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Vice-Chancellor's Message

The Distance Learning Centre is building on a sthdlition of over two decades of service
the provision of External Studies Programme and Bastance Learning Education in Nige
and beyond. The Distance Learning mode to whichargecommitted is providing access
many deserving Nigerians in having access to higlercation especially those who by
nature of their engagement do not have the luxdryuth time education. Remtly, it is
contributing in no small measure to providing pader teeming Nigerian youths who for ¢
reason or the other could not get admission irdactimventional universitie
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Foreword

As part of its vision of providing education ftiiberty and Development” for Nigerians and
the International Community, the University of llaag Distance Learning Centre has recently
embarked on a vigorous repositioning agenda whiote@d at embracing a holistic and all
encompassing approach to the delivery of its Opitance Learning (ODL) programmes.
Thus we are committed to global best practicesigtadce learning provision. Apart from
providing an efficient administrative and acadesupport for our students, we are committed
to providing educational resource materials fordke of our students. We are convinced that,
without an up-to-date, learner-friendly and diswtgarning compliant course materials, there
cannot be any basis to lay claim to being a provafedistance learning education. Indeed,
availability of appropriate course materials in tipé formats is the hub of any distance
learning provision worldwide.

In view of the above, we are vigorously pursuingaasnatter of priority, the provision of
credible, learner-friendly and interactive courssenals for all our courses. We commissioned
the authoring of, and review of course materialte@mms of experts and their outputs were
subjected to rigorous peer review to ensure standBhe approach not only emphasizes
cognitive knowledge, but also skills and humane@salwhich are at the core of education, even
in an ICT age.

The development of the materials which is on-gaatgp had input from experienced editors
and illustrators who have ensured that they arerate, current and learner-friendly. They are
specially written with distance learners in minchisl is very important because, distance
learning involves non-residential students who coften feel isolated from the community of
learners.

It is important to note that, for a distance learimeexcel there is the need to source and read
relevant materials apart from this course matefiberefore, adequate supplementary reading
materials as well as other information sourcesaggested in the course materials.

Apart from the responsibility for you to read tlusurse material with others, you are also
advised to seek assistance from your course foilid especially academic advisors during
your study even before the interactive session lwrhidoy design for revision. Your academic
advisors will assist you using convenient technglowluding Google Hang Out, You Tube,
Talk Fusion, etc. but you have to take advantagth@de. It is also going to be of immense
advantage if you complete assignments as at whersduwas to have necessary feedbacks as a
guide.

The implication of the above is that, a distarezher has a responsibility to develop requisite
distance learning culture which includes diligent alisciplined self-study, seeking available
administrative and academic support and acquisitibbasic information technology skills.
This is why you are encouraged to develop your edewpskills by availing yourself the
opportunity of training that the Centre’s providelgut these into use.



In conclusion, it is envisaged that the course matewould also be useful for the regular
students of tertiary institutions in Nigeria whe daced with a dearth of high quality textbooks.
We are therefore, delighted to present these titldmth our distance learning students and the
university’s regular students. We are confideat the materials will be an invaluable resource
to all.

We would like to thank all our authors, reviewersl roduction staff for the high quality of
work.

Best wishes.

@A—mﬁi

Professor Bayo Okunade
Director
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About this course manual

About this course manual

Introduction to Physiological Psychology PSY207 basn produced by
University of Ibadan Distance Learning Centre. &lurse manuals
produced by University of Ibadan Distance Learr@®gtreare structured
in the same way, as outlined below.

How this course manual is

structured

The course overview

The course overview gives you a general introdactio the course.
Information contained in the course overview wélhyou determine:

= If the course is suitable for you.

* What you will already need to know.

» What you can expect from the course.

= How much time you will need to invest to compldte tourse.
The overview also provides guidance on:

= Study skills.

= Where to get help.

= Course assignments and assessments.

= Margin icons.

We strongly recommend that you read the overveanefully before
starting your study.

The course content

The course is broken down into Study Sessions. E3iddy Session
comprises:

= An introduction to the Study Session content.

= Study Session outcomes.

= Core content of the Study Session with a varietigaifning activities.
» A Study Session summary.

= Assignments and/or assessments, as applicable.

= Bibliography
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Your comments

After completing Introduction to Physiological Pegdogy we would
appreciate it if you would take a few moments teegis your feedback
on any aspect of this course. Your feedback migtitde comments on:

Your constructive feedback will help us to improaed enhance this

Course content and structure.

Course reading materials and resources.

Course assignments.

Course assessments.

Course duration.

Course support (assigned tutors, technical hetp), et

course.



Course Overview

Course Overview

Welcome to Introduction to
Physiological Psychology

PSY207

Physiological psychology offers studies on therextéons betwee
physical and chemical processes in the body andainstates o
behaviour. It provides the foundational basis faary building fol
which scientific explanations could be providectarify and
contextualise human behavic

As a follow-up to the foundational course “Introduction to Feyogy/
Psychobiological Basis of behaviour,” Physiologipaychology explore
the relationshipsetween the anatomical layout of organs,
relationship between possible changes in cellgrm@nd tissues a
tissues functioning, which by extension determim@smian mente
functioning, and ultimately human behaviour. Therse, therefore
serves ¢ background for which scientific explanations toigas humar
behaviour is providec

Course outcomes

Outcomes

Upon completion olntroductionto Physiological Psycholo PSY207
you will be able tc

= describe the physiology of the nervous system

= analyse the physiological system involved in behavi

= point out the behavioural consequence of damage to the ne
system.

Timeframe

This is a 15 weecourse. It requires a formal study time of 45 hotite
formal study times are scheduled around onlineudisions / chats wit
your course facilitator / academic advisor to féaiié your learning
Kindly see course calendar on your course websitecheduled dates.
You will still require independent/personal studye particularly ir
studying your course materiz
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How to be successful in this

course

As an open and distance learner your approaclatoifey will be
different to that from your siool days, where you had onsite educat
You will now choose what you want to study, youl\wéve profession:
and/or personal motivation for doing so and you mibst likely be
fitting your study activities around other professl or domesti
responibilities.

Essentially you will be taking control of your learg environment. As
consequence, you will need to consider performéswes related 1
time management, goal setting, stress managentenBerhaps you wi
also need to reacquaint youlf in areas such as essay planning, co
with exams and using the web as a learning rest

We recommend that you take time r—before starting your se
study—to familiarize yourself with these issues. Them anumber ¢
excellent resources on tweb. A few suggested links a

= http://www.dlc.ui.edu.ng/resources/studyskill.

This is a resource of the UIDLC pilot course modiYleu will find
sections on building study skills, time .eduling, basic concentratic
techniques, control of the study environment, nakéng, how to rea
essays for analysis and memory skills (“remembéyi

= http://www.ivywise.cor/newsletter march13 how to self study.

This site provides how to master ¢studying, with bias to emergir
technologies

= http://www.howtostudy.org/resources.|

Another “How to study” web site ith useful links to time
management, efficient reading, questioning/listgfibserving skills
getting the most out of doing (“har-on” learning), memory building
tips for staying motivated, developing a learnitan

The above links are our suggestito start you on your way. At the tin
of writing these web links were active. If you wamtiook for more, go t
www.google.cor and type “self-study basics”, “sedfudy tips”, “self-
study skills” or similar phrase
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Need help?

&

As earlier noted, this course manual complemerdssapplement
PSY20'at Ul Mobile Class as an online course.

You may contact any of ttfollowing units for information, learnin

Help resources and library servic

Distance Learning Centre (DLC Head Office

University of Ibadan, Niger Morohundiya Complexlbadan-

Tel: (+234) 08077593551 — 55 llorin Expresswa, Idi-Ose,

(Student Support Officer: Ibadan.

Email: ssu@dlc.ui.edu.ng

Information Centre Lagos Office

20 Awolowo Road, Bodiji Speedwriting House, No. !

Ibadan Ajanaku Street, Off Salvatic
Bus Stop, Awuse Estate, Ope
Ikeja, Lagos

For technical issues (computer problems, web acaesisetcetera

pleasesend mail to webmaster@dic.ui.edu.ng.

Academic Support

&

Help

A course facilitator is commissioned for this caurgou have also bet
assigned an academic advisor to provide learnipg@t. The contacts
your course facilitator and academic advisor fig tourse are availab
atonlineacademicsupport@dic.ui.edL

Activities

Activities

This manual features “Activities,” which mayresent material that
NOT extensively covered in the Study Sessidwhen completing the:
activities, you will demonstrate younderstanding of basic material (
answering questions) bae you learn more advanced cons. You will
be provided with answers to every activity questibimerefore, you
emphasis when waing the activities should be on understanding
answers.t is more important that you understand why eveiswger is
correct
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Assessments
There are three basic forms of assessment indhise: i-text questions
@ (ITQs) and self assessment questions (SAQs), aodrarkec
assessment (TMAs). Ts manual is essentially filled with ITQs a

SAQs. Feedbacks to the ITQs are placed immediafedy the question:
Assessments while the feedbacks to SAQs are at the back of mlaMou will receive
your TMAs as part of online class activities at thieMobile Clas.
Feedbacks to TMAs will be provided by your tutomiot more than
weeks expected duratic
Schedule dates for submitting assignments and ergagcourse / clas
activities is available on the course website. Kindsit your course
website oftenor updates.

Bibliography

. For those interested in learning r on this subjectwe provide you witt
I a list of additional resourceat the end of thisourse manu; these may
be books, articles wwebsites.

Readings
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Getting around this course manual

Margin icons

While working through thiscourse manual you Winotice the frequent
use ofmargin icons. These icons serve'sgnpost” a particular piece «
text, a new task or change in activity; they hagerbincluded to help yc
to find your way around thicourse manual.

A complete icon set is shown below. We suggest yioat familiarize
yourself with the icons and their meaning befoegtstg your stud

=,

Activity Assessment Assignment Case study
Discussion Group Activity Help Outcomes
o |
...
Note Reflection Reading Study skills
/o7 0,
Summary Terminology Time Tip




Study Session 1 The Meaning and Scope of Physiological Psychology

Study Session 1

The Meaning and Scope of Physiological
Psychology

Introduction

This Study Session introduces you to the meanimgsaope of the field

of physiological psychology. Highlights include tiseientific basis of

views in physiological psychology with emphasis thie relevance of

findings in earlier scientific experiments in gaigia better understanding
in the field.

earning Outcomes

When you have studied this session, you shouldleeta:

1.1 define physiological psychology.
1.2 explore various scientific experiments related trious aspects of
human functioning.

1.3 apply knowledge about the various research invaistigs in explaining
human behaviour.

1.1 Meaning of Physiological Psychology

Physiological psychology is the science that studie biological bases
of behaviour. For this reason, physiological psyobp is sometimes
referred to as biological psychology, biopsychology psychobiology.
This means that the physiological psychologist istudhe biological
factors (as opposed to economic, social, or culfardors) that cause or
constitute behaviour.

Although the expression biological bases of behaviefers to a large
number of physiological processes, contemporarygeis&quates
biological bases with neural substrates (David 4088). Consequently,
physiological psychology today is a synonym of hibral neuroscience
rather than a synonym of psychobiology as it usdektin the 1950s.

A contemporary definition of physiological psychgjo would refer,
therefore, not to the biological bases of behavibut to the neural
substrates of behavior (including the special clak$ehavior called
mental activity). The name physiological psycholdmps been adopted
by numerous authors, although several alternat@mes have been
proposed, such as biopsychology, psychobiology, rapesychology,
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neurobehavioral science, behavioral neuroscienu,others. In certain
instances, names that might seem alternative natteslly designate
subspecialties of physiological psychology, suchnasropsychology,
psychophysiology, and neuroethology.

1.2 Scope of Physiological Psychology

10

Physiological psychologists study behavioral phesanthat can be
observed in nonhuman animals. They attempt to wstaled the
physiology of behavior: the role of the nervousteys interacting with
the rest of the body (especially the endocrineesystwhich secretes
hormones), in controlling behavior. They study stichics as sensory
processes, sleep, emotional behavior, ingestiveavi@h aggressive
behavior, sexual behavior, parental behavior, aadning and memory.
They also study animal models of disorders thdicatiumans, such as
anxiety, depression, obsessions and compulsiondjgd) psychosomatic
illnesses, and schizophrenia.

Although physiological psychology is the originadme for this field,
several other terms are now in general use, sublokgical psychology,
biopsychology, psychobiology, and behavioral netisoge.
Physiological psychology belongs to the largerdfieff neuroscience.
Neuroscientists concern themselves with all aspeftshe nervous
system: its anatomy, chemistry, physiology, dewveiept, and
functioning. The research of neuroscientists rarfges the study of
molecular genetics to the study of social behavior.

Most professional physiological psychologists ampkyed by colleges
and universities, where they are engaged in tegcmd research. Others
are employed by institutions devoted to researcHor example,
laboratories owned and operated by national goventsnor by private
philanthropic organisations. A few works in indystrusually for
pharmaceutical companies that are interested iesasg) the effects of
drugs on behavior. To become a professor or indipdmnresearcher, one
must receive a doctorate. Nowadays, most physicébgisychologists
spend two years in temporary postdoctoral positworking in the
laboratory of a senior scientist to gain more regea&xperience. Two
other fields often overlap with that of physiolagiic psychology:
neurology and experimental neuropsychology. Negiste are
physicians involved in the diagnosis and treatnm@ntiseases of the
nervous system.

1.2.1 Experiments related to various aspects of human
behaviour

A number of examples and counter-examples of typés@erimental
studies will help delineate the boundaries of ptiggjical psychology.
Two of the most vivid examples of the study of theural basis of
behavior are the evocation of visual and auditorpegiences by
electrical stimulation of specific sites on theed®al cortex in humans
and the evocation of what seems to be the ultirmatsation of pleasure
by stimulation of diencephalic structures in r&s the other hand, the
study of the areas of the brain involved in muscuotlavements evoked
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by electrical stimulation of the motor cortex wouddlong to neurology
or neurophysiology rather than physiological psyoby, since only the
neural component (and not the behavioral one) iagb@évestigated.
Analogously, the evocation of thermoregulatory hvéta by thermal
stimulation of the hypothalamus belongs to phygimal psychology,
whereas the study of electrophysiological charaties of thermal
receptors in the brain does not.

Naturally, this distinction implies no attributiaf scientific merit or of
conceptual incommensurability. Electrophysiology as scientifically
important as physiological psychology, and an ebgitysiological
experiment that investigates, for instance, thadircharacteristics of
thermal receptors in the monkey's hand is extremejuable for
physiological psychology if the results are conedawith results from
psychophysical experiments on thermal discrimimaiio humans. The
same may be said about the study of the relatipnfetween the
electrical activity of single neurons in the infaricolliculus of the
newborn mouse and the ability of these animalsepaond to acoustic
stimuli.

Many additional examples may be given: the mapmhgrain regions
that are active during ingestive behavior and titébition of ingestive
behaviour by infusion of nutrients directly intcethat brain are examples
of research in physiological psychology. On theeothand, the study of
the effects of changes in taste and nutrient cordefood on ingestive
behavior in humans and the study of how taste @rers learned in rats
belong to behavioural psychology or regulatory piggy rather than to
physiological psychology, since only the behavibummponent (and not
the neural one) is being investigated. Analogouslg, investigation of
the effects of cerebellar lesions on emotional bEhain rats, or of
cortical lesions on sensory discrimination, or gipocampal lesions on
memory, or of cortical lesions on learning cap#hilor of hypothalamic
lesions on thermoregulatory behavior are all exasy@f research in
physiological psychology. On the other hand, thelytof the sensory
determinants of suckling behavior in weanling ratspf social relations
among non-human primates, or of the punishmentephare in operant
conditioning, or of the behavioral thermal prefeemf the rat belong to
behavioral psychology and ethology rather than toysmlogical
psychology. As before, this distinction implies attribution of scientific
merit or of conceptual incommensurability.

Purely behavioral studies are just as importastadies that examine the
neural correlates of behavior. In fact, physiolagicpsychology,
behavioral psychology, neurophysiology, and reguaphysiology are
all interrelated sciences. Except for the few ekoeg described later on
in this book, all of these sciences contributeh® advancement of our
knowledge of how the animal body (including theitygerforms the
various tasks required for the survival of the undlial and the species
and for the enjoyment of human existence.

11
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Reading Activity

Time allowed
20 minutes

Introductionto Physiological Psycholoi

Read more about socio-behavioural experiments such as the Stanley Milgram’s
obedient experiment, Jose Delgado’s experiment on monkeys and other
experiments on electrical stimulation of the brain.

Links:  http://explorable.com/social-psychology-experiments

http://www.spring.org.uk/2007/11/10-piercing-insights-into-human-
nature.php

Note your findings in your journal

1.2.2 Application to human behaviour

Suppose a biological psychologist were to you that the anger yc
experience is merely a reflection of a patternabivéty in your brain, anc
that the romantic attraction you feel toward soneeds the result ¢
activity in another area of your brain. The psydgidt goes on to st
that you ar better at English that at algebra because thénédftof your
brain is a few millimeters thicker than the riglatifnand explains each
your other behaviours in terms of your other fesdupf your brain
Would you feel opposed to these explanati

Even though explaining these may be a little difficat times, it ic
largely plausible. However, it is additionally nesary to make
distinction between two types of biological explama i.e. biologica
factors that force a behavior to occur aiological factors that enable
behavior to occur. In some cases, the properti¢iseobrain or the rest
the body could force a behavior to occur. For eXampeople swes
because they become too hot. The pupil of the epstact in presenc
of bright light. In some other cases, biological influennay make :
behavior possible but not absolutely necessary. &wmmple, th
properties of your brain may predispose to aggoessbut you ma
choose to caution yourself from attacking somedse. e

Study Session Summary

/o7

Summary

In this Study Session, you learnt thahet field of physiologics
psychology seeks to explain animal and human beh#&dm biological
perspective. It stresses the relationship betwéamges in animal ar
human hsitocherstry on internal mechanism for controlling respa
to internal and external stimuli, and by extensiarman functioning
depicted in overt and overt behavio



Study Session 1 The Meaning and Scope of Physiological Psychology

Assessment

Define physiological psychology.

With the use of various scientific experiments expl 2
experiments related to various aspects of humactifuming

3. Apply knowledge about the various research invatitigs in
explaining human behaviour

N

Assignment

Bibliography

Colman, A. M. (2003).Oxford Dictionary of PsychologyOxford:
Oxford University Press

Waugh, A., and Grant, A. (200Anatomy and Physiology in Health
and lliness(9th ed.). Edinburgh, Churchill Livingstone.

Readings

13
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Study Session 2

The Mind-Brain Relationship

Introduction

Many are yet to believe that our thoughts and astere the result of the
result of physical processes in the brain. Ther iislationship between
our mind and our brain. Our conscious minds contnal behaviours
while our action is governed by a series of chempracesses in the
brain.

This Study Session teaches that most behaviouasiafals and human
beings are responses to neuronal changes andtiastivi the brain. In
other words, what we do are practical reflectiohshe response of the
brain to incoming stimulus.

earning Outcomes

When you have studied this session, you shouldleeta:

2.1 describe the relationship between the mindtaadbrain.

2.2 highlight experimental evidences to relate thied to the
brain, and vice versa.

2.1 Experimental Evidences Relating the
Mind to the Brain

The mind could be said to be product of brain #@tis. It is, however,
difficult to affirm that the mind is controlled hyeural processes in the
brain. However, there is incontrovertible eviderleat various kinds of
brain damage lead to specific changes in behavidrl@sses of sensory
capacity. With this, it could be inferred that loralamage could lead to
mind damage. Evidences from electrical stimulatidnthe brain also
support behavioural effects of electrical stimwaatof the brain.

2.1.1 Control of behaviour by electrical stimulation of the
brain

Fritzch and Hitzig in (1870) reported that mild atecal stimulation of
portions of the cerebral cortex of a dog could eamsiscle movements.
At low intensities, the electrical current stimeldt discrete, limited
movements, especially on the side of the body afgpdise stimulation.
Based on the specific point stimulated, the dog ld/auove its neck,

14



Study Session 2 The Mind-Brain Relationship

back, abdomen, tail, leg, or some other partssdbatdy. They also found
that continuous stimulation of the same point csiesitly elicited the
same response. The result of the experiment wadated in experiments
performed in many other species.

The above experiment explains that electrical &gtixccurs naturally in
the brain at all times. This electrical activitydaused by nerves sending
messages from the sense organs. Their impulsesimemiith electrical
activity already present in the other areas oftifzen to produce activity
in other areas, which then activate still othemarén furtherance of this
study, Fritzch and Hitzig demonstrated that sontiwiaicin specific areas
of the brain control specific patterns of movement.

2.1.2 Electrical stimulation of more complex behaviours
(A) von Holst and von St. Paul (1960) experiment

von Holst and von St. Paul (1960) also found thlctrical stimulation

of the brain can evoke not only simple muscle maxeis but also more
complex sequences of behaviour, particularly if gremal is awake
during the stimulation and free to move about. Viflgkwith chickens,

von Holst and von St. Paul (1960) implant electeoda the skull of

chickens to hold them in place. These electrodes wennected to wires
through which weak electric current was passedht® lrain of the

chickens while the animal was alive, awake and ngpaibout.

The physiological psychologists found that stimolabf various areas of
the brain elicited such behaviours as feeding kdr@ grooming, turning
the body to one side, sleeping, sitting, escapétfland aggressive attack.
The behaviour elicited depended on the exact locatif the electrode
and the intensity of the stimulation (stronger eatrcould stimulate more
cells). The elicited behaviour also varied depegdin the environmental
stimuli. For instance, in later experiments wittsyratimulation of certain
areas led to eating if only food were present (Nstein, Cox,
Kakolewski, 1970). Similarly, Hess (1944) find tledéctrical stimulation
of certain areas could induce an animal to faltgysisuddenly.

(B) Jose Delgado (1969) experiment

Jose Delgado (1969) introduces some technologickiarees that
permitted him to investigate the electrical stintiola of a wider variety
of behaviours. He advance the experiments of vastldmd von St. Paul
(1960) by attaching permanent electrodes conndotadmonkey’s skull
via an electrical stimulator. He found that stintidla of some points
produced normal coordinated walking, walking irclgs, running, falling
asleep, cessation of spontaneous movement, orolfosppetite. Also,
following a five-second stimulation of the sub-eoat area, there was a
stereotyped behavior lasting 10 -14 seconds. In ekgeriment, the
monkey changed its facial expression, turned iesdh® the right side,
stood up on two feet, circled to the right, wall@dtwo feet to a pole in
the center of the room, climbed the pole and ttemecdown, growled,
threatened and sometimes attacked another monkeg, faally
approached the group in a friendly manner and tlesumed normal
behaviour. For as many as 20,000 times that thieukdtion was
repeated, the monkey repeated the behavioural mesp®0,000 times.

15
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Reading Activity

Time allowed
20 minutes
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Delgado also performed another experiment in 18968 $t aggression
among monkeys.

Electrical Stimulation of the Human Brain

It is unethical to experiment on human brains. Heeveif ethical
guidelines are followed, there are a few of medmaposes that permi
the experimental observation of electrical stimolatof human brains,
especially following animal trials.

—

Electrical stimulation has most often been usedhwitmans in an
attempt to treat epilepsy, a syndrome caused byraial electrical
discharge in the brain. The abnormal activity ov@gés in a damaged or
malfunctioning area of the brain called the foctiemlepsy. The focus is
located in different places for different individsa The abnormal
discharge spreads outward from the focus untilrgelgortion of the
cerebral cortex is involved possibly causing unaif@ble body jerks
Surgical excision may be required especially wittg treatment failed

Only the part to be incised is anaesthetised, tegpthie patient conscious
in the process. The first step is to discover twu$. In order to do this,
the surgeon exposes part of the brain and theriespah electrode t
stimulate a few areas in the cortex, one afteother. Eventually, as th
surgeon stimulates a point, the patient says ‘fiiekes me feel the same
way | feel when I'm about to have one my seizurdsiis point can be
identified as the focus of the epilepsy. The swaigrocedure is the
advanced and the focus removed surgically, leatting cessation o
epileptic seizures in the patient. The surgeon almo observe th
reaction of the patient to the stimulation of otlaeeas before finally
succeeding in identifying the focus of epilepsy.

D O

D =~ 5

Since electrical stimulation of the brain can ¢ligt only sensations and
movements but also emotional changes, it appeatgfib activity of the
brain is responsible for what we call the mind sitiee results of brai
stimulation provides an evidence for this conclasio

-

Read about Delgado’s experiment on aggression in monkeys; and relate the
concept of mind brain relationship to the psychoanalytic theory of personality.

Links:  http://en.wikipedia.org/wiki/Jos%C3%Aq_Manuel Rodriqguez_Delgado

http://psychology.about.com/od/theoriesofpersonality/a/consciousuncon.
htm

Note your findings in your journal
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Study Session Summary
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Summary

In this Study Session, we have noted the follov

« The “mind” is just another way of saying “brain iaittes”.
Despite existing ambiguities, the mind could beeobsd like ¢
physical entity, separate from the body. This iy whs possible
to observe the mind of other people.

e Evidences abound that vaus kinds of brain damage lead
specific changes in behaviour and losses of sensapgcity.
Brain damage may therefore relate to mind dan

» Evidences arising from the study of the behavioefédcts of
electrical stimulation of the brain also surt this viewpoint.

* One of such evidences is the experiment performeBv0 by
Fritzch and Hitzig where they found that mild, ndestructive
electrical stimulation of portions of the cerebraltex of a dog
could cause muscle movements. With this as found that
behaviour could be controlled by electrical stintiola of the
brain.

« Jose Delgado (1969) introducesme technological advanc
that permitted him to investigate the electricainstation of a
wider variety of behaviours. He findbat stinulation of some
points produced normal coordinated walking, walkimgircles,
running, falling asleep, cessation of spontan movement, or
loss of appetite.

e Electrical stimulation of the brain can elicit natlp sensation
and movements but also enmotal changes, it appears that
activity of the brain is responsible for what wdl tdae minc.

Assessment

Assignment

Explain the meaning of “minbrain relationshig.

How does the brain control human behavir

3. Describe an experiment to explaime concept of “min-brain”
relationship?

wn e
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Study Session 3

Organization of the Human Body

Introduction

The human body is made of cells, tissues, orgadssgstems. Withil

cells are other components such as nutrients, weater other chemals.

These unction interrelatedn an effort to maintain physiological a

psychological homeostasis. A basic knowledge adefunctions will be

discussed in this session, so that you understand, asss and predict
human behaviou.

Learning Outcomes

When you have studied this session, you shouldleeta

3.1 describ the components of a human cell.
3.2 explail the functions of the component parts of a humai.

3.3Explain the components of the cell environn.

3.1 The Typlcal Human Cell

Fig3.1 A typical
human cell

Huclear envelope
Hucleolus
Chromatin

!

Elluclaar pora
|

Centriole Lysosome

Hucleus

Mitoc hondrion Yacuole

Plasma
membrane
Ribosomes

Cytoplasm Golgi complex
Smooth .= :
endoplazmic ——Microfilaments

el
reticulum

Rough ,:/
endoplagmic
reticilim

Mic1

The cell is the simplest level of organisation in a human body. The cell is the
simplest level of organization in a human body. Cells are the basic structural and

functional units of the human body. There are many different types of cells such
as an egg cell, sperm cell, and muscle cell, rod cells in the eye, hair cells and
nerve cells as shown above.
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Fig3.2 Human

cells source:
http://www.nigms
.nih.gov/news/scie
nce_ed/whatarta.
html

Sperm cel | i
Hair Merve cell

Muscle cell F
ineye cell

Smooth e
muscle tissue

P el
Loose connective
tissue

Blood Col r_nr{ar
epithelium

tissue

Organs
An organ consists of 2 or more tissues that perform a particular or similar
function. Examples include the heart, liver, stomach, and so on.

Explore the human body at: - http://www.innerbody.com/
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3.2 Parts of Human Cells

Fig 3.2 Parts of human
cell

20

There are two types of cells that make up all gvthings on earth:
prokaryotic and eukaryoticProkaryotic cells like bacteria, have no
'nucleus’, whileeukaryotic cells are like those of the human body, do.
So, a human cell is enclosed by a cell or plasmalmane. Enclosed by
that membrane is the cytoplasm (with associatechrmies) plus a
nucleus, as shown in Fig 3.2.

Cytoplasm
. Lysosome
Uacuole 3

Mitochondrion ° /' Nucleus

Cell Membrane

3.2.1 Cell Membrane

The cell / plasma membrane encloses every humdn Ioeterms of
structural layout, the cell membrane has 2 printarijding blocks. These
include protein (about 60% of the membrane) and,ligr fat (about 40%
of the membrane). The primary lipid layer is callglabspholipid, and
molecules of phospholipid form a 'phospholipid Y (two layers of
phospholipid molecules). This bilayer forms becatise two 'ends’ of
phospholipid molecules have very different chanmdsties: one end is
polar (or hydrophilic) and the other one (the hyditbon tails below) is
non-polar (or hydrophobic):
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Fig 3.3a Cytoplasm inside
of cell

Fig 3.3b Phospholipid
bilayer

{outside of call]

plasma
membrang

{cytoplasm inside of cell)

‘f, Paolar head

Agqueous qUeoUS

Hydracar»on tails

Functions of the cell membrane include: supportéamgl retaining the
cytoplasm, and supporting and retaining the cysplain order to
perform the latter function, it is important to edhat the cell is separated
from its environment and needs to get nutrientnid waste products out.
Some molecules can cross the membrane withoutassés most cannot.
Water, non-polar molecules and some small polareoudés can cross.
Non-polar molecules penetrate by actually dissglvinto the lipid
bilayer. Most polar compounds such as amino a@dgnic acids and
inorganic salts are not allowed entry, but insteaast be specifically
transported across the membrane by proteins.

Cell membranes also facilitate communication, reddgn/perception
and selective transportation of compounds acroBsnmeEmbranes. For
this, they require the expenditure of energy.

3.2.2 Cytoplasm and Organelles

Cytoplasm consists of a gelatinous solution andtiaos microtubules
which serve as a cell's cytoskeleton and organdliésrally 'little
organs’).
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Flasma
Membrane

mlicrotubule
Mitochandrion

Microfilaments ==
and [ntermediate
Filaments

3.2.3 Nucleus

Cells also contain a nucleus within which is foundNA
(deoxyribonucleic acid) in the form of chromosorpéss nucleoli within
which ribosomes are formed.

3.2.4 Cell organelles
These include: endoplasmic reticulum, Golgi complgsosomes,

Endoplasmic reticulum: It comes in 2 forms: smooth and rough; The
surface of rough ER is coated with ribosomes; tihrfase of smooth ER
is not. Functions include: mechanical support, Isgsis (especially
proteins by rough ER), and transport.

Golgi complex consists of a series of flattened sacs (or ciag.
Functions include: synthesis (of substances likdsspholipids),
packaging of materials for transport (in vesiclesjid production of
lysosomes.

Lysosomes:These are membrane-enclosed spheres that cootaarfpl
digestive enzymes. Functions include destructibond@maged cells
(which is why they are sometimes called 'suicidgshaand digestion of
phagocytosed materials such as bacteria.

3.2.5 Mitochondria

They have a double-membrane: outer membrane aindyhégnvoluted
inner membrane.
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Fig 3.3 Inner structure of
Mitochondria

Outer

Matrix Cristae Inner membrane

membrane

The inner membrane has folds or shelf-like structures called cristae that
contain elementary particles; these particles contain enzymes important
in ATP production. The primary function is production of adenosine
triphosphate (ATP).

Other parts of the cell are:

Mitochodria: These are small round or rod —shaped bodies fautitki
cytoplasm of most cells. They produce enzymes lier conversion of
food to energy.

Ribosomes:Are composed of rRNA (ribosomal RNA) and protein. The
primary function includes production of proteins.

Centrioles. They are paired cylindrical structures located near the
nucleus. They play an important role in cell dioisi

Deoxyribonucleic acid (DNA) controls cell function via transcription
and translation (in other words, by controllingteio synthesis in a cell).

3.3 Components of the Cellular Environment

3.3.1 Water

Water comprises 60 - 90% of most living organisarsd(cells). They are
important because it serves as an excellent sobhtenters into many
metabolic reactions. lons = atoms or molecules witequal numbers of
electrons and protons. They are found in both indrad extra-cellular
fluid. Examples of important ions include sodiungtgssium, calcium,
and chloride.

3.3.2 Carbohydrates

They are about 3% of the dry mass of a typical d¢ley are composed
of carbon, hydrogen, and oxygen atoms (e.g., grE€6H1206). They
are an important source of energy for cells. Typeslude:

monosaccharides (e.g., glucose) - most contain 5 carbon atoms,
disaccharides which contains 2 monosaccharidesedinkogether.
Examples include sucrose (a common plant disaatdsi composed of
the monosaccharides glucose and fructose) ands&a¢to milk sugar; a
disaccharide composed of glucose and the monoségehgalactose),
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and polysaccharides. Polysaccharides have seveo@osaccharide
linked together. Exampléinclude starch (a common plant polysaccha
made up of many glucose molecules) and glycogemifeanly stored it
the liver)

3.3.3 Lipids

These constitu about 40% of the dry mass of a typical cell. They

composed largely of carbon hydrogen. They are generally insoluble

water, and involved mainly with lo-term energy storage. Ott

functions are as structural components (as in &s& ©f phospholipic

that are the major building block in cell membrgreesd as "messengel

(hormones) that play roles in communications within &etween cells

Sulk-classes include: triglycerides which consist of glyeerol molecule

+ 3 fatty acids. A phospholipid is a phosphateugr(-PO4) substitutes
for one fatty acid and these lipids am important component of ce

membranes. Steroids include testosterone, oestargkoholesterc

3.3.4 Proteins

These constitute about - 60% of the dry mass of a typical cell. Tf
have two functional categories = structural (predgpart of the sticture
of a cell like those in the cell membrane) and emzy. Enzymes a
catalysts. Enzymes bind temporarily to one or nodite reactants of tr
reaction they catalyse. In doing so, they lower d@heunt of activatio
energy needed and thus speed Ie reaction.

Study Session Summary

o7

Summary

A summary of our discussion in this Study Sesssoasi follows
1. Cells are the basic structural and functional unfitdhe human bod
2. Atissue is a group of cells that perform a spediinction

3. An organ consists of 2 or more tissues that perfarparticular o
similar function

4. A system is made of an association of organs the¢ la commo
function. The major systems in the human body iheiudigestive
nervous, endocrine, urinary, repictive, and respiratory al
circulatory systems.

5. There are two types of cells that make up waihgj things on eartt
prokaryotic and eukaryotic.

6. There are two types of cells that make up ailhdj things on eartt
prokaryotic and eukaryotic. &karyotic cells like bacteria, have
'nucleus’, while eukaryotic cells which are likogk of the huma
body, do.

7. The cell / plasma membrane encloses every huaihnFunctions o
the cell membrane include: supporting and retairniveg cytoplasm
and supporting and retaining the cytoplasm. Cell memes als
facilitate communication, recognition/perception darselective
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transportation of compounds across cell membrafesthis, they
require the expenditure of energy.

8. There are other structures such as the cytopkasthorganelles

9. The nucleus contains the DNA (deoxyribonucleicgin the form of
chromosomes plus nucleoli within which ribosomesfarmed.

10. The endoplasmic reticulum It comes in 2 forsmpoth and rough.
Functions include: mechanical support, synthesipdeially proteins
by rough ER), and transport.

11. The Golgi complex consists of a series of dlagd sacs (or
cisternae). Functions include: synthesis (of sulcsta likes
phospholipids), packaging of materials for transgorvesicles), and
production of lysosomes

12. Lysosomes are membrane-enclosed spheres thiircgowerful
digestive enzymes. Functions include destructiodammaged cells
(which is why they are sometimes called 'suicidgsaand digestion
of phagocytosed materials such as bacteria.

13. Ribosomes are composed of rRNA (ribosomal REAJ protein.
The primary function includes production of progin

14. Centrioles are paired cylindrical structuresated near the nucleus.
They play an important role in cell division

15. Deoxyribonucleic acid (DNA) controls cell furat via transcription
and translation (in other words, by controlling tefo synthesis in a
cell).

16. Mitochondria are small round or rod —shapedidsodfound in the
cytoplasm of most cells. They produce enzymes tierdonversion
of food to energy.

17. The component parts of the cellular environniantlude: Water,
Carbohydrates, Lipids, and Proteins

Assessment

Assignment

1. Draw and clearly label a typical human cell.
2. Mention the functions of the labelled parts.
3. Describe the component parts of a cell environment
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Study Session 4

Nervous System

Introduction

This Study Session introduces to you: the gendrattsire and function
of neurones. Highlights include the classificatioh neurons and
functions of neurones. Also included are the majoaracteristics of
neurones.

When you have studied this session, you shouldleeta:

4.1 describe neurons.

4.2 identify various types of neurons.

4.3 mention the major characteristics of neurones.

4.4 describe the process of synaptic transmission.

4.5 outline the concept of action potential.

4.6 describe the process of neurotransmission.

4.7 relate the concept of myelin sheath to salotatonduction.

4.1 Neurones

4.1.1 Structure of the Neurone

Neurones are commonly referred to as nerve cells.is the basic
structural unit of the nervous System. They areawiged to form
complex networks that perform the functions of tleevous system. Each
neurone consists of a cell body and its process®s,axon and many
dendrites. Bundles of axons bound together arecalerves. Neurones
can not divide. For survival, they need a contirsusupply of oxygen and
glucose. Unlike many other cells neurons can swmikechemical energy
adenosine tri phosphate (ATP) only from glucose.

The nervous system carries out its functions ffelst and extremely
rapidly since information and instructions travglesdily as electric
impulses along nerves from one part of the bodyatother almost
instantaneously. The neurons are responsible foelbctrical activities
of the nervous system.
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In order to function, the nervous systemes on nerve impulses,
action potentials, which are similar to tiny elet charges which
maintains throughout the length of the neur

Fig 4.1 Structure of the

neurone The Nervous Ssiem
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A neurone consists of a nucleus, a membrane, nutwbfa, ribosome:
endoplasmic reticulum, vacuoles and other strusttiypical of anima
cells. The membrane limits the flow of materialtween the inside ¢
the cell and the outside environment. A few chelmicach as wate
oxygen, and carbon dioxide, flow fairly fry across the membrar
while other substances flow fairly poorly, or nogd.

Neurons are electrically excitable cells generalynprised of one ¢
more dendrites, a single soma, a single axon amd asnmore axo
terminals. The dendrite is one of ttwo types of synapses, the ot
being the axon terminal buttons. Dendrites formtnoions in respons
to the axon terminal buttons. These protrusionspares, are designed
capture the neurotransmitters released by the pagsg neuron. The
have a high concentration of activated channels. lIttherefore, her
where synapses from two neurons communicate wighamother. Thes
spines have a thin neck connecting a bulbous miotmuto the mai
dendrite. This ensures that changes occurring @ the spine are less
likely to affect the neighbouring spines. The déiarspine can
therefore, with rare exception, act as an indepenaiat

The dendrites then connect onto the soma. The sanrses the nucleu
which acts as the regulator for theuron. The fluid inside the ce
membrane is known as the cytoplasm. The mitochionds the site fo
the metabolic activities that provide energy thdl cequires for its
activities. Ribosomes are for producing protein enales. Som
ribosomes float eely, others are attached to the endoplasmic tetit
Vacuoles are fluid filled bubbles inside the «

Unlike the spines, the surface of the soma is pipdl by voltag
activated ion channels. These channels help transha@ signal
generated by tt dendrites. Emerging out from the soma is the ¢

27



PSY207

28

Introductionto Physiological Psychology

hillock. This region is characterized by having arcredibly high

concentration of voltage activated sodium channélsis generally

considered to be the spike initiation zone fora@cipotentials. Multiple
signals generated at the spines, and transmittedebgoma all converge
here.

Immediately after the axon hillock is the axon. g'lis a thin tubular
protrusion traveling away from the soma. The ax®rinsulated by a
myelin sheath. Myelin is composed of Schwann celat wrap
themselves multiple times around the axonal segnidris forms a thick
fatty layer that prevents ions from entering oragsiog the axon. This
insulation both prevents significant signal decayvall as ensuring faster
signal speed. This insulation, however, has thdricden that no
channels can be present on the surface of the @kmme are, therefore,
regularly spaced patches of membrane which havimswation. These
nodes of Ranvier can be considered to be 'mini aibocks' as their
purpose is to boost the signal in order to pregartificant signal decay.
At the furthest end, the axon loses its insulatéind begins to branch into
several axon terminals. These axon terminals timehie the form the
second class of synapses, axon terminal buttoneseTlbuttons have
voltage activated calcium channels which come ptéy when signaling
other neurons.

The fluid inside the cell membrane is known as th®plasm. The
mitochondrion is the site for the metabolic acidstthat provide energy
the cell requires for its activities. Ribosomes e producing protein
molecules. Some ribosomes float freely, others a@tached to the
endoplasmic reticulum. Vacuoles are fluid fillecbbies inside the cell.

Nerve Cell bodies

The distinctive feature that sets a neurone aparh fother cells is its
shape. The cell body is called the neurone celybod soma, and the
processes are called dendrites and axons. Nerve boglies are
microscopic.

They form the grey matter of the nervous systech @ found at the
periphery of the brain and in the center of thenapcord. The cell body
contains the nucleus, some ribosomes and mitocltzoraind other
structures found in most cells. Much of neural rbelia processes take
place in the body. Nerve cell bodies vary in sizd & shape. They range
in the diameter from 0.005mm to 0.1mm in mammald ap to a full
millimeter in some invertebrates.

Dendrites

Dendrites are short, thin, highly branched cytapiasextensions of a
neurone. They taper from their bases to their fjEndrites are the input
part of the neurone. When stimulated, they genesmall electric
currents that are conducted to the neurone ceif.bod
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AXons

Each nerve cell has only one axon, carrying nemyaulses away from
the cell body. They are usually longer than theddiéss, sometimes as
long as 100cm.

Large axons and those of peripheral nerves arewuled by a myelin
sheath which contain Schwann cells arranged albegléngth of the
axon.

Concentric layers of plasma membrane of Schwalls egap around
the length of myelinated axons. There are tiny sared exposed
axolemma between adjacent Schwann cells, calleeéshafl Ranvier,
which assists the rapid transmission of nerve isgsil

4.2 Properties of Neurones

Neurones have 2 major properties, which are: bilitg and
conductivity.

1) Irritability is the ability of neurons to initiateerve impulses in
response to stimufirom outside the body, e.g., touch, loud noise,
etc. or inside the body such as a huge and drbktad loss may
cause lead to a reduction in blood pressure, ointieation of toxic
gases may trigger the vomit center in the brain.

2) Conductivity means the ability of a neurone to srait an impulse.

4.3 Types of Neurones

Neurones are classified according to their functiostructure. Neurones
could also be classified based on whether it hasimgheath or not.

Classification of neurons according to their function or
structure.

The functional classification is based on the diogcin which the action

potentials are conducted. Sensory or Afferent nerconduct action
potentials towards the central nervous system (CM&jle motor, or

efferent neurons conduct action potentials awaynftbe CNS toward
muscles or glands. Interneurones or associationonsuwconduct action
potentials from one neurone to another within ti¢SCThe structural
classification scheme is based on the number ofesses that extend
from the neurone cell body. This includes:

1. Multipolar neurons: They have many dendrites and a single axon.
The dendrites vary in number and in their degrebrahching. Most of
the neurons within the CNS and motor neurons atdépuolar.

2. Bipolar neurons: They have 2 processes, i.e. a dendrite and an axon
The dendrite is often specialised to receive timuwtis, and the axon
conducts action potentials to the CNS. Bipolar orsrare located in
some sensory organs, such as in the retina ofybeaerd in the nasal
cavity.

3. Unipolar neurons: They have a single process extending from the cell
body. One branch extends to the CNS, and the ahkinds to the
periphery and has dendrite-like sensory procesBhs. two branches
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function as a single axon. The sensory receptospored to stimuli
resulting in the production of axon potentials theg transmitted to the
CNS.

Classification according to possession of myelin sheath.

1) Myelinated neurons have myelin sheath which seagesn insulator
and also to increase its speed of conducting riempalses.

2) Unmyelinated neurons do not possess myelin sheatbehdo not
possess the properties described above.

4.2 Synaptic Transmission

30

The nervous system is composed of billions of spsed cells called
neurons. Efficient communication between thesesdsllicrucial to the
normal functioning of the central and peripheratvoes systems. In this
section we will investigate the way in which thegue morphology and
biochemistry of neurons makes such communicati@sipte.

The cell body, or soma, of a neuron is like thataoly other cell,

containing mitochondria, ribosomes, a nucleus, arler essential

organelles. Extending from the cell membrane, h&weis a system of
dendritic branches which serve as receptor sitemformation sent from

other neurons. If the dendrites receive a strongugh signal from a

neighboring nerve cell, or from several neighbogrrimerve cells, the
resting electrical potential of the receptor celfembrane becomes
depolarizsed. Regenerating itself, this electrgighal travels down the
cell's axon, a specialized extension from the loetly which ranges from
a few hundred micrometers in some nerve cellsy&r a meter in length
in others. This wave of depolarization along therais called an action
potential.

Most axons are covered by myelin, a fatty substdhaé serves as an
insulator and thus greatly enhances the speed aeicon potential. In

between each sheath of myelin is an exposed parfitime axon called a
node of Ranvier. It is in these uninsulated aréas the actual flow of

ions along the axon takes place.

The end of the axon branches off into several temisi Each axon
terminal is highly specialized to pass along acpotentials to adjacent
neurons, or target tissue, in the neural pathwagmescells communicate
this information via electrical synapses. In suakes, the action potential
simply travels from one cell to the next througledplised channels,
called gap junctions, which connect the two cells.

Most cells, however, communicate via chemical sgeapSuch cells are
separated by a space called a synaptic cleft, lansl ¢annot transmit
action potentials directly. Instead, chemicalsezhlheurotransmitters are
used to communicate the signal from one cell to flext. Some

neurotransmitters are excitatory and de-polarigsenxt cell, increasing
the probability that an action potential will beefil. Others are inhibitory,
causing the membrane of the next cell to hyperpmathus decreasing
the probability of that the next neuron will fira action potential.
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4.2.1 Process of Synaptic Transmission

The process by which this information is commurédas called synaptic
transmission and can be broken down into four stEpsse are:

1. Synthesis and storage of neurotransmittefst, the neurotransmitter
must be synthesized and stored in vesicles so wMiin an action
potential arrives at the nerve ending, the ceilleedy to pass it along to
the next neuron.

2. Neurotransmitter ReleaseNext, when an action potential does arrive
at the terminal, the neurotransmitter must be dyicnd efficiently
released from the terminal and into the synapétt.cl

3. Neurotransmitter Postsynaptic Receptof$te neurotransmitter must
then be recognized by selective receptors on tsegymaptic cell so that
it can pass along the signal and initiate anotlegpm@ potential. Or, in
some cases, the receptors act to block the sigfiather neurons also
connecting to that postsynaptic neuron.

4. Inactivation of Neurotransmitterg\fter its recognition by the receptor,
the neurotransmitter must be inactivated so thdbés not continually
occupy the receptor sites of the postsynaptic delctivation of the

neurotransmitter avoids constant stimulation of pgustsynaptic cell,

while at the same time freeing up the receptorss#e that they can
receive additional neurotransmitter molecules, khoanother action

potential arrive.

Most neurotransmitters are specific for the kindrndérmation that they
are used to convey. As a result, a certain neursitndter may be more
highly concentrated in one area of the brain thars iin another. In
addition, the same neurotransmitter may elicit aietya of different
responses based on the type of tissue being tdrgeté which other
neurotransmitters, if any, are co-released. Theegmal role of
neurotransmitters on the normal functioning of th@n makes it clear to
see how an imbalance in any one of these chenuoalsl very possibly
have serious clinical implications for an individlu&/hether due to
genetics, drug use, the aging process, or othé@uscauses, biological
dysfunction at any of the four steps of synaptmsmission often leads
to such imbalances and is the ultimately sourcearfditions such as
schizophrenia, Parkinson's disease, and Alzheimisesse.

Potential

In neurophysiology, the action potential is themaiy electrical signal
generated by nerve cells and arises from changdipermeability of
the nerve cells axonal membranes to specific idngon potentials (also
known as a nerve impulses or spikes) are pulsealdees of voltage that
travel along several types of cell membranes. Thset lunderstood
example is generated on the membrane of the axamefirone, but also
appears in other types of excitable cells, suchaadiac cells, and even
plant cells.

A typical action potential is initiated at the axdmllock when the
membrane potential is depolarised sufficiently. (nden its voltage is
increased sufficiently). As the membrane potensiahcreased, both the
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Fig 4.2 Action potential
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sodium and potassium icchannels begin to open up. This increases
the inward sodium current and the balancing outvpartéissium curren
For small voltage increases, the potassium curmmninphs over th
sodium current and the voltage returns to its nbrmesting value
typically =70 mV (Bullock, Orkand, and Grinnell, 197

However, if the voltage increases past a critidakghold, typically
15mV higher than the resting value, the sodium curdeminates. Thi
results in a runaway condition whereby the positeedbick from the
sodium current activates even more sodium chanmblss, the cell fires
producing an action potential. Once initiated, slstion potential travel
through the axon. Since the axon is insulated,aitt®n potential ca
travel through it witout significant signal decay.

Nevertheless, to ensure the signal does not &ijlylarly spaced patche
called the nodes of Ranvier, help to boost theadigihe process here
much the same as that at the axon hillock. Theomcpotentia
depolaises the membrane patch at the node of ranvierkisgaanothe
action potential there. In effect, the action ptitdris created afresh
each node of ranvier. The axon then branches aterigngth, and th
action potentials travel down each branAt this point, the axon she
its insulation, and instead, the action potent&lpropagated by tf
voltage activated sodium channels. Here, the inwandent may no
quite suffice to trigger a new action potentialsmme of these branchi
The action otential may thus fail. Action potentials that dmach the
ends of the axon generally cause the release efi@tmansmitter into th
synaptic cleft. This may combine with other inptdsprovoke a ne\
action potential in the pc-synaptic neuron or mutgccell.
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The principal ions involved in an action potentae sodium an
potential cations; sodium ions enter the cell, aothssium ions leav
restoring equilibrium. Relatively few ions needcctoss the membrane f
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the membrane voltage to change drastically. The exchanged during
an action potential, therefore, make a negligilblenge in the interior and
exterior ionic concentrations. The few ions thatcdoss are pumped out
again by the continual action of the sodium-potaaspump, which, with
other ion transporters, maintains the normal rafigon concentrations
across the membrane. Calcium cations and chlondmsa are involved
in a few types of action potentials, such as theliaa action potentials
and the action potential in the single-celled aldaetabularia,
respectively. Figure A. Schematic view of an id=l action potential
illustrates its various phases as the action piaiguéaisses a point on a cell
membrane.

Figure B. Actual recordings of action potentiale asften distorted
compared to the schematic view because of vargtioin
electrophysiological techniques used to make tberding:

trmnE

samiparmeable membrane

Figure 4A. Schematic view of an idealised actioteptal illustrates its
various phases as the action potential passesiagoa cell membrane.

Figure 4B. Actual recordings of action potentiale aften distorted
compared to the schematic view because of varitioin
electrophysiological techniques used to make therding: lons (circles)
will flow across a membrane from the high concdi@rato the low
concentration, causing a current. However, thisttere a voltage across
the membrane that opposes the ions' motion. Whisrviiitage reaches
the equilibrium value, the flow of ions stops.

Electrical signals within biological organisms agenerally driven by
ions. The most important cations for the actioreptal are sodium (N
and potassium. (K, Both of these arenonovalentcations that carry a
single positive charge Bullock, Orkand, and Grihn&B77). Action
potentials can also involve calcium Qawhich is adivalentcation that
carries a double positive charge (Mummert and @eauh,1991). The
chloride anion (Cl) plays a major role in the action potentials ofmgo
algae, but plays a negligible role in the actioteptials of most animals.

lons cross the cell membrane under two influendiésision and electric
field. It is possible to start off with a simple awple whereby two
solutions are separated by a porous barrier. Létitiser call these two
solutions A and B. In this case, diffusion will ens that they will
eventually mix into equal solutions. This mixingcacs because of the
difference in their concentrations. The region witigh concentration
will diffuse out towards the region with low con¢extion. To further the
example, let solution A have 30 sodium ions andl@0ride ions. Also,
let solution B have only 20 sodium ions and 20 ki ions. Assuming
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the barrier allows both types of ions to travebtigh it, and then a stea
state will be reached whereby both solutions h&vedlium ions and z
chloride ions. If, however, the porous barrier édestive to whichions
are let through, then diffusion alone will not detme the resultini
solution. Returning to the previous example, ihésessary to construc
barrier that is only permeable to sodium ions. &igolution B has

lower concentration of both sodit and chloride, it will attract both ior
from solution A. However, only sodium will travdirough the barrie
This will result in an accumulation of sodium id@n B. Since sodiur
has a positive charge, it will make solution B meuasitive relativeto
solution A. This makes it less likely for sodiunnstravel from solutio
A to solution B. This constitutes the second factontrolling ion flow,
namely electric fields. The point at which thisattie field completely
counteracts the force due tiffusion is called the equilibrium potenti
At this point, the net flow of this specific iom(this case sodium) is zel
The hydrophobic cell membrane prevents charged cutde from easil
diffusing through it, permitting a potential to eacrosthe membrane.

Cell membrane

Each neuron is encased in a cell membrane. Thisbnaem@ is nearl
impermeable to ions. To transfer ions into, and @uthe neuron, th
membrane provides two structures (Lieb and St&l86)1 lon pumps us
the cell's energy to continuously move ion: and out. They crea
concentration differences (between the inside andide of the neuror
by transporting ions against their concentraticadgmts (from regions «
low concentration to regions of high concentratiohfle ion channel
then use this oncentration difference to transport ions down rt
concentration gradients (from regions of high comeion to regions ¢
low concentration). However, unlike the continudwnsport by the io
pumps, the transport by the ion channels is noriraooLs. They only
open and close in response to signals from the#ir@mment. This
transport of ions through the ion channels themgha the voltage of tt
cell membrane. These changes are what bring alboattson potentia
As an analogy, ion pumps plithe role of the battery that allows a ra
circuit (the ion channels) to transmit a signatiacpotential).
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Despite the small differences in their radii, ioagely go through th
wrong channel. For example, sodium or calcium ramely pass thiugh
a potassium channeSchmidt-Nielsen, 1997).

Membrane Potentia

The cell membrane acts as a barrier which previagtsnside solutiol
(intra-cellular fluid) from mixing with the outside solution (ex-cellular
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fluid). These two solutions have different concetitns of their ions.
Furthermore, this difference in concentrations $e&ml a difference in
charge of the solutions. This creates a situatiberaby one solution is
more positive than the other. Therefore, positieasi will tend to

gravitate towards the negative solution. Likewisegative ions will tend
to gravitate towards the positive solution. To difgrthis property, one
would like to somehow capture this relative podigiyor negativity). To

do this, the outside solution is set as the zettage. Then the difference
between the inside voltage and the zero voltagelei®rmined. For
example, if the outside voltage is 100 mV, andittsidde voltage is 30
mV, then the difference is 70 mV. This differensewhat is commonly
referred to as the membrane potential.

The neurone is selectively permissible to the ppssd chemicals. That
is, it permits, some molecules to pass but notreth&/ater, carbon
dioxide, urea, and a few other small molecules<tbe membrane fairly
freely in either directions at all times. Howevanost molecules,
especially large ones, can not cross at all. Aifeportant ions, such as
potassium, chloride, and sodium, enter at a cdattahte through pores
(gates) in specialised proteins embedded in thebreeme. The potassium
and chloride pores permit potassium and chlorides ito pass at a
moderate rate. When the membrane is at rest, themmaons are closed.
An occasional sodium ion sneaks through one optitassium pores, but
the total flow of sodium is greatly restricted.

Resting Potential

In the absence of any outside disturbance, the mambs electrically
polarised: that is, the part of the neurone ingltee membrane has an
electrical potential slightly negative with respéotthe outside. When
measured it could be observed that the inside ef rteurone has a
potential somewhat in the range of -30 millivolte\{) relative to the
outside. This is known as the resting membranentiateof the neurone.

The sodium-potassium pump is highly responsible fioe resting
potential. This pump actively transports sodiunmsiont of out of the cell
while simultaneously drawing potassium into thel.chl ejects three
sodium ions while bringing in two potassium iongcg both sodium and
potassium ions carry a +1 charge, the result of ghep is a net
movement of positive ions out of the cell (KalZ288).

lon Pumps

The ionic currents of the action potential flow iresponse to
concentration differences of the ions across tHemembrane. These
concentration differences are established by iompgs) which are

integral membrane proteins that carry out actigagport, i.e. use cellular
energy (ATP) to pump the ions against their comegion gradient. Such
ion pumps take in ions from one side of the membr@ecreasing its
concentration there) and release them on the dfider (increasing its
concentration there). The ion pump most relevanthéaction potential
is the sodium—potassium pump, which transportsethoglium ions out of
the cell and two potassium ions in. Consequentlg, concentration of
potassium ions Kinside the neuron is roughly 20-fold larger thae t
outside concentration, whereas the sodium cond&ntreoutside is
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roughly ninefold larger than nside. Similarly, other ions ha
different concentrations inside and outside theraeusuch acalcium,
chloride and magnesium.

lon pumps influence the action potential only btabBshing the relativ
ratio of intracellular and extracellular ion contrations. The actio
potential mainly involves the opening and closifigpa channels, not io
pumps. If the ion pumps are tun off by removing their energy sourc
or by adding an inhibitor such ouabain the axon can still fire hundre
of thousands of action potentials before their dngbés begin to dece
signfficantly. In particular, ion pumps play no signditt role in the
repolarisation of the membrane after an actionrgte

4.3.1 Action Potential Initiation

Before considering the propagation of action pésdmtalong axons ar
their termination at te synaptic knobs, it is helpful to consider
methods by which action potentials can be initisaedhe axon hillock
The basic requirement is that the membrane voltigthe hillock be
raised above the threshold for firing. There areesd ways in \hich this
depolarisation can occ

Fig 4.4 Action potential
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When an action potential arrives at the end of ghe-synaptic axon
(upper part), it causes the releasneurotransmitt¢ molecules that open
ion channels in the pcesynaptic neuron (green). The combil
excitatony and inhibitory postsynaptic potenti@issuch input can begin
new action potential in the p-synaptic neuron.

Neurotransmissior

Action potentials are most commonly initiated excitatory postsynapt
potential: from a presynaptic neuron. Typicallyneurotransmitter
molecules are released by thepresynapti neuron. These
neurotransmitters then bind to receptors on thdspoaptic cell. Thit
binding opens various typesion channelsThis opening has the furth
effect of changing the local rmeability of thecell membran, and thus
the membrane potential. If the binding increasesvibitage (depolarise
the membrane), the synapse is excitatory. If, hewnethe bincng
decreases the voltage (hyperpolarises the membrénis) inhibitory.
Whether the voltage is decreased or increasedchihege propagat
passively to nearby regions of the membrane (asritbesl by thecable
equatiol and its refinements). Typically, the voltaignulus decay
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exponentially with the distance from the synapse &ith time from the
binding of the neurotransmitter. Some fraction nfexcitatory voltage
may reach the axon hillock and may (in rare caskgjolarise the
membrane enough to provoke a new action poteMiate typically, the
excitatory potentials from several synapses muskwagether at nearly
the same time to provoke a new action potentiagirTjbint efforts can be
thwarted, however, by the counter-acting inhibitopostsynaptic
potentials.

Neurotransmission can also occur through electagadpses. Due to the
direct connection between the excitable cells iohsoases, an action
potential can well be transmitted directly from ooell to the next.
Rectifying channels ensure that action potentiaiyy anove in one
direction through an electrical synapse.

Sensory Neurons

In sensory neurons, an external signal such assymestemperature,
light, or sound is coupled with the opening andsitig of ion channels,
which in turn alter the ionic permeabilities of theembrane and its
voltage. These voltage changes can again be ewit@tepolarising) or

inhibitory (hyperpolarizing) and, in some sensorgurons, their

combined effects can depolarise the axon hillockugh to provoke

action potentials. Examples in humans include tHactory receptor

neuron and Meissner's corpuscle, which are crifarathe sense of smell
and touch, respectively. However, nbsensory neurons convert
their external signals into action potentials; soti@enot even have an
axon! Instead, they may convert the signal inte tielease of a
neurotransmitter, or into continuous graded podéstieither of which

may stimulate subsequent neuron(s) into firing atioa potential. For

illustration, in the human ear, hair cells conwég incoming sound into
the opening and closing of mechanically gated ioanoels, which may
cause neurotransmitter molecules to be releasadla8y, in the human

retina, the initial photoreceptor cells and the tnexo layers of cells

(bipolar cells and amacrine cells) do not productor potentials; only

the third layer, the ganglion cells, produce actimtentials, which then
travel up the optic nerve.

Myelin Sheath and Saltatory Conduction

The axons of some neurons are ensheathed in mgefatty (i.e. lipid-
rich) insulating material that increases the spm®dienergy efficiency of
action potential conduction. Axons are myelinatgdspecialised cells,
Schwann cells and oligodendrocytes that wrap thesenultiple times
around segments of axon. The gaps between thesestgare known as
the nodes of Ranvier.

Myelin prevents ions from entering or leaving &h@n along myelinated
segments. Myelination is found mainly in vertebsateut an analogous
system has been discovered in a few invertebrate$, as some species
of shrimp. As a general rule, myelination increaslee conduction
velocity of action potentials and makes them monergy-efficient.
However, not all neurons in vertebrates are mytdshaNhether saltatory
or not, the mean conduction velocity of an acti@teptial ranges from
1 m/s to over 100 m/s, and generally increases awtimal diameter.
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Action potentials cannot propagate through the mgétd segments of
the axon, since no ions can flow across the memsbifzere. Instead, the
ionic current from an action potential at one nofld&Ranvier provokes
another action potential at the next node; thispiap of the action

potential from node to node is known as saltatamydeiction. Although

the mechanism of saltatory conduction was suggeastd®25 by Ralph

Lillie, the first experimental evidence for saltat@onduction came from
Ichiji Tasaki and Taiji Takeuchi and from Andrew ¥ey and Robert

Stampfli. By contrast, in unmyelinated axons, thgtiom potential

provokes another in the membrane immediately adjacnd moves
continuously down the axon like a wave.

Since the ionic currents are confined to the nadfeRanvier, far fewer
ions leak across the membrane, saving metaboliggn€his saving is a
significant selective advantage, since the humawoms system uses
approximately 20% of the body's metabolic energy.

The length of axons' myelinated segments is impotta the success of
saltatory conduction. They should be as long asiplesto maximise the
speed of conduction, but not so long that the igigignal is too weak to
provoke an action potential at the next node of Vikan In nature,

myelinated segments are generally long enough f&r passively

propagated signal to travel for at least two nadb#e retaining enough
amplitude to fire an action potential at the seconthird node. Thus, the
safety factor of saltatory conduction is high, wilag transmission to
bypass nodes in case of injury. However, actioremals may end
prematurely in certain places where the safetyofai low, even in

unmyelinated neurons; a common example is the brpoimt of an axon,

where it divides into two axons.

Some diseases degrade myelin and impair saltatorguction, reducing
the conduction velocity of action potentials. The@snwell-known of
these is multiple sclerosis, in which the breakdayfmmyelin impairs
coordinated movement.

4.2.2 Action Potential Termination

Chemical synapses

Action potentials that reach the synaptic knobs egaly cause a

neurotransmitter to be released into the synajdiit. déNeurotransmitters
are small molecules that may open ion channelberpbstsynaptic cell;
most axons have the same neurotransmitter at ahesf termini. The

arrival of the action potential opens voltage-stéresicalcium channels in
the presynaptic membrane; the influx of calciumsesuvesicles filled

with neurotransmitter to migrate to the cell's aoef and release their
contents into the synaptic cleft. This complex psxis inhibited by the
neurotoxins tetanospasmin and botulinum toxin, twhice responsible
for tetanus and botulism, respectively

Electrical Synapses

Electrical synapses between excitable cells allomsito pass directly
from one cell to another, and are much faster ttt@mical synapses.
Some synapses dispense with the "middleman” ohéwotransmitter,
and connect the presynaptic and postsynaptic tadisther. When an
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action potential reaches such a synapse, the mnmients flowing into
the presynaptic cell can cross the barrier of W@ ¢ell membranes and
enter the postsynaptic cell through pores knownaamexins. Thus,
the ionic currents of the presynaptic action postntan directly
stimulate the postsynaptic cell. Electrical synapsdélow for faster
transmission because they do not require the slaffusin of
neurotransmitters across the synaptic cleft. Heglegtrical synapses are
used whenever fast response and coordination afgiare crucial, as in
escape reflexes, the retina of vertebrates, andehd.

Neuromuscular Junctions

A special case of a chemical synapse is the newtuar junction, in
which the axon of a motor neuron terminates on aaheufiber. In such
cases, the released neurotransmitter is acetyta)alhich binds to the
acetylcholine receptor, an integral membrane pmoieithe membrane
(the sarcolemma of the muscle fiber. However, the acetylcholirees
not remain bound; rather, it dissociates and igdlyded by the enzyme,
acetylcholinesterase, located in the synapse. drfdigme quickly reduces
the stimulus to the muscle, which allows the degaed timing of
muscular contraction to be regulated delicatelyn&goisons inactivate
acetylcholinesterase to prevent this control, agcthe nerve agents sarin
and tabun, and the insecticides diazinon and matath

Muscular Action Potentials

The action potential in a normal skeletal muscl# isesimilar to the

action potential in neurons.  Action potentials utesfrom the

depolarisation of the cell membrane (the sarcoleymedich opens
voltage-sensitive sodium channels; these becometivated and the
membrane is repolarized through the outward cumémotassium ions.
The resting potential prior to the action potenigltypically —90mV,

somewhat more negative than typical neurons. Thesclauaction

potential lasts roughly 2—4 ms, the absolute réfrgcperiod is roughly
1-3 ms, and the conduction velocity along the nauseiroughly 5 m/s.
The action potential releases calcium ions that frp the tropomyosin
and allow the muscle to contract. Muscle actioreptitls are provoked
by the arrival of a pre-synaptic neuronal actionteptal at the
neuromuscular junction, which is a common targetfurotoxins.]

Neurotoxins

Tetrodotoxin is a lethal toxin from the pufferfiat inhibits the voltage-
sensitive sodium channel, halting action potenti8ksveral neurotoxins,
both natural and synthetic, are designed to bldwek dction potential.
Tetrodotoxin from the pufferfish and saxitoxin fraire Gonyaulax(the

dinoflagellate genus responsible for red tideskkblaction potentials by
inhibiting the voltage-sensitive sodium channemikarly, dendrotoxin
from the black mamba snake inhibits the voltagesiter potassium
channel. Such inhibitors of ion channels serve raportant research
purpose, by allowing scientists to "turn off* sgmcchannels at will, thus
isolating the other channels' contributions; they @lso be useful in
purifying ion channels by affinity chromatography io assaying their
concentration. However, such inhibitors also mdkectve neurotoxins,
and have been considered for use as chemical weapurotoxins
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aimed at the ion channels of insects have beentef¢insecticides; one
example is the synthetpermethrin which prolongs the activation of t
sodium channels involved in action potentials. Tibe channels ¢
insects are dficiently different from their human counterpattsat there
are few side effects in humans. Many other neurnsoiterfere with the
transmission of the action potential's effectshaisynapse, especially at
theneuromuscular junctic.

Study Session Summary
In this Study Session, vnoted that:
@ 1) Neurones are cells organised to form complex nesvdhat

Summary 2)

3)

4)
5)

6)
7
8)

9)

perform the functions of the nervous system

A neurone consists a nucleus, a membrane, mitociap
ribosomes, endoplasmic reticulum, vacuoles andraoghictures
typical of animal cells.

The nudeus is responsible for regulating the activitidshe cell
including reproduction.

Neurones have 2 major properties, i.e. irritab#ibd conductivity

Dendrites are short, thin, highly branched cytapiasextension:
of a neurone.

Each nerve celhas only one axon, carrying nerve impulses a
from the cell body.

Neurones have 2 major properties, i.e. irritabgityd conductivity

Neurones are classified according to their functwnstructure
Neurones could also be classified based on wt it has myelin
sheath or not.

The wave of depolarization along an axon is caked actior
potential.

10) Some cells communicate information via electricahagpses. |

such cases, the action potential simply travelmfome cell to th
next through specialed channels, called gap junns, which
connect the two cells.

11) The process by which information is communicatedcadled

synaptic transmission and can be broken down muo $teps The
steps are: Synthesis and storage of neurotranssn
neurotransiitter release, recognition of the neurotransmitig
selective receptors on the post synaptic cell, imadtivation of
neurotransmitters.

12) The action potential is the primary electrical sipgenerated b

nerve cells and arises from changes in the gability of the nerve
cell's axonal membranes to specific ions. Actioteptals (alsc
known as a nerve impulses or spikes) are -like waves of
voltage that travel along several types of cell lemes

13) A typical action potential is initiated at theaam hillock when the

membrane potential is depolarized sufficiently .(ivwwhen its
voltage is increased sufficiently).

14) The principal ions involved in an action potentaé sodium an
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leave, restoring equilibrium. lons cross the cednmbrane under
two influences: diffusion and electric field. In @eural cell
membrane neurons are encased. This membrane idy near
impermeable to ions. To transfer ions into, and aiuihe neuron,
the membrane provides two mechanisms: lon pumpscesation
of concentration differences

15) Several neurotoxins, both natural and synthetie, dgsigned to
block the action potential.

Assessment

Assignment

Define neurones
Classify neurones

Mention five functions of neurons
Explain the concept of synaptic transmission

Use illustrations to explain concepts related tioagotential

Describe the process of neurotransmission

N o g prw Db

Relate the concept of myelin sheath to salutatongdaction
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The Brain and the Human Behaviour

Introduction

Is it possible that everything one is, does, amkarnces is a function of
the brain? In this Study Session, you will examthe structure and
functions of the human brain.

earning Outcomes

When you have studied this session, you shouldleeta:

5.1 Describe the structural layout of the brain.
5.2 Draw, label and describe the functional pafrthe brain.

5.1 The Structure of the Brain

The brain is an input-output device: give it a stins, and it will process
it and respond. The alternative view is that thairbrs simply doing its
own thing, and stimuli act to modulate its actiyitgther than direct it.
Since the first perspective is an easier one toaggh experimentally, it
has received most of the attention, but the papesents evidence that
the alternative view should not be ignored. Justualevery measure of
brain function detects spontaneous, organised igctaven when the
owner of the brain does not appear to be doinghamyt—in fact, this
kind of activity has been detected when peopleuader anesthesia. The
second key observation is that, even on the simpésts, the same
individual will perform differently when the test repeated. It is needful
to explore if these two were linked: is human acttiofluenced by
spontaneous brain activity?

Most human activities, behaviours and charactesistire products of
human responses to inflow of stimulus as well apoases to messages
received by the brain. The series of activitiesminhting into behaviour
is coordinated by the nervous system. It is theybodiecision and
communication center.

The nervous system is made of the central nerwsisms (CNS), i.e. the
brain and the spinal cord, and the peripheral nengystem (PNS), i.e.
the spinal nerves. Together they control every padur daily life, from

breathing and blinking to helping to memorise faitts a test. Nerves
reach from the brain to the face, ears, eyes, rense,spinal cord and
from the spinal cord to the rest of our body. Senswerves gather
information from the environment every second; stradinformation to
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the spinal cord, which speedily sends the messateetbrain. The brain
then makes sense of that message and fires ofpamse. Motor neurons
deliver the instructions from the brain to the refsthe body.

The brain weighs about 1.7kg in a normal adult seaives about 15%
of circulating blood per minute. A six seconds iniption of that flow
causes unconsciousness and irreversible brain damathin a few
minutes. It is composed of two broad classes ofs,cahany billion
neurons and glia. Glial cells are in form of asytes, oligodendrocytes
and ependymal cells. Neural and glial cells consawveral different cell
types which perform different functions. Glial aelhsulate the myelin,
provide structure to the neuronal network, managstey and clean up
neurotransmitters. Most types of glia in the bi@ie present in the entire
nervous system. Exceptions include the oligodendesc which
myelinate neural axons (a role performed by Schwaells in the
peripheral nervous system). The myelin in the alggarocytes insulates
the axons of some neurons. White matter in thenbigimyelinated
neurons, while gray matter contains mostly cell somendrites, and
unmyelinated portions of axons and glia. The sgzeteeen neurons is
filled with dendrites as well as unmyelinated segta®f axons; this area
is referred to as the neutropil.

The brain is made of three main parts: the forebraiid-brain, and
hindbrain. The forebrain consists of the cerebrutmlamus, and
hypothalamus (part of the limbic system). The midib consists of the
tectum and tegmentum. The hindbrain is made ofcdrebellum, pons
and medulla. Often the midbrain, pons, and medat@ referred to
together as the brainstem.

In mammals, the brain is surrounded by connedissues called the
meninges, a system of membranes that separat&utidrem the brain.
This three-layered covering is composed of (fromdhtside in) the dura
mater, arachnoid mater, and pia mater. The aradhaod pia are
physically connected and thus often consideredsisgle layer, the pia-
arachnoid. Below the arachnoid is the subarachspage which contains
cerebrospinal fluid, a substance that protectsn#t@ous system. Blood
vessels enter the central nervous system througtpehivascular space
above the pia mater. The cells in the blood vesaét are joined tightly,
forming the blood-brain barrier which protects thrain from toxins that
might enter through the blood.

The brain is bathed in cerebrospinal fluid (CSFhick circulates
between layers of the meninges and through caviti¢ke brain called
ventricles. It is important both chemically for rmbblism and
mechanically for shock-prevention. For example,itiman brain weighs
about 1-1.5 kg or about 2-3 Ib. The mass and deaokthe brain are such
that it will begin to collapse under its own weightinsupported by the
CSF. The CSF allows the brain to float, easingptinsical stress caused.

The brain is bathed in cerebrospinal fluid (CSFhick circulates
between layers of the meninges and through caviti¢ke brain called
ventricles. It is important both chemically for rmbblism and
mechanically for shock-prevention. For example,ithman brain weighs
about 1-1.5 kg or about 2-3 Ib. The mass and deaokthe brain are such
that it will begin to collapse under its own weightinsupported by the
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Fig 5.1 Relationship
between the nervous
system and the brain

CSF. The CSF allows the brain to float,ing the physicastress caused
by the brain’s mas
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5.2 Functional Parts of the Brain

Fig 5.2 Parts of human
cell

The brain can bdivided into three basic units: the forebrain, -brain
and the hin-brain.

The Forebrain ------- The Mid-brain -------- The Hind-brain

The hindbrain includes the upper part of the spowadl, the brain ster
and a wrinkled ball of tissue called ttcerebellurr. The hindbrain
controls the body’s vital functions such as resmraand heart rate. Tt
cerebellum coordinates movement and involved in learned rot
movements. When you play the piano or hit a terba#i you are
activating the cerebellum. The uppermost part ef inainstem is th
mid-brain, which controls some reflex actions and ig p the circuit
involved in the controlof eye movements and other volunt
movements
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5.2.1 The Forebrain

The Cerebrum: It is the major part of the forebraiffhis is the largest
and most developed part of the human brain. Itoiscerned with all
higher mental functions, such as thinking and memailanning,
recognise friends, play games etc. It is made upwa halves or
hemispheres.

The cerebrum is split into two halves (hemisphei®sh deep fissure.

Despite the split, the two cerebral hemispheresnconicate with each

other through a thick tract of nerve fibers thasliat the base of this
fissure. Although the two hemispheres seem to weomimages of each

other, they are different. For instance, the abtlit form words seems to
lie primarily in the left hemisphere, while the liighemisphere seems to
control many abstract reasoning skills.

For some as-yet-unknown reason, nearly all of itpeats from the brain
to the body and vice-versa cross over on their twaand from the brain.
This means that the right cerebral hemisphere pilyneontrols the left

side of the body and the left hemisphere primarigtrols the right side.
When one side of the brain is damaged, the oppsslgeof the body is
affected. For example, a stroke in the right hehese of the brain can
leave the left arm and leg paralysed.

Each cerebral hemisphere is divided into four arkaswn as lobes: the
frontal, parietal, temporal and occipital lobes.clkdobe controls a
different range of activities.

Fig5.3 The lobes and mn:r\-'l—:-mgm sensation
functions of the brain \ / hearing
.a"-_ 1 N
. ! -
/ | I
| ‘_"\.
/ \-\I spaach,
i Frontal =% movement and
| lobe | sensary turctions
|lll |
g
\_ g Oecipital |
{ Temporal = f
__\\ lobe - __/L_J-r——’“—-_/fl
hearing  —" e
and wisicn
Brain stem

Cerebral Cortex: The outermost layer of the cerebral hemispherehvhi
is composed of gray matter. Cortices are asymnattidoth hemispheres
are able to analyse sensory data, perform memargtiins, learn new
information, form thoughts and make decisions. Toetex is grey
because nerves in this area lack the insulatiamtih&es most other parts
of the brain appear to be white. The folds in th&irbadd to its surface
area and, therefore’s increase the amount of gadyemand the quantity
of information that can be processed.

Left cerebral Hemisphere: Sequential Analysis: systematic, logical
interpretation of information. Interpretation ancbguction of symbolic

45



PSY207  Introductionto Physiological Psycholoi

Fig 5.4 Occipital Lobe

Fig 5.4 Temporal Lobe

information: language, mathematics, abstraction re@goning. Memor
stored in a language form:

Right Hemisphere: Holistic Functioning: processing mi-sensory input
simultaneously to provide holistic gure of one's environment. Vist
spatial skills, holistic functions such as danciagd gymnastics al
coordinated by the right hemisphere. Memory isestdon auditory, visue
and spatial modalitie:

Parietal Lobe: Is responsible for qpcessing of sensy input, sensory
discrimination. It is also concerned with body ataion as well a
primary / secondary somatic area. Any disordethdf area could caut
inability to discriminate between sensory stimutability to locate an
recognize parts of tl body (neglect). Severe injury to the structure di
cause inability to recognise self, disorientatidrenvironment space
well as inability to write

Primary visual reception area, Primary visual asdion area: Allows fo
visual interpretation. Disorders of the area cotdaise Primary Visui
Cortex: loss of vision opposite field. Visual Asidion Cortex: loss c
ability to recognize object seen opposite field of vision, flash of ligh
stars

Is the auditory receptive and also the associatien. It is responsible f
expressed behaviour. Language: Receptive speeahoieInformatior
retrieval . Disorders of the area could cause Hegadeficits. Agitation
irritability, childish behaviorReceptive/ sensory aphasia. Loss of s
of smell. Agitation, loss of control of emotionoss of recent memol

Limbic System: Sex, rage, fear; emotions. Integration of recenhog,
biological rhythms. Hypothalamt




Fig 5.5 Limbic system

Fig5.6 Subcortical grey
matter nuclei
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Olfactory pathways: Amygdala and th
different pathways.Hippocampi and the
different pathways.

Processing link between thalamus and m
cortex. Initiation and direction of volunta
movement. Balance (inhibitory), Postu
reflexes. Part of ext-pyramidal system:
regulation of automatic = moveme
Disorders of the structure could result

i Movement disorders: chorea, tremors at
and with initiation of movement, abnormal increasemuscle tone
difficulty initiating movemen

Cerebrum : Thisis the largest area of the brain and is concerriddai
higher mental functions, such as thint and memory. It is made up
two halves or hemispheres. The right cerebral hamaie controls th
left side of the body and the left cerebral hemiphcontrols the rigt
side of the body. Each cerebral hemisphere is éiliohto four area:
known as lbes: the frontal, parietal, temporal and occipibdles. Eacl
lobe controls a different range of activit

Other (sub-cortical) areas of the forebrain
Hypothalamus

Responsible for motivated behaviours such as: megdidrinking,
temperature regulatiorsexual behavior, fighting and activity level.
regulates secretion of hormones through its effentthe pituitary glan
by being sensitive to alteration in the level dligary hormones and al:
by releasing hypothalamic hormones that also atfe pituitary. It has
receptors for detecting variations in the levelxeftain hormones suu
as the pituitan

Thalamus

All sensory information and other information pm first into the
thalamus and the cerebral cortex or other aredactoty informdion the
olfactory bulb instead of the thalamus. The thalansua way station ¢
information on the way to the cerebral cortex dreotareas.

Basal Ganglia

They are located on the left and right of the thmala. This includes tr
caudate nucleus, tamen and globus palidus. These structures
damaged in Parkinson’'s disease, Huntington's diseasd othe
conditions that impair movement. The structures miat control
movement directly, but send messages through #ilanttus and the hir
brain to tle cerebral cortex.
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The Hippocampus idocated between the thalamus and the cerebral
cortex.It has a role in learning and memory.

The ventricles

The 4 ventricles are responsible for the flow amduéation of cerebro-
spinal fluid round the cranial cavity and the spoad.

5.2.2 The Mid-brain

It makes up a smaller proportion of total brairesiza humans and other
mammals than it does in birds, reptiles and amphgdi The roof of the
mid-brain is called the tectum. On the two sideghaf tectum are the
superior and the inferior conniculus which are im@ot routes for

sensory information. Under the tectum, i.e. aflasr is the tegmentum.

They include the nuclei for the third and forthraed nerves; parts of the
reticular formation and extensions of the pathwiysthe between the
forebrain and the spinal cord or hindbrain. Thestaitia nigra is also
located in the area, deterioration of which calaginson’s disease.

5.2.3 The Hind-Brain

This consists of the medulla, pons, and the celwghelThe hind-brain,
mid-brain, and central structures of the forebrnstitute the brainstem.

Cerebellum — This is the back part of the brain and is conedrwith
balance and coordination, i.e. movement. Theseites are carried out
automatically (subconsciously) by this area oflthein and are not under
a person's control.

Brain stem — This controls the basic functions essential &ntaining

life, including blood pressure, breathing, heartbeand also eye
movements and swallowing. It is the bottom parttiof brain and
connects the cerebral hemispheres to the spindl cor

The medulla oblongatais located just above the spinal cord. It could be
regarded as an enlargement of the spinal cor@nlirals breathing, heart
rate, vomiting, salivation, coughing sneezing, atiier vital reflexes by
means of the cranial nerves. It connects the draei@es from the spinal
cord to the brain.

The pons lies just anterior to the medulla. It serves as Ihidge for
nerve fibers between the right and left sides eflitain (mostly into the
cerebellum).

The reticular formation or raphe system These are constituents of the
medulla and the pons. They send axons to therfarebo control sleep
and arousal.
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Study Session Summary
This is a summary of our discussion in 1Study Sessic:
1) The brain is madef three main parts: the forebrain, 1-brain, and
hind-brain.
2) The forebrain consists of the cerebrum, thalamusgd
Summary hypothalamus (part of the limbic system).

3) The midbrain consists of the tectum and tegment

4) The hindbrain is made of the cerebellurang and medulla. Ofte
the midbrain, pons, and medulla are referred to togetisetha
brainstem

5) The Cerebrunis the major part of the forebraiiThis is the largest
and most developed part of the human brain. lorscerned witt
all higher mental funains, such as thinking and memc
planning, recognise friends, play games, etc. hale up of twi
halves or hemispheres.

6) The cerebrum is split into two halves (hemisphef®g)a deej
fissure. The right cerebral hemisphere primarily controle thft
side of the body and the left hemisphere primarilytaas the righ
side.

7) Each cerebral hemisphere is divided into four aré&aswn as
lobes: the frontal, parietal, temporal and occlgdithes. Each lob
controls a different range of activities.

8) The Mid-brain makes up a smaller proportion of total bisize in
humans and other mammals than it does in birdgjlegpanc
amphibians. The substantia nigra is also locatedhm area
deterioration of which causes Parkinson’s dise

9) The Hind -bram consists of the medulla, pons, and the cerebe
The hindbrain, mid brain, and central structureshef forebrair
constitute the brainstem.

10) The cerebellum is the back part of the brain antbizcerned witl
balance and coordination, i.e. movement.ese activities are
carried out automatically (subconsciously) by #nisa of the brai
and are not under a person's control.

11) The Brain stentontrols the basic functions essential to maintaj
life, including blood pressure, breathing, hearatband also ey
movements and swallowing. It is the bottom parthaf brain ant
connects the cerebral hemispheres to the spind.

12) The medulla olingata is located just above the spinal cor
could be regarded as an enlargement of the spamdl! & controls
breathing, heart rate, vomiting, salivation, comghsneezing, ar
other vital reflexes by means of the cranial nerfiesonnects th
cranial nerves from the spinal cord to the bi

13) The reticular formation or raphe systems are ctuesits of the
medulla and the ponsThey send axons to the forebrain to cor
sleep and arousal.
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Assessment

Assignment

P w NP

Draw and label functional parts of the brain.

Describe the structural layout of the brain.

Describe the functional parts of the brain

Describe the component parts of the forebrain, maidb and
hindbrain.

Highlight the functions of the the Cerebrum.

Explore the functional differences in the forebraimidbrain,
and hindbrain.

Describe the basic functions of the brain stem.
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Study Session 6

Neurotransmitters and Behaviour

Introduction

In this Study Session, we will examine the relahip between
neurotransmitters and behaviour. Specifically, wal wxplore how
neurotransmitters inform behaviour.

earning Outcomes

When you have studied this session, you shouldleeta:

6.1 outline the mechanism of impulse transmission.

6.2 describe the major types of neurotransmittedstieir functions.

6.3 explain Dale’s Law.

6.4 discuss neurotransmitters, brain disorders nagdications.

6.5 explain the relationship between drug addictitrmansmitters and

hehavinii

6.1 Mechanism of Impulse Transmission

Neurotransmitters are chemicals located and redeashe brain to allow
an impulse from one nerve cell to pass to anotleevencell. There are
approximately 50 neurotransmitters identified. Ehare billions of nerve
cells located in the brain, which do not directiyich each other. Nerve
cells communicate messages by secreting neurotrhesn
Neurotransmitters can excite or inhibit neuronsr{eecells). Some
common neurotransmitters are acetylcholine, noegtirine, dopamine,
serotonin and gamma aminobutyric acid (GABA). Atdipline and
norepinephrine are excitatory neurotransmitters levhdopamine,
serotonin, and GABA are inhibitory. Each neurotraitter can directly
or indirectly influence neurons in a specific pontiof the brain, thereby
affecting behavior.

A nerve impulse travels through a nerve in a losignder cellular
structure called an axon, and it eventually reaghesructure called the
presynaptic membrane, which contains neurotransmitd be released in
a free space called the synaptic cleft. Freely iflgwneurotransmitter
molecules are picked up by receptors (structurasappear on cellular
surfaces that pick up molecules that fit into thém a "lock and key")
located in a structure called the postsynaptic rman#of another nearby
neuron. Once the neurotransmitter is picked up dxgeptors in the
postsynaptic membrane, the molecule is internalisd¢ige neuron and the
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impulse continues. This process of nerve cell comoation is
extremely rapid.

Fig 6.1 Nerve cell
communication

Once the neurotransmitter is released from theateursmitter vesicles
of the presynaptic membrane, the normal movementadécules should
be directed to receptor sites located on the poaftic membrane.
However, in certain disease states, the flow of iearotransmitter is
defective. For example, in depression, the flow tbé inhibitory

neurotransmitter serotonin is defective, and madéscélow back to their
originating site (the presynaptic membrane) instefatt receptors on the
postsynaptic membrane that will transmit the imputsa nearby neuron.

The mechanism of action and localisation of nearwmitters in the
brain has provided valuable information concerriing cause of many
mental disorders, including clinical depression ahémical dependency,
and in researching medications that allow norn@kfand movement of
neurotransmitter molecules.

6.2 Major Types of Neurotransmitters

1. Acetylcholine Affects arousal, attention, memory, motivation,
movement. Too much can cause spasms or tremorslitfiecan cause
paralysis or torpor.

2. Dopamine Inhibits wide range of behaviour and emotionsjuding
pleasure. Implicated in schizophrenia and Parkisstisease.

3. Serotonin Inhibits virtually all activities. The transmittés important
for sleep onset, mood, eating behavior.

4. Norepinephrine Affects arousal, wakefulness, learning, memory,
mood.

5. Endorphins and Enkephalins Inhibits transmission of pain
messages.
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6.3 Dale’s Law

No single neurone releases all these transmitterdact, it was long
believed that each neurone stores and releasespelyransmitter. This
generalisation was known as Dales Law. Recent lenyd has proved
that this is not perfectly true, however all bragglof an axon releases the
same transmitter. Dale’s Law applies to the trattensi that the
presynaptic end of a neurone releases, not tadheritters that the post
synaptic side receives. Although a neurone releasds one or two
transmitters, it may receive a number of differeahsmitters at various
synapses. Neurones that release a particular titsrare clustered
together, not scattered randomly throughout thabra

Diet and synthesis of transmitters

Every synaptic transmitter is synthesised in therggriate neurons from
constituents that come from the diet. Under noroialumstances, the
brain maintains fairly constatnt levels of eacmsraitter during periods.
Nevertheless if the diet has a high or low conegian of the precursors
necessary for making a particular transmitter, lilgin may produce a
slightly higher or lower than usual amount of ttrahsmitter.

Acetylcholine is synthesised from choline, which &vailable in
cauliffower and milk. Choline can also be made frdecithin. A
component of egg yolks, liver, soybeans, buttegnpts, and several
other foods. Most proteins contain only small amswf the amino acid
tryptophan, the precursor of serotonin. Carbohgdraiuse an increase
in the release of insulin.

6.4 Neurotransmitters, Mental Disorders,
and Medications

Schizophrenia

Impairment of dopamine-containing neurons in therbrs implicated in

schizophrenia, a mental disease marked by distagsam thinking and

emotional reactions. Medications that block dopamiaceptors in the
brain, such as chlorpromazine and clozapine, haea lised to alleviate
the symptoms and help patients return to a noro@hksetting.

Depression

In depression, which afflicts about 3.5% of the ydapion, there appears
to be abnormal excess or inhibition of signals tlkantrol mood,
thoughts, pain, and other sensations. Depressioriraated with
antidepressants that affect norepinephrine andas®enoin the brain. The
antidepressants help correct the abnormal neusstistier activity. A
newer drug, fluoxetine (Prozac), is a selectiveotesin reuptake
inhibitor (SSRI) that appears to establish thellefserotonin required to
function at a normal level. As the name implieg tliug inhibits the re-
uptake of serotonin neurotransmitter from synag#ps, thus increasing
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neurotransmitter action. In the brain, then, tregeased serotonin activity
alleviates depressive symptoms.

Alzheimer's Disease

Alzheimer's disease, which affects an estimated fiaillion Americans,
is characterised by memory loss and the eventadiility for self-care.
The disease seems to be caused by a loss of ¢glts secrete
acetylcholine in the basal forebrain (region ofitorénat is the control
center for sensory and associative information gsgsing and motor
activities). Some medications to alleviate the syms have been
developed, but presently there is no known treatrizerihe disease.

Generalised Anxiety Disorder

People with generalised anxiety disorder (GAD) eigmee excessive
worry that causes problems at work and in the reasmce of daily
responsibilities. Evidence suggests that GAD ineslv several
neurotransmitter systems in the brain, includingepmephrine and
serotonin.

Attention-Deficit/Hyperactivity Disorder

People affected by attention-deficit/hyperactivitisorder (ADHD)
experience difficulties in the areas of attentioweractivity, impulse
control, and distractibility. Research shows thabpaimine and
norepinephrine imbalances are strongly implicateckiusing ADHD.

Substantial research evidence also suggests a correlation of neurotransmitter
imbalance with disorders such as borderline personality disorders,
schizotypal personality disorder, avoidant personality disorder, social
phobia, histrionic personality disorder, and somatisation disorder.

Transmitters and Behaviour

Cocaine and crack cocaine are psychostimulants dffatt neurons
containing dopamine in the areas of the brain knawrthe limbic and
frontal cortex. When cocaine is used, it generaté=eling of confidence
and power. However, when large amounts are takawplp "crash” and
suffer from physical and emotional exhaustion alt asedepression.

Opiates, such as heroin and morphine, appear toicmimaturally

occurring peptide substances in the brain thataacheurotransmitters
with opiate activity called endorphins. Natural erhins of the brain act
to kill pain, cause sensations of pleasure, andsecasleepiness.
Endorphins released with extensive aerobic exerdmeexample, are
responsible for the rush that long-distance runrexgerience. It is
believed that morphine and heroin combine witheéhdorphin receptors
in the brain, resulting in reduced natural endarpproduction. As a
result, the drugs are needed to replace the ngtyalduced endorphins
and addiction occurs. Attempts to counteract tHfece$ of the drugs
involve using medications that mimic them, such relorphine,

naloxone, and naltrexone.
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Alcohol is one of the depressant drugs in widest asd is believed f
cause its effects by interacting with the GABA ngtce. Initially anxiety
is controlled, but greater amounts redumuscle control and delz
reaction time due to impaired thinki

Neurotransmitter system:s

Neurons expressing certain types of neurotransmitemetimes forr
distinct systems, where activation of the systemsea effects in larg
volumes of the brain, callevolume transmission.

The major neurotransmitter systems are thnoradrenaline
(norepinephrine) system, tldopamine system, theerotonin system and
thecholinergic system.

* Drugs targeting the neurotransmitter of such systeffect the
whole system, which explains the mode of actiomahy drugs.

» Cocaine for example, blocks the reuptakedopamine, leaving
these neurotransmitters in the synaptic lgager.

» Prozac is aselective serotonin reuptake ibitor (SSRI), hence
potentiating the effect of naturally released sm@iut.

* AMPT prevents the conversion of tyrosine L-DOPA, the
precursor to dopamine; reserpipeevents dopamine stora
within vesicles; and deprenyinhibits monoamine oxidase
(MAO)-B and thus increases dopamine levels. Diseases
affect specific neurotransmitter systems. For exar
Parkinson's diseases at least in part related to failure
dopaminergic cells in dedmain nucle, for example the
substantia nigraTreatments potentiating the effect of dopan
precursors have éen proposed and effected, with mode
success.

Transmitter systems, origin and effects

* Noradrenalin originates from locus coeuleus anel#h
tegmental field. It influences arousal.

» Dopamine originates from dopamine pathways ir
mesocortical pathwa It is responsible for motor syste
cognition and nausea.

» Serotonin system originates from teudaldorsal raphe nucleus,
rostral dorsal raphe nucleusis respoinsible foncreased
introversion, mood, satietippody temperatui and sleep, while
decreasing nociception.

» Cholinergic system originates from thasal optic nucleus «
Meynert, medial septal nucleusidtresponsile for learning
learning, short-term memory and arousal.

Study Session Summary

In this Study Session, you learnt the follow

» Neurotransmitters are chemicals located and redeimsthebrain to
allow an impulse from one nerve cell to pass talaeronerve cell
» There are approximately 50 neurotransmitters ifledti
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Neurotransmitters can excite or inhibit neurons\eeells).

Some common neurotransmitters are acetylcholinespireephrine,
dopamine, serotonin and gamma aminobutyric acidB&A
Acetylcholine and norepinephrine are excitatory roransmitters
while dopamine, serotonin, and GABA are inhibitory.

Each neurotransmitter can directly or indirectlfliance neurons in
a specific portion of the brain, thereby affectivehaviour.

Once the neurotransmitter is released from the atensmitter
vesicles of the presynaptic membrane, the normaement of
molecules should be directed to receptor sitestéocaon the
postsynaptic membrane.

However, in certain disease states, the flow ofdagrotransmitter is
defective.

Dale’s Law posit that no single neurone releasksaismitters. In
fact, it was long believed that each neurone steglesmses only one
transmitter. This generalisation was known as Dates.

Every synaptic transmitter is synthesized in thprapriate neurons
from constituents that come from the diet.

Assessment

Assignment

Describe the mechanism of impulse transmission
Mention major types of neurotransmitters and theictions
Explain Dale’s Law

Highlight neurotransmitters, brain disorders, aretlications

ok 0N e

Relate drugs to transmitters and behaviour.
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Study Session 7

Endocrine Glands and Behaviour

Introduction

In this Study Session, you will examine endocritends and how they
influence behaviour.

earning Outcomes

When you have studied this session, you shouldleeta:

7.1 identify the endocrine glands in human beings.
7.2 mention the functions of each of the endocgiaads.

7.3 highlight conditions of over-secretion and unsicretion of hormones of
endocrine glands

7-1 The Endocrine System

The endocrine system, in association with the ousvsystem and the
immune system, regulates the body’s internal dwt&/iand the body’s
interactions with the external environment to presethe internal
environment. This control system permits the priiongctions of living
organisms—growth, development, and reproduction-praceed in an
orderly, stable fashion; it is exquisitely self-végfing, so that any
disruption of the normal internal environment byemmal or external
events is resisted by powerful countermeasures.nhis resistance is
overcome, illness ensues.

Each endocrine gland also has a rich supply of deessels. This is

important not only because nutrients are delivacethe gland by the

blood vessels but also because the gland cellditigathese vessels are
able to detect serum levels of specific hormonestloer substances that
directly effect the synthesis and secretion of Hmemone the gland

produces. In addition to traditional endocrine selipecially modified

nerve cells within the nervous system secrete itapbrhormones into

the blood. These special nerve cells are calledosearetory cells, and
their secretions are termed neurohormones to diggh them from the

hormones produced by traditional endocrine cellsuridhormones are
stored in the terminals of neurosecretory cells arelreleased into the
bloodstream upon stimulation of the cells.
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Pineal
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Pituitary
Thyroid

Parathyroids

Thymus
Adrenals

Pancreas
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This is a group of ductless glands that regulatdybprocesses by
secreting chemical substances called hormones. df@wsact on nearby
tissues or are carried in the bloodstream to actpatific target organs
and distant tissues. It is important to distingugiween an endocrine
gland, which discharges hormones into the bloodstreand an exocrine
gland, which secretes substances through a duairgpen a gland onto
an external or internal body surface. Salivary dtaand sweat glands are
examples of exocrine glands. Both saliva, secreyeithe salivary glands,
and sweat, secreted by the sweat glands, act ahtissues near the duct
openings. In contrast, the hormones secreted bypceiné glands are
carried by the circulation to exert their actiomstissues remote from the
site of their secretion.

Most hormones are one of two types: protein horreofiacluding

peptides and modified amino acids) or steroid hom@so The majority of
hormones are protein hormones. They are highlyoé®lin water and can
be transported readily through the blood. Wheniaiiyt synthesised
within the cell, protein hormones are containechimiiarge biologically
inactive molecules called prohormones.

An enzyme splits the inactive portion from the eetiportion of the
prohormone, thereby forming the active hormone thahen released
from the cell into the blood. There are fewer dtkrbormones than
protein hormones, and all steroid hormones arehsgited from the
precursor molecule cholesterol. These hormonesddeaa of the protein
hormones) circulate in the blood both as hormora th free and as
hormone that is bound to specific proteins. It lie tfree unbound
hormone that has access to tissues to exert hotacinaty.

Hormones act on their target tissues by bindingno activating specific
molecules called receptors. Receptors are founth@rsurface of target
cells in the case of protein and peptide hormooesthey are found
within the cytoplasm or nuclei of target cells inetcase of steroid
hormones and thyroid hormones. Each receptor hasomg, highly
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specific affinity (attraction) for a particular hmone. A hormone can
have an effect only on those tissues that coneiaptors specific for that
hormone. Often, one segment of the hormone molebak a strong
chemical affinity for the receptor while anothegsent is responsible
for initiating the hormone’s specific action. Thudsrmonal actions are
not general throughout the body but rather are diatespecific target
tissues.

A hormone-receptor complex activates a chain ofcifipechemical
responses within the cells of the target tissuecdmplete hormonal
action. This action may be the result of the atiivaof enzymes within
the target cell, interaction of the hormone-recemomplex with the
deoxyribonucleic acid (DNA) in the nucleus of thaldand consequent
stimulation of protein synthesis), or a combinatairboth. It may even
result in the secretion of another hormone.

The amounts of hormones are maintained by feedbehanisms that
depend on interactions between the endocrine glahddlood levels of
the various hormones, and activities of the taoggan. Hormones act by
regulating cell metabolism. By accelerating, slayyiror maintaining
enzyme activity in receptor cells, hormones contgbwth and
development, metabolic rate, sexual rhythms, aptbdriction.

7.1.1 Types of Endocrine Glands

The endocrine glands are:
e 1 pituitary gland
e 1 thyroid gland
* 4 parathyroid glands
e 2 adrenal (suprarenal) glands
» 1 Pancreas (islets of Langerhans)
» 1 pineal gland or body
e 1 thymus gland
* The gonads, i.e. 2 ovaries in females and 2 tastbe male

7.1.2 Endocrine Glands and their Specific
Characteristics

The Pituitary Gland

The pituitary gland, or hypophysis, is located rtbarbase of the brain. It
secretes many hormones and controls the functiontluér endocrine
glands. The production and release of the varidustgry hormones are
regulated in turn by small peptide-releasing horesonfrom the
hypothalamus of the brain. The pituitary gland hash anterior and
posterior portions, with each secreting separatembpes, meaning
different functions.

The hormones of the anterior pituitary gland are:

* The thyroid stimulating hormone (TSH) which stintelathe
growth of the thyroid gland

* The luteinizing (LH) which is a gonadotrophic homeo
necessary for increasing the production of
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Hint

* progesterone in females and testosterone in males.

* The follicle stimulating hormone (FSH) which is angdotrophic
hormone necessary for increasing the productiaresfrogen
and maturation of ovum in females, and productiosperm in
males.

» The adreno corticotropic hormone (ACTH) which irases the
secretion of steroid hormones by adrenal glanakljs in
regulating sleep pattern

* Prolactin.

The functions of the anterior pituitary gland horras are as follows:
1) The growth hormone stimulates growth of body tissespecially

the long bones and skeletal muscles.

2) The TSH stimulates the growth of the thyroid gland.
3) The LH is a gonadotrophic hormone necessary farasing the

production of progesterone in females and testmsésin males.

4) The FSH is a gonadotrophic hormone necessary toeasing the

production of oestrogen and maturation of ovumdmdles, and
production of sperm in males.

5) The ACTH increases the secretion of steroid hormdneadrenal

gland. It helps in regulating sleep pattern.

6) Over-secretion of the hormones of the anterior ifgity gland

causes gigantism (very tall people) and acrome@adgarse facial

features, enlarged tongues and large hands and). feet

Undersecretion causes dwarfism, lack of sexual |dpweent,
obesity and sterility.

The hormones of the posterior pituitary gland are:

1) Prolactin (especially in pregnancy) stimulates rpitaduction
2) Oxytocin acts upon the mammary glands of female mais to

3)

cause milk release (expulsion) in response to swgiby the
young. It also stimulates the uterus to contracttlet end
pregnancy to aid expulsion of the offspring

Anti-diuretic hormone or vasopressin reduces umgput by
increasing the permeability to water of the distahvoluted and
collecting tubules of the nephrones of the kidnelsalso
constricts blood vessels and raises blood pressure.

Under-secretion of the hormones of the posteriduitary causes
diabetes insipidus.

The Pineal Gland

It produces melatonin which contributes to regulatiboircadian rhythm

of the

body including sleep activity cycles. Itakinders the growth and

development of sex organs before puberty.
The Thyroid Gland

It produces throxine and triiodothyronine whichre®ses metabolic rate,
facilitates growth and maturation. Oversecretiontlofroid hormones
causes thyrotoxicosis, while undersecretion caasetinism in children
and myxoedema in adults.
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The Parathyroid Gland

The parathyroid glands derive their name from # that in mammals
they are embedded within the thyroids. They prodpeeathormone
which are essential for life, as they regulatedbicentration of calcium
ion in blood and other extracellular fluids. Overstion causes
reabsorption of calcium from the bones, therebgimgi blood calcium
level (hypercalcaemia). If calcium is too low, #x@mal goes into tetanic
convulsions and dies, whereas if calcium is toohhigbnormal

calcification and stone formation can occur. Pamatid hormone is a
protein hormone that raises the blood calcium Ee\(blypercalcemia).
The hormone acts upon bone to cause the releasmalcium and

phosphate, and upon the kidney to increase the soeatipn

(conservation) of calcium and excretion of phosphat

The Adrenal Cortex

It produces steroid hormones from cholesterol. Tibemones that it
produces are collectively called corticosteroidshiolw are gluco
cortocoids, mineralocorticoids and sex hormones:

» Glucocorticoids are essential for life, regulatmgtabolism and
responses to stress.

» Mineralocorticoids produce aldosterone which nsiirg the water
and electrolytes of the body by stimulating sodig=bsorption and
potassium excretion.

» The sex hormone produces androgen similar tortes produced
by the testis. Oversecretion of glucocorticoidsseaGushing’s
syndrome characterized by painful deposit of fatshe face (moon
face), and muscle wasting as a result of excegstein catabolism
among others. Under-secretion of glucocorticorlsses glucose
uptake and muscle weakness.

Over-secretion of mineralocorticoids results ifduia of the kidneys to
regulate the level of sodium, potassium and wateretion. Excessive
secretion of mineralocorticoids will cause excessieabsorption of
sodium and water, and excessive excretion of piotass

The Adrenal Medulla

The gland produces epinephrine and norepinephfine .effects of these
hormones are similar to the effects of the sympatheervous system.
They increase the heart rate, increases the blessyre, divert blood to
essential organs, increase the metabolic rate da dhe pupils. This
prepares the body for emergencies. The effects vefsecretion of
epinephrine and nor-epinephrine include depositibfats in the lumen
of blood vessels, hypertension, excess blood sngarpusness, etc.

The Pancreas

It produces insulin and glucagon. Insulin is regdiffor reducing the
blood levels of stored nutrients, especially gleca$ier absorption. The
hormone increases the entry of glucose into cellse&ll as increasing the
storage of fats. Glucagon increases conversionooéd fats to glucose.
Undersecretion of insulin causes diabetes mellitus.
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The Gonads

Probably the best-studied endocrine glands argdneds, the testes of
the male and the ovaries of the female. The goaagisegulated by the
follicle-stimulating hormone and luteinizing hormeonfrom the
adenohypophysis.

In the male, follicle-stimulating hormone stimulatéhe initiation of

sperm formation by the testis tubules, and lut&igihormone acts on the
nearby Leydig cells of the testis to produce tdstose, the principal
male sex hormone.

Testosterone acts by a paracrine mechanism to tdaeigmal maturation
of sperm, and by way of the blood to stimulate dmpment of the male
reproductive system and secondary sex charactsristi

In females, the follicle-stimulating hormone stiggs the growth of the
ovarian follicles at the beginning of each reprdilgc cycle. As the
follicles grow, they produce estradiol. Increasiengels of estradiol cause
feedback inhibition of gonadotropin-releasing honmoHigh levels of
estradiol also have an unusual positive feedbadkctefupon the
hypothalamus and adenohypophysis to cause a sunfe isecretion of
luteinizing hormone, which results in ovulation. €Tkorpus luteum, a
remnant of the ovulated follicle, produces bottragibl and the second
major female sex hormone, progesterone. Progestdsonecessary for
the maintenance of a quiescent uterus during pregnaand both
estrogen and progesterone are important in theatgu of the female
reproductive cycle. Estradiol is also essential ftbe growth and
maturation of the female reproductive system andorsdary sex
characteristics. In both males and females, the lsmxnones affect
reproductive behaviour.

The Pineal Gland

It contains light-sensitive receptors to reguldte body in response to
changes in light exposure. The pineal gland prosluite hormone
melatonin, which regulates daily cycles and rhythswch as sleeping
and waking patterns. Melatonin is secreted in #m tours of the night.
As a result, during the longer nights of the winteonths, the pineal
produces and secretes melatonin in higher levalsithsummer months.

The Thymus

The thymus secretes the hormone thymosin, whichutdtes maturation
of cells used by the immune system to defend tuy lagainst disease.
The thymus is particularly large in children butisks with the onset of
puberty.

Hormones can also be classified into three categories, which are:

1) Protein hormones (are composed of strings or combination of amino
acids)

2) Steroid hormones (are composed not of amino acids, but of four
interconnected rings of carbon atoms) different steroid hormones vary
in number and kinds of atoms attached to the rings.

3) Amine hormones (are compounds composed of single amino acid.
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Hence, their alias, “monoamine” hormones.

Class

Protein
hormones

Amine
hormones

Steroid
hormones
Gonadal
Adrenal

Hormones

Adrenocorticotropic hormone (ACTH)

Follicle stimulating hormone (FSH)
Luteinizing hormone (LH)

Thyroid stimulating hormone (TSH)

Growth hormone (GH)

Prolactine

Insulin

Glucagon

Oxytocin

Vasopressin (arginine vasopressin AVP; antidiuretic
hormone, ADH)

Releasing hormones such as :Corticotropin- releasing
hormone (CRH)

Gonadotropin- releasing hormone (GnRH)
Epinephrine (adrenaline)

Norepinephrine (NE)

Thyroid hormone

Melation

Estrogens (e.g estradiol)

Progestins (e.g progesterone)
Androgens(testosterone,dihydrotestosterone )
Glucocorticoids (e.g cortisol)
Mineralocorticoids (e.g adolsterone)

Study Session Summary

o7

Summary

In this Study Session, wyou learnt thathe endocrine syste is a body
control system composed of a group of glands thaintain a stabl
internal environment by producing chemical regulasubstances calle
hormone. The endocrine system includes the pituitary glahgroid
gland, parathyroid gland, adrenalsupra renal gland, pancreas, ovi
testis / testicle, thymus gland, and pineal gl

Assessment

Assignment

1. Differentiate between endocrine and exocrine gl.
2. Draw a human diagram to show the location(s) ofealiocrine

glands.

3. Distinguish betweeranterior and posterior pituitary hormor
stating the function(s) of each.

4. Highlight the possible consequences of underagtivind
overactive of each endocrine gland.
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Study Session 8

Drugs and Behaviour

Introduction

In this Study Session, we will examine the effettdougs on human
behaviour.

Learning Outcomes

When you have studied this session, you shouldleeta:

8.1 define drugs.

8.2 describe the effects of psychostimulants onadrubehaviour.
8.3 mention the influence of sedatives on humamaaehr.

8.4 describe the effect of sedatives on human betnav

8.5 describe the effects of hallucinogens on hub&raviour.
8.6 describe the effects of anti-depressants oavielr.

8.1 Meaning of Drugs

The study of drugs called pharmacology is rootedhim Greek word
pharmakon having three principal meanings as (tham (an object
thought to have magical effect (2) a poison (3emeady or medicine.
Drugs are also called psychoactive agent or meglieged in treatment of
a disease.

Drugs are chemicals, they work in the brain by tagpnto the brain’'s
communication system and interfering with the wayve cells normally
send, receive and process information.Some drugh, & marijuana and
heroine, can activate neurons because their chemsticecture mimics
that of a natural neurotransmitter. This similarity structure “fools”
receptors and allows the drugs to lock onto angatet nerve cells.

Although these drugs mimic brain chemicals, they'dactivate nerve
cells in the same way as a neurotransmitter, aeg ldad to abnormal
messages being transmitted through the nasal riet@tiner drugs, such
as amphetamine or cocaine, can cause the nerve tellrelease
abnormally large amounts of natural neurotransmsitier prevent the
normal recycling of these brain chemicals. Thisugiton produces a
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greatly amplified message, ultimately disrupting moounication
channels.

The difference in effect can be described as fifference between
someone whispering into the ear and someone wimgpento the

microphone. When drugs are taken either orallyair@nously by

inhalation or otherwise, they act on the functigniof the brain as
thereafter they affect the brain and behavior bwnging synaptic
transmission. In careful consideration of what drage and how they
affect human behavior the neurotransmitters whrehreleased from the
terminal buttons of neuron which diffuse acrossagjit clefts will be

carefully analysed and other drugs behaviour viglb de considered not
forgetting drug dependence, drug abuse and witredraymptoms which
are some of the behaviour of drugs in the body.

8.2 Classification of Drugs

To a behavioural scientist drugs can be classiethbgcular structure,
biochemical actions, and behavioural effects. Tdan be illustrated as
follows:

Drugs Classified Drugs Classified by Drugs Classified

by Molecular Biochemical Actions by Behavioural
Structure Effects
Amino acids Receptor blockers Pscycho-
stimulants
Monoamines Mimickers Sedatives

Benzodiazepines  Synthesis inhibitors Hallucinogens

Alcohols False transmitters Antidepressants

Psychologists are more interested in classificationolving the
behavioral effect of drugs. Many of such coulddume some alteration
in behavior (or physiology) such as increasing sablevel, combating
depression, lowering blood pressure, and so on.

8.3 Psycho-Stimulants

Psychomotor stimulants are a group of drugs, inotudcocaine,
amphetamine, methylphenidate, ephedrine and cathintbat produce
wakefullness and arousal and stimulate behavioeirT¢urrent clinical
use is limited to treatment of specific sleep digos such as narcolepsy,
and certain childhood behavioural problems suchatisntion deficit
disorder. More importantly, the psychomotor stinmaare a class of
drugs widely self-administered for non-medical oees
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8.3.1 History of Psychostimulants

Psychomotor stimulants have been used throughoatded history and
in almost all parts of the world. There are recasti€hinese physicians
using the ephedra plaliphedra vulgaristo produce Ma Huang over
5000 years ago. The active ingredient, ephedrirees isolated in the
1880s but it was not characterised until the 19Z@sre is evidence that
Indians of South America chewed leaves of the Qiaat Erythroxylon
cocaas many as 2000 years ago. The active ingrediecgine, was first
isolated in the 1800s. Cocaine, in its various ®rmcluding powder,
freebase and crack, is currently one of the mopulao street drugs in
western society. In East Africa and the Middle E&esdves of the Khat
shrub Catha edulishave been chewed for their stimulant effects for a
least 700 years and this practice continues toidespread among young
men of this regions. The active ingredient in Kligtcathinone, was not
isolated until the 1970s.

The use of cocaine for medical purposes was pdpathby Sigmund
Freud in the 1880s, who suggested that it was acieirdrug, with uses
ranging from local anesthesia to the treatmentepirelssion, indigestion,
asthma, neurosis, syphilis and drug and alcohoicadd. Based in part
on Freud's endorsement the use of cocaine becameopular. It was
widely prescribed by physicians and even appeanegdopular tonics,
including Coca Cola (although coca leaves areatilingredient in Coca
Cola, the cocaine is removed before they are usdteidrink). Presently,
the only approved medical use of cocaine is asa knesthetic.

The characterisation of ephedrine in the 1920sttedin interest in
developing and testing similar drugs. Ephedrine laesg widely used to
treat asthma and there was an interest in findiggnshetic substitute for
this drug. Amphetamine, a drug similar in structued activity to
ephedrine, arose from this interest. Although artgph&éne had been
synthesised almost 40 years earlier, the interesiphedrine led to the
further characterization and use of this drug. Sithen, many analogs of
amphetamine have been developed and characternizeldding the
popular street drug, methamphetamine.

Amphetamines have been widely used for their stimukffects. They
were used in World War 1l, by the United Statesnedl as others, to
decrease fatigue and increase alertness of soliflensk drivers have
used them for decades to increase wakefullnesslentiness and allow
them to drive for long distances without stoppiogrest. Likewise, these
stimulants have been popular with college studerghing to stay awake
and study for exams.

The first condition for which amphetamine was usgidically was
narcolepsy. Although it is not curative, it revatuiised therapy for this
condition by making the patients relatively symptdrae. Since then
amphetamines have been used at various times &b Rarkinson's
disease, depression, epilepsy, psychopathic stasntion deficit-
hyperactivity disorder, and obesity. Because ofirthbility to decrease
appetite, amphetamines were widely prescribed fanymyears for
individuals wishing to lose weight. Because of sk of abuse and
dependence, use of stimulants has been consideratiliced over the
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years and newer more effective agents have beeardgrated to work in
treating some of these conditions.

8.3.2 Behavioural Effects of Stimulants

Psychomotor stimulants, most notably cocaine andohatamine,
produce a characteristic stimulation of behavigurboth humans and
experimental animals. At low to moderate doses ethaxigs induce
wakefulness, increase activity, decrease appetité stimulate the
sympathetic nervous system. In humans, these dakss produce
feelings of euphoria, well-being and self-confidenthe latter effects are
reflected in experimental animals as powerful @icihg actions. In
appropriate experimental situations animals willrkvextremely hard,
sometimes to the point of death, to obtain theagsir

At higher doses the psychomotor stimulants prodstereotypic

behaviours. Stereotypic behaviors are typicallgfoaind highly patterned
behavioral repertoires produced in a repetitive meanStereotypies in
humans produced by high doses of stimulants incluefeetitive or

continuous arranging of objects, bathing, housenitey, mechanical
work, grooming, and persistent repetition of woodsentences. At very
high doses the psychomotor stimulants produce ehpsys characterized
by vivid hallucinations and paranoid ideation, oftedistinguishable
from paranoid schizophrenia.
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Mechanism of action of stimulants: Psychomotor stimulants produce
their characteristic behavioral effects by incregssynaptic activity of
the monoamine neurotransmitters, dopamine, norphime and
serotonin. They are called indirect agonists bexz#usir primary effect is
to increase the ability of the neurotransmittersa¢t, without having a
direct effect on the postsynaptic receptors fors¢ghaeeurotransmitters.
Although producing slightly different cellular amdolecular effects, the
final outcome for each drug in this class, an iaseein monoamine
activity, is quite similar.

Cocaine acts primarily by blocking the reuptake mbnoamines.
Reuptake is the first step in the process by whimnoamines are
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destroyed in the brain. After they are releasegsdmeurotransmitters are
actively transported back into the cell from whtbley were released. By
blocking reuptake cocaine increases the length iofe tthat the
monoamines can activate their receptors.

Amphetamine has more varied cellular effects thacame, increasing
the activity of monoamines in several important siay

» Amphetamine stimulates the release of dopaminenanepinephrine
from catecholamine nerve terminals, increasingammunt of these
neurotransmitters in the synapse.

» Like cocaine, amphetamine also inhibits reuptake tfe
catecholamines, increasing their ability to acevatceptors.

* In addition, amphetamine inhibits monoamine oxigddbe enzyme
responsible for the destruction of monoamine neansmitters,
further increasing the availability of these necansmitters.

» Finally, there is some evidence that amphetaming miaectly
activate  catecholamine receptors, further contirigut to
monoaminergic activity.
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Psychopharmacological research has revealed tledisg®ain areas and
neurotransmitters responsible for the behaviorfdces of psychomotor
stimulants. The most prominent monoamine neurotnétes involved in

the effects of these drugs is dopamine, which gpaasible for the
powerful reinforcing effects, the increase in atfivand the stereotypic
and psychotogenic effects. Increased dopamineitgciiv a forebrain

region known as the nucleus accumbens mediate®itfercing effects
and the motor stimulant effects of the psychomstimnulants. Dopamine
in this brain region also appears to mediate thehmtogenic effects
produced by high doses of these drugs. Increasegahdae activity in an
adjacent forebrain region, the striatum (or caugatamen), is
responsible for the stereotypic effects of the stamts.
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8.4 Sedatives and Behaviour

Sedative and hypnotic drugs are central nervousesyslepressants.
They depress behavior, moderate excitement, indakeness, and may
produce drowsiness or even loss of consciousnebg. Jedative-
hypnotics are used clinically as antianxiety agemtsiscle relaxants,
antiepileptics, and as preanesthetic medicatiomsg®in this category
include barbiturates, benzodiazepines, and anésthet

8.4.1 History of Sedative Hypnotic

In 1903, barbital, a derivative of barbituric acidas introduced. Its
sleep-inducing and anxiolytic effects made it vg@gpular in clinical
medicine. It soon became popular as a treatmenarigiety and as the
first sleeping pill. In 1912, phenobarbital wasdaauced.

Phenobarbital, in addition to sedative-hypnotic pemies, has
anticonvulsant properties and has become one ofntbst important
pharmacological treatments for epilepsy. The sigeadsbarbital and
phenobarbital spawned the synthesis of over 2,%00itorates. Of these
many barbiturate analogues, only about 20 are atilthe market. The
effects of these various barbiturates are genersiltyilar, differing
primarily in potency and duration of action.

The partial separation of sedative-hypnotic-andsthe from
anticonvulsant properties, found in phenobarbitat] researchers to
search for agents with more selective effects erfuhctions of the CNS.
In the late 1930's, relatively nonsedative antictsants were developed
(e.g., phenytoin and trimethadione). In 1957 thet fbenzodiazepine,
chlordiazepoxide (Librium) was synthesized. Benaedpines have
demonstrated the ability to relieve symptoms ofietyxwith relatively
little interference with  cognitive function or wdlkiéness.
Benzodiazepines and barbiturates share very simpiaperties but the
benzodiazepines have demonstrated to have a muder sa
pharmacological profile. Benzodiazepines have fbese replaced
barbiturates for most uses, particularly for trezinof anxiety and sleep
disturbances.

8.4.2 Behavioural Effects of Sedatives in Man

Sedative-hypnotic drugs depress behavior, modesattement, and
induce calmness. These drugs depress the centrabuse system,
however, they usually produce therapeutic benefit§ar lower doses
than those causing substantial generalised depresEbehavior.

Barbiturates have a wider and more powerful effent the central
nervous system than the other sedatives. The beat#s can produce
varying degrees of depression of the CNS, rangioign imild sedation to
general anesthesia. In low doses barbiturates aaaming effect, and
some of the barbiturates (e.g., phenobarbital) ki@vmeonstrated selective
anticonvulsant properties. In moderate doses theguyce a drunken
euphoric state, similar to alcohol. Sedation aneesl result from
increased doses, and even higher doses producecaduagmesthesia.
Because of their ability to produce sedation anctafese sleep latency,
barbiturates were popular in the treatment of insarprior to the advent
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of benzodiazepines. However, because of the higldence of tolerance
and physical dependence following chronic use &drelatively high
danger of overdose, these drugs are rarely usey fod the treatment of
anxiety or sleep disturbances.

Benzodiazepines share the sedative-hypnotic prieperbut produce
fewer side effects than barbiturates. Like barhies, benzodiazepines
have also been reported to produce anticonvuldéette In addition,
these drugs are used clinically as muscle relaxantgepilieptic agents,
and to produce sedation before operative proceddnes antianxiety
effects of benzodiazepines are more selective ttharse of other
sedative-hypnotics -- they relieve anxiety at logleses and thus produce
minimal sedation and motor impairment. The benzmpiines are
currently the most important class of drugs foatmgent of anxiety and
sleep disorders.

Mechanism of action of sedatives

Barbiturates and benzodiazepines act similarlyrtmyce depression of
central nervous system function and behavior. Bd#sses of drugs
enhance the ability of the inhibitory neurotrangemnit gamma
aminobutyric acid (GABA), to activate a type of eptors known as
GABA-A receptors. These drugs increase the effentgés of GABA by
altering the receptor so that GABA can bind morglgaan effect known
as allosteric regulation. Activation of the GABAfAceptor opens an ion
channel, allowing negatively charged chloride idosenter the cell,
producing an inhibition of neuronal activity.
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In addition to barbiturates and benzodiazepinebarell appears to
produce depression of central nervous system fumctin part by
enhancing the ability of GABA to bind to the GABA-+&ceptor. This
may explain why these three classes of drugs patenbne another
other's effects and why tolerance to one resultgrivss-tolerance to
another.
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Examples of benzodiazepines include: Diazepam thnéhtrade name
Valium, Alprazolam with the trade name Xanax, artdo@liazepoxide
with the trade name Librium. Examples of non-Betiarepines include:
Buspirone with the trade name Buspar, Chloral hgdwith the trade
name Noctec, and Zolpidem tartrate with the traat@en Ambien.

8.5 Hallucinogens

A hallucinogen is a general group of pharmacoldgggents that can be
divided into three broad categories: psychedel@issociatives, and
deliriants. These classes of psychoactive druge meommon that they
can cause subjective changes in perception, thpugmbtion and
consciousness. Unlike other psychoactive drugd) siscstimulants and
opioids, these drugs do not merely amplify famiksates of mind, but
rather induce experiences that are qualitativeffedint from those of
ordinary consciousness. These experiences are oftepared to non-
ordinary forms of consciousness such as tranceitatiet, and dreams.

Hollister's criteria for establishing that a drug hallucinogenic is
(Glennon, 1994),

» in proportion to other effects, changes in thoughtception, and
mood should predominate;
* intellectual or memory impairment should be minimal
» stupor, narcosis, or excessive stimulation shoate an
integral effect;

e autonomic nervous system side effects should bemalnand

» addictive craving should be absent.
An anti-depressant is a psychiatric medication usedlleviate mood
disorders, such as major depression and dysthymadaaaxiety disorders
such as social anxiety disorder. People with a edeve illness will
experience a therapeutic effect to their mood; hamethis will not be
experienced in healthy individuals. Drugs includitite monoamine
oxidase inhibitors (MAQIs), tricyclic anti-depresss (TCAS), tetracyclic
antidepressants (TeCAs), selective serotonin reagtenibitors (SSRIs),
and serotonin-norepinephrine reuptake inhibitordNR&) are most
commonly associated with the term. These medicatise among those
most commonly prescribed by psychiatrists and ofttersicians, and
their effectiveness and adverse effects are thiesutf many studies and
competing claims.
Most typical anti-depressants have a delayed aisattion (2—6 weeks)
and are usually administered for anywhere from imoib years. Despite
the name, anti-depressants are often used tootiteait conditions, such as
anxiety disorders, obsessive compulsive disordating disorders,
chronic pain, and some hormone-mediated disordeumsh sas
dysmenorrhea. Some of these uses are FDA-appraxedame are off-
label. Alone or together with anticonvulsants (e.d.egretol or
Depakote), these medications can be used to treantian-deficit
hyperactivity disorder (ADHD) and substance abuge daldressing
underlying depression. Also, antidepressants haen lused sometimes
to treat snoring and migraines.
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Hallucinogens, also known as ‘psychedelic’ drugs, drugs that change
the way a person perceives the world. Hallucinogdfest all the senses
and cause hallucinations-seeing or hearing thihgsdo not exist or are
distorted. A person's thinking, sense of time anwténs can also be
altered.

There are many different kinds of hallucinogengn8mccur naturally, in
trees, vines, seeds, fungi and leaves, while otAmrsmanufactured in
laboratories. Hallucinogens include LSD, ‘magic hma®ms’, mescaline,
PCP (phencyclidine). Naturally occurring halluajeos have been used
since ancient times by various cultures throughloatworld, particularly
by the indigenous peoples of North and South Araeffiar their mystical
and spiritual associations.

Hallucinogens became very fashionable in the UnStades and Europe
in the 1960s, when many young people were pursgregter personal
freedom and questioning old values and ideas.

8.5.1 Types of Hallucinogens

Lysergic Acid Diethyl Amide (LSD): LSD (‘acid’ or 'trips') is one of the
most commonly used hallucinogens . It was invenitedl938 and

explored as a treatment for some mental illne$3esng the 1960s, LSD
became the drug of choice of the ‘hippy’ culturécg then its use has
declined, but there is some recent evidence oéasad popularity.

In pure state, LSD is a white and odourless powitlersually comes in

the form of a liquid or as tablets or capsules,asgs of gelatine or
blotting paper. LSD is swallowed, sniffed, injectedsmoked. It is very
potent, with small amounts causing strong effeets. easier handling,
LSD is often diluted with another substance, suslsagar, or soaked
onto sheets of blotting paper.

Phencyclidine (PCP): PCP(‘angel dust’): As well as effects similar to
LSD, the effects of PCP include euphoria and nurskneeavy use can
cause PCP psychosis, with aggression, paranoiaviateht or suicidal
behaviour.

Methylenedioxy methamphatamine (MDMA/Ecstacy):Ecstasy is like

both amphetamines and hallucinogens in chemicattstre and effect. It
is usually swallowed, but sometimes is also injgctecstasy can have
hallucinogenic properties when used in high quigstit

Magic mushrooms (or ‘golden top’ mushrooms): They have the active
ingredient psilocybin. They can be eaten freshkedor brewed into a
'tea’. Small quantities cause relaxation and sligf@nges in mood, but
larger quantities can cause stomach pain, naugkaoaniting, shivering,
a numbing of the mouth and dizziness. People cestake poisonous
mushrooms for those containing psilocybin. Cert&inds of these
poisonous mushrooms can cause death or permaventédmage within
hours of ingestion. A number of other mushrooms @adts that grow in
Australia have hallucinogenic properties but alseehdangerous, toxic
side effects when sufficient qualities are usedjitee the psychedelic
effect. These include datura (the belladonna plar) fly agaric
mushrooms.
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Cannabis (marijuana): In small quantities, cannabis is prédssant drug
that slows down the body's systems. Very strongalhis preparations or
larger quantities of cannabis can cause mild halbgenic effects. These
can lead to anxiety or panic in the user.

8.5.2 Effects of Hallucinogens

The effects of any drug (including hallucinogensyyfrom person to
person. It depends on many factors, including thesgn’s size, weight
and health, how much and how the drug is takenthvenghe person is
used to taking it , whether other drugs are taidmether use is combined
with drinking alcohol, the environment in which tldeug is taken; for
example, whether the person is alone or with oftsersh as at a party.
More than with any other drug, the effects of hallogens vary greatly
from person to person, and from occasion to ocoasias hard to know
how the hallucinogenic experience, or ‘trippingillvaffect the person.
Days, weeks or even years after using the drugespeople have a
repeat experience of the effects (flashbacks). 0dex may see intense
colours and other hallucinations. Flashbacks caspheked by the use of
other drugs, or by stress, fatigue or physical @ger The flashback
experience can range from being pleasant to prodwsgvere feelings of
anxiety. They are usually visual and last for autegror two.
Hallucinogens affect the brain: Hallucinogens alter the brain perceives
time, reality, and the environment around you. Thisp affect the way
you move, react to situations, think, hear, and $&& may make you
think that you are hearing voices, seeing imaged,faeling things that
don't exist.

Hallucinogens affect the heart:The use of hallucinogens leads to an
increase in heart rate and blood pressure. Hathgeins can put you in a
coma. They can also cause heart and lung failuadu¢inogens affect
your well-being. The use of hallucinogens may cleatige way you feel
emotionally. They may cause you to feel confusadpgious, and
disoriented. Use of PCP may interfere with hormometated to normal
growth as well as with the learning process.

Hallucinogens affect self-control: The impact of hallucinogens varies
from time to time, so there is no way to know howam self-control you
might maintain. They can cause you to mix up yqeegh, lose control
of your muscles, make meaningless movements, andgdeoessive or
violent things.

Hallucinogens and Pregnancy:The use of hallucinogens seems to be
linked to an increased risk of miscarriage. Themy ralso be a higher
incidence of birth defects among babies born to emnusing
hallucinogens.

Hallucinogens and Driving: It is illegal to drive while under the
influence of any drug, including hallucinogens. &dag this law carries
penalties including disqualification from drivingfines and/or
imprisonment. It is also extremely dangerous tovarafter using
hallucinogens. Perception of space and time igdext and the user may
'see' things that will cause erratic driving. Tlenbination of drugs and
alcohol can make driving significantly more danges.o

Treatment Options A number of drug treatment options are available.
Some treatment options include counselling and dratival
(detoxification) and. Residential programs are lade.

73



PSY207  Introductionto Physiological Psychology

8.6 Anti-Depressants and Behaviour

Antidepressants are a class of psychotherapeutigsdthat are used to
treat major depression. The therapeutic effectintifdepressants aims at
the restoration of mood and behavior. The majoesypf drugs included
in this class are the monoamine oxidase inhibitotgcyclic
antidepressants, selective serotonin reuptake iiotsb and atypical
antidepressants.

8.6.1 What is Depression?

Major depression is one of the most common psycbiatisorders

afflicting humankind. It has been estimated th&b 72% of men and 20
to 25% of women will experience a major depresgpéesode in their
lifetime. However, because of stigma, misunderstaysd about the
seriousness and treatability of the disorder, dre tendency of both
patients and physicians to focus on physical rathan psychological
symptoms, it often goes undiagnosed and untrealdmk cost of

depression in terms of loss of function, work missad treatment has
been estimated to be $16 billion per year in théddnStates alone. The
human cost is significant as well, with as many88%o of attempted
suicides attributed to major depression.

It is important to distinguish major depressionniraormal fluctuations
in mood in response to daily events. Although neaglveryone

experiences a depressed mood on occasion, majoressem is

characterized by extreme and inappopriate, or ahrand unremitting

changes in mood and behavior. The diagnosis of magpression is
based on clinical symptoms. To be considered &dihyi' depressed,
individuals must exhibit at least five symptomsnfraa list of nine

depressive symptoms (DSM-1V). At least one of thmgtoms must be
either (1) depressed mood, or (2) loss of intesegteasure.

Major depression is believed to arise from distaodas in brain

neurotransmitter systems. As stated in recent @ubdervice

announcements by the National Alliance for Researcischizophrenia
and Depression (NASRAD), depression is a "flaw heraistry, not

character”. Antidepressant drugs help restore teentstry of the brain

so that normal mood and behavior can take place.

8.6.2 History of Anti-Depressants

The first two classes of drugs used to treat majepression, the
monoamine oxidase inhibitors (MAOIs) and the trlayanti-depressants
were discovered by serendipity. Iproniazid, thestfimodern anti-
depressant, was originally developed as an antitulse drug in the
early 1950's. In addition to its ability to treaberculosis, iproniazid was
observed to elevate mood and stimulate activitynany patients. These
effects led researchers to investigate the ahilitiproniazid to treat the
symptoms of depression. After promising preliminéindings reported
in 1957, iproniazid was prescribed widely to paemwith major
depression. Within the first year it was availabk an antidepressant,
400,000 thousand depressed people were treated ipitimiazid.
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Subsequent studies demonstrated the ability of dhig to block the
activity of monoamine oxidase, the enzyme thatrdgstthe monoamine
neurotransmitters (norepinephrine, serotonin anpladine). Although
iproniazid is no longer used as an anti-depredsacause of toxic side-
effects, the effectiveness of this drug led toHartinterest in the idea that
depression might be alleviated by appropriate drugs

The first tricyclic antidepressant, imipramine, vaaigjinally developed in
a search for drugs useful in the treatment of sgifirenia. Although
clinical trials demonstrated a lack of effect irdting schizophrenia, an
astute clinician decided to examine its effectiwni@a depressed patients.
Early studies in 1957 and 1958 reported that inmpma significantly
alleviated symptoms in patients with major depw@ssilnterestingly,
although imipramine elevated mood and increasedggriea depressed
patients, the drug proved to be sedating in indiaig without major
depression. These effects led to the idea thatramjme was selectively
reversing the depression, rather than simply prioduca general
activating effect. Subsequent biochemical studigs imipramine
demonstrated that this drug increased the actioftythe monoamine
neurotransmitters, norepinephrine and serotonin, ifdyibiting their
reuptake into neurons.

The monoamine oxidase inhibitors and tricyclic apressants, although
having different modes of action, have as theimpriy effect an increase
in the activity of monoamines in the brain. Thissetvation, together
with other findings, led to monoamine theory of @egsion -- the idea
that

depression arises from a deficit in norepinephrared/or serotonin
activity, and that antidepressants work by norriraighis deficit. This
theory led to the development of the next majos<laf antidepressants,
the selective serotonin reuptake inhibitors (SSRisdrder to develop an
antidepressant that worked effectively on the spmst of depression,
but that did not have the side effects of the MA@isthe tricyclics, a
systematic search was begun for drugs that sed¢gtenhanced activity
of one monoamine, but not others. The first SSRipxXetine (Prozac)
was released in 1987. This drug and other SSRIshesiame imply,
selectively inhbit the reuptake of serotonin, arfteréby increase
serotonin activity in the brain.

8.6.3 Current Theories of Antidepressant Action

Monoamine Hypothesis

Shotrly after the first anti-depressant drugs weteoduced they were
demonstrated to increase the availability of the noamine
neurotransmitters, norepinephrine and serotoninnddmine oxidase
inhibitors (MAOISs), as the name implies, inhibietknzyme monoamine
oxidase (MAOQO). This enzyme is the primary enzynmspomsible for the
inactivation of monoamines after they are releasemm neurons.
Blockade of MAO therefore increases the abilitynofepinephrine and
serotonin to act in the brain. Tricyclic anti-deggants inhibit reuptake of
norepinephrine and serotonin, while selective saiat reuptake
inhibitors (SSRIs) inhibit reuptake of serotoninestively. Following
release from neurons, norepinephrine and serotar@ actively
transported back into the neurons from which they released, in a
process known as reuptake. In addition to inadtwnaby MAO, reuptake
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is one of the most important processes by which caonnes are
inactivated in the brain. Blockade of reuptake ¢f@e increases the
ability of norepinephrine and/or serotonin to ant the brain. The
majority of anti-depressants thus have as themcppal effect an increase
in the activity of serotonin and/or norepinephrifidiese findings form
the basis of the monoamine hypothesis of depressiBimce
antidepressant drugs increase the activity of momoas, this hypothesis
suggests that depression is primarily the resulh oionoamine deficit.
Although the monoamine hypothesis is pleasing snsitnplicity, it has
several major flaws. First, it has been difficult tetect consistent
abnormalities in monoamine function in depressdpes. Additionally,
some anti-depressants, such as iprindole and bigprogre at best weak
inhbitors of monoamine uptake. Finally, this hypsis does not account
for the temporal discrepancy between the acute ctsffeof the
antidepressant drugs on monoamine systems, whar @gthin minutes
to hours, and the therapeutic benefits which tyfyiecur only after two
to six weeks of administration. Because of theawdl in the classical
monoamine hypothesis other hypotheses have beepog®d. The
majority of these hypotheses still suggest a distace in monoamine
function, however the disturbance is considereetonore complex than
a simple deficit in brain monoamines. Chronic adstiation of
antidepressants is thought to produce adaptation®noamine systems,
correcting the disturbance responsible for depoessihese hypotheses
therefore account for the need to administer aptaksants for several
weeks to achieve therapeutic benefits.
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8.6.4 Mechanism of Action of Anti-Depressants

Monoamine Oxidase Inhibitors

This class of drugs inhibits the activity of mondaenoxidase (MAO),
the enzyme that destroys monoamine neurotransmift@repinephrine,
dopamine or serotonin) in synapses. The inhibitibthis enzyme allows
these neurotransmitters to remain active in thenblanger, thereby
correcting a presumed deficit in monoamine function

Unfortunately, MAO inhibitors have the potentialrf@roducing a
harmful side effects known as the "cheese effé&me foods, such as
aged cheeses and red wines contain pressor amsirEtances similar to
catecholamines. These amines are normally deastivey a form of
MAO that is present in the blood. The cheese effectirs when a person
treated with MAO inhibitors eats food containingegsor amines. These
amines simulate the sympathetic nervous systemeastg heart rate
and blood pressure. This reaction can cause bloesspre to increase
enough to produce intracranial bleeding or cardioutar collapse.
Therefore, unless strict dietary guidelines arelofeéd, risk of
hypertensive crisis is significant. However, wh@prmpriate precautions
are exercised, MAOIs are safe and effective armireesants.

The three MAOIs marketed in the U.S. irreversibiibit both forms of
monoamine oxidase found in the body, MAO-A and MBOMAO-A
preferentially destroys norepinephrine and serotonvhile MAO-B
selectively destroys phenethylamine. When admirgsténitially, MAO
inhibitors transiently elevate the cytoplasmic amdicular concentrations
of neorpinephrine, dopamine, and serotonin. Thisvaies a feedback
loop that reduces the synthesis of these monoamihesiministration
continues, there is a reduction in the number atidity of 3-adrenergic
receptors, as well as in the number of alpha2-aalgitnand serotonergic
receptor sites. Examples of this group of antidsgants include:
Phenelzine with the trade name Nardil, Tranylcygrarwith the trade
name Parnate, and Isocarboxazid with the trade héanglan.

Tricyclic Anti-depressants

Tricyclic anti-depressants inhibit the reuptaketloé neurotransmitters
serotonin and norepinephrine into their respectharve terminals.
Reuptake is the first step in the process of deatitig these
neurotransmitters in the brain. After serotonin arutepinephrine are
released from neurons, they are removed from thaaellular space by
transporters (also known as reuptake sites) loaatettie cell membrane.
The tricyclic anti-depressants block these trartsp®r By inhibiting

reuptake, the drugs allow serotonin and norepinepho remain active
in the synapse longer, thereby correcting a predudeficit in the

activity of these transmitters.

77



PSY207  Introductionto Physiological Psychology
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It includes examples such as Imipramine with thddrname of Tofranil,
Desipramine with the trade name Norpramin, Amitplipe with the
trade name Elavil/lEndep, and Trimipramine with ttrade name
Surmontil.

Selective Serotonin Reuptake Inhibitors

The SSRIs, as their name implies, inhibit reuptatkgerotonin. Reuptake
is the first step in the process of deactivating tireurotransmitter in the
brain. After serotonin is released from neuronss itemoved from the
extracellular space by transporters, or reuptates,siocated on the cell
membrane. SSRIs block serotonin reuptake siteswially serotonin to
remain active in the synapse longer, thereby conga presumed deficit
in the activity of this neurotransmitter.
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They include examples such as Fluoxetine with thdet name Prozac,
Fluvoxamine with the trade name Levox, and Pararetvith the trade
name Paxil. Atypical Anti-depressants include: Bygion with the trade
name Wellbutrin, and Venlafaxine with the trade edaffexor.

8.6.5 Behavioural Effects of Antidepressants on
Humans

Monoamine Oxidase Inhibitors

The MAO inhibitors are effective drugs for the aimment of major
depression, atypical depression and panic or phdisorders. The
efficacy of MAO inhibitors is generally equivaletat the other classes of
antidepressant drugs, and like other antidepressdAOIls may take
anywhere from two to six weeks to produce therapettects.

Tricyclic Antidepressants

The name tricyclic is a little misleading, refegirio the three ring
chemical structure of many of the drugs of thissleDrugs included in
this class may actually contain anywhere from anf®tir rings. From the
1960's until the late 1980's, tricyclic antidepesgs were the drugs of
choice for the treatment of depression in the Uni¢ates, and they are
still widely used for moderately to severely depezkpatients. Tricyclic
anti-depressants elevate mood, increase physidalityc normalise
appetite and sleep patterns, and reduce morbiccqupation in 60% -
70% of patients with major depression. Like theeotblasses of anti-
depressants, therapeutic effects of the tricyctiay take from two to six
weeks to appear. Often, the first symptom to subsil insomnia,
followed a few days later by an increase in agtigihd an improvement
in concentration and memory. Improvement in moodsdoot usually
occur until later.

Selective Serotonin Reuptake Inhibitors

Selective serotonin reuptake inhibitors (SSRIsyesent a relatively new
class of antidepressant drugs. These drugs amreddie as "clean” drugs
because they primarily affect only serotonin (imtcast to MAOIs and
tricyclics which affect other monoamines). Beca&8RIs are more
targeted, they have a lower incidence of some ef side effects
associated with tricyclic antidepressants and MA@Ig., blurred vision,
dizziness, constipation, dry mouth). More importaat their current
popularity, SSRIs have less potential for overdisa the tricyclics or
MAOIs, and are, therefore, considered safer thaselother drug classes.
Although some reports suggest that SSRIs may hare napid actions
than the tricyclics or the MAOIs, this does not @@pto be the case. Like
the other classes of anti-depressants clinicaloresp to the SSRIs may
take anywhere from two to six weeks to appear.
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Study Session Summary

/o7

Summary

In this Study Session, we discussed the follov

Drugs are chemicals, theyork in the brain by tapping into tl
brain’s communication system and interfering witre tway
nerve cells normally send, receive and processrirdtion
Drugs can be classified by molecular structure clsgmical
actions, and behavioural effects. Clfication of drugs
according to behavioural effects is of interespsychologists
This includes: psychostimulantsedatives, hallucinogens &
antidepressants.

Psychostimulants are a group of drugs, includingaoe,
amphetamine, methylphenidate, egiee and cathinone th
produce wakefullness and arousal and stimibehaviour. Most
notably cocaine and amphetamine, produce a chasdict
stimulation of behaviourin both humans and experimer
animals. Psychomotor stimulants produce their dteristic
behavioural effects by increasing synaptic activity of |
monoamine neurotransmitters, dopamine, norepine@hanc
serotonin. They are called indirect agonists bezatiseir
primary effect is to increase the ability of theur@ransmitter:
to ad, without having a direct effect on the postsyia
receptors for these neurotransmittedgnphetamine has mo
varied cellular effects than cocaine, increasing #ctivity of
monoamines in several important ways.

Reuptake is the first step in the preseéy which monoamine
are destroyed in the brain.

Sedative and hypnotic drugs are central nervougeisy
depressants. They depress behaviour, moderateemerit,
induce calmness, and may produce drowsiness or legsnof
consciousness. The sedative-hgpics are used clinically
anti-anxiety agents, muscle relaxants, antiepileptioy] as
preanesthetic medications. Drugs in this categarglude
barbiturates, benzodiazepines, and anestheThese drugs
depress behaviour, moderate excitement, aduce calmness.
Theydepress the central nervous system; however, thaslly
produce therapeutic benefits at far lower doses theose
causing substantial generalised depressidbehaviour.
Hallucinogens, also known as ‘psychedelic’ drugs,drugs hat
change the way a person perceives the world. Hatlgens
affect all the senses and cause hallucina-seeing or hearing
things that do not exist or are distorted. A peisdhinking,
sense of time and emotions can also be alteredesTyys
Hallucinogens includeLysergic Acid Diethyl Amide (LSD)
Phencyclidine (PCP): PCP (‘angel dust’):
Methylenedioxymethamphatamine (MDMA/Ecsta

The effects of any drug (including hallucinogengyw from
person to person. It depends on many factors, dirgiuihe
person’s size, weight and health, how much and thewdrug i<
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taken, whether the person is used to taking it,tkédreother
drugs are taken, whether use is combined with grgnklcohol,
the environment in which the drug is taken; for rapée,
whether the person is alone or with others, suct agarty.

* Anti-depressants are a class of psychotherapeuigsdhat are
used to treat major depression. The therapeutectefif anti-
depressants aims at the restoration of mood anavimeh The
major types of drugs included in this class arerttmoamine
oxidase inhibitors, tricyclic antidepressants, cile serotonin
reuptake inhibitors and atypical antidepressants.

Assessment

Assignment

Define drugs.

Describe the effects of psychostimulants on hunerabiour.
Mention the influence of sedatives on human behayvio
Define anti-depressants.

Describe the effects of hallucinogens on human\ieba

aOrwNE
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Study Session g

Physiological Basis of Learning

Introduction

Life is a process of continual changes from infabzyadolescence to
adulthood and death; we are changing and not stitany factors

produce those changes. One of the most importatdrfais the process
of learning. In this Study Session, we will expldrew we learn new
information, new attitudes, new skills and fean®tigh our experiences.
We also learn to understand new concepts, to safeblems in new
ways.

earning Outcomes

When you have studied this session, you shouldleeta:

9.1 define learning.
9.2 relate the brain to learning.

9.1 Definition of Learning

Learning has been defined as a relatively permagcigartge in behavior
resulting from experience. From the above, it isiolbs that learning
does not imply temporary changes caused by mativatfatigue,
maturation diseases, injury or drugs. Each of thiestors can alter
behaviour, but none qualifies as learning. Leariimgther words is the
process through which experience leaves its matketraviour. It is thus
the means by which animals alter old behavior aedeldp new
behaviours, the better way to adapt to changingremwments. Nearly
everything we become in our lives is the resuleafning.

9.2 Early Learning Theories Linking Brain
Areas Involved with Learning

Ivan Pavlov's concept of classical conditioningtlétself very well to
theorising the physiological basis of learning ihiet a stimulus elicits a
response produced by some other stimuli. Pavioeved that classical
conditioning reflected a strengthened connectiotwéen a brain area
that represents CS activity and a brain area #y@esents UCS activity.
Because of that strengthened connection, any éwcitaf the CS center
flows to the UCS center evoking the unconditiomsponse.
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This theory provoked Karl Lashley to test this Hyghnfluential
hypothesis. He said he was searching for the engéme physical
representation of learning). He reasoned thataifieg depends on new
or strengthened connections between the two braesathen a knife cut
somewhere in the brain should interrupt that conoeand abolish the
learned response. He trained rats on a varietyazesand a brightness
discrimination task and there made one or more degp in varying
locations in the rats’ cerebral cortexes (Lashlég9 1950). However,
none of knife cuts impaired rat performance as naghe had expected.
Evidently, the types of learning that he studied diot depend on
strengthened connections across the cortex.

Lashley also tried to find out whether any portasrithe cerebral cortex is
more important than others for learning. He trairtd on mazes before
or after he removed large portions of their corfElxe lesions impaired

the rats’ performance but amount of retardationedepd more on the
amount of brain damage than on its location. Lesyréand memory

apparently did not rely on a single cortical area.

Pavlov’s theories also stimulated Donaid Hebb tmcess a mechanism
for change at a synapse. Hebb suggested that, thkesxxon of neuron
(cell A) repeatedly or persistently takes part irnnfy (cell B), some

growth process or metabolic change takes placeénoo both cells that
increase the subsequent ability of axon A totexcell B (Hebb, 1949).
In other words, an axon that has successfully $éitad cell B in the past
becomes even more successful in the future.

The implication is that if axon A fires at the satime as some other
axon, say axon C, the combined effect on B mayrbatgperhaps even
producing an action potential. One might think gba A as the CS and
axon C as unconditioned stimulus (UCS). The paiohgctivity in axons

A and C causes cell B to increase its responsigete®\. Hebb was
noncommittal about where the change occurred;dhaibal of axon A

might grow, the dendrites of cell B might grow, @rchemical change
might occur in one or the other. The synapse tmareases in

effectiveness because of simultaneous activityhi pre-synaptic and
post synaptic neurons is called Hebbian synapse.

Donald Hebb (1949) went further to make distincti@iween short-term
memory and long term memory. According to him, shtarm memory
is memory for events that have just occurred wioifgy term memory is
memory for events that do not currently occupy yatiention; to recall
them, you must retrieve them from storage.

Thompson and his colleagues carried out experineagsd on Lashley’s
goal of localizing an engrain in the vertebrateirbri@ be able to say
“Here is the spot where this particular kind ofrieag occurs”. They

localised that engrain, not in the cerebral cortexere Lashley sought it,
but in the cerebellum. Thompson and his colleagwese studying

classical conditioning of eyelid responses in reblihey presented first
a tone (CS) and then a puff of air (UCS) to thenearof the rabbits’ eyes.
At first a rabbit blinks at the air puff, but nat the tone; after repeated
pairings, it blinks at the tone by itself. Thatétgssical conditioning takes
place. At various points in this procedure, theestigators recorded the
activity from various brain cells to determine wheat or not they change
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their responses as learning takes place (McCorrait Thompson,
1984).

They consistently found changes in cells in oneleaus of the
cerebellum, the lateral interpositus nucleus. Tisatat the start of
training, those cells show very little responsetrining tone, but as
learning proceeds, the cell responses increase nij$an, 1986).
Furthermore, damage to the lateral interposituslemsc causes a
permanent loss of the conditioned response (McGiigand Thompson,
1984).

The fact that damaging a brain area prevents addaiesponse does not
necessarily mean that the learning took placean déhea, (the area could
be receiving information from some other areas tbhhanged its
responses during learning). To test the role ofcérebellum in learning,
two sets of investigators temporarily suppressed/igcin the lateral
interpositus nucleus at the start of the traingither by cooling the area
or by injecting a drug into it. They then presentieel CS and the UCS as
usual and found no learning. Finally they waited tlre effects of the
cooling or the drugs to wear off and continuednirag. At that point, the
rabbits began to learn but they show no ‘savinhat ts they learned at
the same speed as animals that had received nmysevaining, since
the training took place while the relevant braieaawas inactive. The
implication is that cerebellum may be central toietg of conditioned
responses, learned motor skills and even intebédkills in humans, as
well as in rats (Bracke-Tolkmitt et al 1989).

9.3 Learning and the Nervous System

84

Two basic assumptions underlie the search for teerah basis of
learning. The first is that learning can take placdy in animals that
possess a nervous system. The second is thataime &t least in higher
animals is the true seat of learning.

Not everyone, has taken these assumptions for egfanseveral

investigators, for instance, have tried to demastthat single celled
animals (animals that have no nervous system) eam.| In one well

known study for instance, Kandel (1979) studiedap@acia. They were
placed in a tube in which illumination at the cendéfered from the

illumination at the two ends. Whenever the paramesvam from the

center into either end zone, the animal receiveshack, when they
returned to the center of the tube, the shock wasihated. After a

number of trials in this procedure, the parameeialved as if they had
learnt to avoid the shock when they approachedundery between the
center and end-zone, they immediately turned bacthé center zone.
Here clearly, was a change in behaviour (a chamateseemed to indicate
that paramecia are capable of learning).

But did this change in behavior truly indicate l@ag? In this instance,
the answer is no, and it is important to know whie findings of this

illustrate a phenomenon known as pseudolearninggdqat that appears
on the surface to suggest learning, but is duesadksto non-learning
factors). The flaw in the procedure in this inseneas that when
paramecia are shocked, they secrete metabolic iiggpihat are aversive
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in their own right, and when these droppings aes@nt, the paramecia
will avoid them. This means that no learning wasdeal to elicit the
turning behavior. The proof is that when the bouiedawere changed
after training, but the droppings were not chandkd,paramecia made
the turning response to the droppings and wereisggnoblivious of the
new boundaries (Kandel, 1979).

Learning and the Brain

While no one has yet proved conclusively that legyrcan take place
without nervous system, studies have indicated lating can take
place without the brain, although the implicatiafighese studies are not
entirely clear.

It has shown for instance, that if you decapitateut off the head of a
person or around an earthworm, (which has a grdupeoral cells
thought to be primitive brain at the anterior effidt® body) its learning
ability will be impaired, but some learning nondéss takes place. Even
when the worms are decapitated after training, gteyw the ability to
retain learned information (Ratner, 1962). It appethen that in the
worm, learning is not confined to the primitive inabut occurs in
nervous spread throughout the lower regions obtuy.

What is true of the earthworm is also true app#yaitthe Cockroach. In
one classic experiment, Horridge (1962) finds theddless cockroaches
could be conditioned to control their leg movemenifficiently to avoid
the shock that came whenever a led dropped interwa@here was of
course, the need to determine whether or not gtisioral change could
be attributed to performance effects such as motpairment caused by
the repeated shocks. To find out, Horridge (196@judes a control
group of headless cockroaches that received the saimber of shocks
as the learning groups, but with one exception;stitrks were delivered
randomly, sometimes when the leg dropped into watel sometimes
when it did not. When the control group was fingjlyen the opportunity
to avoid shock, it showed no signs of avoidanceabien and this
confirmed that the avoidance behaviour shown byehming group was
not merely the result of motor impairment produbgdepeated shocks.

Despite the discoveries, however, conclusions diggrthe role of the

brain in learning must be guarded. Some learning imdeed take place
without the brain, but it has been clearly estélelts that the higher up
you move in the phylogenetic ladder, the more ttznbparticularly the

cortex expands and the greater the animal’'s cgpaeitearn on this

basis, it is reasonable to assume that learninglfantents and purposes
calls for an intact brain and in particular theterrespecially in higher
animals.

The cortex and Learning

Ivan Pavlov was among the first researchers to estgtpat the cortex
plays a dominant role in learning in higher anim#&avlov speculated
that during learning:

1) The tone stimulates sensory input that travelbécatiditory cortex.
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2) The food stimulates sensory input that traveldhofood area in the
cortex and also stimulated the motor reflex thaisea salivation.

The circuits that underlie audition, eating andvsdion are built into the

nervous system; they are reflexive. But in the psscof exciting these
reflexive circuits, according to Pavlov, a new cection is formed

between the two areas in the cortex (the toneawdahe food area). This
new connections account for learning. That is tee'’s ability after

conditioning, to excite impulses that travel to fbed area and initiate
salivation.

The focal point of the Pavlov's theory is the asption that during
classical conditioning a new connection is formetueen the two areas
in the cortex, and this new connection is the pilggical basis of
learning. Lashley (1939) is biased towards the ®é&h view and tried
to find empirical evidence that the cortex containanections that area
formed during conditioning. Lashley’'s approach wasprepare rats
surgically by destroying various parts of the a@$ and then to train the
rats in a variety of maze learning tasks. His reampwas that if Pavlov
was correct and learning does indeed depend offioth&tion of new
connections in the cortex, disruption of these eations should prevent
learning.

However, Lashley found that removing parts of thwtex did not

interfere with learning as much as he thought iultoHe discovered that
animals often learned as readily without partshef tortex as they did
with those parts intact. He therefore proposed tbatning does not
depend on specific circuits located in specificaaref the brain, but that
the circuits that underlie the associative pro@ssdistributed diffusely
throughout the brain. Thus, according to Lashlepatits of the brain are
damaged, the intact remaining tissue continuesaty ®n the function,

an ability he referred to &guipotentiality

In recent years, it has become increasingly cleatashley’s view of an
associative circuit diffused throughout the brasnessentially incorrect,
and that Lashley, for all his brilliance as a stgnwas simply a victim
of technology that was unequal to the task. A neaining procedure
developed by Gormezano, and Marshall (1983) uselsits as subjects
and consults of classical conditioning of rabbitgtitating membrane
response ( the so-called third eyelid that some mmals) possess). The
rabbit is an ideal subject for neural recordingerkpents because with
mammals’ restraints, a rabbit will remain virtuallyotion-less (except
for its nictitating membrane response) for up to tvours.

The Role of the Hippocampus in Learning

Thompson (1992) works on physiological basis ofriesy, focusing on
one brain area particularly the hippocampus. Tpedtampus is an area
located in each cerebral hemisphere beneath thpotailobe of the
cortex. Thompson procedure involved recording froaurons in the
hippocampus, delivers a brief tone (the conditiostadulus) and follows
this tone by a puff of air to the eyes (the unctiaded stimulus). The
puff of air produced the unconditioned nictitatingembrane response.
After repeated training trial, Thompson’s rabbiteeually make the
conditioned nictitating membrane response to the tbone. The logical
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conclusion is that a new association has been fefecen the tone and
the nictitating membrane response.

But to what extent does the hippocampus activityretates with the
appearance of the conditioned response? Durinditstefew training
trials there is neither hippocampal activity nocanditioned nictitating
membrane response to the tone, there is an unimretit nictitating
membrane response to the puff. But once the réllsitbeen conditioned
to perform the nictitating membrane response tottime, hippocampal
activity also appears to the tone.

Thompson’s findings present a strong case for pdiampal connection
to learning. The fact that hippocampal connectioasdnot appear during
the initial training trials, even through the torie puff and the
unconditioned nictitating membrane response to pghf are present,
rules out the possibility that hippocampal activigythe result of either
sensory or motor processes. The fact that hippoabagpivity appears on
later training trials, during conditioned resporglinprovides strong
evidence that the hippocampus is involved in t®ciative process.

Learning outside the Hippocampus

Findings suggest strongly that the cerebellunmislved in the forming

of the association for easier tasks. We must mgetp however, that the
cerebellum is also involved in sensory processesmotor movements
(including the control of eye movement). So we massit ourselves if
lesions in the cerebellum might impair learning hetause they impair
the associative process but because they interfitte the animal's

ability to hear the tone or blink eyes- that iseythinterfere with the
sensory and motor processes required performing dheditioned

response.

According to Thompson, this possibility on the kasi studies in which
lesions in only one lobe of the cerebellum (theebellum is bilaterally

lobed) have been shown to disrupt learning in omig eye. If, for

example, he places a lesion in the dendate nuadietle left lobe of the
cerebellum, the rabbit is unable to learn a coonéd response with left
eye but is able to do so with the right eye. Tham{ss contention is that
if a lesion were affecting the animal’s ability bear the tone, it will

disrupt learning in both eyes.

The Synaptic basis of Learning

The possibility that the synapse may hold the keyldarning was
originally proposed by Donald Hebb (1949) who swggehat learning
does not create new pathways but rather altersehsitive pathways.
According to Hebb’s synaptic theory, learning i® thealisation of a
potential. What learning does is to affect synaptiaduction in a way
that makes use of particular pathways and makescpar responses
more probable. Various synaptic changes have beggested as the
source of this facilitation. Hebb, for example, mored that the pre-
synaptic terminals actually grow or swell as a ltesiustimulation during
learning.

Hebb’s contention is appealing. After all, a smatiep would call for
release of less neurotransmitter to stimulate adjpoeurons, would it

87



PSY207

88

Introductionto Physiological Psychology

not? The problem is that there is no evidence gtiatulating the central
nervous system does indeed produce a growth orlisgvedf the pre

synaptic fibers, certainly not with the speed nsapsto account for
learning. On the other hand, there is evidenceiggest long term effects
of environmental stimulation on the growth and twerall size of the
nervous system, particularly the cortex.

Learning in the Pre- Synapse

What Kandel has done is to trace the change inpsignactivity- the
change in other word, in the post synaptic exaijatootential- to a
change in the ability of pre-synaptic endings fease a neurotransmitter.
Kandel has found that during habituation, the gbibf the pre synaptic
endings to release a neurotransmitter decreasemgbaensitisation, on
the other hand, the ability to release a neurotnitter increases.

By investigating this neurotransmitter activity racextensively, Kandel
has found that the amount of neurotransmitter sel@dy the pre-synapse
is determined largely by the concentration of eattiinto the pre-
synaptic terminals. According to Kandel, the repdastimulation that
occurs during habituation inhibits the opening lé talcium channels,
while the noxious stimulus during sensation faaiéis the opening. This
is the physiological basis of learning in its siggilform.
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Study Session Summary

meets two criteria: it results from experience arehdures over time.
was also established that information is learnedmo ways; first by
classical conditioning, which consi of pairing two different stimuli s
that when the first stimuli appears, we may pretietappearance of t
other. Learning could also come via instrumentalditioning, which
consists of delivering reinforcement for a particulesponse so that t
likelihood of the response is enhanced, or in thee caf negativ
reinforcement, decreased. Though not all learniag be reduced |
these two, but some of the dramatic breakthroughsegard of th
physiological basis of learning have come from igtsibased on these
learning paradigm:

@ From the foregoing, it is evident that learningaaehavioral chancg

Summary

It was discovered that learning is accompaniedhigyformation of al
association, some changes in the nervous systeenbfHin particularh
the cortex especially in higher animals is indigadne as the part of tl
nervous systems that is responsible for learning (idge, 1962’

Assessment

1. Discuss two theories of learning.
2. Describe the relevance of the brain to lear.

Assignment
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Study Session 10

Physiological Psychology of Emotion

Introduction

In this Study, we will examine the meaning and sification of emotion.
We will also discuss theories that are related mooteon and the
physiology of emotion.

earning Outcomes

When you have studied this session, you shouldleeta:

10.1 describe emotion.

10.2 classify emotion.

10.3 discuss theories of emotion.

10.4 explain the physiology of emotion.

10.1 Meaning of Emotion

An emotion is emotion is a mental and physiologgtate associated with
a variety of feelings, thoughts and behaviours k& iprime determinant of
the sense of subjective well being and appeardatp g control role in

many human activities. Carison and Halfield (198Bp define emotion
as a positive or negative state of arousal in l@adb a perceived or
remembered event or object.

Many researchers distinguish feeling and emotiohere feeling is
referred to the subjective experience of the emot®ome believe that
emotions can occur unconsciously, and hence thati@mis a more
general phenomenon than its subjective feelinglig=ealso may more
narrowly refer to the experience of bodily changes.

There is a distinction, which focuses on the dédfee between the
emotion and the cause of the emotion. For examplevd say that
thoughts about a loved one cause the emotion of lmvthat these
thoughts are part of the emotion? One way to restilis issue is to see
whether the emotion can occur independently ofehésughts. Thus,
thoughts about a particular person or situationdccowt be part of the
emotion of love, since one can experience the samion about many
other things. Yet could one experience love withsame thought or
other of a loved person or object? If not, thenstvpulate that thoughts
of a loved object are part of the emotion. Somerikes argue that at
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least some emotions can be caused without any Hiwuy indeed
‘cognitive activity’ at all.

Therefore a related distinction is between the @nstand the results of
the emotion, principally behavior and emotional reggion. People often
behave in certain ways as a direct result of teeiotional state, such as
crying, fighting or fleeing. Yet again, if one chave the emotion without

the corresponding behavior then we may considebéhaviour not to be

essential to the emotion.

10.2 Classification of Emotion

1) The circumplex model (Russel, 1979), which place®t®ons
along bi-polar dimensions of valence and arousal.

2) Foundational or Non-foundational- Another populatian is to
divide emotions into basic complex categories, wheome
emotions are considered foundational to the existeof others
(Ekman 1999). In this respect complex emotions nieey
regarded as development upon basic emotions. Such
development may occur due to cultural conditioniog
association.

3) Another important means of distinguishing emotiamncerns
their occurrence in time. Some emotions occur aveeriod of a
second (e.g., surprise) where others can last yeayslove). The
latter could be regarded as a long term tendenchat®e an
emotion regarding a certain object rather thanraaten proper
(though this is disputed). A distinction is then deabetween
emotion episodes and emotional dispositions. Diipas are
also comparable to character traits, where somaaebe said
to be generally disposed to experience certain iemstthough
about different objects. For example an irritablerspn is
generally disposed to feel irritation more easityqaickly than
others.

4) Classification related to affective states (e.glaus Scherer,
2005), place emotions within a more general categof
affective states. Where affective states can alslude emotion
related phenomena such as pleasure and pain, tmtizlastates
like hunger or curiosity, moods, dispositions araits$.

10.3 Theories Related to Emotion

The first cluster is hamely somatic theory of pdinholds that bodily
responses rather than judgments are essential atiogrm The first
modern version of such theories comes from Willllmes in the 1880s.

10.3.1 The James-Lange Theory

The theorists argue that emotional experience rligelg due to the
experience of bodily changes. These changes mighfidzera, postural
or facially expressive. Danish psychologist Carhg@ also proposed a
similar theory at around the same time and thugehkelting position is
known as the James —Lange theory. It states tblhamged situation lead
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to a changed bodily state. James says ‘the peoceptibodily changes as
they occur is known as emotion’. James furthemndatihat  we feel sorry

because we cry’ angry because we strike, afraidusscwe tremble, and
not that we cry, strike or tremble, because wesarey, angry or fearful,

as the case may be (Mind, 1884). Finally, the theonversely, asserts
that first we react to a situation (running awag arying happen before
the emotion, and then we interpret our actions ami@motional response.

10.3.2 The Perceptional Theory

This is a new Jamesian theory. Its argument islibdtly responses are
central to emotions, yet they emphasise the meanirags of emotion or
the idea that emotions are about some thing, Exdgnized by cognitive
theories. The new claim of this theory is that @ptoally-based

cognition is unnecessary for such meaning. Ratherbiodily changes
themselves perceive the meaningful content of athetion as a result
of being casually triggered by a certain situatiorthis respect, emotions
are held to be analogous to faculties such as rvisiotouch, which

provide information about the relation betweenghbject and the world
in various ways (Prinz, 2004).

10.3.3 Coghnitive theory of Emotion

It states that cognitive activity in the form ofdgments, evaluations or
thought are necessary in order for emotion to octhis is necessary to
capture the fact that emotions are about somethang have
internationality, which such cognitive activity maye conscious or
unconscious and may or may not take the form oteptual processing
(Lazarus, 1991).

10.3.4 The Canon-Bard theory

Walter Cannon argued against the dominance ofahed-Lange theory
regarding the physiological aspects of emotionsadily changes in
pain, hunger, fear and rage. Where James argued etimational
behaviour often precedes or defines the emotiomn@a and Bard
argued that the emotion arises first and then s$ates typical behavior.

10.3.5 The Two-Factor Theory

It has a link with the cognitive theory; here is tisinger-Schachter
theory. This is based on experiments purportedywaig that subjects
can have different emotional reactions despitedgplaced into the same
physiological state with an injection of adrenalinBubjects were
observed to express either anger or amusement diegean whether
another person in the situation displayed that Emot

10.3.6 Gate Pain Theory

According to Gate theory, spinal cord areas thative message from
pain receptor also receive input from other skicepgor and axon
descending from the brain. These other inputs domeeatlose the gate for
pain message (Melack and Walls, 1965).
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10.4 The Physiology of Emotion

Emotions comprise of three related components: \behaphysiology
and cognitive, but most emotion theorists tend d¢acentrate on one
component or another. The major concern is one piinsiology of
emotion. Emotion is a brain function involving (geally) the more
primitive brain areas. It directs connection betw#eese areas; and the
eyes may allow emotional processing to bypass nflaeince of high
cognitive processes.

It is traditionally believed that areas of the braassociated with
emotional expression are generally more ancientpainaitive than areas
associated with higher cognitive processes suchreasoning. Other
research demonstrates direct neurobiological cdimmsc between the
emotional centers of the brain and part of the (8ye retina) or ear that
allows emotional activation without the influencé ligher cognitive
processes (LeDoux and Hirst, 1996; Ohman, Flykt lasmebiguist, 2000;
Zajonc, 1984; 1998). In other words, you may expere various
emotions quickly and directly without necessarilinking about them or
being aware of why you feel the way you do.

The Physiology of Pain and Emotion

The skin receives any type of external stimulatlmough the spinal cord
and relays it to the Thalamus which sends the mesda the
somatosensory cortex for interpretation, becausks itesponsible for
sensory aspect of pain while a redirection will quee the emotional
aspect in the Hypothalamus and the Amygdala strestu

Brain Areas Associated with Emotion

Traditionally, the limbic system, the forebrain areordering the brain
stem has been regarded as critical for emotiomaantly other brain areas
are important too. For example, temporary inadtvafby a magnet) of
the medial frontal cortex impairs people’s ability identify angry
expressions without impairing their identificatia happy expression
(Harmer, Thilo Rothwell & Goodwin, 2001). Also, themotional
experience we call disgust mainly activates thellarscortex or insula
(Phillipe et al; 1997). That location is interegtibecause the insular
cortex is the primary taste cortex.

The limbic system is a set of brain structures adsimg the
hippocampus and amygdala. They support a varietyfuoictions
including emotion, behavior and long term memorysoAthe limbic
system is closely associated with olfactory strreguThe limbic system
includes many structures in the cerebral cortex suig-cortex of the
brain, which are the following:

Amygdala: It is the little almond shaped structure, deegide the antero-
region of the temporal lobe. It connects with thppbcampus, septal
nuclei, the prefrontal area and the medial dorsaleus, inferior to the
thalamus. This connection makes it possible foraimggdala to play its
important role on the mediation and control of majffective activities
like friendship, love and affection, on the expresf mood and mainly
on fear, rage and aggression. The amygdala, bdiegcenter for
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identification of danger is fundamental for selépervation. When
triggered, it gives rise to fear and anxiety, whiehd the animal into a
stage of alertness, getting ready to flight ortfigh

Hippocampus It is particularly involved with memory phenomena
especially with the formation of long-term memorthg one that
sometimes lasts forever). When both hippocampih{rignd left) are
destroyed nothing can be retained in the memorg. Sibjects quickly
forget any recently received message. The intagdaampus allows one
to compare the conditions of a present threat siitiilar past experience
thus enabling it to choose the best option in otdeguarantee its own
survival.

Thalamus: It is concerned with stimulation of the medial skdrand

anterior reactivity. However, the importance of shenuclei on the
regulation of emotional behaviour, is not due te tinalamus itself, but to
the connections of these nuclei with other limlyistem structure.

Hypothalamus: This structure has ample connections with other
presencephalic areas and the mesencephalus. Lesibnsthe
hypothalamus nuclei interfere with several vege¢atunctions and some
of the so-called motivated behaviors, like thermegjulations, sexuality,
combativeness, hunger and thirst. It is believeat thplays a role in
emotion specially its lateral parts seem to be lvaa with pleasure and
rage, while the median part is like to be involvedth aversion,
displeasure and a tendency to uncontrollable anad Itaughing.
However, in general terms, the hypothalamus hasnwrdo with the
expression of symptomatic manifestations of emagatidiman with the
genesis of the affective states when the physigalptoms of emotion
appear, the threat they pose returns via hypothalato the limbic
centers and hence to the pre-frontal nuclei inangaanxiety.

Cingulate Gyrus: It is located in the medial side of the brainvimetn the
cingulated sulcus and the corpus callosum (prihcijzers bundle
connecting the two cerebral hemispheres). It isdmthat the frontal part
coordinates smells and sight with pleasant memaofigsevious emotion.
This region also participates in the emotional tieacto pain and in the
regulation of aggressive behaviour.

Finally, it is important to stress that all thedeustures interconnect
intensively and none of them is the sole respoasibl any specific
emotional state. However, some contribute more thaers to this or
that kind of emotion.

10.5 Treatment of Emotional Disorders

In recent years we have heard a great deal abeusdhere and long-
lasting emotional disorders that can occur aftaradety of traumatic
events. Perhaps the most impressive traumatic eigenivar. But

emotional disorders also occur after physical dsgparticularly, rape),

car accidents, natural catastrophes, or the sudiektih of a loved one.

The emotional disorder that follows a trauma iswna@s post-traumatic
stress disorder (PTSD). DSM-IV describes the sg#vent for PTSD as
exposure to a traumatic event during which onesféadr, helplessness or
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horror. Afterward, victimre-experience the event through memories
nightmares. When memories occur very suddenly aedvictims find
themselves reliving the event, they are havingshflbact

10.5.1 Drugs Treatment (Post-traumatic Stress
Disorder)

The preliminary drug is sected serotonergic reuptake inhibitor (SS
(e.g., Prozac, Paxil), which are also effective toeating anxiet
disorders in genere

10.5.2 Psychological Treatment (Post-traumatic Stress
Disorder)

Most clinicians agree that victims of PTSD shoudtte the original
trauma in order to develop effective coping proceduand thu
overcome the debilitating effects of the disord@arlow and Lehmar
1996)

In psychoanalytic therapy, reliving emotion trautoarelieve emotione
suffering is called cathas. The trick, of course, is in arranging th-
exposure so it will be therapeutic rather thanrratic once again. It me
include the use of imaginary exposure, in whichdbetent of the traurr
and the emotions associated with it are workedutinosytematically.
The complication however, is that trauma victimsenof repress the
memories of the eve. Generally, reexposure to the trauma is b
carried out very graduall

Emotions can be pre-programmed genetically or learned. They are
manifested in various ways, including facial expressions, tones of voice, and
actions furthermore. They can be caused either by stimuli impinging on us
from outside or by things that happen within our body.

Emotion and motivations are very closely linked. Often, it is difficult to
distinguish between them. In general, for motives the stimulus is un-
observed whereas for emotions it often is apparent. Motive is desire to attain
something, while emotion are feeling that does not link to attainment.

Study Session Summary
In this Study Session, you learnt the follow
* An emotionis a mental and physiological state associated &
variety of feelings, thoughts and behavi It can be classified

based on theircumplex model (Russel, 19°- which places

Summary emotions along bpolar dimensions of valence and arousal,
foundational or norfieundational, their occurrence in time, ¢
relativity to affective states.

* Some of the theories related to emotion inclihe James-Lange
theory, the perceptional theory, the cognitive tijead emotion,
the Canon-Bard theory, the TwbBactor Theory, and the Ge
Pain Theory
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» Concerning the physiology of emotion, emotions cosgp of
three related components: behavior, physiology emghitive.
Concerning the physiology of pain and emotion, #ién
receives any type of external stimulation througg $pinal cord
and relays it to the Thalamus which sends the rgesga the
somatosensory cortex for interpretation, becausergsponsible
for sensory aspect of pain while a redirection \ilbduce the
emotional aspect in the Hypothalamus and the Amiggda
structures. The brain areas associated with ematidade the
limbic system comprising of the hippocampus and
amygdala.Similarly, the thalamus, hypothalamus, eindulate
gyrus, which are all interconnected are involved time
expression of emotions.

* The emotional disorder that follows a trauma isvwna@s post-
traumatic stress disorder (PTSD). DSM-IV descrithessetting
event for PTSD as exposure to a traumatic evenhgluvhich
one feels fear, helplessness or horror. Drug tretrof PTSD
include the use of selective serotonergic reuptaiebitor
(SSRI), (e.g. Prozac, Paxil), which are also eifector treating
anxiety disorders in general. Psychological treatneé PTSD
include the use of psychoanalytic therapy, pregibgl reliving
emotion trauma to relieve emotional suffering ibechcatharsis.

Assessment

Assignment

1. Discuss three theories of emotion with practicgli@ations.

2. Classify emotions into six different categories,nti@ing the
relevance of each.

3. Explain the role of the brain in the expressioneafiotions in
human beings.

4. lIdentify six areas of the brain, mentioning theimportance in
maintaining emotion.

5. Mention the major approaches to the treatment obtiemal
disorders, highlighting any related physiologicathpvay in the
process.
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Study Session 11

Cerebrovascular Accident

Introduction

In this Study Session, we will examine how lackogf/gen can lead to
the sudden death of a portion of the brain celireke.

earning Outcomes

When you have studied this session, you shouldleeta:

11.1 identify factors affecting progression or extef stroke.
11.2 describe cerebral blood flow.

11.3 explain the mechanisms of neuronal injuryhdsaic Penumbra (IP),
neuronal death, ischemic stroke, thrombosis, emimpliand global—
ischemic stroke .

11.4 highlight the role of clinical psychologigtsstroke teams.
11.5 describe psychological intervention in stroke mamnaee.

11.1 What is Stroke?

A stroke is the sudden death of a portion of tlarbcells due to a lack of
oxygen. A stroke occurs when blood flow to the tigidamage resulting
in abnormal function of brain. It causes by blockaw rupture of an
artery to the brain. A stroke is caused by therinfgion of the blood
supply to the brain, usually because a blood vésssks or is blocked by
a clot. This cuts off the supply of oxygen and iuits, causing damage
to the brain tissue. The most common symptom ofreke is sudden
weakness or numbness of the face, arm or leg, oftest on one side of
the body. Other symptoms include: confusion, diftix speaking or
understanding speech; difficulty seeing with onéboth eyes; difficulty
walking, dizziness, loss of balance or coordingte®vere headache with
no known cause; fainting or unconsciousness. TFectsf of a stroke
depend on which part of the brain is injured andviseverely it is
affected. A very severe stroke can cause suddeh.dea

The two major mechanisms causing brain damageadkestre; ischemia
and hemorrhage. In ischemic stroke, which represabout 80% of all
strokes, decreased or absent circulating blood i=prneurons of
necessary substrates. The effects of ischemiaaat fapid because the
brain does not store glucose, the chief energytstbsand is incapable
of anaerobic metabolism (Jones, Morawetz, Crove¢lgl., 1981).Non-

traumatic intracerebral hemorrhage represents appately 10% to 15%
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of all strokes. Intracerebral hemorrhage origindtesy deep penetrating
vessels and causes injury to brain tissue by disimipconnecting

pathways and causing localised pressure injurgitirer case, destructive
biochemical substances released from a variety cofrces play an

important role in tissue destruction.

Focal Ischemic Injury

A thrombus or an embolus can occlude a cerebraramrnd cause
ischemia in the affected vascular territory. Itaoien not possible to
distinguish between a lesion caused by a thrombhdsae caused by an
embolus. Thrombosis of a vessel can result inyatteartery embolism.

Mechanisms of neuronal injury at the cellular leeeé governed by
hypoxia or anoxia from any cause that is reviewsldw.

At a gross tissue level, the vascular comprongselihg to acute stroke
is a dynamic process that evolves over time. Tlognession and the
extent of ischemic injury is influenced by manyttas (Wass and Lanier,
1996; Bruno, Biller, Adams Jr, et al., 1999).

Cerebral Blood Flow

Normal cerebral blood flow (CBF) is approximatel-t& 60 ml/100g/
Min and varies in different parts of the brainrésponse to ischemia, the
cerebral autoregulatory mechanisms compensate feduction in CBF
by local vasodilatation, opening the collateralsd aincreasing the
extraction of oxygen and glucose from the bloodweieer, when the
CBF is reduced to below 20 ml/100g/min, an eleatrsilence ensues and
synaptic activity is greatly diminished in an atfgno preserve energy
stores. CBF of less than 10ml/100g/min resultsrieversible neuronal
injury (Jones, Morawetz, Crowell et al., 1981;. ddulli, 1995; Hakim,
1998).

Mechanisms of neuronal injury

Formation of microscopic thrombi responsible for pairment of
microcirculation in the cerebral arterioles and ikapes is a complex
phenomenon. Formation of a micro thrombus is trigdeby ischemia-
induced activation of destructive vasoactive enzythat are released by
endothelium, leucocytes, platelets and other neliroells. Mechanical
“plugging” by leucocytes, erythrocytes, platletdrin ensues (Garcia,
Liu, Yoshida et al. (1994).At a molecular level, the development of
hypoxic- ischemic neuronal injury is greatly infhieeed by “overreaction”
of certain neurotransmitters, primarily glutamated aaspartate. This
process called “excitotoxicity” is triggered by detipn of cellular energy
stores. Glutamate, which is normally stored ingidesynaptic terminals,
is cleared from the extracellular space by an gndependent process.
The greatly increased concentration of glutamatel @spartate) in the
extracellular space in a depleted energy statdtsesuthe opening of
calcium channels associated with N-methyl-D-asaatNMDA) and
alpha-amino-3-hydroxy-5-methyl-4-isoxanole  propiena (AMPA)
receptors. Persistent membrane depolarisation san#lex of calcium,
sodium, and chloride ions and efflux of potassiumsi (Becker, 1998;
DeGraba, 1998).
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Intracellular calcium is responsible for activatioof a series of
destructive enzymes such as proteases, lipaseseratahucleases that
allow release of cytokines and other mediatorsyltieg in the loss of
cellular integrity (DeGraba, 1998).

Inflammatory response to tissue injury is initiatgdthe rapid production
of many different inflammatory mediators, tumor s factor being

one of the key agents. Leukocyte recruitment tasbleemic areas occurs
as early as thirty minutes after ischemia and fepem. In addition to

contributing to mechanical obstruction of microaiation, the leucocytes
also activate vasoactive substances such as oxygen radicals,

arachidonic acid metabolites (cytokines), and aiacid. The cellular

effects of these mediators include vasodilatatioasoconstriction,

increased permeability, increased platelets agtoega increased

leukocyte adherence to the endothelial wall, anddmoregulation.

Endothelial cells are one of the first cell typesdspond to hypoxia. This
response occurs at morphological, biochemical emmdunological levels,
causing a variety of physiological and pharmacaabi effects.
Morphologically, endothelial cells swell and formirovilli’ at the
luminal surface of the cell. This results in a reithn in the luminal
patency of the capillary vessel. Mechanical pluggby erythrocytes,
leukocytes, and platelets ensues. At a biocherteéval, endothelial cells
mediate the effects of vasoactive agents such dstleglin peptides,
eicosanoids, and smooth muscle relaxant (probabfg acid), which in
part modulate the vascular tone of the microcitomta Activation of
endothelial adhesion molecules promotes leukocyliee@nce to the
endothelial wall, a key process in the initiatioh the inflammatory
process (DeGraba, 1998).

Ischemic Penumbra (IP)

Within an hour of hypoxic- ischemic insult, thesea core of infarction
surrounded by an oligemic zone called the ischgraimumbra (IP) where
autoregulation is ineffective. The critical timerijoel during which this
volume of brain tissue is at risk is referred to tae “window of

opportunity” since the neurological deficits crehtey ischemia can be
partly or completely reversed by reperfusing tlobiésnic yet viable brain
tissue within a critical time period (2 to 4 hoyrgAdams and Shaw,
1994).

IP is characterised by some preservation of enargiabolism because
the CBF in this area is 25% to 50% of normal. Gatluntegrity and
function are preserved in this area of limited esofa for variable periods
of time. The pathophysiology of IP is closely liokéo generation of
spontaneous waves of depolarization (SWD). SWD ardgiinate from
multiple foci; some from the ischemic core and otHerm ischemic foci
within the peri-infarct zone (penumbra). Sustainetteases of synaptic
glutamate and extracellular potassium ions arestfagssociated with the
development of SWD. Glutamate receptor antagonibi block
transmembrane calcium flux and prevent intracallulealcium
accumulation are known to suppress SWD. Hypoxic rapid
depolarisations eventually supervene just beforevérsible neuronal
death (Back, Dietrich, and Watson, 1996).
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Neuronal Death

The two processes by which injured neurons are knoov die are
coagulation necrosis and apoptoglsagulation necrosis (CNgfers to a
process in which individual cells die among livingighbor cells without
eliciting an inflammatory response. This type df death is attributed to
the effects of physical, chemical, or osmotic daenag the plasma
membrane. This is in contrast to liquefaction nsisowhich occurs
when cells die, leaving behind a space filled mflammatory response”
or pus.

In CN, the cell initially swells then shrinks anddergoes pyknosis — a
term used to describe marked nuclear chromatin exwsation. This
process evolves over 6 to 12 hours. By 24 houmsnsite chromatolysis
occurs resulting in pan-necrosis. Astrocytes samll fragment, myelin
sheaths degenerate. Irreversible cellular injury dasnonstrated by
eosinophilic cytoplasm and shrunken nuclei are dssween 8 to 12
hours after arterial occlusion (91). The morpholagydying cells in
coagulation necrosis is different than that of cledath due to apoptosis
(Heros, 1994).

The term_apoptosiss derived from the study of plant life wherein
deciduous trees shed their leaves in the fall. Tikisalso called

“programmed cell death”, because the leaves argrgmumed to die in

response to seasonal conditions. Similarly, ceflelmaurons are

“programmed” to die under certain conditions, sashischemia. During

apoptosis, nuclear damage occurs first. The irtiegfi the plasma and

the mitochondrial membrane is maintained until latethe process.

Ischemia activates latent “suicide” proteins in thelei, which starts an

autolytic process resulting in cell death. This ohtic process is

mediated by DNA cleavage (Choi, 1996).

Apoptotic mechanisms begin within 1 hour after &soc injury whereas
CN begins by 6 hours after arterial occlusion. Tdliservation has an
important bearing on future directions of reseafidie manner by which
apoptosis evolves is a focus of much research,usecdypothetically,

neuronal death can be prevented by modifying trecqges of DNA

cleavage that seems to be responsible for apoptosis

Ischemic Stroke

The three main mechanisms causing ischemic strokes (a)
thrombosis, (2) embolism and (3) global ischemigp(htensive) stroke.
All ischemic strokes do not neatly fall into thessgtegories and the list of
entities responsible for unusual stroke syndrormegiy long. However,
strokes caused by vasospasm (migraine, followingd SAypertensive
encephalopathy) and some form of “arteritis” stantl among the more
infrequent causes of stroke.

Thrombosis

Atherosclerosis is the most common pathologicatutea of vascular
obstruction resulting in thrombotic stroke (Chall@99). Atherosclerotic
plagues can undergo pathological changes such aseratibns,
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thrombosis, calcifications, and intra-plaque heimage. The

susceptibility of the plaque to disrupt, fracture disrupt or ulcerate
depends on the structure of the plaque, and itsposition and

consistency. Disruption of endothelium that canuoda the setting of

any of these pathological changes initiates a cimadgld process that
activates many destructive vasoactive enzymeselBtaadherence and
aggregation to the vascular wall follow, formingamidi of platelets

and fibrin. Leucocytes that are present at the within 1 hour of the

ictus mediate an inflammatory response (Challa91.99

In addition to atherosclerosis, other pathologicahditions that cause
thrombotic occlusion of a vessel include clot fotima due to

hypercoagulable state, fiboromuscular dysplasiariag (Giant cell and
Takayasu), and dissection of a vessel wall.

In contrast to the occlusion of large atheroscieraeessels, lacunar
infarcts occur as a result of occlusion of deepefrating arteries that are
100 to 400 mm in diameter and originate for theclbmal arteries. The
putamen and pallidum, followed by pons, thalamasidate nucleus, and
internal capsule are the most frequently affectéessThe size of a
lacunar infarct is only about 20 mm in diametereTitcidence of lacunar
infarcts is 10% to 30% of all strokes dependingrace and preexisting
hypertension and diabetes mellitus. The small iaféegermost frequently

as a result of chronic hypertension lengthens, mesotortuous and
develops subintimal dissections and micro-aneurysergering the

arteriole susceptible to occlusion from micro-thiontibrin deposition

resulting in lipohyalinosis is considered to be timelerlying pathological

mechanism (Yu, McNeil, O Malley, Davis, and Donna895).

Embolism

Embolic stroke (ES) can result from embolisationanf artery in the
central circulation from a variety of sources. Besi clot, fibrin, and

pieces of atheromatous plaque, materials knownntboéze into the

central circulation include fat, air, tumor or nmettesis, bacterial clumps,
and foreign bodies. Superficial branches of cetelarsd cerebellar
arteries are the most frequent targets of embadistMmboli lodge in the
middle cerebral artery distribution because 80%hefblood carried by
the large neck arteries flow through the middlesbeal arteries (Garcia,
Ho, & Pantoni, 1998).

The two most common sources of emboli are: the dafed cardiac
chambers and large arteries, (e.g., “artery tondrtemboli that result
from detachment of a thrombus from the internabtdrartery at the site
of an ulcerated plaque).

The neurological outcome from an ES depends nigtamthe occluded
vascular territory but also on the ability of thenllus to cause
vasospasm by acting as a vascular irritant. Thesgesm can occur in
the vascular segment where the embolus lodgesnoingalve the entire
arterial tree. Vasospasm tends to occur in youmgeients, probably
because the vessels are more pliable and lesosthaotic.

Many embolic strokes become “hemorrhagic” causirgmdérrhagic
infarction (HI). Hemorrhagic infarct (used here amgmously with
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hemorrhagic transformation of an ischemic infaigtn ischemic infarct
in which bleeding develops within the necrotizingrebral tissue. The
pathogenesis of hemorrhagic transformation of a jpdarct is a complex
phenomenon.

The two common explanations that are advanced tolaiex the
pathogenesis of HI in embolic strokes are: (1) Hehagic
transformation occurs because ischemic tissuete&n okperfused when
the embolus lyses spontaneously and blood flow eistored to a
previously ischemic area. An initial vascular obstion is likely to occur
at a bifurcation of a major vessel. The occlusiay mbstruct one or both
of the branches, producing ischemia of the distalie. Blood vessels as
well as brain tissue are rendered fragile and @gukVhen the occluding
embolus either lyses spontaneously or breaks apdrmigrates distally,
CBF is restored to the “injured or ischemic” midroalation. This can
result in a hemorrhagic or “red infarct” in whatdhpreviously been a
bloodless field. The areas that continue to belpgmarfused are referred
to as “pale” or “anemic infarcts.” (2) Hemorrhagiansformation is also
known to occur with persistent occlusion of thegparartery proximally,
indicating that hemorrhagic transformation is nietag/'s associated with
migration of embolic material. HI on the periphefyinfarcts in presence
of persistent arterial occlusion is caused by regen from
leptomeningeal vessels that provide collaterautation. In patients with
ES, itis not unusual to see HI side-by-side wstthemic infarction.

The three main factors associated with “red inEradr hemorrhagic
infarctions include the size of the infarct, richkee of collateral
circulation, and the use of anticoagulants andetgional therapy with
thrombolytic agents. Large cerebral infarctions associated with a
higher incidence of hemorrhagic transformation. étygnsion is not
considered to be an independent risk factor for drdmagic
transformation of an ischemic infarct (Hart, andtéa, 1986).

Global - Ischemic or Hypotensive Stroke

Profound reduction in systemic blood pressure duearny reason is
responsible for “hypotensive stroke.” Some neuranesmore susceptible
to ischemia than others. These include the pyrdnudk layer of the

hippocampus and the Purkinje cell layer of the loeltar cortex. Cerebral
gray matter is also particularly vulnerable. Abumcia of glutamate in
these neurons renders them more susceptible taldgsumemia.

Global ischemia causes the greatest damage to drelageen the

territories of the major cerebral and cerebellaerags known as the
“boundary zone” or “watershed area.” The parietatporal-occipital

triangle at the junction of the anterior, middleydaposterior cerebral
arteries is most commonly affected. Watershed atifam in this area

causes a clinical syndrome consisting of paralgsisl sensory loss
predominantly involving the arm; the face is ndieafed and speech is
spared. Watershed infarcts make up approximatedyg &0 all ischemic

strokes and almost 40% of these occur in patieiitsaarotid stenosis or
occlusion (Garcia and Anderson, 1997).
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11.2 Factors Affecting Progression or Extent
of Stroke

Rate of onset and duratiothe brain better tolerates an ischemic event of
short duration or one with slow onset.

Collateral circulation the impact of ischemic injury is greatly influestt
by the state of collateral circulation in the afézt area of the brain. A
good collateral circulation is associated with #dyeoutcome.

Health of systemic circulationConstant cerebral perfusion pressure
depends on adequate systemic blood pressure. Sgstsmpotension
from any reason can result in global cerebral isgche

Hematological factorsa hypercoagulable state increases the progression
and extent of microscopic thrombi, exacerbatingubes occlusion.

Temperature: elevated body temperature is associated with great
cerebral ischemic injury.

Glucose metabolisrmhyper- hypoglycemia can adversely influence the
size of an infarct.

11.3 Role of Clinical Psychologists in Stroke
Teams

» Direct Patient Contact: This includ@ssessment, formulation
and management of psychological disorders posketrecluding
depression, anxiety, self-esteem issues and adjustm
difficulties. It is also necessary to do an assesgnpformulation,
management and cognitive rehabilitation of posiker
impairment as well as assessment and management of
behavioural problems post-stroke

* Indirect Patient Contact.: This includes an assesswf carer
strain on patients post-stroke, working with casso-therapist,
consultation and advice to therapists / externiad peoviders

» Teaching/training and research

Psychological Intervention

Often, cognitive behavioural therapy (CBT) is addisbecause CBT is
collaborative i.e., based on shared formulatioproblems, goal driven,
problem focused i.e. what strategies can be putplace to alter
maintaining factors? CBT is also relatively brief.

Focus of psychological therapy for mood disordersfter stroke

1) Behavioural components e.g., anxiety managementdegr
exposure, behavioural activation etc.

2) Cognitive components e.g., normalisation, challegginegative
thoughts, cognitive restructuring, etc.
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Summary

In this Study Session, \ discussed how portion of the brain n
suddenly die due to lack of oxygeThe two major mechanisms caus
brain damage in stroke are; ischemia and hemorrtOur discussion
also covers the folwin

Factors affecting progression or extent of strakelude: Rate of
onset and duration, collateral circulation, Healtfi systemic
circulation, Hematological factors, Temperature, ucske
metabolism

The normal cerebral blood flow (CBF) is approxintaté0-to 60
ml/100g/ Min and varies in different parts of brain.

Concerning the mechanisms of neuronal injurormation of
microscopic thrombi responsible for impairment dtrcirculation
in the cerebral arterioles and capillaries is a @ermn phenomenor
Formation of a micro thrombus is triggered by isola-induced
activation of destructive vasoactive enzymes that r@leased b
endothelium, leucocytes, platelets and other nelircells
Concerning ischemic penumbra (IP)jthin an hour of hypoxi-
ischemic insult, there is a core of infarction sumde: by an
oligemic zone called the ischemic penumbra (IP) re
autoregulation is ineffective.

For neuronal deathhé two processes by which injured neurons
known to die are coagulation necrosis and apop

Concerning ischemic strokehd three main mechanisms caus
ischemic strokes are: (a) thrombosis, (b) emboliang (c) globa
ischemia (hypotensive) stroke.

Atherosclerosis is the most common pathologicalufeaof vascula
obstruction resulting in thrombotic stroke.

Embolic stroke (ES) can result from embolisation of anrgrie the
central circulation from a variety of sources. Besiclot, fibrin, an
pieces of atheromatous plaque, materials knowmitaoéze into the
central circulation include fat, air, tumor or metsis, bacterial
clumps, and foreign bodies.

Profound reduction in systemic blood pressure spoasible fo
“hypotensive stroke.” Some neurons are more suddepto
ischemia than others. These include the pyramidill@yer of the
hippocampus and theukkinje cell layer of the cerebellar cort:
Cerebral gray matter is also particularly vulneealAbundance c
glutamate in these neurons renders them more dildeeip global
ischemia.

Role of clinical psychologists in stroke teams lnld: direct pident
contact, indirect patient contact, as well as tawmgtraining anc
research.Often, cognitive behavioural therapy (CBT) is addis
because CBT is collaborative i.e. based on shaveduiation of
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problems, goal driven, problem focused i.e. whedtsgies can be
put in place to alter maintaining factors? CBTIsaelatively brief.

Assessment

Assignment

1. Mention five (5) factors affecting progression oxtemt of
stroke.

2. Describe cerebral blood flow.

3. Explain the mechanisms of neuronal injury.

4. Describe the role of clinical psychologists in Rgd eams.
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Study Session 12

Schizophrenia

Introduction

In this Study Session, we will discuss a rear #eschizophrenia. We
will also describe the biology and effects of tilisess. Finally, we will
examine drug therapy for this illness.

Learning Outcomes

When you have studied this session, you shouldleeta:

12.1 describe the symptoms of schizophrenia.
12.2 identify at least four types of schizophrenia.
12.3 explain the biology of schizophrenia.

12.4 highlight the effects of schizophrenia ontihain.
12.5 describe drug therapy for schizophrenia.

12.1 What is Schizophrenia?

Schizophrenia is a severe mental iliness that tffeice to two percent of
people worldwide. The disorder can develop as easlyhe age of five,
though it is very rare at such an early age. Nuast become ill between
the ages of 16 and 25 whereas most women becoietieen the ages
of 25 and 30. Even though there are differencesth@ age of
development between the sexes, men and women aadlyeqt risk for
schizophrenia. There is of yet no definitive ansag&to what causes the
disorder. It is believed to be a combination oftdéas including genetic
make-up, pre-natal viruses, and early brain damadgch cause
neurotransmitter problems in the brain.

Schizophrenia is a psychiatric disorder charaadriby periods of

psychosis. It is “psychiatric” because it affedte brain in a physiologic

manner. The psychosis is when an individual seengexperience things
that are not real or loses touch with reality. Ehegperiences may be in
combination with the real world or totally indepemd of the real world.

12.1.1 Symptoms of Schizophrenia

A variety of symptoms characterise schizophreni&chvinclude positive
and negative symptoms.
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Positive Symptoms
Delusion

Delusionsare false beliefs that appear obviously untruettemopeople.
For example, a person with schizophrenia may belihat he is the
President of Nigeria when he is not. People withizgphrenia may have
delusions that others, such as the police or tH&, && plotting against
them or spying on them. They may believe that aliare controlling
their thoughts or that their own thoughts are bdingadcast to

the world so that other people can hear them.

People with schizophrenia may also experience tiaktions (false
sensory perceptions). People with hallucinatiores kear, smell, feel, or
taste things that are not really there. Auditoryiuténations, such as
hearing voices when no one else is around, arecedigecommon in
schizophrenia. These hallucinations may include twomore voices
conversing with each other, voices that continuagigmment on the
person’s life or voices that command the person dm
something.

Bizarre behaviour

People with schizophrenia often behave bizarrelgeyT may talk to

themselves, walk backward, laugh suddenly withoggianation, make

funny faces, or masturbate in public. In rare cafesy maintain a rigid,

bizarre pose for hours on end. Alternately, they magage in constant
random or repetitive movements.

Disorganised thinking and speech

People with schizophrenia sometimes talk in inceheror nonsensical
ways, which suggests confused or disorganiseditignkn conversation
they may jump from topic to topic or string togetheosely associated
phrases. They may combine words and phrases iningess ways or
make up new words. In addition, they may shmaverty of speechin
which they talk less and more slowly than otherpbeofail to answer
guestions or reply only briefly, or suddenly stafking in the middle of
speech.

Negative Symptoms
Social Withdrawal

Another common characteristic of schizophrenia osiad withdrawal.
People with schizophrenia may avoid others or acthaugh others do
not exist.

Affective flattening

Reduction in the range and intensity of emotiongdression, including
facial expression, voice tone, eye contact and heayuage.

Alogia (poverty of speech)

Lessening of speech fluency and productivity, thug reflect slowing
or blocked thoughts; often manifested as short, tgmeplies to
guestions.
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Avolition

The reduction, difficulty or inability to initiatand persist in goal-directed
behavior. Often mistaken for apparent disinteresamples of avolition

are: no longer interested in going out with frignals longer interested in
activities that the person used to show enthusiasnipnger interested in
anything, sitting in the house for hours or daymdamothing.

Cognitive symptoms

Disorganised thinking, slow thinking, Difficulty derstanding, Poor
concentration, Poor memory, Difficulty expressimgughts, Difficulty
integrating thoughts, feelings, behaviors

12.2 Types of Schizophrenia

Paranoid: Persons are very suspicious of others and oftea hav
grand schemes of persecution at the root of thehabiour.
During this phase they may have hallucinations &redquent
delusions

Hebephrenic: also known as disorganised schizophrenia;
characterized by emotionless, incongruous, or dighavior,
intellectual deterioration, frequently beginningittiously during
adolescence. May be verbally incoherent and may mawods
and emotions that are not appropriate to the siwmat
Hallucinations not usually present.

Catatonic: Person is extremely withdrawn, negative and isdlate
May have marked psychomotor disturbances.

Residual: Lacks motivation and interest in day-to-day living.
Person is not usually having delusions, hallucoreti or
disorganized speechs

Schizoaffective: There will be symptoms of schizophrenia as
well as mood disorder (depression, bipolar, mixeahian).
Undifferentiated: Conditions meeting the general diagnostic
criteria for schizophrenia but not conforming toyaaf the
previous types. Exhibits more than one of the newvitypes
without a clear dominance of one.

12.3 Biology of Schizophrenia

Our thoughts, feelings, and actions are all tratteshiin the Central
Nervous System as electrochemical impulses. Thapelses reach the
ends of presynaptic neurons. Neurotransmitter ctelmare released that
cross the synaptic cleft and bind to specific rémepsites onto
postsynaptic neurons. The binding action triggelectacal changes.
These changes either inhibit or continue the cotmoluof that impulse.
Alterations or decrease of neurotransmitters atsyoaptic receptors is
associated with the many different forms of neutioplagic conditions.

Major categories of neurotransmitters are cholilmengionoamines, and
neuropeptides. Each type of neurotransmitter iodaed with the
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conduction of impulses in different areas of thetCd Nervous System.
For instance, serotonin is a monoamine transmitiext innervates
receptors in the Pons, medulla, thalamus, and dirgstem. A decrease
in serotonin levels is connected with clinical degsion. Another
example is the amino acid inhibitory transmittetyae of GABA. GABA
innervates receptors in the hypothalamus, cortexegbellum, basil
ganglia, and hippocampus. Decrease in GABA avdiitab$ associated
with anxiety disorders and Schizophrenia.

synaptic space

receptors

presynaptic
neuron

postsynaptic
neuron

neurotransmitter

transporter

12.3.1 Strong genetic component to Schizophrenia

I Genes shared
e General population 1%
G Spouses 1% No (or distant)
' relation
17.5% First cousins i
{third-degree
refatives) Uncles/aunts [l 2%
25% Nephews/nieces 4% Second-degree
{EElr:lellr;i;iC:}ESg}l'EH 1 Grandchildren relatives
Half siblings
Note that even . Children
identical twins Siblings
are hot 100% a I\')g% h.‘iib]ilng_u with one 17 First-degree
irst-degree 4 schizophrenic parent relatives
concordant relatives) Gikgotic hicina
l.e. genetics are Parents
not the whole .
SfOI"\/ 100% Monozygotic twins 48%,

T T T r T
] 10 20 30 40 50

Lifetime risk of developing -«'h\a\phrcnia ()

Family studies the above table presents a summary of the risk fo
schizophrenia in various relatives of schizophrenitex cases. Quite
clearly, relatives of schizophrenic patients arénateased risk, and the
risk increases as the genetic relationship betweeband and relative
becomes closer. More recent information confirmats shown in table
and also indicates that risk for schizophreniadgigularly high in the
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families of female and early onset probands (Shh894). The data
gathered by the family method thus support the omotthat a
predisposition for schizophrenia can be transmittgohetically. Yet
relatives of a schizophrenic proband share not aepes but also
common experiences. The behaviour of a schizophngarient could be
very disturbing to a developing child. The influenaf the environment
cannot be discounted as a rival explanation fohtgber morbidity risks.

Twins studies Concordance rate for MZ and DZ twins are alsegiin
the table. Concordance for identical twins (48%haigh greater than
that of fraternal twins (17%) is less than 100%is®iudy is important; if
genetic transmission alone accounted for schizoph@nd one twin was
schizophrenic, the other twin would also be schizepic because MZ
twins are genetically identical. Consistent withemetic interpretation of
these data, concordance among MZ twins does ireredsen the
proband is severely ill.

Adoption studies the study of children of schizophrenic mothersowh
were reared from early infancy by nonschizophrewioptive parents has
provided more conclusive information on the role génes in
schizophrenia by eliminating the possible effecté @ deviant
environment. In a study carried out in Denmark uridety’s direction
(Kety et al, 1975, 1994). The starting point foe tinvestigation was a
culling of the records of children who had beenp€dd at a young age.
All adoptees that had later been admitted to alpatric facility and
diagnosed as schizophrenic were selected as tlex iodses. For the
remaining cases, the investigators chose a cogtmlp of people who
had no psychiatric history and who were matchethéoindex group on
such variables as sex and age. Both the adoptidetla biological
parents and the siblings and half-siblings of th® tgroups where
identified, and a search was made to determine avhong them had a
psychiatric history. As might be expected if gemdtctors figure in
schizophrenia, the biological relatives of the mdases were diagnosed
as schizophrenic more often than were member of¢heral population;
the adoptive relatives were not.

12.4 Effects of Schizophrenia on the Brain
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New tests and machines enable researchers to stedgtructure of
schizophrenic brains using Magnetic Resonance Iigg®#RI), Positron

emission tomography (PET), Functional Magnetic nesee imaging
(fMRI), and single-photon emission computerized agnaphy (SPECT).
The different lobes of affected brains were exawhinad compared to
those of normal brains, showing several abnormaaliti These
abnormalities include:

1) Ventricular abnormalities: The most common findimeas the
enlargement of the lateral ventricles, which are ftbid-filled sacs
that surround the brain. Studies of patients withizophrenia have
consistently revealed and enlargement of cerebmahtricles,
especially the lateral ventricles.

2) Ventricular enlargement is not related to lengthilbfess or to
duration of hospitalization. Weinberger, (1980)riduhat the degree
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of ventricular enlargement predicts the patientssponse to
antipsychotic drugs. Patients with more enlargedtrigdes show
poorer response to these drugs.

Fig12.3

wcarka Encyclopedia, Phota Inc.;Science Source/Photo Researchers, Inc,

!

= MRI images of
monozygotic
twins discordant
for schizophrenia
= Ventricles are

enlarged in
schizophrenia

a. Tests showed that blood flow was lower in frontagions in
afflicted people when compared to non-afflicted gleo This
condition has become known adypofrontality. The
hypofrontality hypothesis suggests that lower agtiv the frontal
lobes may produce some of the negative symptomsdfan
schizophrenia, such as mood disorders and socitdidriwal
(Andereasen et al., 1992). Measures of blood cerdlww and
glucose metabolism indicate that people with sgfhzenia show
lower levels of frontal lobe activity than healtlepntrols during
difficult cognitive task (Weinberger, 1994). Diftarce in frontal
lobe activity can be used to distinguish betweendentical twin
with schizophrenia and the healthy member of the (@erman,
Torrey, Daniel, and Weinberger, 1992). One possibbson for
the reduced activity may be a smaller number ofaptin
connections in this area. Glantz and Lewis (20G8)nél that
neurons in the prefrontal cortex showed fewer déndpines in
patients with schizophrenia.
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Fig12.4
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b. There is, however, a great deal of evidence thatvshthat the
temporal lobe structures in schizophrenic patiesnts smaller.
Some studies have found the hippocampus and anayddabe
reduced in volume. Also, components of the limlyistam, which
is involved in the control of mood and emotion, aadions of the
Superior Temporal Gyrus (STG), which is a largetgbator in
language function, have been notably smaller. TascHI's Gyrus
(which contains the primary auditory cortex), ar tPlanum
Temporale are diminished. The severity of symptsush as
auditory hallucinations has been found to be depeindpon the
sizes of these language areas.

The map in Fig. 12.5 reveals the 3-dimensionalilerof gray matter loss
in the brains of teenagers with early-onset schizapa, with a region of
greatest loss in the temporal and frontal brainioregy that control
memory, hearing, motor functions, and attention.

Fig 12.5 Mapping brain
tissue in adolescent
schizophrenic

Another area of the brain that has been found teewerely affected is
the prefrontal cortex. The prefrontal cortex isoassted with memory,
which would explain the disordered thought procesdeund in

schizophrenics. Test done on humans and animalbich the prefrontal
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Fig12.6

cortex has been damaged showed similar cognitiebl@ms as those
seen in schizophrenic patients. The prefrontalesottas one of the
highest concentrations of nerve fibers with theragansmitter dopamine
and scientists have learned that the relatively aetipsychotic drug,
which increases the amount of dopamine releasttiprefrontal cortex,
often improves cognitive symptoms. They also fotimat the prefrontal
cortex contains a high concentration of dopamireeptors that interact
with glutamate receptors to enable neurons to fomemories. This
means that dopamine receptors may be especiallgrteng for reducing
cognitive symptoms.

Dopamine Pathways Serotonin Pathways

Frontal
cortex

Striatum

Substantia
B nigra

accumbens

Functions

- Reward (motivation) mpus Functions

-Pleasure, euphoria Raphe nuclei -Mood

-Motor function -Memory
(fine tuning) processing

-Compulsion ~Sleep_ .

- Perseveration -Cognition

The Psychotogens hypothesis

Several proposals have suggested that schizophdewaops from faulty
metabolic processes in the brain that produce afelosubstances that
generate psychotic behaviour. Such hypotheticalstanibes called
psychotogens might be similar in some ways to balhgenic agents.
The chemical structure of some manufactured halbgens resembles
that of some neurotransmitters. Metabolic faultparticular pathways
might cause the brain to convert an innocuous mdednto a
behaviorally maladaptive substance capable of miaduschizophrenic
symptoms.

The Glutamate Hypothesis

A disturbance in glutamate system might provide lénge-scale effects
that would for the wide range of positive symptomsschizophrenia.
Glutamate and dopamine systems often interactimtain. Increasing or
decreasing glutamate should result in similar betmal outcomes. If
psychotic symptoms are associated with dopamingitsety, they might
also be related to reductions in glutamate activithe drug PCP
(Phencyclidine) provides a useful model for thisamt process (Jentsch
and Roth, 1999; Moghaddam and Adams, 1998). PCeajmble of
producing schizophrenia like symptoms, including ditary
hallucinations. PCP not only stimulates dopaminease but also blocks
the NMDA glutamate receptor. Psychosis due to PGP mesponds’
favorable to treatment with dopamine antagonisstéth et al, 1997).

The dopamine hypothesis
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Many clinical and basic experimental findings haseggested that
abnormally high levels of dopamine receptor stitiafaform the basis
of schizophrenia. Dopamine is a synaptic transmiitt¢he brain with the
role of positive reinforcement. Various clues swgigg that dopamine
plays a role in schizophrenia came from observatain

a. Amphetamine psychosi$he similarity of amphetamine psychosis to
schizophrenia is supported by the findings thatlzeteamine exacerbates
symptoms of schizophrenia. Neurochemically, amphete promotes
the release of catecholamine, particularly dopamarel prolongs the
action of the released transmitter by blocking teke. Rapid relief from
amphetamine psychosis is provided by injection lbé tdopamine
antagonist example Chlorpromazine.

b. The effects of antipsychotic drugke introduction of Chlorpromazine
drastically reduced the population of patients siyghiatric hospitals in
the United States in early 1950s. This drug wasodesred by Henri
Laborit in the 1940s for muscle relaxation in suyg&he French surgeon
found out that Chlorpromazine not only achieves thifect, but also
reduces worry and preoperative tension. Later @hotit collaborated
with psychiatrists in trying this substance on peagtric patients; they
found remarkable antipsychotic effects. Chlorproimazwas then
introduced on a large scale in psychiatric hospaabund the world, with
a profound impact. The Chlorpromazine and otheateel substances
(phenothiazineg act in the brain by blocking (antagonizing) pgetptic
receptor sites for dopamine, specifically §pe. This observation was
subsequently extended to other antipsychotic drlagses, such as
butyrophenonesincluding haloperidol.

c. Parkinson’s diseasanother tail leading to the dopamine hypothekis o
schizophrenia is the study of Parkinson’s diseBsgkinson’s disease is
caused by the degeneration of nerve cells locatéke brainstem (in the
substantia nigra). These cells contain dopamind, administering the
substance L-dopa (levodopa), a precursor for t¢hsgis of dopamine,
increases the amount of released dopamine, which phovides some
relief of Parkinson’s symptoms. Two observations patients with
Parkinson’s connect this disease with schizophreni@ the dopamine
hypothesis. First, some patients given L-dopa ilewe Parkinsonian
symptoms become psychotic. Second, some patietitssehizophrenia
receiving chlorpromazine develop Parkinsonian spmst In fact,
treatment with traditional antipsychotic drugs a@sult in permanent
movement disorders.

1. The hippocampus and amygdale have been fouhg wmaller than
normal in some individuals with schizophrenia (LewiWhalley, Job,
and Johnstone, 2003; Schulze et al., 2003). Intiaddio being smaller
than normal, the hippocampus shows an unusualgdis@ation in some
cases of schizophrenia. The cells of the hippocangpa normally lined
up rather neatly in rows. In the hippocampus of egpatients with
schizophrenia, the cells are in relative disargiyen the importance of
the hippocampus in memory and cognition, this laickrganization may
account for some of the deficits in reasoning ahdught found in
schizophrenia. The disorganisation of the hippoasmpsuggests
problems in prenatal cell migration and may refldat role of viral
infection in schizophrenia.
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2. Furthermore, patients with schizophrenia whoehemarged ventricles
show a marked reduction in levels of dopamiiraydroxylase, an
enzyme that catalyzes the conversion of dopamieeniorepinephrine.

Evidence against the Dopamine hypothesis

Criticisms of the dopamine model of Schizophreregdn to emerge in
1980s (Alpert and Friedhoff, 1980 cited in Bree@p2002).

1. Clinical observations revealed that some paisvith schizophrenia
show no changes when treated with drugs that affgzamine.

2. Further experiments, conducted as new method® weveloped
(particularly the ability to use PET scanning taexne drug action in the
brain of living patients) challenged the view tha amount of dopamine
blocking was correlated with clinical benefit. Thestudies showed that
some patients had over 90% of theip E2ceptors blocked by anti-
psychotic drugs, but showed little reduction inithgsychoses. This
primarily occurs in patients who have had the pegchfor ten to thirty
years. At least 90-95% of first-episode patien@wéwver, responds to
antipsychotics at low doses and does so witbd@upancy of 60-70%.

3. Furthermore, although dopamine-inhibiting meticces modify
dopamine levels within minutes, the associated avgment in patient
symptoms is usually not visible for at least selvdeys, suggesting that
dopamine may be indirectly responsible for thesiis.

4. Similarly, a new generation of anti-psychotiags (called thatypical
antipsychoticy were found to be just as effective as older tgbpic
antipsychotic drugs in controlling psychosis, patarly the negative
symptoms, despite the fact that they have lowanigfffor dopamine
receptors than for various other neurotransmiteeptors. More recent
work, however, has shown that atypical antipsychatiugs such as
clozapine and quetiapine bind and unbind rapidlg sepeatedly to the
dopamine Rreceptor.

12.5 Drug Therapy for Schizophrenia

Although there is no cure for schizophrenia, effecttreatment exists
that can improve the long-term course of the ikn&¥ith many years of
treatment and rehabilitation, significant numbers people with
schizophrenia experience partial or full remisgibtheir symptoms.

12.5.1 Treatment of Schizophrenia

Treatment of schizophrenia usually involves a comaton of
medication, rehabilitation, and treatment of otpeoblems the person
may have. Antipsychotic drugs (also called neutidsp are the most
frequently used medications for treatment of sgtizenia.

Antipsychotic medications, developed in the middf5an dramatically
improve the quality of life for people with schizugnia. The drugs
reduce or eliminate psychotic symptoms such asudiattions and
delusions. Antipsychotic drugs help reduce sympton®0 to 90 percent
of people with schizophrenia.
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The medications can also help prevent these syngpfoom returning
Common antipsychotic drugs include risperidone &idal), olanzapin
(Zyprexa), clozapine (Clozaril), quetiapine (Ser@u haloperidol
(Haldol), thioridazine (Mellaril), chlorpromazine Tljorazine)
fluphenazine (Prolixin), and trifluoperazine (Steie). People witl
schizophrenia usually must take medication forrigwmt of their lives t
control psychotic symptoms. Antipsyotic medications appear to be I
effective at treating other symptoms of schizoplaresuch as socii
withdrawal and apath

12.5.2 Side Effects of Antipsychotic Drugs

Minor side effects include weight gain, dry mouthlurred vision
restlessness, cstipation, dizziness, and drowsiness. Other sifiects
are more serious and debilitating. These may irclndiscle spasms
cramps, tremors, and tardive dyskinesia, an irgbkr condition marke
by uncontrollable movements of the lips, mouth, dargue. Newer
drugs, such as clozapine, olanzapine, risperidame quetiapine, tend
produce fewer of these side effects. However, gioea can caus
agranulocytosis, a significant reduction in whitedd cells necessary
fight infections. This concion can be fatal if not detected early enot
For this reason, people taking clozapine must haeelly tests to
monitor their blooc

Study Session Summary

/o7

Summary

In this Study Session, we examil Schizophreni, a psychiatric
disorder characterised by periods of psychosis.pEyehosis is when ¢
individual seems to experience things that arereat or loses touc
with reality.
* Positive symptoms of schizophrenia include deludiirarre
behaviour, disaganised thinking and speech, ¢
Delusions are falseeliefs that appear obviously untrue to ot
people.
* Negative symptoms include social withdrawal, affex
flattening, alogia (poverty of speech), avolitietg
» Cognitive symptoms include disorgaad thinking, slov
thinking, difficulty understanding, poor concenioat, poor
memory, difficulty in expressing thoughts, diffitpintegrating
thoughts, feelings, and behaviours
» Types of Schizophrenia include paranoid, hebepby
catatonic, residuaschizoaffective, and undifferentia
» Although there is naure for schizophrenia, effective treatm
exists that can improve the lotgrm course of the illnes
Common antipsychotic drugs include risperidone f§Ridal),
olanzapine (Zyprexa), clozapine(Clozaril), quetiapint
(Seroquel), haloperidol (Haldol), thioridazine (Naeil),
chlorpromazine (Thorazine), fluphenazine (Prolixinand
trifluoperazine (Stelazine).



Study Session 12 Schizophrenia

Assessment

Assignment

1. Identify five symptoms of schizophrenia

2. Mention 4 types of schizophrenia

3. Explain the biological basis of schizophrenisodiler
4. Describe the effects of schizophrenia on thenbra

5. Highlight the types of drugs used in the manaa#rof schizophrenia
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Study Session 13

Biology of Depression

Introduction

Depression is an illness that involves the bodypan@nd thoughts, that
affects the way a person eats and sleeps, the majeels about oneself,
and the way one thinks about things.

Learning Outcomes

When you have studied this session, you shouldleeta:

13.1 mention 4 types of depression
13.2 identify 6 symptoms of depression

13.3 discuss possible structural/anatomical charnigeghe brain of a
depressed person.

13.4 describe drug treatment of depression.

13.1 Depression and Its Causes

A depressive disorder is not the same as a pabkiegmood. It is not a
sign of personal weakness or a condition that eawibhed away. People
with a depressive disease cannot merely "pull tlebras together" and
get better. Without treatment, symptoms can lastwieeks, months, or
years. Appropriate treatment, however, can help tnmople with
depression.

There is not just one cause of depression. Icsnaplex disease that can
occur as a result of a multitude of different fastancluding biology,
emotional and environmental influences. For soregreksion occurs
due to a loss of a loved one, a change in one'sdifafter being
diagnosed with a serious medical disease. ForsitHepression just
happened, possibly due to a family history of tisewdier.

13.2 Types of Depression

There are several different types of depressia,dng:
1) Major depressive disorder
2) Dysthymia (mild chronic depression)
3) Seasonal affective disorder
4) Psychotic depression
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13.3 Symptoms of Depression

Symptoms of depression include:

* Poor appetite or weight loss or increased appatiteweight gain

» Difficulty in sleeping (insomnia or sleeping longer
(hypersomnia))

» Loss of energy or tiredness to the point where itripossible to
make simple everyday decisions.

* An observable slowing down or agitation, agitatexpréssion
shown by wringing of hands, pacing about the room /
complaining.

* A markedly diminished loss of interest or pleasireactivities
that were once enjoyed.

* Feelings of self reproach or excessive / inappab@rguilt over
real or imagined events.

 Complaints or evidence of diminished ability to nthi or
concentrate.

* Suicidal thoughts without a specific plan or a &lécattempt
with a specific plan to complete the suicidal bebax

Not everyone who is depressed has all these synsptbut everyone
who is depressed has at least some of them, corgxien most days.

13.4 Biology of Depression

There is absolute proof that people suffering frdepression have
changes in their brains compared to people who abosoffer from
depression.

1. The hippocampus, a small part of the brainithsital to the storage of
memories, is 9%-13% smaller in women with a histfrdepression than
in those who've never been depressed. A smallpobgmpus has fewer
serotonin receptors. Serotonin is a neurotransmitea chemical
messenger that allows communication between ndrvéise brain and
the body.

What scientists don't yet know is why the hippocasps smaller.
Investigators have found that cortisol (a stressnooe that is important
to the normal function of the hippocampus) is plin excess in
depressed people. They believe that cortisol h&sxi@ or poisonous
effect on the hippocampus. Cortisol is one of smvglucocorticoids
released by the adrenal glands in response toitgctiv the so-called
hypothalamic-pituitary-adrenal (HPA) axis; becausertisol levels
increase in response to stress, there may be dditween stressful life
events and the development of depression. Abndigsliin
glucocorticoid metabolism may be tested directlyings the
dexamethasone suppression test (DST). It's alseilgesthat depressed
people are simply born with a smaller hippocampnd are therefore
inclined to suffer from depression.
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Fig 13.1 Limbic system
showing amygdale,
thalamus, hippocampus
and hypothalamus

Fig13.2 A picture of what
a neuron in the brain
looks like.
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You may have heard that depression is the resaltsihple imbalance of
brain chemicals. Although brain chemicals are aelstgart of the cause,
this explanation is too simplistic.

The brain uses a number of chemicals as messetme&smmunicate
with other parts of itself and with the nervousteys These chemical
messengers, called neurotransmitters, are relemsgdeceived by the
brain's many nerve cells, which are also calledraveai Neurons are
constantly communicating with each other by way edfchanging
neurotransmitters. This communication system ierdgd to all of the
brain's functions.

Dendrites

“Wlf#— Axon Terminals (receivers)
—) {tramsmitters)

Schwann's
Cells

(they make

the myelin)
Node of
Ranvier

AXOn

(the conducting  Myelin Sheath
fiber) {insulating fatty layer that

speeds transmission)

A tiny space called a synapse connects neurons¢oamother. In a
simple scenario, one neuron (the sender) sends usotrensmitter

message across the synapse and the next neurore¢tiieer) receives
that message by way of a receptor embedded ourfece. Receptors are
tiny molecules that function like a lock on a do#teceptors have
chemical channels with particular shapes, whichfegly match the

shape of neurotransmitter molecules that are semtss the synapse.
When a "matching" neurotransmitter and receptorecarto contact with

each other, the neurotransmitter fits itself inbe treceptor molecule's
channel. As a result, the receptor becomes activatepened, just like
when a key enters a lock and turns to open it. Wtnmme are no
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neurotransmitter molecules around to unlock theptars, the receptors
remain in a closed or inactive state.

synaptic_space

Fig 3.2 A synaptic
transmission vesicle

nerve impulse receptors
piealielelel b

presynaptic
neuron

postsynaptic
neuron

neurotransmitter

dendrite
transporter

In music, it is not just the notes that make up eoaty; it is also the
spaces or rests between the notes that make eszlstand out and be
distinct. It's exactly the same with regard to oé&w@nsmitters and
synapses. There needs to be some quiet time betwmentransmitter
messages for those messages to have any meaniagmiportant that
receptors be allowed to reset and deactivate betwesssages so that
they can become ready to receive the next bureeofotransmitters. In
order to achieve this "resetting”, the receptolaxreand release their
captured neurotransmitters back into the synapserevhbout 90% of
them get taken up again (in a process called rkeptay the original
sending neuron. The neurotransmitters are thenckegad and reused
the next time a message needs to be sent acrosgrygse. Even though
this seems like a complicated set of steps, thisreennformation
transmission cycle occurs in the brain within imatter of seconds. Any
problem that interrupts the smooth functioning laé tchain of chemical
events can negatively impact both the brain andausr system.

The brain deactivates the neurotransmitter substance it has passed
on its message in one of two ways:
1) Either an enzyme (monoamine oxidase) is producadhwiireaks
down the chemical messenger or
2) The neurotransmitter is reabsorbed into the préegisieuron a
process called reuptake.
Several specific neurotransmitters, including @adled serotonin, are
responsible for regulating moods, as well as afmesieep and stress
response functions. Lowered mood happens whenrtie ban't access
enough of the right combinations of these neurstratters.
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Fig 13.3 Serotonin
pathways in the Brain

122

Cerebrel cortex Hypothalomus ~ Dorsal
,.'"I raphe
A e nucleus

Median
rapha

nucleus

2. Cerebellurn

Spinal cord

Several things might potentially go wrong with tpi®cess and lead to a

serotonin deficit. Just to enumerate a few possési

i. Not enough serotonin is produced,

ii. There are not enough receptor sites to receiveaen)

lii. Serotonin is being taken back up too quickly befrean reach
receptor sites,

iv. Chemical precursors to serotonin (molecules thabtgein is
manufactured from) may be in short supply.

v. As you can see, if there is a breakdown anywheyegathe path,
neurotransmitter supplies may not be adequate far yorain's
needs. Inadequate supplies lead to the symptomsvh&now as
depression.

Teuting carried out a study in 1981 to measureatheunt of serotonin
and noradrenaline in urine samples of depressed namddepressed
participants. He found empirical support for thelbgy of depression
where depressed participants had lower levels oéseh two
neurotransmitters in their urine, compared to adrgarticipants. Further
biological evidence concerning the cause of demesmes from many
twin studies of monozygotic (MZ) and di-zygotic (P&wvins. Price
(1986) wanted to provide evidence for a geneticseaof bipolar
depression. He examined sets of MZ twins and DAgwAs the identical
twins shared 100% of their genes, it was expedtatithey would have
very similar psychological functioning. This wadled the concordance
rate. There should have been a lower concordanegoaDZ twins as
they share only 50% of their genes. In his sampl®7opairs of MZ

twins, raised by the same family he found a cormocd rate of 68%.

The concordance rate for DZ twins (119 pairs) wak/ o 23 % for

bipolar disorder in DZ twins. This shows that bigcand not other social

factors like being raised with an identical sibliga major contributor in
bipolar depression.
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Fig13.4

13.5 Biological Treatment of Depression

Drug Therapy

The first anti-depressants, developed in the 19&fisthe tricyclic anti-
depressants (TCA) and the monoamine oxidase (MA@ipitors. TCAs
block the reuptake of three neurotransmitters:teano, norepinephrine,
and dopamine. TCAs include the drugs amitriptylindoxepin,
imipramine, nortriptyline, and desipramine. AlthbugrCAs are as
effective as the anti-depressants developed Ildtexy have more
unpleasant side effects.

MAO inhibitors decrease the rate at which neurcnaitters are broken
down by the body so they are more available taaatewith nerve cells,
or neurons. MAO inhibitors currently available ihet United States
include phenelzine and tranylcypromine.

A third group of anti-depressants, known as selecsierotonin reuptake
inhibitors (SSRIs), became available in 1987. SS#ek the reuptake
of the neurotransmitter serotonin, thereby prologgis activity. There
are currently a number of SSRIs available for us¢he United States,
including fluoxetine, sertraline, paroxetine, aftadlopram. Of this group,
the best known is fluoxetine, commonly known by lisand name,
Prozac. Sertraline is sold as Zoloft, paroxetin@asil, and citalopram as
Celexa. Although all SSRIs work the same way, thaye different side
effects. Newer groups of anti-depressants estguthe levels of
serotonin and an additional neurotransmitter. Tést-known serotonin
and norepinephrine reuptake inhibitor (SNRI) islaéaxine. Bupropion,
sold as Wellbutrin, is a serotonin and dopamineptae inhibitor
(SDRI). Tetracyclic anti-depressants prevent theuroteansmitters
serotonin and norephinephrine from binding to ngarterve cells.
Mirtazapine, sold as Remeron, is a tetracyclicapiiessant.

Cell A

This is a picture of the synapse between two neurons. As you

can see Cell A has released neurotransmitters to
communicate to Cell B (red). Cell B has receptors that are
specific to these neurotransmitters. (Blue) These receptors
will only respond to the specific neurotransmitter that fits its
receptor. On Cell A you can see green areas which represent
how the left over neurotransmitter in the synapse is taken
back up into Cell A to be recycled and used again.
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How Anti-depressants Affect this Communication Proess

We know that anti-depressants increase the amdunéuwrotransmitter
available in the synapse, but how does it do this®e are two ways that
anti-depressants do this. The first is by decrgagime amount of
neurotransmitter being broken down by enzymes énstmapse that “eat
up” the extra- neurotransmitters. The second wayotensmitters are
decreased is by decreasing the amount of neuratrties taken back up
into Cell A. These medications are known as thee@®ke Serotonin
Reuptake Inhibitors (SSRI's).

In this picture the “P” stands for Prozac. In a patient who was
taking Prozac you would see that the reuptake channels for
the serotonin neurotransmitter were blocked, ultimately
leaving more serotonin available in the synapse. (Red) This is
true of the other SSRI’s like Zoloft, Paxil, Celexa and Lexapro.

How effective are antidepressants?

Researchers agree that when depression is severBcation can be
helpful—even life—saving. However, research shdves antidepressants
fall short for many people. A major government studleased in 2006
showed that fewer than 50 percent of people becgyngptom-free on
antidepressants, even after trying two differentlicegions. Furthermore,
many who do respond to medication slip back intgomaepression
within a short while, despite sticking with drugatment.

Other studies show that the benefits of depressiedication have been
exaggerated, with some researchers concluding Wien it comes to
mild to moderate depression, anti-depressants alg sightly more
effective than placebos.

Side Effects of Anti-Depressant Medication

Side effects are common in all anti-depressants.n@ny people, the
side effects are serious enough to make them skomgtthe medication.

Side effects of SSRIs (selective serotonin reuptakehibitors)

The SSRIs act on a chemical in the brain calledtsem. Serotonin
helps regulate mood, but it also plays a role igesiion, pain, sleep,
mental clarity, and other bodily functions. As asuk, the SSRI
antidepressants cause a wide range of side effeotamon side effects
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include sexual problems, drowsiness, sleep diffiesi and nause
While some side effects go away after ffirst few weeks of drui
treatment, others persist and may even get w

In adults over the age of 65, SSRIs pose an additiconcern. Studie
show that SSRI medications may increase the riskafts, fractures, an
bone loss in older adults. The SIs can also cause serious withdra
symptoms if you stop taking them abruptly. Thesm@pms include
nausea, insomnia, anxiety, restlessness, decreasedrive, dizzines:
weight gain or loss, tremors, sweating, sleepinésgyue, dry mouth
diarrhea, constipation, and headaches.

Side effects of atypical an-depressants

There are a variety of newer depression drugs,edalatypica
antidepressants, which target other neurotrangmittéher alone or i
addition to serotonin. Some of the brairemicals they affect incluc
norepinephrine and dopamine. The side effects aagording to th
specific drug. However, many of the atypical -depressants can calt
nausea, fatigue, weight gain, sleepiness, nerveasrmi¥ry mouth, an
blurred vision. Te atypical antdepressants include: Bupropi
(Wellbutrin), Venlafaxine (Effexdr Mirtazapine Remeron), and
Duloxetine Cymbalta).

Study Session Summary

/o7

Summary

In this Study Sessi, we observed thategression is an illness tr
involves the body, mood, and thoughts that affeetway a person e
and sleeps, the way one feels about oneself, amdvdly one think
about thingsDepression can occur as a result of biological, Emat
andenvironmental influence$Ve also noted the followin
e Types of depression include: major depressive déesg
dysthymia (mild chronic depression), seasonal &ffe:
disorder, and psychotic depression
* Symptoms of depression could include: poor apper weight
loss or increased appetite and weight gain, ditffcam sleeping
(insomnia or sleeping longer (hypersomnia), los®mérgy ol
tiredness to the point where it is impossible tokenaimple
everyday decisions. an observable slowing downgdation, a
markedly diminished loss of interest or pleasuredtivities tha
were once enjoyed; feelings of self reproach oressive .
inappropriate guilt over real or imagined eventamplaints ol
evidence of diminished ability to think or concené, ad
suicidal thoughts
e There is absolute proof that people suffering frdepressiol
have changes in their brains compared to people ddmot
suffer from depression. For example, the hippocanmpgmalle
in women with a history of depression, their hiampus have
fewer serotonin receptors.
e Drugs used in the treatment of depression includsyclic
antidepressants (TCA), monoamine oxidase (MAO)himbis,
and selective serotonin reuptake inhibitors (SSI
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Assessment

Assignment

1. Mention 4 types of depression.

2. Identify 6 symptoms of depression.

3. Discuss possible structural/anatomical changekarbtain of a
depressed person.

4. Highlight possible neurotransmitter disorders ie thrain of a
depressed person

5. Describe psychological methods of managing deprassi
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Study Session 14

Human Sexual Motivation

Introduction

Human sexual motivation is an unusual motivationlower animals we
speak about sexual motivation as a "drive." Thatvis state that some
internal, innate force pushes the animal to engegeeproductive

behaviour. Humans don't simply give in to an indrpush towards
sexual behaviour. Instead, human motivation to gegi sexual

behaviour is due to a complex relationship amongrsé factors. You

will therefore explore human motivation in this &pusSession.

earning Outcomes

When you have studied this session, you shouldleeta:

14.1 describe human sexual motivation.
14.2 highlight at least four factors in human séxoativation.

14.3 analyse human sexual motivation.

14.1 The Concept of Human Sexual
Motivation

Most theorists refer to motivation as an infernegd, desire or impulse
which initiates directs and sustains behavior (€gon, 1997; Wood and
Wood, 1996). One group of psychologists calls nadibn a factor which
explains the relations between stimuli and beha{B@rnstein, Clarke-
Stewart, Roy, and Wickens, 1997). By combining ¢ht¥g8o definitions
and applying them to human sexual behavior we csaldthat sexual
motivation is an inferred, internal state influeticey several factors
which determines engagement in sexual activity.

14.2 Factors in Human Sexual Motivation

It is common to try to organise various psychatagitopics by placing
the factors involved into environmental and physijital categories. For
example, you would place hormones, a known componérsexual
motivation, into the physiological category. Butewl would you place
something like desire for physical pleasure, adesdly cited element in
sexual motivation (Abramson and Pinkerton, 1995e€d 972; Hatfield
and Rapson, 1993)? Physical pleasure has both asiofdyical
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component (the physical sensations associated tatith) and a
subjective psychological component. Where does gunge subjective
like pleasure fit in our breakdown into physiolagi@and environmental
components? Pleasure is an emotion (Cofer, 197/#ghwaccording to
the Schacter-Singer theory, is a subjective feelingsed upon
physiological arousal and interpretations of thmuli that are linked to
the arousal (Cornelius, 1996). Thus emotions até Ipbysiologically
and cognitively-based.

14.3 Analysis of Human Sexual Motivation

128

Physiological Correlates- An analysis of human sexual motivation
couldn't proceed without first discussing physiotad) factors, in
particular, hormones. The influence of hormonesearual behaviour is
well-supported by research. Both men and women ym@destrogens,
progestins and androgens, though women producades estrogens and
progestin and men more androgens (Hokanson, 196§erl. 1992). In
lower species, hormone levels are almost direalyetated with sexual
behavior, however, as one moves up the phylogersatide, other
elements become involved (Fisher, 1993; Hokans869)l In humans,
hormones are also related to sexual desire, butcdrine entire story.

In males, a minimum level of testosterone is neamys$o maintain
normal sexual motivation in males (Leger, 1992)mkles’ testosterone
levels fall below the threshold, sexual motivatisngreatly reduced.
However, once the threshold level is reached, tonger predicts sexual
behavior/activity. Women's studies also show cati@hs between
hormones and sexual desire (Leger, 1992; Sherwih Gelfan, 1987,
Sherwin, Gelfan, and Brender, 1985), however, tlsults are
inconsistent (Leger, 1992). Since neither increases decreases in
hormones in either males or females are perfectyetated with sexual
desire, it stands to reason that there must ba ¢dletors involved. As
Hokanson (1969) concludes, hormones serve the priparpose of
readying the individual for action, but other fastdetermine whether the
individual actually engages in sexual activity.

Another physiological factor in sexual motivatiomynwell be odor and
sense of smell. Of all the elements researched; aadd sense of smell
have received the least attention, probably becaase Kohl and
Francoeur (1995) state, their influence on sexealbior is difficult to
ascertain. However, body odor (i.e. airborne homsdndefinitely
influences our behaviorus. In their review of numer studies such as
synchronization of menstrual cycles of women whke together, and the
influence of hormone-scented masks on individuathgs of others,
Kohl and Francoeur (1995) state that odor mushbelved in our sexual
behaviours also. Odors may influence sexual behavio

Sexual Orientation - Our desire to engage in sexual behavior with
someone is also influenced by sexual orientaticgxu8l orientation
refers to the direction of an individual's sexutitaztion (Wood, et al.,
1996). Most individuals are heterosexual (Laumak894; Wellings, et
al., 1994) which means they are primarily attradtedhe opposite sex.
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Homosexuals are individuals who are attracted ® ¢hme sex and
bisexuals are attracted to both sexes.

Why are individuals attracted to one sex rathenthaother? LeVay

(1995) believes that most researchers of the tageee it is a

combination of multiple factors including geneti@keup, hormones and
social experiences. He further believes that nestedies (e.g., Bailey
and Pillard, 1991; Bailey, Pillard, Neale, and Aigy93) indicate that

genes are perhaps more influential than the otietorfs. Studies indicate
that the percentage of individuals who call theresglhomosexual is
quite small, ranging from about .5% to 2.8% (Laumatf94; Wellings,

et al., 1994). This estimate is significantly lowkan the rates given in
the problematic Kinsey Reports (1948; 1953).

In his review of several studies on the prevaleatdhomosexuality,

LeVay (1995) states that it is best to keep an opend towards

reviewing new evidence since changing attitudeslseliéfs appear to be
linked to self-stated homosexuality. What he wderring to was the

indication that individuals are more likely to egps their gay behavior
within their own culture as that culture becomesranaccepting of

homosexuality. Thus it is apparent that culturéugrfices the expression
of one's sexual orientation which in turn influemsexual motivation.

Pleasure- As mentioned earlier, pursuit of erotic pleasisgr@ primary
reason to engage in sexual behavior (Abramson.,e1@95; Hatfield et
al., 1993). Kinsey and colleagues (1953) found th#tren between the
ages of 2 and 5 years of age spontaneously towthdanitals. At this
age, one could not argue that this sexual behdwilearned or designed
to contribute to reproduction. Abramson and PirkertL995) point out
that the pleasure of sexual behavior is physiokdlic and
psychologically-based and that the sex organs doerst merely to
guarantee reproductive behavior. As an examplg; tite the female
orgasm, uncommon during vaginal penetration, buy emmon by
more direct means of clitoral stimulation. In otheards, sexual pleasure
does not occur merely to ensure procreation. Weagmgn sexual
behavior because it is enjoyable. However, as hbéllreviewed later,
what is considered pleasurable may well be infledndy one's
interpretation of the stimuli.

Cognitions - How a stimulus is interpreted influences howividlals
respond to that stimulus. Zellman and Goodchild389surveyed 400
teenagers and found that the behaviours girls deftveyed romantic
interest were the same actions boys considerethiions to sex. Since
societies create very different gender roles fornnmand women,
differences in interpretation of the same databanend to occur (Wade,
et al., 1996). Wade's comments indicate that ailtofluences sexual
behaviors, not only through performance of behavibat are considered
appropriate, but also through interpretation osthbehaviours.

Cognitions and arousal- Based upon the results of surveys such as the
Kinsey studies (1948; 1953), men have been coresidés be more
sexually responsive than women. Early studies coimgpamen and
women's subjective responses to erotic films supdothat theory.
However, when studies were conducted comparing raakk female
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physiological responses to male-produced, malextded erotic films,
researchers found that men and women actually iexped the same
physiological arousal (Laan, Everaerd, Van Belard Hanewald; 1994).
When participants were asked to express theirngelabout the stimuli,
men reported sexual arousal and positive affedt, wemen reported
disgust and lack of arousal. In other words, botbnnmand women
experienced the same physiological arousal buterifit subjective
arousal. When women viewed an erotic film produbgdwomen for
women, the female participants showed the sameiglbg& arousal as
they did to male-produced films, but reported digantly greater sexual
arousal, interest and positive affect. As intemguldby the researchers, the
difference was due to how women interpreted thaesanof the films.
Essentially, this study indicated that interpretatiof the stimuli is of
great importance in subjective feelings of sexuausal. Cognitions
affect sexual arousal in another fashion. AccordingKalat (1996),
inhibition of arousal can occur in individuals wielieve that sex is
shameful. These individuals experience sexual atpubut have
difficulties achieving sexual orgasm because af tiughts.

Palace and Gorzalka (1992) study sexually functiand dysfunctional
women and found that cognitions and physiologicedusal were
simultaneously important in sexual arousal. Thepdtlyesized that
cognitions and physiological arousal comprise adibeek loop to
determine overall sexual arousal. These many suddicate that the
thoughts individuals have regarding various stimoipact individuals
sexual motivation through influencing their arousar their
interpretations of behavior.

Attraction - Numerous elements have been identified as gegirole in
attraction. For example, attraction is a functioh ppoximity (how
frequently you cross paths with someone), famtifaaind similarity (e.g.,
in looks, or attitudes) (Kalat, 1996). This has rbesepported both with
studies of attraction to friends and to romantidrpas.

Playing hard-to-get also contributes to humanisetibn to one another
(Hatfield, Walster, Piliavin and Schmidt, 1988). ggpently individuals
make attributions about potential significant oghdrased upon how
quickly that person returns a show of interest. Sehavho are easily
attained are less attractive than those who are whifficult to attain due
to the traits the relationship-seeker attributesh&r. For example,
relationship seekers fear that easy-to-get womemhimidisplay
inappropriate behaviors in public. However, a harget woman who
indicates interest in the relationship-seeker lusstipe traits attributed to
her such as warmth and friendliness.

Another overwhelmingly important element in attract is physical
attractiveness. As stated previously, research dmiwattitudes and
behaviors are not always consistent. Research @t individuals find
attractive in potential dates provides further ewicke for this
inconsistency in human sexual behavior. Althoughjestts stated that
physical attractiveness was one of the least imporélements in their
attraction to someone else, in actual experimesitsgublind dates, the
only factor which predicted whether subjects desaesecond date with
the same person was the attractiveness of the Mlaté (Walster,
Aronson, Abrahams, and Rottman, 1966). This was tou both male
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and female participants of the study. In a studyploysical attractiveness
and relationship length, the factor which best jmted whether couples
would remain together nine months after they bedating was the
similarity in their physical attractiveness (Whit980). This "matching"
phenomenon in which people tend to select matesntiaach them in
terms of physical attractiveness, has been replicand expanded upon
with consistent results (Feingold, 1988). It migkem that we learn to
appreciate beauty from the culture that we are lmm yet studies of
pre-school children indicate that they too, pref@ractive classmates and
also make attributions based on classmates' phygiagacteristics (Dion
and Berscheid, 1971).

Attraction to others is yet another element of séxnotivation that has
its roots in both nature and nurture -- it is olngly innate to seek out
attractive others, yet we still lean towards mates are more similar to
us, an apparent influence of culture and learnimgaddition to an
inherited predisposition.

Learning - Learning is, of course, highly influential ineml motivation.
We copy the behaviors of those we respect and adridite learn to
repeat behaviors that are rewarded (and sexuavioeha rewarding for
most) and we learn to discontinue behaviors the¢ In@gative outcomes.
Conditioning is believed to influence sexual mdtiva. Certain stimuli
may increase sexual arousal. For example, one rhigbbme sexually
aroused by candlelight due to the learned assouiatith sexual pre-
encounters such as a romantic, candlelight diniehas also been
proposed that conditioning accounts for sexuallysfaiyctional
behaviours and sexual deviance (O'Donohue and Pla8@4). For
example, a pedophile (person sexually aroused bgiren) might have
been accidentally sexually aroused in the preseheechild. Principles
of conditioning indicate he would seek this sammisimation of factors
in the future in order to achieve the same pleddaraircumstances
again. Fear of rejection, a learned componenndeed the reason most
often given by single men for not engaging in sex.

Matching theory (Carli, Ganley, and Pierce-Otay91)9 which states that
individuals within couples are frequently very damiin attractiveness
ratings, is easily understood using the principtdésconditioning. For
example, an average-looking man who is rebuffed neter he
approaches beautiful females should reduce himptgeto interact with
beautiful women. Similarly, he should rebuff lessactive women if he
could interact with more attractive women. Who Hémately couples
with should be very similar in looks due to the ditioning of each
person's partner-choosing behaviors.

Conditioning as a theory to explain sexual deviaacd dysfunction is
not without its critics. O'Donohue and Plaud (19@4amined several
studies which used behavioural and aversion thetapshange sexual
behaviors. Due to methodological problems in tlueliss they examined,
they believe that conditioning plays a much smaliele in sexual
motivation than previously believed. Thus condit@may play some
role in the sexual motivation, but how much of Eribplays is not clear.

Culture - As mentioned throughout this essay, culture rd@tees what
behaviors are gender appropriate, what behaviong anamay not be
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performed in public, and what behaviors are comsilesexually

arousing. Yet culture and learning are inextricatibd together. An

individual could not acquire his or her culturemms without learning

taking place. Conversely, there is very little @oeld learn which is not
influenced by culture. For example, when we modhel behaviors of
individuals from our own society, we are copyinghaeours that are
more than likely already societally-influenced. vile view behaviors
performed by individuals from another culture, we sb through lenses
already colored by our society's influence. Henag laarning we might
acquire from a culturally-different person is medéby our own culture
first.

Attitudes and Culture - Attitudes are defined as relatively stable
evaluations of a person, object, and situatiorssue (Wood et al., 1996).
Studies have shown that behaviors normally consdigroper in one
culture, may be improper or unarousing in anotherother words,
attitudes towards sexual behaviors are culturabried. For example,
some cultures find kissing repulsive (Tiefer, 1998jile other cultures
insist on same-gender sex as a rite of passageatutinood (Herdt,
1984).

It is still noted, even in some surveys in the BdiBtates (e.g., Laumann
et al., 1994), that men and women have differertudes toward sexual
behaviors. For example, men are more interestexd viariety of sexual
behaviors, such as group sex, than are women. Tdiesegences are
undoubtedly, as mentioned earlier, a function & ¢iender roles each
society impresses upon its members. A comparisorswédish and
American college students sought to examine if éddthe difference in
men's and women's attitudes could be definitividg to culture, rather
than inherent gender differences (Weinberg, Lott8baver, 1995).
Specifically, it was believed that men and womesweden would have
more convergent and relaxed attitudes toward sebefadviors than the
American participants. Sweden is generally knowhdee more relaxed
sexual standards. It is believed that this is dupart, to several years of
mandatory sex education and the relatively equaiepahat women have
in society. The study indeed showed that Swedish am&l women had
very similar attitudes towards sexual behavioumseficans, as expected,
had very different attitudes about what constitugggbropriate sexual
behaviors. We should remember it was cautionedeeagainst drawing
causal conclusions from a descriptive study suchhess however the
information further indicates that culture is asated with differences in
sexual attitudes.

The influence of learning on sexual motivation igitg profound.
Attraction, cognitions, and sexual orientation, iables mentioned
previously are also influenced by learning. Thugw component which
determines the level of our sexual motivation &mheng.



Study Session 14 Human Sexual Motivation

Study Session Summary

O

Summary

In this Study Session, you learnt tisexual motivation iinfluenced by
complex relationships among numerous factors incuchormones
cognitions, learning and culture. Because thesdablas are als
associated with one another, in addition to sexuativation, it is
difficult to place them in discrete caories. Finally, the inability t
clearly isolate the many variables involved in hansaxual motivatiol
ensures that this topic will continue to fascinedsearchers for a ve
long time.

Assessment

Q)

Assignment

Identify factors in Human Sexuilotivation.

Discuss physiological correlates.

Describe sexual orientations, giving three exas to illustrate
these.

4. Highlight the role of pleasure, cognitions, atti@act learning
and culture in human sexual motivation.

wn e
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