reuptake. Like a vacuum cleaner sucking up dust, neurons reabsorb the neurotransmitters that 

are now clogging the synapse. All this activity occurs at lightning speed, with the process taking 

just several milliseconds (Helmuth, 2000; Holt & Jahn, 2004). 

1.4: COMMON NEUROTRANSMITTERS AND THEIR RELATION TO 

BEHAVIOUR 

 

 

 

1.5: ORGANIZATION OF THE NERVOUS SYSTEM 

1.5.1: The Central Nervous System 

The part of the nervous system that includes the brain and spinal cord. 

 The central nervous system is the portion of the nervous system that lies within the skull 

and spinal column. Thus, the central nervous system (CNS) consists of the brain and the spinal 

cord. It is protected by enclosing sheaths called the meninges (hence meningitis, the name for 

the disease in which the meninges become inflamed). In addition, the central nervous system 
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is bathed in its own special nutritive “soup,” the cerebrospinal fluid. The cerebrospinal fluid 

(CSF) nourishes the brain and provides a protective cushion for it. The hollow cavities in the 

brain that are filled with CSF are called ventricles. 

1.5.1.1: The Spinal Cord 

 The spinal cord connects the brain to the rest of the body through the peripheral nervous 

system. Although the spinal cord looks like a cable from which the somatic nerves branch, it 

is part of the central nervous system. Like the brain, it is enclosed by the meninges and bathed 

in CSF. In short, the spinal cord is an extension of the brain. 

 The spinal cord runs from the base of the brain to just below the level of the waist. It 

houses bundles of axons that carry the brain’s commands to peripheral nerves and that relay 

sensations from the periphery of the body to the brain. Many forms of paralysis result from 

spinal cord damage, a fact that underscores the critical role the spinal cord plays in transmitting 

signals from the brain to the motor neurons that move the body’s muscles. However, the spinal 

cord is not just a communication channel. It also controls some simple behaviors on its own, 

without any help from the brain. An example is the way the knee jerks forward when it is 

tapped with a rubber hammer. This behavior is a type of reflex, an automatic, involuntary 

response to an incoming stimulus. 

 Three kinds of neurons are involved in reflexes. Sensory (afferent) neurons transmit 

information from the perimeter of the body to the central nervous system. Motor (efferent) 

neurons communicate information from the nervous system to muscles and glands. 

Interneurons connect sensory and motor neurons, carrying messages between the two. 

1.5.1.2: The Brain 

 The crowning glory of the central nervous system is, of course, the brain. Anatomically, 

the brain is the part of the central nervous system that fills the upper portion of the skull. 

Although it weighs only about three pounds and could be held in one hand, the brain contains 

billions of interacting cells that integrate information from inside and outside the body, 

coordinate the body’s actions, and enable human beings to talk, think, remember, plan, create, 

and dream. 
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1.5.2: The Peripheral Nervous System 

The part of the nervous system that includes the autonomic and somatic subdivisions; 

made up of neurons with long axons and dendrites, it branches out from the spinal cord 

and brain and reaches the extremities of the body. 

 The peripheral nervous system is made up of all those nerves that lie outside the brain 

and spinal cord. Nerves are bundles of neuron fibers (axons) that are routed together in the 

peripheral nervous system. This portion of the nervous system is just what it sounds like: the 

part that extends outside the central nervous system. The peripheral nervous system can be 

subdivided into the somatic nervous system and the autonomic nervous system. 

1.5.2.1: The Somatic Nervous System 

The somatic nervous system is made up of nerves that connect to voluntary skeletal 

muscles and to sensory receptors. 

 These nerves are the cables that carry information from receptors in the skin, muscles, 

and joints to the central nervous system (CNS) and that carry commands from the CNS to the 

muscles. The somatic nerves are “two-way streets” with incoming (afferent) and outgoing 

(efferent) lanes. 

1.5.2.2: The Autonomic Nervous System 

The autonomic nervous system (ANS) is made up of nerves that connect to the heart, 

blood vessels, smooth muscles, and glands. 

 The autonomic nervous system controls automatic, involuntary, visceral functions that 

people don’t normally think about, such as heart rate, digestion, and perspiration. The 

autonomic nervous system mediates much of the physiological arousal that occurs when people 

experience emotions.  

 The autonomic nervous system can be subdivided into two branches: the sympathetic 

division and the parasympathetic division. 

 The Sympathetic Nervous System 

The part of the autonomic division of the nervous system that acts to prepare the body 

for action in stressful situations, engaging all the organism’s resources to respond to a 

threat. 
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 The sympathetic division is the branch of the autonomic nervous system that mobilizes 

the body’s resources for emergencies. It creates the fight-or flight response. Activation of the 

sympathetic division slows digestive processes and drains blood from the periphery, lessening 

bleeding in the case of an injury. Key sympathetic nerves send signals to the adrenal glands, 

triggering the release of hormones that ready the body for exertion. 

 The Parasympathetic Nervous System 

The part of the autonomic division of the nervous system that acts to calm the body after 

an emergency has ended. 

The parasympathetic division is the branch of the autonomic nervous system that 

generally conserves bodily resources. It activates processes that allow the body to save and 

store energy. For example, actions by parasympathetic nerves slow heart rate, reduce blood 

pressure, and promote digestion. 
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CHAPTER 2 

THE BRAIN AND BEHAVIOUR 

 The brain can be divided into three major 

regions: the hindbrain, the midbrain, and the forebrain. 

They can be found easily in relation to the brainstem. 

The brainstem looks like its name—it appears to be a 

stem from which the rest of the brain “flowers,” like a 

head of cauliflower. At its lower end it is contiguous 

with the spinal cord. At its higher end it lies deep within 

the brain. 

 

 

2.1: THE HINDBRAIN 

The hindbrain includes the cerebellum and two structures found in the lower part of the 

brainstem: the medulla and the pons. 

 The medulla, which attaches to the spinal cord, controls largely unconscious but vital 

functions, including circulating blood, breathing, maintaining muscle tone, and regulating 

reflexes such as sneezing, coughing, and salivating. The pons (literally “bridge”) includes a 

bridge of fibers that connects the brainstem with the cerebellum. The pons also contains several 

clusters of cell bodies involved with sleep and arousal. 

 The cerebellum (literally “little brain”) is a relatively large and deeply folded structure 

located adjacent to the back surface of the brainstem. The cerebellum is critical to the 

coordination of movement and to the sense of equilibrium, or physical balance (Ghez & Thach, 

2000). Although the actual commands for muscular movements come from higher brain 

centers, the cerebellum plays a key role in organizing the sensory information that guides these 

movements. Damage to the cerebellum disrupts fine motor skills, such as those involved in 

writing, typing, or playing a musical instrument. 
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2.2: THE MIDBRAIN 

The midbrain is the segment of the brainstem that lies between the hindbrain and the 

forebrain. 

 The midbrain contains an area that is concerned with integrating sensory processes, 

such as vision and hearing (Stein, Wallace, & Stanford, 2000). An important system of 

dopamine-releasing neurons that projects into various higher brain centers originates in the 

midbrain. Among other things, this dopamine system is involved in the performance of 

voluntary movements. The decline in dopamine synthesis that causes Parkinsonism is due to 

degeneration of a structure located in the midbrain (DeLong, 2000). 

 Running through both the hindbrain and the midbrain is the reticular formation. Located 

at the central core of the brainstem, the reticular formation contributes to the modulation of 

muscle reflexes, breathing, and pain perception (Saper, 2000). It is best known, however, for 

its role in the regulation of sleep and arousal. Activity in the ascending fibers of the reticular 

formation contributes to arousal (Coenen, 1998). 

2.3: THE FOREBRAIN 

The forebrain is the largest and most complex region of the brain, encompassing a variety 

of structures, including the thalamus, hypothalamus, limbic system, and cerebrum. 

 The thalamus, hypothalamus, and limbic system form the core of the forebrain. All 

three structures are located near the top of the brainstem. Above them is the cerebrum—the 

seat of complex thought. The wrinkled surface of the cerebrum is the cerebral cortex—the outer 

layer of the brain, which looks like a cauliflower.  

2.3.1: The Thalamus 

The thalamus is a structure in the forebrain through which all sensory information 

(except smell) must pass to get to the cerebral cortex. 

 The thalamus is made up of clusters of cell bodies, or somas. Each cluster is concerned 

with relaying sensory information to a particular part of the cortex. However, it would be a 

mistake to characterize the thalamus as nothing more than a passive relay station. The thalamus 

also appears to play an active role in integrating information from various senses. 
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2.3.2: The Hypothalamus 

The hypothalamus is a structure found near the base of the forebrain that is involved in 

the regulation of basic biological needs. 

 The hypothalamus lies beneath the thalamus (hypo means “under,” making the 

hypothalamus the area under the thalamus). Although no larger than a kidney bean, the 

hypothalamus contains various clusters of cells that have many key functions. One such 

function is to control the autonomic nervous system (Iversen, Iversen, & Saper, 2000). In 

addition, the hypothalamus serves as a vital link between the brain and the endocrine system 

(a network of hormone-producing glands). 

 The hypothalamus plays a major role in the regulation of basic biological drives related 

to survival, including the so-called “four F’s”: fighting, fleeing, feeding, and mating. The 

hypothalamus clearly contributes to the control of hunger and other basic biological processes, 

including thirst, sexual motivation, and temperature regulation (Kupfermann, Kandel, & 

Iversen, 2000). 

2.3.3: The Limbic System 

The limbic system is a loosely connected network of structures located roughly along the 

border between the cerebral cortex and deeper subcortical areas. 

 Broadly defined, the limbic system includes the hypothalamus, the hippocampus, the 

amygdala, the olfactory bulb, and the cingulate gyrus. The limbic system is involved in the 

regulation of emotion, memory, and motivation.  

 The hippocampus and adjacent structures clearly play a role in memory processes, 

although the exact nature of that role is the subject of debate (Squire, Clark, & Bayley, 2004). 

Some theorists believe that the hippocampal region is responsible for the consolidation of 

memories for factual information (Dudai, 2004). Consolidation involves the conversion of 

information into a durable memory code. In any event, many other brain structures contribute 

to memory processes, so the hippocampus is only one element in a complex system. 

 Recent evidence suggests that the amygdala may play a central role in the learning of 

fear responses and the processing of other basic emotional responses (Phelps, 2006; Schafe & 

LeDoux, 2004). The limbic system is also one of the areas in the brain that appears to be rich 

in emotion-tinged “pleasure centers.” 
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2.3.4: The Cerebrum 

The cerebrum is the largest and most complex part of the human brain. It includes the 

brain areas that are responsible for the most complex mental activities, including 

learning, remembering, thinking, and consciousness itself. 

 The cerebral cortex is the convoluted outer layer of the cerebrum. The cerebrum is 

divided into two halves called hemispheres. Hence, the cerebral hemispheres are the right and 

left halves of the cerebrum. The hemispheres are separated in the center of the brain by a 

longitudinal fissure that runs from the front to the back of the brain. This fissure descends to a 

thick band of fibers called the corpus callosum. The corpus callosum is the structure that 

connects the two cerebral hemispheres.  

Each cerebral hemisphere is divided into four parts called lobes. To some extent, each 

of these lobes is dedicated to specific purposes. 

2.3.4.1: The Occipital Lobe 

 The occipital lobe, at the back of the head, includes the cortical area where most visual 

signals are sent and visual processing is begun. This area is called the primary visual cortex. 

2.3.4.2: The Parietal Lobe 

 The parietal lobe is forward of the occipital lobe. It includes the area that registers the 

sense of touch, called the primary somatosensory cortex. Various sections of this area receive 

signals from different regions of the body. The parietal lobe is also involved in integrating 

visual input and in monitoring the body’s position in space. 

2.3.4.3: The Temporal Lobe 

 The temporal lobe (meaning “near the temples”) lies below the parietal lobe. Near its 

top, the temporal lobe contains an area devoted to auditory processing, called the primary 

auditory cortex. Damage to an area in the temporal lobe on the left side of the brain can impair 

the comprehension of speech and language. 

2.3.4.4: The Frontal Lobe 

 The frontal lobe is the largest lobe in the human brain. It contains the principal areas 

that control the movement of muscles, called the primary motor cortex. 
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