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FOREWORD

Since its establishment in 1976, Acharya Nagarjuna University has been forging
ahead in the path of progress and dynamism, offering a variety of courses and research
contributions. I am extremely happy that by gaining ‘A"’ grade from the NAAC in the
year 2024, Acharya Nagarjuna University is offering educational opportunities at the UG,
PG levels apart from research degrees to students from over 221 affiliated colleges spread

over the two districts of Guntur and Prakasam.

The University has also started the Centre for Distance Education in 2003-04 with
the aim of taking higher education to the doorstep of all the sectors of the society. The
centre will be a great help to those who cannot join in colleges, those who cannot afford
the exorbitant fees as regular students, and even to housewives desirous of pursuing
higher studies. Acharya Nagarjuna University has started offering B.Sc., B.A., B.B.A.,
and B.Com courses at the Degree level and M.A., M.Com., M.Sc., M.B.A., and L.L.M.,

courses at the PG level from the academic year 2003-2004 onwards.

To facilitate easier understanding by students studying through the distance mode,
these self-instruction materials have been prepared by eminent and experienced teachers.
The lessons have been drafted with great care and expertise in the stipulated time by these
teachers. Constructive ideas and scholarly suggestions are welcome from students and
teachers involved respectively. Such ideas will be incorporated for the greater efficacy of
this distance mode of education. For clarification of doubts and feedback, weekly classes

and contact classes will be arranged at the UG and PG levels respectively.

It is my aim that students getting higher education through the Centre for
Distance Education should improve their qualification, have better employment
opportunities and in turn be part of country’s progress. It is my fond desire that in the
years to come, the Centre for Distance Education will go from strength to strength in the
form of new courses and by catering to larger number of people. My congratulations to
all the Directors, Academic Coordinators, Editors and Lesson-writers of the Centre who

have helped in these endeavors.

Prof. K. Gangadhara Rao

M.Tech.,Ph.D.,
Vice-Chancellor I/c

Acharya Nagarjuna University



M.Sc. Psychology Syllabus
SEMESTER - 11
201SY24: BIO PSYCHOLOGY

OBJECTIVES:-

1. To understand the biological basis of behavior.
2. To know the role of harmones in behavior.
3. To comprehend the Psysiological basis of emotions and perception.

L Introduction to Bio / Physiological Psychology -
Mechanism of heredity Chromosomes and genes.
Influence of heredity and environment on behavior.
Nervous system and its organization.

The structure and its organization.
The Structure and functions of Neuron,
Synaptic influences and Neurotransmitters.

II. Central Nervous system - Brain and spinal cord.
Localization of brain functions.
Peripheral nervous system.

II1. Hormonal Basic of behavior.
The major endocrine glands and their functions pitutory, thyroid, Adrenal, Pancreas;
Gonads.

IV.  Physiological basis of perception.
Vision: - Structure and functions of eye (Retina, Rods, Cones) Mechanisms of pattern
and colour vision, Colour blindness.
Audition: - Structure of ear and processing of auditory information.

V. Physiological basis of Emotions and learning
Role of hypothalamus, limbic systems in emotionality
Physiological changes during leaming
Role of hippo thalamus and cerebellum in learning.

REFERENCE:-

1. John P.J. Pinel. Biopsychology. Anazon. Peasrson Publications.

2. E. Bruce Sensation and perception.

3. N.R. Carlson. Mellisa. A. Birkett. Physiology of behavior. Peason

4. Nell R. Carlson; Foundation of physiological psychology - Pearson publishers'



CODE: 201SY24
M.Sc DEGREE EXAMINATION
Second Semester

Psychology:: Paper I — Bio Psychology

MODEL QUESTION PAPER
Time : Three hours Maximum : 70 marks

Answer ONE question from each Unit. 5x14=170)

1. (a) Define physiological Psychology. Explain the role of environment on behavior.
Or

(b) Write about structure and functions of Neuron.

2. (a) Describe functions of brain.
Or

(b) What are the divisions of peripheral nervous system?

3. (a) Explain hormonal base of behavior.
Or

(b) Write major functions of endocrine glands.

4. (a) Define Perception. Write about mechanism of vision.
Or

(b) Discuss structure and functions of ear.

5. (a) Define emotion Explain role of hypothalamus in emotionality.
Or

(b) Elaborate physiological changes that occur during learning.
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LESSON- 1
INTRODUCTION TO BIO/PHYSIOLOGICAL

PSYCHOLOGY

OBJECTIVES:

1. To explain the scope and importance of biopsychology in understanding behaviour.

2. To describe the relationship between biological organisms and psychological processes.

3. To distinguish between dualism, monism, and other theoretical perspectives of the mind.

4. To analyse how genetic and social factors together influence human behaviour.

5. To apply biopsychological principles to real-life examples such as emotion, learning, and
motivation.

STRUCTURE:

1.1. Introduction to Biological Psychology

1.2.  Biopsychology — The Interaction of Biology and Psychology
1.3.  The Brain as Hardware and the Mind as Software
1.4. Necessary and Sufficient Conditions

1.5.  Processes and Output

1.6. Cause and Effect

1.7.  Phylogenetic Continuity

1.8.  Social and Biological Perspectives

1.9. Understanding and Accepting Theories

1.10. Scientific Problems and Mysteries

1.11. A Hebbian Approach: Conceptual and Real Nervous Systems
1.12. Philosophy of Mind

1.13. Dualism

1.14. Monism and Its Variants

1.15. Emergent Interactionism

1.16. Reductionism

1.17. A Darwinian Perspective

1.18. The Day-to-Day Business of Science: Einstein’s Brain
1.19 Summary

1.20 Technical Terms

1.21  Self-Assessment Questions

1.22  Suggested Readings
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1.1 INTRODUCTION TO BIOLOGICAL PSYCHOLOGY:

Every thought, emotion, and desire that a person experiences in the past, present, or
upcoming arises from the functioning of the brain. Hence, to realise the human mind and our
own behaviour, it develops essential to understand the brain first. But what exactly does it
mean to say that the mind is a product of the brain? Does it imply that the mind can be
reduced entirely to brain action, or that the brain grounds the mind? Philosophers have long
argued such questions, but now scientific research has begun to offer data-based
explanations, replacing earlier speculation with evidence.

This chapter introduces some of the central thinking that will be explored during the study of
biological psychology the theories, processes, and applications that explain how biological
processes give rise to psychological experiences. Before we understand, we must first think;
and before we think, we need a clear framework that helps us connect new knowledge
meaningfully. Webster (2003), for instance, discusses such frameworks with relatable
examples like the cannabis debate to highlight how biological and social issues are
intertwined in understanding human behaviour.

Biological psychology, like all branches of psychology, operates within a rich network of
philosophical and scientific thought. To study it effectively, it is important to grasp a few
guiding ideas.

1.2 BIOPSYCHOLOGY -THE INTERACTION OF BIOLOGY AND PSYCHOLOGY:

Psychology is the scientific study of behaviour and mental processes in both human beings
and animals. Modern psychology tries to understand and explain behaviour and the working
of the mind from different perspectives. One important branch of this discipline is
biopsychology, which focuses on how biological processes influence our thoughts, emotions,
and actions.

Biopsychology is also known by other names such as biological psychology, behavioural
neuroscience, physiological psychology, neuropsychology, and psychobiology. The central
idea of this field is to apply the principles of biology to understand how our brain, nervous
system, hormones, and genes affect our behaviour and mental activities.

For instance, when you feel hungry, it is not just a psychological experience—it has a
biological basis. The hypothalamus in your brain controls your hunger and eating behaviour
by responding to changes in glucose levels in your blood. Similarly, when you feel fear after
seeing a snake, the amygdala, a small part of the brain, becomes active and prepares your
body to react. These examples show how our biological systems influence what we think and
do.

Biopsychologists are interested in studying how biological, physiological, and genetic factors
relate to human behaviour. Since all behaviour is controlled by the central nervous system
(which includes the brain and spinal cord), biopsychologists aim to understand how the brain
works so that we can understand behaviour more deeply.
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Some of the major areas studied in biopsychology include:

e Sensation and perception: How our sense organs and brain work together to help us
experience the world (for example, how our eyes and brain process visual information to
identify colours or faces).

e Motivated behaviour: Such as hunger, thirst, sleep, and sexual behaviour. For instance,
students often skip breakfast due to morning classes, but the body’s biological need for
glucose affects their concentration levels.

o Control of movement: How the brain and nervous system coordinate physical actions like
walking, writing, or playing cricket.

e Learning and memory: How experiences lead to changes in the brain that help us
remember information, such as how a student recalls an answer during an exam.

o Sleep and biological rhythms: How our internal biological clock (circadian rhythm) affects
sleep patterns. Many college students experience irregular sleep cycles due to late-night
study habits, which can affect mood and performance.

o Emotion: How brain structures and hormones regulate emotions like happiness, anger, or
fear. For example, the hormone oxytocin is linked to social bonding and trust.

With the help of modern research methods like brain imaging (MRI, PET scans) and
electrophysiological recording, biopsychologists are now able to study complex topics such
as language, decision-making, intelligence, and consciousness. For example, researchers in
India are using brain imaging to understand how bilingual people process multiple languages
or how meditation affects brain activity.

In short, biopsychology helps us understand how our body and brain work together to shape
our thoughts, feelings, and behaviour. It bridges the gap between biology and psychology,
showing that to understand the human mind, we must also understand the human brain.

1.3 THE BRAIN AS HARDWARE AND THE MIND AS SOFTWARE:

A useful way to understand the mind—brain relationship is to compare it with the relationship
between hardware and software in a computer. Throughout history, psychologists have
compared mental processes to the communication technologies of their time. In the 1940s, for
example, the brain was compared to a telephone exchange system. Today, it is often
compared to a digital computer.

In this analogy, the brain represents the hardware — the physical and structural components
like neurons and synapses while the mind represents the software, that is, the processes,
thoughts, and emotions that emerge from brain activity.

Take language as an example. According to Noam Chomsky (1950s), every human being is
born with an innate ability to acquire language a kind of universal grammar. However, the
specific language a person learns (Tamil, Hindi, or English) depends on their environment.

Thus, the hardware (the brain’s innate capacity) provides the potential, and the software (the
learned language) develops through experience and learning.This comparison helps us
appreciate that while the mind arises from brain activity, it also depends on social and
environmental input just as software runs on hardware but can differ widely depending on
design and use.
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1.4 NECESSARY AND SUFFICIENT CONDITIONS:

The relationship between the brain and behaviour can also be understood in terms of

necessary and sufficient conditions.

e A necessary condition is something that must exist for a behaviour to occur. For example,
a functiing brain with the capacity to learn language is necessary for speaking any
language.

e A sufficient condition, on the other hand, is the external environment that enables learning.
Exposure to a language community is sufficient for acquiring that language.

In short, the brain gives us potential, while the environment allows that potential to be

realized. For example, a child born in Chennai has the neural ability to learn any language but

will most likely learn Tamil because of environmental exposure.

1.5 PROCESSES AND OUTPUT:

Many brain processes occur outside of our conscious awareness. When we speak, for
instance, we are aware of the complete sentence we utter, but not of the neural processes that
generated it.

This distinction between hidden processes and visible outputs is similar to how a computer
operates. When you type on Microsoft Word, you see neatly displayed text on your screen.
However, the computer doesn’t understand the words, it merely translates your input into a
binary code of Os and 1s that the machine can process. If this internal code is disrupted, the
output on your screen becomes meaningless.

Similarly, our conscious thoughts are just the “final output” of highly complex, unconscious
brain computations. The high-level language of thoughts and emotions emerges from the low-
level neural coding of electrical and chemical signals.

In everyday life, this is why actions often feel automatic. for example, driving a familiar route
or typing on a keyboard. These behaviours are results of deeply embedded neural processes
that work efficiently behind the scenes.

1.6 CAUSE AND EFFECT:

A key focus of biological psychology is understanding causal relationships, that is,
identifying how specific biological events lead to specific behaviours. This is different from
some areas of psychology, like social or personality psychology, which often describe
associations or correlations rather than causes.

For instance, biological psychologists may study how neurotransmitters like dopamine
influence motivation, rather than merely observing that motivated people behave differently.
This approach is called reductionism, reducing complex behaviour to its simplest biological
explanation not to deny complexity, but to identify clear mechanisms of cause and effect.

1.7 PHYLOGENETIC CONTINUITY:

Biological psychology also studies the similarities between humans and other animals. Most
branches of psychology study only humans, but biological psychology often uses animal
research to understand fundamental brain—behaviour principles.
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Darwin’s theory of evolution reminds us that humans share biological continuity with other
species. For example, studies on rats and monkeys have provided insights into learning,
reward, and emotion that apply to humans too. While humans may have more advanced
capacities like language, the underlying neural mechanisms are evolutionarily related.

This evolutionary perspective removes the notion of human superiority as Darwin showed, all
species are part of a continuous natural process, not a hierarchy.

1.8 SOCIAL AND BIOLOGICAL PERSPECTIVES:

It is a misconception that social and biological approaches are opposed. In reality, both are
interconnected. Biological processes influence how we think and behave socially, while
social environments shape brain function and behaviour.

For example, while genetics may influence aggression, the triggers of aggression — such as
provocation or cultural norms are environmental. This is the basis for Cognitive Behaviour
Therapy (CBT), which helps people change their emotional and behavioural patterns by
restructuring their thoughts. As Donald Hebb (1949) suggested, learning and environment
often shape how biological potential is expressed.

1.9 UNDERSTANDING AND ACCEPTING THEORIES:

Scientific theories are not always accepted immediately. A classic example is Charles
Darwin’s theory of evolution. When Darwin and Alfred Russel Wallace first presented their
theory of natural selection in 1858, it received little attention. Only later did it revolutionize
biology. This reminds us to evaluate theories based on evidence, not on immediate intuition
or popularity. As Einstein once said, “Whoever undertakes to set himself up as judge in the
field of truth and knowledge is shipwrecked by the laughter of the gods.” True understanding
comes from patient reflection on data, not from quick judgement.

1.10 SCIENTIFIC PROBLEMS AND MYSTERIES:

In science, it is helpful to distinguish between problems and mysteries.

o Problems are questions that we can clearly define and attempt to solve. for example, how
does the brain process colours?

o Mysteries are deeper questions that are difficult even to frame. for instance, what is
consciousness? We know it exists but cannot yet measure or define it precisely.

Consciousness remains one of psychology’s greatest mysteries. We suspect it arises from
brain activity, but we still lack the tools to explain how subjective experience such as the
feeling of joy, or the perception of red emerges from neural signals. However, as Hebb (1949)
said, the fact that we cannot solve something today does not mean it will remain unsolvable.
Science progresses by turning mysteries into solvable problems through observation,
reasoning, and experimentation.

1.11 A HEBBIAN APPROACH: CONCEPTUAL AND REAL NERVOUS SYSTEMS:

The theoretical foundation of biological psychology is deeply influenced by the pioneering
work of Donald Hebb (1949, 1955), a neuropsychologist whose ideas shaped many areas of
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modern psychology. His influence is visible across several domains—from the study of
neural plasticity to neuropsychological theories that explain behaviour through brain
mechanisms. Hebb’s approach emphasized that psychology and neurophysiology are not
separate disciplines but two perspectives on the same phenomenon: human behaviour.

Hebb (1949) stated that “modern psychology assumes that behaviour and neural function are
perfectly correlated one completely caused by the other. There is no separate soul or life force
influencing the brain.”In other words, all behaviour, thought, and emotion arise from brain
activity. Though this is still a “working assumption,” it has guided scientific inquiry
productively because no real evidence contradicts it.

Since neuroscience is an intricate and vast field, Hebb proposed a way to simplify our
understanding by distinguishing between two types of nervous systems:

o the Conceptual Nervous System (cns), and

o the Central Nervous System (CNS).

The conceptual nervous system refers to a theoretical framework—a set of hypothetical
psychological processes that help explain how behaviour arises from information processing.
It deals with how people respond to stimuli, make decisions, and form habits. For instance,
when a student learns to ride a bicycle, the behavioural patterns and learning processes that
occur form part of the conceptual nervous system.

The central nervous system, on the other hand, is the biological structure—the network of
neurons, synapses, and brain regions responsible for processing and executing these
psychological functions.

Hebb argued that researchers should move from the cns (psychological theory) to the CNS
(neural explanation)that is, from understanding behavioural data to explaining the biological
mechanisms underlying it. This approach bridges the gap between psychology and
physiology, and between experimental research and clinical application.

An example can be seen in the nature—nurture debate. Hebb (1953) explained that heredity
and environment jointly shape behaviour, just as both length and width are required to define
an area. Neither genes alone nor environment alone can explain human behaviour, both work
together dynamically.

Hebb’s greatest contribution was his belief that psychological problems are physiological
problems, and vice versa. He promoted an interdisciplinary approach where psychology and
neuroscience assist each other in understanding the human mind. As he remarked, there is a
significant overlap between the problems studied in psychology and neurophysiology—hence
both must cooperate to advance knowledge.

In this sense, a true neuropsychology must include both the neuro (biological) and the
psychological (behavioural) aspects. For example, understanding learning involves not only
knowing how synaptic connections strengthen in the brain (neuroplasticity) but also how
behavioural patterns, motivation, and environment influence learning outcomes.
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1.12 PHILOSOPHY OF MIND:

Before delving into biological psychology, it is essential to understand the philosophy of
mind, which explores how the mind relates to the brain and body. Philosophers have long
debated whether the mind and body are separate or one and the same questions that continue
to influence modern neuroscience.

As the philosopher Bertrand Russell humorously noted:“Science is what you know.
Philosophy is what you don’t know.”This means that while science provides evidence,
philosophy helps us frame questions about consciousness and self-awareness.

1.13 DUALISM:

René Descartes (1596—1650) proposed dualism, the idea that the mind and the body/brain are
distinct but interact. For example, when you touch a hot surface, your body reacts through a
physical reflex, but your mind experiences the sensation of pain. Descartes suggested that the
body gathers sensory information while the mind analyses and interprets it.

Although Descartes’ conclusion that mind and body are separate is no longer widely
accepted, he raised fundamental questions about how mental experiences emerge from
physical processes. Even today, many psychologists treat the brain (as physical) and the mind
(as experiential) as distinct research topics, though they are understood to be deeply
interconnected.

1.14 MONISM AND ITS VARIANTS:

In contrast, monism argues that the mind and brain are made of the same underlying
substance. It takes three major forms:

1. Physicalism (Identity Theory):This is the dominant view in biological psychology. It
suggests that mental events are simply brain events. For example, feeling happy
corresponds to specific patterns of neural activation and chemical balance (like increased
serotonin). When the brain ceases to function, the mind also ceases.

2. Dual-Aspect Theory (Neutral Monism):This view proposes that mind and body are two
aspects of a deeper, neutral reality neither purely mental nor physical.

3. Idealism: Advanced by Bishop George Berkeley, this view claims that reality exists only in
the mind. For instance, when we perceive a tree, it exists only as a mental experience, not
as a physical object. This idea, though philosophically rich, is rarely supported in modern
psychology.

1.15S EMERGENT INTERACTIONISM:

Roger Sperry (1969, 1970) offered a middle path known as emergent interactionism. He
argued that consciousness emerges from the complex organization of neural networks in the
brain. In simple terms, just as wetness arises from the combination of hydrogen and oxygen
molecules, mind arises from the organization of brain cells, not from the cells alone.

Sperry’s view emphasizes that to understand behaviour, psychologists must study multiple
levels of explanation molecular, neural, cognitive, and social. For example, understanding
depression requires examining neurotransmitters (biological), thoughts (cognitive), and social
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experiences (environmental).This view is also called property dualism, as it considers the
mind a special property emerging from the physical brain when it reaches a certain level of
complexity.

1.16 REDUCTIONISM:

A major tool in biological psychology is reductionism, which breaks complex behaviour into
simpler components for analysis.

o Theoretical reductionism seeks to explain higher-level processes (like emotion or memory)
through lower-level ones (like neurotransmitters or neural activity).

o Methodological reductionism uses this as a research strategy, even if one does not fully
believe that behaviour can be completely reduced to biology.

Critics of reductionism argue that it overlooks the holistic nature of human experience—for
example, love, creativity, or social behaviour cannot be completely explained through
neurons and chemicals. However, neuroscientists like Churchland and Sejnowski (1992)
argue that complex mental properties are still grounded in physical brain activity and can
eventually be explained scientifically.

1.17 A DARWINIAN PERSPECTIVE:

Charles Darwin’s theory of evolution by natural selection has deeply influenced biological
psychology. He proposed that behaviour, like physical traits, evolves over generations to help
species survive. Konrad Lorenz (1965) highlighted that behaviours are as heritable and
adaptive as physical features. For instance, parental care, aggression, or mating rituals in
animals and even in humans serve evolutionary purposes shaped by both genes and
environment. This evolutionary framework helps psychologists understand instincts, learning,
and emotion as products of both biology and adaptation. For example, fear of snakes or
darkness may reflect ancient survival mechanisms.

1.18 THE DAY-TO-DAY BUSINESS OF SCIENCE: EINSTEIN’S BRAIN:

Science is not always a linear or logical process, it often involves creativity, persistence, and
even coincidence. The story of Einstein’s brain illustrates this well. After his death, parts of
Einstein’s brain were preserved and later studied by Marian Diamond and colleagues (1985)
to understand his exceptional intellect.

The study began through a series of chance events:

e A professor’s casual remark about brain evolution sparked Diamond’s curiosity.

o Research on rats had already shown that enriched environments lead to more glial cells
support cells crucial for brain efficiency.

o A photo of Einstein’s brain pinned to a lab wall served as a daily source of inspiration.

o After years of persistence, Diamond obtained small, preserved pieces of Einstein’s brain
through correspondence with Dr. Thomas Harvey, who had stored them.

Her findings showed that Einstein’s brain had a higher ratio of glial cells to neurons in certain
regions, suggesting greater neural support for cognitive activity. This story reminds us that
science is a deeply human activity driven by imagination, patience, and passion not just by
logic. Many breakthroughs, from Watson and Crick’s discovery of DNA’s structure to modern
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brain imaging, began with informal discussions, creative thinking, and sometimes, simple
curiosity.

1.19 SUMMARY:

Biopsychology, also known as biological psychology or behavioural neuroscience, is the
branch of psychology that studies how the brain, nervous system, hormones, and genetics
influence behaviour, emotions, and mental processes. It serves as a bridge between biology
and psychology, explaining how physical and chemical activities in the body give rise to
thoughts, feelings, and actions.

The relationship between biology and psychology can be understood by comparing the brain
to hardware and the mind to software. The brain provides the physical structure, while the
mind represents thoughts, memories, and emotions the “programs” that run on this structure.
Both are interdependent; a change in the brain (for instance, due to injury or chemical
imbalance) can affect the mind, and vice versa.

Biopsychology also deals with the necessary and sufficient conditions for behaviour
identifying what biological factors are essential and what additional influences (like
environment or learning) may produce specific mental states or actions. The processes and
outputs of the brain, such as perception, movement, and emotion, are studied scientifically to
understand how inputs (like sensory signals) are transformed into behavioural responses.

The concept of cause and effect is central to biopsychology. For example, low serotonin
levels may cause depression, but environmental stress can also influence serotonin activity —
showing a bidirectional relationship. Similarly, phylogenetic continuity emphasises that
human behaviour has evolutionary roots, sharing similarities with other species. This helps
explain basic emotions, instincts, and learning processes through a Darwinian perspective.

Biopsychology also incorporates both social and biological perspectives. While social
psychology examines how group interactions affect behaviour, biopsychology studies the
biological mechanisms behind those social behaviours such as the role of oxytocin in bonding
or dopamine in motivation.

Philosophical discussions such as dualism (mind and body as separate) and monism (mind
and body as one) have shaped modern thought. Theories like emergent interactionism and
reductionism further explain how mental processes arise from biological systems. Finally,
through the scientific method, biopsychologists explore mysteries of the brain — from
understanding neural connectivity to analysing phenomena like Einstein’s brain, which
revealed unique patterns related to intelligence and creativity.

In summary, biopsychology integrates biological science with psychological theory to
understand human behaviour, cognition, and emotion from both evolutionary and scientific
perspectives.

1.20 TECHNICAL TERMS:

1. Biopsychology: The study of how biological processes, especially brain and nervous
system functions, influence behaviour and mental processes.
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10.

Neurons: The basic units of the nervous system responsible for transmitting information
through electrical and chemical signals.

Neurotransmitters: Chemical messengers such as dopamine and serotonin that carry
signals between neurons.

Nervous System: The network of brain, spinal cord, and nerves that control all bodily
functions and behaviour.

Dualism: A philosophical concept that views the mind and body as separate entities.
Monism: The belief that mind and body are one and that mental states arise from physical
processes.

Reductionism: The approach of explaining complex behaviours by breaking them down
into simpler biological components.

Emergent Interactionism: The idea that mental processes emerge from complex
interactions among brain systems.

Phylogenetic Continuity: The evolutionary principle that behavioural and biological traits
are shared across species.

Hebbian Learning: A neural theory stating that connections between neurons strengthen
when they are activated together (“cells that fire together wire together™).

1.21 SELF-ASSESSMENT QUESTIONS:

1.

Define biopsychology and explain its importance in understanding human behaviour.

2. How does the comparison of the brain as hardware and the mind as software help explain

(98]

mental processes?

Differentiate between dualism and monism with suitable examples.

What is meant by phylogenetic continuity? Give an example from human or animal
behaviour.

Explain the concept of Hebbian learning and its significance in neuroscience.

1.22 SUGGESTED READINGS:

Kalat, J. W. (2023). Biological psychology. Cengage Learning.
Greene, S. (2013). Principles of biopsychology. Psychology press.
Higgs, S., Cooper, A., & Lee, J. (2023). Biological psychology. SAGE.

- Dr. M. Dhamodharan




LESSON- 2
MECHANISMS OF HERIDITY- CHROMOSOMES,
GENES

OBJECTIVES:

S.

To understand the structure, behaviour, and functional significance of chromosomes and
genes.

To explain mechanisms of genetic variation, including independent assortment,
recombination, and mutation.

To analyse chromosomal aberrations and their biological consequences.

To understand molecular genetic processes such as the genetic code, gene mutation, and
DNA repair.

To relate hereditary mechanisms to evolutionary theory and species development.

STRUCTURE:

2.1. Chromosomes and Genes

2.2. Behaviour of Chromosomes During Cell Division

2.2.1. During Mitosis
2.2.2. During Meiosis

2.3. Chromosome Numbers in Different Species

2.4. Independent Assortment and Genetic Variation

2.5. Linkage of Traits

2.5.1. Simple Linkage
2.5.2. Concept of Linkage Groups and Gene Mapping

2.6. Different Recombination Levels in Males and Females

2.6.1. In Drosophila

2.6.2. Linkage Maps

2.6.3. Sex Linkage
2.6.3.1. Criss-Cross Inheritance (Sex Linkage)
2.6.3.2. Sex Determination in Other Species

2.7. Chromosomal Aberrations and Molecular Genetics

2.8. Changes in Chromosome Structure

2.8.1. Genetic Imbalance
2.8.2. Pairing During Meiosis
2.8.3. Deletions

2.8.4. Duplications

2.8.5. Inversions

2.8.6. Translocations

2.9. Changes in Chromosome Number

2.9.1. Polyploidy
2.9.1.1. Hybrid Polyploidy
2.9.2. Aneuploidy
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2.10. Molecular Genetics
2.10.1. The Genetic Code
2.10.2. Gene Mutation
2.10.2.1. Types of Mutations
2.10.2.2. Impact of Mutation
2.10.2.3. Mutation and Cancer
2.10.2.4. Mechanisms Causing Mutation

2.11. DNA Repair Mechanisms
2.12. Reverse Mutation (Reversion)
2.13. Heredity and Evolution

2.14. Summary

2.15. Technical Terms

2.16. Self-Assessment Questions

2.17. Suggested Readings
2.1 CHROMOSOMES AND GENES:

In sexually reproducing organisms, every individual inherits two alleles for each gene — one
allele from the mother and one from the father. For example, a child may receive one allele
for eye colour from the mother and another from the father. These paired alleles together
determine the child’s traits.

When such an individual produces sex cells (gametes), each gamete receives only one allele
from each pair. This happens through a special type of cell division called meiosis. For
instance, in humans, a sperm cell carries 23 chromosomes, each containing only one allele for
every gene, rather than the full set of 46.

During fertilization, when a sperm and an ovum unite, the full set of hereditary material is
restored. The zygote (the fertilized egg) receives 23 chromosomes from each parent, leading
to the typical human chromosome number of 46. This single cell then develops into a full
individual through the process of mitosis, where the cell repeatedly divides. Unlike meiosis,
mitosis ensures that each daughter cell receives a complete copy of all genetic material. This
is why all cells in the body (except the gametes) carry the same genetic information.

Genes to be inherited reliably, they must be in cellular structures that follow two important

criteria:

1. They must be accurately copied and passed on to daughter cells during mitosis.
This ensures that as a child grows. for example, starting from one cell to billions of cells,
each cell carries the same genetic instructions.

2. They must be arranged in homologous pairs so that one member of each pair is
separated into each gamete during meiosis.This pairing explains why siblings may
resemble each other yet still show differences: each gamete receives different
combinations of chromosome pairs.

Historically, biologists observed as early as 1848 that the nucleus of a cell develops small,
rod-like structures during mitosis. Later, because these structures absorbed dyes strongly, they
were named chromosomes. In early 20th century, microscopic studies of cell division
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clarified how chromosomes behave during mitosis and meiosis. These observations led
scientists to conclude that chromosomes are the physical carriers of genes. This conclusion
forms the basis of modern genetics and helps explain patterns of inheritance observed in both
humans and other organisms.

2.2 BEHAVIOUR OF CHROMOSOMES DURING CELL DIVISION:

2.2.1. During Mitosis

When a cell prepares to divide, its chromosomes condense and become clearly visible.
Importantly, this condensation occurs after the chromosomes have already replicated. Each
chromosome therefore consists of two identical copies, known as sister chromatids, which are
joined at a region called the centromere.

During mitosis, the sister chromatids separate and move to opposite ends of the cell. As a
result, each daughter cell receives one complete set of chromosomes, identical to that of the
parent cell.This behaviour of chromosomes confirms the first requirement for being the
carriers of genes:chromosomes are accurately replicated and passed on to each new daughter
cell during mitosis.

For example: how the skin cells of a human all contain the same genetic material. This is
because every time a skin cell divides, mitosis ensures identical inheritance of chromosomes.

2.2.2. During Meiosis

The most convincing evidence that chromosomes carry genes comes from their behaviour
during meiosis, the special type of cell division that produces gametes. In 1902, the American
biologist Walter S. Sutton studied meiosis in grasshopper sperm cells. He observed that each
chromosome pairs with another chromosome that is similar in size and shape. These are
called homologous chromosomes.

During meiosis, the two homologous chromosomes separate, with each gamete receiving one
member of the pair. If one chromosome of each pair comes from the father and the other from
the mother, this separation perfectly reflects Mendel’s First Law — the Law of Segregation.

2.3 CHROMOSOME NUMBERS IN DIFFERENT SPECIES:

The number of chromosomes in the nucleus is generally constant within a species. Examples
include:

Humans: 46 chromosomes

House mouse: 40 chromosomes

Fruit fly (Drosophila melanogaster): 8 chromosomes

Maize (corn): 20 chromosomes

Tomato: 24 chromosomes

Potato: 48 chromosomes

In sexually reproducing organisms, this number is called the diploid number, because it
includes one set from the mother and one from the father. The gametes, however, contain
only half this number. This is the haploid number.

YVVVVVYY

» Human gamete: 23 chromosomes
»  Fruit fly gamete: 4 chromosomes
Thus, meiosis is responsible for producing haploid gametes.
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2.4 INDEPENDENT ASSORTMENT AND GENETIC VARIATION:

Two pairs of genes, like Mendel’s factors for seed colour and seed texture. These genes are

usually located on different chromosome pairs. Therefore, during meiosis, the maternal and

paternal chromosomes of each pair assort independently.This independent assortment

explains why full siblings often differ in appearance, talent, or behaviour despite sharing the

same parents.

In humans:

e 46 chromosomes form 23 pairs during meiosis.

e Independent assortment can produce 2** = 8,388,608 possible types of gametes from one
individual.

When both parents contribute independently:

o The total possible combinations become (2% x 22*) = 246 a huge number.

e The world population (~6 billion) is approximately 2*, indicating that only a small
fraction of the possible genetic combinations is ever realised.

Crossing over further increases genetic diversity, offering strong evidence that genes, not

entire chromosomes, are the true units of Mendelian inheritance.

2.5 LINKAGE OF TRAITS:

2.5.1. Simple Linkage

According to Mendel’s second law, genes for different traits assort independently during
gamete formation. This is because the maternal and paternal chromosomes are randomly
assorted during meiosis, providing genetic variation.

However, the number of genes in a sex cell is far greater than the number of chromosomes.
This means many genes must share the same chromosome. When two or more genes are
located on the same chromosome, they may not assort independently. Such genes are said to
be linked.

2.5.2. Concept of Linkage Groups and Gene Mapping
As research progressed in Drosophila, scientists noticed that all known genes fell into four
linkage groups, matching the four pairs of chromosomes in this species.

Examples from other species:

e Corn: 10 linkage groups = 10 chromosomes

e House mouse: 19 linkage groups = 20 chromosomes

e Human: 23 linkage groups = 23 chromosomes

This confirmed that each chromosome contains a set of linked genes.

2.6 DIFFERENT RECOMBINATION LEVELS IN MALES AND FEMALES:

2.6.1. In Drosophila

Males show complete linkage leads to no recombination and females show variable
recombination leads to 0% to 50% depending on gene distance.Morgan proposed that the
degree of linkage depends on the physical distance between genes on the chromosome. if
genes close together, it rarely separated and has strong linkage. In contrast, genes far apart, it
often separated and leads to weak linkage. The physical mechanism for this is crossing over,
which occurs during meiosis when homologous chromosomes exchange segments.
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2.6.2. Linkage Maps

Scientists calculate distances between genes through studying recombination percentages.
These distances are expressed in map units or centimorgans (cM).Linkage maps have been
created for many organisms, including:

e Drosophila

e Corn

o House mouse

o Neurospora

o Bacteria and bacteriophages

Mapping human chromosomes was difficult until recombinant DNA technology emerged.
Modern molecular methods have now helped map hundreds of human genes.

2.6.3. Sex Linkage

Many animals have a pair of sex chromosomes, usually denoted X and Y.
Sex Determination in Humans

e Males: XY

o Females: XX

During meiosis:

o Half of male gametes carry X, half carry Y
o All female gametes carry X

Thus:

o X-carrying sperm - girl (XX)

e Y-carrying sperm - boy (XY)

2.6.3.1. Criss-Cross Inheritance (Sex Linkage)

The X and Y chromosomes are not homologous. The X chromosome is much larger and
contains many more genes than the Y.This leads to a special pattern of inheritance called sex
linkage, where recessive genes on the X chromosome are expressed in males because they
have no matching allele on the Y.

2.6.3.2. Sex Determination in Other Species

In some animals such as birds, butterflies, and certain fish, sex determination is reversed:

e Males: XX

o Females: XY

The egg determines the sex of the offspring, not the sperm. As a result, the sex-linked
inheritance pattern is reversed compared to mammals.

2.7 CHROMOSOMAL ABERRATIONS AND MOLECULAR GENETICS:

In most species, the chromosome set remains stable over long periods. However, within any
population, abnormalities may arise in either the structure or the number of chromosomes.
Such abnormalities, known as chromosomal aberrations,usually occur due to spontaneous
errors in normal cellular processes such as DNA replication or cell division. Many of these
changes are harmful and may lead to impaired health, developmental problems, or sterility.
Nevertheless, in rare situations, chromosomal alterations may also create new combinations
of genetic material that contribute to evolutionary changes.

The discovery of visible chromosomal differences between species has strengthened the idea
that major changes in chromosome structure have played a significant role in the evolution of
living organisms.
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2.8. CHANGES IN CHROMOSOME STRUCTURE:

Two key principles guide our understanding of structural chromosomal abnormalities:

2.8.1. Genetic Imbalance

A normal cell maintains a balanced ratio of genetic material between chromosomes. Any
addition or deletion of genetic regions—whether entire chromosomes or parts of
chromosomesdisturbs this balance, leading to abnormal cellular functions. This imbalance is
often associated with developmental disorders or lethality.

2.8.2. Pairing During Meiosis

During meiosis, homologous chromosomes attempt to pair very precisely. They form a
ladder-like structure called the synaptonemal complex. Even when chromosome structure is
altered, homologous regions still try to find each other and pair. As a result, specific and
predictable pairing patterns emerge during meiosis in cells carrying chromosomal
abnormalities, which influence the types of gametes produced.

2.8.3. Deletions

A deletion refers to the complete loss of a chromosome segment.

o In haploids: deletions are lethal, as essential genes are missing.

o In diploids: deletions are usually severe because one chromosome carries the normal genes
while the other is missing a segment.

Moreover, recessive harmful alleles on the normal homolog may get expressed because the
protective copy is absent.

Example: Cri-du-chat Syndrome caused by deletion on the short arm of chromosome 5.
Symptoms include:

e high-pitched “cat-like” cry

o intellectual disability

o small head size

2.8.4. Duplications

A duplication occurs when an extra copy of a chromosome segment is present.
o It also causes genomic imbalance.

o Small duplications may occur naturally during DNA replication.

e Large duplications may arise due to unequal crossing over.

If the duplication becomes homozygous, the extra gene copy may undergo mutations that
allow the evolution of new gene functions.

Example: Gene duplication is believed to have contributed to the evolution of the human
globin gene family (a and B globins).

2.8.5. Inversions

An inversion happens when a chromosome breaks in two places and the section between the
breaks rotates by 180° before rejoining.

Types:

1. Pericentric inversion — includes the centromere

2. Paracentric inversion — does not involve the centromere

Since there is no gain or loss of genetic material, inversion carriers are usually normal unless:
o the break disrupts an essential gene, or

 relocation alters gene function (position effect)
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Meiotic Consequences

Heterozygotes form an inversion loop during pairing.If crossing over occurs within a
paracentric inversion, it producesa chromosome bridge and an acentric fragment (without
centromere). These products are inviable.In pericentric inversions, crossing over leads to
duplications and deletions, also producing inviable gametes.Thus, inversion carriers may
experience reduced fertility.

2.8.6. Translocations

A translocation occurs when segments from two non-homologous chromosomes exchange
places.

Translocation carriers generally have a full complement of genes and appear normal unless:

« the break occurs within a vital gene, or

e position effect alters gene expression.

Meiotic Outcome

During meiosis, translocated chromosomes form complex pairing structures.
Half of the resulting gametes usually contain duplications or deletions, leading to semi-
sterility (reduced fertility).

2.9 CHANGES IN CHROMOSOME NUMBER:

Changes in chromosome number are of two types:

2.9.1. Polyploidy

Polyploids have more than two sets of chromosomes.
Examples:

e Triploid (3n)

o Tetraploid (4n)

Characteristics

e Triploids are usually sterile due to improper pairing during meiosis (e.g., seedless
watermelons).

e Polyploids with even numbers of sets (tetraploids) may be fertile.

2.9.1.1. Hybrid Polyploidy

When two species hybridize, the hybrid is usually sterile due to pairing failure. However, if
chromosome number accidentally doubles, fertilization becomes possible. Such organisms
are called allotetraploids.

Example: Bread Wheat

Hexaploid (6n) wheat emerged due to natural hybridization and chromosome
doubling.Polyploidy occurs in humans but is incompatible with life; most polyploid embryos
die early.

2.9.2. Aneuploidy

Aneuploidy refers to an abnormal chromosome number that is not an exact multiple of the
haploid set.Most cases arise due to nondisjunction, a failure of chromosomes to separate
properly during meiosis.

Examples:

a. Down Syndrome (Trisomy 21)
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Symptoms include intellectual disability, heart and kidney defects, characteristic facial
features, enlarged tongue

b. Turner Syndrome (XO)

Affects females’ symptoms includes, short stature, underdeveloped sexual characteristics,
fertility problems

c. Klinefelter Syndrome (XXY)

Affects males and symptoms includes, tall stature, reduced sperm production, breast
development, learning difficulties

2.10 MOLECULAR GENETICS:

Early 20th-century research established that chromosomes carry genes, but the nature of
genes remained unclear until molecular genetics emerged.

2.10.1. The Genetic Code

Hereditary Information

Hereditary information is stored in the nucleotide sequence of DNA. This coded information
is copied into RNA and then translated into chains of amino acids. These amino acid chains
fold into specific shapes, determining the protein’s properties. Although all proteins are made
from the same 20 amino acids, different sequences produce different proteins (e.g., muscle
vs. hair protein).

Codons and Translation

The nucleotide sequence of mRNA is read in three-letter units called codons, each coding for

one amino acid.

e A 900-nucleotide mRNA has 300 codons that produces a 300-amino-acid protein.

e There are 64 possible codons (4* combinations).

e Most amino acids are coded by multiple codons, except methionine (AUG) and
tryptophan (UGG).

e Three codonsUAG, UGA, UAAare stop codons.

AUG also serves as the start codon, though methionine can appear anywhere in the sequence.

Universality of the Genetic Code

The genetic code is almost universal across organisms, with minor exceptions (e.g.,
mitochondrial DNA). This universality supports the evolutionary relatedness of all life forms
and allows DNA from one organism to be translated in another.

Translation Machinery

Translation occurs on ribosomes, made of rRNA and proteins.

Functions:

e Ribosomes bind to the 5' end of mRNA and translate codons sequentially.
e Multiple ribosomes can translate the same mRNA simultaneously.
Ribosome Locations:

o Free ribosomes are proteins used within the cell

e Ribosomes on ER is exported proteins transported via Golgi apparatus

Role of tRNA
Each tRNA carries a specific amino acid and has an anticodon complementary to an mRNA
codon.Example: mRNA codon UUU (phenylalanine) pairs with tRNA anticodon AAA.
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Ribosomes have two tRNA binding sites, enabling chain elongation.When a stop codon is
reached, the completed amino acid chain is released.

Protein Folding

Amino acids have distinct shapes and charges that determine how the chain folds into its
three-dimensional structure.1) Weak bonds stabilize protein shape 2) Some proteins have
multiple chains that assemble together. 3) Shape determines function (e.g., enzyme active
sites, structural forms).

2.10.2. Gene Mutation

A gene mutation refers to a random change in the DNA sequence that alters one allelic form
of a gene into another. These changes can occur naturally or due to external factors.
Mutations are generally classified into two types. A forward mutation changes a normal
(wild-type) gene into a mutant form, whereas a back mutation or reversion restores the
mutant gene back to its original wild-type condition.

2.10.2.1. Types of Mutations

One important type of mutation is the point mutation, which affects only a single nucleotide
pair in the DNA. Point mutations can be of different kinds. A silent mutation does not
change the amino acid sequence of a protein, so the function remains normal. For example, a
change in the third base of a codon may still produce the same amino acid. A missense
mutationchanges one amino acid to another, which may alter the protein’s structure or
function—such as the mutation responsible for sickle-cell anaemia in India, where a single
amino acid change affects haemoglobin. A nonsense mutation converts a normal codon into a
premature stop codon, resulting in a truncated and usually non-functional protein.

Another major category is the frameshift mutation, which occurs when nucleotides are
inserted or deleted in numbers that are not multiples of three. This shifts the reading frame of
the gene and produces a completely altered and often meaningless sequence of amino acids.
Such mutations can severely disrupt protein function; for example, frameshift mutations are
known to cause certain forms of thalassemia found in Indian populations.

Repeat expansion mutations involve the abnormal increase in the number of repeated
nucleotide sequences. A common example is Fragile-X syndrome, where the CGG repeat on
the X chromosome expands to hundreds or even thousands of repeats, leading to intellectual
disability.

2.10.2.2. Impact of Mutation

The effect of mutations varies depending on the organism. In haploid organisms, such as
many fungi, a mutation is expressed immediately because only one copy of each gene is
present. In diploid organisms like humans, the outcome depends on dominance. Dominant
mutations show their effect even if only one allele is mutated, while recessive mutations are
masked unless both alleles carry the change. Mutations occurring in germline cells (sperm or
egg) can be passed on to the next generation, while somatic mutations affect only the
individual and may lead to conditions like cancer. For instance, uncontrolled exposure to
sunlight or chemicals in some Indian workplaces can lead to somatic mutations that increase
cancer risk.




Centre for Distance Education 2.10 Acharya Nagarjuna University

2.10.2.3. Mutation and Cancer

Mutations in specific genes called proto-oncogenes can lead to the loss of normal control
over cell division. When these genes mutate, they may become oncogenes that push cells into
uncontrolled growth, eventually forming tumours. This is commonly seen in cancers caused
by smoking, industrial chemicals, or radiation.

2.10.2.4. Mechanisms Causing Mutation

Mutations arise through several mechanisms. Tautomeric shifts involve temporary changes in
the chemical form of DNA bases, such as keto to enol forms, which cause incorrect base
pairing during replication. Depurination is another process in which a purine base (adenine or
guanine) is lost from the DNA chain, creating a gap that may be incorrectly filled.

Additionally, mutagens such as radiation, chemicals, and certain viruses can induce
mutations. For example, UV radiation from the sun can damage DNA and cause skin cancer,
while cigarette smoke, a common issue in India, contains chemicals that cause harmful
mutations leading to lung cancer.

Overall, gene mutations play a crucial role in evolution, genetic diseases, and cancer
development, making their study essential in both medicine and genetics.

2.11 DNA REPAIR MECHANISMS:

Ultraviolet (UV) radiation can cause serious damage to DNA by forming thymine dimers,
where two adjacent thymine bases become abnormally linked. These dimers distort the DNA
structure and interfere with replication and transcription, so the cell must repair them to
maintain normal function. Several repair mechanisms are involved in correcting this damage.

In some cases, the bond between the two thymines is simply cut, allowing the DNA to return
to its normal structure. In other situations, the entire dimer is removed, and the missing
section of DNA is replaced using the undamaged strand as a template. When the damage is
extensive and cannot be repaired immediately, the cell may use bypass repair, allowing
replication to continue while leaving the damaged section to be fixed later. A failure in these
repair systems can lead to severe consequences. For example, individuals with xeroderma
pigmentosum lack key enzymes needed for UV-damage repair, making them extremely
sensitive to sunlight and highly prone to skin cancer.

2.12 REVERSE MUTATION (REVERSION):

Reverse mutation, or reversion, refers to any genetic change that restores the original function
of a gene that was previously mutated. This can happen in several ways. In some cases, the
exact base change that caused the mutation is reversed, bringing the DNA sequence back to
its original form. Sometimes, the mutation is not reversed exactly, but a different change
introduces a similar amino acid, allowing the protein to function normally. Another form of
reversion involves a second-site mutation that corrects the protein’s shape, compensating for
the defect caused by the first mutation. Additionally, suppressor mutations can occur; for
example, a tRNA anticodon may become altered so that it can read through a stop codon,
allowing the full-length protein to be produced again. Through these different mechanisms,
the gene’s function may be restored even without completely reversing the original mutation.
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2.13 HEREDITY AND EVOLUTION:

Darwin and Wallace emphasised that natural variation exists within every population, and
these differences among individuals play a key role in evolution. According to their
explanation, the environment acts as a selective force, favouring those individuals who
possess beneficial variations that help them survive and reproduce. Over many generations,
these advantageous traits gradually accumulate in the population, leading to slow but
significant changes. In the long run, this continuous process results in the evolution of new
species.

2.14 SUMMARY:

This unit provides a comprehensive understanding of chromosomes, genes, and the molecular
basis of heredity and evolution. It begins by explaining that chromosomes are carriers of
genetic information, composed of DNA and proteins, and that genes are specific segments of
DNA responsible for inherited traits. The behaviour of chromosomes during cell divisionboth
mitosis and meiosisis central to understanding how traits are transmitted. Mitosis ensures
identical daughter cells for growth and repair, whereas meiosis produces gametes with half
the chromosome number, contributing to genetic variation.

Across species, chromosome numbers vary widely, yet the fundamental processes remain
similar. Mechanisms such as independent assortment and crossing over during meiosis further
increase genetic diversity. The concept of linkage explains why certain traits are inherited
together due to their physical proximity on a chromosome. Linkage groups, gene mapping,
and recombination frequencies help locate genes along chromosomes. In species like
Drosophila, recombination levels differ between males and females, and sex-linked traits
often show criss-cross inheritance patterns.

The unit also covers chromosomal aberrations, which may involve structural changes like
deletions, duplications, inversions, and translocations. These alterations can cause genetic
imbalance and often affect fertility. Changes in chromosome number—polyploidy and
aneuploidyare also important. Polyploidy is common in plants and may result from
hybridisation, while aneuploidy involves the addition or loss of individual chromosomes,
often leading to developmental disorders.

The molecular genetics section highlights the genetic code, mutations, and their
consequences. Gene mutations may be point mutations, frameshifts, or repeat expansions,
each affecting gene function differently. Mutations can impact haploid and diploid organisms
in various ways and may lead to diseases, including cancer, when proto-oncogenes become
overactive. Mutation-causing mechanisms such as tautomeric shifts, depurination, chemicals,
and radiation are discussed in detail.

Cells possess several DNA repair mechanisms to maintain genomic stability, including
cutting and replacing damaged bases and bypass repair. When these systems fail, conditions
like xeroderma pigmentosum may arise. Reverse mutations, or reversion, can sometimes
restore gene function. The unit concludes with Darwin and Wallace’s principles of evolution,
emphasising natural variation, environmental selection, and the accumulation of beneficial
traits over generations, ultimately leading to the evolution of species.
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2.15 TECHNICAL TERMS:

Chromosome — A thread-like DNA structure containing genetic information.
Gene — A unit of heredity formed by a specific DNA sequence.

. Independent Assortment — Random distribution of chromosome pairs during meiosis.
. Linkage — Tendency of genes on the same chromosome to be inherited together.

1
2
3
4
5. Recombination — Exchange of genetic material during meiosis that produces variation.
6.
7
8
9.
1

Polyploidy — Condition of having more than two sets of chromosomes.

. Aneuploidy — Gain or loss of one or few chromosomes (e.g., trisomy 21).
. Point Mutation — A change in a single nucleotide pair of DNA.

Frameshift Mutation — Mutation caused by insertion or deletion not in multiples of three.

0. Thymine Dimer — UV-induced bonding between two thymine bases that distorts DNA.

2.16 SELF-ASSESSMENT QUESTIONS:

1.

2.

Explain how independent assortment and crossing over contribute to genetic variation
during meiosis.

Differentiate between polyploidy and aneuploidy with suitable examples. How do these
conditions affect organisms?

Describe the major types of gene mutations and discuss how each type can influence the
structure and function of a protein.

What are chromosomal aberrations? Explain any two structural changes in chromosomes
and their consequences.

Discuss the role of DNA repair mechanisms in maintaining genetic stability. What
happens when these mechanisms fail?

2.17 SUGGESTED READINGS:

e Kalat, J. W. (2023). Biological psychology. Cengage Learning.
e Greene, S. (2013). Principles of biopsychology. Psychology press.
e Higgs, S., Cooper, A., & Lee, J. (2023). Biological psychology. SAGE.

- Dr. Dhamodharan




LESSON- 3
INFLUENCE OF HERIDITY AND

ENVIRONMENT ON BEHAVIOUR
OBJECTIVES:

To understand the fundamental relationship between heredity and environment

To examine the structure and function of genes.

To analyse different forms of genetic variation

To explore mechanisms of gene expression, epigenetics, and gene and environment
interactions

5. To evaluate how environmental influences such as behaviour, nutrition, drugs, light, and
temperature

b=

STRUCTURE:

3.1. Heredity and Environment
3.2. The Influence of Genes on Mind and Behaviour
3.3. Genes Influence the Body and the Brain

3.4. From DNA to Protein: Understanding Gene Function
3.4.1. DNA
3.4.2. Genes
3.4.3. Proteins

3.5. Regulation of Gene Expression
3.5.1. Determinants of Gene Expression Patterns

3.6. DNA-Binding Proteins
3.7. Small RNA (sRNA)
3.8. Epigenetic Factors

3.9. Variations in the Genetic Code
3.9.1. Single Nucleotide Polymorphism (SNP)
3.9.2. Copy Number Variation (CNV)
3.9.3. Single Gene Mutations

3.10. The Influence of Behaviour on Genes
3.11. Drugs and Alcohol

3.12. Temperature

3.13. Light

3.14. Nutrition

3.15. Gene-Environment Interactions
3.16. Genetic—Environmental Correlation

3.17. Epigenetics: Beyond the Fixed Genotype
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3.18. Genes and Behaviour

3.19 Summary

3.20 Technical Terms

3.21 Self-Assessment Questions

3.22 Suggested Readings
3.1 HEREDITY AND ENVIRONMENT:

We frequently deliberate the factors and motivations that influence our character and
personality. Each of us have a unique personality that is shaped by two main aspects. The first
is our genetic composition, which weinherit from our parents, and the different experiences
we have when interacting with our surroundings are the second source of impact. This
encompasses everything we witness and hear from the moment of our birth as well as every
social encounter we have throughout our childhood.

Genes, in continuous interaction with the environment, play a significant role in shaping the
organisation of the mind and behaviour. Every species, based on its unique genetic makeup,
develops a characteristic brain structure and functional organisation that together determine
its innate psychological tendencies. Human beings are one example of this phenomenon, but
each species possesses its own inherent psychological nature shaped by its evolutionary
history. For instance, wolves exhibit an innate wolf-specific behavioural pattern, lions display
a characteristic lion temperament, and hawks possess perceptual and behavioural tendencies
unique to their species.

The innate psychological nature of any species results from the specific set of genes
influencing brain development, neural connectivity, and functional processes. These genetic
factors have accumulated and been refined over successive generations through evolutionary
pressures.

3.2 THE INFLUENCE OF GENES ON MIND AND BEHAVIOUR:

Genetic makeup plays a significant role in shaping human behaviour and mental processes.
Scientific research across psychology, neuroscience, and genetics has consistently
demonstrated that our biological inheritance forms the foundation for many aspects of who
we are. While genes do not rigidly or mechanically determine behaviour, they exert
substantial influence on temperament, cognitive style, emotional responses, and
vulnerabilities to certain psychological conditions. Thus, human behaviour reflects a
continuous interaction between inherited genetic potentials and environmental experiences.

3.3 GENES INFLUENCE THE BODY AND THE BRAIN:

Genes carry the instructions for producing proteins, which perform almost every function in
the body. Some proteins form visible structures, such as those in hair or skin, while others
operate inside cells, regulating metabolism, hormone production, neural communication, and
overall bodily functioning.

Although nearly all cells in the human body contain the same set of genes, only some of these
genes are active in particular cells. When a gene is active, it is said to be “expressed,” and it
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produces proteins. When inactive, the gene remains silent. This process of gene expression is
crucial for physiological and psychological functioning.

The human genome contains roughly 20,000 genes. Remarkably, at least one-third of these
genes are expressed primarily in the brainthe highest proportion in any organ. These genes
regulate brain development, neural connectivity, neurotransmitter production, and the
functioning of neural circuits. Consequently, they influence how humans perceive the world,
respond emotionally, reason, plan, move, and behave.

3.4 FROM DNA TO PROTEIN: UNDERSTANDING GENE FUNCTION:

3.4.1. DNA

DNA (deoxyribonucleic acid) is a long molecule housed within chromosomes. Humans have
23 pairs of chromosomes, including one pair of sex chromosomes (XX in females and XY in
males). One set of chromosomes is inherited from the mother and the other from the father,
meaning half of an individual's DNA comes from each parent.

DNA is composed of two strands arranged in a double-helix structure. These strands are built
from four nucleotides, adenine (A), thymine (T), cytosine (C), and guanine (G). This simple
four-letter code contains the instructions for producing nearly a million different proteins, due
to the countless possible combinations of nucleotides.

3.4.2. Genes

A gene is a segment of DNA that carries the information required to produce a specific
protein or regulate biological processes.

o Protein-coding genes contain instructions for building proteins.

e Non-coding RNA genes produce RNA molecules that help regulate protein function and
cellular activities.

Protein synthesis begins when RNA copies the gene’s code. The cell’s protein-manufacturing
machinery then reads this RNA in groups of three nucleotides, each representing one of 20
different amino acids.

3.4.3. Proteins
Proteins serve as the primary working molecules in the brain. They form neural structures,
regulate chemical signalling, support neural plasticity, and maintain the health of brain cells.

Examples include:

e ASPM gene: Important for generating new neurons during early brain development.
Mutations may lead to microcephaly.

e Genes involved in neurotransmitter synthesis: These contribute to the production of
chemicals like dopamine, serotonin, and acetylcholine, all essential for mood regulation,
motivation, and cognition.

o Housekeeping genes: These maintain cellular health; harmful mutations in such genes
can contribute to neurological disorders like amyotrophic lateral sclerosis (ALS).

Thus, genes serve as the biological blueprint for brain structure and function, forming the
foundation for the complex human mind and its varied behaviours.
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3.5 REGULATION OF GENE EXPRESSION:

Although the DNA sequence of a gene allows us to identify the type of protein it can produce,
this information alone does not reveal how much of that protein will be produced, when
production will occur, or in which type of cell the gene will be active.

In living organisms, each cell activates only a selected portion of its genes while silencing the
rest. For example, genes that are active in neurons may remain completely inactive in liver or
heart cells. Similarly, certain genes are expressed only during early development such as
during fetal growth and later become permanently silenced.

3.5.1. Determinants of Gene Expression Patterns

Gene expression patterns are influenced by two broad factors:

1. Cell lineage (the cell’s developmental history):Cells “inherit” activity patterns from their
parent cells. Thus, the origin and developmental path of a cell influence the genes it
switches on or off.

2. Cellular environment:The presence of hormones, signalling molecules, neighbouring
cells, and external stimuli also guide gene activity. These signals act through a set of
regulatory elements within the cell, some of which are described below.

3.6 DNA-BINDING PROTEINS:

Approximately 10% of human genes produce DNA-binding proteins that regulate gene
expression.

Two important types include:

1. Gene-activating proteins

These proteins attach to specific DNA regions and help initiate gene expression. For example,
certain transcription factors activate genes involved in memory formation or stress regulation.

2. Histones

Histones act like spools around which DNA is tightly wound. When DNA is wrapped tightly
around histones, the gene becomes inaccessible and remains silenced. When histones loosen
their grip, gene expression becomes possible.

This “tightening” and “loosening” plays a crucial role in learning, stress response, and brain
development.

3.7 SMALL RNA (sRNA):

The human genome contains many kinds of small RNA molecules, often called microRNAs
(miRNAs) or sRNA.Due to their short length, these molecules can easily locate specific
genetic sequences and deactivate them.

sRNAs help the cell fine-tune gene expression. For example, in psychological stress, certain
microRNAs can alter the expression of stress-related genes such as those regulating cortisol.

3.8 EPIGENETIC FACTORS:

The term epigenetics comes from the Greek epi, meaning ‘“above” or “beyond.”
Epigenetics refers to long-lasting changes in gene expression that occur without altering the
DNA sequence itself.
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Epigenetic mechanisms include:

e Chemical tags added to DNA (e.g., methylation)

e Modifications on histones

o Structural changes in chromatin

These modifications can switch genes on or off.

For instance:

e Chronic stress may add methyl groups to certain genes, reducing their expression.

o Care giving behaviour in early childhood has been shown to influence epigenetic patterns
related to emotional regulation.

Epigenetics therefore explains how environment and experience shape biology.

3.9 VARIATIONS IN THE GENETIC CODE:

Genetic variation refers to a permanent alteration in the DNA sequence that makes everyone
biologically unique. These variations can differ in their impact on an organism. Some
changes are neutral and produce no noticeable effect on functioning. Others may be harmful,
potentially leading to genetic disorders or increasing susceptibility to disease. In some cases,
variations can be beneficial, providing advantages that support long-term adaptation and
survival within a given environment. Broadly, genetic variations can be classified into three
major types, each contributing differently to genetic diversity and evolutionary processes.

3.9.1. Single Nucleotide Polymorphism (SNP)

An SNP is a change involving a single nucleotide (A, T, C, or G).There are more than 10
million SNPs in the human genome.

Most SNPs do not affect gene expression. However:

o Some SNPs contribute to individual differences, such as skin, hair, or eye colour.

o Certain SNPs slightly modify the risk of developing common diseases such as diabetes,
stroke, depression, or heart conditions.

In behavioural genetics, SNPs are widely studied to understand risk factors for mental
disorders, intelligence variations, and personality traits.

3.9.2. Copy Number Variation (CNV)

At least 10% of the human genome consists of large DNA segments that may be:
o deleted

e duplicated

e inverted

e rearranged

These CNVs often include protein-coding genes. Therefore, they can significantly alter the
amount of protein produced.

Examples:

e Missing copies are reduced protein levels

o Extra copies are excessive protein, sometimes harmful

A notable case involves Parkinson’s disease. Individuals with multiple copies of the SNCA
gene, which produces the alpha-synuclein protein, may accumulate excess protein within
neurons. These protein clumps interfere with cellular function and contribute to disease.

3.9.3. Single Gene Mutations
Some variations affect only a single gene but can have major impacts.Such mutations can
severely alter the instructions for building a protein.
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Examples include:

o Huntington’s disease, caused by a mutation in the HTT gene

o Sickle-cell disease, resulting from a single base change in the haemoglobin gene

o Rare inherited neurological disorders that impair cell function, movement, or cognition
Because these mutations directly disrupt protein formation, their effects are typically severe
and predictable.

3.10 THE INFLUENCE OF BEHAVIOUR ON GENES:

While genes play a significant role in shaping human behaviour, research increasingly shows
that behaviour itself can influence how genes function. Certain actions, lifestyle habits, and
environmental conditions can activate (switch on) or silence (switch off) specific genes. This
dynamic interaction begins as early as the prenatal stage, emphasising the importance of
maternal health, environmental safety, and early developmental conditions.

Advances in neuroimaging techniques such as EEG and PET scans have allowed
psychologists to observe how different behaviours produce changes in brain activity. Such
scientific tools have helped identify genes involved in various behavioural patterns, including
those related to addiction, stress responses, and emotional regulation. A wide range of
behaviours—such as drug use, exposure to temperature or light, and nutritional practices—
have been found to bring about changes in gene expression.

3.11 DRUGS AND ALCOHOL:

Exposure to drugs and alcohol during pregnancy is one of the most significant behavioural

influences on genetic functioning. Harmful substances consumed by the mother can directly

impact the developing fetus, leading to several serious consequences:

e Neonatal withdrawal symptoms, in which newborns show distress due to prenatal
exposure to addictive substances.

o Fetal Alcohol Syndrome (FAS), which affects both the physical and mental development
of the child. Children with FAS often show poor growth, cognitive difficulties, and long-
term neurological damage.

Even after birth, substance use continues to affect gene activity. Addiction, for example, is
thought to have a genetic component. This may come either from inherited vulnerabilities or
from drug- or alcohol-induced changes in gene expression that increase susceptibility to
addictive behaviours.

3.12 TEMPERATURE:

Temperature is another environmental factor known to regulate gene expression. A classic

example can be seen in Himalayan rabbits, where pigmentation genes are sensitive to

temperature:

o In warmer parts of the body, the pigmentation genes remain inactive, resulting in white fur.

e In cooler extremities such as the nose, ears, and feet, the same genes become active,
producing dark pigmentation.

This example clearly illustrates how environmental conditions can determine how and when
certain genes are expressed.
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3.13 LIGHT:

Light exposure also plays a crucial role in influencing genetic activity. In one well-known
experiment, Thomas Hunt Morgan exposed caterpillars to different lighting conditions and
later observed the wing colour of the butterflies that emerged:

o Caterpillars exposed to red light developed butterflies with bright, vibrant wing colours.

e Those exposed to blue light produced butterflies with paler wing colours.

o Caterpillars kept in complete darkness developed the palest wings.

This finding shows that even a simple behaviour—such as seeking or avoiding light—can
lead to visible changes in gene expression, affecting the appearance of the adult organism.

3.14 NUTRITION:

Nutrition during early childhood is essential for healthy genetic functioning and overall
development. Studies show that children who do not receive adequate nutrition in the first
three years of life are at greater risk for:

e Long-term physical and mental health problems,

e Delays in cognitive and emotional development, and

e Poor performance in school.

These negative outcomes may be linked to changes in gene expression caused by nutritional
deficiencies during the critical periods of brain and body growth. Proper nutrition ensures that
the genes responsible for healthy development function optimally.

3.15 GENE-ENVIRONMENT INTERACTIONS:

Genes do not function in isolation. Although every individual inherits a biological foundation
through genetic makeup, we all exist within environments that profoundly influence how,
when, and to what extent our genes are expressed. The interaction between genes and the
environment is therefore central to understanding human development, behaviour, and
differences in potential.

One widely discussed concept in this context is the range of reaction. This theory proposes
that genes establish the upper and lower limits of our potential, while environmental
conditions determine where within this range an individual will actually fall. For example, a
child may inherit a high potential for intellectual ability. If the child grows up in a stimulating
and resource-rich environment, this potential is more likely to be realised. However, if the
child experiences severe deprivation, poor schooling, or inadequate nutrition, the inherited
potential may not be fully expressed. In this way, genetic limits exist, but the environment
shapes actual outcomes. Although this view is widely accepted, some scholars argue that
genes do not set strict boundaries and that environmental opportunities can sometimes go
beyond assumed genetic limits.

3.16 GENETIC-ENVIRONMENTAL CORRELATION:

Another important way of understanding the relationship between genes and environment is
through genetic environmental correlation. This concept suggests that genes and environment
influence each other in a bidirectional manner. That is, our genetic characteristics shape the
environments we experience, and in turn, these environments influence how our genes are
expressed.
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For instance, the child of a professional basketball player may inherit traits such as height,
strength, and coordination. At the same time, because of the parents’ background, the child
will likely be introduced to basketball early in life. This environment will further support the
development of the child’s athletic potential. Thus, inherited traits influence environmental
exposure, and the environment reinforces genetic potential.

3.17 EPIGENETICS: BEYOND THE FIXED GENOTYPE:

A third approach epigenetics that moves beyond the idea that genotypes are fixed limits.
Instead, epigenetics examines how the same genetic material can be expressed in different
ways depending on environmental conditions. This means that individuals who share
identical genetic information may still develop very different characteristics.

A powerful example comes from research on identical twins. Since identical twins come from
the same fertilised egg, they share the same genotype. Yet their life experiences often differ,
leading to differences in health, behaviour, and psychological outcomes. In extreme cases,
one twin may develop a serious illness while the other remains healthy. The case of Tiffany,
an identical twin who died of cancer at age 7 while her twin sibling remained healthy into
adulthood, reflects how identical genes can lead to different phenotypes because of epigenetic
influences. This perspective emphasises that gene expression is dynamic and shaped by life
experiences.

3.18 GENES AND BEHAVIOUR:

Genes influence far more than physical characteristics. Research has identified genetic links
to a variety of behavioural traits, including:

o temperament and personality,

» mental health conditions such as depression and schizophrenia,

¢ sexual orientation,

o religious or spiritual tendencies.

Thus, while genes provide the biological blueprint for the human body, they also contribute
significantly to behavioural patterns, emotional functioning, and susceptibility to
psychological disorders.

3.19 SUMMARY:

The study of heredity and environment provides a foundational understanding of how
biological and external factors interact to shape human development, mind, and behavior.
Heredity refers to the genetic information passed from parents to offspring, while the
environment includes all external influences ranging from prenatal conditions to social
experiences in childhood and adulthood. Together, these factors determine an individual’s
physical traits, cognitive capacities, and behavioral tendencies.

Genes, which are segments of DNA, play a crucial role in controlling the structure and
function of the body and brain. DNA contains the coded instructions for synthesizing
proteins—the building blocks responsible for cellular functions, neural communication, and
physiological processes. The flow of genetic information from DNA to RNA and finally to
protein represents the central dogma of molecular biology. Understanding DNA, genes, and
proteins is essential to understanding how biological traits are produced and maintained.
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Gene expression, the process through which genes are activated to produce proteins, is
regulated by numerous mechanisms. These include DNA-binding proteins, transcription
factors, and small RNA molecules (SRNA), which help determine when, where, and how
much of a gene’s product is produced. The determinants of gene expression are influenced by
both internal processes (such as cell type and developmental stage) and external
environmental signals.

Epigenetic factors add another layer of complexity to gene regulation. Epigenetics refers to
chemical modifications to DNA or its associated proteins that alter gene activity without
changing the DNA sequence itself. These changes may be shaped by experiences such as
early-life stress, nutrition, exposure to toxins, or parental care, and some epigenetic marks
may even be inherited by future generations.

Genetic variation contributes to individual differences among people. Variations include
single nucleotide polymorphisms (SNPs), copy number variations (CNVs), and single-gene
mutations. These changes can be neutral, harmful, or beneficial, influencing susceptibility to
diseases, behavioral traits, and adaptive capacity.

Environmental factors also play a critical role in influencing gene activity. Behaviors such as
exercise, sleep, learning, and stress management can modify gene expression through
biochemical pathways. Similarly, substances like drugs and alcohol can alter neural gene
functioning, sometimes leading to long-term behavioural and cognitive changes.
Environmental conditions such as temperature, light exposure, and nutritional intake also
have measurable effects on gene regulation.

The concepts of gene—environment interaction and genetic—environmental correlation further
illustrate that genes and environments do not act independently. Gene—environment
interactions describe how the effect of a genetic factor depends on the environment, while
genetic—environmental correlations explain how genetic predispositions may lead individuals
to select or create particular environments.

Overall, the chapter highlights that genes and behavior are deeply interconnected. Human
development is shaped by a dynamic interplay between biological mechanisms and
environmental influences, making both essential to understanding individual differences.

3.20 TECHNICAL TERMS:

1. DNA (Deoxyribonucleic Acid) — The hereditary material in cells that carries genetic
instructions for the development and functioning of all living organisms.

2. Gene — A segment of DNA that codes for specific proteins, influencing traits and
biological processes.

3. Protein Synthesis — The process by which cells produce proteins, involving transcription
of DNA into RNA and translation of RNA into amino acids.

4. Gene Expression — The activation of specific genes that leads to the production of
proteins; determines how cells function.

5. Epigenetics — Heritable changes in gene expression that occur without altering the
underlying DNA sequence, often influenced by environmental factors.

6. Single Nucleotide Polymorphism (SNP) — A genetic variation involving a change in a
single nucleotide in the DNA sequence; contributes to individual differences.

7. Copy Number Variation (CNV) — A form of genetic variation where sections of the
genome are repeated or deleted, affecting gene dosage.
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8. Mutation — A permanent alteration in the DNA sequence; may be neutral, harmful, or
beneficial.

9. Gene-Environment Interaction — A phenomenon in which the effect of an individual’s
genes depends on the specific environment they are exposed to.

10. sSRNA (Small RNA) — Small non-coding RNA molecules that regulate gene expression
by blocking or degrading mRNA.

3.21 SELF-ASSESSMENT QUESTIONS:

1. Explain how heredity and environment work together to shape human behavior and
development.

2. Describe the process of protein synthesis and its significance for brain and body
functioning.

3. What are the major types of genetic variation, and how do they contribute to individual
differences?

4. How do epigenetic mechanisms influence gene expression without altering the DNA
sequence?

5. Discuss how environmental factors such as nutrition or drug exposure can modify gene
activity and behavior.

3.22 SUGGESTED READINGS:
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LESSON- 4
NERVOUS SYSTEM AND ITS ORGANIZATION

OBJECTIVES:

1. To explain the structural and functional organisation of the nervous system

2. To describe the fundamental processes of sensation, integration, and response

3. To identify and differentiate the major cell types of nervous tissue

4. To discuss the structure and functions of key components of the brain and spinal cord,

5. To evaluate how the somatic and autonomic nervous systems regulate voluntary and

involuntary activities
STRUCTURE:

4.1. Introduction
4.2. Anatomical Divisions

4.3. Functional Divisions of the Nervous System
4.3.1. Basic Functions: Sensation, Integration, and Response

4.4. Somatic, Autonomic, and Enteric Nervous Systems
4.4.1. Somatic Nervous System (SNS)
4.4.2. Autonomic Nervous System (ANS)
4.4.3. Enteric Nervous System (ENS)

4.5. Nervous Tissue
4.5.1. Neurons
4.5.1.1. Parts of a Neuron — Dendrites, Axon, Myelin and Nodes of Ranvier
4.5.1.2. Types of Neurons
4.5.2. Glial Cells
4.5.3. Myelin

4.6. The Central Nervous System
4.6.1. The Cerebrum
4.6.2. Basal Nuclei
4.6.3. The Diencephalon
4.6.4. Thalamus
4.6.5. Hypothalamus
4.6.6. The Brainstem
4.6.7. Midbrain
4.6.8. Pons
4.6.9. Medulla Oblongata
4.6.10. The Cerebellum

4.7. The Spinal Cord
4.7.1. Regions of the Spinal Cord

4.8. The Peripheral Nervous System
4.8.1. Ganglia
4.8.2. Nerves

4.9. The Somatic Nervous System
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4.10. The Autonomic Nervous System (ANS)
4.10.1. Somatic vs Autonomic Nervous System
4.10.2. Sympathetic Division of the Autonomic Nervous System
4.10.3. Parasympathetic Division of the Autonomic Nervous System
4.10.4. Chemical Signalling in the Autonomic Nervous System

4.11 Summary
4.12 Technical Terms
4.13 Self-Assessment Questions

4.14 Suggested Readings

4.1 INTRODUCTION:

The image that most people hold of the nervous system usually includes the brain— the
nervous tissue housed within the cranium and the spinal cord, which extends through the
vertebral column. However, the nervous system is far more complex, consisting of billions of
interconnected neurons. Within the brain, several distinct regions carry out highly specialised
functions. In this sense, the nervous system can be viewed as a collection of multiple,
functionally separate units that appear similar in structure and can be differentiated only
through advanced methods such as microscopy or electrophysiology.

In contrast, it is relatively simple to distinguish the organs of the digestive system— for
example, the stomach, oesophagus, and liver— because each has a clearly identifiable
structure and function. Thus, while the digestive system can easily be visualised as a set of
distinct organs, the nervous system requires a more detailed scientific understanding to
appreciate its complexity.

4.2 ANATOMICAL DIVISIONS:

The nervous system is broadly divided into two major parts: the central nervous system
(CNS) and the peripheral nervous system (PNS). The CNS consists of the brain and spinal
cord, while the PNS includes all other neural structures.

The brain is located within the cranial cavity of the skull, and the spinal cord lies within the
vertebral cavity of the vertebral column. It is somewhat simplified to say that everything
inside these two cavities forms the CNS, and everything outside forms the PNS, but this is a
useful starting point for understanding the distinction. In reality, certain parts of the
peripheral nervous system also lie within the cranial or vertebral cavities. The term peripheral
indicates that these structures are located beyond the brain and spinal cord. However,
depending on the specific component of the nervous system being studied, the boundary
between the CNS and PNS is not always fixed or absolute.

4.3 FUNCTIONAL DIVISIONS OF THE NERVOUS SYSTEM:

The nervous system can be understood functionally in two major ways. First, it performs
three basic functions: sensation, integration, and response. Second, the body’s responses
can be controlled by either the somatic or autonomic divisions of the nervous system.
Additionally, a specialised part of the peripheral nervous system, the enteric nervous
system, manages gastrointestinal functions and is considered part of autonomic control.
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4.3.1. Basic Functions: Sensation, Integration, and Response

The nervous system receives information from the environment (sensation) and produces
appropriate reactions (motor responses). To understand this, we divide functions broadly
into sensory, integrative, and motor components.

Sensation
Sensation involves detecting changes inside or outside the body. These detected changes are
known as stimuli. The major external senses that taste, smell, touch, vision, and hearing
respond to different types of stimuli:

o Taste and smell: chemical molecules

e Touch: mechanical or physical pressure

e Vision: light

e Hearing: sound waves (a type of physical stimulus)
There are also internal sensory signals, such as stretching of organs or changes in blood ion
levels. These sensory inputs are carried to the nervous system for processing.

Response

A response is the action produced by the body after the integration of sensory inputs.
Responses can take various forms depending on the situation:

e Skeletal muscle movements, such as quickly pulling your hand away from a hot surface

e Smooth muscle contractions, such as the movements that push food along the digestive
tract

Cardiac muscle adjustments, such as increasing heart rate during exercise

Glandular activity, such as sweating when the body becomes warm

Responses are of two types:

Voluntary responses, which involve conscious control of skeletal muscles

Involuntary responses, which occur automatically and involve smooth muscles, cardiac
muscles, or glands

The somatic nervous system controls voluntary actions, while the autonomic nervous system
regulates involuntary activities necessary for maintaining balance and internal stability.

4.4 SOMATIC, AUTONOMIC, AND ENTERIC NERVOUS SYSTEMS:

4.4.1. Somatic Nervous System (SNS)

The somatic nervous system governs conscious sensations and voluntary motor actions. It is
responsible for processing sensory information from the skin, muscles, and joints and for
controlling skeletal muscle movements. Although skeletal muscle responses are usually
voluntary, the SNS also manages somatic reflexes—quick, automatic actions that do not
require conscious thought.

For instance, when someone suddenly startles you by shouting “Boo!”, you might jump back
or shout instantly. This response occurs without deliberate thinking. Similarly, many motor
skills—such as typing, driving, or playing a musical instrument—become automatic through
practice, forming what is known as procedural memory.

4.4.2. Autonomic Nervous System (ANS)

The autonomic nervous system regulates involuntary activities that maintain the body’s
internal balance or homeostasis. It receives sensory input from both internal organs and the
external environment and controls:
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e smooth muscle
e cardiac muscle
e various glands
The ANS ensures that processes such as heart rate, digestion, body temperature regulation,
and sweating happen seamlessly and automatically.
For example:
e Sweating due to heat helps regulate body temperature this is a homeostatic response.
o Sweating due to anxiety reflects an emotional response triggered by sympathetic
pathways.
Both responses involve autonomic mechanisms but occur for different reasons.

4.4.3. Enteric Nervous System (ENS)

The enteric nervous system is a large, specialised network of neurons located in the digestive
tract. It controls smooth muscle activity, glandular secretions, and local reflexes that regulate
digestion. Remarkably, the ENS can function independently of the central nervous system,
which is why it is often called the “second brain” of the body. Although it operates on its
own, the ENS remains closely connected to autonomic pathways that influence digestive
functions. For this reason, it is often grouped with the autonomic nervous system.

4.5 NERVOUS TISSUE:

Nervous tissue consists of two main types of cells: neurons and glial cells.
Neurons are the primary functional units of the nervous system. They process information,
generate electrical impulses, and communicate with other cells by releasing chemical signals.
Glial cells, also called neuroglia or simply glia, provide essential support to neurons.
Although neurons are the main cells responsible for information processing, they cannot
function effectively without the structural, protective, and metabolic support provided by
glial cells.

4.5.1. Neurons

Neurons are the basic structural and functional units of the nervous system. They carry
electrical signals that help us perceive sensations, think, learn, and produce movements. One
of the most important features of a neuron is its shape, which allows it to form thousands of
connections with other neurons.

4.5.1.1. Parts of a Neuron — Dendrites, Axon, Myelin and Nodes of Ranvier

The main part of a neuron is the cell body, or soma, which contains the nucleus and other
organelles required for the cell’s survival. What makes neurons unique is the presence of
long, branch-like extensions called processes. These include:

1. Dendrites

e Dendrites receive information from other neurons.

e They are usually short and highly branched.

o Example: When you touch a hot object, sensory neurons receive this information first
through dendrites.

2. Axon

e Each neuron has one axon.

e The axon carries electrical impulses away from the cell body toward other neurons or
target cells like muscles and glands.
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e A neuron may have one axon, but that axon can divide into many branches, enabling
communication with multiple cells.

The point where the axon begins is called the axon hillock, which is important because it is

the region where the electrical signal (action potential) is initiated.

3. Myelin and Nodes of Ranvier

Many axons are covered by myelin, a fatty, insulating substance produced by glial cells.
Myelin increases the speed of electrical conduction along the axon much like plastic
insulation around electrical wires. Myelin is not continuous along the axon. There are small
uncovered gaps called nodes of Ranvier. These gaps help the nerve impulse travel rapidly by
allowing the signal to “jump” from one node to the next, a process known as saltatory
conduction.

At the end of the axon, there are branches ending in synaptic end bulbs. These release

chemicals (neurotransmitters) at the synapse, the junction between two neurons or between a

neuron and its target cell.

Example: When you step on a sharp object:

e Sensory neurons pick up the pain signal through dendrites.

e The signal travels along the axon.

e At the spinal cord, the axon terminals release neurotransmitters.

e Motor neurons receive the signal and send a message to muscles to lift your foot
immediately.

4.5.1.2. Types of Neurons
There are trillions of neurons in the human nervous system. They can be classified in multiple
ways.

1. Based on Structure
The most common method is classification by shape or the number of processes:
e Multipolar neurons (one axon, many dendrites): common in the brain and spinal cord
e Bipolar neurons (one axon, one dendrite): found in special senses like the retina
e Unipolar neurons (one process that splits): common in sensory neurons
2. Based on Function
e Sensory neurons: carry information to the CNS
e Motor neurons: send commands from the CNS to muscles or glands
o Interneurons: connect neurons within the CNS and help in decision-making
3. Based on Discovery or Location
Some neurons are named after scientists. Example: Purkinje cells in the cerebellum are large
multipolar neurons named after Jan Evangelista Purkyn¢.

4.5.2. Glial Cells

Glial cells are the supportive cells of the nervous system, playing an essential role in
maintaining the health and efficiency of neurons. The word glia comes from the Greek term
for “glue,” reflecting the early belief that these cells simply held the nervous tissue together.
However, modern neuroscience shows that glial cells perform far more complex and vital
functions. They supply neurons with nutrients, maintain the chemical balance around them,
and provide insulation to ensure smooth transmission of nerve signals. Glial cells also help
remove waste products generated by neuronal activity and act as protective agents against
infections within the nervous system. Although glial cells do not generate electrical impulses
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like neurons, they are indispensable for creating a stable, healthy environment in which
neurons can function effectively.

4.5.3. Myelin

Myelin is produced by Oligodendrocytes in the central nervous system (CNS) and Schwann
cells in the peripheral nervous system (PNS). Although these two types of glial cells differ in
structure, both form a myelin sheath around axons. The sheath is made mostly of lipids (fat
molecules) and some key proteins that tightly wrap around the axon, forming layers.

Function of Myelin

e Speeds up nerve signal conduction

e Saves energy for the neuron

e Helps maintain the health of the axon

Example: Multiple Sclerosis (MS). In MS, the immune system attacks the myelin sheath in
the CNS, slowing down or blocking nerve signals. This can lead to weakness, vision
problems, and difficulties with coordination.

4.6 THE CENTRAL NERVOUS SYSTEM:

The brain and spinal cord together form the central nervous system (CNS), which is the core
control centre of all nervous functions. The spinal cord is a single elongated structure,
whereas the adult brain is organised into four major regions: the cerebrum, the diencephalon,
the brainstem, and the cerebellum.

All our conscious experiences such as thinking, decision-making, awareness, and voluntary
actions are produced by neural activity in the brain. A specialised part of the brain regulates
homeostasis, maintaining internal stability such as body temperature, hunger, and hormonal
balance. The spinal cord integrates sensory information and motor responses, which helps in
the coordination of reflex actions. for example, quickly withdrawing your hand from a hot
object.

4.6.1. The Cerebrum

The cerebrum is the large, grey, wrinkled structure that makes up most of the human brain. It
is divided into two halves: the right and left cerebral hemispheres. Many higher mental
functions such as memory, emotions, language, reasoning, and consciousness are generated
by activities in the cerebrum.

4.6.2. Basal Nuclei

Beneath the cerebral cortex lie several clusters of neurons called basal nuclei (also referred to
as basal ganglia, though this term may cause confusion because “ganglia” usually refers to
structures in the peripheral nervous system).

The basal nuclei play an important role in supporting and regulating the activity of the
cerebral cortex. For example:
e Some nuclei in the basal forebrain produce acetylcholine, a neurotransmitter that
enhances cortical activity. This helps improve attention and focus. For instance, when
a student is concentrating on classroom teaching, acetylcholine supports sustained
attention.
e Other basal nuclei help in initiating and controlling movement. They prevent
unwanted or inappropriate movements. For example, during a lecture, a student may
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feel restless, but the basal nuclei help prevent sudden impulses like standing up or
shouting.
Degeneration of cholinergic neurons in the basal forebrain is linked to Alzheimer’s disease,
which explains the decline in memory and cognitive functions seen in affected individuals.

4.6.3. The Diencephalon

The term diencephalon literally means “through the brain.” It serves as a major link between
the cerebrum and the rest of the nervous system. Almost all information coming from the
spinal cord, brainstem, and peripheral nerves passes through the diencephalon before
reaching the cerebrum. Similarly, output from the cerebrum also passes through this region.
The only exception is the olfactory system (sense of smell), which connects directly to the
cerebrum.

The diencephalon lies deep beneath the cerebrum and forms the walls of the third ventricle.
Any structure with the term “thalamus” in its name is generally considered part of the
diencephalon. The two major structures are the:

e Thalamus

o Hypothalamus

Other components include the epithalamus, which houses the pineal gland, and the
subthalamus, which contains the subthalamic nucleus, one of the basal nuclei.

4.6.4. Thalamus

The thalamus is a collection of interconnected nuclei that act as the brain’s central relay
station. It receives sensory information from the peripheral nervous system, spinal cord, and
brainstem and then sends this information to the appropriate areas of the cerebral cortex.

A key point is that all sensory information—except smell—passes through the thalamus.
For example:

e Visual signals first reach the thalamus, which helps decide what aspects of the visual

scene are important before sending them to the visual cortex.

e Touch, pain, and temperature sensations from the body also make a stop at the thalamus.
The thalamus does not simply relay signals; it processes, filters, and prioritises information. It
also receives input from the cerebrum, especially in relation to motor commands, and helps
coordinate voluntary movement.

4.6.5. Hypothalamus

The hypothalamus is a small but powerful structure located just beneath the thalamus, and it
plays a crucial role in maintaining the body’s internal balance, known as homeostasis. It
constantly monitors and regulates essential functions such as hunger, thirst, body
temperature, blood pressure, and the body’s natural sleep—wake cycle. Beyond these
physiological processes, the hypothalamus also influences emotional responses, linking
bodily states with feelings.

Serving as the major control centre for both the autonomic nervous system and the endocrine
system, the hypothalamus directs the activity of the pituitary gland, which releases hormones
that govern many key functions throughout the body. In addition to its regulatory roles, parts
of the hypothalamus contribute to memory formation and emotional processing, working
closely with the limbic system to integrate physiological states with behaviour and
experience.
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4.6.6. The Brainstem

The brainstem forms the central pathway between the cerebrum and the spinal cord. It
includes the midbrain, pons, and medulla oblongata, appearing as a narrowing stalk beneath
the cerebral hemispheres. Although the cerebellum is attached to it, the cerebellum is
considered a separate major division of the brain. The brainstem is essential for survival, as it
regulates fundamental life-sustaining functions such as heart rate, breathing, blood pressure,
and the sleep—wake cycle. It also serves as the main highway for nerve tracts travelling
between the brain and spinal cord and is the point of origin for most cranial nerves, which
manage sensory and motor functions of the head and neck.

4.6.7. Midbrain

The midbrain lies between the thalamus and the pons and contains the cerebral aqueduct, a
narrow channel that connects the upper and lower parts of the ventricular system. One of its
most distinctive features is the presence of four rounded bumps called the colliculi. The
inferior colliculi are part of the auditory pathway and help relay sound information to the
thalamus. The superior colliculi integrate visual, auditory, and tactile information, allowing
quick reflexive responses that guide eye movements and attention. For instance, if you hear a
bird chirping above you while walking across campus, the superior colliculus helps you
instinctively look toward the tree. If a drop of water suddenly lands on your head, the same
structure helps you link the sensation—sometimes grudgingly—to the bird overhead.

4.6.8. Pons

The pons, meaning “bridge,” is a thick band of white matter that connects the cerebellum to
the brainstem. It plays a key role in several functions, including sleep regulation, facial
sensations, and movements of the eyes and face. Its central position makes it an important
communication hub within the brain.

4.6.9. Medulla Oblongata

The medulla oblongata continues downward from the pons and contains part of the reticular
formation, a network involved in consciousness, alertness, and overall brain activity. The
medulla controls essential autonomic functions such as regulating heartbeat, adjusting blood
vessel diameter, and managing breathing rate and depth. Because these functions are vital for
life, injury to the medulla is almost always life-threatening.

4.6.10. The Cerebellum

Situated behind the brainstem, the cerebellum—often called the “little brain”—has a highly
folded surface similar to the cerebrum. It coordinates voluntary motor activity by integrating
motor commands from the cerebral cortex with sensory information from the body. This
coordination allows movements to be smooth, precise, and well-timed. Everyday activities
such as walking, writing, cycling, or playing a musical instrument rely heavily on the
cerebellum’s function. It also contributes to balance, posture, and fine motor control, ensuring
that movements are accurate and well maintained.

4.7 THE SPINAL CORD:

The spinal cord, unlike the brain, does not develop into expanded vesicles. Instead, it retains
the basic tubular structure of the early neural tube throughout development. Over time, this
simple tube becomes specialised into different functional regions that correspond to the
structure of the vertebral column.



Bio Psychology 4.9 Nervous System & its Organization

4.7.1. Regions of the Spinal Cord

The spinal cord is organised into distinct regions that align with the vertebrae of the spine.

Each region is named according to the point at which spinal nerves exit through the

intervertebral foramina. From the top of the spinal cord downward, these regions include:

e Cervical Region — located just below the brainstem and responsible for innervating the
neck, shoulders, arms, and diaphragm.

e Thoracic Region — associated with the chest and upper back.

o Lumbar Region — supplies nerves to the lower back and legs.

o Sacral Region — connected to the pelvic organs and lower limbs.

4.8 THE PERIPHERAL NERVOUS SYSTEM:

The peripheral nervous system (PNS) consists of all neural structures located outside the
brain and spinal cord. Unlike the central nervous system, it is not protected by bone. Many
components of the PNS are distributed throughout the body and embedded within different
organs. A major example is the enteric nervous system, which is found within the digestive
tract. This system is a specialised subdivision of the PNS and plays a crucial role in
coordinating digestive processes.

4.8.1. Ganglia

A ganglion is a cluster of neuron cell bodies located in the peripheral nervous system.
Ganglia serve as important relay and processing points for sensory and autonomic
information. They are mainly of two types:

4.8.2. Nerves
Bundles of axons in the PNS are called nerves. This differs from the central nervous system,
where similar bundles are called tracts.

Nerves are not made solely of neural tissue. They also contain:

o Connective tissue layers that protect the axons

o Blood vessels that supply essential nutrients

Nerves are classified based on their connections to the central nervous system.

Cranial Nerves (12 pairs)

e One important cranial nerve, the vagus nerve, extends far beyond the head and neck. It
reaches the chest and abdomen, where it plays a vital role in parasympathetic control of
organs such as the heart and digestive system.

Spinal Nerves (31 pairs)
e These nerves arise from the spinal cord.

4.9. THE SOMATIC NERVOUS SYSTEM:

The somatic nervous system is a functional division of the PNS. While the PNS describes the
anatomy, the somatic system describes activity. This system is responsible for conscious
perception of sensory information such as touch, pain, and temperature and voluntary control
of skeletal muscles.

Although sensory information is detected by receptors in the periphery, voluntary motor
commands are generated within the central nervous system.

A key feature of the somatic system is the reflex arc, the simplest pathway by which the body
produces automatic responses without conscious thought.
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The Stretch Reflex (Patellar Reflex)

The stretch reflex is one of the simplest and most fundamental reflexes. It protects muscles
from being overstretched and helps maintain posture and balance. The patellar (knee-jerk)
reflex is a classic example.

4.10. THE AUTONOMIC NERVOUS SYSTEM (ANS):

The autonomic nervous system controls many involuntary activities of the body. It is
commonly linked with the “fight-or-flight” response, which prepares the body to face danger
or escape from it. Although modern humans rarely encounter wild animals like a lioness on
the savannah, the body still reacts to everyday stress such as a strict boss or a sudden
emergency using the same biological mechanisms.

4.10.1. Somatic vs Autonomic Nervous System

The nervous system can be divided into the somatic and autonomic parts. Each has different
roles in the body. The somatic nervous system controls voluntary activities and skeletal
muscle movements. It also carries sensory information like touch, temperature, and pain.
Although some somatic actions, such as breathing, may occur unconsciously, they can still be
controlled voluntarily.

The autonomic nervous system, on the other hand, controls involuntary responses. It
regulates smooth muscles, cardiac muscles, and glands. This includes activities like heart
rate, digestion, sweating, and body temperature regulation. Unlike voluntary movements,
autonomic responses occur without conscious effort.

The autonomic system works through two major divisions:

1. Sympathetic Division — prepares the body for action (fight-or-flight)

2. Parasympathetic Division — promotes rest, recovery, and digestion (rest-and-digest)
Most organs receive signals from both divisions, and their activity depends on the balance
between the two.

4.10.2. Sympathetic Division of the Autonomic Nervous System
The sympathetic system prepares the body to deal with danger or stress. When activated, it
produces fast and widespread effects in many organs simultaneously. For example, during a
threat:

e Breathing rate increases so more oxygen can enter the body.

o Heart rate and blood pressure rise to supply the muscles with oxygen and nutrients.

e Sweat glands become active to cool the body.

o Digestive activity slows down because energy is needed elsewhere.

4.10.3. Parasympathetic Division of the Autonomic Nervous System
The parasympathetic division becomes active when the body is at rest. It supports functions
like digestion, urination, and energy storage. Its actions usually oppose those of the
sympathetic division.
Parasympathetic activation:

e Slows down the heart rate

e Reduces breathing rate

e Increases digestion

e Supports reproduction and elimination processes
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4.10.4. Chemical Signalling in the Autonomic Nervous System
Communication in the autonomic nervous system occurs through chemical messengers
released at synapses. These messengers bind to receptors on target organs.
There are two main types of synapses in the ANS:
1. Cholinergic Synapses — release acetylcholine (ACh)
2. Adrenergic Synapses — release norepinephrine (noradrenaline)

4.11 SUMMARY:

The nervous system is a highly organised communication network responsible for regulating
every activity of the human body. It is divided anatomically into the central nervous system
(CNS)——comprising the brain and spinal cord—and the peripheral nervous system (PNS),
which includes all neural structures outside the CNS. Functionally, the nervous system carries
out three essential tasks: sensation, where sensory receptors detect stimuli; integration, where
incoming information is processed and compared with memories, emotions, and past
experiences; and response, where the body produces voluntary or involuntary actions.

4.12 SELF-ASSESSMENT QUESTIONS:

1. Explain the three fundamental functions of the nervous system—sensation, integration,
and response and provide one real-life example illustrating how they work together.

2. Differentiate between the somatic, autonomic, and enteric nervous systems. How does
each division contribute to maintaining normal body function?

3. Describe the structure of a neuron, including the roles of dendrites, the axon, myelin, and
the nodes of Ranvier in neural communication.

4. What are the major functions of the hypothalamus, brainstem, and cerebellum? Explain
how damage to each structure would affect behaviour or bodily function.

5. Compare the sympathetic and parasympathetic divisions of the autonomic nervous
system. What physiological changes would you expect during stress versus relaxation?

4.13 SUGGESTED READINGS:

S. (2013). Principles of biopsychology. Psychology press.

Higgs,., & Grealy, M. (2025). Biopsychology: The Basics. Routledge.
Barnes, J S., Cooper, A., & Lee, J. (2023). Biological psychology. SAGE.
Winn, P Kalat, J. W. (2023). Biological psychology. Cengage Learning.
Greene,. (2013). Essential biological psychology.
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LESSON- 5
STRUCTURE AND FUNCTIONS OF NEURON

OBJECTIVES:

After reading this lesson, the student will be able to

1. To understand the term neuron

2. To understand the structure and function of neuron
3. To understand the classification and types of neurons

STRUCTURE:

5.1 Definition of neuron

5.2 Structure and function of a neuron
5.3 Classification and types of neurons
5.4 Summary

2.5 Technical Terms

5.6 Self-Assessment Questions

5.7 Suggested Readings
5.1 DEFINITION OF NEURON:

Neurons are the fundamental unit of the nervous system specialized to transmit information
to different parts of the body.

Neurons (also called neurones or nerve cells) are the fundamental units of the brain and
nervous system, the cells responsible for receiving sensory input from the external world, for
sending motor commands to our muscles, and for transforming and relaying the electrical
signals at every step in between. More than that, their interactions define who we are as
people. Having said that, our roughly 100 billion neurons do interact closely with other cell
types, broadly classified as glia.

5.2 STRUCTURE AND FUNCTION OF A NEURON:

The nervous system
In humans and other vertebrates, the nervous system can be broadly divided into two
sections: the central nervous system and the peripheral nervous system.

e The central nervous system (CNS) consists of the brain and the spinal cord. It is in the
CNS that all of the analysis of information takes place.

e The peripheral nervous system (PNS), which consists of the neurons and parts of
neurons found outside of the CNS, includes sensory neurons and motor neurons. Sensory
neurons bring signals into the CNS, and motor neurons carry signals out of the CNS.

The cell bodies of some PNS neurons, such as the motor neurons that control skeletal muscle
(the type of muscle found in your arm or leg), are located in the CNS. These motor neurons
have long extensions (axons) that run from the CNS all the way to the muscles they connect
with (innervate). The cell bodies of other PNS neurons, such as the sensory neurons that
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provide information about touch, position, pain, and temperature, are located outside of the
CNS, where they are found in clusters known as ganglia.

The axons of peripheral neurons that travel a common route are bundled together to
form nerves.

Classes of neurons
Based on their roles, the neurons found in the human nervous system can be divided into
three classes: sensory neurons, motor neurons, and interneurons.

Sensory neurons

Sensory neurons get information about what's going on inside and outside of the body and
bring that information into the CNS so it can be processed. For instance, if you picked up a
hot coal, sensory neurons with endings in your fingertips would convey the information to
your CNS that it was really hot.

Motor neurons

Motor neurons get information from other neurons and convey commands to your muscles,
organs and glands. For instance, if you picked up a hot coal, it motor neurons innervating the
muscles in your fingers would cause your hand to let go.

Interneurons

Interneurons, which are found only in the CNS, connect one neuron to another. They receive
information from other neurons (either sensory neurons or interneurons) and transmit
information to other neurons (either motor neurons or interneurons).

For instance, if you picked up a hot coal, the signal from the sensory neurons in your
fingertips would travel to interneurons in your spinal cord. Some of these interneurons would
signal to the motor neurons controlling your finger muscles (causing you to let go), while
others would transmit the signal up the spinal cord to neurons in the brain, where it would be
perceived as pain.

Interneurons are the most numerous class of neurons and are involved in processing
information, both in simple reflex circuits (like those triggered by hot objects) and in more
complex circuits in the brain. It would be combinations of interneurons in your brain that
would allow you to draw the conclusion that things that looked like hot coals weren't good to
pick up, and, hopefully, retain that information for future reference.

The basic functions of a neuron
If you think about the roles of the three classes of neurons, you can make the generalization
that all neurons have three basic functions. These are to:

1. Receive signals (or information).

2. Integrate incoming signals (to determine whether or not the information should be passed

along).

3. Communicate signals to target cells (other neurons or muscles or glands).
These neuronal functions are reflected in the anatomy of the neuron.

Anatomy of a neuron

Neurons, like other cells, have a cell body (called the soma). The nucleus of the neuron is
found in the soma. Neurons need to produce a lot of proteins, and most neuronal proteins are
synthesized in the soma as well.
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Various processes (appendages or protrusions) extend from the cell body. These include
many short, branching processes, known as dendrites, and a separate process that is typically
longer than the dendrites, known as the axon.

Dendrites

The first two neuronal functions, receiving and processing incoming information, generally
take place in the dendrites and cell body. Incoming signals can be either excitatory — which
means they tend to make the neuron fire (generate an electrical impulse) — or inhibitory —
which means that they tend to keep the neuron from firing.

Most neurons receive many input signals throughout their dendritic trees. A single neuron
may have more than one set of dendrites, and may receive many thousands of input signals.
Whether or not a neuron is excited into firing an impulse depends on the sum of all of the
excitatory and inhibitory signals it receives. If the neuron does end up firing, the nerve
impulse, or action potential, is conducted down the axon.

Soma (cell body)

N
.

Axon hillock wy w
Myelin

k QO @ ) Synapse
- O 4
Neuro- o o
i ¥
transmitter a

Axon terminal

Postsynaptic cell

Figure 5.1. Synapsis and ganglia cells

Axons
Axons differ from dendrites in several ways.

e The dendrites tend to taper and are often covered with little bumps called spines. In
contrast, the axon tends to stay the same diameter for most of its length and doesn't have
spines.

o The axon arises from the cell body at a specialized area called the axon hillock.

o Finally, many axons are covered with a special insulating substance called myelin, which
helps them convey the nerve impulse rapidly. Myelin is never found on dendrites.
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Towards its end, the axon splits up into many branches and develops bulbous swellings
known as axon terminals (or nerve terminals). These axon terminals make connections on
target cells.

Synapses

Neuron-to-neuron connections are made onto the dendrites and cell bodies of other neurons.
These connections, known as synapses, are the sites at which information is carried from the
first neuron, the presynaptic neuron, to the target neuron (the postsynaptic neuron). The
synaptic connections between neurons and skeletal muscle cells are generally called
neuromuscular junctions, and the connections between neurons and smooth muscle cells or
glands are known as neuroeffector junctions.

At most synapses and junctions, information is transmitted in the form of chemical
messengers called neurotransmitters. When an action potential travels down an axon and
reaches the axon terminal, it triggers the release of neurotransmitter from the presynaptic cell.
Neurotransmitter molecules cross the synapse and bind to membrane receptors on the
postsynaptic cell, conveying an excitatory or inhibitory signal.

Thus, the third basic neuronal function — communicating information to target cells — is
carried out by the axon and the axon terminals. Just as a single neuron may receive inputs
from many presynaptic neurons, it may also make synaptic connections on numerous
postsynaptic neurons via different axon terminals.

5.3 CLASSIFICATION AND TYPES OF A NEURON:

Scientists claiedssif neurons into four groups based on structural differences:

o Unipolar neurons: These neurons have a single long axon that is responsible for sending
electrical signals. The axon in unipolar neurons is myelinated, which allows for rapid signal
transmission.

Unipolar neurons, often referred to as ‘true’ unipolar neurons, feature a single process
extending from the cell body (soma), which then branches into dendrites or an axon. In the
context of human neurophysiology, the term "unipolar" is sometimes mistakenly used in
place of "pseudounipolar." True unipolar neurons have traditionally been considered as absent
in the mature vertebrate nervous system (specific developmental stages may display neurons
with only one process); they are predominantly observed in invertebrates, where they form a
prevalent neuronal population.

e  Multipolar neurons: These neurons can receive impulses from multiple neurons
via dendrites. The dendrites transmit the signals through the neuron via an electrical signal
that is spread down the axon.

Multipolar neurons are the dominant type of neurons in vertebrates. They are characterized
by multiple processes: a single axon and numerous dendrites. The dendrites originate from
different regions of the cell body, displaying varying degrees of branching and directionality.

Multipolar neurons are notable for their extensive diversity, manifesting in a wide range of
sizes, shapes and complexity within their dendritic tree. Their cell bodies may measure as
small as 5 um in diameter or reach as large as 100 um, as exemplified by the giant pyramidal
cells (of Betz). The cell body can take on various forms, including ovoid, spherical, pyriform
or fusiform, while the axon may be short or long. Multipolar neurons can further be
categorized depending on similarities in morphology and function. Some common subtypes
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of multipolar neurons with characteristic morphology are pyramidal, stellate, Purkinje and
granule cells.

o Bipolar neurons: These neurons send signals and receive information from the world.
Examples include the neurons in the eye that receive light and then transmit signals to the
brain.

Bipolar neurons bear an oval shaped cell body possessing two processes: one axon and one
process functioning as a distant dendrite. In humans, these neurons serve as sensory neurons
and are primarily found in special sensory organs such as the olfactory epithelium, retina and
vestibulocochlear apparatus.

The terminal ramifications in the periphery receive signals from the sensory organs and
combine into one process that reaches the cell body. The axon transfers the signal from the cell
body to the central nervous system (CNS) and distributes impulses to second order afferent
neurons. Both processes exhibit axonal characteristics and can be encased in amyelin
sheath which increases the speed of impulse conduction.

e Pseudo-unipolar neurons: These neurons relay signals from the skin and muscles to the
spinal cord. They are the primary neurons responsible for coordinating the movement of the
arms and legs using input from the brain.

Pseudounipolar neurons consist of one short process, which splits into two other processes.
They serve as sensory neurons and, along with bipolar neurons, constitute the entirety of the
primary sensory neurons within the human peripheral nervous system (PNS). Except for the
olfactory epithelium, retina and vestibulocochlear apparatus, pseudounipolar neurons are found
in all sensory ganglia of cranial and spinal nerves.

Pseudounipolar neurons can be considered as variations of bipolar neurons. During
development, the opposing processes of certain bipolar neurons shift around the cell body and
combine into a single, short-length axon proximal to the cell body. After a brief course, the
axon forms a T-shaped junction. The peripheral/distal process of the axon terminates in the
periphery, where the terminal ramifications respond to a wide range of stimuli, thus functioning
as distant dendrites. These tend to be the longer of the two axonal branches, however this
depends on the site of innervation. For example, neurons which innervate the foot may have a
lengthy peripheral branch, in contrast to cranial nerves.

The second branch, known as the central/proximal process, is usually shorter, terminating in
the CNS where they distribute impulses to second order afferent neurons. In the case of cranial
nerves, the central process terminates in specialized nuclei of the cerebrum and brainstem.
Meanwhile, those of the sensory spinal nerves terminate in the posterior horn of the spinal
cord gray matter. Nerve impulses in these neurons can pass from the peripheral to central
processes without the involvement of the cell body in signal processing. The cell body mainly
retains trophic functions (i.e. support, nourishment and maintenance of the neuron).




Centre for Distance Education 5.6 Acharya Nagarjuna University

Unipolar Bipolar  Pseudounipolar Multipolar
P Dendrite
col — %8 7 l Fg ;
body ¥ Ny & ‘j/
b 0 “ T
b P >~ "
B i' '-'1‘
-fl @) b
Myelin —:l Y Axon | !
1]
. : ‘:I'
| ] b
b b Sensory 1

¥ receptor | 14
] / \ 2
%_7 Sensory \ AN 4

receptor

5.4. SUMMARY:

Neurons are responsible for transmitting signals throughout the body, a process that allows
people to navigate the world. Different types of neurons include sensory, motor, and
interneurons, as well as their structurally based features, which include unipolar, multipolar,
bipolar, and pseudo-unipolar neurons.

These cells coordinate bodily functions and movement quickly, often without intentional
thought. They can also be affected differently by health conditions.

5.5 TECHNICAL TERMS:

Structural Components:

Cell Body (Soma): Contains the nucleus and other essential organelles, serving as the
neuron's central processing unit.

Dendrites: Branch-like extensions that receive incoming signals from other neurons or
sensory receptors.

Axon: A long, slender projection that carries electrical impulses (action potentials) away
from the cell body to other neurons or target cells.

Axon Terminals: Branches at the end of the axon that form synapses with other cells.
Myelin Sheath: A fatty insulation layer that surrounds the axon, speeding up signal
transmission.

Nodes of Ranvier: Gaps in the myelin sheath that allow for saltatory conduction (faster
signal transmission).

Functional Classifications:

Sensory Neurons: Carry signals from sensory receptors to the central nervous system
(brain and spinal cord).

Motor Neurons: Carry signals from the central nervous system to muscles, glands, and
other target cells.

Interneurons: Connect neurons within the central nervous system, acting as
intermediaries in neural circuits.

Types of Neurons Based on Structure:

Unipolar Neurons: Have a single process extending from the cell body.

Bipolar Neurons: Have one axon and one dendrite extending from the cell body.
Multipolar Neurons: Have one axon and multiple dendrites.
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e Pseudounipolar Neurons: Have a single process that splits into two branches, one
acting as an axon and the other as a dendrite.

e Anaxonic Neurons: Neurons where the axon cannot be distinguished from the
dendrites.

5.5 SELF-ASSESSMENT QUESTIONS:

1. Describe structure of neuron
2. Classify the types of neuron.
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LESSON- 6
SYNAPTIC INFLUENCE AND NEUROTRANSMITTER

OBJECTIVES:

After reading this lesson, the student will be able
1. To understand synaptic structure

2. To comprehend synaptic transmission

3. To define neurotransmitters and their function

STRUCTURE:

6.1 Synaptic structure

6.2 Nature of Neural Impulse
6.3 Synaptic Transmission

6.4 Synaptic Plasticity

6.5 Summary

6.6 Technical Terms

6.7 Self-Assessment Questions

6.8 Suggested Readings
6.1 SYNAPTIC STRUCTURE

The human brain comprises approximately 86 billion neurons that “talk” to each other using a
combination of electrical and chemical (electrochemical) signals. The places where neurons
connect and communicate with each other are called synapses. Each neuron has anywhere
between a few to hundreds of thousands of synaptic connections, which can be with itself,
neighboring neurons, or neurons in other brain regions. A synapse is made up of a presynaptic
and postsynaptic terminal. The presynaptic terminal is at the end of an axon, where the
electrical signal (the action potential) is converted into a chemical signal (neurotransmitter
release). The postsynaptic terminal membrane is less than 50 nanometers away and contains
specialized receptors. The neurotransmitter rapidly (in microseconds) diffuses across the
synaptic cleft and binds to specific receptors. The type of neurotransmitter released from the
presynaptic terminal and the specific receptors on the corresponding postsynaptic terminal
are critical in determining the quality and intensity of information transmitted by neurons.
The postsynaptic neuron integrates all the signals it receives to determine what it does next,
for example, to fire an action potential of its own or not.

Mechanism Synapses

As previously mentioned, there are 2 major types of synapses: electrical and chemical. In
mammals, the majority of synapses are chemical. Chemical synapses can be differentiated
from electrical synapses by a few distinguishing criteria: they use neurotransmitters to relay
the signal and vesicles are used to store and transport the neurotransmitter from the cell body
to the terminal; furthermore, the pre-synaptic terminal have a very active membrane and the
post-synaptic membrane consists of a thick cell membrane made up of many receptors. In
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between these 2 membranes is a very distinct cleft (easily visualized with electron
microscopy). The chemical neurotransmitter released must diffuse across this cleft to elicit a
response in the receptive neuron. Because of this, the synaptic delay, defined as the time it
takes for current in the pre-synaptic neuron to be transmitted to the post-synaptic neuron, is
approximately 0.5 to 1.0 ms. This differs from the electrical synapse, which typically consists
of 2 membranes located much closer to each other than in a chemical synapse. These
membranes possess channels formed by proteins known as connexins, which allow the direct
passage of current from 1 neuron to the next and do not rely on neurotransmitters. The
synaptic delay is significantly shorter in electrical synapses versus chemical synapses.

The rest of the discussion focuses on chemical synapses, which are very diverse. They vary
not only in shape and structure but also in the chemical that is transmitted. Synapses can be
excitatory or inhibitory and use a variety of chemical molecules and proteins, as discussed
below.

Multiple types of neurotransmitters used in synaptic communication include, but are not

limited to:

e Acetylcholine (ACh): One of the most important neurotransmitters found in multiple
synapses in the body, including, but not limited to, the neuromuscular junction, autonomic
ganglia, caudate nucleus, and the limbic system. Generally, ACh is an excitatory
neurotransmitter at the neuromuscular junction and in the autonomic ganglia. In the brain,
Ach is synthesized in the basal nucleus of Meynert.

e Norepinephrine (NE): The most important molecule in the sympathetic nervous system
signaling, except for the sweat glands. NE is mainly found in the locus coeruleus and
lateral tegmental nuclei in the brain.

e Dopamine (DA): Dopamine signaling is generally inhibitory. There are3 major
dopaminergic pathways in the brain, the nigrostriatal, mesolimbic, and mesocortical, each
serving different roles. One of the most well-known disease states involving dopamine is
Parkinson's disease, where there is degeneration of dopaminergic neurons in the substantia
nigra.

e Serotonin (5-HT): Produced from tryptophan using tryptophan hydroxylase, which is
mostly found in the brain (raphe nucleus) and the gastrointestinal (GI) tract. Serotonin is
mostly known for its role as a regulatory neurotransmitter and is implicated in various
mood states and diseases.

e Common neurotransmitters include other catecholamines, gamma-aminobutyric acid
(GABA), glycine, and glutamic acid.

The easiest approach to understanding synaptic transmission is to think of it as a stepwise

process, beginning with synthesizing the neurotransmitter and ending with its release.

1. Synthesis: The neurotransmitter is synthesized in the cell body, where it is transmitted
down the microtubules of the axon to the presynaptic terminal. Alternatively, it is
synthesized directly in the presynaptic terminal from recycled neurotransmitters. The
neurotransmitter is then stored in presynaptic vesicles until its release.

2. Release: The neurotransmitter is released in a regulated fashion from the pre-synaptic
neuron into the synaptic cleft.

3. Receptor activation: The neurotransmitter binds to post-synaptic receptors and produces
a response in the post-synaptic neuron.

4. Signal termination: Some mechanism must terminate the signal, normally by eliminating
excess neurotransmitters from the synaptic cleft.
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Synthesis

Neurotransmitters are synthesized differently depending on their type. They can be small-
molecule chemicals, such as dopamine and serotonin, or small neuropeptides, such as
enkephalin.

e Neuropeptides are synthesized in the cell body using the typical protein synthesis and
translation pathways (rough endoplasmic reticulum and Golgi apparatus). They are then
packaged into large, dense-core vesicles along with a protease. These vesicles are rapidly
transported down the axon using microtubular proteins such as kinesin. They are ready to
be released when they arrive at the pre-synaptic terminal.

e Small-molecule neurotransmitters are synthesized in the cell body and transported down
the axon in small, clear core vesicles. Upon arriving at the pre-synaptic terminal,
enzymes modify the small-molecule neurotransmitter, which can then be released from
the vesicles into the cleft.

Release

Now that the neurotransmitters are stored in the vesicles in the pre-synaptic terminal, they
must be released into the cleft. Along the membrane of the vesicle and the presynaptic
membrane are proteins known as SNARE proteins; these proteins are essential in binding the
vesicles to the membrane and releasing their contents. The membrane depolarizes as the
action potential propagates down the pre-synaptic neuron. Once the action potential arrives at
the pre-synaptic terminal, the depolarization of the membrane allows the voltage-dependent
calcium channels to open, allowing the rapid influx of calcium into the pre-synaptic terminal.
The influx of calcium causes the SNARE proteins to activate and change conformation,
allowing the fusion of vesicles to the membrane and releasing their contents. The
neurotransmitter spills into the synaptic cleft, and the vesicle membrane is recovered via
endocytosis.

Receptor Activation

Once the neurotransmitter binds to the post-synaptic neuron, it can generally activate 1 of 2

types of receptors: a ligand-gated ion channel or a G-protein receptor.

e Ligand-Gated Ion Channel: When the neurotransmitter binds to this receptor, the
attached ion channel has a direct opening or closing. In other words, the neurotransmitter
acts directly on the target ion channel. This receptor type is described as “fast” because it
generally only takes a few milliseconds to produce a response and is terminated
very quickly. These receptors can be excitatory or inhibitory, depending on which
neurotransmitter is binding to the receptor.

e G-Protein Coupled Receptors: These receptors produce a response (opening or closing an
ion channel) by activating a signaling cascade involving secondary messengers. The
most common secondary messengers are cyclic adenosine monophosphate (cAMP),
inositol triphosphate (IP3), and diacylglycerol (DAG). When the neurotransmitter binds
to the receptor, it activates the G-protein, which binds to guanosine triphosphate (GTP)
and is activated. This activates the secondary messenger cascade, eventually leading to
the phosphorylation of ion channels. Due to multiple steps having to take place to
generate the final response, this pathway is generally described as “slow,” and the effects
last longer (seconds to minutes).

Signal Termination
Inactivation of the signal must involve clearing the neurotransmitter from the synapse in at
least 1 of 3 ways:
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o Re-uptake: Re-uptake can either be pre-synaptic or by glial cells. One important point to
remember about reuptake is that only small-molecule chemical neurotransmitters can be
taken back up. Neuropeptides cannot participate in reuptake; they must be eliminated by
other means, such as degradation.

o

In pre-synaptic reuptake, the pre-synaptic neuron uses either endocytosis or specific
transporters to remove the neurotransmitter from the synapse. This mechanism has the
advantage of being recyclable, which prevents the neuron from having to re-synthesize
the neurotransmitter every cycle of release.

In some cases, like with glutamate, a glial cell is involved in the reuptake. Glutamate is
toxic to the cell, so it is stored inside the neuron as glutamine. When glutamate is
released into the synapse, it be taken up by the glial cell using a specific transporter,
converted into glutamine via glutaminase, and then returned to the neuron to be recycled.

e Enzymatic Destruction: The neurotransmitter can be destroyed directly in the cleft or pre-
synaptic terminal using certain enzymes. Two major enzymes are involved in the destruction
of the neurotransmitter:

o

Monoamine Oxidases (MAO): These enzymes oxidize and, therefore, inactivate the
monoamines. They do this by using oxygen to remove the amine group. These are split
into MAO-A and MAO-B based on substrates. MAO-A is mostly responsible for
breaking down serotonin, melatonin, norepinephrine, and epinephrine. Both forms break
down dopamine, tyramine, and tryptamine equally. MAO-B also breaks down
phenethylamine and benzylamine.

Catechol-O-Methyltransferase (COMT): Generally, COMT is responsible for degrading
catecholamines, including dopamine, epinephrine, and norepinephrine, as well as most
substances with a catechol structure.

It is important to note that both of the above enzymes are very frequent targets of therapeutic
medications. Eliminating these enzymes allows the neurotransmitter to remain in the synapse
for longer, which can be beneficial in eliminating the symptoms of many disease processes.

Diffusion: In the simplest termination form, the neurotransmitter can simply diffuse

out of the synaptic cleft, away from the receptors, and into nearby blood vessels. This
decreases the concentration of the neurotransmitter in the synapse, gradually reducing the
effect the neurotransmitter has on the post-synaptic neuron.
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Figure 6.1 A) Synapses; B) Synaptic communication
6.2 NATURE OF NERVE IMPULSE:

All functions performed by the nervous system—ifrom a simple motor reflex to more
advanced functions like making a memory or a decision—require neurons to communicate
with one another. While humans use words and body language to communicate, neurons use
electrical and chemical signals. Just like a person in a committee, one neuron usually receives
and synthesizes messages from multiple other neurons before “making the decision” to send
the message on to other neurons.

Nerve Impulse Transmission within a Neuron

For the nervous system to function, neurons must be able to send and receive signals. These
signals are possible because each neuron has a charged cellular membrane (a voltage
difference between the inside and the outside), and the charge of this membrane can change
in response to neurotransmitter molecules released from other neurons and environmental
stimuli. To understand how neurons communicate, one must first understand the basis of the
baseline or ‘resting’ membrane charge.
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Neuronal Charged Membranes

The lipid bilayer membrane that surrounds a neuron is impermeable to charged molecules or
ions. To enter or exit the neuron, ions must pass through special proteins called ion channels
that span the membrane. Ion channels have different configurations: open, closed, and
inactive, as illustrated in Figure 42.2.142.2.1. Some ion channels need to be activated in order
to open and allow ions to pass into or out of the cell. These ion channels are sensitive to the
environment and can change their shape accordingly. Ion channels that change their structure
in response to voltage changes are called voltage-gated ion channels. Voltage-gated ion
channels regulate the relative concentrations of different ions inside and outside the cell. The
difference in total charge between the inside and outside of the cell is called the membrane
potential.

Voltage-gated Na* Channels

Cytoplasm
Closed At the resting potential, the Open In response to a nerve impulse, Inactivated For a brief period following
channel is closed. the gate opens and Na™ enters the cell. activation, the channel does not open

in response to a new signal.

Figure 6.2. Voltage-gated ion channels open in response to changes in membrane
voltage. After activation, they become inactivated for a brief period and will no longer
open in response to a signal.

Resting Membrane Potential

A neuron at rest is negatively charged: the inside of a cell is approximately 70 millivolts more
negative than the outside (=70 mV, note that this number varies by neuron type and by
species). This voltage is called the resting membrane potential; it is caused by differences in
the concentrations of ions inside and outside the cell. If the membrane were equally
permeable to all ions, each type of ion would flow across the membrane and the system
would reach equilibrium. Because ions cannot simply cross the membrane at will, there are
different concentrations of several ions inside and outside the cell, as shown in the table
below. The difference in the number of positively charged potassium ions (K) inside and
outside the cell dominates the resting membrane potential (Figure 42.2.242.2.2). When the
membrane is at rest, K ions accumulate inside the cell due to a net movement with the
concentration gradient. The negative resting membrane potential is created and maintained by
increasing the concentration of cations outside the cell (in the extracellular fluid) relative to
inside the cell (in the cytoplasm). The negative charge within the cell is created by the cell
membrane being more permeable to potassium ion movement than sodium ion movement. In
neurons, potassium ions are maintained at high concentrations within the cell while sodium
ions are maintained at high concentrations outside of the cell. The cell possesses potassium
and sodium leakage channels that allow the two cations to diffuse down their concentration
gradient. However, the neurons have far more potassium leakage channels than sodium
leakage channels. Therefore, potassium diffuses out of the cell at a much faster rate than
sodium leaks in. Because more cations are leaving the cell than are entering, this causes the
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interior of the cell to be negatively charged relative to the outside of the cell. The actions of
the sodium potassium pump help to maintain the resting potential, once established. Recall
that sodium potassium pumps brings two K ions into the cell while removing three Na" ions
per ATP consumed. As more cations are expelled from the cell than taken in, the inside of the
cell remains negatively charged relative to the extracellular fluid. It should be noted that
calcium ions (CIl") tend to accumulate outside of the cell because they are repelled by
negatively-charged proteins within the cytoplasm.

Action Potential

A neuron can receive input from other neurons and, if this input is strong enough, send the
signal to downstream neurons. Transmission of a signal between neurons is generally carried
by a chemical called a neurotransmitter. Transmission of a signal within a neuron (from
dendrite to axon terminal) is carried by a brief reversal of the resting membrane potential
called an action potential. When neurotransmitter molecules bind to receptors located on a
neuron’s dendrites, ion channels open. At excitatory synapses, this opening allows positive
ions to enter the neuron and results in depolarization of the membrane—a decrease in the
difference in voltage between the inside and outside of the neuron. A stimulus from a sensory
cell or another neuron depolarizes the target neuron to its threshold potential (-55 mV).
Na' channels in the axon hillock open, allowing positive ions to enter the cell
(Figure 42.2.342.2.3 and Figure 42.2.442.2.4). Once the sodium channels open, the neuron
completely depolarizes to a membrane potential of about +40 mV. Action potentials are
considered an "all-or nothing" event, in that, once the threshold potential is reached, the
neuron always completely depolarizes. Once depolarization is complete, the cell must now
"reset" its membrane voltage back to the resting potential. To accomplish this, the
Na' channels close and cannot be opened. This begins the neuron's refractory period, in
which it cannot produce another action potential because its sodium channels will not open.

At the same time, voltage-gated K channels open, allowing K* to leave the cell. As K" ions
leave the cell, the membrane potential once again becomes negative. The diffusion of K* out
of the cell actually hyperpolarizes the cell, in that the membrane potential becomes more
negative than the cell's normal resting potential. At this point, the sodium channels will return
to their resting state, meaning they are ready to open again if the membrane potential again
exceeds the threshold potential. Eventually the extra K™ ions diffuse out of the cell through
the potassium leakage channels, bringing the cell from its hyperpolarized state, back to its
resting membrane potential.
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In response to a depolarization, some Na* channels open, allowing Na* ions to enter the cell. The membrane starts to depolarize
(the charge across the membrane lessens). If the threshold of excitation is reached, all the Na* channels open.
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At the peak action potential, Na* channels close while K* channels open. K* leaves the cell, and the membrane eventually
becomes hyperpolarized.

Figure 6.3. The (a) resting membrane potential is a result of different concentrations of
Na* and K" ions inside and outside the cell. A nerve impulse causes Na* to enter the cell,
resulting in (b) depolarization. At the peak action potential, K* channels open and the
cell becomes (c) hyperpolarized.
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Direction of travel of action potential

a. In response to a signal, the
soma end of the axon becomes
depolarized.

b. The depolarization spreads down
the axon. Meanwhile, the first part of
the membrane repolarizes. Because
Na* channels are inactivated and
additional K* channels have opened, .
the membrane cannot depolarize again.

c. The action potential continues to
travel down the axon.

Figure 6.4. The action potential is conducted down the axon as the axon membrane
depolarizes, then repolarizes.

6.3 SYNAPTIC TRANSMISSION:

The synapse or “gap” is the place where information is transmitted from one neuron to
another. Synapses usually form between axon terminals and dendritic spines, but this is not
universally true. There are also axon-to-axon, dendrite-to-dendrite, and axon-to-cell body
synapses. The neuron transmitting the signal is called the presynaptic neuron, and the neuron
receiving the signal is called the postsynaptic neuron. Note that these designations are relative
to a particular synapse—most neurons are both presynaptic and postsynaptic. There are two
types of synapses: chemical and electrical.

Chemical Synapse- Neurotransmitter

When an action potential reaches the axon terminal it depolarizes the membrane and opens
voltage-gated Na' channels. Na'ions enter the cell, further depolarizing the presynaptic
membrane. This depolarization causes voltage-gated Ca?" channels to open. Calcium ions
entering the cell initiate a signaling cascade that causes small membrane-bound vesicles,
called synaptic vesicles, containing neurotransmitter molecules to fuse with the presynaptic
membrane.

Fusion of a vesicle with the presynaptic membrane causes neurotransmitter to be released
into the synaptic cleft, the extracellular space between the presynaptic and postsynaptic
membranes, as illustrated in Figure 6.5. The neurotransmitter diffuses across the synaptic
cleft and binds to receptor proteins on the postsynaptic membrane.
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Figure 6.5. Communication at chemical synapses requires release of neurotransmitters. When
the presynaptic membrane is depolarized, voltage-gated Ca*>* channels open and allow Ca" to
enter the cell. The calcium entry causes synaptic vesicles to fuse with the membrane and
release neurotransmitter molecules into the synaptic cleft. The neurotransmitter diffuses
across the synaptic cleft and binds to ligand-gated ion channels in the postsynaptic
membrane, resulting in a localized depolarization or hyperpolarization of the postsynaptic

neuron.
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The binding of a specific neurotransmitter causes particular ion channels, in this case ligand-
gated channels, on the postsynaptic membrane to open. Neurotransmitters can either have
excitatory or inhibitory effects on the postsynaptic membrane, as detailed in the table below.
For example, when acetylcholine is released at the synapse between a nerve and muscle
(called the neuromuscular junction) by a presynaptic neuron, it causes postsynaptic
Na" channels to open. Na" enters the postsynaptic cell and causes the postsynaptic membrane
to depolarize. This depolarization is called an excitatory postsynaptic potential (EPSP) and
makes the postsynaptic neuron more likely to fire an action potential. Release of
neurotransmitter at inhibitory synapses causes inhibitory postsynaptic potentials (IPSPs), a
hyperpolarization of the presynaptic membrane. For example, when the neurotransmitter
GABA (gamma-aminobutyric acid) is released from a presynaptic neuron, it binds to and
opens Cl channels. CI ions enter the cell and hyperpolarizes the membrane, making the
neuron less likely to fire an action potential.

Once neurotransmission has occurred, the neurotransmitter must be removed from the
synaptic cleft so the postsynaptic membrane can “reset” and be ready to receive another
signal. This can be accomplished in three ways: the neurotransmitter can diffuse away from
the synaptic cleft, it can be degraded by enzymes in the synaptic cleft, or it can be recycled
(sometimes called reuptake) by the presynaptic neuron. Several drugs act at this step of
neurotransmission. For example, some drugs that are given to Alzheimer’s patients work by
inhibiting acetylcholinesterase, the enzyme that degrades acetylcholine. This inhibition of the
enzyme essentially increases neurotransmission at synapses that release acetylcholine. Once
released, the acetylcholine stays in the cleft and can continually bind and unbind to
postsynaptic receptors.
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Electrical Synapse

While electrical synapses are fewer in number than chemical synapses, they are found in all
nervous systems and play important and unique roles. The mode of neurotransmission in
electrical synapses is quite different from that in chemical synapses. In an electrical synapse,
the presynaptic and postsynaptic membranes are very close together and are actually
physically connected by channel proteins forming gap junctions. Gap junctions allow current
to pass directly from one cell to the next. In addition to the ions that carry this current, other
molecules, such as ATP, can diffuse through the large gap junction pores.

There are key differences between chemical and electrical synapses. Because chemical
synapses depend on the release of neurotransmitter molecules from synaptic vesicles to pass
on their signal, there is an approximately one millisecond delay between when the axon
potential reaches the presynaptic terminal and when the neurotransmitter leads to opening of
postsynaptic ion channels. Additionally, this signaling is unidirectional. Signaling in electrical
synapses, in contrast, is virtually instantaneous (which is important for synapses involved in
key reflexes), and some electrical synapses are bidirectional. Electrical synapses are also
more reliable as they are less likely to be blocked, and they are important for synchronizing
the electrical activity of a group of neurons. For example, electrical synapses in the thalamus
are thought to regulate slow-wave sleep, and disruption of these synapses can cause seizures.

6.4 SYNAPTIC PLASTICITY:

Synapses are not static structures. They can be weakened or strengthened. They can be
broken, and new synapses can be made. Synaptic plasticity allows for these changes, which
are all needed for a functioning nervous system. In fact, synaptic plasticity is the basis of
learning and memory. Two processes in particular, long-term potentiation (LTP) and long-
term depression (LTD) are important forms of synaptic plasticity that occur in synapses in the
hippocampus, a brain region that is involved in storing memories.

Long-term Potentiation (LTP)

Long-term potentiation (LTP) is a persistent strengthening of a synaptic connection. LTP is
based on the Hebbian principle: cells that fire together wire together. There are various
mechanisms, none fully understood, behind the synaptic strengthening seen with LTP. One
known mechanism involves a type of postsynaptic glutamate receptor, called NMDA (N-
Methyl-D-aspartate) receptors, shown in Figure 42.2.1042.2.10. These receptors are normally
blocked by magnesium ions; however, when the postsynaptic neuron is depolarized by
multiple presynaptic inputs in quick succession (either from one neuron or multiple neurons),
the magnesium ions are forced out allowing Ca ions to pass into the postsynaptic cell. Next,
Ca®" ions entering the cell initiate a signaling cascade that causes a different type of
glutamate receptor, called AMPA (0-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid)
receptors, to be inserted into the postsynaptic membrane, since activated AMPA receptors
allow positive ions to enter the cell. So, the next time glutamate is released from the
presynaptic membrane, it will have a larger excitatory effect (EPSP) on the postsynaptic cell
because the binding of glutamate to these AMPA receptors will allow more positive ions into
the cell. The insertion of additional AMPA receptors strengthens the synapse and means that
the postsynaptic neuron is more likely to fire in response to presynaptic neurotransmitter
release. Some drugs of abuse co-opt the LTP pathway, and this synaptic strengthening can
lead to addiction.
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Long-term Depression (LTD)

Long-term depression (LTD) is essentially the reverse of LTP: it is a long-term weakening of
a synaptic connection. One mechanism known to cause LTD also involves AMPA receptors.
In this situation, calcium that enters through NMDA receptors initiates a different signaling
cascade, which results in the removal of AMPA receptors from the postsynaptic membrane, as
illustrated in Figure 42.2.1042.2.10. The decrease in AMPA receptors in the membrane makes
the postsynaptic neuron less responsive to glutamate released from the presynaptic neuron.
While it may seem counterintuitive, LTD may be just as important for learning and memory
as LTP. The weakening and pruning of unused synapses allows for unimportant connections
to be lost and makes the synapses that have undergone LTP that much stronger by
comparison.
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Figure 6.6: Calcium entry through postsynaptic NMDA receptors can initiate two different
forms of synaptic plasticity: long-term potentiation (LTP) and long-term depression (LTD).
LTP arises when a single synapse is repeatedly stimulated. This stimulation causes a calcium-
and CaMKII-dependent cellular cascade, which results in the insertion of more AMPA
receptors into the postsynaptic membrane. The next time glutamate is released from the
presynaptic cell, it will bind to both NMDA and the newly inserted AMPA receptors, thus
depolarizing the membrane more efficiently. LTD occurs when few glutamate molecules bind
to NMDA receptors at a synapse (due to a low firing rate of the presynaptic neuron). The
calcium that does flow through NMDA receptors initiates a different calcineurin and protein
phosphatase 1-dependent cascade, which results in the endocytosis of AMPA receptors. This
makes the postsynaptic neuron less responsive to glutamate released from the presynaptic
neuron.
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6.5 SUMMARY:

Neurons have charged membranes because there are different concentrations of ions inside
and outside of the cell. Voltage-gated ion channels control the movement of ions into and out
of a neuron. When a neuronal membrane is depolarized to at least the threshold of excitation,
an action potential is fired. The action potential is then propagated along a myelinated axon to
the axon terminals. In a chemical synapse, the action potential causes release of
neurotransmitter molecules into the synaptic cleft. Through binding to postsynaptic receptors,
the neurotransmitter can cause excitatory or inhibitory postsynaptic potentials by depolarizing
or hyperpolarizing, respectively, the postsynaptic membrane. In electrical synapses, the action
potential is directly communicated to the postsynaptic cell through gap junctions—Ilarge
channel proteins that connect the pre-and postsynaptic membranes. Synapses are not static
structures and can be strengthened and weakened. Two mechanisms of synaptic plasticity are
long-term potentiation and long-term depression.

6.6 TECHNICAL TERMS:

e Synapse: The junction between two nerve cells (or a nerve cell and a target cell) where
neurotransmitters transmit signals.

e Presynaptic Neuron: The neuron that releases the neurotransmitter.

e Postsynaptic Neuron: The neuron that receives the neurotransmitter.

e Synaptic Cleft: The small gap between the presynaptic and postsynaptic neurons where
neurotransmitters are released.

e Receptors: Proteins on the postsynaptic neuron that bind to neurotransmitters, initiating
a response.

e Neurotransmitters: are chemical messengers that transmit signals between neurons or
between neurons and other cells like muscle or gland cells

6.7 ASSESSMENT QUESTIONS:

1. Describe synaptic transmission
2. Explain neurotransmitters.

6.8 SUGGESTED MATERIAL:

e Jones RA, Harrison C, Eaton SL, Llavero Hurtado M, Graham LC, Alkhammash L,
Oladiran OA, Gale A, Lamont DJ, Simpson H, Simmen MW, Soeller C, Wishart TM,
Gillingwater TH. Cellular and Molecular Anatomy of the Human Neuromuscular
Junction. Cell Rep. 2017 Nov 28;21(9):2348-2356. [PMC free article] [PubMed]

e Napper RM, Harvey RJ. Number of parallel fiber synapses on an individual Purkinje cell
in the cerebellum of the rat. J Comp Neurol. 1988 Aug 08;274(2):168-77. [PubMed]

e Harris AL. Electrical coupling and its channels.]J Gen Physiol. 2018 Dec
03;150(12):1606-1639. [PMC free article] [PubMed]

e Siidhof TC. Towards an Understanding of Synapse Formation. Neuron. 2018 Oct
24;100(2):276-293. [PMC free article] [PubMed]

e Siidhof TC. The presynaptic active zone. Neuron. 2012 Jul 12;75(1):11-25. [PMC free
article] [PubMed]

e Lisman JE, Raghavachari S, Tsien RW. The sequence of events that underlie quantal

transmission at central glutamatergic synapses. Nat Rev Neurosci. 2007 Aug;8(8):597-
609. [PubMed]

- S.Anupama



LESSON-7
CENTRAL NERVOUS SYSTEM

OBJECTIVES:

After reading this lesson, the student will be able

1. To understand the constitution of central nervous system
2. To comprehend the functions of the brain

3. To understand structure and function of spinal cord

STRUCTURE:

7.1 Central Nervous System

7.2 Functions of brain and spinal cord

7.3 The Central Nervous System: Spinal Cord
7.4 Summary

7.5 Technical Terms

7.6 Self-Assessment Questions

7.7 Suggested Readings

7.1 CENTRAL NERVOUS SYSTEM:

The nervous system is anatomically and functionally divided into two parts, the Central
Nervous System (the brain and the spinal cord) and the Peripheral Nervous System (the
ganglia, and 12 pairs of cranial nerves, plus 31 of pairs of spinal nerves). The Peripheral
Nervous System (PNS) can be further delineated into the Somatic Nervous System (SNS)
which integrates control over skeletal muscle, and the Autonomic Nervous System (ANS)
which for the most part automatically regulates vital internal organs and systems.

The Central Nervous System (CNS) consists of the brain and the spinal cord. It may thus, be
said that the system is located within the skull and the spine. These are the most important
parts of the human body. They are very delicate structures hence, are protected in bone and
covered with the help of meninges. Meninges are three thin membranes or soft-tissue layers
that protect the CNS called as the dura mater, archnoid membrane and pia mater. Another
protective mechanism is the presence of colourless fluid known as cerebrospinal fluid that is
found in the central canal of The Central Nervous System 56 the spinal cord and cerebral
ventricles (hollows) of the brain that provides a protective cushion to the brain and spinal
cord. Patients whose cerebrospinal fluid is drained in some way, suffer from intense
headaches and intense pain while jerking their heads. Also, in case of a tumour, the fluid
accumulates in the ventricles and causes the walls of the ventricles as well as the brain to
expand. This condition is known as hydrocephalus. It is cured by removing the tumour and
draining out the excess fluid from the ventricles. Brain integrates the inputs from the sensory
receptors and delivers the motor output to the effectors. It is also involved in complex
functions as regulation of heart rate, breathing, consciousness, cognitive functions, etc. The
spinal cord is placed within the spinal columns.
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7.2. THE CENTRAL NERVOUS SYSTEM: THE BRAIN:

The brain is located at the top of the central nervous system. It is protected by the skull and is
interconnected with the body through the brain stem region to the spinal cord. The peripheral
nervous system extends from the brain to the regions throughout the body and back again
sends and receives neural signals that provide information related to pain, pressure, touch,
movement, balance, and the senses of vision, audition, smell and taste. The cortex or
neocortex is the seat of human cognition and sensory processing.

The brain is divided into six (6) parts in terms of physiological functions: 1. Cerebrum; 2.
Diencephalon; 3. Midbrain; 4. Cerebellum; 5. Pons; and 6. Medulla oblongata.

_ Cerebrum

Pituitary
gland

oblongata

Figure 7.1. Mid-sagittal section of the brain

7.2.1. Fore brain:

Forebrain has two divisions known as the telencephalon and diencephalon. The telencephalon
includes the cerebral cortex, basal ganglia and the limbic system. It is the largest division of
the human brain. The cerebral cortex covers the two cerebral hemispheres while the basal
ganglia is placed in the sub-cortical area in the brain. The diencephalon includes the thalamus
and the hypothalamus, optic chiasma and pineal body. It is present between the cerebrum and
the mid brain.

7.2.1.1. Telencephalon: Cerebral Cortex

The cerebral cortex is about 2 to 4 mm thick. It is on top of the cerebrum. It is outer,
observable part of the brain. There are millions of dendrites that synapse here with the other
neurons. The presence of small unmyelinated neurons in the cerebral cortex gives it a gray
colour and thus, is also known as gray matter. The layer beneath the cortex constitutes of
large myelinated axons which gives a white colour and hence is referred as the white matter.

There are small and big bulges called as convolution. There are grooves between the bulges,
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the smaller ones are known as sulci and the larger grooves as fissures. There are many
functions of the cerebral cortex. The post central gyrus functions as a general somatic sensory
area. It receives sensations of touch, temperature and pressure. The precentral gyrus works as
a somatic motor area which is involved in motor responses and maintaining body position.

Hence, different areas of the cortex have important sensory functions to perform. The primary
visual cortex helps in mapping the visual information and primary auditory cortex helps to
map auditory information. Along with registering simple information, it also helps to
compare and evaluate sensory information. Thus, it helps in integrating information pieces
together into more meaningful perception. The motor functions help in regulating the motor
movement. The primary somatic area is the precentral gyrus that is present in the frontal lobe.

This helps in controlling individual muscles and the muscles of the feet, hands, toe for proper
movement. Since the cortex receives sensory information, it integrates the information and
sends out the motor responses, it functions as an integration center. This is responsible for
consciousness and various other mental activities as language ability, emotions and memory.
Cortex is also involved in other language functions, such as the ability to understand speech
and written language. Cortex also helps in storing and retrieving information form short-term
memory as well as long-term memory.

The cerebrum is the largest most developed area of the human brain (see Fig. 7.1 above) and
is considered to be the center of the highest functions. Its major functions include: Awareness
of sensory perception; voluntary control of movement (regulation of skeletal muscle
movement); language; personality traits; sophisticated mental activities such as thinking,
memory, decision making, predictive ability, creativity and self-consciousness. The cerebrum
is composed of 4 lobes, here is some basic information about them:

The Frontal Lobe — The largest and most complex of the 5 lobes, it is concerned with higher
intellectual functions and is involved in the many behavioral aspects of humans. It inhibits
certain primitive behaviors. The primary motor cortex controls the movement of the rest of
the body while the premotor cortex just adjacent to it is concerned with the initiation,
activation, and performance of the actual movement.

The Parietal Lobe - This lobe is primarily concerned with the interpretation and integration
of sensory inputs. The somatosensory cortex is associated with reception and perception of
touch, vibration, and position sense of the body. It is involved in body senses. This lobe also
functions in spatial orientation, movement coordination, some visual perception, reading and
writing and mathematical computation.

The Temporal Lobe - The temporal lobe contains the auditory cortex for the reception and
interpretation of sound information, and the olfactory cortex for the sense of smell. It also
houses the language cortex in the dominant hemisphere (usually the left hemisphere) and
participates in recognition and interpretation of language. Parts of the limbic system (the
amygdala and hippocampus) are connected to the temporal lobe and aid in memory formation
related to emotions, the sense of smell and sound.

The Occipital Lobe - This lobe contains the primary visual cortex for visual information
interpretation. Vision is the ability to detect images of visible light. The eyes transmit this to
the visual cortex, which then processes it to determine colors, identify objects, identify
shapes, and other aspects of visual perception. Visual information is sent to the parietal lobes
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and temporal lobes for further processing. The occipital lobe is involved in functions
including: Visual perception; color recognition; reading and reading comprehension; depth
perception; recognition of object movement. The parietal lobes use this visual information in
conjunction with motor processes to perform such tasks as opening a door or brushing your
teeth. The temporal lobes help to connect the visual information received with retained
memories.

7.2.1.2. Telencephalon: Basal Ganglia

Basal Ganglia is present under the cerebral cortex. It is made up of white matter mostly
which is composed of a number of tracts. There the gray matter is present deep inside the
cortex unlike the white matter. The basal ganglia is made up of caudate nucleus, putamen,
globus pallidus, and amagdaloid nucleus.Caudate nucleus and putamen have a stripped
appearance and thus, are known as striatum. Being an important part of the cerebrum, the
basal ganglia helps in regulating voluntary motor functions, as muscle contractions that are
involved in maintaining the posture, walking or making other movements. If there is any
damage to the blood vessels in this area, it causes a local interruption in the blood flow
causing tissue damage or stroke locally. This causes a partial paralysis on one side of the
body with problems in vision too. Parkinson's disease which is caused by the degeneration of
certain neurons in the midbrain that sends its impulses to basal ganglia. This disease causes
the person to experience weakness, tremors, poor balance, rigidity of limbs, and difficulty in
initiating movements.

7.2.1.3. Telencephalon: Limbic System

The limbic (limbic means 'ring') system makes a border around the corpus callosum that
connects the left hemisphere with the right one. It includes structures as cingulated gyrus and
hippocampus which are connected to other areas of the brain as amygdala, septal, nucleus,
hypothalamus and thalamus. Limbic system is also known as the ‘old brain’, performing
functions related to emotional experience and expression and motivation. Since it is involved
in the experience of different emotions such as fear, anger, sadness, feeding, sexual
behaviour, fighting, etc., along with the cortex, it is also known as the emotional brain. If
there is any damage in this area, it may lead to abnormal emotional reactions to situations.
Since limbic system also plays an important role in learning and memory, any damage to the
hippocampus causes deficits in memory.

7.2.1.4 Diencephalon (Epithalamus, Thalamus and Hypothalamus)

The diencephalon is composed of three regions: The Epithalamus, the Thalamus and the
Hypothalamus. The total size of the diencephalon is about 2.3 inches in length (6 cm), which
is actually a sizable sub-cerebral region of the whole brain.

The epithalamus is anatomically the most superior (see Fig. below) and also the smallest
component of the diencephalon. The thalamus makes up the bulk of this region with its two
distinctive rounded lobes. Finally, the lowest anatomical portion is the hypothalamus, which
is the region that is directly most interactive with the rest of the body, by virtue of its central
and exposed position within the brain, and due to its proximity and connection to the complex
pituitary gland.
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Fig 7.2 Mid-Sagittal section of the brain shows the three parts of the diencephalon of the
brain

The epithalamus is the small upper segment of the diencephalon. The most significant
structure it contains is the pineal gland, a hormone secreting endocrine structure. Under the
influence of the hypothalamus, the pineal gland secretes the hormone melatonin, which
prepares the body for the night time stage of the sleep/wake cycle.

The Thalamus

The thalamus is the largest component of the diencephalon, making up about 80% of its mass.
The thalamus is generally known as the main relay center for the various sensory and motor
functions to and from the higher centres of the cerebrum.

Thalamus is a large, two-lobed structure that is located on top of the brain stem. It is the
central part of the forebrain that has important nuclei known as geniculate bodies and many
neurons lie in the nuclei of the thalamus. The geniculate bodies play an important role in the
processing of auditory and visual information. Hence, thalamus is responsible for sensation of
pain, temperature and touch, and consciousness. The nuclei in the thalamus receive impulses
form the brain stem and send it to the different regions of the cortex. The thalamic nuclei
have an intermediate position are involved in relaying information from sensory receptors to
motor effectors. Any damage to the thalamic region may be fatal or cause coma.

The Hypothalamus

The hypothalamus plays a central role in many vital bodily functions. it also provides a direct
link between the nervous system and the endocrine system with its regulation of the pituitary
gland and the pineal gland.

The Hypothalamus controls and regulates many important functions of the body, including:

1) Control of the Autonomic Nervous System - adjusts, coordinates, and integrates the
A.N.S. centers in the brain that regulate heart rate, blood pressure, bronchiole diameter, sweat
glands, G.I. tract activity, etc. It does this via the Parasympathetic and Sympathetic divisions
of the A.N.S.

2) Control of Emotional Responses - in association with the limbic system, it forms part of
the emotional brain. Regions involved in fear, pleasure, rage and sex drive are located in the

hypothalamus.

3) Regulation of Body Temperature - the body's thermostat and set point is located in the
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hypothalamus. There are also two (2) centers in the hypothalamus that respond to changes in
the set point for body temperature. 1. Heat-losing Center: activation of this center causes
sweating and cutaneous vasodilation. 2. Heat-promoting Center: activation of this center
causes shivering and cutaneous vasoconstriction.

4) Regulation of Hunger and Thirst Sensations - hypothalamus contains centers that
regulate eating and drinking behavior the feeding and thirst centers.

5) Control of the Endocrine System — the hypothalamus controls the release of pituitary
hormones. It controls the anterior pituitary gland, when the hypothalamus releases hormones,
it can stimulate or inhibit the release of other hormones from the pituitary (7 hormones).
Also, it makes the 2 hormones (oxytocin and antidiuretic hormone (ADH)) that are stored in
the posterior pituitary and released when signaled. All of these hormones regulate many other
organs in the body.

7.2.2. Mid brain

The midbrain (also called the mesencephalon), is part of the brainstem (= midbrain, pons and
medulla oblongata). It connects the hindbrain and the forebrain. A major function of the
midbrain is to aid in motor (body) movement, especially movements of the eye, as well as
visual and auditory processing. Damage to certain areas of the midbrain have been linked to
the development of Parkinson's disease (see below). Portions of the midbrain receive visual
and auditory input from the medulla oblongata in relation to protective cranial reflexes. The
corpora quadrigemina of the midbrain is composed of for bodies, and contains the superior
colliculi (the top two bodies) which are involved in vision processing and reflexes. The
inferior colliculi (the lower two bodies) are involved in auditory processing and reflexes.

Examples of these types are reflexes are common, for instance if you are walking along the
street and hear tires dramatically screeching, you’ll automatically and rapidly turn toward the
origin of the sound, often with a defensive or protective posture. Or if your sister throws a
wadded up piece of paper at your face when you were not expecting it, automatically your
eyes will close, and your arms and hands will attempts to block the belligerent object coming
your way

Functions of the midbrain include:

e Controlling Responses to sight

e Hearing and visual reflexes

e Eye Movement

e Pupil Dilation

e Regulating Skeletal Muscle (Body) Movement

7.2.2.1 Tectum

The top part of the mid brain is known as tectum. It has two colliculi on either side as
superior colliculus and inferior colliculus. The function of the inferior colliculi is to relay
auditory information. The function of the superior colliculi is to relay visual motor system.

7.2.2.2. Tegmentum

Tegmentum lies in the middle of the midbrain. It includes some parts of the reticular
formation, and some extensions that lie in the path between the fore brain and the hindbrain.
It has two nuclei as substantia nigra and the red nucleus.

The red nucleus is involved in motor function while the substantia nigra (black substance)
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produces dopamine that prevents Parkinson's disease. Both are important components of the
sensorimotor system. The reticular formation has number of neurons that are interconnected
to one another. This network serves as a pathway to project the information to the cortex,
thalamus and spinal cord. It is responsible for maintaining arousal, sleep, attention and
muscle movements.

7.2.3 Hind brain

7.2.3.1 Cerebellum

The cerebellum is located in the lower posterior of the brain, and the word means ‘little
brain’. The cerebellum (“little brain™) is a structure that is located at the back of the brain,
underlying the occipital and temporal lobes of the cerebral cortex. The cerebellum accounts
for about 10% of the total brain's volume, yet contains over 50% of the total number of
neurons in the brain. The outer portion of the cerebellum contains neurons, and the inner has
tracts myelinated axons called the arbor vitae (meaning ‘tree of life’) because of its
resemblance to branching tree. These communicates with the cerebral cortex. In basic terms
the primary functions of the cerebellum are the control of motor skills such as balance,
coordination, and postural reflexes.

Two very important functions of the cerebellum are:

1) Controls postural reflexes of muscles in body: That is, it coordinates rapid, automatic
adjustments to body parts in order to maintain equilibrium. The coordination of the
cerebellum what is responsible for quickly regaining your balance if you trip and start to fall.
The reason you may flail your arms out perhaps rather ignominiously in those times, is that
the 196 cerebellum is constantly aware of where the body’s limbs are in space and can very
quickly calculate where they need to go to re-establish balance, and puts that plan in action
without your conscious input.

2) Produces skilled movements:

The cerebellum is heavily involved in implementing routines for fine-tuned movements.
What this means is that it takes an activity that initially is controlled or instigated at the
conscious level, and after much repetition of this activity, it can be refined into a learned
skilled routine., meaning done now (after all the practice) with little to no conscious thought
involved in the activity. Examples are commonplace in everyday life, for example tying shoe
laces. At one point this was a complex task that required conscious attention, but mostly we
have that task automated as we develop. Other examples include driving, or being in the
unenviable position of teaching your younger sister how to drive a stick shift in an old French
car. Playing an instrument. Studying for an exam? The action, whatever it is, is practiced
repeatedly until it becomes routine (subconscious). This then reduces the need for conscious
attention to the task.

7.2.3.2. Pons

The pons (which means bridge) plays a role in the regulation of the respiratory system.
Contains two ‘pontine’ respiratory centers: 1) the pneumotaxic center and 2) the apneustic
center. These two centers will be discussed in much greater detail in the respiratory system
section. The pons is not responsible for the rhythm of breathing (the medulla oblongata is)
but it controls the changes in depth of breathing and the fine tuning of the rhythm of
breathing that is set by the medulla oblongata. The pons also prevents over inflation of the
lungs, and is therefore protective. The pons is also thought to be an active component to rapid
eye movement (REM) sleep.
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Pons and Cranial Nerves

The pons has four cranial nerves that are associated with its function, covering a range of
roles, such as hearing, balance and equilibrium, gustation or taste, as well as touch and pain
and facial sensations all form incoming sensory fibers. They also send motor fibers out to
participate in eye movement, facial expressions, chewing, swallowing, urination, and the
secretion of saliva and tears. There are four cranial nerves that originate from the pons
anatomically

e The Trigeminal nerve, Cranial Nerve V

e The Abducens nerve, Cranial Nerve VI

e The Facial nerve, Cranial Nerve VII

e The Vestibulocochlear nerve, Cranial Nerve VIII

7.2.4. Medulla oblongata

The medulla oblongata is about an inch in size.It is located at the top of spinal cord and is the
lowest part of the brain.It contains projection tracts, reticular formation, and white matter.The
nuclei in the reticular formation function as control centres such as cardiac, vasomotor or
respiratory control centres, and thus, it controls life-sustaining functions. Medulla has other
centres which take care of non-vital reflexes such as vomiting, coughing, sneezing, etc. It is
also the place where the sensory nerves coming from the left and right sides of the body
cross-over making the sensory information from left side of the body going to the right side
of the brain and viceversa.

7.3 THE CENTRAL NERVOUS SYSTEM: SPINAL CORD:

The basic structure of the spinal cord is that it is the downward continuation of medulla
oblongata starting at the foramen magnum. It descends to about the level of the second
lumbar vertebra, tapering to a structure called the conus medullaris.

The spinal cord projects 31 pairs of spinal nerves on either side along its length. There are 8
cervical, 12 thoracic, 5 lumbar, 5 sacral and 1 coccygeal spinal nerves that radiate to and from
the periphery. All spinal nerves are ‘mixed’ nerves meaning they all contain axons of both
sensory (incoming) and motor (outgoing) neurons, thus information is going in both
directions.

A cross section of the spinal cord exhibits the butterfly-shaped gray matter in the middle,
surrounded by white matter. As in the cerebrum, the gray matter is composed of nerve cell
bodies. The white matter consists of various ascending and descending tracts of myelinated
axon fibers with specific functions.

The spinal cord serves as a passageway for the ascending (going up) and descending (going
down) fiber tracts that connect the peripheral and spinal nerves with the brain. Each of the 31
spinal segments is associated with a pair of dorsal root ganglia. These contain sensory nerve
cell bodies. The axons from these sensory neurons enter the posterior aspect of the spinal
cord via the dorsal root. The axons from somatic and visceral motor neurons leave the
anterior aspect of the spinal cord via the ventral roots. Distal to each dorsal root ganglion the
sensory and motor fibers combine to form a spinal nerve - these nerves are classified as
mixed nerves because they contain both afferent (sensory) and efferent (motor) fibers.

The key functions of the spinal cord:
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1. Relaying Sensory Information:
The spinal cord receives sensory input from various parts of the body, such as touch, pain,
and pressure, and transmits this information to the brain for processing.

2. Transmitting Motor Commands:
It carries motor commands from the brain to the muscles and other organs, enabling voluntary
movements and control over body functions.

3.Controlling Autonomic Functions:
The spinal cord plays a crucial role in controlling autonomic processes, which are involuntary
bodily functions like breathing, heart rate, and digestion.

4.Coordinating Reflexes:

It acts as a reflex center, allowing for rapid, automatic responses to certain stimuli, such as
pulling your hand away from a hot object. These reflexes often occur faster than conscious
thought, as they are processed directly by the spinal cord.

5.Serving as a Pathway Between the Brain and the Body:

The spinal cord is a vital communication pathway, essentially acting as a relay system that
connects the peripheral nervous system (nerves outside the brain and spinal cord) with
the central nervous system.

7.4 SUMMARY:

The central nervous system (CNS) is the body's primary control center, composed of the brain
and spinal cord. Encased in bone and cushioned by cerebrospinal fluid and protective
membranes called meninges, the CNS is responsible for receiving, processing, and
coordinating information from all parts of the body.

The brain is the main processing hub, managing complex cognitive functions like thought,
emotion, memory, and voluntary movement. It is made of gray matter (neuron cell bodies)
and white matter (myelinated axons), which facilitate rapid signal transmission. Key brain
regions include the cerebrum for higher thought, the cerebellum for coordination and balance,
and the brainstem for regulating vital involuntary functions such as breathing and heart rate.

The spinal cord acts as a communication highway, transmitting sensory information from the
body to the brain and sending motor commands back to the muscles and glands. It also
controls reflexes without direct input from the brain. Together, the brain and spinal cord
integrate internal and external stimuli to command the body's responses, maintaining
homeostasis and enabling all human actions and behaviors.

7.5 TECHNICAL TERMS:

e Brain: The command center of the CNS, which controls all bodily functions, thoughts,
and emotions.
e Spinal cord: A column of nerve tissue running from the brainstem down the back. It acts
as a superhighway for nerve signals to and from the brain.
e Brainstem: Connects the brain to the spinal cord and controls vital, involuntary
functions like breathing, heart rate, and blood pressure. It consists of three parts:
o Midbrain (mesencephalon): Involved in motor control, vision, and hearing.
o Pons: Relays messages between the cerebrum, cerebellum, and spinal cord.
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o Medulla oblongata: Regulates automatic functions such as breathing, digestion, and
circulation.
Cerebrum: The largest part of the brain, responsible for higher cognitive functions like

thought, language, and memory. It is divided into two hemispheres and four lobes:

7.6

o Frontal lobe: Controls voluntary movement, speech, and complex thinking.

o Parietal lobe: Processes sensory information, including touch, temperature, and taste.

o Temporal lobe: Interprets sound and language and plays a role in memory formation.

o Occipital lobe: Responsible for processing visual information.
Cerebellum: Coordinates voluntary movements, posture, balance, and fine-tuning motor
skills.
CNS: The abbreviation for central nervous system. CNS consists of the brain and the
spinal cord. It is responsible for combining information from our whole body and
coordinates our behaviour

SELF -ASSESSMENT QUESTION:

Explain the lobes of fore brain
Describe the structure and functions of spinal cord

SUGGESTED MATERIAL:

Morgan, C. T., King, R. A., Weisz, J. R., & Schopler, J. (1994). Introduction to
Psychology. Tata McGraw-Hill.
Kalat, J. W. (2015). Biological psychology. Nelson Education.

Newman, M. E. (2003). The structure and function of complex networks. SIAM review,
45(2), 167-256.

- S.Anupama



LESSON- 8
LOCALISATION OF BRAIN FUNCTIONS

OBJECTIVES:

After reading this lesson, the student will be able to
1. To understand the concept of brain localisation
2. To understand the functions of the left and right hemisphere
3. To illustrate role of corpus callosum

STRUCTURE:

8.1 Brain Laterisation

8.2 Function of Laterisation

8.3 Corpus Callosum on Behaviour
8.4 Summary

8.5 Technical Terms

8.6 Self-Assessment Questions

8.7 Suggested Readings
8.1 CEREBRAL LATERALIZATION:

The entire body, including the brain, exhibits bilateral symmetry, meaning it can be divided
into two equal left and right halves. The two hemispheres of the cerebrum have two
symmetrical halves. The cerebrum represents about 7/8 of the mass of the brain and is
divided into left and right hemispheres. Although anatomically the two hemispheres of the
cerebrum look very similar, functionally the two sides are have different roles. Thus, the term
cerebral lateralization is used to denote that the lobes of the two cerebral hemisphere have
developed specific functions that are not necessarily shared by other lobes.

The two cerebral hemispheres are connected by a structure called the corpus callosum. In
Latin this means callused body. It’s tough, and is made of bundles of nerve fibers that share
information between the two sides. The corpus callosum contains about 300 million axons
linking the two hemispheres, such that although they have differing functions, the two sides
are highly integrated and coordinated.

The Brain Controls the Opposite side of the Body

In case you did not know, the right side of the brain controls the left side of the body, and the
left side of the brain controls the right side of the body! There is a ‘swapping over’ that
occurs as nerve fibers traverse to and from the brain, and to and from the periphery. This is
called decussation of the nerve fibers, which means the crossing of axons from one side of
the brain to the opposite side of the body.

How the Two Halves are Different
In general terms, the left cerebral hemisphere is more in control of language, logic, analytical,
sequential and verbal tasks, while the right cerebral hemisphere is more related to spatial
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perception, artistic and musical endeavors and visual imagery. Specific regions of the brain
tend to process certain types of information, however, both sides of the brain are involved in
the majority of information processing.

Analytical Creative
Logical Imaginative
Precise General
Repetitive Intuitive
Organized Conceptual
Scientific Holistic
Algorithmic Heuristic
Detached Empathetic
Literal Figurative
Sequential Irregular

Figure 8.1. Shows a superior view of the two cerebral hemispheres (the Left and the Right),
with notation of their areas of focus. The frontal (yellow) parietal (rose) and occipital (grey)
lobes can be seen. In general, these descriptions listed for the different functional elements of
the Left (blue triangle) and Right (orange triangle) hemispheres are fair. The two hemispheres
are different but complementary to one another.

Examples of Cerebral Lateralisation

In the past it has been the practice to call one cerebral hemisphere ‘dominant’, and that was
customarily the left hemisphere. The term dominant is probably misleading, it does not mean
that this side dominates anything. It was likely originally based on handedness. Most people
are right handed, with about 90% of the population being right hand dominant. About 10 to
12% of the people are left-handed. Also, some people are ambidextrous, meaning they are
able to use both hands with equal ease or dexterity, this is very uncommon with only about a
1% prevalence.

Since most people are right handed and it is the left hemisphere which controls the right
hand, then the left hemisphere was referred to as the dominant hemisphere. As it turns out,
handedness is a useful relationship to examine and compare with other areas of control within
the cerebrum.

8.2 FUNCTIONS OF LATERISATION:

Functions of Speech and Word Recognition

The specific examples that are most obvious in demonstrating cerebral lateralization are
regarding the functions of speech and word recognition. The primary cortical areas for
language are the Broca's Area and the Wernike's Area. These two regions exist on the left
hemisphere only if you are left-brain dominant, which roughly equates to most people who
are right handed.

e The Broca's Area (in the left frontal lobe) is responsible for speaking ability, the
mechanics of skeletal muscle control for verbal articulation (sound production) within
the mouth and throat.
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e The Wernicke's Area (in the left juncture of parietal, temporal and occipital lobes) is
concerned with understanding language, that is, for comprehension of the words that are
read or heard.

There same regions on the right cerebral hemisphere are different in terms of functional areas.
For example, the emotional aspect of language is controlled in the opposite hemispheres.
Opposite Broca's area is the affective language area, which gives intonation to words, in order
to modify their meaning. The area opposite Wernicke's is concerned with recognizing the
emotion content of another person's speech. Think of someone saying "Oh great" with
legitimate excitement and optimism, versus an "Oh great" with complete sarcasm and
pessimism. These are the same words, with very different meanings based on affectation,
which is loading emotional feelings into the words that are being used.

Left Side: Language, logic, analytical, sequential, verbal tasks (fragmentary information
processing). "Thinkers"

Right Side: Spatial perception, artistic and musical endeavors (holistic information
processing). "Creators"

These are useful ways to consider the functions of the two sides of our cerebrum, but also
involves generalizations. Some research suggests that brain lateralization may be
overemphasized and is not comprehensive for the cerebral hemispheres. It was proposed that
women tend to use both sides of the brain more equally than men, however some researchers
argue this is also misleading, and indeed that the brain is less lateralized than earlier believed.

There is always more to learn and as we have already witnesses in the last section, it is not
uncommon that ‘discoveries’ of former research and conclusions turn out to be extremely
flawed and therefore inaccurate. It is important to keep an open mind and follow good honest
science, wherever it may lead us.

Cerebral lateralization is the tendency for specific cognitive functions to be more dominant in
one hemisphere of the brain than the other. Although the two cerebral hemispheres are
structurally similar, they specialize in different tasks. A thick bundle of nerve fibers, the
corpus callosum, connects the two sides and enables constant communication between them.
Decades of research, including groundbreaking work with "split-brain" patients whose corpus
callosum has been severed, have illuminated these functional differences.

The left hemisphere

The left cerebral hemisphere generally specializes in functions related to analytical, logical,
and verbal processing. Key functions include:

o Language: For the vast majority of right-handed people and a significant number of left-
handed people, the left hemisphere is the dominant side for language production and
comprehension. Critical language centers located here include:

o Broca's area: Located in the left frontal lobe, this region is essential for speech
production. Damage to this area can result in expressive aphasia, a condition that
impairs a person's ability to speak fluently.

o Wernicke's area: Found in the left temporal lobe, Wernicke's area is involved in
language processing and comprehension. Damage can lead to receptive aphasia, where
a person can speak but their language is often nonsensical.

o Logical Reasoning and Analysis: The left hemisphere is responsible for sequential, rule-
based reasoning, logical decision-making, and analytical thought.
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o Mathematical Skills: Tasks involving numerical computation and fact retrieval are strongly
associated with the left parietal regions.

e Motor Control and Sensation (Right Side): The left hemisphere primarily controls and
processes sensory information from the right side of the body. For example, a stroke on the
left side of the brain can cause paralysis or weakness on the right side.

The right hemisphere

The right cerebral hemisphere specializes in holistic, non-verbal, and intuitive functions. It

focuses on the "bigger picture" and processing information in a more spatial and visual way.

Key functions include:

e Spatial Abilities: This includes mental rotation of objects, understanding maps,
navigating, and perceiving three-dimensional relationships.

o Facial Recognition: The right hemisphere, particularly the right temporal and occipital
lobes, plays a crucial role in recognizing familiar faces.

e Creative and Artistic Abilities: Intuition, imagination, music, and rhythm are all
associated with the right hemisphere. Interestingly, while the left hemisphere processes
language, the right side is more engaged in the emotional context of language, like tone
and intonation (prosody).

e Emotional Processing: The right hemisphere is more involved in perceiving and
expressing emotion, including interpreting social cues and understanding humor and
sarcasm.

e Motor Control and Sensation (Left Side): The right hemisphere controls the left side of
the body. A stroke affecting the right side of the brain will likely impact the left arm or
leg.

o Attention: The right hemisphere is dominant in regulating overall alertness and attention,
especially in detecting novel stimuli.

8.3 CORPUS CALLOSUM ON BEHAVIOUR:

The Corpus Callosum: The brain's main information highway

The corpus callosum (CC) is a massive bundle of more than 200 million nerve fibers, or
axons, connecting the brain's left and right cerebral hemispheres. Located deep within the
brain's white matter, this "tough body" (from Latin) is the largest white matter structure in the
central nervous system.

The CC is functionally organized, with different regions connecting specific cortical areas:

e Genu (Front): Links the prefrontal cortices, supporting higher-level cognitive functions.

e Body (Middle): Connects the frontal, parietal, and temporal lobes.

e Splenium (Back): Connects the temporal and occipital lobes, crucial for visual and
auditory integration.

This interhemispheric communication is essential for coordinating motor skills, integrating

sensory data, and performing complex cognitive tasks that require a unified brain.

Insights from Callosotomy: The Split-Brain Syndrome

Surgical severing of the corpus callosum, a procedure called a callosotomy, is a last-resort
treatment for severe epilepsy. Studying these "split-brain" patients has provided the most
dramatic evidence of the CC's role in behavior, revealing that the two hemispheres can
function as independent entities.
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A. Sensory and cognitive disconnection

With the CC severed, information is trapped within one hemisphere, leading to a

disconnection syndrome.

e Verbal identification: If a split-brain patient is shown an object in their left visual field,
the visual information is sent to the right hemisphere. Because language centers are
typically in the left hemisphere, the patient cannot verbally name the object. However,
they can identify and point to the object with their left hand (controlled by the right
hemisphere).

o Tactile recognition: If a patient holds an object in their left hand without seeing it, the
tactile information is sent to the right hemisphere. The patient can non-verbally identify
the object but cannot verbally name it.

o Confabulation: When a patient performs an action based on information processed by the
right hemisphere, the left hemisphere may invent a plausible but false reason for the
behavior, unaware of the true cause.

B. Motor and attentional disruptions

Split-brain patients also exhibit unique motor and attentional deficits:

e Intermanual conflict ("Alien hand syndrome"): In rare cases, a patient's disconnected
hemispheres may produce conflicting motor commands. For instance, the left hand might
oppose the right hand's actions, with the patient having no conscious control over the
"alien" hand.

o Split attention: Attention can also be divided between the hemispheres, suggesting that
each hemisphere can have its own attentional system.

Behavioral effects of congenital callosal abnormalities

Agenesis of the corpus callosum (AgCC) is a congenital condition where the CC is either
partially or completely absent. While symptoms vary widely, AgCC provides a window into
how the brain adapts to a lack of interhemispheric connectivity.

A. Intellectual and motor deficits

Children and adults with AgCC often experience a range of behavioral and developmental

challenges:

e Delayed milestones: Delayed motor skills like sitting up and walking are common due to
poor motor coordination between the two sides of the body.

e Processing speed: Individuals with AgCC typically have a slower cognitive processing
speed and may struggle with complex problem-solving.

e Abstract thinking: Deficits in abstract reasoning and understanding non-literal language
(e.g., sarcasm, humor) are frequently observed.

B. Social and emotional challenges

The absence of the CC can also disrupt social and emotional behavior:

e Social immaturity: Individuals may have difficulty understanding social cues, facial
expressions, and the perspectives of others, which can lead to social immaturity.

o Autistic-like behaviors: Some children with AgCC show symptoms that overlap with
autism spectrum disorders (ASD), such as impaired emotion recognition and social
communication.

e Vulnerability and gullibility: Difficulties with social reasoning can make individuals with
AgCC more vulnerable to exploitation or manipulation.

C. Behavioral and emotional regulation
Deficits in emotional regulation and control are also reported in AgCC:
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e Behavioral disinhibition: Problems with inhibitory control and impulsive behavior have
been documented.

e Anxiety and sleep issues: Higher rates of anxiety, poor self-awareness, and sleep
problems are also associated with the condition.

Corpus callosum and mental health conditions

Emerging research suggests that subtle abnormalities in the corpus callosum may be a factor

in various neuropsychiatric disorders, highlighting its role in complex mental functions.

e Schizophrenia: Alterations in callosal connectivity, including differences in size and
reduced integrity, are consistently reported in individuals with schizophrenia. This may
relate to impairments in interhemispheric communication and the onset of symptoms in
early adulthood.

e Autism Spectrum Disorder (ASD): Reduced callosal size and altered connectivity are
observed in some individuals with ASD. This may contribute to deficits in social
cognition, emotion processing, and communication.

o ADHD: The rostral part of the CC, which connects the orbitofrontal cortices, has been
linked to attention-deficit hyperactivity disorder (ADHD) and obsessive-compulsive
disorders.

e Anger and aggression: Some studies link asymmetric frontal lobe activity, potentially
mediated by the CC, to aggression and difficulties with emotional regulation.

Neuroplasticity and recovery
The effects of corpus callosum damage or absence are not always absolute. The brain can
sometimes compensate through neuroplasticity.

o Developmental plasticity: In cases of congenital absence (AgCC), some interhemispheric
communication can occur via alternative pathways like the anterior commissure. The
brain's ability to adapt is often more significant when the damage occurs early in life.

o Rehabilitation: For acquired damage from trauma or stroke, intensive rehabilitation can
improve outcomes. Studies using advanced neuroimaging have shown that rehabilitation
can promote neural regeneration and improve physical and communication abilities,
suggesting the brain can reorganize following injury.

8.4 SUMMARY:

The corpus callosum is far more than a simple bridge; it is a critical modulator of human
behavior. From coordinating basic movements to enabling complex social cognition and
emotional regulation, its integrity is fundamental for a unified and integrated behavioral
repertoire. Research from split-brain patients, congenital disorders, and modern neuroimaging
continues to illuminate the profound and subtle ways this crucial structure shapes human
experience, mind, and behavior

The importance of integration

It is a misconception that a person is either "left-brained" (logical) or "right-brained"
(creative). For most tasks, both hemispheres work in constant communication and
cooperation. Lateralization increases the brain's cognitive capacity by allowing different
types of information processing to occur in parallel.

Research on split-brain patients, whose hemispheres can no longer communicate, provides a
vivid illustration of this integration. In one famous experiment, an image of a snow scene was
presented to the right hemisphere and a chicken claw to the left. When asked to point to a
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related picture, the patient used their right hand (controlled by the left hemisphere) to point to
a chicken and their left hand (controlled by the right hemisphere) to point to a shovel.
Because the left hemisphere couldn't communicate with the right, it fabricated a logical—but
incorrect—reason for its choice, highlighting its role as the "interpreter". This demonstrates
that while lateralization exists, the unified perception of the world is largely dependent on
interhemispheric communication via the corpus callosum.

8.5 TECHNICAL TERMS:

e Corpus Callosum: Composed of 200 million axons, it is the largest cerebral
commissure. It is responsible for transferring learned information from one hemisphere
to another.

e Cerebral Lateralisation: It refers to the major functional difference between
hemispheres of our brain.

e Spilt-brain Patients: These are those patients whose corpus callosum is transacted
surgically often for the treatment of epilepsy.

8.6 SELF-ASSESSMENT QUESTION:

1. Explain the concept of brain laterization
2. Describe the functions of laterization

8.7 SUGGESTED MATERIAL:

e Hinkley, L. B., Marco, E. J., & Kirn, K. (2018). A neuropsychological profile for
agenesis of the corpus callosum. Child Neuropsychology, 24(3), 295-315.

e Olayinka, O., Azizi, H., & Ojimba, C. (2019). Neuropsychiatric manifestations of
partial agenesis of the corpus callosum: A case report and literature review. Journal of
Neuropsychiatry and Clinical Neurosciences, 31(2), 154-157.

e Sperry, R. W. (1961). Cerebral Organization and Behavior: The split brain behaves in
many respects like two separate brains, providing new research possibilities. Science,
133(3466), 1749-1757.

- S.Anupama



LESSON-9
PERIPHERAL NERVOUS SYSTEM

OBJECTIVES:

After reading this lesson, the student will be able to
1. To understand the functions of peripheral nervous system
2. To understand the functions of cranial and spinal nerves
3. To comprehend the autonomic nervous system

STRUCTURE:

9.1 Define Peripheral Nervous System
9.2 Somatic Nervous System

9.3 Autonomic Nervous System

9.4 Summary

9.5 Technical Terms

9.6 Self-Assessment Questions

9.7 References

9.1 PERIPHERAL NERVOUS SYSTEM DEFINITION

—

Central nervous system (CNS) Peripheral nervous system (PNS)
‘ \
Brain and spinal cord All nerves and sensory structures
outside of the brain and spinal cord
|
b 4
Somatic Autonomic
Voluntary control o%skeletal muscle Involuntary control of glands and smooth muscle
L '
Sympathetic Parasympathetic
| |
“Fight or flight” “‘Rest and digest”

“Peripheral nervous system involves the parts of the nervous system outside the brain and
the spinal cord.”

Peripheral Nervous System

The peripheral nervous system has two divisions:
e Somatic Nervous System

e Autonomic Nervous System
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9.2 SOMATIC NERVOUS SYSTEM:

The main function of the somatic nervous system is to transfer impulses from CNS to skeletal
muscles.

Components

e Sensory (Afferent) Neurons:

These neurons transmit sensory information from sensory receptors in the body to the central
nervous system (brain and spinal cord).

o Motor (Efferent) Neurons:

These neurons carry signals from the central nervous system to the skeletal muscles,
triggering movement.

It consists of
e Cranial Nerves
e Spinal Nerves

Cranial nerves are 12 pairs and they emerge from the brain and brainstem, carrying sensory
and motor information to and from the head, neck, and torso. They are numbered I through
XII based on their emergence from the brain and are named for their function or the structure
they serve. These nerves are crucial for functions like smell, vision, hearing, balance, taste,
facial movement, swallowing, and even regulating internal organs.

The 12 Cranial Nerves and Their Primary Functions

Olfactory Nerve (I): Sense of smell.

Optic Nerve (II): Vision.

Oculomotor Nerve (III): Eye movement, pupil constriction, and eye muscle control.

Trochlear Nerve (IV): Controls specific eye movements.

Trigeminal Nerve (V): Sensation (touch, pain) from the face and controls muscles for

chewing.

Abducens Nerve (VI): Controls another specific eye muscle.

Facial Nerve (VII): Controls facial expressions, taste, and glands.

Vestibulocochlear Nerve (VIII): Hearing and balance.

Glossopharyngeal Nerve (IX): Taste, swallowing, and sensation from the tongue and

throat.

10. Vagus Nerve (X): Controls heart rate, digestion, and muscle movements in the throat
and larynx.

11. Accessory Nerve (XI): Controls neck and shoulder muscles.

12. Hypoglossal Nerve (XII): Controls tongue movement for speech and swallowing.

M

LRI

Spinal nerves have their point of emergence as the spinal cord. There are 31 pairs of spinal
nerves. They emerge from the spinal cords into dorsal and ventral roots. Spinal nerves
are part of the peripheral nervous system that connect the spinal cord to the rest of the body,
carrying sensory, motor, and autonomic signals.

There are 31 pairs of spinal nerves, which are categorized by their location along the spine:
o 8 Pairs of Cervical Nerves: (C1-C8), originating from the neck.

e 12 Pairs of Thoracic Nerves: (T1-T12), originating from the torso.

e 5 Pairs of Lumbar Nerves: (L1-L5), originating from the lower back.

e 5 Pairs of Sacral Nerves: (S1-S5), associated with the pelvis.

e 1 Pair of Coccygeal Nerves: (Col), originating from the tailbone region.
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Functions:

Sensory Input: They carry sensations from the body's joints, muscles, and other tissues to the
spinal cord and brain.

Motor Output: They transmit motor commands from the central nervous system to muscles,
controlling voluntary actions.

Autonomic Control: Spinal nerves also contain autonomic fibers that regulate involuntary
functions, such as heart rate and digestion.

Reflexes: They play a crucial role in controlling reflexes, the rapid, involuntary responses of
the body to stimuli.

9.3 AUTONOMIC NERVOUS SYSTEM:

The Autonomic Nervous System (ANS) is that part of the peripheral nervous system that
helps to transmit the efferent neurons to various autonomic or visceral effectors. As the name
autonomic suggests that the functions are more or less automatic. It helps to regulate the
effectors, like the cardiac muscles in the heart, smooth muscles on the skin, blood vessels and
epithelial tissue in the glands. Thus, the somatic nervous system controls the senses and
voluntary muscles, while as, the autonomic nervous system controls the organs, glands and
involuntary muscles. The ANS functions involve regulating the heart rate, contraction of
smooth muscles in the gall bladder and urinary bladder and maintain a state of homeostasis
by regulating the glandular secretions. Hence, the ANS regulates the autonomic effectors that
not only help to maintain homeostasis but also restores it.

The autonomic nervous system relays impulses from the central nervous system to the
involuntary organs and smooth muscles of the body.

It is divided into two parts —
o Sympathetic Nervous System
o Parasympathetic Nervous System

The sympathetic nervous system consists of nerves arising from the spinal cord between the
neck and waist region. It prepares the body for violent actions against abnormal conditions
and is generally stimulated by adrenaline.

Functions of the Sympathetic Division

Sympathetic division is located primarily on the middle of the spinal column (top of the
ribcage to the waist area that is thoracic and lumbar areas). The sympathetic division is
responsible for "fight-or-flight" mechanism (fight : anger; flight : fear). You must have also
experienced this kind of a moment at some point of time. Thus, it helps to maintain the
normal functioning of the body under resting conditions. This means that when the
parasympathetic division slows down the working of the autonomic effectors, it counteracts
its functioning by regulating the heartbeat and keeping it at a normal pace. Thus, , it is clear
how this division of autonomic nervous system, helps the body to react. It helps to maintain
normal muscle tone and blood pressure under usual circumstances. However, when there is a
change in the external environment, it serves as an emergency response to cope with the
changes in the external environment and maintaining homeostasis. It helps the person or
animal to deal with stressful situation (sympathy with one's emotions). In stress, the
sympathetic division becomes very active, and starts sending its impulses very rapidly to
defend the body. It also stimulates the adrenal gland to produce epinephrine and
norepinephrine which help to enhance heart rate, blood sugar level, and increase the blood
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flow to the skeletal muscles to deal with stress. Most of the sympathetic nervous system use
norepinephrine.

But not all organs are stimulated by sympathetic division. For example, digestion of food and
eliminating waste products (excretion) from the body are not active during stressful situation.
Infact, these systems tend to be stopped or inhibited in such a situation. But when there is
excessive anxiety, then there is an urge to empty the bladder or bowels. When the arousal
ends, the activities of sympathetic system are replaced by the activities of parasympathetic
system. The sweat glands, the adrenal glands, the muscles that erect the hairs of the skin, and
the muscles that constrict the blood vessels are only stimulated by sympathetic division

The parasympathetic nervous system is located anterior in the head and neck and posterior
in the sacral region. It is mainly involved in the re-establishment of normal conditions when
violent action is over.

Functions of the Parasympathetic Division

The neurons of this system are located top and bottom of the spinal column on both the sides
of neurons of sympathetic division (para means 'beyond' or 'next to'). It is also known as
craniosacral system because it consists of cranial nerves and nerves from sacral spinal cord.

The parasympathetic division is active most of the time and controls various functions of the
body in non-stressful situations or when everything is all right, that is in day-to-day
functioning. The activities of sympathetic division are replaced by the parasympathetic
division when the stress is over. It helps in repairing the body systems and bringing them
back to a resting state and restoring the body to normal functioning after arousal. It produces
acetylcholine that reduces the heart rate and brings it to a normal level and also tends to
improve the digestion by stimulating the digestive glands. It enhances the activity of the
gastric and intestinal system for smooth functioning of the body. Parasympathetic division
restores the energy that is burned by the sympathetic division. Thus, it is also known as
"eatdrink-and-rest system".

Peripheral Nervous System Functions
Following are the important functions of the peripheral nervous system:
1. The peripheral nervous system connects the brain and the spinal cord to the rest of the
body and the external environment.
2. It regulates internal homeostasis.
3. It can regulate the strength of muscle contractility.
4. Tt controls the release of secretions from most exocrine glands.

9.4 SUMMARY:

The cranial nerves are 12 pairs and spinal nerves are 31 pairs in our body.

The peripheral nervous system consists of the nerves that lie in the peripheral region, outside
the nervous system. That is, it consists of all the nerves that branch out from the brain and
spinal cord (not contained in the brain and spinal cord). From there it extends to other parts of
the body as various muscles or organs. It is further divided into somatic nervous system and
the autonomic nervous system.
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The somatic nervous system conducts all sensory and motor information to and from the
CNS. It is responsible for voluntary movement. This system consists of two major types of
neurons, such as sensory neurons and motor neurons.

The autonomic nervous system (ANS) is that part of the peripheral nervous system that helps
to transmit the efferent neurons to various autonomic or visceral effectors. ANS can be
further categorized as sympathetic division and parasympathetic division.

9.5 TECHNICAL TERMS:

e Cranial nerves : It carries information to the Peripheral nervous system.

e Spinal Nerves : There are 31 pairs of spinal nerves in our body. They are responsible for
carrying motor, sensory and autonomic information between the spinal cord and the
body.

e Sympathetic division : Part of autonomic nervous system, it is responsible for making
body ready for stress related activities.

e Parasympathetic division : It is another part of autonomic nervous system; it is
responsible for making body ready for daily routine activities.

9.6 SELF-ASSESSMENT QUESTIONS:

1. Describe somatic nervous system
2. Explain the functions of autonomous nervous system

9.7 REFERENCES:

e Ciccarelli, S.K., & White, J.N. (2018). Psychology. Pearson Education Limited.

e Dubner, R. (Ed.). (2013). The neural basis of oral and facial function. Springer Science &
Business Media.

e Kalat, J. W. (2015). Biological Psychology. Nelson Education

- S.Anupama



LESSON- 10
INTRODUCTION TO ENDOCRINAL GLANDS

OBJECTIVES:

After studying this unit, students should be able to:
e Describe the structure and essential functions of each gland (pituitary, hypothalamus,
thyroid, adrenal glands, pancreas, pineal gland, gonads, etc.).

e Distinguish between endocrine, paracrine, and exocrine functions.
e Define hormones and describe their characteristics and mechanisms of action.
e Describe how hormones influence mood, emotions, cognition, stress, and behaviour.
e Recognize the biopsychosocial relevance of endocrine functions.
STRUCTURE:

10.1 Introduction
10.1.1 Meaning and Nature
10.1.2 Regulation of Hormonal Activity
10.1.3 Role in Behaviour and Emotions
10.1.4 Clinical Significance

10.2 Endocrine System
10.2.1 Functions of Endocrine System

10.3 Endocrine System Organs
10.3.1 Hypothalamus
10.3.2 Pituitary gland
10.3.3 Thyroid gland
10.3.4 Parathyroid gland
10.3.5 Adrenal glands
10.3.6 Pancreas
10.3.7 Gonads
10.3.8 Pineal glands
10.3.9 Other Endocrine tissues

10.4 Endocrine System Diseases
10.5 Causes of Endocrine diseases

10.6 Major Endocrine Diseases
10.6.1 Diabetes Mellitus
10.6.2 Thyroid Diseases
10.6.3 Adrenal gland disorders
10.6.4 Pituitary gland disorders
10.6.5 Parathyroid disorders
10.6.6 Reproductive hormone disorders
10.6.7 Pineal gland disorder

10.7 Impact on Physical and Psychological Health
10.8 Diagnosis and Management

10.9 Summary
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10.10 Keywords
10.11 Suggested Readings
10.12 Self Answering Questions

10.1 INTRODUCTION:

The human body functions as a complex, integrated system in which different organs and
processes work together to maintain internal stability. Among the most important regulatory
systems is the endocrine system, which operates through a network of ductless glands known
as endocrinal glands. These glands secrete chemical messengers called hormones directly into
the bloodstream. Unlike the nervous system, which communicates rapidly through electrical
impulses, the endocrine system regulates bodily functions slowly and steadily, providing
long-term control overgrowth, metabolism, reproduction, stress, and behaviour.
Understanding endocrinal glands is fundamental to appreciating how the mind and body
interact to maintain health and homeostasis.

10.1.1 Meaning and Nature of the Endocrine System

The term endocrine refers to internal secretion. Endocrinal glands are characterized by the
absence of ducts; hence, their hormones are released into the blood, which transports them to
distant target organs. Hormones act in minute concentrations yet produce powerful effects by
binding to specific receptors. The endocrine system works in close coordination with the
nervous system, forming the neuroendocrine system, which ensures that physical and
psychological processes occur in harmony.

The major endocrine glands include the hypothalamus, pituitary, thyroid, parathyroid glands,
adrenal glands, pancreas (islets of Langerhans), pineal gland, and the gonads (testes and
ovaries). Each gland performs a distinct function, but they are all interconnected through a
series of feedback mechanisms, especially negative feedback that maintains hormonal
balance.

10.1.2 Regulation of Hormonal Activity

The endocrine system operates through an intricate network of feedback loops, particularly
negative feedback, which maintains stability. For example, low levels of thyroid hormones
trigger the hypothalamus to release TRH, stimulating the pituitary to release TSH, which
activates the thyroid. Once adequate hormone levels are reached, the feedback loop inhibits
further release. This regulation prevents hormonal excesses or deficiencies.

10.1.3 Role of Endocrinal Glands in Behaviour and Emotion

Hormones play a crucial role in shaping human behaviour, mood, and cognition. Cortisol
influences stress and anxiety; thyroid hormones affect energy, concentration, and emotional
stability; and sex hormones modulate aggression, mood swings, and social behaviour.
Hormonal imbalances often manifest as psychological symptoms such as irritability,
depression, fatigue, or sleep disturbances. Thus, endocrinal glands contribute significantly to
biopsychosocial functioning.

10.1.4 Clinical Significance
Disorders of endocrine glands can lead to various conditions such as hypothyroidism,
hyperthyroidism, Cushing’s syndrome, Addison’s disease, diabetes mellitus, growth




Bio Psychology 10.3 Introduction to Endocrinal Glands

abnormalities, infertility, and mood disorders. Early diagnosis and hormonal regulation
through medication or lifestyle intervention are crucial for restoring normal functioning.

10.2 ENDOCRINE SYSTEM:

Your endocrine system consists of the tissues (mainly glands) that create and
release hormones. Hormones are chemicals that coordinate different functions in your body
by carrying messages through your blood to your organs, skin, muscles and other tissues.
These signals tell your body what to do and when to do it. Hormones are essential for life and
your health.

10.2.1 Function of the endocrine system

The main function of your endocrine system is to release hormones into your blood while
continuously monitoring the levels. Hormones deliver their messages by locking into the cells
they target so they can relay the message. You have more than 50 different hormones, and
they affect nearly all aspects of your health — directly or indirectly. Some examples include:

e Metabolism.

o Homeostasis (constant internal balance), such asblood pressure and blood sugar
regulation, fluid (water) and electrolyte balance and body temperature.

e Growth and development.

e Sexual function.

e Reproduction.

o Sleep-wake cycle.

e Mood.

Very small amounts of hormones can trigger significant responses and changes in your
body. If your body has too little or too much of a hormone, it affects your health. This often
causes noticeable symptoms.

10.3 ENDOCRINE SYSTEM ORGANS:

The endocrine system is one of the body’s key regulatory networks, working alongside the
nervous system to maintain homeostasis and coordinate complex physiological processes.
This system is composed of ductless glands that secrete hormones directly into the
bloodstream. These hormones act on specific target organs to regulate metabolism, growth,
reproduction, stress response, and emotional well-being. The organs of the endocrine system
form an interconnected network in which the activity of one gland influences others through a
series of feedback mechanisms. Understanding the structure and function of these organs is
vital for comprehending the body’s internal balance and many disease processes.

10.3.1 Hypothalamus

The hypothalamus, located in the brain, is the central controller of the endocrine system.
Although technically part of the nervous system, it plays an endocrine role by producing
releasing and inhibiting hormones that regulate the pituitary gland. It integrates signals from
the nervous system with hormonal responses. The hypothalamus controls body temperature,

hunger, thirst, emotions, and circadian rhythms, acting as a bridge between the mind and the
body.
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10.3.2 Pituitary Gland

The pituitary gland, often termed the “master gland,” controls several other endocrine

glands.

It has two lobes:

e Anterior pituitary secretes growth hormone (GH), thyroid-stimulating hormone (TSH),
adrenocorticotropic hormone (ACTH), prolactin, FSH, and LH.

o Posterior pituitary stores and releases oxytocin and antidiuretic hormone (ADH)
produced by the hypothalamus.

Through these hormones, the pituitary regulates growth, reproduction, metabolism, and water

balance.

10.3.3 Thyroid Gland

The thyroid gland, located in the neck, produces the hormones thyroxine (T4) and
trilodothyronine (T3), which regulate the metabolic rate, oxygen consumption, and energy
production. It also produces calcitonin, which lowers blood calcium levels. The thyroid gland
is essential for growth, brain development, and overall metabolic health.

10.3.4 Parathyroid Glands

Four small glands situated behind the thyroid secrete parathyroid hormone (PTH). This
hormone plays a crucial role in maintaining calcium and phosphate balance in the blood and
bones. It increases blood calcium by stimulating bone resorption, enhancing calcium
absorption in the intestine, and promoting kidney reabsorption.

10.3.5 Adrenal Glands

Located on top of each kidney, the adrenal glands consist of two distinct regions:

e Adrenal cortex (outer region) produces cortisol, aldosterone, and small amounts of
androgens. Cortisol regulates metabolism, stress response, and immune function, while
aldosterone maintains sodium and potassium balance.

e Adrenal medulla (inner region) produces adrenaline and noradrenaline, which prepare the
body for “fight or flight.”

Together, these hormones help the body respond to stress, maintain blood pressure, and

regulate electrolyte balance.

10.3.6 Pancreas (Endocrine Portion)

The pancreas has both exocrine and endocrine functions. The endocrine portion, known as the
Islets of Langerhans, contains different cell types:

o Alpha cells — secrete glucagon

o Beta cells — secrete insulin

o Delta cells — secrete somatostatin

These hormones regulate blood glucose levels. Insulin lowers blood sugar, whereas glucagon
increases it, maintaining glucose homeostasis.

10.3.7 Gonads (Testes and Ovaries)

The gonads are the primary reproductive glands.

o Testes produce testosterone, which governs male secondary sexual characteristics and
sperm production.

o Ovaries secrete estrogen and progesterone, which regulate the menstrual cycle, pregnancy,
reproductive development, and secondary female characteristics.

These glands play a central role not only in reproduction but also in mood, bone health, and

metabolism.
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10.3.8 Pineal Gland

The pineal gland, located deep within the brain, produces melatonin, a hormone that
regulates the sleep—wake cycle and circadian rhythms. It influences mood, seasonal
behaviour, and biological timing.

10.3.9 Other Endocrine Tissues

Several non-gland organs also have endocrine functions:

o Heart (produces ANP to regulate blood pressure)

o Kidneys (produce erythropoietin and renin)

o Gastrointestinal tract (produces gastrin, secretin, CCK, etc.)

o Placenta (secretes hCG, progesterone, estrogen during pregnancy)

These broaden the scope of the endocrine system across many bodies systems

10.4 ENDOCRINE SYSTEM DISEASES:

The endocrine system is a complex network of ductless glands that secrete hormones
essential for regulating metabolism, growth, reproduction, stress response, and homeostasis.
When this system functions normally, it maintains internal balance and ensures smooth
coordination between physiological and psychological processes. However, disturbances in
hormone production, secretion, or receptor sensitivity can lead to endocrine system diseases.

These disorders may result from overproduction (hypersecretion) or underproduction
(hyposecretion) of hormones, structural abnormalities, autoimmune reactions, inflammation,
tumours, or genetic defects. Endocrine diseases often affect multiple organs because
hormones act systemically, making early diagnosis and management crucial.

10.5 CAUSES OF ENDOCRINE SYSTEM DISEASES:

Endocrine diseases arise from a variety of factors:

1. Autoimmune Disorders — Examples include Hashimoto’s thyroiditis and Type 1 diabetes,

where the immune system mistakenly attacks endocrine tissues.

2. Genetic Mutations — Conditions like congenital adrenal hyperplasia result from inherited

enzyme deficiencies.

3. Tumours — Benign or malignant growths in endocrine glands can impair or overstimulate

hormone production.

4. Infections & Inflammation — Thyroiditis or pancreatitis may disrupt hormone secretion.
Environmental & Lifestyle Factors — Stress, obesity, poor diet, endocrine-disrupting
chemicals, and medications can influence hormonal balance.

6. Aging — Degeneration of glands such as ovaries and testes leads to menopause and
andropause.

9]

10.6 MAJOR ENDOCRINE DISEASES:

10.6.1 Diabetes Mellitus

Diabetes mellitus is one of the most common endocrine disorders.

o Type 1 diabetes results from autoimmune destruction of pancreatic beta cells, leading to
insulin deficiency.

o Type 2 diabetes involves insulin resistance, often associated with obesity and sedentary
lifestyle.
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e Symptoms include excessive thirst, frequent urination, fatigue, weight loss, and slow
wound healing. If uncontrolled, it can lead to cardiovascular disease, neuropathy, kidney
failure, and vision loss.

10.6.2 Thyroid Disorders

The thyroid gland regulates metabolism; thus, its dysfunction affects multiple body systems.

e Hypothyroidism, often due to Hashimoto’s thyroiditis, results in fatigue, weight gain, cold
intolerance, and depression.

e Hyperthyroidism, commonly caused by Graves’ disease, leads to weight loss, nervousness,
heat intolerance, and palpitations.

o Structural diseases include goitre and thyroid nodules. Thyroid disorders also influence
emotional stability and cognitive functioning.

10.6.3 Adrenal Gland Disorders

The adrenal glands play a crucial role in stress response, metabolism, and blood pressure

regulation.

e Cushing’s Syndrome, caused by excessive cortisol production (often due to pituitary
tumours or steroid overuse), results in central obesity, moon face, hypertension, and fragile
skin.

e Addison’s Disease is characterized by inadequate cortisol and aldosterone production,
causing fatigue, low blood pressure, weight loss, and hyperpigmentation.

e Pheochromocytoma, a tumour of the adrenal medulla, causes excessive adrenaline release,
resulting in severe hypertension, sweating, and anxiety.

10.6.4 Pituitary Disorders

Because the pituitary gland regulates many other glands, its dysfunction has widespread

consequences.

o Hypopituitarism involves decreased secretion of one or more pituitary hormones, affecting
growth, reproduction, and metabolism.

e Gigantism and acromegaly occur due to excessive growth hormone secretion (usually
from a pituitary adenoma).

e Diabetes insipidus results from ADH deficiency, causing excessive urine output and
intense thirst.

10.6.5 Parathyroid Disorders

Parathyroid hormone (PTH) maintains calcium balance.

o Hyperparathyroidism leads to elevated calcium levels, causing kidney stones, bone pain,
fatigue, and psychological symptoms such as irritability or depression.

o Hypoparathyroidism results in low calcium levels, causing muscle spasms, tingling
sensations, and cardiac abnormalities.

10.6.6 Reproductive Hormone Disorders

e Polycystic Ovary Syndrome (PCOS) is a common disorder involving hormonal imbalance,
irregular periods, acne, obesity, and infertility.

e Hypogonadism, seen in both males and females, leads to reduced sex hormone levels
affecting fertility, sexual development, and mood.

e Menopause and Andropause represent natural declines in sex hormones but may lead to
symptoms like fatigue, mood swings, hot flashes, and decreased libido.
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10.6.7 Pineal Gland Disorders
Disturbances in melatonin secretion can lead to sleep disorders, depression, seasonal affective
disorder (SAD), and circadian rhythm disruptions.

10.7 IMPACT ON PHYSICAL AND PSYCHOLOGICAL HEALTH:

Endocrine diseases affect both body and mind because hormones influence energy levels,
emotions, stress response, and behaviour. Disorders like hypothyroidism, Cushing’s
syndrome, and diabetes are frequently associated with depression, anxiety, irritability,
cognitive impairment, and decreased quality of life. Chronic hormonal imbalance can impair
social functioning, productivity, and self-esteem.

10.8 DIAGNOSIS AND MANAGEMENT:

Diagnosis of endocrine diseases typically includes hormone assays, imaging tests, biopsy, and
symptom evaluation. Treatment varies depending on the disorder and may include:

e Hormone replacement therapy

e Medications to suppress excessive hormone production

o Lifestyle modifications such as diet and exercise

e Surgery for tumours or gland removal

e Immunotherapy in autoimmune conditions

Ongoing monitoring is essential, as many endocrine disorders require lifelong management.

10.9 SUMMARY:

The endocrinal system is fundamental to maintaining physiological balance and coordinating
complex biological processes. Through the secretion of hormones, endocrine glands regulate
growth, metabolism, reproduction, stress response, and emotional well-being. Their intricate
connection with the nervous system highlights the dynamic relationship between mind and
body. A thorough understanding of endocrinal glands is essential in medicine, psychology,
and health sciences, as it provides insight into both normal bodily functions and the
development of various disorders. The study of endocrine glands thus forms an important
foundation for understanding human behaviour, health, and disease.

10.10 KEYWORDS:

¢ Endocrine Glands: Ductless glands that secrete hormones directly into the bloodstream
to regulate physiological and psychological functions.

e Hormones: Chemical messengers produced by endocrine glands that act on distant target
organs to coordinate bodily functions.

e Homeostasis: The state of internal balance maintained by the endocrine and nervous
systems.

o Negative Feedback Mechanism: A regulatory process where the increase in a hormone
level inhibits further secretion, maintaining balance.

e Hypothalamus: A neuroendocrine structure in the brain that controls the pituitary gland
through releasing and inhibiting hormones.

e Pituitary Gland: Known as the “master gland,” it secretes hormones that regulate other
endocrine glands.

e Thyroid Gland: An endocrine gland located in the neck that regulates metabolism by
secreting T3 and T4 hormones.




Centre for Distance Education 10.8 Acharya Nagarjuna University

e Adrenal Glands: Endocrinal glands located above the kidneys, involved in stress
response (adrenaline, cortisol) and salt balance.

e Pancreas (Islets of Langerhans): Endocrine tissue that secretes insulin and glucagon to
regulate blood glucose.

e Gonads: Sex glands (testes in males, ovaries in females) producing reproductive
hormones.

10.11 SUGGESTED READINGS:

e Taylor, S. E. (2018). Health Psychology (10th ed.). New York, NY: McGraw-Hill.

e Sarafino, E. P., & Smith, T. W. (2019). Health Psychology: Biopsychosocial Interactions
(9th ed.). Hoboken, NJ: Wiley.

e Carson, R. C., Butcher, J. N., & Mineka, S. (2000). Abnormal Psychology and Modern
Life (11th ed.). Boston, MA: Allyn & Bacon.

10.12 SELF-ANSWERING QUESTIONS:

What are endocrine glands?

Why is the pituitary gland called the “master gland”?

What is the function of the thyroid gland?

Name the hormones secreted by the pancreas.

What is the role of the adrenal medulla?

What is melatonin and which gland secreting it?

Explain the negative feedback mechanism with an example.

What hormones regulate male and female reproductive systems?

A S A S S e

How do hormones influence behaviour?

10. Name any four major endocrine glands.

- Dr. P. Raja Sekar




LESSON- 11
LEARNING OBJECTIVES FUNCTIONS OF

PITUITARY & THYROID GLANDS

OBJECTIVES:

After studying this topic, the learner will be able to:

e Define the pituitary gland and describe its location and connection to the hypothalamus.
Explain the structural organization of the pituitary gland (anterior and posterior lobes).
List and describe the hormones secreted by the anterior pituitary and their functions.

List and explain the roles of ADH and oxytocin secreted from the posterior pituitary.

Describe the concept of the hypothalamic—pituitary axis and its regulatory mechanisms.

Explain the negative feedback system that controls pituitary hormone secretion.

Describe the mechanism of thyroid hormone synthesis, storage, and release.

Explain the molecular mechanism of action of thyroid hormones via nuclear receptors

and gene transcription.

e Interpret the physiological effects of T3 and T4 on metabolism, growth, and
development.

e Understand the significance of calcitonin in calcium homeostasis.

e Explain the concept of negative feedback regulation in the hypothalamic—pituitary—
thyroid axis (HPT axis).

STRUCTURE:

11.1 Introduction

11.2 Structure of Pituitary gland
11.2.1 Anterior Pituitary
11.2.2 Posterior Pituitary

11.3 Functions of Pituitary gland

11.3.1 Functions of Anterior Pituitary gland
11.3.1.1 Growth Hormone
11.3.1.2 Thyroid - Stimulating Hormone
11.3.1.3 Andreno Corticotropic Hormone
11.3.1.4 FSH
11.3.1.5LH
11.3.1.6 PRL

11.3.2 Functions of Posterior Pituitary gland
11.3.2.1 ADH
11.3.2.2 Oxytocin

11.4 Role of Pituitary gland in endocrine system
11.5 Clinical Significance

11.6 Thyroid

11.7 Structure of Thyroid

11.8 Hormones of Thyroid
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11.8.1 Thyroid Hormone (thyroxine and triiodothyronine)
11.8.2 Calcitonin

11.9 Symptoms of Thyroid

11.10 Functions of Thyroid
11.10.1 Physiological Functions

11.11 Diseases and Disorders of Thyroid Gland
11.11.1 Grave’s Disease
11.11.2 Goiter
11.11.3 Cretinism
11.11.4 Thyroid Tumor

11.12 Treatment
11.13 Summary
11.14 Keywords
11.15 Suggested readings

11.16 Self answering questions
11.1 INTRODUCTION:

The pituitary gland, often referred to as the “master gland,” plays a central role in the
regulation of the endocrine system. It is a small, pea-sized endocrine organ located at the base
of the brain, connected to the hypothalamus through a stalk called the infundibulum.
Although small, the pituitary gland exerts a powerful influence over a wide range of vital
physiological processes by secreting hormones that regulate growth, metabolism,
reproduction, water balance, and stress response. Because of its extensive control over other
endocrine glands, it is regarded as one of the most important organs in the neuroendocrine
system.

11.2 STRUCTURE OF THE PITUITARY GLAND:

The pituitary gland consists of two major lobes, each with distinct origins, structures, and
functions:

11.2.1 Anterior Pituitary (Adenohypophysis)

— Constitutes about 75% of the gland.

— Produces and secretes its own hormones.

— Controlled by hypothalamic releasing and inhibiting hormones.

11.2.2 Posterior Pituitary (Neurohypophysis)

— Stores and releases hormones produced in the hypothalamus.
— Connected directly to the hypothalamus through nerve fibres.
This structural distinction reflects its diverse functional roles.




Bio Psychology 11.3 Learning Objectives Functions...

PITUITARY GLAND

Adrenal Breast
cortex

Skin
\ S~ Prolactin /
ACTH —— Oxytocin

-]

MSH —— R o7
/ > \ Kidney
GH \ Gonadotropins
Bone - TS: \ \
a
Ovary

Muscle Thyroid Testicle

11.3 FUNCTIONS OF THE PITUITARY GLAND:

11.3.1 Functions of the Anterior Pituitary
The anterior pituitary synthesizes and releases six major hormones, each of which regulates
critical physiological functions.

11.3.1.1 Growth Hormone (GH)

o Stimulates growth of bones, muscles, and tissues.

o Enhances protein synthesis and lipid metabolism.

o Regulates physical growth during childhood and adolescence.
o Imbalances lead to gigantism, acromegaly, or dwarfism.

11.3.1.2 Thyroid-Stimulating Hormone (TSH)

o Stimulates the thyroid gland to release T3 and T4.
o Regulates metabolism, energy levels, and growth.
o Controlled through negative feedback.

11.3.1.3 Adrenocorticotropic Hormone (ACTH)

o Stimulates the adrenal cortex to release cortisol and other glucocorticoids.
e Important for stress response, immune modulation, and metabolism.

o Excess ACTH may lead to Cushing’s disease.

11.3.1.4 Follicle-Stimulating Hormone (FSH)
o In females: stimulates ovarian follicle development and estrogen production.
o In males: promotes spermatogenesis in testes.

11.3.1.5 Luteinizing Hormone (LH)

o In females: triggers ovulation and formation of corpus luteum; stimulates progesterone
production.

o In males: stimulates Leydig cells in testes to produce testosterone.

o Together, FSH and LH are essential for fertility and reproductive health.
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11.3.1.6 Prolactin (PRL)

o Stimulates milk production in lactating mothers.

o Influences reproductive behaviour and maternal bonding.

o Excess secretion may cause infertility and menstrual irregularities.

11.3.2 Functions of the Posterior Pituitary
The posterior pituitary does not produce hormones; instead, it stores and releases two
hormones produced by the hypothalamus.

11.3.2.1 Antidiuretic Hormone (ADH) or Vasopressin

o Regulates water balance by promoting water reabsorption in the kidneys.

e Maintains blood pressure and fluid homeostasis.

o Deficiency of ADH leads to diabetes insipidus, characterized by excessive urination and
thirst.

11.3.2.2 Oxytocin

o Stimulates uterine contractions during childbirth.

e Promotes milk ejection during breastfeeding.

o Plays arole in emotional bonding, trust, and social behaviour.

11.4 ROLE OF THE PITUITARY GLAND IN THE ENDOCRINE SYSTEM:

The pituitary gland works in coordination with the hypothalamus to form the hypothalamic-
pituitary axis, which regulates nearly all endocrine functions. It influences other glands such
as the thyroid, adrenal glands, ovaries, and testes. By regulating hormone secretion across
these glands, the pituitary ensures balance, growth, stress adaptation, and reproductive health.

11.5 CLINICAL SIGNIFICANCE:

Pituitary dysfunction can lead to several disorders:

o Hypopituitarism — decreased hormone secretion

o Hyperpituitarism — excessive hormone secretion

o Pituitary adenomas — benign tumours affecting hormone output

e Growth disorders — gigantism, acromegaly, dwarfism

o Reproductive issues — infertility, menstrual irregularities, low testosterone
o Water balance disturbances — diabetes insipidus

Early diagnosis is critical since pituitary disorders affect multiple organs.

11.6 THYROID GLAND:

The thyroid gland is one of the most vital endocrine organs in the human body, responsible
for regulating metabolism, growth, and development. Situated in the anterior neck, this
butterfly-shaped gland influences nearly every organ system through the secretion of thyroid
hormones. Its physiological importance, intricate regulatory mechanisms, and susceptibility
to disease have made it a central focus of medical research for decades. Understanding the
thyroid gland involves exploring its anatomy, hormone synthesis, mechanisms of action, and
the wide array of disorders that arise when its function becomes imbalanced.

The thyroid gland is an endocrine gland that occurs in the neck and is essential for iodine
metabolism and secretion of thyroid hormones.
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e The gland is small and highly vascular, like most endocrine glands. It occurs in the neck
between the 5™, 6™, and 7% cervical vertebrae.

e The development of the gland and secretion of thyroid hormones is regulated by the
anterior pituitary, which in turn is regulated by the hypothalamus.

e The thyroid gland is the largest pure endocrine gland in the body. Since the gland is large
and highly vascular, thyroid surgeries are usually difficult.

o Embryologically, thyroid glands develop by the pharynx at the third or fourth week of
pregnancy. The gland then slowly moves down and migrates to the base of the neck.

e The thyroid gland secretes two important hormones that are composed of iodine atoms:
trilodothyronine and thyroxine. Besides, the thyroid gland also secretes a peptide
hormone called calcitonin.

e Thyroxine and triiodothyronine are involved in the regulation of fat metabolism as well
as growth and development in children.

o The hormone calcitonin plays an essential role in calcium metabolism and homeostasis.

e The gland rests on the thyroid cartilage and has two lobes on either side of the cartilage.
The two lobes of the gland are joined together by a narrow piece of muscle called the

isthmus.
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11.7 STRUCTURE OF THYROID GLAND:

e The thyroid gland is a butterfly-shaped gland that is present on the anterior side of the
neck, in front of the trachea.

e The gland weighs about 25 grams and has two lobes on either side of the trachea. Each of
the lobes is cone-shaped, 5 cm long, and 3 cm wide.

¢ In between the two lobes is a median mass of tissue called the isthmus, which connects
the two lobes.

e The internal structure of the gland consists of hollow spherical follicles that remain
scattered through the structure.

o The walls of these follicles are composed of cuboidal epithelial cells, also known as
follicular cells.

e These cells secrete the thyroid hormones in the form of a glycoprotein called
thyroglobulin. The hormone is released in the form of an amber-coloured, sticky liquid
called colloid.
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e In addition to the follicular cells, the thyroid gland also contains parafollicular cells,
which produce calcitonin.

e The parafollicular cells are present within the follicular epithelium and do not form a
separate mass with the connective tissue.

e The thyroid gland is highly vascular and is supplied with arterial blood supply through
the superior and inferior thyroid arteries.

11.8 HORMONES OF THYROID GLAND:

The thyroid gland secretes three different hormones: triiodothyronine, thyroxine, and
calcitonin.

11.8.1 Thyroid Hormone (thyroxine and triiodothyronine)

e Thyroid hormone consists of two iodine-containing hormones, thyroxine and
triitodothyronine.

e Thyroxine is also known as T4 as it contains four atoms of iodine, whereas
triitodothyronine is also called T3 as it contains three atoms of iodine.

o The follicular cells of the thyroid gland produce thyroxine as the major hormone, which
is then converted to T3.

e Both thyroxine and triiodothyronine are composed of two tyrosine amino acid units
linked together with iodine atoms. The number of iodine atoms differs between the two
hormones.

e The primary function or role of thyroid hormone is to increase the basal metabolic rate
and heat production via glucose oxidation.

o Besides, it is also necessary for tissue growth and development, especially in the case of
skeletal and nerve tissues.

e The level of thyroid hormone in the blood is regulated by the pituitary gland by the
release of thyroid-stimulating hormone. The regulation and control of the release of
thyroid hormone work by a negative feedback mechanism.

11.8.2 Calcitonin

e Calcitonin is secreted by the parafollicular cells or C cells of the thyroid gland as a
response to an increased level of calcium in the blood.

o However, the hormone is not given as much importance as the increased level of calcium
in the blood doesn’t have a physiological effect on the body.

o Calcitonin is given to patients suffering from osteoporosis as it has a bone-sparing effect.

e (alcitonin acts on bones where it inhibits osteoclastic activity, decreasing the release of
calcium into the blood. It also stimulates the uptake of calcium from the blood into the
bone matrix.

11.9 THYROID SYMPTOMS:

Sometimes, symptoms of a thyroid disorder are not obvious. This is because there are various
other factors that can induce similar symptoms and usually, the treatment is given according
to the symptoms. For instance, excessive tiredness may be associated with sleep apnea,
narcolepsy etc, but the underlying symptoms may be thyroid related. Some of the common
symptoms of the thyroid are:

o Nervousness

e Poor concentration and knowledge retention

o Change in the menstrual cycle
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o Increased heart rate

e Muscle aches

o Weight gain

o High level of cholesterol

11.10 FUNCTIONS OF THYROID GLAND:

11.10.1 Physiological Functions of Thyroid Hormones

Thyroid hormones influence nearly every physiological process in the body. Their primary
role is regulation of basal metabolic rate (BMR). They increase oxygen consumption, heat
production, and energy expenditure by stimulating mitochondrial activity and enhancing
carbohydrate, lipid, and protein metabolism.

In growth and development, thyroid hormones are indispensable. They play a critical role in
brain development during fetal and early postnatal life. Deficiency of thyroid hormones
during these periods can lead to irreversible cognitive impairment, a condition historically
known as cretinism. Additionally, they contribute to skeletal growth, cardiovascular function,
reproductive health, and gastrointestinal motility.

On a molecular level, thyroid hormones exert their effects by binding to nuclear receptors that
regulate gene transcription. This mechanism allows them to influence long-term metabolic
processes as well as short-term physiological responses.

The following are some of the functions of the thyroid gland:

1. The most important function of the thyroid gland is to produce thyroid hormones that are
essential for metabolic activities and growth.

2. The thyroid hormone regulates the basal metabolic rate in the body by influencing
glucose, fat, and protein metabolism.

3. The hormones are composed of iodine atoms; thus, these also play an essential role in
iodine metabolism in the body.

4. Calcitonin produced by the C cells of the thyroid gland regulates the levels of calcium
ions in the blood.

5. The thyroid hormone plays a crucial role in the growth and development of the target
organs in the body like the brain and kidneys.

11.11 DISEASES AND DISORDERS OF THYROID GLAND:

The disorders and diseases associated with the thyroid gland are usually due to the
hypersecretion or hyposecretion of the hormones. The following are some of the disorders
associated with the thyroid gland and its secretions.

11.11.1. Grave’s disease

Grave’s disease

e Grave’s disease or Grave’s thyroiditis is a condition caused due to the hypersecretion of
the thyroid hormone.

e The condition is more common in women than in men and can occur at any age but is
common among individuals between 30-50 years.

e QGrave’s disease is an autoimmune condition in which the abnormal antibodies of the
body are directed against the thyroid follicular cells.
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These unusual antibodies mimic the thyroid-stimulating hormone of the pituitary gland
and stimulate the thyroid gland to produce the hormone.

Some of the common symptoms associated with this condition are nervousness, elevated
metabolism, sweating, weight loss, etc.

11.11.2 Simple Goiter

Simple goitre is a condition caused by the hyposecretion of the thyroid hormone as a
result of enlargement of the gland.

Goiter is characterized by the formation of extra thyroid tissue, which causes the
enlargement of the gland.

It is caused due to persistent iodine deficiency, which causes a relative lack of T3 and T4
in the body.

In some cases, the increased size of the gland can cause damage to the adjacent tissues
like the esophagus and nerves.

11.11.3 Cretinism

Cretinism is caused due to the hyposecretion of thyroid hormone in children.

Clinical features of the condition are observed in the form of mental retardedness and a
disproportionately sized body.

The effect of the condition depends on the age and physiological activity of the
individual, but it is usually more severe in children than in adults.

Cretinism might be caused due to genetic deficiency of the thyroid gland or maternal
factors like the lack of iodine.

11.11.4 Thyroid Tumor

Malignant tumours of the thyroid gland are rare, but benign tumours, including single
adenomas, are common.

However, in the case of older adults, the Tumor might become malignant.

Even with benign tumours, some might produce a large amount of hormones, resulting in
hyperthyroidism.

11.12 THYROID TREATMENT:

The most common treatment available for thyroid problems like hyperthyroidism is to
replace thyroxine with another synthetic man-made hormone called levothyroxine ( or L-
thyroxine). It is an injectable and an oral medication that can return the balance in the
thyroid glands. Patients will experience a reduction in the symptoms of hyperthyroidism
in a few weeks post medication.

Cancer in the thyroid gland could be treated quite successfully with radiation. Thyroid
cancer would be difficult to diagnose sometimes as it shows no signs or symptoms. A
periodic checkup is essential for preventing such diseases from taking root.

11.13 SUMMARY:

The pituitary gland is a central regulatory organ in the endocrine system, controlling a vast
range of physiological processes through its hormones. From growth and metabolism to
reproduction and water balance, the pituitary ensures internal stability and coordinated bodily
functions. Its close relationship with the hypothalamus enables it to act as the master
conductor of the endocrine orchestra. Understanding its functions is essential for appreciating
the body’s hormonal regulation and the development of numerous clinical conditions. The
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thyroid gland is a small yet immensely powerful organ that plays a fundamental role in
regulating human physiology. From controlling metabolism and growth to influencing
cardiovascular and neurological health, its hormones are essential for life. Disorders of the
thyroid are common but largely treatable with early diagnosis and appropriate medical care.
As research into endocrine function continues to evolve, a deeper understanding of the
thyroid gland will further enhance our ability to diagnose, manage, and prevent thyroid-
related diseases. Ultimately, the thyroid stands as a remarkable example of how intricate and
finely balanced the human endocrine system truly is.

11.14 KEYWORDS:

e Pituitary gland: A pea-sized endocrine gland located at the base of the brain that controls
other endocrine glands.

e Adenohypophysis: The anterior lobe of the pituitary that synthesizes and secretes
hormones.

e Neurohypophysis: The posterior lobe of the pituitary that stores and releases
hypothalamic hormones.

e Tropic hormones: Hormones that regulate the activity of other endocrine glands (e.g.,
TSH, ACTH).

e Growth Hormone (GH): A hormone that stimulates growth of bones, muscles, and
tissues.

e Cushing’s disease: A disorder caused by excess ACTH leading to increased cortisol
levels.

e Diabetes insipidus: A condition caused by ADH deficiency leading to excessive urination
and thirst.

e Infertility: Inability to conceive due to hormonal imbalance of FSH/LH/PRL.

e Negative feedback: A regulatory mechanism by which hormone levels inhibit further
secretion.

e Thyroid Gland: A butterfly-shaped endocrine gland located in the anterior neck that
secretes thyroid hormones (T3, T4) and calcitonin.

e Follicular Cells: Cuboidal epithelial cells of the thyroid follicles responsible for
synthesizing and secreting thyroid hormones (T3 and T4).

e Parafollicular Cells (C Cells): Specialized cells located between follicular cells that
produce the hormone calcitonin.

e Thyroglobulin: A large glycoprotein stored in the follicular colloid, serving as the
precursor for thyroid hormone synthesis.

e C(Colloid: Amber-colored, viscous substance filling thyroid follicles; contains
thyroglobulin and stores thyroid hormones.

e Triiodothyronine (T3): A thyroid hormone containing three iodine atoms; biologically
more active than T4 and regulates metabolic processes.

e Thyroxine (T4): The major hormone produced by the thyroid gland, containing four
1odine atoms; converted into T3 in tissues.

e lodine Metabolism: The physiological process by which dietary iodine is absorbed and
utilized for the synthesis of T3 and T4.

e Basal Metabolic Rate (BMR): The minimum energy expenditure required to maintain
vital body functions at rest; regulated largely by thyroid hormones.

e Hypothalamic—Pituitary—Thyroid Axis (HPT Axis): A regulatory feedback system
involving the hypothalamus (TRH), pituitary (TSH), and thyroid gland controlling
hormone secretion.
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Thyroid-Stimulating Hormone (TSH): A hormone released from the anterior pituitary
that stimulates the thyroid gland to produce T3 and T4.

Negative Feedback Mechanism: A regulatory process where rising levels of thyroid
hormones inhibit TSH secretion, maintaining hormonal balance.

Calcitonin: A peptide hormone secreted by parafollicular cells that lowers blood calcium
levels by inhibiting bone resorption.

Hyperthyroidism: A condition caused by excessive thyroid hormone secretion; symptoms
include weight loss, nervousness, sweating, and increased heart rate.

Hypothyroidism: A disorder caused by insufficient thyroid hormone secretion; symptoms
include weight gain, fatigue, cold intolerance, and poor concentration.
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11.16 SELF ANSWERING QUESTIONS:

Nk =

Why is the pituitary gland called the “master gland”?

Name the two lobes of the pituitary gland.

Which part of the pituitary stores hormones?

What are the main hormones produced by the thyroid gland?
How is thyroid hormone synthesis regulated?

What is the role of iodine in thyroid hormone synthesis?
What are the major functions of thyroid hormones?

- Dr. P. Raja Sekar




LESSON- 12
FUNCTIONS OF ADRENAL, PANCREAS AND

GONADS

OBJECTIVES:

After studying this topic, the learner will be able to:
o Explain the structure and location of the adrenal glands.
e Describe the functions of the adrenal cortex and its hormones.
e Discuss the role of the adrenal medulla in stress response.
o Describe the exocrine and endocrine structure of the pancreas.
o Explain the role of pancreatic enzymes in digestion.
e Discuss hormonal regulation of glucose (insulin, glucagon).
e Explain the structure and functions of male and female gonads.
o Describe spermatogenesis and oogenesis.
o Explain the roles of sex hormones (testosterone, estrogen, progesterone).
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12.10.3.3 Secretion of Inhibin
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12.12 Keywords
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12.14 Self answering questions
12.1 INTRODUCTION:

The adrenal glands, also known as suprarenal glands, are paired endocrine organs located on
the superior poles of the kidneys. Despite their small size, they play an essential role in
maintaining homeostasis by producing hormones involved in metabolism, stress response,
electrolyte balance, immunity, and reproductive functions. Each adrenal gland consists of two
distinct regions — the adrenal cortex and the adrenal medulla — each with unique hormonal
functions and regulatory mechanisms. Together, they form a central component of the body’s
adaptive response to internal and external stressors.

The pancreas is a vital glandular organ located in the abdominal cavity, posterior to the
stomach and extending horizontally from the duodenum to the spleen. It performs both
exocrine and endocrine functions, making it a unique dual-purpose organ essential for
digestion as well as metabolic regulation. Through enzyme secretion and hormone
production, the pancreas plays a central role in nutrient digestion, glucose homeostasis, and
overall metabolic balance. Any disturbance in its function can lead to serious disorders such
as diabetes mellitus, pancreatitis, and malabsorption syndromes, highlighting its clinical
significance.

The gonads, consisting of the testes in males and ovaries in females, are primary reproductive
organs responsible for the production of gametes and the secretion of sex hormones. They
play a dual role as both reproductive and endocrine organs. Gonads are essential for sexual
development, puberty, reproduction, maintenance of secondary sexual characteristics, and
regulation of the menstrual and reproductive cycles. Through hormonal interactions with the
hypothalamus and pituitary gland, the gonads contribute significantly to physiological
homeostasis, fertility, and overall reproductive health.

12.2 ADRENAL GLANDS:

Your adrenal glands, also known as suprarenal glands, are small, triangle-shaped glands that
are located on top of each of your two kidneys. They’re a part of your endocrine system and
produce certain hormones that help regulate several important bodily functions, including:

e Metabolism (how your body transforms and manages energy from the food you eat)

e Immune system

e Blood pressure
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e Response to stress

o Development of sexual characteristics
Your adrenal glands are composed of two parts: the cortex (outer region) and the medulla
(inner part). Each part is responsible for producing different hormones.

Adrenal Gland

Adrenal gland

Adrenal Adrenal
medulla cortex

Adrenal glands are responsible for producing and releasing the following essential hormones:

Cortisol. Cortisol is a glucocorticoid hormone that plays several important roles. It helps
control your body’s wuse of fats, proteins and carbohydrates. It also
suppresses inflammation, regulates your blood pressure, increases blood sugar and helps
control your sleep-wake cycle. Your adrenal glands release cortisol during times of stress
to help your body get an energy boost and better handle an emergency.

Aldosterone. Aldosterone is a mineralocorticoid hormone that plays a central role in
regulating blood pressure and the levels of sodium and potassium (electrolytes) in your
blood. This means aldosterone helps regulate your blood pH (how acidic or basic it is) by
controlling the levels of electrolytes in your blood.

DHEA and androgenic steroids. These hormones are weak male hormones, meaning
they don’t have much biologic impact. They’re converted into female hormones
(estrogens) in the ovaries and into male hormones (androgens) in the testes. Androgens
are usually thought of as male hormones, but the female body naturally produces a small
number of androgens, too.

Adrenaline (epinephrine) and noradrenaline (norepinephrine). These hormones are
known as the “fight or flight” hormones and are called catecholamines. Adrenaline and
noradrenaline can increase your heart rate and force of heart contractions, increasing
blood flow to your muscles and brain and assisting in glucose metabolism. They also
control the squeezing of your blood vessels (vasoconstriction), which helps maintain
blood pressure. Your adrenal glands often release these hormones, like other adrenal
hormones, when you’re in physically and emotionally stressful situations.

These hormones can be categorized into two broad groups:

Catecholamines: Catecholamines are a group of similar substances that your body
releases into your blood in response to physical or emotional stress. The primary
catecholamines are dopamine, adrenaline and noradrenaline. The adrenal medulla, the
inner part of your adrenal glands, produces and releases the catecholamines adrenaline
and noradrenaline.
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e Steroid hormones: Steroid hormones help control metabolism, inflammation, immune
system functions, salt and water balance, development of sexual characteristics and the
ability to withstand injury and illness. The adrenal cortex, the outer region of your
adrenal glands, produce and release glucocorticoids, mineralocorticoids and adrenal
androgens, which are all types of steroid hormones.

Many other parts of your body interact with your adrenal glands, including:
e Hypothalamus.

 Pituitary gland.

o Kidneys.

o Sympathetic nervous system.

Adrenal glands are controlled in part by your hypothalamus and pituitary gland. The
hypothalamus, a small area of your brain involved in hormonal regulation, produces
corticotropin-releasing hormone (CRH) and antidiuretic hormone (ADH, or vasopressin).
ADH and CRH trigger your pituitary gland to release corticotropin (adrenocorticotropic
hormone or ACTH), which stimulates your adrenal glands to produce corticosteroids, such as
cortisol and aldosterone. Kidneys play a part in causing your adrenal glands to produce
aldosterone, and your sympathetic nervous system regulates the release of adrenaline and
noradrenaline from your adrenal glands.

Adrenal glands consist of two main parts:

e Medulla: The medulla is the inner part of your adrenal gland, and it releases the hormones
adrenaline (epinephrine) and noradrenaline (norepinephrine). These hormones help control
your blood pressure, heart rate, sweating and other activities that are also regulated by your
sympathetic nervous system.

e Cortex: The cortex is the outer part of your adrenal gland, and it releases corticosteroid
and mineralocorticoid hormones. The adrenal cortex also stimulates the production of small
amounts of male sex steroid hormones (androgenic steroids).

There are several different adrenal gland disorders. They happen when your adrenal glands
make too much or not enough of one or more hormones. Some adrenal conditions are
temporary, whereas others are chronic (lifelong).

12.3 CAUSES OF ADRENAL GLAND DISORDERS INCLUDE:

e Genetic mutations (changes)

e Autoimmune diseases.

e Tumours, such as pheochromocytomas

o Damage to your adrenal glands through injury, infection or blood loss

e An issue with your hypothalamus or pituitary gland, which both help regulate your
adrenal glands

o Certain steroid medications, such as prednisone and dexamethasone

12.4 ADRENAL GLAND CONDITIONS INCLUDE:

e Addison’s disease (primary adrenal insufficiency). This is a rare autoimmune disease
that causes your adrenal glands to produce lower-than-normal levels of cortisol and
aldosterone.

e Cushing syndrome. This condition happens when your adrenal glands produce too
much cortisol. It’s usually caused by a tumor or certain medications.
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o Congenital adrenal hyperplasia. This is a condition you’re born with where your body
lacks an enzyme that your adrenal glands need to make hormones.

o Excessive hair growth (hirsutism). This condition happens when females develop
excessive hair growth due to high levels of androgen, which your adrenal glands make.

e Primary aldosteronism (Conn’s syndrome). This condition happens when your adrenal
glands produce too much aldosterone.

e Massive bilateral adrenal haemorrhage (Waterhouse-Friderichsen syndrome). This
is an acute condition that leads to adrenal gland failure due to bleeding into the gland. It’s
usually associated with a severe infection called sepsis.

12.5 SIGNS AND SYMPTOMS OF ADRENAL GLAND PROBLEMS:

The symptoms of adrenal gland issues vary depending on which hormones are affected.

Many of the symptoms of adrenal disorders are like those of other illnesses. Signs and

symptoms that are relevant to the bodily processes your adrenal gland hormones affect

include:

e Metabolism symptoms: Unexplained weight gain or weight loss, fatigue, frequent high
blood sugar or low blood sugar, weakness.

e Immune system symptoms: Frequent sickness or infections.

e Blood pressure symptoms: High blood pressure (hypertension) orlow blood
pressure (hypotension).

o Sexual characteristics symptoms that affect females and prepubescent males: Growing
facial hair and or balding, developing acne, having a deeper voice and becoming more
muscular.

12.6 PANCREAS:

The pancreas is an organ of the digestive system and endocrine system of vertebrates. In
humans, it is in the abdomen behind the stomach and functions as a gland. The pancreas has
both an endocrine and a digestive exocrine function. As an endocrine gland, it functions
mostly to regulate blood sugar levels, secreting the hormones insulin, glucagon, somatostatin,
and pancreatic polypeptide. As a part of the digestive system, it functions as an exocrine
gland secreting pancreatic juice into the duodenum through the pancreatic duct. This juice
contains bicarbonate, which neutralizes acid entering the duodenum from the stomach; and
digestive enzymes, which break down carbohydrates, proteins, and fats in food entering the
duodenum from the stomach.

Inflammation of the pancreas is known as pancreatitis, with common causes including
chronic alcohol use and gallstones. Because of its role in the regulation of blood sugar, the
pancreas is also a key organ in diabetes mellitus. Pancreatic cancer can arise following
chronic pancreatitis or due to other reasons, and carries a very poor prognosis, as it is often
identified when it has spread to other areas of the body.

12.7 STRUCTURE:

The pancreas is an organ that in humans lies in the abdomen, stretching from behind the
stomach to the left upper abdomen near the spleen. In adults, it is about 12—15 centimetres
(4.7-5.9 in) long, lobulated, and salmon-coloured in appearance. Anatomically, the pancreas
is divided into a head, neck, body, and tail. The pancreas stretches from the inner curvature of
the duodenum, where the head surrounds two blood vessels: the superior mesenteric artery,
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and vein. The longest part of the pancreas, the body, stretches across behind the stomach, and
the tail of the pancreas ends adjacent to the spleen. Two ducts, the main pancreatic duct and a
smaller accessory pancreatic duct, run through the body of the pancreas, joining with the
common bile duct near a small ballooning called the ampulla of Vater. Surrounded by a
muscle, the sphincter of Oddi, this opens into the descending part of the duodenum.

12.8 ULTRASTUCTURE:

The pancreas contains tissue with an endocrine and exocrine role, and this division is also

visible when the pancreas is viewed under a microscope.

1. Most pancreatic tissue has a digestive role. The cells with this role form clusters (Latin:
acini) around small ducts and are arranged in lobes that have thin fibrous walls.

2. The cells of each acinus secrete inactive digestive enzymes called zymogens into the
small, intercalated ducts which they surround. In each acinus, the cells are pyramid-
shaped and situated around the intercalated ducts, with the nuclei resting on the basement
membrane, a large endoplasmic reticulum, and a number of zymogen granules visible
within the cytoplasm.

3. The intercalated ducts drain into larger intralobular ducts within the lobule, and finally
interlobular ducts. The ducts are lined by a single layer of column-shaped cells. There is
more than one layer of cells as the diameter of the ducts increases.

4. The tissues with an endocrine role within the pancreas exist as clusters of cells called
pancreatic islets (also called islets of Langerhans) that are distributed throughout the
pancreas.

5. Pancreatic islets contain alpha cells, beta cells, and delta cells, each of which releases a
different hormone. These cells have characteristic positions, with alpha cells (secreting
glucagon) tending to be situated around the periphery of the islet, and beta cells
(secreting insulin) more numerous and found throughout the islet. Enterochromaffin cells
are also scattered throughout the islets.

6. Islets are composed of up to 3,000 secretory cells, and contain several small arterioles to
receive blood, and venules that allow the hormones secreted by the cells to enter the
systemic circulation.

12.9 FUNCTION:

The pancreas is involved in blood sugar control and metabolism within the body, and in the
secretion of substances (collectively pancreatic juice) that help digestion. These are divided
into an "endocrine" role, relating to the secretion of insulin and other substances within
pancreatic islets that help control blood sugar levels and metabolism within the body, and an
"exocrine" role, relating to the secretion of enzymes involved in digesting substances in the
digestive tract. Cells within the pancreas help to maintain blood glucose levels (homeostasis).

The cells that do this are located within the pancreatic islets that are present throughout the
pancreas. When blood glucose levels are low, alpha cells secrete glucagon, which increases
blood glucose levels. When blood glucose levels are high beta cells secrete insulin to
decrease glucose in blood. Delta cells in the islet also secrete somatostatin which decreases
the release of insulin and glucagon.

Glucagon acts to increase glucose levels by promoting the creation of glucose and the
breakdown of glycogen to glucose in the liver. It also decreases the uptake of glucose in fat
and muscle. Glucagon release is stimulated by low blood glucose or insulin levels, and during
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exercise. Insulin acts to decrease blood glucose levels by facilitating uptake by cells
(particularly skeletal muscle), and promoting its use in the creation of proteins, fats and
carbohydrates. Insulin is initially created as a precursor form called pre-proinsulin. This is
converted to proinsulin and cleaved by C-peptide to insulin which is then stored in granules
in beta cells. Glucose is taken into the beta cells and degraded. The end effect of this is to
cause depolarisation of the cell membrane which stimulates the release of the insulin. The
main factor influencing the secretion of insulin and glucagon are the levels of glucose in
blood plasma. Low blood sugar stimulates glucagon release, and high blood sugar stimulates
insulin release.

Other factors also influence the secretion of these hormones. Some amino acids, that are
byproducts of the digestion of protein, stimulate insulin and glucagon release. Somatostatin
acts as an inhibitor of both insulin and glucagon. The autonomic nervous system also plays a
role. Activation of Beta-2 receptors of the sympathetic nervous system by catecholamines
secreted from sympathetic nerves stimulates secretion of insulin and glucagon, whereas
activation of Alpha-1 receptors inhibits secretion.M3 receptors of the parasympathetic
nervous system act when stimulated by the right vagus nerve to stimulate release of insulin
from beta cells.

12.9.1. Anatomy and Structure of the Pancreas
The pancreas is a soft, elongated gland divided into:
e Head — located in the curve of the duodenum

e Body — extends across the midline

o Tail — reaches toward the spleen

Histologically, it consists of:
o Exocrine part: Acinar cells and ductal epithelium
o Endocrine part: Islets of Langerhans

Islets of Langerhans contain four types of cells:
e B-cells (insulin) — 60-70%

o a-cells (glucagon) — 20%

o 0d-cells (somatostatin) — 5—-10%

o PP-cells (pancreatic polypeptide) — 1-2%

12.9.2 Exocrine Functions of the Pancreas
The exocrine pancreas makes up nearly 98% of the gland and produces pancreatic juice, a
mixture of digestive enzymes and bicarbonate.

12.9.2.1 Secretion of Digestive Enzymes

The exocrine acinar cells produce enzymes essential for digestion of the three major

nutrients:

A. Carbohydrate-Digesting Enzymes

o Pancreatic Amylase - Breaks down starch and glycogen into maltose and other
disaccharides.

B. Fat-Digesting Enzymes
o Pancreatic Lipase - Converts triglycerides into fatty acids and glycerol, crucial for fat
absorption.
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C. Protein-Digesting Enzymes
Secreted as inactive zymogens to prevent autodigestion:
e Trypsinogen — Trypsin
o Chymotrypsinogen — Chymotrypsin
e Procarboxypeptidase — Carboxypeptidase
These enzymes break proteins into peptides and amino acids.

D. Nucleases

o Digest DNA and RNA to nucleotides.

o Together, these enzymes ensure complete digestion of carbohydrates, fats, proteins, and
nucleic acids.

12.9.2.2 Secretion of Bicarbonate (HCOs")
Produced by ductal epithelial cells:

o Neutralizes acidic chyme from the stomach

o Creates alkaline pH required for enzyme activity
o Protects intestinal mucosa

o Helps maintain optimal conditions for digestion

12.9.2.3 Regulation of Exocrine Secretion

e Exocrine activity is regulated by:

e Secretin: stimulates bicarbonate secretion

e Cholecystokinin (CCK): stimulates enzyme secretion

e Vagus nerve: stimulates pancreatic juice secretion during digestion

These mechanisms synchronize pancreatic activity with the digestive process.

12.9.3. Endocrine Functions of the Pancreas
The endocrine pancreas consists of the Islets of Langerhans, which secrete hormones that
regulate blood glucose and metabolism.

12.9.3.1 Insulin (B-cells)

Insulin is the main anabolic hormone of the body.
Functions

o Lowers blood glucose by increasing cellular uptake
o Promotes glycogen synthesis in liver and muscles

o Increases fat storage (lipogenesis)

o Stimulates protein synthesis

o Regulates potassium levels

Disorders:
Deficiency — Type 1 Diabetes
Resistance — Type 2 Diabetes

12.9.3.2 Glucagon (a-cells)

Physiological antagonist of insulin.

Functions

o Raises blood glucose

o Stimulates glycogenolysis and gluconeogenesis

o Helps maintain glucose during fasting, stress, or exercise
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12.9.3.3 Somatostatin (6-cells) - Universal inhibitory hormone.
Functions

e Inhibits insulin and glucagon

o Slows gastrointestinal motility

e Reduces absorption and enzyme secretion

o Helps regulate pancreatic hormonal balance

12.9.3.4 Pancreatic Polypeptide (PP cells)
Functions

e Modulates exocrine pancreatic secretions
o Regulates gastrointestinal motility
 Influences appetite and food intake

12.9.4. Integrated Role of the Pancreas in Homeostasis

The pancreas ensures:

o Effective digestion through enzyme secretion

e Proper nutrient absorption facilitated by bicarbonate

e Blood glucose regulation through insulin and glucagon

o Coordination between fed and fasting metabolic states

Both exocrine and endocrine components work together to maintain digestive efficiency and
metabolic stability.

12.9.5. Clinical Significance

A. Diabetes Mellitus

e Type 1: autoimmune destruction of B-cells — insulin deficiency
o Type 2: insulin resistance

e Leads to hyperglycaemia, ketoacidosis, long-term complications

B. Pancreatitis
Inflammation caused by premature enzyme activation
o Can be acute (gallstones, alcohol) or chronic

C. Pancreatic Cancer
o Highly malignant, often affects the head of the pancreas
o Late diagnosis due to vague symptoms

D. Cystic Fibrosis
Thick secretions block pancreatic ducts — enzyme deficiency — malnutrition

E. Malabsorption Syndromes
e Result from insufficient enzyme or bicarbonate secretion
These disorders highlight the essential role of the pancreas in digestion and metabolism.

12.10 GONADS:

The gonads, comprising the testes in males and ovaries in females, are primary reproductive
organs that serve both reproductive and endocrine functions. They produce gametes (sperm in
males and ova in females) and secrete essential sex hormones that regulate sexual
development, secondary sexual characteristics, reproductive cycles, and fertility. The
functions of the gonads are regulated by the hypothalamic—pituitary—gonadal (HPG) axis,
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which ensures coordination between hormonal and reproductive processes. Due to their
crucial roles in growth, development, and reproduction, the gonads are among the most
important components of the endocrine system.

12.10.1. Functions of the Male Gonads (Testes)

The testes are paired oval glands located in the scrotum. They perform two main functions:
spermatogenesis and hormone secretion, both essential for male fertility and sexual
development.

12.10.1.1 Spermatogenesis (Production of Sperm)
Spermatogenesis takes place in the seminiferous tubules and is supported by Sertoli cells.

Key functions

e Production of mature spermatozoa

o Nourishment and protection of developing sperm by Sertoli cells

o Removal of waste products during sperm development

e Maintenance of the blood—testis barrier

o Regulation by FSH and testosterone

e Spermatogenesis is essential for male fertility and begins at puberty, continuing throughout
life.

12.10.1.2 Secretion of Testosterone (Leydig Cells)
The Leydig cells, located between seminiferous tubules, secrete testosterone, the primary
male sex hormone.

12.10.2 Functions of Testosterone

A. Development of Male Reproductive Organs
e  Penis, scrotum, epididymis

e Vas deferens, prostate, seminal vesicles

B. Secondary Sexual Characteristics

e  Growth of facial, pubic, and body hair

e Deepening of the voice

Increased muscular strength and bone mass
Increased sebaceous gland activity

C. Regulation of Libido and Sexual Behaviour
e Enhances sex drive
e Influences aggressive and competitive behaviours

D. Support of Spermatogenesis
e Works with FSH to stimulate sperm production
o Essential for maturation of spermatozoa

E. Anabolic Effects
o Stimulates protein synthesis
e Increases muscle mass and strength

F. Influence on Blood Formation
o Promotes erythropoiesis by stimulating red blood cell production
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Secretion of Inhibin

Produced by Sertoli cells

Inhibits secretion of FSH from the anterior pituitary
Controls the rate of spermatogenesis

Maintains hormonal balance within the testes

12.10.3. Functions of the Female Gonads (Ovaries)

The ovaries are paired almond-shaped structures located in the pelvic cavity. They produce
ova and secrete essential female reproductive hormones: estrogen, progesterone, inhibin, and

relaxin.

Oogenesis is the process of egg development, occurring in the ovarian follicles.

Oogenesis (Production of Ova)

Key functions

Formation and maturation of ova

Controlled by FSH and LH

Release of a mature ovum during ovulation

Essential for female fertility

Secretion of Estrogen

Estrogen is mainly produced by granulosa cells in ovarian follicles.

12.10.3.1 Functions of Estrogen

.m.U..O...w.>

. Development of Female Reproductive Organs

Uterus, fallopian tubes, cervix, vagina

. Secondary Sexual Characteristics

Breast development
Fat deposition around hips, thighs, and breasts
Broadening of pelvis

. Regulation of the Menstrual Cycle

Promotes follicular growth
Stimulates proliferation of the endometrium

. Maintenance of Bone Health

Prevents bone loss by regulating calcium deposition

. Cardiovascular Protection

Enhances HDL (good cholesterol), reduces LDL
Contributes to vascular health

12.10.3.2 Secretion of Progesterone
Progesterone is secreted primarily by the corpus luteum after ovulation.
Functions of Progesterone

A.

B.

Preparation of the Uterus

Thickens the endometrium for implantation
Enhances blood supply to uterine lining
Maintenance of Pregnancy

Prevents uterine contractions

Supports placental development

. Regulation of the Menstrual Cycle

Dominant hormone in the luteal phase
Works with estrogen to maintain reproductive cycle

. Development of Mammary Glands

Prepares breasts for lactation
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12.10.3.3 Secretion of Inhibin
e Produced by granulosa cells
o Inhibits FSH secretion

o Regulates ovarian cycle

12.10.3.4 Secretion of Relaxin

e Secreted by corpus luteum during pregnancy

o Relaxes uterine muscles

o Softens and dilates the cervix during childbirth

12.10.4 Hormonal Regulation of Gonads: The HPG Axis
The hypothalamic—pituitary—gonadal axis regulates gonadal function.

Sequence:

o Hypothalamus: Releases GnRH

o Pituitary: Releases FSH and LH

e Gonads: Produce sex hormones and gametes

This axis controls puberty, fertility, menstrual cycle, and sexual development through
feedback mechanisms.

12.10.5 Physiological Significance of Gonadal Hormones
Growth and Development

e Responsible for sexual differentiation during fetal life
o  Trigger puberty and reproductive maturity

Secondary Sexual Characteristics

e Male: beard, deep voice, muscularity

o Female: breasts, body shape, menstrual cycle
Reproduction

e Production of sperm and ova

e Regulation of ovulation, pregnancy, and lactation

e  Control of male sexual function

Metabolic Effects

e Influence bone density, fat distribution, muscle mass

o  Contribute to cardiovascular and emotional well-being

12.10.6 Clinical Significance of Gonadal Dysfunction
In Males

e Hypogonadism

o Infertility

 Erectile dysfunction

o Testicular tumors

e Delayed or precocious puberty

In Females

e Polycystic ovary syndrome (PCOS)

o Infertility

e Menopause and estrogen deficiency

e Ovarian tumors

e Menstrual irregularities

These disorders significantly affect reproductive and endocrine health.
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12.11 SUMMARY:

The adrenal glands, pancreas, and gonads are essential endocrine organs responsible for
maintaining key physiological processes. The adrenal glands regulate stress response,
metabolism, and electrolyte balance; the pancreas controls digestion and blood glucose
levels; and the gonads ensure reproductive function and secretion of sex hormones. Together,
they form a highly coordinated hormonal network that supports growth, development,
metabolism, and reproduction. Understanding their functions is essential for diagnosing and
managing endocrine and metabolic disorders.

The pancreas is a multifunctional organ crucial for life. Its exocrine functions ensure efficient
digestion and nutrient absorption through the secretion of enzymes and bicarbonate. Its
endocrine functions regulate blood glucose and metabolism through hormones like insulin
and glucagon. Proper coordination of these processes maintains metabolic homeostasis.
Disorders of the pancreas, such as diabetes mellitus, pancreatitis, and pancreatic cancer,
demonstrate their clinical importance. A thorough understanding of pancreatic physiology
provides the foundation for managing digestive and metabolic diseases.

The gonads—the testes and ovaries—play essential roles in human growth, development,
reproduction, and hormonal regulation. Their functions include producing gametes and
secreting sex hormones that control secondary sexual characteristics, menstrual cycles,
spermatogenesis, pregnancy, and overall reproductive health. Regulation through the
hypothalamic—pituitary—gonadal axis ensures proper timing and balance of these functions.
Dysfunction of the gonads can result in significant clinical conditions, demonstrating the
importance of organs in the endocrine and reproductive systems.

12.12 Keywords:

Adrenal Cortex — Outer region of adrenal gland that secretes steroid hormones.
Adrenal Medulla — Inner region that secretes catecholamines.

Cortisol — Glucocorticoid regulating metabolism, stress, and immunity.
Aldosterone — Mineralocorticoid regulating sodium, potassium, and blood pressure.
Exocrine Pancreas — Part that secretes digestive enzymes into the duodenum.
Endocrine Pancreas — Part that secretes hormones into bloodstream.

Islets of Langerhans — Clusters of endocrine cells producing insulin, glucagon, etc.
Insulin — Hormone that lowers blood glucose by increasing cellular uptake.

Testes — Male gonads producing sperm and testosterone.

Ovaries — Female gonads producing ova, estrogen, and progesterone.
Spermatogenesis — Process of sperm formation in seminiferous tubules.

Oogenesis — Formation and maturation of ova in ovarian follicles.

Estrogen — Primary female hormone regulating reproductive organs & secondary traits.
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12.14 SELF ANSWERING QUESTIONS:

e What are the major structural regions of the adrenal glands and what hormones doing
each produce?

Explain how aldosterone regulates electrolyte balance.

Describe the physiological actions of cortisol during stress.

Differentiate between the exocrine and endocrine parts of the pancreas.

List the digestive enzymes of the pancreas and explain their roles.

How does insulin lower blood glucose?

Describe the opposing roles of insulin and glucagon in glucose homeostasis.
Describe spermatogenesis and its hormonal regulation.

What roles does testosterone play in male development?

Explain oogenesis and ovulation.

- Dr. P. Raja Sekar




LESSON- 13
PHYSIOLOGICAL BASIS OF PERCEPTION

OBJECTIVES:

By the end of this topic, the learner will be able to:

Define perception and differentiate it from sensation.

Explain the role of sensory receptors and transduction in initiating perception.

Explain how sensory information is transmitted from receptors to the brain.

Describe retinotopic, tonotopic, and somatotopic mapping in sensory systems.

Discuss thalamic relay functions in visual, auditory, and somatosensory pathways.
Describe the roles of key neurotransmitters (dopamine, serotonin, acetylcholine,
glutamate, GABA).

e Explain how neurotransmitter balance influences perceptual clarity and sensory gating.

STRUCTURE:

13.1 Introduction
13.1.1 Sensation
13.1.2 Perception

13.2 The physiological basis of perception
13.2.1 Sensory Receptors
13.2.1.1 The Mechanism of Sensory Transduction
13.2.1.2 Classification by Location
13.2.1.3 Classification by Adequate Stimulus (Modality)
13.2.1.4 Role in the Nervous System and Adaptation

13.3 Transduction mechanisms
13.3.1 The Core Mechanism

13.4 Neural Pathways

13.5 Thalamic Relay

13.6 Cortical and Association Areas

13.7 Neurochemical Modulation

13.8 Integration of Attention, Memory, and Prior Experiences
13.9 Summary

13.10 Keywords

13.11 Suggested readings

13.12 Self answering questions

13.1 INTRODUCTION:

Perception is the process by which the brain organizes, interprets, and gives meaning to
sensory information received from the environment. Although sensation provides raw data,
perception is a higher-order process governed by complex neural mechanisms. Its
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physiological basis lies in the coordinated functioning of sensory receptors, neural pathways,
thalamic relay systems, and cortical processing areas.

Understanding the physiological basis of perception requires recognizing two distinct but
interconnected processes:

13.1.1 Sensation (The Input): This is the initial, passive, physical process. It involves the
detection of stimuli (like light, sound, or pressure) by specialized sensory organs and the
conversion of that physical energy into electrochemical signals.

13.1.2 Perception (The Interpretation): This is the active, cognitive process. It involves the
brain selecting, organizing, identifying, and interpreting these raw neural signals to form a
stable and coherent mental representation that guides our interaction with the environment
(e.g., recognizing a blurred shape as a "tree").

13.2 THE PHYSIOLOGICAL BASIS OF PERCEPTION INVOLVES:

e Sensory receptors

e  Transduction mechanisms

e Neural pathways

e  Thalamic relay

e Cortical and association areas

e Neurochemical modulation

e Integration of attention, memory, and prior experiences

13.2.1 Sensory Receptors

Sensory receptors are the foundational elements of the nervous system, serving as the
biological transducers that convert diverse environmental and internal stimuli into the
electrical language of the brain. They are specialized structures, either free nerve endings or
encapsulated cells, that respond selectively to specific forms of energy—their adequate
stimulus. Without these essential gateways, an organism would be isolated from its
surroundings and unable to monitor its own internal state, rendering adaptive behavior and
homeostasis impossible. The complexity of sensory receptors lies not only in their variety and
classification but also in the ingenious process of sensory transduction, which underpins all
conscious perception and reflex actions.

13.2.1.1 The Mechanism of Sensory Transduction

The primary and most crucial function of any sensory receptor is sensory transduction: the

conversion of stimulus energy into an electrical signal known as a receptor potential or

generator potential. This process is the bridge between the physical world and the neural
world.?

1. Reception: The sensory receptor is activated by its adequate stimulus (e.g., light,
pressure, chemical molecule). The energy from this stimulus physically or chemically
interacts with specialized detector proteins (like ion channels or G-protein-coupled
receptors) embedded in the receptor cell's membrane.

2. Transduction: This interaction causes the detector proteins to open or close ion
channels, leading to a localized change in the membrane potential of the receptor cell.
This graded potential is the receptor or generator potential.
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3. Signal Generation and Encoding: If the graded potential is strong enough to reach a
specific threshold, it triggers the generation of an action potential in the associated
afferent (sensory) neuron. The characteristics of the stimulus are encoded into this neural
signal:

o Modality (Type of sensation): Determined by the specific neural pathway that carries
the signal to a dedicated area of the cerebral cortex (Labelled Line Code).

o Intensity: Encoded by the frequency of the action potentials (a stronger stimulus
causes a higher frequency) and the number of receptors activated.

o Duration: Encoded by the response pattern of the receptor, which can be tonic (slow-
adapting, firing continuously as long as the stimulus is present, like pain receptors) or
phasic (rapid-adapting, firing only at the beginning and/or end of the stimulus, like
certain touch receptors).

o Location: Encoded by the specific set of neurons activated, reflecting the receptor's
position.

13.2.1.2 Classification by Location
Sensory receptors can be broadly classified based on the origin of the stimulus they monitor:

Receptor Type”Location ||Stimu1i Detected ||Function
Near the bod External i t Sy )
car the body xlerhal environen Provide information about the
Exteroceptors |[surface (skin, (touch, sight, sound,

external world.
eyes, ears, etc.) temperature)

Within internal Internal environment . o
. Essential for monitoring and
Interceptors  [|organs (viscera, ||(blood pressure, pH,deep o -
. maintaining homeostasis.
blood vessels) pain, hunger)
Body position, Provide the sense of self-
. Muscles, tendons, ..
Proprioceptors  ints movement, stretch, movement and body position
) tension (proprioception).

13.2.1.3 Classification by Adequate Stimulus (Modality)
A more functional classification is based on the specific type of energy they are specialized to
transduce:

1. Mechanoreceptors: These respond to mechanical forces such as pressure, stretch,
vibration, and movement. They are critical for the sense of touch, hearing, balance, and
proprioception.

o Cutaneous Receptors (Touch): Include Pacinian corpuscles (deep pressure/vibration),
Meissner's corpuscles (light touch), Merkel cells (light touch/texture), and Ruffini
endings (stretch/continuous pressure).

e Auditory and Vestibular Receptors: Hair cells in the inner ear are specialized
mechanoreceptors that detect fluid movement caused by sound waves (hearing) or head
movement (balance).

o Proprioceptors: Muscle spindles detect muscle length and rate of stretch, and Golgi
tendon organs detect muscle tension.

2. Thermoreceptors: These detect changes in temperature. They are in the skin (for external
temperature) and the hypothalamus (for internal body temperature). Separate receptors exist
for sensing cold and heat.
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3. Photoreceptors: These are highly specialized neurons found in the retina of the eye that

respond to visible light (electromagnetic radiation).

o Rods: Highly sensitive to low light intensity, providing vision in dim conditions.

e Cones: Responsible for high-acuity vision and colour perception. The photopigment
rhodopsin in rods undergoes a conformational change upon light absorption, initiating a
signal cascade.

4. Chemoreceptors: These respond to chemical stimuli. They are responsible for the senses

of taste and smell, as well as detecting internal chemical concentrations.

e Olfactory Receptors: Found in the nasal cavity, they bind to airborne odorant molecules.

e QGustatory Receptors: Found in taste buds on the tongue, they detect chemicals
corresponding to five primary tastes (sweet, sour, salty, bitter, and umami).

o Internal Chemoreceptors: Found in the carotid and aortic bodies, they monitor blood and
gas levels.

5. Nociceptors: Often classified separately, these are pain receptors that respond to any
stimulus (mechanical, thermal, or chemical) that is intense enough to cause or threaten tissue
damage. They are typically free nerve endings that signal noxious events.

13.2.1.4 Role in the Nervous System and Adaptation

Sensory receptors are the vital first step in the sensory nervous system. Once the stimulus is
transduced into an action potential, the signal is carried by afferent neurons to the Central
Nervous System (CNS), where it is relayed through the thalamus (except for smell) to the
appropriate sensory cortex for perception.

Sensory receptors are not static; they exhibit adaptation, a decrease in sensitivity to a
continuous, unchanging stimulus. This feature allows the nervous system to filter out non-
essential background information and prioritize new or changing stimuli, which are often
more critical for survival.

o Rapidly adapting (phasic) receptors, like the Pacinian corpuscle, are excellent at
detecting the onset and offset of a stimulus, crucial for sensing vibration or quickly
letting go of a sensation that is no longer changing (e.g., wearing clothes).

o Slowly adapting (tonic) receptors, like pain and most proprioceptors, maintain their
signal for the duration of the stimulus, essential for providing continuous information
about conditions that require sustained awareness (e.g., maintaining posture or detecting
chronic injury).

13.3 TRANSDUCTION MECHANISMS:

Sensory Transduction is the fundamental process by which a sensory receptor converts the
energy of a physical or chemical stimulus into a change in the electrical potential of the
receptor cell. This electrical signal, known as a receptor potential or generator potential,
ultimately leads to the generation of action potentials in the sensory neuron, sending
information to the Central Nervous System (CNS).
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13.3.1 The Core Mechanism

The common blueprint for all sensory transduction involves the interaction of the stimulus
with specialized receptor proteins, which leads to a change in ion flow across the cell
membrane.

Stimulus Reception: The specific form of energy (light, pressure, chemical, etc.) acts on
a specialized receptor protein embedded in the cell membrane.

Ion Channel Gating: This interaction causes the opening or closing of ion channels.
Receptor Potential: The resulting ion movement changes the membrane potential,
generating a graded potential called the receptor potential.

o It is graded (amplitude is proportional to stimulus intensity) and localized (does not

propagate over long distances).

o It can be depolarizing or hyperpolarizing (inhibitory, as seen inphotoreceptors).
Action Potential Generation: If the receptor potential is strong enough to reach the
threshold at the trigger zone (or first Node of Ranvier) of the afferent neuron, it generates
an all-or-none action potential.

Encoding: Stimulus intensity is encoded by the frequency of the action potentials sent to
the CNS (frequency modulation).

13.4 NEURAL PATHWAYS:

The journey of perception begins at sensory receptors, which convert physical or chemical
stimuli into neural signals through transduction. These signals are carried to the central
nervous system through highly organized sensory pathways. Typically, sensory pathways
consist of first-order neurons (from receptors to spinal cord/brainstem), second-order neurons
(from spinal cord/brainstem to thalamus), and third-order neurons (from thalamus to the
cerebral cortex).

Each sensory system maintains a unique and precise mapping:

Retinotopic maps in vision
Tonotopic maps in audition
Somatotopic maps in somatosensation
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This spatial organization ensures accurate representation of the external world. These neural
pathways also involve modulation mechanisms such as lateral inhibition, which enhance
contrast and sharpen perceptual clarity.

13.5 THALAMIC RELAY:

The thalamus serves as the central relay station for almost all sensory information (except
olfaction). Incoming sensory signals synapse in specific thalamic nuclei before reaching the
cortex, including the:

o Lateral Geniculate Nucleus (LGN) — visual input

e Medial Geniculate Nucleus (MGN) — auditory input

e Ventral Posterior Nucleus — somatosensory input

The thalamus does more than relay signals; it filters, prioritizes, and integrates them through
excitatory and inhibitory circuits. By regulating the flow of sensory information, it allows the
brain to focus on relevant stimuli while suppressing unnecessary signals. This ensures that
perception is adaptive rather than overloaded.

13.6 CORTICAL AND ASSOCIATION AREAS:

Perception reaches its highest level of processing in the cerebral cortex. Each sensory
modality has a primary sensory cortex:

e  Primary visual cortex (V1)

e  Primary auditory cortex (A1)

e  Primary somatosensory cortex (S1)

These regions extract basic features such as orientation, frequency, intensity, and location.

The information then moves to secondary and association cortices, which integrate features
into meaningful forms.

Different association areas specialize in higher-order perceptual functions:

o Parietal cortex — spatial orientation, body schema, and visuomotor integration

o Temporal cortex — object recognition, face perception, auditory comprehension

o Prefrontal cortex — interpretation, evaluation, and conscious awareness

Integration across these areas creates the final coherent percept.

13.7 NEUROCHEMICAL MODULATION:

Perception is not solely determined by sensory input; it is dynamically regulated by
neurochemical systems. Key neurotransmitters include:

e Dopamine :Modulates salience and reward-related attention. High dopamine activity can
enhance the perception of certain stimuli, while dysregulation may lead to altered
precepts (e.g., hallucinations).

e Serotonin: Involved in sensory gating, inhibition, and mood regulation. It influences how
intensely stimuli are perceived and modulates emotional tone.

e Acetylcholine: Enhances perceptual precision by increasing cortical excitability. It plays
a major role in attention and sensory discrimination.

e (Glutamate and GABA: Maintain the balance of excitation and inhibition necessary for
accurate sensory representation. Glutamate enhances excitatory transmission; GABA
prevents overstimulation.
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Neurochemical modulation ensures that perception is flexible, state-dependent, and
influenced by internal physiological conditions.

13.8 INTEGRATION OF ATTENTION, MEMORY, AND PRIOR EXPERIENCES:

Perception is strongly shaped by top-down cognitive processes that interact with incoming
sensory information. Attention selectively enhances relevant stimuli and suppresses irrelevant
ones, enabling focused perception. The prefrontal and parietal cortices play a major role in
attentional control.

Memory systems also influence perception. Working memory helps maintain temporary
information for interpretation, while long-term memory stores learned knowledge and past
experiences. The hippocampus and association cortices help match new input with stored
representations, allowing recognition and meaning making.

Prior experiences, expectations, cultural background, and emotional state further modify
perception. This explains why different individuals may perceive the same stimulus in
different ways. These top-down influences allow for faster and more efficient interpretation,
especially in ambiguous or incomplete sensory contexts.

13.9 SUMMARY:

The physiological basis of perception involves the coordinated function of sensory pathways,
thalamic relay systems, cortical processing regions, and various neurochemical modulators.
Additionally, perception is deeply influenced by cognitive factors such as attention, memory,
and prior experience. Together, these mechanisms transform raw sensory stimuli into
coherent, meaningful, and adaptive perceptions of the world.

13.10 KEYWORDS:

e Perception: The process by which the brain interprets and gives meaning to sensory
information.

e Sensation: The detection of external stimuli by sensory receptors and their conversion
into neural signals.

e Transduction: The process of converting physical or chemical stimuli into electrical
nerve impulses.

e Neural pathways: Organized routes through which sensory information travels from
receptors to different brain regions.

e First-order neurons: Neurons that carry sensory information from receptors to the spinal
cord or brainstem.

e Second-order neurons: Neurons that transmit sensory signals from the spinal
cord/brainstem to the thalamus.

e Third-order neurons: Neurons originating in the thalamus that project to the primary
sensory cortex.

e Topographic mapping: Spatial representation of sensory receptors across specific brain
areas.

e Retinotopic organization: Mapping of visual stimuli from the retina to corresponding
regions in the visual cortex.
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Tonotopic organization: Arrangement in the auditory system where different frequencies
are represented at different locations.

Somatotopic organization: Mapping of the body's surface onto the somatosensory cortex
based on body part location.

Lateral inhibition: A neural mechanism that enhances contrast by inhibiting adjacent
neurons, improving perceptual sharpness.

Thalamic relay: The process by which the thalamus receives, filters, and forwards
sensory information to the cortex.

Lateral geniculate nucleus (LGN): Thalamic nucleus responsible for relaying visual
information to the visual cortex.

Medial geniculate nucleus (MGN): Thalamic nucleus that relays auditory information to
the auditory cortex.

Ventral posterior nucleus (VPN): Thalamic nucleus that processes and relays
somatosensory information to the sensory cortex.

Primary sensory cortex: The brain region that receives and processes basic features of
sensory input for each modality.

Association cortex: Higher-order cortical regions that integrate and interpret information
from multiple sensory sources.

Parietal association area: Cortical region involved in spatial awareness, body orientation,
and visuomotor integration.

Temporal association area: Region responsible for object recognition, language
comprehension, and auditory processing.

Prefrontal cortex: Brain region involved in attention, decision-making, planning, and
conscious interpretation of sensory information.

Cortical integration: The combining of sensory signals across different brain regions to
form coherent perception.

Glutamate: Major excitatory neurotransmitter essential for sensory transmission and
cortical processing.

GABA (Gamma-aminobutyric acid): Primary inhibitory neurotransmitter that maintains
balance and prevents excessive neural activity.

Sensory gating: Brain mechanism that filters out unnecessary sensory information to
prevent overload.

Perceptual organization: The process by which the brain organizes sensory inputs into
meaningful patterns or wholes
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13.12 SELF-ANSWERING QUESTIONS:

Nk W=

What are neural pathways and why are they important in perception?
How does transduction contribute to perception?

What role do first-order, second order, and third-order neurons play?
Why is the thalamic relay absent in olfactory perception?

What is retinotopic, tonotopic, and somatotopic organization?

What is the role of association cortices in perception?

Why is attention essential for accurate perception.

- Dr. P. Raja Sekar



LESSON- 14
STRUCTURE AND FUNCTION OF THE EYE

OBJECTIVES:

By the end of this lesson, students will be able to:

Understand the anatomical structure of the human eye and its role in visual processing.
Explain the function of each major part of the eye, including the cornea, lens, retina, and
optic nerve.

Analyze how light is transformed into neural signals and processed in the visual system.
Explore the roles of rods and cones in photoreception, and how they contribute to vision
under varying light conditions.

Examine the pathway of visual information from the retina to the brain, including the
lateral geniculate nucleus and primary visual cortex.

Discuss how damage to specific parts of the eye or visual pathway affects perception and
behavior.

Apply knowledge of visual processing to understand broader biopsychological principles
of sensation and perception.

STRUCTURE:

14.1
14.2
14.3
14.4
14.5
14.6
14.7
14.8
14.9
14.1

14.1

Introduction to Visual Processing in Biopsychology
Anatomical Overview of the Eye

The Retina: Rods, Cones, and Phototransduction

Visual Pathways: From Retina to Cortex

Functional Specialization in Vision (Color, Depth, Motion)
Visual Disorders and Neurological Impairments
Summary

Technical Terms

Self Assessment Questions

0 Suggested Readings

INTRODUCTION TO VISUAL PROCESSING IN BIOPSYCHOLOGY:

Vision is one of the most complex and dominant sensory modalities in humans. From reading

text
role

and recognizing faces to navigating space and interpreting color, vision plays a central
in how we interact with our environment. In biopsychology, visual processing is studied

not only as a function of the eye but also as a brain-based operation that links sensory input to

perc

eption, cognition, and behavior.

Visual processing begins when light enters the eye and ends with the construction of
meaningful representations in the visual cortex. However, this seemingly simple process
involves multiple layers of neural transformation. Light must pass through various structures
in the eye, be converted into electrochemical signals by photoreceptor cells in the retina, and
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then be transmitted via complex pathways to the brain, where it is decoded and interpreted.
Each step requires the coordinated function of specialized cells, neural circuits, and brain
regions.

In biopsychology, vision is not viewed merely as a mechanical input-output system. Rather, it
is studied as an active and dynamic process shaped by brain mechanisms like attention, prior
experience, and perceptual filtering. For example, the brain does not passively receive what
the eye sees; it reconstructs, predicts, and fills in gaps based on patterns and expectations.
This means that visual perception is influenced as much by bottom-up sensory input as it is
by top-down cognitive processes.

From an evolutionary standpoint, the visual system has developed to support survival
functions—detecting predators, locating food, reading social cues, and navigating
environments. As a result, different parts of the eye and brain are specialized for specific
tasks. The peripheral retina, for example, is more sensitive to movement and dim light, while
the fovea supports high-acuity central vision. Similarly, the visual cortex contains
functionally specialized areas: some analyze color (V4), others motion (V5/MT), and others
shape or depth.

Biopsychologists are particularly interested in how the visual system translates physical
energy (light) into neural codes that represent objects, patterns, or spatial relationships. This
translation process—known as transduction—occurs in photoreceptor cells and marks the
beginning of all visual experience. Studying how this information is processed can also reveal
how the brain organizes sensory information into coherent perceptions, and what happens
when these systems malfunction.

Importantly, understanding visual processing sheds light on broader topics in biopsychology,
including consciousness, neural plasticity, and sensory integration. Conditions like
blindsight, where individuals can respond to visual stimuli without conscious awareness, or
visual agnosia, where object recognition is impaired despite normal vision, illustrate the
complex interplay between different brain regions in constructing our visual reality.

In this lesson, we will explore the biological machinery behind vision—from the anatomy of
the eye and the physiology of retinal cells to the cortical mechanisms that allow us to
perceive motion, depth, and color. This foundation is essential for understanding not just the
eye as an organ, but vision as a biopsychological phenomenon shaped by neural systems,
experience, and cognition.

14.2 ANATOMICAL OVERVIEW OF THE EYE:

The human eye is a highly specialized sensory organ responsible for capturing light and
initiating the process of vision. Structurally, it functions much like a camera—focusing
incoming light onto a photosensitive surface and transmitting that information to the brain.
However, unlike a simple optical device, the eye is biologically dynamic and intricately
connected to neural circuits that make vision possible. Understanding the anatomical
components of the eye lays the groundwork for exploring how sensory input is transformed
into perceptual experience.

The outermost layer of the eye is the cornea, a transparent, dome-shaped structure that covers
the front of the eye and begins the process of focusing light. The cornea is avascular (lacking
blood vessels), yet highly innervated, and provides approximately 70% of the eye’s total
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refractive power. Behind the cornea lies the aqueous humor, a clear fluid that fills the
anterior chamber and maintains intraocular pressure while providing nutrients to surrounding
tissues.

Light then passes through the pupil, the adjustable opening in the center of the iris—the
colored part of the eye. The iris controls the diameter of the pupil based on ambient light
conditions, functioning like the aperture of a camera. In dim light, the pupil dilates to allow
more light in; in bright light, it constricts to reduce input. This reflex is regulated by
autonomic nervous system activity and is a clear example of a neurophysiological mechanism
underlying sensory control.

Behind the pupil lies the lens, a flexible, biconvex structure suspended by zonular fibers
attached to the ciliary muscles. The lens fine-tunes focus through a process called
accommodation, changing its shape to bend light precisely onto the back of the eye. With
age, the lens loses elasticity, leading to a condition known as presbyopia, where close-up
vision becomes difficult.

Once refracted, light travels through the vitreous humor, a gel-like substance filling the
posterior chamber of the eye. The vitreous helps maintain the eye’s spherical shape and
provides structural support to the delicate inner retina.

The retina lines the back of the eye and serves as the primary sensory surface where light
energy is converted into neural signals. It contains layers of neurons, the most crucial of
which are photoreceptors—rods and cones. Rods are sensitive to low light and are
concentrated in the peripheral retina, while cones are responsible for color and fine detail,
densely packed in the central fovea. This spatial distribution supports both wide-field and
high-acuity vision.

Neural signals from photoreceptors pass through intermediate bipolar cells to ganglion cells,
whose axons converge at the optic disc, forming the optic nerve. This is the eye’s output
cable, transmitting visual information to the brain. The optic disc itself contains no
photoreceptors, creating a natural blind spot, which is usually filled in perceptually by the
brain.

Other essential structures include the sclera, the white, fibrous outer layer that protects the
eye and maintains its shape, and the choroid, a vascular layer between the retina and sclera
that supplies blood to the outer retina. The macula, a small central region of the retina,
contains the fovea and is critical for detailed central vision.

In summary, the eye’s anatomy is a carefully arranged system designed to receive, focus,
regulate, and transduce light into a neural language the brain can interpret. Each
component—from the transparent cornea to the layered retina—plays a distinct role in
initiating the complex chain of events that leads to seeing. A malfunction at any level,
whether due to injury, disease, or age, can disrupt vision and provide biopsychologists with
important insights into how sensory systems operate and adapt.

14.3 THE RETINA: RODS, CONES, AND PHOTOTRANSDUCTION:

The retina is the light-sensitive neural tissue that lines the inner surface of the eye and serves
as the starting point of visual processing. From a biopsychological perspective, the retina is
not just a passive receiver of light but an active processor that begins the transformation of
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light energy into neural signals—a process called phototransduction. This section examines
the layered architecture of the retina, the roles of rods and cones, and how these specialized
photoreceptor cells initiate the complex journey from light perception to conscious vision.

The retina is composed of three primary layers of neurons: photoreceptors, bipolar cells,
and ganglion cells, interconnected by horizontal and amacrine cells that support lateral
communication. Photoreceptors are located in the deepest layer of the retina (closest to the
choroid) and are responsible for detecting light stimuli. The retina also includes the retinal
pigment epithelium (RPE), a supportive layer that maintains photoreceptor health by
recycling visual pigments and absorbing excess light to prevent scattering.

There are two major types of photoreceptors: rods and cones, each with distinct anatomical,
functional, and distributional properties.

Rods are more numerous—approximately 120 million in the human retina—and are highly
sensitive to light. They are responsible for scotopic vision, or vision under low-light
conditions. Rods do not mediate color perception and offer low spatial resolution. They are
absent in the fovea but densely concentrated in the peripheral retina, allowing for broad field
detection in dim environments. Rods enable night vision but cannot distinguish fine detail or
color.

Cones, by contrast, number around 6 million and function best in bright light, supporting
photopic vision. They are essential for high-acuity tasks like reading and recognizing faces
and are responsible for color vision. Cones are densely packed in the fovea, the central
region of the macula, where visual acuity is highest. There are three types of cones, each
sensitive to different wavelengths of light: short (S, blue), medium (M, green), and long (L,
red). The relative activation of these cones allows the brain to interpret a full spectrum of
color through a process known as trichromatic coding.

The process of phototransduction begins when photons strike photopigments within the
outer segments of rods or cones. The key molecule in this process is rhodopsin in rods and
photopsins in cones. Light causes a conformational change in these molecules, leading to the
breakdown of cyclic GMP (cGMP), which results in the closure of sodium channels and
hyperpolarization of the photoreceptor cell membrane. This electrical change decreases the
release of the neurotransmitter glutamate at synapses with bipolar cells.

Interestingly, unlike most sensory neurons that depolarize in response to stimulation,
photoreceptors are more active in the dark and become less active when exposed to light.
This inverted signaling pattern is one of the unique features of visual transduction.

The signal is then relayed to bipolar cells, which modulate the input and pass it on to
ganglion cells—the only retinal neurons that fire action potentials. The axons of ganglion
cells bundle together to form the optic nerve, which exits the eye at the optic disc and
transmits the visual information to higher brain centers.

Lateral interactions mediated by horizontal cells (between photoreceptors and bipolar cells)
and amacrine cells (between bipolar and ganglion cells) allow for contrast enhancement,
edge detection, and temporal modulation. These early computations enhance the retina’s
ability to detect motion, contrast, and changes in illumination before the signals ever reach
the brain.
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In summary, the retina serves as a neural gatekeeper that performs essential preprocessing of
visual information. Rods and cones transduce light into electrochemical signals, while retinal
circuits refine this data into a format that the brain can further decode. Understanding retinal
function offers crucial insight into not only vision but also broader principles of sensory
integration, neural efficiency, and adaptive coding in biopsychology.

14.4 VISUAL PATHWAYS: FROM RETINA TO CORTEX:

Once visual information has been encoded by the retina into neural signals, it must travel
through a series of specialized pathways to reach the brain areas responsible for conscious
visual perception. This journey from the retina to the visual cortex involves multiple relay
points and subdivisions that not only transmit but also refine, segregate, and integrate visual
inputs. From a biopsychological standpoint, understanding these pathways is crucial for
interpreting how the brain constructs our visual world, and how lesions at different levels can
produce specific perceptual deficits.

The first step in the visual pathway begins at the retinal ganglion cells, whose axons
converge to form the optic nerve (cranial nerve II). Each eye’s optic nerve exits the orbit
through the optic canal and travels toward the optic chiasm, a key anatomical structure
located at the base of the brain. Here, partial decussation (crossing) of fibers occurs: axons
from the nasal half of each retina cross to the opposite side of the brain, while axons from
the temporal half remain on the same side. This crossover ensures that visual information
from the right visual field is processed by the left hemisphere, and information from the left
visual field is processed by the right hemisphere.

From the optic chiasm, the visual information continues via the optic tracts to the lateral
geniculate nucleus (LGN) of the thalamus. The LGN is a critical relay station where visual
signals are organized, filtered, and sharpened before they reach the cortex. The LGN is
structured in six distinct layers, with inputs from each eye kept separate. It not only serves as
a relay but also plays an active role in attentional gating and modulation, receiving feedback
from the cortex and other brain areas to influence what information is prioritized.

From the LGN, signals are sent via the optic radiations (also known as the geniculocalcarine
tract) to the primary visual cortex (V1), located in the occipital lobe, specifically along the
calcarine fissure. This region, also known as Brodmann area 17, performs the first stage of
cortical processing. It is organized retinotopically, meaning that adjacent regions of the retina
are mapped onto adjacent neurons in the cortex. This precise mapping preserves the spatial
relationships of the visual field.

The visual cortex is not a single monolithic area but a network of functionally specialized
regions. After initial processing in V1, visual information diverges into two major cortical
streams:

1. The Dorsal Stream (“where” pathway): Projects to the parietal lobe and is involved in
processing motion, spatial location, and visual-motor integration. This stream helps us
guide actions and navigate the environment.

2. The Ventral Stream (“what” pathway): Projects to the temporal lobe and is responsible
for object recognition, form perception, and face processing. This stream allows us to
identify and assign meaning to visual stimuli.

These parallel processing systems reflect the brain’s capacity to analyze multiple features—
color, shape, depth, motion—simultaneously and integrate them into a coherent perceptual
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experience. Additionally, subcortical pathways, such as projections from the retina to the
superior colliculus, play a role in orienting movements, like eye tracking and reflexive gaze
shifts, independent of conscious perception.

Damage to specific parts of the visual pathway results in characteristic deficits. For example:

e Lesions to the optic nerve cause monocular blindness.

o Damage at the optic chiasm can lead to bitemporal hemianopia (loss of peripheral
vision).

o Lesions in the optic radiations or visual cortex may cause homonymous hemianopia
(loss of the same visual field in both eyes).

In summary, the visual pathway from the retina to the cortex is not merely a conduit but an
active processor of visual information. It reflects the brain’s remarkable ability to integrate
anatomical structure with functional specialization to produce perception. The distributed
nature of this pathway—spanning from photoreceptors to cortical neurons—makes it an
essential topic in biopsychology for understanding both normal and disordered vision.

14.5 FUNCTIONAL SPECIALIZATION IN VISION: COLOR, DEPTH, AND
MOTION:

The human visual system is not a monolithic processor of images, but rather a collection of
specialized subsystems, each dedicated to processing particular features of the visual scene.
From a biopsychological perspective, the brain decodes visual stimuli through functional
specialization—different regions and circuits are responsible for analyzing specific aspects
such as color, depth, and motion. This division of labor allows the visual system to
efficiently interpret a complex, dynamic environment and generate a seamless perceptual
experience.

Color Perception

Color vision is primarily mediated by cones—photoreceptor cells located in the retina,
especially in the fovea. Humans possess three types of cones, each sensitive to different
wavelengths of light: short-wavelength (S) for blue, medium-wavelength (M) for green,
and long-wavelength (L) for red. The relative activation of these cones allows us to perceive
a wide range of colors, a mechanism explained by the trichromatic theory.

However, color perception is not solely retinal. Cortical areas such as V4, located in the
ventral stream, are specialized for processing color information. Damage to V4 can result in
cerebral achromatopsia, a condition where individuals lose the ability to perceive color,
even though their eyes and early visual pathways remain intact. This demonstrates that color
is not simply "seen" by the eye—it is constructed by the brain.

Moreover, color constancy—the ability to perceive colors consistently despite changes in
lighting—requires higher-order processing that integrates contextual cues and memory.
Thus, color vision is both a sensory and cognitive phenomenon.

Depth Perception

Depth perception enables us to judge distance and perceive the world in three dimensions. It
arises from a combination of monocular cues (like relative size, texture gradient, and linear
perspective) and binocular cues, particularly binocular disparity—the slight difference in
images received by each eye due to their horizontal separation.
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The brain uses these disparities to compute depth, a function processed in part by neurons in
V1 and V2, and more robustly in areas like V3A and parts of the dorsal stream. Damage to
these areas may impair stereopsis, the perception of depth through binocular vision, even
when monocular cues remain intact.

Depth perception also relies on motion parallax (changes in relative position as we move)
and occlusion (when one object blocks another), which are interpreted through a network of
visual and parietal regions involved in spatial awareness. The integration of depth cues with
motor systems enables accurate object manipulation and navigation.

Motion Perception

The ability to perceive motion is another critical function of the visual system, especially for
survival tasks such as detecting predators or navigating moving environments. The cortical
region VS/MT (middle temporal area) is the primary motion-processing area. Neurons in
this area respond selectively to direction, speed, and coherence of movement.

Individuals with lesions in MT can develop akinetopsia, or motion blindness, where they
perceive the world as a series of static snapshots. This rare but dramatic condition
underscores the modular nature of visual processing.

Motion detection also depends on retinal input (via direction-selective ganglion cells),
subcortical processing in the superior colliculus, and feedback loops involving the parietal
cortex. These systems interact to allow smooth pursuit, saccadic movements, and
anticipatory eye movements, which are crucial for tasks like reading or catching a ball.

Integration and Binding

Although processed in distinct pathways, visual features such as color, depth, and motion
must be reintegrated into a coherent whole—a process referred to as the binding problem
in cognitive neuroscience. The synchrony hypothesis suggests that neurons representing
different features of the same object fire in coordinated patterns, allowing the brain to group
them into unified percepts.

Attention also plays a critical role in this integration. Studies using fMRI and ERP reveal that
top-down attention can modulate the activity of specialized visual areas, enhancing the
perception of relevant features while suppressing irrelevant information.

In summary, functional specialization in vision highlights how the brain is optimized to break
down complex stimuli into manageable components. By delegating specific visual tasks to
specialized areas, the visual system achieves both efficiency and accuracy in perception.
This modularity also allows biopsychologists to study the impact of localized brain damage
or developmental conditions on individual visual abilities, offering insight into the intricate
architecture of visual cognition.

14.6 VISUAL DISORDERS AND NEUROLOGICAL IMPAIRMENTS:

Visual processing is one of the most well-mapped functions of the human brain, and damage
to specific parts of the visual system can lead to distinct and diagnosable disorders. These
visual impairments can arise from injury, neurodegeneration, developmental anomalies, or
lesions in the retina, optic pathways, or cortical areas. From a biopsychological perspective,
studying these disorders provides key insights into how different parts of the visual system
contribute to perception, as well as how the brain compensates when certain functions are
compromised.
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1. Retinal Disorders
Disorders affecting the retina disrupt the very first stage of visual processing and often result
in partial or total blindness.

e Macular Degeneration affects the central retina (macula) and leads to the loss of central
vision. It is common in older adults and severely impairs tasks like reading and
recognizing faces.

o Retinitis Pigmentosa is a genetic disorder that affects the peripheral retina and rod
photoreceptors, resulting in night blindness and tunnel vision.

e Glaucoma damages the optic nerve due to increased intraocular pressure, leading to
gradual vision loss starting from the periphery.

Retinal damage may result in scotomas—blind spots in the visual field. The brain sometimes
compensates for small scotomas by using surrounding visual information, a phenomenon
known as perceptual filling-in.

2. Optic Pathway Lesions
Damage to the optic nerve, chiasm, or optic tract leads to characteristic visual field defects:
e Optic Nerve Lesion (before the chiasm): Causes total blindness in one eye (monocular
blindness).
e Optic Chiasm Lesion (e.g., pituitary tumor): Leads to bitemporal hemianopia—Iloss of
peripheral vision in both eyes.

e Optic Tract or Radiation Lesions (after the chiasm): Result in homonymous
hemianopia—Ioss of the same visual field in both eyes (e.g., right half of both eyes).
These disorders highlight the importance of cross-hemispheric visual processing and

reinforce how visual fields are mapped contralaterally in the brain.

3. Cortical Visual Impairments
Damage to different regions of the occipital and temporal lobes leads to higher-order visual
disorders, often without damage to the eyes themselves.

e Cortical Blindness (due to V1 damage): Patients may be unaware of visual stimuli, yet
still respond to them unconsciously—a phenomenon called blindsight. This condition
supports the idea that visual perception and visual awareness can be dissociated.

e Visual Agnosia: A condition where a person can see but cannot recognize or interpret
visual information. Apperceptive agnosia involves impaired object recognition due to
perceptual deficits, whereas associative agnosia affects the ability to assign meaning to
perceived objects.

o Prosopagnosia (face blindness): Often results from damage to the fusiform face area
(FFA) in the inferior temporal cortex. Affected individuals cannot recognize familiar
faces, even though their vision and intelligence are intact.

o Akinetopsia: Also called motion blindness, results from damage to area V5/MT and
leads to an inability to perceive motion fluidly. Patients may describe the world as a
series of static images.

e Achromatopsia: Loss of color vision due to damage to area V4. Individuals perceive
the world in grayscale despite having intact cones in the retina.

4. Neurodevelopmental and Cognitive Visual Disorders

o Strabismus and Amblyopia: Early disruption of binocular coordination can lead to
suppressed input from one eye (lazy eye), affecting depth perception. If not corrected in
childhood, it can cause long-term deficits.
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e Visual Neglect: Often due to right parietal lobe damage, this condition involves ignoring
visual stimuli on the contralateral side (typically the left). Patients may not eat food on
one side of a plate or fail to dress one half of their body.

e Charles Bonnet Syndrome: Individuals with visual impairment may experience vivid,
complex visual hallucinations. These hallucinations occur in the absence of psychiatric
illness and are thought to arise from cortical disinhibition.

In summary, visual disorders reflect the intricate architecture of the visual system and its
multiple processing levels—from the retina to higher cortical areas. Biopsychology uses these
disorders not only to diagnose and treat visual impairments but also to map out the functional
organization of the brain. Studying such impairments illustrates how localized damage can
isolate specific aspects of perception—motion, color, form, or faces—providing powerful
evidence for modular specialization in the visual system.

14.7 SUMMARY:

This lesson explored the structure and function of the eye through the lens of biopsychology,
demonstrating how biological mechanisms support the psychological experience of vision.
We began by examining the anatomy of the eye, understanding how structures like the
cornea, lens, iris, and retina contribute to focusing light and initiating visual transduction.
Special attention was given to photoreceptor cells—rods and cones—which convert light
into electrical signals that are then transmitted via bipolar and ganglion cells.

We traced the visual pathway from the retina through the optic nerve, optic chiasm, and
lateral geniculate nucleus (LGN), finally reaching the primary visual cortex (V1). This
journey highlighted how visual fields are mapped contralaterally and how visual information
is sorted and interpreted at different levels of processing.

The concept of functional specialization clarified how different cortical areas handle
specific features of vision. While V4 processes color, VS/MT specializes in motion, and
other dorsal stream regions manage spatial awareness and depth. These modular functions
operate in parallel but are later integrated to create a unified perceptual experience.

In addition to typical visual function, the lesson also examined neurological impairments,
such as blindsight, prosopagnosia, visual agnosia, and akinetopsia. These disorders
provided strong evidence for localized visual processing and underscored the complexity of
translating sensory input into conscious experience.

Altogether, this lesson deepened our understanding of how vision is a product of both
biological systems and psychological interpretation. It reinforced the idea that perception is
an active process, rooted in neural architecture and modulated by experience, attention, and
context.

14.8 TECHNICAL TERMS:

o Photoreceptors: Specialized cells in the retina (rods and cones) that convert light into
neural signals.

e Fovea: The central region of the retina with a high density of cones, responsible for
sharp central vision.

e Optic Chiasm: The X-shaped structure where fibers from the nasal side of each retina
cross to the opposite hemisphere.
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Lateral Geniculate Nucleus (LGN): A thalamic relay center that processes and
organizes visual input before it reaches the cortex.

Primary Visual Cortex (V1): The first cortical area that receives and interprets visual
input; located in the occipital lobe.

Ventral Stream: The "what" pathway that processes object identity, form, and color.
Dorsal Stream: The "where" pathway that processes motion, spatial relationships, and
action-guided vision.

Blindsight: A condition in which individuals with damage to the visual cortex can
respond to visual stimuli without conscious awareness.

Prosopagnosia: A neurological condition characterized by the inability to recognize
faces.

Akinetopsia: The inability to perceive motion, typically due to damage in area V5/MT.

14.9 SELF-ASSESSMENT QUESTIONS:

1.

[98)

Describe the major anatomical structures of the human eye and their functions in visual
processing.
Explain how the optic chiasm contributes to binocular vision.

. Differentiate between the dorsal and ventral visual streams in terms of function and

cortical targets.

. What role does the LGN play in visual perception, and how is information organized

there?

. How does the brain achieve color constancy, and which area is primarily responsible for

color perception?

. Discuss how damage to area V5/MT affects motion perception and describe the symptoms

of akinetopsia.

. What is blindsight, and what does it reveal about the relationship between vision and

consciousness?

. Explain the significance of functional specialization in vision using examples of

neurological disorders.
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LESSON- 15
MECHANISM AND PATTERN OF COLOUR

VISION AND COLOUR BLINDNESS

OBJECTIVE:

By the end of this lesson, students will be able to:
e Understand the biological basis of colour vision, including the role of cones and opponent
processing.
e Examine the theories that explain colour perception and its neurological underpinnings.
e Analyze the visual pathways and cortical areas involved in colour processing.
o Identify different types of colour blindness and their genetic, neural, and functional causes.
e Explore how colour vision deficiencies impact perception, behavior, and real-world

functioning.

e Evaluate psychophysical and neuropsychological research on colour vision and individual
differences.

e Apply biopsychological insights to practical settings such as education, accessibility, and
design.

STRUCTURE:

15.1 Introduction to Colour Vision in Biopsychology

15.2 Anatomy of the Retina: Cone Cells and Colour Sensitivity

15.3 Theories of Colour Vision: Trichromatic and Opponent Process

15.4 Cortical Processing and Functional Specialization in Colour Perception
15.5 Patterns and Types of Colour Blindness

15.6 Genetic and Neurological Bases of Colour Blindness

15.7 Cognitive and Practical Implications of Colour Vision Deficits

15.8 Summary

15.9 Technical Terms

15.10 Suggested Readings

15.1 INTRODUCTION TO COLOUR VISION IN BIOPSYCHOLOGY:

Colour vision is a critical component of human perception, enabling individuals to distinguish
and interpret a vast array of environmental stimuli. From a biopsychological perspective,
colour vision is not merely a subjective experience but a result of intricate biological processes
involving retinal receptors, neural pathways, and cortical interpretation. Understanding how
the brain perceives colour allows us to appreciate the adaptive functions of vision in survival,
object recognition, and emotional processing.

The human visual system is sensitive to electromagnetic radiation within a narrow band of the
spectrum, specifically between 400 and 700 nanometers. Different wavelengths within this
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range are perceived as different colours—short wavelengths as violet and blue, medium
wavelengths as green, and long wavelengths as red. The ability to discriminate these
wavelengths relies on the function of cone photoreceptors located in the retina.

From an evolutionary standpoint, colour vision is advantageous for detecting ripe fruits,
assessing social signals (such as flushed skin or changes in facial colour), and navigating
complex environments. Most mammals have dichromatic vision (two types of cones), but
primates, including humans, developed trichromatic vision—Ilikely due to ecological pressures
favoring enhanced discrimination of red and green hues.

Biopsychology explores not only how these colours are perceived, but also how this
information is processed in the brain. The retinal cones transduce light into electrical signals
that travel through the optic nerve to cortical areas such as the primary visual cortex (V1) and
area V4, which is heavily involved in interpreting colour. These areas collaborate with memory
and attention systems to ensure that colour perception remains stable despite changes in
lighting—what is known as colour constancy.

Furthermore, colour perception is closely tied to cognition and emotion. Research in affective
neuroscience suggests that colours can influence mood, decision-making, and even
physiological responses such as heart rate or arousal. This psychological dimension of colour
experience illustrates how sensory inputs are deeply interwoven with internal mental states.

Colour vision also offers an excellent model for studying individual differences in neural
functioning. While most people have trichromatic vision, a significant portion of the population
experiences colour blindness or colour vision deficiency (CVD), often due to genetic factors.
These differences offer insights into the modularity of perception and how the brain
compensates when typical pathways are disrupted.

In biopsychology, the study of colour vision serves as a bridge between neuroanatomy,
perception, cognition, and behavior. By examining both the normal and impaired
mechanisms of colour processing, psychologists and neuroscientists can better understand how
the brain creates a coherent and meaningful visual world.

15.2 ANATOMY OF THE RETINA: CONE CELLS AND COLOUR SENSITIVITY:

The retina is a light-sensitive layer of tissue lining the back of the eye, functioning as the
primary gateway between light stimuli and neural perception. Within the retina are two primary
types of photoreceptors—rods and cones. While rods are responsible for vision in low light
(scotopic vision), cones are essential for daylight vision (photopic vision) and colour
perception.

There are three distinct types of cone cells, each containing a different photopigment sensitive
to specific wavelengths of light:
S-cones (short wavelength): Sensitive to blue light (~420 nm)

M-cones (medium wavelength): Sensitive to green light (~530 nm)
L-cones (long wavelength): Sensitive to red light (~560 nm)

These cone types are distributed unevenly across the retina, with the highest concentration
found in the fovea, the central part of the retina responsible for sharp, detailed, and colour-rich



Bio Psychology 15.3 Mechanism & Pattern of Colour...

vision. This region is densely packed with cones and relatively free of rods, allowing for
optimal resolution in bright light conditions.

When light enters the eye and strikes these photoreceptors, the opsin proteins in the cones
undergo a conformational change. This biochemical reaction initiates a phototransduction
cascade, leading to changes in the membrane potential of the photoreceptor cells. The signal
is then relayed to bipolar cells, ganglion cells, and ultimately through the optic nerve to the
brain.

Importantly, colour perception does not result from the activity of individual cones in isolation.
Instead, it is derived from the comparative activation patterns across the three cone types.
For example, an orange hue might activate L-cones strongly and M-cones moderately, while
barely affecting S-cones. The brain interprets this ratio to produce the percept of orange.

Additionally, retinal ganglion cells integrate inputs from different cones and transmit opponent
signals—a concept central to the opponent-process theory. These opponent channels include:

Red-Green (L vs. M cones)

Blue—Yellow (S vs. combined L and M cones)

This opponent coding allows for more precise colour discrimination and is a foundational
concept in explaining phenomena such as afterimages or colour contrast illusions.
Moreover, the retina adapts to different lighting environments through light and dark
adaptation mechanisms and through localized processing that helps maintain colour
constancy. Specialized cells in the retina perform preliminary comparisons before signals even
reach the brain, emphasizing that colour processing begins at the very first stage of the visual
pathway.

From a biopsychological perspective, the anatomy of the retina exemplifies how complex
perceptual experiences like colour emerge from highly specialized and localized cellular
functions. Understanding the structure and function of cone cells lays the groundwork for
comprehending higher-level processes and disorders in colour vision, such as colour
blindness, which typically arises from abnormalities in cone structure or function.

15.3 THEORIES OF COLOUR VISION: TRICHROMATIC AND OPPONENT
PROCESS:

The ability to perceive a vast spectrum of colours is made possible by the brain’s interpretation
of input from just three types of cone cells. This remarkable feat is explained by two
foundational theories in colour vision: the Trichromatic Theory and the Opponent Process
Theory. Together, these models provide a comprehensive biopsychological framework for
understanding how colour is encoded, transmitted, and interpreted by the visual system.

Trichromatic Theory of Colour Vision

First proposed by Thomas Young and Hermann von Helmholtz in the 19th century, the
Trichromatic Theory posits that all colours can be derived from the activity of three types of
cone cells, each tuned to a specific portion of the light spectrum:

S-cones: Sensitive to short wavelengths (blue)

M-cones: Sensitive to medium wavelengths (green)

L-cones: Sensitive to long wavelengths (red)
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According to this theory, the perception of colour is based on the relative rates of activation
across these three cone types. For instance, yellow is perceived when L- and M-cones are
stimulated approximately equally, while S-cones remain less active. This model accounts for a
broad range of colour experiences and is well-supported by physiological findings in the retina.
However, the trichromatic model cannot explain all aspects of colour perception, particularly
certain visual illusions and aftereffects.

Opponent Process Theory of Colour Vision

To address the limitations of the trichromatic theory, Ewald Hering proposed the Opponent
Process Theory. According to this model, colour perception is controlled by three opposing
systems:

Red vs. Green

Blue vs. Yellow

Black vs. White (luminance channel)

Each system consists of neurons that are excited by one colour in the pair and inhibited by the
other. For example, some ganglion cells increase their firing rate when exposed to red light and
decrease their rate in response to green light. This arrangement helps to sharpen colour
contrasts and explains why we don’t perceive certain colour combinations (e.g., reddish-green
or bluish-yellow).

Neurophysiological studies confirm the existence of opponent-process neurons in the retina,
lateral geniculate nucleus (LGN), and primary visual cortex (V1). These neurons respond
selectively to contrasts between wavelengths, helping the brain interpret hue and chromatic
intensity efficiently. The opponent coding also explains negative afterimages, where staring
at a red image can lead to a green afterimage due to adaptation and rebound in neural firing.

Integrating the Two Theories

In contemporary biopsychology, both theories are considered accurate but applicable to
different stages of visual processing:

Trichromatic Theory describes the initial photoreceptor level in the retina.

Opponent Process Theory describes post-receptor processing in the retina and central visual
pathways.

This hierarchical model reflects how simple inputs are transformed into complex percepts as
they travel through the visual system. Early in the visual pathway, cones detect raw wavelength
data. These signals are then processed by opponent mechanisms, leading to colour contrast,
enhancement, and ultimately perception.

Understanding these theories has not only advanced basic science but also informed practical
applications—from colour blindness diagnosis to digital colour calibration and even
psychological treatments involving colour therapy.

15.4 CORTICAL PROCESSING AND FUNCTIONAL SPECIALIZATION IN
COLOUR PERCEPTION:

While the retina initiates colour detection, the full experience of colour perception emerges
through complex processing in the brain’s visual cortex. This section explores how visual
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information about colour travels from the eye to specialized brain regions, enabling us to
recognize, categorize, and assign meaning to colours within our environment.

After transduction by cone cells in the retina, colour information is relayed through the optic
nerve to the lateral geniculate nucleus (LGN) of the thalamus. In the LGN, neurons maintain
the opponent-process coding established in the retina, and begin the process of refining and
integrating chromatic and spatial data. From here, the signal travels to the primary visual
cortex (V1), also known as the striate cortex, located in the occipital lobe.

In V1, the brain begins to organize colour information with greater complexity. Specific
neurons in V1, referred to as blob cells, are especially sensitive to chromatic stimuli. These
cells receive input from the LGN and are responsible for early cortical processing of colour
contrast and saturation. However, the interpretation of colour is not complete in VI; it
continues along the ventral visual stream, also known as the “what” pathway, which is crucial
for object identification and form recognition.

One of the most significant areas along the ventral stream for colour perception is area V4.
Neurons in V4 are highly responsive to coloured stimuli and show a level of colour
constancy—the ability to perceive an object’s colour consistently despite changes in lighting
conditions. V4 neurons not only respond to physical wavelengths but also to perceived colour,
taking context and surrounding colours into account. For instance, a grey square may appear
slightly tinted depending on its background—a phenomenon processed in V4.

Functional specialization is evident across different cortical areas:
V1: Basic colour processing and orientation of visual stimuli.

V2: Combines colour, texture, and depth cues.
V4: Advanced colour perception, constancy, and integration with shape and memory.

Damage to V4 can lead to a rare condition called cerebral achromatopsia, in which
individuals lose the ability to perceive colour despite having intact retinal function. This
underscores the critical role of cortical areas in generating the conscious experience of colour.

Colour perception also interacts with higher cognitive functions. For example, the inferior
temporal cortex connects colour to object recognition, while prefrontal regions may evaluate
the emotional or symbolic meaning of colour. Cultural, linguistic, and emotional associations
with colours are reflected in this top-down modulation, influencing both attention and memory.
From a biopsychological viewpoint, cortical colour processing is a dynamic integration of
bottom-up sensory input and top-down cognitive influences. The visual system does not merely
detect colour—it interprets, adjusts, and contextualizes it within an ever-changing
environment. Understanding this cortical specialization helps explain not just how we see
colour, but why colour carries meaning, evokes emotion, and guides behavior.

15.5 PATTERNS AND TYPES OF COLOUR BLINDNESS:

Colour blindness, more accurately termed colour vision deficiency (CVD), refers to the
inability or reduced ability to perceive colour differences under normal lighting conditions. It
arises primarily from anomalies in the function or absence of cone photoreceptors in the retina.
Understanding the patterns and types of colour blindness provides valuable insights into both
the physiology of the eye and the cognitive mechanisms that support colour perception.
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Most forms of colour blindness are congenital, meaning they are inherited and present from
birth, often due to mutations in genes on the X chromosome. This explains why colour
blindness is significantly more common in males (about 8%) than in females (less than 1%).
However, acquired forms of CVD can also occur later in life due to retinal disease, optic
nerve damage, or cortical injury.

The classification of colour blindness is typically based on which cone system is affected and
how the deficiency alters colour perception:

1. Monochromacy (Total Colour Blindness)

Monochromacy is a rare condition in which individuals have no functioning cone cells or only
one functional type of cone, making them unable to perceive any colour at all.

Rod Monochromacy (Achromatopsia): All cone types are non-functional. Vision is limited
to shades of grey, with reduced visual acuity and high sensitivity to light.

Cone Monochromacy: Only one type of cone works, leading to limited colour discrimination.
This form is less severe than rod monochromacy but still significantly restricts the colour
experience.

2. Dichromacy (Two Types of Cones Functional)

Dichromats lack one of the three cone types, which reduces their ability to differentiate between
certain colours.

Protanopia: Absence of L-cones (long wavelength/red-sensitive cones). Individuals confuse
reds with greens and may perceive red as dark or greyish.

Deuteranopia: Absence of M-cones (medium wavelength/green-sensitive cones). Greens and
reds appear similar, though without the dimming effect seen in protanopia.

Tritanopia: Absence of S-cones (short wavelength/blue-sensitive cones). Individuals confuse
blue with green and yellow with violet. This is the rarest form and is not sex-linked.

3. Anomalous Trichromacy (Altered Cone Sensitivity)

In this more common and milder form of CVD, all three types of cones are present, but one has
an altered spectral sensitivity, causing reduced discrimination between certain hues.
Protanomaly: L-cone response is shifted; reds appear dull or shifted toward green.
Deuteranomaly: M-cone response is altered; difficulty distinguishing reds and greens.
Tritanomaly: S-cone response is shifted; blues and yellows are harder to distinguish. This is
extremely rare.

Deuteranomaly is the most common form of colour blindness, particularly in males, and
individuals often remain unaware of their condition unless tested.

4. Blue-Yellow Colour Blindness vs. Red-Green Colour Blindness

While red-green deficiencies (protan and deutan types) are far more prevalent, blue-yellow
deficiencies (tritan types) are equally important to understand, especially in clinical or
neurological assessments, where they may indicate optic nerve or retinal damage rather than
a genetic condition.

Assessment and Implications

Colour blindness is typically diagnosed using standardized tests such as the Ishihara plates
(for red-green CVD) or anomaloscope testing (for precise quantification). These assessments
are crucial in educational and occupational settings, especially for roles requiring accurate
colour discrimination (e.g., pilots, graphic designers, electricians).

From a biopsychological perspective, studying the patterns of colour blindness not only reveals
how visual processing can vary among individuals but also demonstrates the robustness and
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adaptability of perception. Many individuals with CVD develop compensatory strategies using
texture, brightness, or contextual cues to navigate a world designed for trichromatic vision.

15.6 GENETIC AND NEUROLOGICAL BASES OF COLOUR BLINDNESS:

Colour blindness is primarily a genetic condition, rooted in variations or mutations that affect
the photopigments in cone cells. However, in some cases, it can also be acquired due to
neurological disorders, retinal diseases, or cortical damage. This section explores both the
genetic underpinnings and the neurological causes that lead to colour vision deficiencies
(CVD), providing a biopsychological understanding of how such deficits occur and manifest.
Genetic Origins of Colour Blindness

The most common forms of colour blindness—protanopia, deuteranopia, and their
anomalous variants—are inherited as X-linked recessive traits. The genes responsible for
producing L- and M-cone photopigments are located on the X chromosome, which males have
only one copy of. As a result, if that single X chromosome carries a mutation, the individual is
likely to express the trait. In contrast, females with a defective gene on one X chromosome
usually remain carriers unless both X chromosomes are affected.

These genes, known as OPNILW (for L-cones) and OPNIMW (for M-cones), are highly
similar in sequence and located adjacent to each other, making them prone to unequal
recombination during meiosis. This can lead to hybrid or non-functional genes, resulting in
anomalous trichromacy or complete loss of a cone type (dichromacy).

Tritan deficiencies, affecting S-cones, are not X-linked. Instead, they are typically autosomal
dominant and associated with mutations in the OPN1SW gene on chromosome 7. These are
much rarer but can affect both males and females equally.

Neurological and Acquired Causes of Colour Blindness

While congenital colour blindness is genetically encoded, colour vision can also be impaired
due to damage or dysfunction in the retina, optic nerve, or visual cortex. Such cases are
referred to as acquired colour vision deficiencies and often present differently from inherited
types.

Optic Neuritis: Inflammation of the optic nerve, often associated with multiple sclerosis, can
cause temporary or permanent colour desaturation, especially along the red-green axis.
Macular Degeneration and Glaucoma: These retinal conditions can degrade cone function,
especially in the fovea, leading to colour perception deficits.

Trauma or Lesions in Visual Cortex (Area V4): Damage to V4 can result in cerebral
achromatopsia, a rare condition in which individuals lose all conscious colour perception
while retaining form and motion processing.

Toxins and Medications: Certain drugs (e.g., digoxin, ethambutol) and toxic substances can
interfere with colour processing in the retina or optic nerve.

Neurologically, colour vision involves not just photoreceptor input but also a series of
processing stages in the lateral geniculate nucleus (LGN) and visual cortices. If any part of
this pathway is disrupted, even temporarily, the brain's ability to interpret colour can be
significantly altered. Studies using functional imaging (fMRI) and electrophysiology (ERP)
have confirmed that even in individuals with normal cones, impaired communication between
visual centers can produce colour discrimination difficulties.
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Implications for Research and Diagnosis

Distinguishing between congenital and acquired colour blindness is essential in clinical
diagnosis. Congenital forms are typically symmetric between both eyes and stable over time,
whereas acquired forms may be asymmetric, progressive, and associated with other visual or
neurological symptomes.

Modern genetic testing can identify mutations in opsin genes, allowing early diagnosis and
even informing gene therapy research. For instance, animal models have demonstrated
successful introduction of functioning opsin genes to restore colour sensitivity, suggesting
future clinical potential.

In summary, the genetic and neurological bases of colour blindness offer insights into the
intricate interplay between genes, photoreceptor function, and neural processing. From a
biopsychological perspective, understanding these causes is critical not only for diagnosis and
treatment but also for appreciating the variability and plasticity of the human visual system.

15.7 COGNITIVE AND PRACTICAL IMPLICATIONS OF COLOUR VISION
DEFICITS:

Colour vision is not merely a sensory experience—it plays a vital role in cognitive processing,
memory, decision-making, and real-world navigation. Individuals with colour vision
deficiencies (CVD), whether congenital or acquired, must adapt to a world designed
predominantly for trichromatic vision. This section explores the cognitive and practical
consequences of CVD and highlights how individuals and societies can adapt through both
compensatory strategies and inclusive design.

Cognitive Impacts of Colour Vision Deficiency

Colour contributes significantly to object recognition, categorization, and memory
encoding. For example, the colour of fruit helps us judge ripeness, while colour-coding
systems assist with sorting or prioritization (e.g., red for danger, green for go). Individuals with
CVD may experience:

Slower recognition speeds for certain objects that rely on colour distinctions.

Errors in categorization when colour is the only distinguishing feature (e.g., identifying flags,
maps, or chemical indicators).

Reduced memory recall in tasks where colour is a cue, as studies show that typical colour
information can enhance episodic memory encoding.

However, research also indicates that people with CVD often develop compensatory cognitive
strategies, such as relying on shape, texture, brightness, or contextual cues instead of hue.
These adaptations reflect the brain's plasticity and its ability to reorganize perceptual priorities
to maintain functional performance.

Educational and Occupational Implications

Many educational materials and exams—especially in science and geography—use colour-
coded diagrams, which can be confusing for students with colour blindness. Instructors may
unintentionally disadvantage these students by failing to provide alternatives such as patterns,
text labels, or grayscale differentiation.

In the workplace, colour vision can be critical in certain professions:
Aviation, railway signaling, and electrical wiring rely heavily on colour-coded systems.
Most of these professions include screening for CVD as part of eligibility.
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Medical fields may require accurate identification of colour in diagnostic imagery (e.g.,
inflammation, bruising, rashes).

Design, art, and marketing can be challenging for individuals with CVD unless assisted by
software tools or team collaboration.

Nevertheless, many CVD individuals thrive in these fields by leveraging their superior
attention to contrast, detail, and form.

Social and Emotional Aspects

Living with colour blindness can also affect one’s social interactions and self-concept. For
example, colour-related jokes or misunderstandings might contribute to embarrassment or
exclusion, especially among children. Some individuals report emotional frustration due to
an inability to fully appreciate aesthetic experiences, such as sunsets, paintings, or fashion.
On the other hand, awareness and normalization of colour blindness through education and
media representation have fostered a more inclusive attitude in many societies. Some even
argue that people with CVD perceive the world in ways that are qualitatively different but
not inferior, challenging the traditional deficit model.

Assistive Technologies and Design Innovations

Several digital tools and technologies have emerged to support individuals with CVD:
Colour-blind-friendly design: Websites and apps now use patterns, symbols, or dual coding
(text + colour) to convey meaning.

Accessibility features: Mobile phones and computer software allow users to adjust colour
schemes or apply filters that enhance visual contrast.

Wearable devices and lenses: EnChroma glasses and similar technologies attempt to expand
perceived colour range, though their efficacy varies across individuals.

In summary, the cognitive and practical implications of colour vision deficiency extend beyond
the eye and into everyday thinking, learning, and social interaction. From a biopsychological
perspective, understanding how colour influences cognition—and how its absence is
managed—offers valuable lessons about neuroplasticity, adaptation, and inclusive thinking
in human development.

15.8 SUMMARY:

This chapter explored the intricate mechanisms of colour vision and the underlying causes and
consequences of colour blindness through a biopsychological lens. We began with an overview
of visual perception, highlighting how light waves are captured by cone photoreceptors in the
retina and how colour signals are processed through the optic pathway to cortical regions,
particularly area V4.

We examined key theories like the Trichromatic Theory and Opponent-Process Theory, which
explain how different types of cones and neural networks encode and differentiate hues. This
led to an understanding of how visual information is decoded in the brain through specialized
cortical regions that support colour constancy, integration, and object recognition.

We then detailed various patterns of colour blindness—monochromacy, dichromacy, and
anomalous trichromacy—and the genetic and neurological foundations of these conditions.
Both congenital and acquired forms were discussed, with attention to the role of mutations in
opsin genes, damage to visual pathways, and implications for diagnosis and therapy.
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The final section focused on the cognitive and practical consequences of living with colour
vision deficiencies. While CVD can present challenges in memory, object identification,
education, and occupational functioning, many individuals adapt through alternate strategies
and assistive technologies. Importantly, this chapter emphasized that colour blindness is not
simply a sensory limitation but a diverse human experience shaped by neurobiology, cognition,
and culture.

15.9 TECHNICAL TERMS:

e Cone Cells: Photoreceptors in the retina responsible for colour vision.

e Trichromatic Theory: Theory stating that colour vision is based on the activity of three
types of cones (S, M, L).

e Opponent-Process Theory: Theory suggesting colour perception is controlled by opposing
neural mechanisms (red-green, blue-yellow).

e Achromatopsia: A condition where a person cannot perceive colours, either due to retinal
or cortical dysfunction.

e Anomalous Trichromacy: A form of colour blindness where all three cone types are
present but one has altered sensitivity.

e Lateral Geniculate Nucleus (LGN): A relay centre in the thalamus for visual information
from the retina to the cortex.

e Area V4: A region in the visual cortex involved in colour perception and constancy.

e Ishihara Plates: A test used to diagnose red-green colour blindness.

e Additive/Subtractive Colour Mixing: Methods by which colours are created by combining
or filtering wavelengths of light.
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LESSON- 16

STRUCTURE OF THE EAR AND PROCESSING

OF AUDITORY INFORMATION

OBJECTIVES:

By the end of this lesson, Master's-level psychology students will be able to:

Understand the anatomical structure and functional components of the human ear.
Explain the process of auditory transduction from sound waves to neural impulses.
Analyze the role of different ear structures—outer, middle, and inner—in sound detection
and interpretation.

Explore how the brain processes auditory information, including pitch, frequency, and
spatial localization.

Discuss neuropsychological findings related to auditory perception and disorders of
hearing.

Connect auditory processing to cognitive functions such as attention, language, and
memory.

STRUCTURE:

16.1
16.2
16.3
16.4
16.5
16.6
16.7
16.8
16.9
16.1

16.1

Introduction to Auditory Processing in Biopsychology
Anatomy and Function of the Outer, Middle, and Inner Ear
Transduction: From Mechanical Vibrations to Neural Signals
Auditory Pathways from Cochlea to Cortex

Tonotopic Organization and Cortical Representation of Sound
Cognitive and Perceptual Aspects of Hearing

Auditory Disorders and Neuropsychological Impairments
Summary

Technical Terms

0 Suggested Readings

INTRODUCTION TO AUDITORY PROCESSING IN BIOPSYCHOLOGY:

Hearing is one of the most essential senses for human communication, environmental
awareness, and survival. From detecting the honk of a car to appreciating the subtleties of

lang
prec

uage and music, the auditory system allows us to process sounds with remarkable
ision. In biopsychology, auditory processing is not simply about detecting sound—it

encompasses a complex chain of anatomical, neural, and cognitive events that transform
mechanical vibrations into meaningful experiences.

At the core of auditory processing lies the ear-brain interface. Sound begins as air pressure
changes—vibrations that travel through space in waves. The human ear captures these
vibrations and converts them into electrochemical signals that the brain can interpret. This

proc

ess, known as auditory transduction, involves multiple stages of processing: from the
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mechanical movement of the eardrum and ossicles to the stimulation of hair cells in the cochlea,
and finally, to the firing of auditory neurons that relay information to the brain.

The study of auditory processing in biopsychology examines both the structural anatomy of
the auditory system and the functional pathways in the brain that interpret sound. Each part
of the ear—the outer ear, middle ear, and inner ear—plays a specialized role in collecting,
amplifying, and converting sound. Moreover, auditory perception involves specific brain
regions, including the auditory cortex, brainstem nuclei, and thalamic relay centers, all
working together to decode frequency, pitch, location, and meaning of auditory stimuli.

Understanding auditory processing also sheds light on important cognitive functions such as
language comprehension, auditory attention, working memory, and multisensory
integration. For instance, the ability to focus on one voice in a crowded room (the “cocktail
party effect”) is a product of both sensory and cognitive auditory processing mechanisms.

Furthermore, auditory processing is not uniform across individuals. Factors such as age,
experience, language exposure, neuroplasticity, and disorders like auditory processing
disorder (APD) or hearing loss influence how sound is perceived and understood.
Neuroimaging studies reveal how auditory processing evolves across development and adapts
in response to sensory deprivation or damage, demonstrating the plastic nature of the
auditory system.

In the context of biopsychology, auditory processing is studied not only to understand hearing
mechanisms but also to explore how sound shapes thought, behavior, emotion, and
neurological health. It bridges multiple domains—from physiology to perception, from neural
encoding to the social uses of speech.

This introduction sets the foundation for examining the ear’s anatomy, the journey of sound
through the nervous system, and how these processes interact with higher-order psychological
functions.

16.2 Anatomy and Function of the Outer, Middle, and Inner Ear:

The human ear is a complex organ structured to perform the remarkable task of converting
airborne sound waves into electrochemical signals interpretable by the brain. Anatomically, the
ear is divided into three main parts: the outer ear, the middle ear, and the inner ear. Each
section has specialized structures and functions, all critical for effective auditory transduction.

Outer Ear

The outer ear comprises the pinna (auricle) and the external auditory canal. The pinna acts
as a funnel, capturing sound waves from the environment and channeling them into the auditory
canal. Its ridges and folds help in sound localization by amplifying certain frequencies and
attenuating others, particularly in the vertical plane. The auditory canal further amplifies sound
and directs it toward the tympanic membrane, commonly known as the eardrum.

From a cognitive perspective, the shape and sensitivity of the outer ear are evolutionarily
adapted to the frequencies most relevant to human communication, particularly speech. The
outer ear plays a crucial role in filtering ambient sound and enhancing signal clarity before
neural processing begins.
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Middle Ear

The middle ear begins at the tympanic membrane and houses three small bones called the
ossicles: the malleus (hammer), incus (anvil), and stapes (stirrup). When sound waves hit the
tympanic membrane, they cause it to vibrate. These vibrations are mechanically transferred
and amplified through the ossicles. The final bone, the stapes, interfaces with the oval window
of the cochlea in the inner ear.

The middle ear also contains the Eustachian tube, which connects to the nasopharynx and
helps equalize air pressure on both sides of the tympanic membrane. Without this pressure
equalization, the transmission of vibrations could be dampened, affecting auditory clarity.

Psychologically, the middle ear acts as a mechanical transformer, boosting low-energy air
vibrations into higher-pressure waves suitable for transmission through the fluid-filled inner
ear. Any disruption in ossicle movement, such as in otosclerosis, can lead to conductive
hearing loss, impacting the brain’s access to auditory input.

Inner Ear

The inner ear consists primarily of the cochlea, a spiral-shaped, fluid-filled structure that
houses the organ of Corti, the sensory organ of hearing. Inside the cochlea, the basilar
membrane runs along its length and varies in thickness and stiffness. This physical variation
supports tonotopic organization, where different regions respond to different frequencies
(high frequencies at the base, low at the apex).

The organ of Corti contains hair cells with tiny stereocilia. When fluid vibrations reach the
cochlea, they displace the basilar membrane, causing these stereocilia to bend. This bending
opens ion channels, leading to depolarization of the hair cells and release of neurotransmitters,
which stimulate the auditory nerve fibers. These neural signals are then sent to the brain via
the cochlear nerve, part of the vestibulocochlear nerve (cranial nerve VIII).

The inner ear not only processes auditory information but also contributes to balance via the
vestibular system. The tight integration between the auditory and vestibular systems explains
why auditory stimuli can affect balance and vice versa.

16.3 TRANSDUCTION—FROM MECHANICAL VIBRATIONS TO NEURAL
SIGNALS:

Transduction is the biological process by which sensory systems convert physical stimuli into
electrical signals interpretable by the brain. In auditory processing, this involves transforming
airborne sound waves into neural impulses through a series of mechanical, hydraulic, and
electrochemical stages. The process primarily occurs in the inner ear, specifically within the
cochlea and its specialized sensory cells, the hair cells.

When sound enters the ear, it causes the tympanic membrane (eardrum) to vibrate. These
vibrations are mechanically transmitted via the ossicles (malleus, incus, and stapes) in the
middle ear. The stapes pushes against the oval window, generating pressure waves in the
perilymph, the fluid within the cochlear scala vestibuli.

This fluid movement causes the basilar membrane within the cochlea to oscillate. Because of
its tonotopic organization, different parts of the basilar membrane respond to different
frequencies—high frequencies near the base and low frequencies toward the apex. This
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mechanical tuning ensures frequency-specific activation of auditory receptors, allowing for the
discrimination of pitch.

Situated on the basilar membrane is the organ of Corti, the true sensory receptor for hearing.
It contains two types of hair cells—inner hair cells, which are primarily responsible for
auditory transduction, and outer hair cells, which modulate the sensitivity and tuning of the
cochlear response. Each hair cell has bundles of microscopic hair-like structures called
stereocilia projecting into the tectorial membrane.

As the basilar membrane moves, the stercocilia of inner hair cells are deflected. This
mechanical displacement opens ion channels at the tips of the stereocilia, allowing positively
charged ions, such as potassium (K*) and calcium (Ca?*), to flow into the cell. This influx
depolarizes the hair cell membrane, leading to the release of neurotransmitters (primarily
glutamate) at the synapse with afferent neurons of the auditory nerve.

These neurotransmitters stimulate action potentials in the auditory nerve fibers, forming the
initial electrical signal that will be relayed to the brain. Importantly, inner hair cells encode
both the frequency and amplitude of sound through the rate and pattern of nerve firing.
Louder sounds cause greater displacement of the basilar membrane and thus more significant
activation of hair cells, leading to higher firing rates.

Outer hair cells, although not directly involved in transduction, play a crucial amplificatory
role. They contract and elongate in response to stimulation, enhancing the movement of the
basilar membrane—a phenomenon known as electromotility. This active feedback mechanism
sharpens frequency tuning and increases the ear’s sensitivity to soft sounds.

The auditory transduction process is one of the most finely tuned mechanisms in the nervous
system. Its precision allows humans to detect a wide range of frequencies (20 Hz to 20,000 Hz)
and subtle variations in pitch and volume. Disruption of any stage—such as hair cell damage
from noise exposure or ototoxic drugs—can result in sensorineural hearing loss, illustrating
the vulnerability and importance of this complex system.

16.4 AUDITORY PATHWAYS FROM COCHLEA TO CORTEX:

Once sound has been transduced into neural signals by the cochlea, the auditory information
begins its journey to the cerebral cortex through a highly organized and hierarchical system of
subcortical and cortical auditory pathways. These neural routes are not only responsible for
relaying auditory data but also for analyzing, integrating, and interpreting various features
of sound such as pitch, location, intensity, and meaning.

The auditory pathway is bilateral, meaning that input from each ear is projected to both
hemispheres of the brain. This dual processing allows for sound localization, redundancy, and
auditory field integration. The pathway includes several critical relay points:

1. Cochlear Nerve and Cochlear Nuclei

Neural impulses generated in the hair cells are transmitted via the auditory (cochlear) nerve,
part of cranial nerve VIII. These signals first synapse in the cochlear nuclei located in the
brainstem (medulla). At this stage, early processing of sound features like timing, frequency,
and amplitude modulation occurs.
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2. Superior Olivary Complex

From the cochlear nuclei, many fibers project bilaterally to the superior olivary complex
(SOC) in the pons. This is the first site of binaural integration, where information from both
ears is compared. The SOC plays a crucial role in localizing sound sources by computing
interaural time differences (ITD) and interaural level differences (ILD)—cues essential for
determining the direction of sounds.

3. Lateral Lemniscus and Inferior Colliculus

Next, auditory signals travel via the lateral lemniscus, a tract of axons that leads to the inferior
colliculus in the midbrain. The inferior colliculus acts as a hub for spatial auditory mapping
and also integrates auditory input with motor reflexes. It helps orient the body and head toward
sound sources—a survival-oriented reflex known as the startle response.

4. Medial Geniculate Nucleus (MGN) of the Thalamus

The auditory information is then relayed to the medial geniculate nucleus of the thalamus, a
major relay center for sensory signals. The MGN organizes auditory input by frequency and
transmits it to appropriate cortical areas. It acts as a gateway to conscious auditory
perception, modulating sensory flow based on attention and alertness.

5. Primary Auditory Cortex (A1)

Finally, the processed signals reach the primary auditory cortex (A1) located in the superior
temporal gyrus of the temporal lobe. This region is tonotopically organized, meaning that it
preserves the frequency map established in the cochlea. Here, basic features of sound such as
pitch, loudness, and duration are processed consciously.

From A1, the signal is further distributed to secondary auditory areas (A2 and beyond), where
complex sounds like speech and music are analyzed. These areas are involved in auditory
object recognition, speech comprehension, and integration with language systems (notably
in the left hemisphere’s Wernicke’s area for right-handed individuals).

Functional Implications

Disruption at any point in this pathway can lead to auditory processing deficits. For example,
lesions in the brainstem may impair sound localization, while cortical damage can result in
pure word deafness (inability to understand spoken words) or auditory agnosia (difficulty
recognizing familiar sounds).

Moreover, neuroimaging studies using fMRI and ERP techniques have shown that attention,
expectation, and even memory influence how auditory signals are processed at various stages—
demonstrating that auditory processing is not purely bottom-up but also shaped by top-down
cognitive processes.

16.5 TONOTOPIC ORGANIZATION AND CORTICAL REPRESENTATION OF
SOUND:

The brain's ability to differentiate and interpret sounds relies on a principle known as tonotopic
organization, which refers to the systematic mapping of sound frequency along the auditory
pathway—from the cochlea all the way to the auditory cortex. This spatial encoding of pitch
allows the brain to accurately process and identify complex auditory stimuli, such as language,
music, and environmental sounds.
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Tonotopy in the Cochlea

Tonotopic organization begins in the cochlea, where different regions of the basilar
membrane respond preferentially to different frequencies. High-frequency sounds peak near
the base of the cochlea, where the membrane is narrow and stiff, while low-frequency sounds
stimulate the apex, where the membrane is wider and more flexible. This frequency-to-place
conversion is the foundation of auditory transduction and determines how signals are initially
encoded by the hair cells.

Preservation Along the Auditory Pathway

This tonotopic map is preserved through each relay station of the central auditory system.
Neurons in the cochlear nucleus, superior olivary complex, inferior colliculus, and medial
geniculate nucleus of the thalamus are organized so that adjacent cells respond to adjacent
frequencies. This arrangement allows for precision in frequency discrimination and
contributes to the ability to detect subtle differences in pitch, essential for speech processing
and music appreciation.

Cortical Representation in the Primary Auditory Cortex

The primary auditory cortex (A1), located in Heschl’s gyrus within the superior temporal
lobe, is also tonotopically organized. Here, high and low frequencies are processed in a
spatially distinct manner across the cortical surface, creating a frequency gradient. This
allows the brain to form a frequency map, where different patches of neurons respond to
specific tones.

Al is responsible for the basic analysis of sound features, including pitch, loudness, and
rhythm. It functions as the brain’s first cortical “receiver” of auditory input, analogous to the
primary visual cortex for vision. Importantly, the organization in A1l is plastic, especially
during early development, and can adapt in response to experience, training, or sensory loss—
a phenomenon known as experience-dependent plasticity.

Beyond A1: Hierarchical Processing

Beyond the primary cortex, sound information is further processed in secondary auditory
areas (A2) and association areas. These regions do not maintain strict tonotopic maps but
instead specialize in higher-order auditory functions. For example:

The left hemisphere auditory association areas are typically involved in speech and language
comprehension, including Wernicke’s area, which interprets word meaning.

The right hemisphere is more involved in processing music, tone, pitch variation, and
emotional intonation in speech (prosody).

Multimodal integration areas, such as the superior temporal sulcus, link auditory inputs
with visual and somatosensory cues, allowing for audiovisual speech processing (e.g., reading
lips while listening).

Clinical and Research Insights

Functional brain imaging has confirmed tonotopic mapping in humans using fMRI, which
shows activation gradients in auditory cortex corresponding to different tones. Studies on
cochlear implants have leveraged this knowledge, aligning electrode arrays with the cochlea’s
tonotopic layout to optimize hearing restoration.

Disruptions in cortical representation—due to stroke, trauma, or neurodevelopmental
conditions like auditory processing disorder (APD)—can lead to deficits in sound
recognition, localization, and language comprehension, even when peripheral hearing is intact.
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16.6 COGNITIVE AND PERCEPTUAL ASPECTS OF HEARING:

Hearing is not just a mechanical or physiological process—it is deeply embedded in cognitive
and perceptual systems that allow humans to interpret, respond to, and derive meaning from
sound. Cognitive psychology examines how we pay attention to, remember, and comprehend
auditory information, while perceptual psychology focuses on how sensory inputs are
organized into meaningful experiences. This section explores how the brain transforms raw
auditory data into coherent percepts through processes such as attention, memory, pattern
recognition, and contextual interpretation.

Auditory Attention

Selective attention plays a crucial role in auditory perception. In everyday environments, our
auditory system is bombarded by multiple sound sources—a phenomenon termed the " cocktail
party effect." Yet, we can focus on one voice while filtering out background noise. This
attentional filtering is supported by top-down mechanisms originating in the prefrontal cortex
and parietal lobes, which modulate activity in the auditory cortex.

Studies using event-related potentials (ERP) show early differences in neural responses when
a listener actively attends to a sound versus when they ignore it. These findings suggest that
attention influences auditory processing at both early sensory and later integrative stages.

Auditory Scene Analysis

The brain's ability to separate overlapping sounds into individual streams is known as auditory
scene analysis. This process relies on cues such as pitch, location, timbre, and temporal
continuity. For example, when listening to an orchestra, we can distinguish the violin from the
flute, even if they are playing simultaneously. This ability is crucial for navigating noisy or
complex environments and is partly governed by the auditory cortex and the planum
temporale, a region involved in spatial hearing and segregation.

Working Memory and Auditory Perception

Working memory supports the temporary storage and manipulation of auditory information. It
is essential for understanding sentences, following instructions, or retaining melodies. The
phonological loop, a subsystem of working memory, holds verbal and auditory information
for brief periods, enabling us to process language in real-time. Disruptions in this loop are
linked to language disorders, learning difficulties, and conditions such as dyslexia.

Top-Down Processing and Expectation

Perception is shaped not only by incoming stimuli but also by our expectations, prior
experiences, and context. Top-down processing enables listeners to "fill in the gaps" when
auditory input is degraded—such as recognizing familiar phrases over a poor phone
connection. This predictive processing is evident in language comprehension, where context
helps anticipate upcoming words, reducing processing effort. Neuroimaging studies show that
frontal and temporal brain regions collaborate to match sensory input with stored
knowledge, making listening a dynamic, inferential process.

Emotion and Meaning in Sound

Sounds carry emotional weight, whether it’s a soothing lullaby or a loud alarm. Emotional
processing of sounds engages the limbic system, particularly the amygdala, which evaluates
the emotional significance of auditory stimuli. Prosody—the rhythm, stress, and intonation of
speech—also conveys mood and intent, aiding in social communication. The right
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hemisphere often dominates prosodic processing, complementing the left hemisphere’s focus
on linguistic content.

Individual Differences and Disorders

Not all individuals process auditory information the same way. Variations in auditory
perceptual abilities can affect musical aptitude, language learning, and speech discrimination.
Moreover, auditory processing disorders (APD), age-related hearing loss (presbycusis), and
tinnitus highlight the importance of both cognitive and perceptual factors in auditory health.
These conditions may impair not just hearing sensitivity but also attention, memory, and sound
localization.

16.7 SUMMARY:

This lesson explored the structure and function of the auditory system from a biopsychological
perspective, highlighting the intricate processes by which sound waves are transformed into
meaningful perceptions. We began by examining the anatomy of the ear—outer, middle, and
inner—and understanding their roles in collecting, transmitting, and amplifying sound. The
cochlea emerged as the central site of transduction, where mechanical vibrations are converted
into neural signals by hair cells.

We then followed these signals along the auditory pathway, from the cochlear nerve through
the brainstem, thalamus, and ultimately to the primary and secondary auditory cortices. The
principle of tonotopic organization was shown to preserve frequency mapping from cochlea to
cortex, allowing the brain to differentiate sound characteristics like pitch and loudness.

Beyond physiology, we considered cognitive and perceptual processes involved in hearing.
Attention, working memory, auditory scene analysis, and top-down processing all contribute
to how sound is interpreted. Emotional tone, contextual cues, and prior knowledge shape our
experience of auditory stimuli, reflecting the complex interplay between sensory input and
cognitive control.

Understanding auditory processing offers insights into communication, language, music
perception, and the impact of hearing impairments. This knowledge not only enhances clinical
interventions but also deepens our appreciation of how the brain transforms sound into a rich
and dynamic part of human experience.

16.8 TECHNICAL TERMS:

e Tympanic Membrane: Also known as the eardrum; vibrates in response to sound waves.

e Ossicles: Three small bones in the middle ear (malleus, incus, stapes) that transmit sound
vibrations.

e (Cochlea: Spiral-shaped structure in the inner ear where transduction of sound occurs.

e Hair Cells: Sensory receptors in the cochlea responsible for converting mechanical energy
into electrical signals.

e Basilar Membrane: A structure within the cochlea that vibrates in response to sound,
encoding different frequencies.

e Tonotopic Organization: Spatial arrangement where different frequencies are processed at
different locations along the auditory system.

e Primary Auditory Cortex (Al): Brain region that receives and processes auditory input
from the thalamus.
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e Phonological Loop: A component of working memory involved in processing verbal and
auditory information.

e Auditory Scene Analysis: Cognitive process of separating and identifying individual
sounds from a complex auditory environment.

e Top-Down Processing: The influence of prior knowledge, expectations, and context on the
perception of sensory information.
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LESSON- 17
PSYCHOLOGICAL BASIS OF EMOTION

OBJECTIVES:

After finishing this Unit, you would be able to:
e Define what emotion is and explain its key components.
e Describe the physiological basis of emotion in the brain.
¢ Explain the role of the hypothalamus and limbic system in emotional processing.
e Differentiate between the major theories of emotion (e.g., James-Lange, Cannon-Bard,
Schachter-Singer).

e Understand the interconnection between motivation and emotion in guiding behavior.
STRUCTURE:

17.1. Introduction

17.2. Emotions: Concept and Its Nature
17.3. Types of Emotions

17.4. Components of the Emotional Process
17.5. Emotion and Mood

17.6. Emotions and Feelings

17.7. Functions of Emotions

17.8. Theories of Emotions
17.8.1. The James-Lange Theory
17.8.2. The Cannon-Bard Theory
17.8.3. The Schachter- Singer Theory
17.8.4. The Cognitive Appraisal Theory of Emotion
17.8.5. The Opponent Process Theory of Emotion

17.9. Manifestation of Emotions

17.10. Measurement of Emotions

17.11. Let Us Sum It

17.12. References

Have you ever looked around at the people around you, and noticed that they are feeling
something? Often, we can glean that someone is happy, sad, angry, or surprised by looking at

their face or listening to their voice! These cues are part of how humans interact and/or
communicate.

17.1 INTRODUCTION

The ability to understand human emotion is important if you are a psychology student,
because understanding emotion allows to make sense of human behaviour in a better and
more empathetic way. This unit will look at the nature, types, and theories of emotion, to help
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us better understand this essential psychological process. Now, you may be wondering why
we would discuss motivation and emotion in the same unit. Mishra (2016) relates that
motivation and emotion are two sides of the same coin, as they both affect and direct human
behaviour, and are linked to human well-being, survival, and needs (Feist & Rosenberg,
2015). For example, a person may have the motivation to pursue activities that increase their
personal well-being. If they enjoy success in these activities, they will likely feel positive
emotions, such as happiness, but if they cannot succeed, they will very likely result in
feelings of sadness. Both concepts of motivation and emotion are basic for understanding
human behaviour.

17.2 EMOTIONS: CONCEPT AND ITS NATURE:

Emotions are essential psychobiological processes affecting nearly every aspect of the human
experience, including cognition, behaviour, social interaction, memory, and decision-making.
In biopsychology, emotions are studied not as simple transitory feelings but as robust, multi-
component responses to internal and external stimuli that are meaningful to the individual.
Emotions are defined as subjective experiences that include physiological changes and
behavioural manifestations. Emotions are vital adaptive responses that influence how we
respond to our immediate environment in terms of survival, well-being, and social bonding.

Emotions are universal. Every person, regardless of culture or geographic circumstances, has
the capacity for these responses, however, how emotions are expressed and influenced can be
socially and culturally variable. The scientific study of emotions examines the cognitive,
physiological, and behavioural components of emotions. The subjective component involves
personal experience of the emotion, i.e., what it is like to be angry, happy, fearful, or sad. The
physiological component involves physiological changes in the autonomic nervous system
(heart rate, respiration, hormones, amygdala, hypothalamus, and limbic system); and the
behavioural involves social behaviour and displays. Lastly, the behavioural aspect covers the
outward manifestations of emotion through visible face and body language, as well as vocal
tone. One important aspect of emotions is that they are experiential in nature and subjective.

Everyone can experience emotions differently, even in relation to the same event. For
example, some people may experience excitement before a public speaking event, while
others may experience anxiety or fear. This subjectivity is due to individual differences in
personality, past experiences, cognitive appraisal, and social context. Displaying emotions
can be very subjective and personal experiences, but often, they can be displayed externally
to indicate that others can make a judgment or inference about a person's overall emotional
state. The general expressions of emotions across cultures were researched heavily by
psychologist Paul Ekman, who focused primarily on basic emotions and sensory motor facial
expressions. He identified six basic emotions that are generally recognized across cultures,
including smiles for happiness, frowns for sadness, and/or facial signals for anger, fear,
surprise, and disgust. However, while it may be true some basic emotions are recognized
across cultures, the level of intensity, antecedent events, and socially acceptable
contextualization around expressions of emotions is quite different from culture to culture.

While people from Western cultures may endorse overt expressions of emotions, for example,
people from Eastern cultures may discourage overt expressions of emotions in favour of
harmony and restraint in social settings.
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A basic facet of biopsychological study is the physiological basis of emotions. Emotions are
associated with the limbic system of the brain; the amygdala (which initiates emotions) and
the hypothalamus (which allows arousal). The amygdala is responsible for identifying
perceptually salient stimuli which initiate emotional responses, and is especially important in
the detection of fear and danger-related stimuli while the hypothalamus contributes to
emotional arousal by activation of the autonomic nervous system. The autonomic system
controls bodily responses to stimuli and is responsible for physiological responses seen in
stressful or emotionally charged situations, such as an increased heart rate, pupil dilation, and
secretion of adrenaline or epinephrine. Bodily physiological changes prepare individuals to
respond to emotionally charged situations through the fight or flight response. The
implausibility of emotional experiences must also consider the prefrontal cortex. The
prefrontal cortex allows for the regulation and interpretation of emotions so that an individual
can respond to the complexity of social situations. Notably, emotional experiences also
consider the endocrine system. Hormones including glucocorticoids, cortisol, epinephrine,
adrenaline, and oxytocin found within the endocrine system impact physiological reactions
tied to stress, emotional bonding, and mood regulation. Several theories of emotion have been
developed to address the interrelationship of experience, arousal, and response. The James
Lange theory suggests that recognition of bodily changes underlie emotional experiences.

We feel fear because we tremble; we feel sad because we cry. In comparison to the James-
Lange theory, Cannon-Bard theory claims that through the brain's cognitive evaluation of the
emotional stimulus, the experience of an emotional feeling and physiological arousal occur
simultaneously but independent of one another. Cannon-Bard proposed that stimuli that cause
bodily changes also cause emotions. The Schachter-Singer theory, or the two-factor model,
introduced a cognitive element whereby the emotion experienced is a product of both
physiological arousal and subsequent cognitive attribution of that arousal. For example, if our
heart raced and we cognitively imputed that to a threat, we would feel fear. If we were to
cognitively impute our racing heart to an exciting event instead, we would feel joy. These
theories represent the integrated processing of both cerebral and physiological aspects of
emotion in humans. Related to emotion, motivation also shares many features with emotion.

Emotions and motives function in a similar manner in that both involve the mobilization of
behaviour (arousal, direction, and persistence), with both emotions and motives often derived
from internal drives and needs of the individual. As noted by Mishra (2016), emotion and
motivation can be though as two sides of the same coin. Emotional states will often function
as motivational states that influence behaviour; for instance, the emotion of fear would elicit
the motive to escape danger, while an emotion of love or attachment would elicit the motive
to engage in proximity seeking and social bonding.

Nature of Emotions:

Subjective experience: Emotions are personal and internal. Two people may feel different
emotions if they are interpreting the same situation differently, or if they have different
backgrounds, and experience where the same emotion was felt.

Physiological response: Emotions produce bodily changes like heart rate increase, flushing,
sweating, and hormonal changes. The autonomic nervous system manages the changes as
well as areas of the brain, like the hypothalamus and brainstem, and the amygdala.
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Expressive behaviour: Emotions are expressed in observable behaviour, like body
movement, facial expressions, and tone of voice. Some of these behaviours are recognized
universally; a smile means happy, a frown means sad.

Adaptation function: Emotions are important for survival. For example, fear can trigger a
fight or flight response, and love and attachment provide a basis for social attachment.

Motivational role: Emotions act as a source of energy and motivation to produce behaviour.
For example, if I am feeling anger, I may feel motivated to state my position. If I am feeling
joy, I may feel the desire to engage socially.

Interrelationship with cognition: Emotions influence perception, memory, and decision-
making. Emotions are a part of how we make meaning of, and later recall from memory,
experiences.

Cultural and Social Influences: While some emotions are universal, the way they are
expressed and interpreted can vary across cultures, influenced by societal norms and values.

Emotions are complex and vital psychological phenomena that weave together biological,
cognitive, and social dimensions. Emotions are more than just feelings; they are multi-faceted
responses that consist of physiological responses, cognitive interpretations, and behavioural
expressions. Emotions are crucial for an individual’s well-being, engaging with others,
survival, and adaptation. Emotions are biological, represented in our nervous system and
limbic area, but overlap with thought and goals and contexts another way; we can begin to
understand how much they affect behaviour and mental health. Understanding emotions is
critical for psychology students and is an important part of a biopsychology instructor’s job.

Emotion has been derived from a Latin term ‘emovere’ that means ‘stirred-up state.” There
are various definition of emotion that are discussed as follows:

Feist and Rosenberg (2015, pg. 418) defined emotions as “brief, acute changes in
consciousness experience and physiology that occur in response to a personally meaningful
situation”.

As stated by Gerrig and Zimbardo (2006, pg. 418) emotions are “a complex pattern of bodily
and mental changes that includes physiological arousal, feelings, cognitive processes, visible
expressions (including face and posture) and specific behavioural reactions made in response
to a situation perceived as personally significant”.

Kosslyn and Rosenberg (2013, pg. 259) defined emotion as “a psychological state with four
components, a positive or negative subjective experience, bodily arousal, the activation of
specific mental processes and stored information and characteristic overt behaviour”.

Feldman (2015, pg. 312) defined emotion as “feelings that generally have both physiological
and cognitive elements and that influence behaviour”. Mishra (2016, pg. 466) defined
emotion as “a state of being moved, stirred up or behaviourally aroused on experiencing an
emotional situation and which involves external and internal physiological changes”.
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17.3 TYPES OF EMOTIONS:

Basic Emotions: Basic emotions are inborn, universal feelings for all humans, independently
of prior cultures or upbringing. They are instinctual, involuntary, and genetically based
feelings that appear early in life. Each basic emotion has its own facial expression. So, it is
quite easy to detect.

Paul Ekman identifies six basic emotions to include in his research:

Happiness: Pleasure, joy, or contentment.

Sadness: An emotional reaction to loss, disappointment, or feeling helpless.

Fear: An emotional reaction to a perceived threat or danger; will trigger a fight-or-flight
response.

Anger: An emotional reaction to injustice or frustration; can result in a defensive reaction or
correcting behaviour.

Surprise: A brief emotional response to the unforeseen; can be either positive or negative.
Disgust: An emotional reaction to something seen as offensive or noxious; often protective
behaviour.

Complex Emotions: These emotions are not natural but come from life experience and the
process of cultural learning. They almost invariably consist of a combination of base
emotions and intellect. Complex emotions are dependent upon conscious thought of self and
ability to process and translate social situations.

Examples include:

Guilty: The feeling that you have done something wrong or wronged someone.

Shame: An emotion of humiliation or distress over your perception of how you appear to
others.

Pride: An emotion of positive feelings towards the traits, characteristics, or accomplishments
of yourself.

Embarrassment: The discomfort you might feel socially or because you made a mistake in
front of someone.

Jealousy: Fear of losing something (a relationship) to another person.

Gratitude: Positive emotion felt when you can see the kindness or generosity of someone
other than you.

Self-Conscious Emotions: Self-conscious emotions occur when someone is aware of
themselves in a social space.

* They depend on understanding social conventions, rules, norms, and other’s subjective
experiences.

» They occur later in child development because it occurs later when the child develops a
sense of self (most typically at age two, or later).

* They are related to moral behaviour, social learning, and identity development.

Examples include:

Shame: feeling bad about oneself because of perceived failure or moral failing.

Guilt: feeling sorry because you hurt someone or violated your ethical code.

Pride: feeling a sense of personal achievement which allows positive behaviour to be
reinforced.

Embarrassment: emotional discomfort when something social has happened (mistake) or
someone is noticing you or watching you in an unwanted way.



Centre for Distance Education 17.6 Acharya Nagarjuna University

17.4 COMPONENTS OF THE EMOTIONAL PROCESS:

Emotions are more than simple feelings; they constitute complex psychological events that
take place through the cooperation of many components that interact with one another to
create a unique emotional experience. The emotional process is made up of subjective
experience, physiological arousal, expressive behaviour, cognitive appraisal, and action
tendencies, and all these components can work dynamically together to help people recognize
and respond to and regulate their emotions. For example, when you feel fear, you may
recognize it as a subjective experience of feeling dread, thick with racing heart, wide eyes,
and flight mode activated. Each part of the emotional process has its own role, and while
physiological arousal prepares the body for action, cognitive appraisal navigates the brain’s
input, assesses the situation, and determines how to proceed emotionally. With this
knowledge, psychologists can better demonstrate how emotions influence behaviour,
decision-making, and mental health. The brain areas responsible for processing emotion, and
include amygdala, prefrontal cortex, and hypothalamus, combine the components to create a
single emotional response.

Subjective Experience: The subjective internal experience of an emotion. The subjective
experiences are different from person to person depending on their past life experiences and
individual differences.

Example: feeling sadness after personal loss.

Physiological Arousal: The physiological arousal of the body triggered by the autonomic
nervous system. Physiological arousal includes changes such as increased heart rate,
sweating, muscle tension, hormonal fluctuations, etc.

Example: adrenaline rush when frightened or excited.

Expressive Behaviour: The expressive behaviour entails the communication of emotions and
feelings through verbal and non-verbal means (e.g., body language, facial expressions, tone
of voice). Expressive behaviour is one of the most universal behavioural communications
(such as smiling to communicate happiness, and frowning to communicate sadness).
Expressive behaviour allows us to communicate our emotional states to others.

Cognitive Appraisal: Cognitive appraisal is the cognitive assessment of a situation that
dictates the type of emotion we feel and how intense that emotion is. Two persons may feel
very differently toward the same event because the appraisal they make is different. Example:
they may view and assess a challenge as an exciting challenge, whereas the other person
views it as a stressful and overwhelming challenge.

Action Tendencies: The action tendencies that occur as impulses or motivation to act after
experiencing an emotion. Action tendencies help us adaptively respond to the environmental
demands we face.

Example: running away when frightened, confronting someone when angry, hugging
someone when experiencing joy.

Any emotion stems from these six components. Therefore, to further emphasize any emotion
will have the physiological, cognitive, and behavioural components. When an individual
experiences anger, he/ she may experience physiological arousal in terms of sympathetic
arousal. This has also a cognitive component as the individual may believe he/ she/they is in
danger. So, the individual may exhibit tendencies of avoidance that make up the behavioural
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component. Likewise, when the individual is angry, he or she will experience sympathetic
and parasympathetic arousal.

17.5 EMOTION AND MOOD:

Emotions and mood can be distinguished mainly along three dimensions: duration, intensity,
and cause. Emotions are relatively short-lived, intense reactions to outside stimuli or events;
for example, if you receive great news, you feel joy or a sense of pleasure, or if you are
confronted with some form of injustice, you feel anger. Emotions usually involve several
components including physiological changes, expressive behaviours (like facial expression),
and action tendencies. In comparison, mood is a relatively diffuse affective state that s
typically elicited for a longer time frame (for hours or even days) and may not have an
immediate or clear cause. Moods can also be less intense than emotions, but they have an
important function in shaping our perceptions, beliefs, and responses in various situations,
nevertheless. For example, a person who is having a sad day may distrust an otherwise
neutral event. Emotions typically show strong feelings that are felt in the moment, whereas
mood usually involves the emotional background of the context we live in day-to-day.

Understanding the difference between emotion and mood is significant in psychology for
theorizing about emotional regulation; for clinically determining mental health diagnoses;
and for emotionally-based professional help, for example. Emotion and mood shape
cognition, decision-making, and forms of being psychologically and emotionally well.

Table 17.5.a. Differences between Emotion and Mood

Criteria Emotions Moods

Duration Short-term, varies for seconds to | Long-term, varies for hours or days
minutes

Trigger Specific event or Stimulus Often no clear cause

Intensity High intensity Low to moderate intensity

Awareness | Usually recognized by the May go unnoticed and perception
individual

Function Adaptive response to a situation Influences cognition and perception

Expression | Clear facial/body expression Less visible expression

17.6 EMOTIONS AND FEELINGS:

Emotions and feelings are not synonymous, but they are closely related. Emotions are
complex psychological and physiological processes in response to significant internal or
external events; they include a bodily state (like an increased heart rate), and brain functions
(particularly involving the amygdala). While there are many emotions, generally people can
point to several universal emotions (like fear, anger, or joy). Emotions are automatic, and
frequently occur even before conscious awareness. Feelings are subjective interpretations or
mental experiences of emotions; they are how we consciously interpret and label our
emotional states (for example, we could feel anxious when in a fear state, or we instead may
feel content when in a happiness state).

Feelings are shaped by experiences, memories, and our culture. Put simply, emotions are
instinctual and biological; whereas feelings are our conscious awareness of our emotional
states. For example, you might instinctively jump in a moment of fear (emotion) and later
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realize you feel threatened (feeling). Understanding this distinction is particularly important
in psychology and emotional intelligence development.

Table 17.6.a. Difference between Emotions and Feelings

Aspect Emotions Feelings
Origin Arise from the limbic system (e.g., Arise from cognitive
amygdala) processing in the brain

Duration Short-lived Can be short or long-lasting

Trigger Triggered by external or internal events | Based on emotional response
and personal experience

Awareness May occur without conscious awareness | Always involves conscious
awareness

Nature Instinctive, universal Subjective, shaped by
individual and cultural
context

Example Fear in response to danger Feeling anxious or uneasy
after the fearful experience

17.7 FUNCTIONS OF EMOTIONS:

Emotions serve many important purposes in human functioning. They prepare individuals for
immediate action, give physiological accomplishment linked to an external situation (e.g.,
when someone is in fear, intrinsic fight-or-flight mode) and set them up for future behaviour
and action through experience (e.g., the experience of positive emotions "clues" them to
repeat a behaviour while negative emotions "clue" them to avoid a behaviour). Emotions are
a key factor in effective communication, they allow people to communicate their feelings
both verbally and physically to others. They are a key part of the very complex process of
making decisions that are informed by previous actions that were taken and how they felt
afterward. Ultimately, emotions help with survival, learning, and interacting with other
people. It is also important to understand the functions of emotions, that are discussed as
follows:

Emotions prepare a person to act:

Emotions provide a link between a situation and the immediate response of the individual.
For example, consider being outside and then noticing a snake right in front of you. The
individual may react with fear, which causes physiological changes within their body, such a
heartbeat increase, increased muscle tension, and a variety of other physiological changes,
such that the person can prepare to fight or flee quickly. The linkage between our emotions
and our body’s readiness ensures individuals act immediately, with an emphasis on survival.

Emotions shape future behaviour:

The emotional experiences we have in the past shape future behaviours as well. For instance,
if a person had a previous experience of feeling embarrassed from speaking to an audience,
they may try to avoid such scenarios in the future. Therefore, emotions provide us with
internal cues for learning that drive us towards behaviours that provided us with positive
emotions, while steering us away from behaviours which made us feel bad.
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Emotions facilitate positive social interactions:

Emotions can be communicated through tone, body language, and facial expressions and can
lead individuals to understand how each person is emotionally feeling. Emotions help
individuals connect more deeply through non-verbal and increase empathy, and therefore
allow for stronger relationships and ultimately more cooperation in the world. For example, if
a person cognitively picks up that another’s facial expression looks sad, the person may
respond in a manner comforting.

Emotions assist in decision-making and problem-solving:

Emotions are crucial factors in assessing alternative actions by providing values to
alternatives and their outcomes. Positive emotions can lead people to take risks and explore;
negative emotions, such as fear or regret, can indicate the need to be careful. Emotions help
people decide to move forward or to stay on the right path based on their goals, values, and
past experiences.

Self-Assessment Questions:
Briefly answer the following questions:

Q1. What is Emotion?

Q2. What are the basic components of the process of Emotion?
Q3. List the functions of Emotion.

Q4. What is the difference between emotion and feelings?

Q5. State the major transformation between emotion and mood.

17.8 THEORIES OF EMOTIONS:
Various theories of emotions are as follows:

17.8.1. The James-Lange Theory

The James- Lange theory of emotion was proposed independently by William James and Carl
Lange in the late 1900s maintains that emotions are derived from physiological sensations
related to an external stimulus. In the case of fear, James would argue that, when we
experience an emotive stimulus (such as encountering a snake while walking), the first thing
that happens is that we, as the body, react with involuntarily physiological changes such as
sweating or trembling; only after is an emotion experienced. So that one does not tremble
from fear; one trembles from a fear-inducing stimulus and then experiences fear. The
sequence seems to suggest stimulus — physiological arousal — experience of emotion.

For instance, if a person sees a snake on the path, the body may react immediately with some
trembling or racing of the heart. The person then interprets these physical changes and
experiences fear as an emotion. The revolutionary part about James- Lange theory is that the
origin for one's emotions is stressed as physical, bodily response. And that emotional
experience would not occur without physiological arousal. Critics of the James-Lange theory
suggest that emotions can arise even when there are not observable changes to the body, and
that physiological changes could be associated with one of many emotions.

One significant implication of James-Lange theory is its proposition of different
physiological signatures for distinct emotions. James stated that our emotion is only uniquely
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experienced as one of range of physiological responses of that body-sense. Fear produces a
physiological signature that is diverse and different from anger, and certainly happiness. This
notion led to research that focused on whether the autonomic nervous system facilitated
emotional experience or not. Overall results found many emotions were reflected in similar
physiological reactions, and the claim from the James-Lange theory that each emotion had its
own physiological signature, has since been questioned.

Although the James-Lange theory had many limitations, the theory had notable implications
for emotion research and instruction. Applications that utilize bodily reactions to influence
corresponding emotions, such as biofeedback and mindfulness instruction, are part of the
meaning of the James-Lange theory in instructional practices, and illustrate an interrelation in
managing physiological state. The theory also brings to light the practice of introspection.
Practicing awareness of bodily and visceral sensations allows us become aware of an
emotional state. Although presented with new theories of some of the same notions, the
James-Lange model has made distinct contributions by highlighting the embodied nature of
our emotions.

Eliciting Event

L |

ﬁ/ Brain \ l

Bodily Behaviour
Changes Changes
I feel
Afraid!
Subjective
Feelings

Emotion Label

Fig. 17.8.1.a. The James-Lange Theory

17.8.2. The Cannon-Bard Theory

The Cannon-Bard Theory of Emotion was developed by Walter Cannon and further built
upon by Philip Bard, will bloom as the reaction against the James-Lange Theory. The James-
Lange Theory speculates that when an emotion occurs, the emotion is the result of
physiological arousal. The Cannon-Bard theory was built around the idea of emotions and
physiological responses occur simultaneously and directly, rather than sequentially. The
Cannon-Bard Theory states that when a person sees an event, the information gets sent to the
brain, and when the brain is processing this information, the thalamus of the brain
simultaneously triggers the emotion experience and the body's response.
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For example, upon seeing a growling dog, your brain will initiate the action of fear, and at the
same moment, your body will feel the emotion of fear and will begin to tremble. Therefore,
you are not feeling afraid, since your body began trembling, as James-Lange suggested; you
feel afraid when your body trembles, because your brain initiated both responses
independently and simultaneously.

Cannon and Bard based their theory on experimental observations. Cannon, for instance,
argued that the body’s physiological responses are too slow and undifferentiated to account
for the wide variety of emotions. He noted that similar physical changes, like an increased
heart rate or rapid breathing, can occur in very different emotional states, such as excitement,
fear, or anger. Therefore, relying solely on body signals to define emotions would be
unreliable.

Additionally, the theory was supported by studies on animals. When certain areas of the brain
were stimulated, particularly the hypothalamus and thalamus, emotional responses were
observed even when bodily feedback was blocked. This indicated that emotions could still be
experienced without input from bodily arousal, strengthening the idea that emotions and
physical changes can be independently generated. Though the theory rejects the view that
physiological arousal leads to emotional experience, recent research has highlighted the role
of hypothalamus and limbic system (rather than thalamus) in emotional experience (Feldman,
2015).

One of the strengths of the Cannon-Bard theory is that it integrates the central nervous
system, particularly the brain, as a critical player in emotional processing. It also addresses
the immediacy and complexity of emotions, acknowledging that humans can experience
emotions instantly without needing to interpret bodily reactions first.

Physiological
response is
activated

Nerve stimulus

that emanates
from Thalamus

g Message is
sent to cerebral

cortex
regarding the
emotional
experience

Fig 17.8.2.a. The Cannon-Bard Theory

17.8.3. The Schachter- Singer Theory
The Schachter-Singer Theory, or the Two-Factor Theory of Emotion, put forward by Stanley
Schachter and Jerome E. Singer in 1962, states that emotion is made up of two components,
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physiological arousal, and the cognitive interpretation of that arousal. The theory states that
when we experience a stimulus, we will react physiologically (body arousal), such as racing
heart or sweating. However, Schachter and Singer suggested that the body arousal alone is
not enough to create an experienced emotion, they said that the individual would need to then
cognitively process the stimulation and label the arousal, which finally creates consciously
experienced emotions. For instance, someone is walking through an alley one night and hears
foot steps behind them. Their body may respond with increased heart rate and tension; if they
interpret the stimuli as threatening, then they are likely to label their arousal as fear, but if the
same physiological arousal happened as a response to a surprise party, then they may
interpret the arousal as excitement. Therefore, the same physiological arousal can lead to
different emotions based on the interpretation of the context.

One of the main benefits of the Schachter-Singer theory, the first cognitive theory of emotion,
is that it highlighted how and why cognitive processes shape emotional experiences. The
Schachter-Singer theory engaged scholars to think about the relevance of situational cues in
the environment, and the language and thought or attribution processes of the individual, to
how situations are interpreted as emotional experiences, an aspect that earlier theories did not
attend to. In their famous experiment, Schachter and Singer injected adrenaline into their
participants, and then manipulated participant’s understanding of how the injection would
affect them. Individuals who were bigger implants who were not informed about side effects
associated with the injection used the behaviours of a confederate (actor or associate) to label
their arousal in either the euphoria or anger condition.

This experiment illustrated that soak infusion meaning of the individual used situational
context to interpret their physical state and these interpretations would lead to a label of a
particular emotion. Since its introduction the Schachter-Singer theory has played a large part
in our understanding of emotions in psychology - particularly with respect to emotional
intelligence, stress, and coping. The Schachter-Singer theory has been, and continues to be,
criticized for its heavy reliance on experimental conditions, and the presumption that the
individual will always seek explanations for arousal. Nonetheless, it continues to be one of
the most widely known and influential cognitive theories of emotion available. It also
attempts to illustrate in their study, and relayed as a common theme, that emotion is a bodily
response, and it entails interpretation of the bodily response in each context.

17.8.4. The Cognitive Appraisal Theory of Emotion

The Cognitive Appraisal Theory of Emotion was developed by Richard Lazarus, and
presumes that emotions are formed through a person's perception, or appraisal, of an event.
The theory claims that an event cannot directly make a person feel an emotion. They evoke
emotion through the cognitive evaluation of its meaning. For example, a student examines
their exam paper for the first time and appraises it to be something that they can cope with
and they may feel confident. Conversely, if they appraise it to be very difficult, they may feel
anxious. The theory highlights how cognition comes before emotion, and how appraising
personal meaning, goals, and beliefs shape the emotional experience an individual
encounters.

17.8.5. The Opponent Process Theory of Emotion

The Opponent Process Theory of Emotion was developed by Richard Solomon. This theory
posits that emotions can be regulated through opposing emotional processes. For example,
when one experiences an emotion, the opposite emotion is inhibited. Once the initial emotion
wanes, the opposing emotion emerges to become far stronger than its opposing emotional
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process. Think of someone who has just completed a bungee jump. After experiencing fear
when they no longer feel the pressure of the bungee rope, they may feel extreme relief,
excitement, or euphoria. Over time the individual experiences incremental exposures and
their emotion of fear reduces while their relief or excitement increases. The Opponent
Process Theory of Emotion can contribute to an understanding of the way that people
emotionally adapt and why people are willing to try intense and thrilling experiences despite
their initial emotion of fear, discomfort, anticipation, worry etc.

17.9 MANIFESTATION OF EMOTIONS:

When the manifestation of emotions is discussed, the term emotion regulation also needs to
be discussed. Emotion regulation can be defined as “the cognitive and behavioural efforts
people make to modify their emotions” (Feist and Rosenberg, 2015, pg. 424). Emotions
express themselves in many ways that have many interconnected elements:

Physiological:

Emotions can initiate changes in the autonomic nervous system, leading to changes in heart
rate, respiration, blood pressure, perspiration, or even hormonal levels. For example, fear can

lead to increased heart rates and rapid breathing. The body prepares us to take quick action
(i.e., fight or flight).

Facial Expressions:

Facial expressions are widely accepted as being universal indicators of emotions. Paul Ekman
hypothesized that there are universally understood emotions that have corresponding facial
patterns. Six basic emotions were identified: happiness, sadness, anger, fear, surprise, and
disgust. Each one has a different facial expression. For example, smiles indicate joy whereas
furrowed brows and clenched jaws indicate anger.

Body Language and Posture:

Emotions are also communicated through body language, gestures, and posture. For example,
slouched posture can indicate sadness or exhaustion. Conversely, upright, and open body
language can indicate confidence or positivity.

Verbal and Paralinguistic Cues:

How we communicate verbally, our tone, pitch, pace, and volume, can express emotional
states. For example, a voice that tremors or quakes is often a signal of fear or nervousness.
Conversely, a loud and sharp tone tends to indicate anger.

Behavioural Responses:

Emotions elicit behaviours. A fearful individual may take steps to avoid an unsafe situation,
while someone angry may engage in an aggression that confronts a perceived threat. Like
these emotions, happiness can lead to socially bonding and engaging in other prosocial
behaviours.

17.10 MEASUREMENT OF EMOTIONS:

The evaluation of emotions involves both subjective and objective methods:

Self-Report Measures:

Self-reports include a variety of questionnaires, interviews, and rating scales, and these self-
report measures require individuals to explicate their emotional experiences. Examples
include the Positive and Negative Affect Schedule (PANAS), and the Emotion Regulation
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Questionnaire (ERQ). Self-report measures are helpful, but are inherently subjective and rely
on the person being introspective about their emotions. Introspection can be biased or
inaccurate.

Physiological Measures:

Physiological measures include physiological assessment tools like electrocardiogram (ECQ),
galvanic skin response (GSR) and electroencephalogram (EEG), and these tools measure
physiological arousal that accompany certain emotions. Physiological measures are objective
physiological measures that literally monitored and often used by researchers who conduct
emotion research in lab settings.

Behavioural Observation:

Behavioural observation is where psychologists infer emotional states through evidence of
the individual's facial expressions, gestures, and actions. Psychologists have developed
coding systems, such the Facial Action Coding System (FACS), that help psychologists
systematically observe emotions through facial expressions, gestures, and actions.

Neuroimaging Techniques:

Neuroimaging techniques such as functional magnetic resonance imaging (fMRI) and
positron emission tomography (PET) scan provide researchers ways of observing brain
activity when subjects are experiencing an emotion; the amygdala has a significant amount of
research associating it to emotion and processing fear.

Projective Techniques:
Projective techniques include the Thematic Apperception Test (TAT) or the Rorschach Inkblot
Test, which can help researchers explore ‘unconscious’ emotions, and they are frequently
used in a clinical setting.

17.11 LET US SUMIT:

In conclusion, this unit has provided a thorough overview of the concept of Emotion. Initially
addressing several definitions to clarify what emotions are, this unit then tackled the different
types of emotion (e.g., basics emotions and self-conscious emotions). Next, this unit
examined the primary components of emotion processes, cognitive appraisals, subjective
experiences, thought and action tendencies, the physiological changes associated with
emotion, facial expressions, and emotional responses. This unit also presented and clarified
how emotions are related to concepts that can be closely linked to it including mood and
feelings. The greater part of this unit focused on the more prominent theories of emotion
including James-Lange theory, Cannon-Bard theory, Schachter-Singer theory, Opponent
Process theory, and Cognitive Appraisal theory. Each of these theories have their unique style
on offering perspectives on how emotions are generated and processed. Following the review
of theories of emotion, this unit provided detail on how emotions are enacted (or manifested),
and how emotions are measured using self-reports, physiological indicators, the observable
behaviour, and neuroscience; which all help to better clarify emotional experiences.

Answer the following question: (Sx1=5Smarks)

1. What is emotion? List any two of its characteristics.

2. List five basic emotions presented by Paul Ekman.

3. Explain the difference between emotions and feelings and provide examples.
4. List two physiological and two behavioral expressions of emotions.
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5.

What is mood? How is it different from emotion?

Answer the following questions: (10x1=10marks)

1.
2.
3.

4.
5.

Describe the James-Lange theory of emotion and give a suitable real-life example.
Analyse the Schachter-Singer theory of emotion and apply it to a situation.

Describe the differences and similarities between the James-Lange and Cannon-Bard
theories of emotion.

Analyse the linkage between emotion and facial expression in communication.

Discuss the notion of emotions and how they will guide future behavior with relevant
examples.

Answer the following questions: (15x1=15marks)

1.
2.
3.

4.
3.

Critique the Cognitive Appraisal Theory of emotion.

Analyse the significance of emotions in psychological research.

Develop an activity for a classroom of students in which they will learn to identify and
communicate emotions.

Evaluate emotions in terms of physiological responses and non-verbal forms.

Create a case study that shows not only one theory of emotion explains an emotional
event, but several theories of emotion.
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LESSON- 18
ROLE OF THE HYPOTHALAMUS AND THE

LIMBIC SYSTEM IN EMOTION
OBJECTIVES:

e To describe the anatomical structures of the hypothalamus and limbic system involved in
emotional effects and processing.

e To describe the roles of specific key structures in emotional reactions, the amygdala,
hippocampus, and cingulate cortex.

e To describe the physiological effects of emotion and how the hypothalamus regulates
physiological effects through the autonomic nervous system and endocrine systems.

e To describe how the hypothalamus communicates with the limbic system to produce
coalescent emotional experiences.

e To identify the roles of neurotransmitters and hormones in the regulation, modulation,
and expression of emotion.

e To describe the clinical implications of dysfunction in these brain systems as they relate
to emotion and emotional/psychological disorders.

STRUCTURE:

18.1 Introduction

18.2 Understanding Emotions
18.2.1 Physiological Arousal: Emotion and the Body
18.2.2 Behavioral Expression: Emotions in Action
18.2.3 Subjective Experience: The Feeling of Emotion
18.2.4 Integration and Regulation: How the Brain Creates Emotion

18.3 The Limbic System: The Emotional Brain
18.3.1 Amygdala: The Emotion and Fear Center
18.3.2 Hippocampus: Memory-Emotion Interface
18.3.3 Cingulate Cortex: Regulation and Integration

18.4 The Hypothalamus: The Autonomic Regulator
18.4.1 Hypothalamus and Autonomic Arousal
18.4.2 Hypothalamic-Pituitary-Adrenal (HPA) Axis
18.4.3 Hypothalamus and Emotional Expression

18.5 Roles of the Hypothalamus and Limbic System
18.1 INTRODUCTION:

Emotion is a complex psychological and physiological experience at the core of human
behavior that affects our decision-making, motivation, social interactions, and psychological
well-being. Emotion is a combination of experiences that include happiness, fear, anger,
sadness, surprise, and disgust; expressed through physiological arousal, actions, and feelings.

Emotions are far from abstract or purely psychological; they have a real, obtainable
biological basis that can be determined in the structures of the brain. Several decades of
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scientific behavioral inquiries into the workings of the human brain and mind have led
psychologists and neuroscientists toward an inescapable conclusion that emotions are
explicitly produced and regulated by specific neural systems, including the limbic structures
as well as the hypothalamus. The limbic structures, or “emotional brain,” are an array of
structures interacting with each other to help govern behaviour related to emotions and
memory. The limbic structures integrate three core categories of functioning: sensory input,
emotion, and striving or emotional output. The limbic structures serve as the sentry between
mental processes and the body (autonomic and endocrine) systems to help behaviour that will
promote survival when given situations indicate the need for action. For the small range of
behaviour governed by the structures of the limbic system, the hypothalamus is less extensive
physiologically and anatomically, but vast in terms of its physiological role in building and
maintaining balance within the body’s internal environment, as well as providing the
foundation for feelings and sensory production of emotion by control of autonomic nervous
system and endocrine system.

In conjunction, the hypothalamus and limbic structures work together to transform external
stimuli and internal thoughts into a coherent emotional state such that it can be both
experienced and acted upon. Emotion was historically a topic of philosophical speculation
and internal dialogue, but now with modern neuroimaging, disruption studies, and animal
research, we can begin to identify specific brain regions and the associated neural circuits
involved with the generation and modulation of emotion and develop a better understanding
of, and increased legitimacy for, emotion as a physiological event. The reality of emotion as
inherently embodied is evident by the inclusion of brain structures such as the amygdala,
hippocampus, and hypothalamus orchestrating the subjective experience of emotion, with its
physiological correlates characterized by heart rate, hormonal release, and muscle tension.
Understanding the hypothalamus and limbic system in the context of emotion has
implications beyond theoretical interest; they are clinically relevant structures. Emotional
dysregulation lies at the intersection of many psychological disorders, including depression,
anxiety disorders, post-traumatic stress disorder (PTSD), and affective psychosis.
Understanding the neurobiological basis of emotion will further establish the underpinnings
of these clinical presentations and will provide insight into developing treatment packages
focused on emotional healing and resilience.

This chapter investigates how the hypothalamus and the various elements of the limbic
system function to create emotional processes. We will explore the anatomical structures,
functional pathways, neurotransmitter systems, and behavioral manifestations of the
hypothalamus and limbic system, and we will also discuss some clinical evidence and
evolution. This chapter aims to communicate how emotions are grounded in biological
phenomena and how the complex interplay of the neural systems used to construct integrated
emotional states creates the rich, complex, and sometimes capricious palette of human affect.

18.2 UNDERSTANDING EMOTIONS:

Emotion is a fundamental aspect of psychological functioning that organizes not only how
people perceive the world but also how they think and act with other people. In psychology,
emotion is studied as a multidimensional, interconnected phenomenon that connects biology,
cognition, and behavior. Emotion is influential on perception, memory, learning, motivation,
and even personality. Therefore, as MSc Psychology students, it is important to understand
that emotion is not purely subjective or relative to culture. Emotion is biologically based,
wired into us; there are specific neural substrates that are involved in processing emotion.



Bio Psychology 18.3 Role of the Hypothalamus...

Just as an example of how psychology has developed in the modern world is the merger of
neuroscience and emotional theory. This has led to the new structural development of
affective neuroscience, the study of the neural basis of emotion. Affective neuroscience relies
on twin structures in the brain, the limbic system and the hypothalamus. These two structures
are intimately involved in the interpretation, regulation, and expression of all our emotional
experiences, and for each of the psychological disorders we examined, they provide a
genuine basis for understanding emotional response patterns and implications for therapy.
From a psychological perspective, we can classify emotions into three basic elements:
Physiological arousal,

Behavioural expression,

Subjective experience.

The elements above are intertwined and may all be regulated by the brain’s emotional
circuits, primarily the hypothalamus and limbic system.

18.2.1 Physiological Arousal: Emotion and the Body

Physiological arousal, from a psychological perspective, refers to the bodily activation in
response to emotional stimuli, such as heart rate, respiration, skin conductance, and
hormones, which are all measurable and observable responses. Here, the autonomic nervous
system (ANS) is all-important. The ANS is the part of the nervous system that has two
branches, the sympathetic and parasympathetic, that mediate the body’s
fight/flight/rest/digest responses to stimuli. The hypothalamus acts as a command center,
activating the sympathetic system whenever we respond with stress, fear, or threat. In
industrial and organizational (I/O) psychology, this is particularly relevant for studying our
reactions to organizational stressors, anxiety, panic disorders, and trauma.

The hypothalamic-pituitary-adrenal (HPA) axis is involved in how we regulate our emotions.
There is some evidence that chronic activation of this axis and stressors over time have also
been linked to depressive disorders, generalized anxiety disorder, and posttraumatic stress
disorder (PTSD). Psychologists like Cannon (1929), who proposed the Cannon-Bard theory
of emotion, focused on the role of the brain structures, like the thalamus and hypothalamus,
in the combination of simultaneous emotional and physiological responses that happen.
Cannon's research was a challenge to the James-Lange theory of emotion, which suggests we
will first respond to a situation physiologically before we experience the emotion.

Psychologists like Cannon (1929), who created the famous Cannon-Bard theory, appeared to
emphasize the role of brain anatomical structures, with reference to the thalamus and
hypothalamus, in the emotional and physiological responses occurring simultaneously.
Cannon’s theory was in opposition to the previous theory of James-Lange theorists, which
viewed physiological changes as preceding the emotional experience. Today, we can
appreciate the relationship between the brain and the body as bidirectional. This is in keeping
with the two-factor theory, introduced by Schachter and Singer, that suggested physiological
arousal and cognitive appraisal produced the emotional experience.

18.2.2 Behavioral Expression: Emotions in Action

From a psychological perspective, behavioral expression involves the outward manifestations
of emotion, such as facial expressions, gestures, posture, and vocal tones. Behavioral
expression is critical to social communication and emotional intelligence and is typically
studied in non-verbal communication, interpersonal psychology, and developmental
psychology. Here, the limbic system, specifically the amygdala, plays a key role in instigating
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these expressions, as it acts as the human survival mechanism. For example, when a person
experiences fear, the amygdala registers the threat and puts a series of changes in place that
reflect that the person is fearful. Examples include the widening of the eyes, freezing instead
of running, or fighting instead of fleeing. Each of these reactions is powerful because these
adaptive responses help with survival. Further, Paul Ekman’s universal emotion hypothesis
supports the notion that some emotions are expressions are biologically hardwired and
possibly universally acknowledged across cultural lines.

Neuroscience can add to these points, because it can show how the connections between the
basal ganglia and the motor cortex converge with limbic structures related to emotional
expression as well. The cingulate cortex is another limbic structure that assists in the
management of emotional conflicts and decision-making related to the appropriate social
context of expression. The cingulate cortex would, therefore, be important to psychological
work related to emotional regulation, moral behavior, or social anxiety. In psychological
conditions, such as schizophrenia, autism spectrum disorder, or Major Depressive Disorder,
we often see deficits in the ability to express emotions. Understanding emotional behavior,
which is derived from biological structures, helps psychologists in terms of diagnosis and
intervention plans.

18.2.3 Subjective Experience: The Feeling of Emotion

The subjective experience of emotion refers to the internal, conscious awareness of any
feeling of joy, sadness, anger, or anxiety. Subjective experience is primarily discussed in
cognitive psychology, clinical psychology, and personality theory. Subjective experience,
unlike objective measures of arousal and behavior, is phenomenological and internal. But
brain science has found specific brain regions that correspond to the conscious experience of
emotions.

The prefrontal cortex interprets context and meaning of feelings, as well as inhibiting
impulsive behavior, while the insula processes interoceptive signals that underlie self-
awareness of emotion. This matter of subjective experience also connects to Lazarus’s
cognitive appraisal theory. In essence, emotions are evaluations of environmental stimuli
(appraisals). Again, the subjective experience of emotion can also be represented through the
interpretation of the event. So, how the person interprets (threat, joy, or neutral) will influence
emotional response, thereby connecting cognition with emotion. For example, two people can
experience the same stressor, a job interview, but one person may experience excitement
while the other experiences anxiety. The cognitive interpretation of the event, which is
colored by experience, beliefs, and personality traits, led to the different emotional outcome.
Understanding the person’s experience in the here and now is critical for change through
cognitive-behavioral therapy (CBT), based on the notion that changing cognitive appraisals
supports regulating emotional responses.

18.2.4 Integration and Regulation: How the Brain Creates Emotion

Emotion does not exist in a vacuum. Emotion requires arousal, expression, and experience to
come to life. The limbic system, which includes the hypothalamus, serves as the
neurobiological interface that connects these three domains. The amygdala perceives and
registers the emotional significance of stimuli, assesses, and the initiation of emotional
responses. The hippocampus adds contextualized memories to a stimulus’s emotional
significance. The hypothalamus transforms emotional feedback into hormonal and autonomic
responses and has emotional meaning, processes, and responses. The prefrontal cortex
appraises and modulates emotion, most likely during a social or moral incident. This
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integrative aspect of emotions is especially relevant for emotional intelligence and emotion
regulation, both of which are prior areas of interest for academic and applied psychologists.

The lack of integration can lead to emotional dysregulation as seen in borderline personality
disorder, bipolar disorder, and impulse control disorders. Contemporary psychologists
typically utilize the bio-psycho-social model of emotion, where it is assumed that emotion
emerges from the interplay of biological predispositions, psychological processes, and social
context. Understanding the neurobiological component will assist a psychologist in thinking
more deeply and scientifically as they treat and research an emotional disorder.

18.3 THE LIMBIC SYSTEM: THE EMOTIONAL BRAIN:

The limbic system is one of the most crucial neuroanatomical networks involved in emotion,
memory, and motivation. Though often referred to as a singular unit, the limbic system is in
fact a complex network of interconnected cortical and subcortical brain regions located
primarily in the medial temporal lobe and surrounding the brainstem. This system is
evolutionarily ancient and is often referred to as the “emotional brain” due to its central role
in processing and expressing emotions.

The limbic system is essential for emotional reactivity, memory encoding and retrieval, social
bonding, sexual behavior, and motivation. It acts as a bridge between the brainstem and the
neocortex, thereby linking instinctual drives with higher-order thinking and conscious
emotional awareness. Understanding the anatomy and function of the limbic system allows
psychologists to explain how emotional experiences influence behavior, decision-making,
and psychopathology.

Key Components of the Limbic System:

Amygdala

Hippocampus

Cingulate gyrus

Septal nuclei

Fornix

Mammillary bodies

Parts of the thalamus (especially the anterior nucleus)

Each component plays a distinct yet interconnected role in emotional processing and memory
formation. The following sections elaborate on the three most prominent structures: the
amygdala, hippocampus, and cingulate cortex.

18.3.1. Amygdala: The Emotion and Fear Center

The amygdala is an intercalated mass of nuclei that can be found in the temporal lobe and
resembles the shape of an almond. The amygdala is one of the most studied structures in
affective neuroscience, and it is particularly known for its role in fear processing, emotional
memory, and threat detection.

The functions are as follows:
The amygdala provides a very rapid evaluation of potential emotionally salient stimuli and
especially concerning danger/threat.

The amygdala is crucial for fear conditioning, a form of associative learning in which a
neutral stimulus is associated with an aversive event.
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The amygdala helps to encode emotional salience, the level of importance or emotional
significance of a stimulus, which also guides attention and serves as a salient memory node.

The amygdala is closely associated with emotional learning and behavioral responses to
social cues. It assists with the ability to determine emotions expressed in another’s facial
expression and is particularly attuned to fear, anger, and disgust. This capacity is essential for
empathy, emotional intelligence, and social survival.

Clinical case studies offer intriguing insight into the amygdala’s role. One of the most widely
discussed cases is that of Patient S.M., who experienced destruction of both amygdalae due to
Urbach-Wiethe disease. As a result, she was unable to feel fear (even in contexts where fear
is a reasonable reaction, e.g., she met snakes and she was threatened), nor did she show
sensitivity to recognizing facial expressions of fear in others. These last examples show how
the amygdala is necessary for both emotional experiences internally and social-emotional
interpretation.

18.3.2. Hippocampus: Memory-Emotion Interface

The hippocampus, situated next to the amygdala in the temporal lobe, is recognized as a
memory consolidation structure; however, emotion and emotional experiences are equally
significant aspects of its function, especially in terms of understanding emotional experiences
within a context.

Function:
The hippocampus is critical for encoding and retrieving episodic memories, memories that
are tied to specific places and times of experience.

The hippocampus also has a role alongside the amygdala in encoding and retrieving memory
in terms of applying emotional meaning to a memory.

Furthermore, the hippocampus supports contextual fear learning, which supports the memory
of the context of the emotional event (e.g., remembering the room or place where the fear
was experienced).

The hippocampus is critically implicated in trauma and anxiety-related disorders, including
post-traumatic stress disorder (PTSD). PTSD involves an overactive amygdala and an
underactive hippocampus that can cause people to negatively treat experiences of fear, even
when in a safe context, because their emotional memories cannot be appropriately
contextualized. In addition, there has been evidence of hippocampal atrophy (shrinkage) in
depression, presumably because of chronic stress and high cortisol levels. This is likely why
many people with depression experience memory problems and problems recalling positive
events. The hippocampus also has an important role in conjunction with the prefrontal cortex
to use emotional experiences of the past to help create our future behavior; this is an
important process in our ability to learn from failure, plan to achieve goals in the future, and
self-regulate.

18.3.3. Cingulate Cortex: Regulation and Integration

The cingulate cortex is located above the corpus callosum and consists of two important
parts, the anterior cingulate cortex (ACC) and posterior cingulate cortex (PCC). The ACC is
the most relevant area in emotional processing.

Function:
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The anterior cingulate cortex involves emotional regulation, error detection, conflict
monitoring, and decision-making under emotional stress.

It is the point that connects and establishes a working relationship between emotional
responsivity and cognitive control. In other words, it is involved in weighing emotional
information in our minds when we must make complex decisions, such as personal gain vs.
moral responsibility.

The ACC is implicated in sad disorders of emotional dysregulation, such as depression,
obsessive-compulsive disorder (OCD), and generalized anxiety disorder.

Started to show a better understanding of why individuals with anxiety show hyperactivity in
the ACC, whereas individuals with depression show hypoactivity in the ACC, demonstrating
ACC bidirectionality (e.g., amplify emotional replies on one phrase, and inhibit emotional
responses on the other phrase).

The ACC is also helpful when considering empathy and social cognition. It provides an
individual with the ability to detect social pain; thus, pain is similar in processing, for
example, social rejection or exclusion. The same mechanisms are implicated in social pain as
physical pain. Consequently, we often describe experiences of rejection or exclusion as
information experiences that “hurt.” When interfaced with the prefrontal cortex, amygdala,
and insula, the ACC can, if given the opportunity, help regulate our emotional impulses,
suppress inappropriate behavior, and maintain sustained attention in emotionally charged
situations; the parts table has an important function in emotion-focused coping.

Additional Structures Described Briefly:

Septal nuclei: Responsible for pleasure, reward, and social bonding. If there is an issue here,
it may relate to compulsive behavior or social disengagement.

Fornix: A white matter tract connecting the hippocampus to the hypothalamus and
mammillary bodies. This connection is key in the transfer of memory.

Mammillary bodies: Act as a conduit for the hippocampus to the thalamus. Injuries here can
produce amnesia, such as in Korsakoft’s syndrome.

Thalamus (anterior nuclei): Functions as a relay for sensory and emotional information and
sends this information to the appropriate limbic and cortical sites.

The limbic system is the emotional action center of the brain. The limbic system is made up
of various structures that work together to assess environmental information, add emotional
meaning, generate appropriate physiological and behavioral responses, and store emotion-
based memories. The amygdala quickly activates emotional responses, the hippocampus
encodes emotion into memory, and the cingulate cortex integrates emotional data with our
conscious control and regulation.

18.4 THE HYPOTHALAMUS: THE AUTONOMIC REGULATOR:

The hypothalamus is a small yet essential structure situated under the thalamus and over the
brainstem. Even though it is small, the hypothalamus plays many roles and serves very
important functions to not only regulate bodily equilibrium in many areas but also regulate
emotional, physiological, and behavioral balance. When it comes to emotion and the purpose
of this chapter, the hypothalamus serves a vital role as the link between our nervous system
and endocrine system by regulating the process through the pituitary gland. Psychologically,
the hypothalamus contributes to regulating homeostasis, stress responses, motivated
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behaviours like hunger, thirst, and the drive for sexual behaviours, and emotional arousal
responses. It is also linked to autonomic response initiation and hormonal secretions in
relation to emotional stimuli.

18.4.1 Hypothalamus and Autonomic Arousal

The hypothalamus has several important jobs, and one of its major roles is to help regulate
the autonomic nervous system (sympathetic - arousing and parasympathetic - calming). This
regulation is critical for emotional arousal. This is why we can feel physical changes in our
bodies in response to emotional events; we become aware of our bodies changing, while
thinking about (increased heart rate, sweaty palms, quickened breathing during fear, as well
as a sense of calming when feeling relief). When there is a perceived threat (e.g., coming face
to face with a snake), the amygdala engages in rapid emotional processing of the stimulus and
sends a signal to the hypothalamus.

The hypothalamus then initiates a response within the sympathetic nervous system (involved
in the body’s ‘arousal’ or sympathetic nervous system response) to commonly referred to as
the fight or flight response. In the body, the physiological changes or arousal typically occur
about the perceived threat in the body, and could include changes such as pupil dilation,
increased heart rate, rapid breathing, and muscular readiness. When the threat is gone, the
parasympathetic nervous system, which is also under the regulation of the hypothalamus,
allows the body to bring to bring itself back to a state of calm with a slowed heart rate, onset
of digestion, and so on. About the psychological implications of this regulation are significant
in understanding these hypoconservative disorders with chronic stress, panic disorder, and
generalized anxiety disorder, where the object's body remains in an arousal state due to the
dysregulation in these hypothalamic controls continuing to activate the sympathetic nervous
system.

18.4.2 Hypothalamic-Pituitary-Adrenal (HPA) Axis

The HPA axis is a central stress-response system made up of the hypothalamus, pituitary
gland, and adrenal glands. It reflects the hormonal pathway through which the brain responds
to physical stressors and psychological stressors. When perceiving a stressor, the
hypothalamus releases corticotropin-releasing hormone (CRH), which signals the anterior
pituitary gland to release adrenocorticotropic hormone (ACTH). ACTH initiates activity in
the adrenal cortex, producing glucocorticoid hormones like cortisol, which mobilize energy,
suppress inflammation, and increase alertness.

It is warranted to examine the HPA axis since it is tied to the cognitive and affective effects of
stress. In the case of chronic overactivation, cortisol levels can remain high and negative
consequences emerge since: impaired hippocampal functioning (particularly memory),
heightened emotionality as the amygdala is hyper-reactive (more intense emotionality), and
diminished ability of the prefrontal lobe to regulate behavior (decreased ability to make
rational decisions and control impulsive behavior). This disruption to the HPA axis is
implicated in several disorders, including major depressive disorder, post-traumatic stress
disorder, and burnout syndrome. For psychology students, an awareness of the HPA axis is
crucial not only for an understanding of the biopsychosocial model of health, psychology,
psychopathology, and, clinical neuropsychology studies, but a further articulation of
biopsychosocial processes whereby biological responses consequences of various aspects of
stress interact with cognitive and environmental/situational aspects as they impact the mental
health of individuals.
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18.4.3. Hypothalamus and Emotional Expression

In addition to regulating physiological responses, the hypothalamus is believed to directly
influence the expression of emotion and related behaviors. Evidence from both electrical
stimulation studies in animals and basic research has indicated that stimulation of areas of the
hypothalamus activates specific emotional responses, including:

The posterior hypothalamus is linked to anger and aggression. The lateral hypothalamus is
linked to pleasure and reward.

The medial preoptic area evokes behaviors associated with maternal care and sexual arousal.
Although various outputs can occur outside of conscious experience, they may manifest as
behavioral reactions that can be described as automatic.

This represents the subcortical basis of emotion, like evolutionary explanations that suggest
that certain emotions (for example, aggression or affiliative behavior) are evolved responses
that are biologically necessary for survival and reproduction. The hypothalamus serves as
both a reactive center and a regulatory switch by receiving emotional signals originating from
the limbic system, while also producing bodily changes, releasing hormones, and activating
instinctual behavior.

The hypothalamus and limbic system form the biological basis of emotion, motivation, and
behavior. The hypothalamus and limbic system are part of a net-like integration of regions in
the brain that is situated deep within the brain and consists of interconnected structures. The
hypothalamus is just below the thalamus in the brain and is an important regulatory center for
the autonomic nervous system and the endocrine system. The hypothalamus can regulate
homeostasis, energy balance, temperature, hunger, thirst, circadian rhythms, and sexual
behavior. In terms of an emotional context, the hypothalamus can engage the physiological
response for emotions that are given to the hypothalamus from portions of the brain,
especially from the amygdala.

For example, when someone is confronted with a threat, the hypothalamus will engage the
sympathetic (arousal) nervous system, and physiological changes occur, including changes in
heart rate, blood pressure, and mental perspective that prepare the mind and body for
engagement or disengagement from the threat. The limbic system, or the “emotional brain,”
is a collection of functionally related structures in the brain that collectively process
emotions, memory, and motivation. Components of the limbic system include the amygdala,
the hippocampus, the cingulate cortex, the septal nuclei, the mammillary bodies, and some of
the thalamus. The amygdala is where we detect emotional salience, either positively (love,
making us happy) or negatively (fear or aggression, making us anxious or angry). The
hippocampus processes context and episodic memory, particularly emotional memory.

The cingulate cortex combines emotional and cognitive functions in the domain of decision-
making and awareness of attention. The limbic structures send and receive signals to/from the
hypothalamus, thus coordinating emotional experience with bodily response. The
hypothalamus and limbic system form a limbic-hypothalamic axis that ensures both a mental
and physical experience of emotions. This action allows individuals to feel emotions as well
as express and regulate them in adapted ways to their external environment. The integration
of experience, emotional regulation, and external context interacts with cognitive processes,
which is key for professionals to acknowledge to understand emotional disorders such as
anxiety, depression, PTSD, and psychosomatic disorders. Effectively, the limbic system and
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hypothalamus link the emotional domain to the physiological domain, creating the emotional
basis for our behavioral life and overall well-being.

The hypothalamus and limbic system serve complementary functions as the critical elements
of emotional, behavioral, and physiological responses. The hypothalamus is the autonomous
and endocrine center that responds to our body’s internal and external worlds. The
hypothalamus controls the physiological processes of hunger, thirst, temperature control,
sleep, and hormonal secretion. It plays a vital role in the process that transforms emotion-
based environmental stimuli into physical reactions in the body, such as the fight-or-flight
response during times of stress.

The limbic system, which includes the amygdala, hippocampus, cingulate gyrus, as well as
connected structures, is responsible for evaluating the emotional significance of stimuli,
encoding emotional arousal in memory, executing motivated behaviors, and (especially)
regulating emotion. The amygdala processes fear and aggression, and the hippocampus
encodes memories based on their emotional arousal as well as environmental aspects. The
cingulate cortex helps regulate emotional states, especially in decision-making. Almost as a
whole, these systems coordinate how emotional experiences are processed, remembered, and
expressed; they are the basis for mood, motivation, stress response, social connections, and
almost every psychological disorder.

18.5 ROLES OF THE HYPOTHALAMUS AND LIMBIC SYSTEM:

Roles of the Hypothalamus
The hypothalamus is the autonomic regulator of involuntary bodily functions, such as heart
rate, blood pressure, respiration, and digestion.

The hormonal control of the hypothalamus relates to its connections with the pituitary gland,
which, among other functions, involves the release of hormones (e.g., cortisol, oxytocin).

This control of hormone release is paramount to the stress response patterns, as well as sexual
and reproductive behaviors.

The hypothalamus maintains certain homeostatic functions such as regulating thirst, hunger,
body temperature, sleep cycles, and energy balance.

The hypothalamus is responsible for responding to emotional and physical stressors by
activating the hormone cascade in the body (CRH — ACTH — cortisol) referred to as the
stress response (HPA axis).

The hypothalamus might take the data provided by emotional input that originates from the
amygdala and translate it to an emotional output, such as sweating, pupil dilation, and/or
increased heart rate etc. When the hypothalamus is activated excessively for a prolonged
period (e.g., Chronic stress), it creates excessive levels of cortisol that might result in brain
alterations, providing risks associated with depression, immune suppression, and sleep
disturbances, to name a few.

Roles of the Limbic System
Emotion Processing: Evaluates and assigns emotional significance to experience (especially
fear, anger, pleasure).
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Memory: The hippocampus helps to store memories that include emotional significance,
specifically the threat or trauma.

Emotional Learning: Allows for fear conditioning and assigns emotional value to contexts
or stimuli.

Emotional Regulation: The cingulate cortex monitors conflicting emotions, modulates
emotional reactivity, and operationalizes cognition with affect.

Social and Motivational Behavior: Areas that make up the limbic system, mainly the
amygdala and septal nuclei, contribute to bonding, seeking rewards, sexual behavior,
aggression, etc.

Damage to the amygdala has been associated with poor fear recognition (e.g., Patient S.M.)

and hippocampal dysfunction with PTSD and Parkinson’s disease; while dysfunction or
atrophy of the hippocampus has been associated with memory impairments in depression.

- Dr. Abdul Raffie Naik



LESSON- 19
PHYSIOLOGICAL CHANGES DURING LEARNING

OBJECTIVES:

In the end, students will understand:
e To understand the psychological principles that shape learner behaviour in the classroom.
e To critically examine human maturation and development in relation to little people (i.e.,
infants, toddlers, children, adolescents).
e To reflect on learners; to describe learner processes, learning styles, and learning
differences; and to discuss how to differentiate for individual learners.
e To be able to include theories of motivation, memory, intelligence, and personality to
influence teaching and learning.
e To know how to adapt (design) as well as implement teaching strategies based on the
learner's needs.
e To show how to develop classroom management strategies and discipline based on
psychological knowledge.
e To identify how environmental conditions impact the learning (performance) of the

learner.

e To develop assessment and evaluation tools (methods) based on psychological
knowledge.

e To advocate for Mental Health and Socio-emotional development for students and
teachers.

e To develop inclusive practices for diverse exceptional and differently-abled learners.
STRUCTURE:

19.1 Introduction to Learning and the Brain
19.2 Definition of Learning
19.3 Biological Basis of Learning

19.4 Synaptic Plasticity
19.4.1 Long-Term Potentiation (LTP)
19.4.2 Long-Term Depression (LTD)

19.5 Educational Psychology: Meaning and Definition
19.5.1 Relationship between Education and Psychology
19.5.2 Consequential Aspects of the Relationship:
19.5.3 Application of Psychological Principles in Education
19.5.4 Role of Educational Psychology

19.6 Scope of Educational Psychology
19.6.1 Learner
19.6.2 Learning Experience
19.6.3 Learning Process
19.6.4 Learning Situations or Environment
19.6.5 Teacher

19.7 Methods of Educational Psychology
19.7.1 Introspection Method
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19.7.2 Observation Method
19.7.3 Experimental Method
19.7.4 Survey Method

19.7.5 The Clinical Method
19.7.6 Case Study Method

19.8 Summary
19.1 INTRODUCTION TO LEARNING AND THE BRAIN:

Learning is complex and dynamic; it is the process of changing or augmenting thinking,
knowledge, behaviour, skills, and values. At the heart of learning is the brain, an immensely
adaptable organ that continues to change as it interacts with experience. The physiological
changes in the brain during learning are not abstract processes, and the outcome is not simply
behavioural; rather, the changes are real choices made by the brain that can be measured and
quantified as changes in brain structure and brain function. The physiological changes that
lead to learning implicate neuronal networks, chemical levels, and molecular processes that
build the biology that underlies cognition, learning, memory, and development.

19.2 DEFINITION OF LEARNING:

Learning is one of the most basic and essential psychological functions and is a fundamental
part of both animal and human behaviour. It can be defined as a relatively permanent change
in behaviour or in the mental processes that result from experience or practice. Learning can
show up as an observable change in behaviour, for instance, learning a dance step or some
knowledge or skill, or it can be an internal change, for example, learning about attitude or
learning about thinking patterns. Reflexes are unlearned and inborn; to learn means that one
has learned through interchange with the environment. Learning allows one to adapt to new
circumstances and is essential in our growth and survival learning.

19.3 BIOLOGICAL BASIS OF LEARNING:

The biological components of learning are the physiological, structural, and anatomical
changes to the brain in learning something and learning a new motor skill. Learning is not
only a psychological process; it has a biological component that is characterised by neuronal
firings, synaptic changes, neurotransmitter release, and brain plasticity. The brain's
neuroplasticity is the ultimate learning process because it allows the brain to undergo
structural or functional changes after experience.

19.4 SYNAPTIC PLASTICITY:

Synaptic plasticity is the ability of the brain to adjust the strength or efficacy of synaptic
connections between neurons according to activity or experience. It is an essential
mechanism of learning, memory and cognitive flexibility. Synaptic plasticity allows the brain
to adapt to new information, heal from injury and grow throughout the life span. The human
brain is not static; as a dynamic system, it can reform its name without forgetting
neurobiology with activity. This is crucial because this is when learning occurs at the
behavioural and molecular level.
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19.4.1. Long-Term Potentiation (LTP)

Long-Term Potentiation (LTP) is a persistent enhancement of the synaptic cleft that takes
place when two neurons have repeated, simultaneous activity. LTP is a central mechanism of
synaptic plasticity and is fundamental to learning and memory. While LTP can be examined
in other synapses, it is widely studied in the hippocampus, and it is subdivided in the CAl
region due to its criticality in the formation of declarative memories.

19.4.2. Long-Term Depression (LTD)

Long-Term Depression (LTD) is a prolonged decrease of synaptic strength by low-frequency
or asynchronous neuronal activity. LTD is the functional opposite of Long-Term Potentiation
(LTP), which is one of the important forms of synaptic plasticity. LTD is critical for memory
refinement and cognitive flexibility. It also plays an important role in synaptic plasticity and,
therefore, memory in the same way as long-term potentiation - strengthening necessary
neural connections, and weakening unnecessary neural connections, permitting the brain to
adapt via memories and, as a result, allow new experiences through memory updating.

19.5 EDUCATIONAL PSYCHOLOGY: MEANING AND DEFINITION:

Educational Psychology is a subfield of psychology that examines how individuals learn and
remember in educational contexts. It concerns itself with the cognitive, affective, and social
processes that influence learning, and the application of psychology to improve the
educational process. Educational psychology can be instrumental to educators trying to
develop effective instructional practices, assessments, and understand differences between
learners.

Definitions:

Charles E. Skinner: “Educational psychology is the branch of psychology which deals with
teaching and learning.”

Crow and Crow: “Educational psychology describes, and interprets, the learning
experiences of an individual from birth until old age.”

Trow: “Educational psychology is the study of the psychological features of educational
situations.”

Educational psychology acts as a link between theory and practice by relating psychological
theories, like behaviourism, constructivism, and cognitive development, to the educational
setting. Through educational psychology, educators can gain insights to support their
decisions regarding curriculum, classroom practices, and learner demands by understanding
how students think, learn, feel, and behave.

19.5.1. Relationship between Education and Psychology

The relationship between education and psychology is close and dependent. Education is
teaching and facilitating support for learning and progress. Psychology is the science that tells
us how learning occurs. Psychology explains the mental functions and behaviours
participating in education and, therefore, is the foundation of effective teaching.

19.5.2. Consequential Aspects of the Relationship:

Understanding the Learner: Psychology helps build understanding of the developmental
stages, abilities, interests, and educational needs of the learner so educators understand how
to teach and how to develop appropriate age-related methods or approaches.
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Learning Theories: Learning theories such as Piaget’s cognitive development stages,
Vygotsky's social constructivism, and Skinner's behavioural theory of operant conditioning
all illustrate for educators the psychological explanation of educational learning and their
value to relevant instructional approaches.

Motivation and Issue of Disruption or Behaviour Management: Psychology explains the
factors that impact student motivation to learn, discipline, and disruptions in learning and
how educators can facilitate these issues to encourage a productive and effective learning
experience for their students.

Assessment and evaluations: Psychological assessments are an effective process for
designing fair and reliable evaluation techniques that educators use to measure cognitive,
emotional, and social progression.

Individual Differences in the classroom: Psychology also draws attention to the many
differences in learning, e.g. the differences between intelligence, style, darkness and learning
preferences, personality differences and aptitude, which can consciously guide the educator
to plan inclusive education policies and programs and design individual learning plans for the
learner.

Therefore, in conclusion, education and psychology work closely to enable and support a
learner-centred education system that enhances effective learning through scientifically valid
teaching practices and principles.

19.5.3. Application of Psychological Principles in Education:
1. Curriculum Design Informed by Learners' Psychological

2. Methods of Teaching and Motivation Strategies

3. Educational Problems and Research

4. Improving the School Environment and Student Behaviour

5. Supporting Mental Health, Assessment, and Inclusive Learning

19.5.4. Role of Educational Psychology
1. The Nature of Growth and Development
2. Developing Teaching Strategies

3. Acknowledge Differences

4. Building Rapport and Communication
5. Creating New Teaching Methods

19.6. SCOPE OF EDUCATIONAL PSYCHOLOGY:

Educational psychology is the scientific study of human learning in educational settings.
Educational psychologists examine the learner, the learning process, the methods that are
utilised to facilitate learning, and the environment in which learning occurs. Educational
psychology investigates how students learn, what enables students to acquire knowledge
and/or skills, what enables students to change their behaviour in response to environmental
stimuli, and the underlying psychological principles of motivation, memory, intelligence,
personality, and the development of emotions. Educational psychology not only studies how
students learn, but also looks into classroom management, curriculum development,
evaluation, and inclusion. It also studies learning difficulties and the development of mental
health. Ultimately, educational psychology studies the interactions between developmental,
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cognitive, emotional, and environmental factors that contribute to facilitating meaningful
learning experiences, enabling adults as educators to effectively address the needs of all
learners. Therefore, it addresses not only the classroom but the educational system more
broadly and can provide valuable input to policymakers, counsellors, administrators, and
teachers.

19.6.1 Learner

Central to educational psychology is the learner. In order to understand the learner, we must
know about their psychological characteristics, developmental stages, interests, aptitudes,
abilities, and individual differences that influence learning. Every learner is different in their
cognitive, emotional, social, and physical development. We know educational psychology
helps teachers identify these differences and employ appropriate strategies and teaching
methods to meet all learners' needs. Educational psychology helps teachers understand how
other factors like motivation, attention, memory, and personality traits influence a learner's
performance and behaviour in a classroom setting.

19.6.2. Learning Experience

A learning experience can refer to any situation or activity that has resulted in knowledge
acquisition or a behaviour change. Educational psychologists stress the importance of
developing meaningful, interesting, and aligned learning experiences for students. These
experiences should not be simply about engaging with information, but about fostering
curiosity, critical thinking, and problem-solving skills. Learning experiences can be most
effective when they represent continuity and connect with prior knowledge, needs, interests,
and learning styles, needs and interests, and learning styles.

19.6.3. Learning Process

Educational psychology's central topic is the process of learning. Learning encompasses how
learners gain new knowledge, change behaviours, and retain information over time.
Educational psychology explores the learning process based on principles of cognitive,
behavioural, and constructivist theory. Educational psychology identifies and distinguishes
different stages of learning (i.e., attention, perception, encoding, storage, retrieval) and how
each stage of the learning process is influenced by internal variables (i.e., motivation,
readiness, mental health) as well as multiple external variables (i.e., environment, teaching

pedagogy, peers).

19.6.4. Learning Situations or Environment

The learning environment is critical to the experiences of learners. Educational psychology
recognises the significance of the two physical and emotional aspects of a learning
experience. A structured, welcoming, and stimulating environment encourages engagement,
focus, and academic success. Elements such as classroom set-up/layout, level of light, seating
options, and range of materials/resources available influence learning on a primary physical
level. Psychological factors such as safety, emotional security, humane relationships, or a
climate with their teacher, as well as sharing experiences with peers at a similar status, are
also important. An experience that is non-threatening, cooperative and caring encourages
learners’ self-confidence, curiosity, and intrinsic motivation. Educational psychology also
investigates how the student learning experience changes due to competitive or collaborative
environments, with the latter being identified as a more positive factor. Educational
psychology supports that learners perform optimally in an environment where they feel
respected and included, understood, and supported in their personal challenges.
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19.6.5. Teacher

The teacher occupies a central position in the educational process, and educational
psychology can help in better understanding and optimising the teacher's role. A teacher is
more than just a disseminator of knowledge; teachers are also guides, motivators and agents
of socialisation, facilitators of learning, professional helpers and sometimes counsellors.
Educational psychology can provide teachers with a great amount of knowledge on learners
and their development, differences, motivation, classroom behaviour, and communication
strategies.

19.7 METHODS OF EDUCATIONAL PSYCHOLOGY:

To explore how people learn and behave, Educational Psychology employs various methods
from the behavioural sciences. The methods of educational psychology, collecting data,
analysing behaviour, and developing practice to achieve learning outcomes are supported by
various methods; introspection, observation, experimental, survey, clinical, and case study
methods are the most common. Each of the methods serves a distinct purpose based on the
setting of the educational psychology inquiry or the incidence of practice. The introspection
method provides an understanding of the internal thinking process, while the observational
method provides an understanding of the external behaviour. The experimental method
examines or tests the hypothesis in a controlled setting, while the survey method invites
opinions from a more extensive population. Clinical and case studies are well used in the
analysis of a child with a learning or behavioural issue. The goal is to use methods that enable
Educational Psychologists to identify/understand the qualitative and quantitative aspects of
the learning process. Educational psychology methods are interdisciplinary; psychological
data should be used to build a child-centred educational system, teacher-facilitated programs,
and curriculum resources.

19.7.1. Introspection Method
19.7.2. Observation Method
19.7.3. Experimental Method
19.7.4. Survey Method
19.7.5. The Clinical Method
19.7.6. Case Study Method

19.8 SUMMARY:

Educational Psychology is the scientific study of human learning in educational contexts. It
looks at the learner, the learning process, the way we instruct, and the teaching-learning
environment in which they exist. Educational psychology studies the learner, their growth
and development, their learning experiences and more, and provides instruction based on that
knowledge (e.g., the teacher, the role of the learner) as well as the learning environment
(emotional safety and intellectual challenge). It helps support learner diversity, motivation,
classroom management, and academic achievement. It uses observation, introspection,
experimentation, surveys, clinical, and case studies to gather psychological data about the
learner's behaviour. Using techniques informed by psychological principles can aid in learner
diagnosis, employment of interventions, development of teaching strategies, shaping
curriculum, and managing discipline, mental health, and learner inclusion. Educational
psychology is ultimately the bridge between theory and practice; in other words, educated
learning specialists engage in psychological practices to provide learner-centred learning
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conditions validated by psychology as effective and educationally sufficient for nourishing
the holistic development of students.

Answer the following questions: (5*1=5)

1.

Discuss how education and psychology are related. How does psychology help teachers
teach effectively?

2. Analyse educational psychology in reference to learner differences.

3. What are the major approaches of educational psychology? Briefly discuss any two
approaches.

4. Discuss the impact the learning environment and teacher disposition have on the learning
process.

5. Discuss the value of studying the growth and development stages (infancy, childhood,
adolescence) in educational psychology.

Answer the following questions: (10*1=10)

1. Evaluate the meaning and dimensions of educational psychology with reference to the
learner, learning, learning experience, learning environment, and educator. Include
examples where appropriate.

2. Examine the biological basis of learning in detail. Articulate how a neurophysiological
mechanism like LTP and LTD is implicated in memory and learning behaviour.

3. Compare and contrast the methods of experimental, clinical, and case studies in
educational psychology. Discuss their merits and weaknesses in real-world scenarios in a
classroom context.

4. "Educational psychology is fundamental to inclusive and learner-centred education."
Discuss in relation to concepts of motivation, individual variation, and mental health.

5. Discuss in detail the components and types of emotion. How do emotions impact

learning and behaviour in an educational environment? Discuss with reference to
psychological theories.

- Dr. Abdul Raffie Naik




LESSON- 20
ROLE OF HIPPOCAMPUS AND CEREBELLUM

IN LEARNING

OBJECTIVES:

By the end of this chapter, students will learn about:

e They will know how the hippocampus supports the formation and retention of new
memories.

e They will be able to explain how the cerebellum supports learning of physical skills, like
riding a bike or writing.

e They will understand the differences between the memory we can discuss (explicit) and
the skills we just use (implicit).

e They will see how damage to these areas can affect learning and memory.

e They will understand how parts of the brain work with each other to help us learn better
in our daily lives.

STRUCTURE:

20.1 Introduction
20.2 Overview of Brain Structures in Learning
20.3 Importance of Specialised Brain Regions

20.4 The Hippocampus
20.4.1 Structure and Location
20.4.2 Role in Declarative (Explicit) Memory
20.4.3 Role in Spatial and Contextual Learning
20.4.4 Memory Consolidation
20.4.5 Evidence from Lesion and Imaging Studies

20.5 The Cerebellum
20.5.1 Structure and Motor Coordination
20.5.2 Role in Procedural (Implicit) Learning
20.5.3 Classical Conditioning (Eyeblink Response)
20.5.4 Timing, Prediction, and Motor SKkills
20.5.5 Evidence from Animal and Human Studies

20.6 Comparative Analysis: Hippocampus vs. Cerebellum
20.5.1 Types of Memory and Learning
20.5.2 Conscious vs. Unconscious Processing
20.5.3 Functional Specialisation

20.6 Clinical and Experimental Evidence
20.6.1 Amnesia and Hippocampal Damage
20.6.2 Ataxia and Cerebellar Lesions
20.6.3 Implications for Rehabilitation and Therapy

20.7 Summary of Roles

20.8 Integration in Learning Processes
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20.1 INTRODUCTION:

Learning is a complex neurobiological process involving several brain areas that act together
to encode, store, and retrieve information. The hippocampus and cerebellum are two such
areas associated with learning. The hippocampus rests in the medial temporal lobe and is
critical for supporting declarative memory, which is defined as the conscious recollection of
facts and events witnessed. As such, the hippocampus acts as an entry point into the brain
where experiences are processed as short-term memories before being consolidated as long-
term memories. Often, injuries sustained by the hippocampus result in suppressed memory
and navigational abilities.

The cerebellum is located in the dorsal/extranjugal region of the brain and has been
historically associated with motor coordination and balance development. More recently,
research has identified motor learning or procedural learning as an additional learning
function as found in repetitive practice conditions. Training a skill through multiple
repetitions, e.g., riding a bicycle or practising a musical instrument, suggests that learning
takes place via the cerebellum. The cerebellum fine-tunes movement and error correction and
is implicated in action prediction. As a learning mechanism, the cerebellum and its
phenomenological outcomes (action, cognition, etc). In conclusion, the cerebellum is
involved in motor learning, declarative memory, technical writing (language), and all tasks
that require attention. The present understanding of the cerebellum helps to better understand
the brain's capacity to specialise in different types of learning processes.

Knowing how different brain regions contribute to a shared function is useful for informing
the design of effective teaching and learning processes and for developing rehabilitation
programs for individuals with neurological injuries. In all, the hippocampus and cerebellum
highlight the brain’s ability to specialise and enable learning.

20.2 OVERVIEW OF BRAIN STRUCTURES IN LEARNING:

The human brain is made up of complicated and complex arrangements of specialised
structures that contribute uniquely to the multiple layers of learning. Learning can take many
shapes, including learning new skills or knowledge and always requires various brain regions
(Hippocampus, cerebellum, prefrontal cortex, amygdala, and basal ganglia) to work in an
organised manner. Each of these structures can carry out some independent tasks during the
learning process, depending on the learning type (cognitive, emotional, or motor).

The hippocampus consolidates episodic and spatial learning by converting incoming short-
term memory into long-term storage, the prefrontal cortex completes executive functions
(thinking skills) the regulation attention during learning, and the amygdala allows
experiences to be encoded with emotional relevance, which allows for stronger retrieval or
memory retention. The basal ganglia, much like the cerebellum, allow for habit formation and
motor learning by strengthening patterns or through execution by repetition.

Neuroimaging studies corroborate that regions of the brain are activated under different
learning tasks (remembering a story, solving a math problem, or performing a dance query),
which further speaks to the collaboration that is involved in successful learning. This
coordination is surely complex and complicated, but it is designed to be adaptive, context-
based, and resilient in times of change. For both educational neuroscience and assessing
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interventions, the layers of complexity of these brain structures and their role in learning must
be well understood.

20.3 IMPORTANCE OF SPECIALISED BRAIN REGIONS:

Because specialised brain regions allow the brain to process different forms of information in
specific ways, they hold a vital role in effective learning. Each specialised brain region
contributes depending on its functional and structural capabilities, making it possible to learn,
have information organised, retain information, and recall information effectively. The
hippocampus specialises in forming and relaying episodic and declarative memories, which
are essential to academic learning, navigation, and recalling episodes of your life.

The cerebellum, although thought of as primarily a motor centre, is receiving more attention
with regard to its implicit learning, Time, sequencing, and cognitive modulation
contributions. As a specialised integration centre, the cerebellum can adapt quickly to the
learner's situation with practice or to a coordination-patterned task (e.g., sports, musical
ability, articulation in language).

The understanding of functional specialisation is advantageous from an evolutionary
perspective from a neuro-afunctional standpoint because the process of complex information
processing is distributed across the brain through the integration of continuously operating
specialised systems. If there is a problem with one of the specialised systems (e.g., a
locksmith or repair shop), then the brain creates deficits/dysfunction in behaviours/tasks that
have specified processing through a specialised region (e.g., hippocampal damage results in
amnesia; cerebellar dysfunction subsequently affects motor skill acquisition).

The importance of the specialised systems gives awareness not just to research in
neuroscience but also to teaching concerning education. Learning processes can target an
approach to learning and support the brain's natural timeline (e.g., memory retention, skill
acquisition, and academic/cognitive success).

20.4 THE HIPPOCAMPUS:

The hippocampus is an important brain structure that plays a key role in learning and
memory. It is composed of a seahorse-shaped structure, found in the medial temporal lobe
and is part of the limbic system. As a convergence zone providing access to large amounts of
incoming sensory information, the hippocampus coordinates incoming sensory information,
determines where it “fits into” previously stored information, and organises it into coherent
and retrievable memory traces. The hippocampus is primarily known due to its role in
declarative memory, which includes facts, events, and spatial learning, such as navigating
through one's world.

The hippocampus is therefore important for an additional part of the learning and memory
process, that being memory or developing into new memories. This process, typically
referred to as memory consolidation, refers to the stability of memories after they are first
acquired. In the process of memory consolidation, it is believed that the hippocampus allows
information to be transferred, hence integrated over time, to other brain structures, primarily
comprising the cortex and subcortex.
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When a person suffers damage to the hippocampus, either with amnesia or through lesions,
they typically have serious memory problems that involve deficits in forming new memories.
Neuroimaging studies, including fMRI studies, have largely used the hippocampus to
measure when subjects engage in new learning tasks. Thus, the hippocampus may serve as
the “bridge” between experience and memory, and is responsible for allowing learning to be
meaningful and enduring.

20.4.1 Structure and Location:

The hippocampus is a bilaterally C-shaped structure within the medial temporal lobe of the
brain situated just below the cortical surface. It is a component of the limbic system, which
governs emotion and memory, and consists of three main regions: the dentate gyrus, the CA
(Cornu Ammonis) fields CA1-CA4, and the subiculum. In addition, the three primary areas
are composed of similarly layered components or modules, and their interconnectivity
facilitates complex neural signal travelling.

The hippocampus primarily functions with input from the entorhinal cortex, which serves as a
hub for sensory/cognitive information coming in from multiple cortical areas, then routing
that information through what is referred to as the trisynaptic circuit, which is essential to
synaptic plasticity, a physiological mechanism of learning and memory.

Because the hippocampus lies deep within the temporal lobe of the brain, it is ideally situated
to link externally driven stimuli to the internally driven states to form coherent memory
representations. Therefore, the hippocampus can be considered a central processor in learning
related functions.

20.4.2 Role in Declarative (Explicit) Memory

The hippocampus plays an important role in declarative (aka explicit) memory. Declarative
memory includes both memory of facts (semantic memory) as well as memories of personal
experiences (episodic memory). The hippocampus is responsible for encoding, organising,
and retrieving declarative memory. The hippocampus serves as an initial temporary store that
not only consolidates memories but also transfers them to long-term storage capacity in the
neocortex.

When forming declarative memory, the hippocampus is critical in establishing associations
between discrete pieces of information so we can remember a name, date, or the specific
details of a past event. The hippocampus is critical for both verbal and non-verbal learning
tasks that require recalling, either by meaning or verbal statements, or by retrieving a detailed
stream of conscious experience will activate the hippocampus and associated areas of the
brain.

Patients who suffer damage to their hippocampus usually present with anterograde amnesia
(the inability to acquire new declarative memories), including famous or well-documented
cases such as patient H.M., who lost massive amounts of memory functions when both of his
hippocampi were cut out or removed. The hippocampus is functionally required if we are to
consciously, effortfully create or recall academic or experiential learning.

20.4.3 Role in Spatial and Contextual Learning
The hippocampus is engaged with spatial learning and contextual memory, allowing an
individual to physically navigate environments and recall contextual facets of events. It
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creates cognitive maps, or internal representations of the spatial relationships between objects
and locations.

Typical experiments in rodents (Morris water maze tasks) have shown that lesions to the
hippocampus result in not being able to remember the spatial cues of the environment and
subsequently not being able to navigate it with any efficiency at all. This leads to the human
experience of not being able to remember locations or spatial arrangements (e.g., not
knowing how to navigate your way around a new city).

In contextual learning, the hippocampus can bind time and context markers of a memory
(e.g., where something occurred and when it happened), leading to the hippocampus being an
important structure in the formation of episodic memory. Functional imaging studies have
also shown increased activation in the hippocampus when individuals recall spatial routes or
spaces associated with their personal experience. This idea of utilising the dual nature of
spatial and contextual encoding serves as an important mechanism to facilitate adaptive
behaviour. The brain can create situation-specific memories of great detail to provide rich
learning opportunities for future survival.

20.4.4 Memory Consolidation

Memory consolidation is the process by which recently learned information is first stabilised
and then stored for later retrieval. The process is dependent on the hippocampus since it is the
temporary holding site for new memories before they are formed into long-term storage in the
neocortex. While we sleep (especially during slow-wave sleep), hippocampal neurons
reactivate patterns of neural activity that were formed during wakeful learning (known as
hippocampal reactivation). This reactivation helps to engage further in systems consolidation,
which enables memories to be strengthened and reorganised in the brain. Most research
indicates that this reactivation and consolidation will not be possible if a person has damage
to the hippocampus, which means this is a necessary structure to encode new memories. This
also means that the person can still recall older established memories that are not
hippocampus-dependent, which suggests that controlling memory formation does not prevent
the hippocampus not being the final storage site for neurobiological memories, but rather one
of the key processors in the full memory pathway experience. Consolidation is represented as
a measure of success in retaining information over time, in addition to being able to retrieve
the information when needed. Approximately, this is why the hippocampus is crucial in
learning that cannot be experienced in the immediate moment of that learning experience.

20.4.5 Evidence from Lesion and Imaging Studies

If we consider scientifically, the importance of the hippocampus in learning comes from
lesion studies and neuroimaging studies. In a number of lesion studies, including the famous
H.M. case and animal models, it was shown that damage to the hippocampus results in
marked memory deficits in which the individual is unable to form new declarative memories.
In rodents, hippocampal lesions result in impaired spatial navigation and clearly disrupted
contextual memory. In humans, similar deficits would be disorientation in space and amnesia.

Neuroimaging studies with Fmri and PET scans demonstrated that the hippocampus is
persistently active while actively recalling memories, reasoning spatial relationships of
objects in space, and learning. These functional imaging studies not only indicate the
continued activity (and resulting learning) in the hippocampus, but they also indicate that
hippocampal connectivity to other regions of the brain (for example, the prefrontal cortex and
parietal lobes) was very important for memory formation. Ultimately, we have good reason to
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believe that the hippocampus plays an important role in the encoding of new information, but
also the integrative processes of retrieval and consolidation, and demonstrates its importance
in the entire system of memory.

20.5 THE CEREBELLUM:

The cerebellum is a part of the brain located at the base of the brain, next to the brainstem.
Traditionally, the cerebellum has been studied for its involvement in motor control, but it is
also involved in many types of learning, especially procedural and implicit learning.
Although the cerebellum makes up approximately 10% of the brain's volume, it contains
more than 50% of the brain's neurons. As part of motor control and learning, the cerebellum
is involved in the coordination of movement, postural control, and motor precision.

The cerebellum is involved in concepts significant to learning, such as timing, prediction, and
automated learning of skills (examples include playing a musical instrument or developing
writing). The cerebellum is considered to be involved in the phenomena of classical
conditioning across a variety of tasks and responses, including those that require an eyeblink
response. When assessed together, the cerebellum appears to be capable of learning from
repeated associations.

The difference between the cerebellum and the hippocampus is found in the distinct roles of
conscious memory and the unconscious learning of habitual responses and routines. Other
forms of learned behaviour are also thought to engage the cerebellum, including cognitive
processes related to language and attention.

The evidence obtained from animals with cerebellar lesions and human neuroimaging
techniques has supported the idea that the cerebellum serves to regulate, optimise, or fine-
tune previously learned responses by allowing for feedback to drive later learning. As a part
of learning that relies on practice, timing, and repetition, the cerebellum is fundamental for
habitual forms of learning or what could be considered learning.

20.5.1. Structure and Motor Coordination

The cerebellum is a cauliflower-shaped and highly folded structure at the back of the brain,
just below the occipital lobes. It has two hemispheres and a central region (the vermis)
shaped like a worm, as well as three lobes (the anterior, posterior, and flocculonodular lobes).
The cerebellum has an outer layer of cortex (grey matter) and an inner layer of white matter
that includes deep nuclei, such as the dentate nucleus, which are important for motor control.
The cerebellum receives peripheral sensory information from the spinal cord, as well as
motor commands from the cerebral cortex, and these various sources of information
eventually converge when the cerebellum coordinates voluntary movements to produce
smooth and accurate motion.

Furthermore, when developed, the cerebellum regulates balance, posture, and muscle tonus
while executing rapid and highly skilled movements.

Through feedback loops between the cerebellum and the motor cortex, the cerebellum can
adapt and refine movement on the fly by using sensory information as it is presented, thus
making it especially valuable for motor learning and adaptation.
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20.5.2. Role in Procedural (Implicit) Learning

The cerebellum is essential for procedural memory, a type of implicit memory involving the
unconscious learning of skills and habits through repetition and practice. Easy recall of
procedural memory and implicit memory does not require conscious awareness, such as
knowing how to ride a bike. When performing the task, a person cannot verbalise the steps
involved.

Examples of procedural learning activities are riding a bicycle, playing a piano, and typing.
During these activities, the cerebellum facilitates the automatic enactment of learned muscle
sequences by modifying and refining muscle coordination.

Evidence has shown that if there is blunt force damage to the cerebellum, not only does the
individual have difficulty acquiring new motor skills, but the person also has difficulty
performing the same motor actions they had previously known, even if their other cognitive
functions remain intact. Additionally, functional magnetic resonance imaging studies showed
cerebellar activation when subjects engaged in tasks to acquire a new motor skill; thus, there
is evidence that the cerebellum is involved in establishing motor pathways efficiently.

Thus, the cerebellum is a hub for learning that becomes second nature through practice that
bypasses conscious recall and becomes embedded in a person's behaviour.

20.5.3. Classical Conditioning (Eyeblink Response)

The cerebellum is an essential neural substrate for classical conditioning, especially involving
simple forms of associative learning like eyeblink conditioning. In eyeblink conditioning, one
neutral stimulus (i.e. tone) is repeatedly paired with an unconditioned stimulus (i.e. air puff to
the eye) until the subject subsequently blinks in response to the tone alone.

According to the studies, the interpositus nucleus in combination with the cerebellar cortex is
needed both to acquire and store the conditioned response to the tone. Indeed, lesions of the
interpositus nucleus and/or cerebellar cortex eliminate the conditioned reflexive eyeblink
response, but do not eliminate the reflexive eyeblink response to the air puff. This type of
learning is described as non-declarative and automatic, and offers a valuable model for how
the brain learns temporal associations. In the case of eyeblink conditioning, the cerebellum
learns to time the events and trigger an appropriate motor response. These studies provide
empirical evidence for establishing a more active role for the cerebellum in relation to
associative learning and adaptive behaviour.

20.5.4. Timing, Prediction, and Motor Skills

The cerebellum is a highly specialised area of the brain that also has specific neuronal
circuitry to provide timing and prediction, both of which are essential to motor learning and
performance. It is responsible for timing, which allows coordinated movements, for example,
speaking, walking, or catching a ball at the right time. The timing function of the cerebellum
is also important for motor learning for sequential movement patterns, because it can predict
what the sensory outcome will be, and this allows for the possible adjustment of motor
output. It acts as a comparator to optimise action based on predicted outcomes and actual
outcomes.

While playing music or sports, the cerebellum allows for movement to be fluid and
anticipatory rather than reactive. Functional studies suggest that there is cerebellar activation
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even without movement, which means the cerebellum is predicting outcomes and rehearsing
a movement, or rehearsal for the prediction of error.

Coordinated movements would be lost without the proper function of the cerebellum, or else
end up being disorganised. Finally, this demonstrates that the cerebellum is necessary for
learning of skilled actions that require temporal precision and where the prediction of actions
is fundamental.

20.5.5. Evidence from Animal and Human Studies

Extensive evidence from research on both animals and humans supports the aspect of
learning in the cerebellum. For example, in animal research, when the cerebellum has been
lesioned, eyeblink conditioning, spatial navigation, and skill acquisition are negatively
impacted. In particular, rabbits with cerebellar lesions don’t develop conditioned eyeblink
response, thus demonstrating the importance of the cerebellum in associative learning.

In regard to humans, clinicians have documented that those suffering from cerebellar ataxia
have difficulty with balance, motor planning, and tasks related to procedural memory. In
addition, motor learning tasks are not the only ones; neuroimaging studies using fMRI and
PET scans have discovered consistent activation of the cerebellum during cognitive-based
tasks, as well as other non-motor functions, including attention and language skills.

Furthermore, other studies supporting the cerebellum’s role in various neurodevelopmental
and psychiatric disorders indicate that the cerebellum is a broader cognitive structure. These
studies provide support for the cerebellum as more than a motor structure, and evidence for
the brain’s structure in aspects of sensorimotor integration, timing, and learning to adapt
one’s behaviour.

In summary, these findings support the role of the cerebellum as a player in both
observational and cognitive elements of learning.

20.6. COMPARATIVE ANALYSIS: HIPPOCAMPUS VS. CEREBELLUM:

The hippocampus and cerebellum are two of the brain's important structures for learning and
memory, but they function in different ways in the neurocognitive system. The hippocampus
is linked with declarative (explicit) memory. This is the ability to consciously recollect facts
and experiences. The cerebellum, on the other hand, is critical for procedural (implicit)
learning, like motor skills and habits.

The major function of the hippocampus is to assist in the encoding, consolidation, and
retrieval of information you can describe consciously. This includes kinds of information like
names, dates, or locations. The cerebellum assists in the motor execution of learned, activated
movement, with no conscious attention. These movements include capacities like riding a
bicycle or typing.

To gain additional clarity, the hippocampus is more actively engaged when a learner is
experiencing learning episodically, more often activating the process of episodic encoding.
Whereas the cerebellum is primarily concerned with practising processes involving timing,
predicting outcomes, and repeating what you’ve learned. Clearly, functional specialisation
and the differing neural circuitry within the brain influence the simultaneous conscious or
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unconscious learning of different tasks by the brain, whether they are cognitive or motor
learning tasks.

Both structures function as an extension of larger neural networks and are critical to the
execution of adaptive behaviour. Understanding of the unique and reciprocal roles of the
hippocampus and cerebellum enriches understanding of the conceptual frameworks of
neuroscience, and additionally guides approaches to education and interventions,
rehabilitation, or therapy for memory or motor disorders.

Hippocampus Cerebellum

Related to Declarative (explicit) memory Relation to Procedural (implicit) memory

Enabling conscious learning and remembering | Enabling unconscious, automatic behaviour to
learn skills

Essential for the process of encoding facts, Essential for the process of coordinating
events, and spatial information movement and executing skills

Active in processes of memory consolidation | active in processes of timing, prediction, and
and memory retrieval correcting errors

Damage leads to memory loss (e.g. amnesia) | Damage leads to loss of coordination and
balance

20.6.1. Types of Memory and Learning

The hippocampus and the cerebellum are engaged in distinct types of memory and learning.
The hippocampus is responsible for declarative (or explicit) memory, which includes either
semantic memory (facts) or episodic memory (personal experiences). This type of learning is
conscious, can be verbalised, and is often dependent on context and meaning. In contrast, the
cerebellum is responsible for procedural (or implicit) memory, which involves skills and
habits learned through repetition, like swimming or playing a musical instrument. Procedural
learning is almost entirely unconscious. Rather than depending upon conscious recollection
or office use of memory, it is revealed through performance and action.

The hippocampus is important for rapid learning of single experiences, such as recalling a
conversation, but the cerebellum is important for gradually learning single and cumulative
motor responses over time through repeated practice and feedback.

Thus, these two structures support distinctly different types of learning, where the
hippocampus supports cognitive and contextual types of learning, while the cerebellum
supports more motor and skill-based learning, all of which are essential to develop
holistically.

20.6.2. Conscious vs. Unconscious Processing

The most fundamental difference between the hippocampus and the cerebellum involves
conscious and unconscious processing. The hippocampus controls learning we are conscious
of, knowing we are learning, for example, when memorising historical dates, or remembering
a past event. This conscious learning needs to be actively attended to to encode anything
meaningful into long-term memory.
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The cerebellum functions primarily unconsciously; a person learns motor patterns and habits
while typically not focusing on anything at all (i.e. how to walk, dance, or talk fluently, etc.).
This unconscious, or automatic learning, allows our bodies to function more efficiently,
which is important for all repetitive tasks.

Hippocampal learning is flexible and context-sensitive; cerebellar learning, on the other hand,
is rigid but is very efficient, especially for repetitive actions. Both systems exemplify the
brain’s unique dual systems- knowing/memory versus doing/repetition. Both systems are
important, necessary, and should be balanced in terms of coordinated cognitive-motor
development.

Conscious Processing (Hippocampus) Unconscious Processing (Cerebellum)

Is aware and intentional learning Occurs automatically with no conscious effort

Supports declarative memory (facts, events) | Supports procedural memory (skills, habits)

Learning is fast and based on context Learning is slow but strengthened by practice

Information can be recalled and verbalised. Learning is shown through performance, not
words.

Damage can lead to forgetting (e.g., Damage can lead to poor coordination and

anterograde amnesia) motor skills

20.6.3. Functional Specialisation

The hippocampus and cerebellum serve as examples of the brain’s functional specialisation
principle, in which different regions perform distinct specialised tasks. The hippocampus is
functionally specialised for declarative memories, specifically for encoding, consolidating,
and retrieving them. Declarative memories are especially important in learning associated
with facts, events, and spatial contexts. The hippocampus is characterised by a trisynaptic
circuit and has been identified as an extremely plastic structure, quickly reorganising to
incorporate new experiences.

In contrast, the cerebellum can be thought of as functionally specialised for motor planning,
timing, movement prediction, and implicit learning. It is also a highly laminated structure
organised into elements that consist of precise feedback loops that are receiving, regulating,
and refining movement, making use of repeated stimuli.

Functional specialisation allows the hippocampus to encode a range of experiences
meaningfully and flexibly, and is configured to perform the final automatic execution of a
skill via the cerebellum through practice.

The specialisation of these structures allows them to communicate with other structures
within the brain (e.g., the prefrontal cortex and basal ganglia), and for learning to be
functional and integrated, while acquiring skills or facts through these structures can use and
assist conscious to unconscious means of organisation and acquisition. Ultimately, this
intertwined learning system is further complemented by the functional specialisation within
the hippocampus and cerebellum during memory and skill learning, with the distinction that
conscious memory functions involved in the acquisition of facts notably differ from memory
systems in which we acquire efficient unconscious skills.
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20.7 CLINICAL AND EXPERIMENTAL EVIDENCE:

Clinical and experimental evidence has uncovered important evidence regarding the unique
contributions of the hippocampus and cerebellum in learning and memory. Loss of function
in these structures produces specific and quantifiable deficits that help to characterise their
roles. Hippocampal damage is most commonly related to forms of amnesia. The types of
amnesia associated with hippocampal damage are usually the inability to form new
declarative memories. Patients with hippocampal damage may be able to remember events in
their past but have trouble forming new memories. This highlights the contribution of the
hippocampus in the consolidation of memories.

When a person has a cerebellar lesion, they suffer from ataxia or an impaired ability to
coordinate movement and maintain balance. Patients with cerebellar lesions presented with
obstacles when learning new motor skills and adjusting to a task. Similarly, conditioning
studies and lesion studies of animals support these observations.

Understanding these deficits will lead to improved approaches to rehabilitation and therapy.
Evidence-based clinical application will form part of the theoretical content for our future
research and practice. As with the interventions that rely upon the principles of
neuroplasticity, rehabilitation requires the use of evidence-based interventions and programs
that involve exercises that emphasise a patient's strengths by using intact areas of the brain or
not affected areas of the brain. Clinical evidence can help clarify and evidence how the brain
functions, but it can also alter the way we determine the best strategies for patient care.

20.7.1 Amnesia and Hippocampal Damage

Hippocampal damage is most frequently associated with anterograde amnesia, where
individuals lose the capacity to form new memories following the injury. This was a famous
differences in the case of patient H.M., who experienced the bilateral removal of the
hippocampus to alleviate epilepsy. Post-surgery, H.M. had memories intact but was unable
to encode new declarative information such as names, dates or daily specialist events.

Advanced imaging using MRI and PET scan technology has convincingly confirmed
diminished hippocampal activity in Alzheimer’s patients and in other disorders of memory,
confirming interneuron activity associated with memory consolidation in the hippocampus.

Animal studies corroborate these results, as rodents with hippocampal lesions cannot learn
their way out of a maze and can lose their way when navigating their environment. Even
when the learned behaviour can be demonstrated by an intelligent and functional individual,
there remains a profound absence of the ability to form either episodic or semantic memories,
indicating the hippocampus is vital to conscious learning. These neurological observations
are the ramparts of memory rehabilitation strategies in patients with temporal lobe injury.

20.7.2 Ataxia and Cerebellar Lesions

Ataxia is a common neurological condition that involves impaired coordination, balance
difficulties, and inaccurate motor performance, and is the most common neurological
symptom associated with cerebellar lesions. People with cerebellar injury demonstrate
significant difficulty with fine motor movements, including writing, walking in a straight
line, and pasting an object. These examples stem from the cerebellum’s task of motor
learning and precision. Clinical features might include dysmetria (difficulty judging
distance), intention tremor, and wording disturbance (ataxic dysarthria). Most notably,
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although patients with cerebellar injury are impaired, they retain cognitive and declarative
memory learning patterns, suggesting that their motor deficit is isolated to the motor systems.
Some evidence from animals supports this: rats or rabbits with cerebellar lesions cannot learn
conditioned response eyeblink responses, nor adapt to motor contexts. Additionally,
neuroimaging studies show reduced activation of the cerebellum when examined with a
similar motor learning task in cerebellar degeneration patients. Thus, it is clear that the
cerebellum may not support conscious memory but is necessary for learning that requires
timing, coordination, and prediction.

20.7.3 Implications for Rehabilitation and Therapy

There are important differences in the dual role of the hippocampus and cerebellum beyond
pure learning that may have therapeutic and rehabilitative implications. Compared to patients
with damage to the hippocampus, therapies for patients with cerebellar lesions primarily
emphasise retraining motor skills through physiotherapy, balance training, and implicit
learning based on repetitive movements. The rehabilitative process uses robotic-assisted
technologies, virtual reality, as well as biofeedback and other sensory-motor integration
technologies to benefit specific procedural skills when retraining gross motor systems.

There is a subtle balance between the two areas of learning, as both rely on principles of
neuroplastic through task-specific and repetitive learning and practice to assist other areas of
the brain in compensating for damage. A holistic approach that includes teamwork from
neurologists, occupational therapists and psychologists provides collaborative therapeutic
recovery care.

These theories and evidence-based cognitive and motor rehabilitation and therapy
interventions do not result in merely restoring function but enhancing quality of life and
ultimately directing therapies aimed at tapping into the brain’s natural learning systems.

20.8 SUMMARY OF ROLES:

Learning occurs in the hippocampus and cerebellum, and both are essential but different parts
of the learning process. The hippocampus is mainly responsible for declarative (explicit)
memory, including conscious encoding, storage, and retrieval of facts, events, and spatial
information. The product of this process is a meaningful, contextualised memory which, in
turn, is the basis for academic learning, functional lifelong learning and everyday
functioning.

The cerebellum is involved in procedural (implicit) memory, which enables unconscious
learning of motor skills, coordination and reflexes. It also allows refinement of every action
previously learned through practice. The cerebellum regulates motor sequences, the timing of
various actions, and associative learning, including classical conditioning. Together, these
areas of the brain provide a dual foundation for both cognitive and motor forms of learning.

20.9 INTEGRATION IN LEARNING PROCESSES:

Even if they have distinct functions, the hippocampus and cerebellum belong to wider neural
networks that support the development of integrative learning. For example, learning a new
language or musical instrument likely includes both explicit knowledge (hippocampal) and
practising through repetition (cerebellar). The overlapping interactions with the prefrontal
cortex, basal ganglia and sensory cortices allow explicit learning and embodied experience to
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blend into a unified learning experience. The conscious cognitive strategies (hippocampal)
guide action, while the repeated action reinforces the skill (cerebellar).

This type of learning integration is most apparent in complex tasks that require conscious
coordination of thought and movement, such as athletic skill practice, dance, or learning
through play. As a result, the hippocampus and cerebellum work collaboratively to promote
integrative learning outcomes.

Answer the following questions: (5*1=5 marks)

1.

2.
3.

4,
5

Distinguish between the roles of the cerebellum and hippocampus in learning and
memory.

Describe the role of the hippocampus in spatial and contextual learning.

Describe the role of the cerebellum in procedural learning and coordination of motor
skills.

What clinical evidence supports the hippocampus's role in memory formation?

How are the cerebellum and hippocampus interdependent during complex learning
experiences?

Answer the following questions: (10*1=10 marks)

1.

2.

Specifically outline the structural and functional distinctions between the hippocampus
and cerebellum in terms of types of memory, modes of processing, and clinical value.
Discuss the contribution of the hippocampus in learning, including its role in declarative
memory, spatial learning, contextual encoding, and consolidation. Provide experimental
details to support your answer.

. Outline the role of the cerebellum with respect to procedural learning, motor coordination,

and classical conditioning, and the significance of the cerebellum regarding timing,
predicting, and acquiring skills.

. Assess the clinical and experimental evidence indicating the functions of the hippocampus

and cerebellum as related to learning, utilising study-case examples, lesion studies, and
neuroimaging.

. Discuss how the understanding of hippocampal and cerebellar functions, and the roles

these brain structures play in rehabilitation and therapy in neurological patients, can
inform recovery attempts based on neuroplasticity.

- Dr. Abdul Raffie Naik




