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Preface

We were delighted when we were asked to write a second edition of the popular Fundamentals of
Anatomy and Physiology for Student Nurses. The first edition has been a very popular choice not only
with student nurses but also with students in other healthcare professions and this has been
reflected in the title of this second edition. The second edition of Fundamentals of Anatomy and
Physiology for Nursing and Healthcare Students retains all of the attributes in the popular first edition
as well as a whole range of new features in this book and also through the companion websites.

Those contributing to the text are all dedicated to the provision of high-quality, safe and
effective care. The authors are all experienced academics working in higher education, with
many years of clinical experience, knowledge and skills, teaching a variety of multidisciplinary
student groups at various academic levels. We are confident that after you have gained a sound
understanding of anatomy and physiology you will be able to understand better the needs of
the people you have the privilege to care for. High-quality, safe and effective care for all is
something all of us should strive to provide; however, this will be a challenge if we do not fully
appreciate the person in a holistic manner. Those who provide care have to take into considera-
tion the anatomical and physiological elements, but they must also consider the psychosocial
aspects of the person and their family, addressing the needs of the whole being, the whole
person. This text has been devised in such a way as to encourage learning and understanding.
We hope you enjoy reading it, and more importantly that you are hungry to learn more, that you
will be tempted to delve deeper as you grow and develop into becoming a provider of healthcare
that is world class, safe and effective.

The companion to this book, Fundamentals of Applied Pathophysiology: An Essential Guide for
Nursing and Healthcare Students (Nair and Peate, 2013), also in its second edition, will help in
your development and understanding. Within your programme of study which is related to the
provision of care it is important that you are confident and competent with regards to patho-
physiology and anatomy and physiology. It is not enough that you remember all of the facts
(and there are many of these) that are linked with anatomy and physiology; you also have to
relate these to those you care for. Some of those people may be vulnerable and at risk of harm,
and it is your responsibility to ensure that you are knowledgeable and that you understand the
complexities of care. This new edition of Fundamentals of Anatomy and Physiology for Nursing
and Healthcare Students will help you.

Itis a requirement of several programmes of study that lead to registration with a professional
body that you demonstrate competence in a number of spheres, and this will include anatomy
and physiology - for example, see The Standards for Pre-Registration Nursing Education (Nursing
and Midwifery Council, 2010).

The human body is as beautiful on the inside as it is on the outside; when working in harmony
the mind and body is an astonishing mechanism that has the capacity to perform a range of
amazing things. Healthcare students practise and study in a number of healthcare settings, in
the hospital and the primary-care setting and in the person’s own home where they are destined
to meet and care for patients with a range of altered anatomical and physiological problems.
Employing a fundamental approach with a sound anatomical and physiological understanding
will provide healthcare students with an essential basis on which to provide care.



Anatomy can be defined simply as the science related to the study of the structure of biological
organisms; there are dictionaries that use such a definition. Fundamentals of Anatomy and
Physiology for Nursing and Healthcare Students focuses on human anatomy, and the definition of
anatomy for the purposes of this text is that it is a study of the structure and function of the
human body. This allows for reference to function and also structure; in all biological organisms
structure and function are closely interconnected. The human body can only operate through
interrelated systems.

The term anatomy is Greek in origin and means ‘to cut up’ or ‘to dissect’ The first scientifically
based anatomical studies (credited to Vesalius, the 16th-century Flemish anatomist, doctor and
artist) were based on observations of cadavers (dead bodies). Contemporary approaches to
human anatomy differ, however, as they include other ways of observation; for example, with the
aid of a microscope and other complex and technologically advanced imaging tools. Subdivisions
are now associated within the broader field of anatomy, with the word anatomy often preceded
with an adjective identifying the method of observation; for example, gross anatomy (the study
of body parts that are visible to the naked eye, such as the heart or the bones) or microanatomy
(where body parts such as cells or tissues are only visible with the use of a microscope).

Living systems can be defined from a number of perspectives:

o At the very smallest level, the chemical level, atoms, molecules and the chemical bonds
connecting atoms provide the structure upon which living activity is based.

o The smallest unit of life is the cell. Specialised bodies — organelles — within the cell perform
particular cellular functions. Cells may be specialised; for example, bone cells and muscle
cells.

« Tissue is a group of cells that are similar and they perform a common function. Muscle tissue,
for example, is made up of muscle cells.

« Organs are groups of different types of tissues working together to carry out a specific activity.
The stomach, for example, is an organ made up of muscle, nerve and tissues.

o Asystemistwo or more organs that work together to carry out a specific activity. The digestive
system, for example, comprises the coordinated activities of a number of organs, including
the stomach, intestines, pancreas and liver.

o Another system that possesses the characteristics of living things is an organism; this has the
ability to obtain and process energy, the capacity to react to changes in the environment and
the ability to reproduce.

As anatomy is associated with the function of a living organism it is almost always inseparable
from physiology. Physiology can be described as the science dealing with the study of the
function of cells, tissues, organs and organisms. Physiology is concerned with how an organism
carries out its many activities, considering how it moves, how it is nourished, how it adapts to
changing environments — human and animal, hostile and friendly. It is in essence the study of life.

Physiology is the foundation upon which we build our knowledge of what life is; it can help us
to decide how to treat disease as well as help us to adapt and manage changes imposed on our
bodies by new and changing surroundings - internal and external. Studying physiology will
help you understand disease (pathophysiology) arising from this; physiologists working with
others are able to develop new ways for treating diseases.

Just as there are a number of branches of anatomical study, so too are there a number of
physiological branches that can be studied; for example, endocrinology, neurology and
cardiology.



There are 17 chapters. The text is not intended to be read from cover to cover, but you may
find reading chapters one to four first will help you come to terms with some of the more com-
plex concepts; we would encourage you to dip in and out of the book. The chapters use simple
and generously sized full-colour artwork in order to assist you in your understanding and
appreciation of the complexities associated with the human body from an anatomical and
physiological perspective. There are many features contained within each chapter that can
help you to build upon and develop your knowledge base; we would encourage you to get the
most out of this book.

The text takes the reader from the microscopic to macroscopic level in the study of anatomy
and physiology. The contents demonstrate the movement from cells and tissues through to
systems. This approach to teaching is a tried-and-tested approach, especially when helping
learners understand a topic area that can sometimes be seen as complex.

This book has been written with these key principles in mind, to help inform your practice as
well as your academic work. This second edition retains the features that have helped students
bring to life the fascinating subject of human anatomy and physiology; there is also a range of
new features provided to further enhance the student experience.

Each chapter begins with several questions that are posed to test your current knowledge;
this allows you to pre-test. Learning outcomes are provided. These will cover the content within
the chapter, but only you can do the learning; these outcomes are what are expected of you
after reading and absorbing the information. This is a minimum of what you can learn; do not be
constrained by the learning outcomes, they are only provided to guide you. Where appropriate
an anatomical map is provided; this is related to the chapter you are reading, allowing you to
‘situate or visualise’ the anatomy being discussed.

Another feature in most of the chapters that is provided to help you consider people you care
for, to help you make clinical links, is the ‘Clinical considerations’ box. These boxes demonstrate
the application to your learning, citing specific care issues that you may come across when
working with people in care settings.

A new addition is the feature called ‘Medicines management In this feature the contributors
discuss the administration of medicines, medicine management issues. This addition can help
you appreciate the importance of understanding anatomy and physiology with the intention of
administering medicines safely and effectively.

In most chapters there is a series of snapshots. This new addition relates the theory to practice,
introducing you to the issues being discussed in a practical way.

At the end of the chapter you are provided with a bank of multiple choice questions. Some of
the answers to the questions are not found in the text; in this case you are encouraged to seek
out the answers and in so doing develop your learning further.

Other features provided will help you measure the learning that has taken place; for example,
true or false, label the diagram, find out more, crosswords or word searches. These are meant to
be fun, but they also aim to pull together the content of the chapter.

The feature ‘Conditions’at the end of the chapter provides you with a list of conditions that are
associated with the topics discussed in the chapter. You are encouraged to take some time to
write notes about each of the conditions listed; this will help you relate theory to practice. You
can make your notes taken from other textbooks or other resources — for example, the people
you work with in a care area - or you may make the notes as a result of people you have cared
for. It is important, however, that if you are making notes about people you have cared for you
must ensure that you adhere to the rules of confidentiality.

At the end of every chapter a glossary of terms is provided. We present this to facilitate the
learning of difficult words or phrases; understanding these words and phrases is important to




your success as a healthcare student. When you have mastered the words your medical
vocabulary will have grown and you will be in a better position to develop it further.

We have, in this new edition, included a list of prefixes and suffixes as well a table of normal
values.

A myriad of features have been compiled to help your learning with two companion websites.
The features include an interactive glossary and a series of case studies with the intention of
bringing alive the subject matter.The electronic resources associated with this book are designed
to help enhance your learning; they are varied and informative and are visually stimulating.

The advantages of these resources are that they can be used in your own place at your own
pace. The aim is to encourage further learning and to build upon what you know already. There
are also links to other resources via the further reading section at the end of the chapters.

Using the electronic resources alongside the book, as well as the human resources you will
meet in practice, will enhance the quality of your learning. The electronic resources available
cannot replace the more conventional face-to-face learning with other students, lecturers,
registered practitioners and patients; they complement it.

We have enjoyed writing this second edition and we sincerely hope you enjoy reading it.
We wish you much success with your studies, whether they are in the classroom or in the many
care areas that you might find yourself working.

Nair, M. and Peate, I. (2013) Fundamentals of Applied Pathophysiology: An Essential Guide for Nursing and
Healthcare Students, 2nd edn. Oxford: John Wiley & Sons, Ltd.

Nursing and Midwifery Council (2010) Standards for Pre-Registration Nursing Education. http://standards.
nmc-uk.org/PublishedDocuments/Standards%20for%20pre-registration%20nursing%20education%
2016082010.pdf (accessed 7 November 2015).
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Prefixes, suf

Prefix: A prefix is positioned at the beginning of a word to modify or change its meaning. Pre

means ‘before’ Prefixes may also indicate a location, number, or time.

Suffix: The ending part of a word that changes the meaning of the word.

ot Jwerrs o |

a-, an-
ab-
abdomin(o)-
acous(io)-

acr(o)-

ad-

aden(o)-, aden(i)-

adip(o)-
adren(o)-
-aemia

aer(o)-
-aesthesi(o)-
alb-

-alge(si)-
-algia, -alg(i)o-

all(o-)

ambi-

ana-
andr(o)-

angi(o)-

not, without

from; away from

of or relating to the abdomen
of or relating to hearing

extremity, topmost

at, increase, on, toward

of or relating to a gland

of or relating to fat or fatty tissue
of or relating to adrenal glands
blood condition

air, gas

sensation

denoting a white or pale colour
pain

pain

denoting something as different, or as an
addition

denoting something as positioned on
both sides

pertaining to the membranous foetal sac
(amnion)

back, again, up
pertaining to a man

blood vessel

analgesic, apathy
abduction

abdomen

acoumeter, acoustician

acrocrany, acromegaly,
acroosteolysis, acroposthia

adduction

adenocarcinoma, adenology,
adenotome, adenotyphus

adipocyte
adrenal artery
anaemia
aerosinusitis
anaesthesia
albino
analgesic
myalgia

alloantigen, allopathy

ambidextrous

amniocentesis

anaplasia
android, andrology

angiogram



Prefixes, suffixes

T N T N

ankyl(o)-,ancyl(o)-

ante-

anti-

arteri(o)-
arthr(o)-
articul(o)-
-ase
-asthenia
ather(o)-
atri(o)-
aur(i)-
aut(o)-

axill-

bi-

bio-
blephar(o)-
brachi(o)-
brady-
bronch(i)-
bucc(o)-
burs(o)-
carcin(o)-
cardi(o)-
carp(o)-
-cele
-centesis
cephal(o)-
cerebell(o)-
cerebr(o)-

chem(o)-

denoting something as crooked or bent

describing something as positioned in

front of another thing

describing something as ‘against’ or
‘opposed to’ another

of or pertaining to an artery

of or pertaining to the joints, limbs
joint

enzyme

weakness

fatty deposit, soft gruel-like deposit
an atrium (especially heart atrium)
of or pertaining to the ear

self

of or pertaining to the armpit
(uncommon as a prefix)

twice, double

life

of or pertaining to the eyelid
of or relating to the arm
‘slow’

bronchus

of or pertaining to the cheek
bursa (fluid sac between the bones)
cancer

of or pertaining to the heart
of or pertaining to the wrist
pouching, hernia

surgical puncture for aspiration

of or pertaining to the head (as a whole)

of or pertaining to the cerebellum
of or pertaining to the brain

chemistry, drug

ankylosis

antepartum

antibody, antipsychotic

arteriole, arterial
arthritis
articulation
lactase
myasthenia gravis
atherosclerosis
atrioventricular
aural
autoimmune

axilla

binary

biology

blepharoplast
brachium of inferior colliculus
bradycardia
bronchiolitis obliterans
buccolabial

bursitis

carcinoma

cardiology

carpopedal

hydrocele, varicocele
amniocentesis
cephalalgy

cerebellum
cerebrology

chemotherapy



Prefixes, suffixes

XXiX

chol(e)-
cholecyst(o)-
chondr(i)o-
chrom(ato)-
-cidal, -cide
cili-

circum-

col(o)-, colono-
colp(o)-
contra-
coron(o)-
cost(o)-
crani(o)-
-crine, -crin(o)-
cry(o)-

cutane-
cyan(o)-
cyst(o)-, cyst(i)-
cyt(o)-

-cyte
-dactyl(o)-
dent-
dermat(o)-, derm(o)-
-desis
dextr(o)-

di-

dia-

dif-

digit-

-dipsia

dors(o)-, dors(i)-

of or pertaining to bile

of or pertaining to the gallbladder
cartilage, gristle, granule, granular
colour

killing, destroying

of or pertaining to the cilia, the eyelashes
denoting something as ‘around’ another
colon

of or pertaining to the vagina

against

crown

of or pertaining to the ribs

belonging or relating to the cranium
to secrete

cold

skin

denotes a blue colour

of or pertaining to the urinary bladder
cell

cell

of or pertaining to a finger, toe

of or pertaining to teeth

of or pertaining to the skin

binding

right, on the right side

two

through, during, across

apart, separation

of or pertaining to the finger (rare as a
root)

suffix meaning ‘(condition of) thirst’

of or pertaining to the back

cholecystitis
cholecystectomy
chondrocalcinosis
haemochromatosis
bacteriocidal
ciliary
circumcision
colonoscopy
colposcopy
contraindicate
coronary
costochondral
craniology
endocrine
cryoablation
subcutaneous
cyanosis
cystotomy
cytokine
leukocyte
dactylology, polydactyly
dentist
dermatology
arthrodesis
dextrocardia
diplopia

dialysis

different

digit

polydipsia, hydroadipsia,
oligodipsia

dorsal, dorsocephalad



Prefixes, suffixes

XXX

T N T N

duodeno-
dynam(o)-
-dynia

dys-

ec-

-ectasia, -ectasis
ect(o)-

-ectomy

-emesis
encephal(o)-
endo-
enter(o)-
eosin(o)-

epi-

erythr(o)-
ex-

exo-
extra-
faci(o)-
fibr(o)
fore-

fossa

front-

galact(o)-
gastr(o)-

-genic

gingiv-

glauc(o)-
gloss(o)-, glott(o)-

gluco-

duodenum

force, energy, power

pain

bad, difficult, defective, abnormal
out, away

expansion, dilation

outer, outside

denotes a surgical operation or removal
of a body part; resection, excision

vomiting condition

of or pertaining to the brain; also see cerebr(o)-
denotes something as ‘inside’ or ‘within’

of or pertaining to the intestine

red

on, upon

denotes a red colour

out of, away from

denotes something as ‘outside’another
outside

of or pertaining to the face

fibre

before or ahead

a hollow or depressed area; trench or
channel

of or pertaining to the forehead

milk

of or pertaining to the stomach
formative, pertaining to producing
of or pertaining to the gums
denoting a grey or bluish-grey colour
of or pertaining to the tongue

sweet

duodenal atresia

hand strength dynamometer
vulvodynia

dysphagia, dysphasia
ectopia, ectopic pregnancy
bronchiectasis, telangiectasia
ectoblast, ectoderm

mastectomy

haematemesis
encephalogram
endocrinology, endospore
gastroenterology
eosinophil granulocyte

epicardium, epidermis,
epidural, episclera, epistaxis

erythrocyte

excision, exophthalmos
exoskeleton

extradural haematoma
facioplegic

fibroblast

forehead

fossa ovalis

frontonasal
galactorrhoea
gastric bypass
cardiogenic shock
gingivitis
glaucoma
glossology

glucocorticoid



Prefixes, suffixes

XXXi

C T N

glyc(o)- sugar
-gnosis knowledge
gon(o)- seed, semen; also, reproductive

-gram, -gramme
-graph

-graphy
gyn(aec)o-
haemangi(o)-
haemat(o)-,haem-
halluc-

hemi-

hepat- (hepatic-)

heter(o)-

hist(o)-, histio-
home(o)-

hom(o)-

hydr(o)-

hyper-

hyp(o)-
hyster(o)-

iatr(o)-

-iatry

-ics
ileo-
infra-
inter-
intra-
ipsi-

ischio-

record or picture

instrument used to record data or picture
process of recording

woman

blood vessels

of or pertaining to blood

to wander in mind

one-half

of or pertaining to the liver

denotes something as ‘the other’ (of two),
as an addition, or different

tissue
similar

denotes something as ‘the same’as
another or common

water

denotes something as ‘extreme’ or
‘beyond normal’

denotes something as ‘below normal’
of or pertaining to the womb, the uterus

of or pertaining to medicine, or a
physician

denotes a field in medicine of a certain
body component

organised knowledge, treatment
ileum

below

between, among

within

same

of or pertaining to the ischium, the hip joint

glycolysis

diagnosis, prognosis
gonorrhoea
angiogram
electrocardiograph
angiography
gynaecomastia
haemangioma
haematology
hallucinosis

cerebral hemisphere
hepatology

heterogeneous

histology
homeopathy

homosexuality

hydrophobe

hypertension

hypovolaemia
hysterectomy, hysteria

iatrogenic

podiatry, psychiatry

obstetrics

ileocaecal valve
infrahyoid muscles
interarticular ligament
intramural

ipsilateral hemiparesis

ischioanal fossa



Prefixes, suffixes

T N T N

-ismus

iso-

-ist

-itis

-ium

juxta- (iuxta-)
karyo-
kerat(o)-

kin(e)-, kin(o)-,
kinesi(o)-

kyph(o)-
labi(o)-
lacrim(o)-
lact(i)-, lact(o)

lapar(o)-

laryng(o)-

latero-
-lepsis, -lepsy

lept(o)-

leuc(o)-, leuk(o)-

lingu(a)-, lingu(o)-

lip(o)-
lith(o)-

-logist

log(o)-

-logy

lymph(o)-
lys(o)-, -lytic

-lysis

spasm, contraction

denoting something as being ‘equal’
one who specialises in

inflammation

structure, tissue

near to, alongside or next to

nucleus

cornea (eye or skin)

movement

humped

of or pertaining to the lip
tear

milk

of or pertaining to the abdomen wall,
flank

of or pertaining to the larynx, the lower
throat cavity where the voice box is

lateral

attack, seizure

light, slender

denoting a white colour

of or pertaining to the tongue
fat

stone, calculus

denotes someone who studies a certain
field

speech

denotes the academic study or practice
of a certain field

lymph
dissolution

destruction, separation

hemiballismus

isotonic

pathologist

tonsillitis

pericardium
juxtaglomerular apparatus
eukaryote

keratoscope

kinesthaesia

kyphoscoliosis
labiodental
lacrimal canaliculi
lactation

laparotomy

larynx

lateral pectoral nerve
epilepsy, narcolepsy
leptomeningeal
leukocyte

linguistics
liposuction
lithotripsy

oncologist, pathologist

logopaedics

haematology, urology

lymphoedema
lysosome

paralysis



T T R

macr(o)-
-malacia
mammill(o)-
mamm(o)-
manu-
mast(o)-

meg(a)-, megal(o)-,
-megaly

melan(o)-
mening(o)-
meta-
-meter
metr(o)-
-metry

micro-

milli-
mon(o)-
morph(o)-
muscul(o)-
my(o)-
myc(o)-

myel(o)-

myri-
myring(o)-
narc(o)-
nas(o)-
necr(o)-
neo-
nephr(o)-

neur(i)-, neur(o)-

large, long

softening

of or pertaining to the nipple
of or pertaining to the breast
of or pertaining to the hand
of or pertaining to the breast

enlargement, million

black colour

membrane

after, behind

instrument used to measure or count
pertaining to conditions of the uterus
process of measuring

denoting something as small, or relating
to smallness

thousandth

single

form, shape

muscle

of or relating to muscle
fungus

of or relating to bone marrow or spinal
cord

ten thousand

eardrum

numb, sleep

of or pertaining to the nose
death

new

of or pertaining to the kidney

of or pertaining to nerves and the
nervous system

Prefixes, suffixes

macrophage
osteomalacia
mammillitis
mammogram
manufacture
mastectomy

splenomegaly, megameter

melanin

meningitis
metacarpus
sphygmomanometer
metrorrhagia
optometry

microscope

millilitre

infectious mononucleosis
morphology
musculoskeletal system
myoblast

onychomycosis

myeloblast

myriad

myringotomy

narcolepsy

nasal

necrosis, necrotising fasciitis
neoplasm

nephrology

neurofibromatosis



Prefixes, suffixes

T N T N

normo-
ocul(o)-
odont(o)-
odyn(o)-

-oesophageal,
oesophag(o)-

-oid
-ole

olig(o)-

-oma (sing.),
-omata (pl.)

onco-

onych(o)-

00-

oophor(o)-
ophthalm(o)-
optic(o)-
orchi(o)-,

orchid(o)-,
orch(o)-

-osis

0sseo-
ossi-

ost(e)-, oste(o0)-
ot(o)-

oVo-, oVi-, OV-
pachy-

paed-, paedo-

palpebr-

pan-, pant(o)-

normal

of or pertaining to the eye
of or pertaining to teeth
pain

gullet

resemblance to
small or little

denoting something as‘having little,
having few’

tumour, mass, collection

tumour, bulk, volume

of or pertaining to the nail (of a finger or
toe)

of or pertaining to an egg, a woman'’s
egg, the ovum

of or pertaining to the woman'’s ovary
of or pertaining to the eye

of or relating to chemical properties of
the eye

testis

a condition, disease or increase

bony

bone

bone

of or pertaining to the ear

of or pertaining to the eggs, the ovum
thick

of or pertaining to the child

of or pertaining to the eyelid (uncommon
as a root)

denoting something as ‘complete’or
containing ‘everything’

normocapnia
oculist
orthodontist
stomatodynia

gastro-oesophageal reflux

sarcoidosis
arteriole

oliguria

sarcoma, teratoma

oncology

onychophagy

oogenesis

oophorectomy
ophthalmology

opticochemical

orchiectomy, orchidectomy

ichthyosis, psychosis,
osteoporosis

osseous
peripheral ossifying fibroma
osteoporosis

otology

ovogenesis

pachyderma

paediatrics

palpebra

panophobia, panopticon
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papill-

papul(o)-

para-
-paresis
parvo-

path(o)-

-pathy

pector-

ped-, -ped-, -pes
pelv(i)-, pelv(o)-
-penia

-pepsia

peri-

-pexy

phaco-

-phage, -phagia

-phago-

-phagy

pharmaco-

pharyng(o)-

phleb(o)-

-phobia
phon(o)-
phot(o)-

phren(i)-,
phren(o)-,
phrenico

of or pertaining to the nipple (of the
chest/breast)

indicates papulosity, a small elevation or
swelling in the skin, a pimple, swelling

alongside of, abnormal
slight paralysis

small

disease

denotes (with a negative sense) a disease,
or disorder

breast

of or pertaining to the foot; -footed
hip bone
deficiency

denotes something relating to digestion,
or the digestive tract

denoting something with a position
‘surrounding’ or ‘around’ another

fixation

lens-shaped

forms terms denoting conditions relating
to eating or ingestion

eating, devouring

forms nouns that denotes ‘feeding on’the
first element or part of the word

drug, medication

of or pertaining to the pharynx, the
upper throat cavity

of or pertaining to the (blood) veins, a
vein

exaggerated fear, sensitivity
sound
of or pertaining to light

the mind

Prefixes, suffixes

papillitis

papulation

paracyesis
hemiparesis
parvovirus
pathology

sociopathy, neuropathy

pectoralgia, pectoriloguy,
pectorophony

pedoscope
pelvis
osteopenia

dyspepsia

periodontal

nephropexy

phacolysis, phacometer,
phacoscotoma

sarcophagia

phagocyte

haematophagy

pharmacology

pharyngitis, pharyngoscopy

phlebography, phlebotomy

arachnophobia
phonograph, symphony
photopathy

phrenic nerve, schizophrenia



Prefixes, suffixes

T N T N

-plasia

-plasty

-plegia

pleio-

pleur(o)-, pleur(a)
-plexy
pneumat(o)-
pneum(o)-
-poiesis

poly-

post-

pre-

presby(o)-

prim-

proct(o)-

prot(o)-

pseud(o)-
psor-

psych(e)-,
psych(o)

-ptosis

-ptysis

pulmon-, pulmo-
pyel(o)-

py(o)-

pyr(o)-

quadr(i)-

radio-

formation, development

surgical repair, reconstruction
paralysis

more, excessive, multiple

of or pertaining to the ribs
stroke or seizure

air, lung

of or pertaining to the lungs
production

denotes a ‘plurality’ of something

denotes something as ‘after’ or ‘behind’
another

denotes something as ‘before’ another (in
[physical] position or time)

old age

denotes something as ‘first’ or ‘most
important’

anus, rectum

denotes something as ‘first’ or ‘most
important’

denotes something false or fake
itching

of or pertaining to the mind

falling, drooping, downward placement,
prolapse

(a spitting), spitting, haemoptysis, the
spitting of blood derived from the lungs
or bronchial tubes

of or relating to the lungs

pelvis

pus

fever

four

radiation

achondroplasia

rhinoplasty

paraplegia

pleiomorphism
pleurogenous

cataplexy

pneumatocele
pneumonocyte, pneumonia
haematopoiesis
polymyositis

post-operation, post-mortem

premature birth

presbyopia

primary

proctology

protoneuron

pseudoephedrine
psoriasis

psychology, psychiatry

apoptosis, nephroptosis

haemoptysis

pulmonary
pyelonephritis
pyometra
antipyretic
quadriceps

radiowave



T T R

ren(o)-
retro-
rhin(o)-
rhod(o)-
-rrhage
-rrhagia
-rrhaphy
-rrhexis
-rrhoea
-rupt

salping(o)-

sangui-,sanguine-
sarco-
scler(o)-

-sclerosis

scoli(o)-
-scope
-scopy
semi-
sial(o)-
sigmoid(o)-
sinistr(o)-
sinus-

somat(o)-,
somatico-

-spadias
spasmo-

sperma(to)-,
spermo-

splen(o)-

spondyl(o)-

of or pertaining to the kidney
backward, behind

of or pertaining to the nose
denoting a rose-red colour
burst forth

rapid flow of blood

surgical suturing

rupture

flowing, discharge

break or burst

of or pertaining to tubes, e.g. Fallopian

tubes

of or pertaining to blood
muscular, flesh-like

hard

hardening

twisted

instrument for viewing

use of instrument for viewing
one-half, partly

saliva, salivary gland
sigmoid, S-shaped curvature
left, left side

of or pertaining to the sinus

body, bodily

slit, fissure
spasm

semen, spermatozoa

spleen

of or pertaining to the spine, the

vertebra

Prefixes, suffixes

renal

retroversion, retroverted
rhinoplasty

rhodophyte
haemorrhage
menorrhagia
nephrorrhaphy
karyorrhexis

diarrhoea

erupt, interrupt

salpingectomy,
salpingopharyngeus muscle

exsanguination
sarcoma
scleroderma

atherosclerosis, multiple
sclerosis

scoliosis

stethoscope

endoscopy
semiconscious
sialagogue

sigmoid colon
sinistrocardia

sinusitis

somatic

hypospadias, epispadias

spasmodic dysphonia

spermatogenesis

splenectomy

spondylitis



Prefixes, suffixes

T N T N

squamos(o)-

-stalsis
-stasis
-staxis

sten(o)-

-stenosis

stomat(o)-

-stomy
sub-

super-
supra-

tachy-

-tension, -tensive
tetan-

thec-

therap-
therm(o)-

thorac(i)-,
thorac(o)-,thoracico-

thromb(o)-

thyr(o)-
thym-
-tome
-tomy
tono-
-tony

top(o)-

denoting something as ‘full of scales’or
‘scaly’

contraction
stopping, standing
dripping, trickling

denoting something as ‘narrow in shape’
or pertaining to narrowness

abnormal narrowing in a blood vessel or
other tubular organ or structure

of or pertaining to the mouth

creation of an opening
beneath

in excess, above, superior
above, excessive

denoting something as fast, irregularly
fast

pressure
rigid, tense
case, sheath
treatment
heat

of or pertaining to the upper chest, chest;
the area above the breast and under the
neck

of or relating to a blood clot, clotting of
blood

thyroid

emotions

cutting instrument

act of cutting; incising, incision
tone, tension, pressure
tension

place, topical

squamous cell

peristalsis
cytostasis, homeostasis
epistaxis

stenography

restenosis, stenosis

stomatogastric,
stomatognathic system

colostomy
subcutaneous tissue
superior vena cava
supraorbital vein

tachycardia

hypertension

tetanus

intrathecal

hydrotherapy, therapeutic
thermometer

thorax

thrombus, thrombocytopenia

thyrocele
dysthymia
osteotome
gastrotomy

tonometer

topical anaesthetic
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tort(i)-

tox(i)-, tox(o)-,
toxic(o)-

trache(a)-
trachel(o)-

trans-

tri-

trich(i)-, trichia,
trich(o)-

-tripsy
-trophy
tympan(o)-
-ula, -ule
ultra-
un(i)-

ur(o)-

uter(o)-
vagin-
varic(o)-
vasculo-
vas(o)-

ven-

ventricul(o)-

ventr(o)-

-version
vesic(o)-

viscer(o)-

twisted

toxin, poison

trachea
of or pertaining to the neck

denoting something as moving or
situated ‘across’ or ‘through’

three

of or pertaining to hair, hair-like structure

crushing

nourishment, development
eardrum

small

beyond, excessive

one

of or pertaining to urine, the urinary
system; (specifically) pertaining to the
physiological chemistry of urine

of or pertaining to the uterus or womb
of or pertaining to the vagina

swollen or twisted vein

blood vessel

duct, blood vessel

of or pertaining to the (blood) veins, a
vein (used in terms pertaining to the
vascular system)

of or pertaining to the ventricles; any
hollow region inside an organ

of or pertaining to the belly; the stomach

cavities
turning
of or pertaining to the bladder

of or pertaining to the internal organs,
the viscera

Prefixes, suffixes

torticollis

toxoplasmosis

tracheotomy
tracheloplasty

transfusion

triangle

trichocyst

lithotripsy
pseudohypertrophy
tympanocentesis
nodule

ultrasound

unilateral hearing loss

urology

uterus

vagina

varicose
vasculotoxicity
vasoconstriction

vein, venospasm

cardiac ventriculography

ventrodorsal

anteversion, retroversion
vesical arteries

viscera



Prefixes, suffixes

xanth(o)- denoting a yellow colour, an abnormally xanthopathy
yellow colour

xen(o)- foreign, different xenograft

xer(o)- dry, desert-like xerostomia

z0(0)- animal, animal life zoology

zym(o)- fermentation enzyme, lysozyme
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Chapter 1 Basic scientific principles of physiology

Introduction

Learning about the physiology of the body is very much like learning a foreign language - there
are new vocabulary, grammar and concepts to learn and understand. This first chapter intro-
duces you to this new language so that you can then use your knowledge to understand
the physiology of the different parts of the body that are discussed in all the other chapters of
this book.

First of all there are two terms to learn and understand:

¢ anatomy, the study of structure;
« physiology, the study of function.

However, structure is always related to function because the structure determines the
function, which in turn determines how the body/organ, and so on, is structured — the two are
interdependent.

Levels of organisation

The body is a very complex organism that consists of many components, starting with the
smallest of them - the atom - and concluding with the organism itself (Figure 1.1). Starting
from the smallest component and working towards the largest, the body is organised in the
following way:

e The atom - for example, hydrogen, carbon.

e The molecule - for example, water, glucose.

e The macromolecule (large molecule) — for example, protein, DNA.

o The organelle (found in the cell) - for example, nucleus, mitochondrion.

o The tissues - for example, bone, muscle.

e The organs - for example, heart, kidney.

o The organ system - for example, skeletal, cardiovascular, respiratory, renal.
e The organism - for example, mouse, dog, elephant, and, of course, humans.

Characteristics of life

All living organisms have certain characteristics in common. Although these characteristics
may differ from organism to organism, they are all important for the maintenance of life. These
characteristics are:

¢ Reproduction - at both the micro- and the macrolevel, reproduction is an essential process.
Atthe macrolevelisthe reproduction of the organism, and at the microlevelis the reproduction
of new cells to maintain the efficiency and growth of the organism.

o Growth - essential for the growth and development of an organism.

» Movement - changes in position as well as motion are parts of movement. This characteristic
is essential to allow the organism to seek out nutrition, partners for reproduction, escape from
predators, and so on

« Respiration — external respiration is important for obtaining oxygen and releasing carbon
dioxide (or obtaining carbon dioxide and releasing oxygen if a green plant), while internal
respiration releases energy from foods.
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Figure 1.1 Levels of organisation of the body. Source: Tortora and Derrickson (2014). Reproduced with
permission of John Wiley & Sons.

o Responsiveness - organisms need to be able to respond to changes in the environment, for
example, or to other stimuli such as predator danger.

» Digestion - this is the breakdown of food substances, so that the organism can produce the
energy necessary for its life.

o Absorption - the movement of substances, such as digested food, through membranes and
into body fluids, including blood and lymph, which then carry the substances to the parts of
the organism requiring them.

» Circulation - the movement of substances through the body in the body fluids.

o Assimilation - the changing of absorbed substances into different substances, which can
then be utilised by the tissues of the body.

o Excretion - the removal of waste substances from the body, either because they are of no use
to the body or because they are harmful to the body.
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There are five essential requirements that all organisms, including humans, require:

1. Water

o Water is the most abundant substance found in the body. At birth, up to 78% of a baby’s
body is composed of water, at 1 year of age this has dropped to 65%. In adult males the
figure has dropped to 60% and in adult females the figure is 55% (females have more fat
than males as a percentage of their body, which accounts for the difference, although a fat
adult male would also have a lower percentage than a thin adult male).

o Water is required for the various metabolic processes that are necessary for an organism’s
survival.

« Water is necessary to transport essential substances around the organism.

o Water helps to regulate body temperature — a human operates within a very narrow
temperature range and has an inability to cope with large temperature changes within the
body. If body temperature exceeds this range - either below or above - then death will
occur. Sweating is an example of water helping to reduce a high temperature - it cools the
body surface as it evaporates (evaporative cooling).

2. Food
o Food supplies the energy for the organism to fulfil all the essential characteristics
mentioned above.
o It also supplies the raw materials for these characteristics — particularly growth.
. Oxygen
e Oxygen forms 20% of air and is used in the release of energy from the assimilated
nutrients.
4. Heat
o Heat is a form of energy that partly controls the rate at which metabolic reactions occur.
5. Pressure
o There are two types of pressure that are required by an organism:
o atmospheric pressure, which is important in the process of breathing;
o hydrostatic pressure, which keeps the blood flowing through the body.

w

It is now time to consider the smallest building block of the body (indeed of all matter), namely
the atom. The word ‘atom’ comes from a Greek word which means ‘incapable of being divided'
However, we now know that an atom consists of electrons, neutrons and protons.

The atom, as can be seen from Figure 1.2, is made up of even smaller matter, namely:

e protons
e neutrons
o electrons.

Protons carry a positive electrical charge and electrons carry a negative electrical charge,
while the neutron, as its name implies, carries no electrical charge (it is neutral).

As can be seen from Figure 1.3, electrons move rapidly around the nucleus of the atom, which
itself is made up of protons and neutrons. The electrons of an atom are bound to the nucleus by
electromagnetic force.
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Figure 1.2 The atom.

Proton Electron

Neutron Nucleus
Paths of orbit

Figure 1.3 Schematic diagram of an atom.

Although there are many different types of atoms, they always have the same make-up - just
different numbers of paths of orbit, electrons, neutrons and protons — and the same character-
istics, while atoms of different elements (e.g. iron, carbon, sodium) have different numbers of
electrons, protons and neutrons. For example:

e The nucleus is always central.

o Theinner shell (path of orbit) always has a maximum of two electrons.

o The second shell can have a maximum of eight electrons.

o The third shell can have a maximum of 18 electrons, and so on.

o Ofimportance is the valence shell. This is the outermost shell of an atom and determines how
the atom behaves in chemical reactions with other atoms. This can have a maximum of eight
electrons (known as the octet rule). These valence electrons can participate in the formation
of a chemical bond. See ‘Covalent bonds' section.

Atomic number
All atoms are designated a number, known as the atomic number, and the atomic number of an
atom is the same as the number of protons in that atom. Consequently, the atomic number of a
carbon atom, which has six protons, is 6, while the sodium atom has 11 protons and therefore its
atomic number is 11, and a chlorine atom has 17 protons and so has an atomic number of 17.

Carbon atom
Carbon, a very important atom for life forms because we are all carbon-based entities, will dem-
onstrate the make-up of an actual atom.

As you can see from Figure 1.4, carbon has six electrons orbiting the nucleus, which is made
up of six protons and six neutrons. Therefore, it has the same number of electrons, protons and
neutrons. This is unusual, because while it is normal to have the same number of electrons and
protons, usually the number of neutrons differs from the numbers of electrons and protons in
an atom.
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Figure 1.4 The carbon atom. Source: Tortora and Derrickson (2014). Reproduced with permission of
John Wiley & Sons.

A basic principle of the atom is that the number of electrons is equal to the number of protons
in each atom, and this is all to do with electricity. As mentioned above, protons carry a positive
electrical charge, electrons carry a negative electrical charge and neutrons carry a neutral charge
(i.e. they carry no charge), and the aim of all atoms is to remain electrically stable (electrically
neutral). Therefore, as neutrons carry no electrical charge, it is important that electrons and pro-
tons are equal in number to maintain the stability/neutrality.

Thus, as the carbon atom carries six electrons, six protons and six neutrons, the electrical
charges of the electrons and protons cancel one another out. As a consequence, overall, the
atom is neutrally charged and it is said to be in a state of equilibrium.

Molecules

This need for the atom to be in equilibrium is the driving force behind the combining of atoms
to make molecules (the next stage in the building of life forms). A molecule is the smallest
particle of an element or compound that exists independently. It contains atoms that have
bonded together. For example, sodium chloride (NaCl) is a molecule containing one atom of
sodium (also known as natrium, hence the symbol Na) which has bonded to one atom of chlo-
rine (symbol Cl). Similarly, the molecule H,O is made up of two atoms of hydrogen (H) bonded
to one atom of oxygen (O). H,O is better known as water.

Chemical bonds
A chemical bond is the way in which atoms bind to one another by the atoms attaining a lower
energy state through losing, gaining or sharing their outer shell electrons with other atoms.
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A chemical bond is the ‘attractive’ force that holds atoms together. This interaction results in the

formation of atoms or ions that are in a lower energy state than the original atoms. -
The formation of chemical bonds also results in the release of energy previously contained in

the atoms, as shown in the formula

atom+atom — atom—atom+energy

The combining power of atoms is known as valence. Because the only shell that is important in
bonding is the outermost shell, this shell is known as the valence shell (Marieb, 2014).
There are several types of chemical bonds that occur between atoms, namely:

o ionic bonds
e covalent bonds
o polar bonds/hydrogen bonds.

lonic bonding of atoms

Atoms always prefer to be in a state of electrical equilibrium. However, sometimes an atom that
has a stable structure may lose an electron, in which case it becomes unstable. For example, a
sodium (Na) atom is an atom that may lose an electron, and in this case, in order to become
stable again, it must connect with an atom that can accept an electron - for example, chlorine
(Cl). So, consequently, when sodium atoms and chlorine atoms are mixed together, one electron
of each sodium atom will move to an equivalent atom of chlorine - as depicted in Figure 1.5 — thus
forming the molecule sodium chloride (NaCl), also known as common salt. This is known as
ionic bonding, because ions are involved.

lons
An ion is an atom or a molecule in which the total number of electrons is not equal to the
total number of protons — hence the atom or molecule has a net positive or negative electri-
cal charge. It is no longer in an electrically neutral state. In the example above, sodium and
chlorine have positive and negative electrical charges respectively due to the interchange of
electrons, so they are now ions, and we depict them with a small positive or minus sign, as in
the examples below:

o Na* (sodium positive)
o CI~ (chlorine negative).

However, we can write the resultant sodium chloride molecule as NaCl because the positive
(+) and the negative () have attracted each other and cancelled out the electrical charges,
leaving us with a molecule that has a neutral electrical charge.

 lons that carry a positive electrical charge are known as cations
« lons that carry a negative electrical charge are known as anions.

To summarise, an ionic bond is a bond that is formed between ions, some of which are
positively charged and some of which are negatively charged. These atoms are known as ions
and are attracted to, and stabilise, each other, but they neither transfer nor share electrons
between themselves. Consequently, this can be seen more as an interaction between atoms
rather than as a bond between them (Fisher and Arnold, 2012).
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Figure 1.5 (a-d) lonic bonding of a sodium and a chlorine atom to form a sodium chloride molecule.
Source: Tortora and Derrickson (2014). Reproduced with permission of John Wiley & Sons.

Covalent bonds
Unlike ionic bonding, covalent bonding does involve the sharing of valence electrons with
compatible adjacent electrons. In this way, none of the atoms involved in this type of bonding
actually loses or gains electrons. Instead, electrons are shared between them so that each of
the atoms will have a complete valence shell (i.e. outermost shell) for at least part of the time
(Marieb, 2014).

Covalent bonding occurs when two atoms are close to one another and so an overlapping of
the outer shell electrons occurs. Following this overlapping, each outer shell becomes attracted
to the nucleus of the other atom (Figure 1.6). This type of bonding does not require positive and
negative electrical charges as ionic bonding does.
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Figure 1.6 (a—e) Covalent bond. Source: Tortora and Derrickson (2014). Reproduced with permission
of John Wiley & Sons.

There are three types of covalent bonding, depending upon the number of electrons that are
shared between the bonded atoms:

1. single covalent bonds (one electron from each atom is shared in the outermost shell, e.g.
hydrogen molecule);

2. double covalent bonds (two electrons from each atom are shared, e.g. oxygen molecule);

3. triple covalent bonds (three electrons from each atom are shared, e.g. nitrogen molecule).
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Polar bonds

m Sometimes molecules do not share electrons equally and so there is a separation of the electrical
charge into positive or negative. This is called polarity, and because of this separation of electrical
charge there is an additional weak bond. However, note that this bond is not between atoms, but
is between the molecules themselves. Just as with ionic bonding, this polar bonding comes about
because of the electrical rule that opposites attract. Thus, the small opposing charges from differ-
ent polar molecules can be attracted to each other. Polar bonding only occurs with molecules that
contain the atom hydrogen - so a polar bond is also known as a hydrogen bond (see Figure 1.7).
The fact that polar molecules can bond (albeit only weakly) is very important in determining

the structure and function of physiologically active substances such as

e enzymes
e antibodies

e genetic molecules

« pharmacological agents (drugs).

Electrolytes
A further development of bonding is the production of electrolytes. Electrolytes are substances
that move to oppositely charged electrodes in fluids. They occur in the following way: if mole-
cules that are bonded together ionically (see ‘lonic bonding of atoms’ section) are dissolved in
water within the body cells, then they undergo a process where the ions separate; that is, they
become dissociated. These ions are now known as electrolytes.

However, this does not apply to molecules that are produced by other types of bonding (e.g. cova-
lent bonding). Molecules that are produced as a result of other types of bonding are called non-
electrolytes, and these include most organic compounds, such as glucose, urea and creatinine.

Electrolytes are particularly important for three things within the body:

1. Many are essential minerals.
2. They control the process of osmosis.
3. They help to maintain the acid-base balance, which is necessary for normal cellular activity.

HYDROGEN
BONDS

Figure 1.7 Hydrogen bonds and water. Source: Tortora and Derrickson (2014). Reproduced with
permission of John Wiley & Sons.
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Elements

A chemical element is a pure chemical substance that cannot be broken down into anything
simpler by chemical means. Each element consists of just one type of atom, which is distinguished

by its atomic number (which in turn is determined by the number of protons in the nucleus of

an atom - see earlier). If the number of protons in the nucleus of an atom changes, then we have

a new element, not the original one. This differs from the case with electrons, the number of

which can change but the atom remains basically the same - and it is now an ion. Some com-

mon examples of elements found in the body include

e iron

o hydrogen
e carbon

e nitrogen
e oxygen

o calcium

e potassium
o sodium

o chlorine
e sulphur

o phosphorus.

As of February 2015, a total of 118 elements have been confirmed; however, only the first 98
are known to occur naturally on Earth. These elements are usually presented as a periodic table.
All chemical matter consists of these elements, although new elements of higher atomic
number are discovered from time to time — but only as a result of artificial nuclear reactions, and
so are not found in the body.

There are three classes of elements:

1. metals (e.g. iron — symbol ‘Fe’from ferrum)
2. non-metals (e.g. oxygen - symbol‘O’)
3. metalloids (e.g. arsenic — symbol‘As’).

These three classes of elements all have certain characteristics that define them:

They conduct heatand  They are poor They are neither metals nor non-metals —

electricity conductors of heat  they are sometimes referred to as

They donate electrons and electricity semi metals

(to other atoms to make They accept They tend to have the physical properties

molecules) electrons (from of metals while having the chemical
donor atoms) properties of both metals and non-metals

At normal temperatures
they are all solids - with ~ They may exist as a
the exception of solid, a liquid or a
mercury (symbol ‘Hg’) gas

depending upon their oxidation state.
However, they are not relevant to
biochemistry, so will not be discussed in
this book



Chapter 1 Basic scientific principles of physiology

Usually metals bond with non-metals (i.e. electron donors with electron acceptors). The
following are some examples of elements important for the body that are metals and

non-metals:

Calcium (Ca) Chlorine (Cl)

Potassium (K) Nitrogen (N)

Sodium (Na) Oxygen (O)
Carbon (C)
Sulphur (S)
Phosphorus (P)

As well as sodium chloride — NaCl (met previously in this chapter) - some other important
compounds that a nurse will need to know about include:

« sodium bicarbonate - NaHCO,
e potassium chloride - KCI.

An interesting element is hydrogen (H), because hydrogen actually has properties of both
metals and non-metals. As a consequence, water (H,0) is an example of a substance that,
although made up of two gases — oxygen (one atom) and hydrogen (two atoms) — becomes a
liquid once these gases have bonded together.

Properties of elements

All substances have certain individual properties, particularly in the way that they react
(i.e. behave):

o physical properties — these include such characteristics as colour, density, boiling point, melting
point, solubility, hardness, and so on;

o chemical properties — these include whether or not a substance is a metal or non-metal (or
even metalloid), whether it reacts with an acid or an alkaline substance, or whether it dissolves
in water or alcohol.

Compounds

A‘compound’is a pure substance that is made up of two or more elements chemically bonded
together. The properties of a compound are totally different from the individual properties of
the elements that are bonded together to make that compound. In addition, compounds can be
broken down chemically, while elements cannot. Examples of compounds include:

 water (H,0)
o salt (NaCl)
e carbon dioxide (CO,).

Note that when the symbol for an atom has a small lower number after it, then that denotes
there are that number of that particular atom in the molecule. So, water (H,0) is made up of two
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atoms of hydrogen and one atom of oxygen, while carbon dioxide (CO,) consists of one atom of
carbon and two atoms of oxygen. This will be discussed again later in this chapter.

Chemical equations/chemical reactions

Any mention of chemical equations and most non-chemists/non-scientists immediately start to
panic and quickly turn the page. Not to worry, however, because if anyone is capable of doing
simple addition sums, then they are capable of working through chemical equations. Everyone
has worked through simple mathematical equations, such as

o 1+1=2

o 2+2=4

e 4+4=8

e 1+1+2+2+2=8

o T+14+42+2+2=4+4+3+1

and so on.

Chemical equations work on the same basic principles. When a chemical reaction occurs
(which is portrayed as an equation), then a new substance is formed. This is called the
product (as with a mathematical equation). However, in a chemical equation, this new
substance (product) will have different properties from the individual substances involved
in the reaction (called the reactants).

As discussed above, when atoms are combined they form elements or molecules, and
symbols are used to describe this process. This look at chemical equations will start with a very
simple example, namely the production of water (Figure 1.8).

As mentioned previously, two atoms of hydrogen (H) combined with one atom of oxygen (O)
produce one molecule of water (H,0). The chemical equation for this process is

H+H+0—H,0
hydrogen+hydrogen + oxygen — water

In this equation (of a chemical reaction) there are two atoms of hydrogen and one atom of
oxygen on the left-hand side, and there are two atoms of hydrogen and one atom of oxygen on
the right-hand side. However, on the right, because of a chemical reaction, the same three atoms
of gas have created water - a liquid.

o) g ]
+ —>
H=H ‘
o g g
2H, o, 2H,0
Reactants Products

Figure 1.8 Pictorial depiction of the chemical equation (reaction) producing water. Source: Tortora
and Derrickson (2014). Reproduced with permission of John Wiley & Sons.
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Thus, a chemical equation is just a shorthand way of describing a chemical reaction. Note that
the equals sign in a mathematical equation is replaced by an arrow, meaning ‘leads to; in a
chemical equation. Basically, all chemical equations are as simple as this. There may be more
reactants and products, but there are similar basic principles involved in chemical equations as
in mathematical equations.

A very important basic principle is that when chemical reactions occur, the amount of each
substance must be the same after the reaction has occurred as was present before the reaction.
The two sides of a chemical reaction (and therefore a chemical equation) - the reactants and the
products - must balance. In other words, no atoms/molecules are lost in a chemical reaction,
they are just organised differently. Another thing to be aware of with chemical reactions is that
although the numbers of atoms are the same before and after the reaction, during a chemical
reaction, something extra is usually produced every time - namely, heat. This is known as an
exothermic reaction, which is a process/reaction that gives out energy in the form of heat.

In a chemical equation, the reactants and the product may be separated by a single arrow (—)
as in the earlier example of H,O. This indicates that the reaction occurs only in one direction,
namely in the direction that the arrow is pointing.

Sometimes the reactants and product may be separated by two arrows — one above the other
and pointing in different directions (). This indicates that the chemical reaction can be reversed.

If the reactants and the products are separated by an equals sign ‘=" (which is a symbol used
in mathematics to indicate a state of equality), instead of single or double arrows, this indicates
that a state of chemical equilibrium exists.

Another important principle to be aware of, as regards chemical reactions and equations, is
that a chemical equation has to be consistent. The elements cannot be changed into other
elements by chemical means.

If electrical charges are involved (as occurs with the involvement of ions), the net charge on
both sides of the equation must be equal - that is, they must balance.

So, to summarise, all equations must balance (i.e. the number of reactants and their electrical
charges must equal the number of products and their electrical charges). However, balancing a
chemical equation (and thus a reaction) may require the altering of the quantity of molecules.

Here is a more complicated chemical reaction/equation, but the principles will still hold
for this:

Zn+2HCl— ZnCl, +H,
zinc+hydrogen chloride — zinc chloride + hydrogen

Note: mention has been made previously in this chapter of the principle that, when using the
chemical symbols of substances (elements, compounds, molecules, etc.), if a small number
comes after an atom as in H,0, then that number applies to the atom immediately before it. In
other words H,0 is composed of two atoms of hydrogen and one atom of oxygen. However, if an
atom or molecule is preceded by a large number, then that applies to everything immediately
afterwards until another mathematical symbol (e.g. +, —) occurs. For example, 2HCl means that
there are two atoms of hydrogen and two atoms of chlorine bonded together to make two
molecules of hydrogen chloride.

In this chemical reaction/equation, two molecules of hydrogen chloride (in the form of two
ions of chloride, CI~, and two ions of hydrogen, H*) along with one atom of zinc have been
changed to one molecule of zinc chloride (ZnCIZ) and one molecule of hydrogen (H,). So, even
though the original atoms have now been combined differently following the chemical reaction,
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the balance between the two sides of the equation in terms of numbers and types of atoms and

electrical charge has not been altered.
With this even more complicated chemical reaction/equation, it is a good idea to take some

time and work out just what is going on here before reading on:

HCl+NaHCO; &2 NaCl+H,CO,
hydrochloric acid + sodium bicarbonate = sodium chloride + carbonic acid

Also in this reaction, H,CO, can be broken down further:
H,CO; = CO, +H,0

The reactants on the left-hand side are duplicated on the right-hand side (the products) but in
different combinations. Note the double arrow — what does this mean?

The presence of the double-headed arrow means that the equation is capable of being
reversed, so that the products become the reactants, and the reactants the products. Note that
sodium bicarbonate (NaHCO,) is made up of one atom each of sodium, hydrogen and carbon
and three atoms of oxygen, while carbonic acid (H,CO,) is composed of two atoms of hydrogen,
one atom of carbon and three atoms of oxygen. Counting the numbers and types of each atom
on both sides demonstrates again that nothing is added and nothing deleted when the reaction
takes place - everything is just rearranged in such a way that elements that can be used by the
body are produced (along with any waste elements, which are then excreted).

This is the end of the section on chemical equations, and as can be seen, if someone can do
simple arithmetic, then they can understand and work with chemical equations (remembering
that the equations are a depiction of chemical reactions that are taking place within the body all
the time).

This section may initially appear complicated, but it is important to understand pH values, along
with alkalinity and acidity, as our bodies (indeed our very lives) depend upon the relationship
between acidity and alkalinity.

e An acid is any substance that donates hydrogen ions (H*) into a solution.
o An alkali (also known as a soluble base) is any substance that donates hydroxyl ions (OH")
into a solution or accepts H* ions from a solution.

The more OH~ ions that have been donated or H* ions accepted, the greater the alkalinity of a
substance; conversely, the greater the number of H* ions that are released, the more acidic is the
solution. Obviously, whenever the numbers of H* and OH~ ions are the same, then a neutral
solution exists.

The chemical equation for the ionisation of water is shown as

H,0 =2 H* + OH"

In other words, water contains hydrogen and hydroxyl ions, and in one litre of pure water,
107 mol (moles) of water are dissociated into H* ions and OH~ ions. If there are 10~ mol of H*
ions and 10~ mol of OH~ ions in one litre, then they are balanced and the water is neutral
(neither acidic nor alkaline).
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o Note that a mole in chemistry is a unit of amount of substance (it is a unit of measurement for
chemicals) and is defined as the mass of substance that contains as many elements (atoms,
molecules, etc.) as there are atoms in 12 g of carbon-12 (International Bureau of Weights and
Measures, 2006).

The concept of a mole in chemistry is quite complicated, but it is only necessary in this chapter
to use it in relation to acid—base balance.

o The concept of 107 is an arithmetic one and denotes a very small number:
107" =0.00000000000001 of a mole.

¢ In biochemistry, dissociation is the separation of a substance into two or more simpler
substances — such as a molecule into atoms or ions — by the action of heat or a chemical
process. This process is usually reversible.

The properties of water are such that the minimum concentration of H* ions and OH- ions is
107" mol L' (moles per litre), while the maximum concentration of H* ions and OH-ionsis 1 mol L™
or 1.00 mol L™". Thus, the dissociation properties of water restrict the concentration of H* ions and
OH-~ ions to the range of 107 to 100 mol L.

A scale of acidity and alkalinity has been devised that uses this range of 10-'*to 100 mol L' of
H* and OH- ions — known as the pH scale (see Figures 1.9 and 1.10). Consequently, the addi-
tion of H+ ions to pure water results in a proportionate decrease of OH~ ions from the initial
concentration of 1077 mol L'. Thus, an H* ion concentration of 108 mol L' results in an OH-
concentration of 107° mol L™". In this way, the combined totals of H* and OH~ molecules will
always equal 107'%. The pH scale represents the powers of 10 of H* ions from 107'* to 10°, but for
convenience the scale uses positive numbers, so the scale is from pH 14 to pHO.

At pH7 an equal number of H* ions and OH- ions occurs, while solutions with a pH that is
lower than 7 are acids and those with a pH that is greater than 7 are bases/alkaline. The further
away from a pH of 7 a solution becomes the more acidic or alkaline it is.

The pH scale is a logarithmic scale so consequently each whole pH value below 7 is 10 times
more acidic than the next highest value. For example, a solution with a pH 3 value is 10 times more
acidic than a solution with a pH4 value. In addition, it is 100 times (i.e. 10x 10) more acidic than
solution with a pH5, and 1000 times (i.e. 10x10x 10) more acidic than a solution that has a

[OHT]

(moles/litre)

[H']

pH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

INCREASINGLY INCREASINGLY

ACIDIC NEUTRAL BASIC (ALKALINE)

_

Figure 1.9 The pH scale. Source: Tortora and Derrickson (2014). Reproduced with permission of
John Wiley & Sons.
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Figure 1.10 Simplified diagram of a pH scale.

pH value of 7 (i.e. a neutral solution). Exactly the same applies to pH values that are above 7 (i.e.
alkaline solutions), in that each is 10 times more alkaline than the next lowest value. For example,
a solution with a pH of 10 is 10 times more alkaline than one with a pH of 9, 100 times (10x 10)
more alkaline than a solution with a pH of 8, and so on.

This last concept of logarithmic values and pH is very important for us, as can be seen in the
next section, which looks at pH values and blood.

Blood and pH values

In blood, the physiologically normal pH range is 7.35-7.45; that is, it is slightly alkaline.
However, a blood pH lower than 7.35 is considered to be acidic, whereas a pH greater than
7.45 is alkaline, and when either of these events occurs it can have a serious effect on the body,
as is discussed in other chapters within this book. The reason is that because the scale is a
logarithm, then just a small change in pH indicates a very significant alteration in H* concen-
tration. Every change in one pH unit represents a 10-fold change in H* ion concentration. Thus,
an alteration of pH from pH 7.4 to pH 7.3 results in a doubling of the H* ion concentration. In
other words:

e pH8 contains 108 mol L=' or 10 nmol L=' (nanomoles per litre) of H*
e pH7 contains 107 mol L~ or 100 nmol L' of H*
e pH6 contains 10°° mol L™ or 1000 nmol L™ of H*

and so on.

Homeostasis

Homeostasis is the body’s attempt to maintain a stable internal environment by achieving
some sort of balance. The body is normally able to achieve a relatively stable internal environ-
ment even though the external environment is constantly changing — from cold to hot, or from
dry to wet, and so on. The body uses various homeostatic mechanisms to monitor and maintain
a dynamic state of equilibrium within the body - that is, a balance in which the internal envi-
ronment conditions can react to external environmental conditions by changing within quite
narrow limits.



Basic scientific principles of physiology

The homeostatic mechanisms include:

« receptors - the body has receptors that sense external and internal environmental changes
and provide information on the changes to the control centre;

« control centre - the control centre determines what a particular value (e.g. pH value or blood
pressure) should be and sends out a message to the effectors;

» effectors - once they have received the information from the control centre, the effectors
cause responses to take place within the body’s internal environment that hopefully
will produce the changes that will enable the internal environment to return to normal
values.

Organic and inorganic substances

All substances are classed either as organic or inorganic depending upon their molecules.

» Organic molecules:
o contain carbon (C) and hydrogen (H);
o are usually larger than inorganic molecules;
o dissolve in water and organic liquids;
o as a group include carbohydrates (sugars), proteins, lipids (fats) and nucleic acids (part of
DNA) - see Chapter 3, Genetics.

» Inorganic molecules:

o as a group include water (H,0) and carbon dioxide (CO,) and inorganic salts. It is true that
H,0 and CO, do contain carbon atoms, but only in such small quantities that they are, at the
moment, still classified as inorganic — although there is a lot of discussion around this within
the scientific community

o are usually smaller than organic molecules;

o usually dissolve in water or they react with water and release ions;

o as agroup include water (H,0) carbon dioxide (CO,) and inorganic salts.

Examples of organic substances
Carbohydrates

Monosaccharides (one of the group of sugars known as carbohydrates) provide energy to cells
as well as supplying the materials that allow for the building of the various structures of the cell
(see Chapter2). They contain carbon (C), hydrogen (H) and oxygen (O) and their structure has

the chemical formula CH,,O,. There are three types of carbohydrates:

e monosaccharides - glucose and fructose;
o disaccharides - sucrose, lactose;
o polysaccharides - glycogen, cellulose.

Fats (lipids)

Fats are lipids (known as triglycerides) and are soluble in organic solvents. They are mainly used
to provide energy. Like carbohydrates, they consist of carbon (C), hydrogen (H) and oxygen (O),
but because the numbers and proportions of these molecules are different from the carbohy-
drates, they have different properties. The chemical formula for stearin (one type of lipid) is

C,H,,, 0O, Lipids can be either saturated or unsaturated. One important group of lipids is the
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steroid group, which is used to synthesise (produce/construct) hormones. Cholesterol is an
important member of the steroid group of lipids.

Proteins
Proteins are built up from amino acids - this will be discussed in Chapter 3. Proteins are very impor-
tant as they provide the structural material for the body, as well as being an energy source. They also
help to form many other substances, including hormones, receptors, enzymes and antibodies.

Examples of inorganic substances
Water (H,0)

As mentioned above, water is the most abundant compound found in all living material and is a
major component of all body fluids. It has an important role to play in most metabolic reactions
as well as in transporting chemicals around the body. Water can both absorb and transport heat,
so it plays a crucial role in maintaining body temperature.

Oxygen (O)
Oxygen is necessary for survival. It is used by the organelles of the nucleus to release energy
from nutrients (see Chapter 2).

To conclude this chapter, which introduces certain bioscientific concepts and prepares the
reader for the remaining chapters, just some brief notes about units of measurement. This is an
important section because the ability to identify and understand units of measurement will
enhance the understanding of the complex human organism.

Aunitisastandardised, descriptive word that specifies the dimension of a number.Traditionally
there have been seven properties of matter that have been measured independently of each
other, namely:

o time - measures the duration that something occurs;

o length - measures the length of an object;

e mass — measures the mass (commonly taken to be the weight) of an object;

o current — measures the amount of electric current that passes through an object;
o temperature — measures how hot or cold an object is;

* amount - measures the amount of a substance that is present;

o luminous intensity - measures the brightness of an object.

Originally, each country/society had its own units of measurement. In the UK, for example,
there were such units as furlongs, miles, poles, gallons, quarts, bushels, pecks, and so on. This
made it difficult for people, particularly scientists, from other countries to work with each other,
so several years ago an international system of units was agreed upon by most major countries
(however, a notable exception to this agreement is the USA). This new agreed system became
known as the Systéeme International d’Unités (or SI units for short). It is a system of units that
relates present scientific knowledge to a unified system of units. Tables 1.1,1.2,1.3,1.4,1.5, 1.6
and 1.7 give the Sl units, unit prefixes and some Imperial unit equivalents that will be useful as
reference while working through this book.



Table 1.1 The fundamental Sl units

T TS T

Length
Mass
Time
Current

Temperature

Amount of substance

Luminous intensity

metre
kilogram
second
ampere
Kelvin
mole

candela

Table 1.2 Other common Sl units

Force
Energy

Pressure

Potential difference

Frequency

Volume

Table 1.3 Multiples of Sl units

tera
giga
mega
kilo
hecto
deca
deci
centi
milli
micro
nano
pico
femto

atto

T
G
M
k

h

da

Newton
joule
pascal
volt
hertz

litre

one million million

one thousand million

one million

one thousand

one hundred

ten

one tenth

one hundredth

one thousandth

one millionth

one thousandth of a millionth
one millionth of a millionth
one thousandth of a pico

one millionth of a pico

10"
10°
10°
10°
102
10'
107"
1072
1072
10°¢
107°
10712
107"

10—18



Table 1.4 Measures of weight
Table 1.5 Measures of volume

Table 1.6 Measures of length

Table 1.7 Measures of energy
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This concludes this introduction to the very basics of the biochemistry of physiology. As you can
now appreciate, biochemistry and physiology are really quite complicated - but also very inter-
esting, and indeed exciting. After all, as you work through this book, you are learning about
yourself — how your body works and functions - both in good times (when you are fit and
healthy) and in bad times (when you are sick or have had an accident). Everyone is interested in
how they function and what happens when they eat and drink, or exercise, or go to the toilet,
and so on - not just you, but also your patients. So this is important knowledge for you to have
when you are talking to patients. This first chapter is just the beginning of a journey - think of it
as a map to help you to complete this journey. This journey is one of self-knowledge and aware-
ness that will lead you to your ultimate goal — a good knowledge of the human body and its
functioning. Good luck.

< Glossary

Acid A chemical substance with a low pH. The opposite of an alkaline substance.

Acid-base balance The relationship between an acidic environment and an alkaline one. This is
essential for maintaining our good health. See pH.

Alkali A chemical substance with a high pH. The opposite of an acidic substance.
Anatomy The study of the structures of the body.

Antibody Antibodies are proteins that can recognise and attach to infectious agents in the body,
and so provoke an immune response to these infectious agents.

Atomic number Relates to the number of protons to be found in any one atom.

Atoms The base of all life, atoms are extremely minute and consist of different numbers of protons,
neutron and electrons.

Base Another name for an alkaline substance.

Bonds The joining together of various substances, particularly atoms and molecules. See chemical
bond, covalent bonds, ionic bonds, and polar bonds.

Chemical bond The‘attractive’force that holds atoms together.

Chemical reaction A process in which chemical substances are transformed into something
completely different. This is usually depicted in a chemical equation.

Compounds A pure substance that is made up of two or more elements that are chemically
bonded together.

Covalent bonds Bonds between atoms caused by the sharing of electrons between the
atoms.

Electrolyte Substance that is able to move to opposite electrically charged electrodes in
fluids.

Electrons The parts of an atom that carry a negative electrical charge. See neutrons and protons.
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Elements A pure chemical substance which cannot be broken down into anything simpler by
chemical means (e.g. iron, hydrogen).

Enzymes Proteins that are produced by cells and can cause very rapid biochemical reactions in the
body.

Homeostasis The name given to processes in which both negative and positive controls are given
over variables; they usually involve negative feedback, and the aim is to maintain a stable internal
environment.

Inorganic substances Substances that do not contain carbon molecules (e.g. water).

lonic bonds Bonding that takes place when atoms lose or gain electrons. This alters the electrical
charge of the atoms.

lons lons are atoms that are no longer in a stable state (i.e. they are no longer electrically neutral but
are either positively or negatively electrically charged).

Mole The unit of measurement for the amount of a substance.

Molecules The smallest part of an element or compound that can exist on its own (e.g. sodium
chloride).

Neutral substance A chemical substance that is neither acidic nor alkaline.

Neutron The parts of an atom that carry a neutral electrical charge (i.e. they have no electrical
charge). See electrons and protons.

Organelle Structural and functional parts of a cell.

Organic substances Substances that contain carbon molecules (e.g. carbohydrates, lipids (fats)
and proteins).

Osmosis The movement of water across a semi permeable membrane from an area of low solute
concentration to an area of high solute concentration; this allows for equilibrium of solute and
water density on both sides of the semi permeable membrane.

pPH A measure of the acidity or alkalinity of a solution. See acid-base balance.
Physiology The study of the way in which the body structures function.

Polar bonds Polar bonds occur when atoms of different electronegativities form a bond.
Consequently, the molecules that are then formed also carry a weak negative electrical charge, which
allows molecules to ionically bond, just like atoms. They are also known as hydrogen bonds because
hydrogen molecules have to be present for polar bonding to exist. Examples of such molecules
include hydrochloric acid and water.

Product (chemical reactions) The new substance formed following a chemical reaction.
Protons The parts of an atom that carry a positive electrical charge. See electrons and neutrons.
Reactant (chemical reactions) The individual substances involved in a chemical reaction.

Shell (of an atom) The name that is given to the orbits of electrons moving around the nucleus
(containing protons and neutrons) of an atom.

Valency A measure of the combining power of atoms.
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Activities
Multiple choice questions

1.

The characteristics of life include:

(a) digestion, excretion, irritation

(b) absorption, bleeding, circulation

(c) excretion, perspiration, reproduction
(d) intelligence, growth, responsiveness

. There are five essential requirements for all organisms. These are:

(a) carbon dioxide, water, mouths, rectums, oxygen

(b) oxygen, pressure, heat, water, food

(c) food, low temperatures, carbon dioxide, oxygen, pressure
(d) pressure, spatial awareness, sight, water, food

. Protons possess:

(a) astable electrical charge
(b) no electrical charge

(c) anegative electrical charge
(d) a positive electrical charge

. Which of the following is not a type of chemical bond?

(a) polar
(b) equatorial
(c) ionic
(d) covalent

. There are three classes of elements, namely:

(a) metals, non-metals, metalloids
(b) metals, oxidants, electrons

(c) carbons, non-metals, metalloids
(d) metalloids, non-metals, atomic

. Which of the following are organic substances?

(a) carbohydrates, proteins, lipids
(b) carbohydrates, water, oxygen
(c) water, proteins, lipids

(d) lipids, oxygen, proteins

. Homeostasis is:

(a) the effective use of receptors

(b) a measurement of acidity in the body

(c) the body’s attempt to maintain a stable environment
(d) a combination of physical properties
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8. A molecule of water is a combination of which atoms:

(a) 1xhydrogen, 1xoxygen, 1xcarbon atoms
(b) 2xoxygen, 1 xcarbon atoms

(c) 2xoxygen, 1xhydrogen atoms
(d) 1xoxygen, 2xhydrogen atoms
In biochemistry, a‘mole’is a unit of:
(a) intensity

(b) luminosity

(c) pH values

(d) substance

10. Water is a requirement for the body in order to help:

(a) release energy

(b) regulate body temperature

(c) provide energy

(d) keep blood flowing through the body

True or false

1.

—

SCVRINOULAEWN

Anionis an atom that is in an electrically neutral state.

Molecules are combinations of atoms.

Polar bonds occur between molecules.

Many electrolytes are essential minerals.

Reactions with an acid or alkaline substance are physical properties of elements.

Salt is not a compound.

There are always more atoms and molecules present following a chemical reaction.
Organic substances contain carbon and hydrogen.

Lipids are examples of inorganic substances.

Proteins are built up from amino acids and provide the structural material for the body.

Label the diagram 1

Label the diagram using the following list of words:

Proton, Neutron, Paths of orbit, Nucleus, Electron

Fill in the blanks 1

Using words from the following list, fill in the missing blanks:

body effectors environmental external feelers homeostatic internal mechanisms
messages physical pressure problems receptors response stable stimulitype unstable
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Homeostasis is the body’s attempts to maintain a internal environment. To do this,
it has to be able to change in response to both (e.g. environmental temperature)
and internal (e.g. blood pressure) changes. Various are utilised by the
body to maintain homeostasis, including tosenseexternalandinternal
changes. Receptors then send out messages to the control centre, which deter-
mines the particular value - for example, the correct temperature or blood required
for the essential functioning of the body. This then sends a to the body’s
, which, in turn, cause the body’s environment to counteract the
effects of the various stimuli/changes.

Word search 1

Find the words listed in the following grid.

A C 0] z E J | R 0] N K P A
N A J O z Y 0] F Q | u R N
A T 0] M | P N E U T R 0] N
T o J M O R T | O N B T L
(0] C H E R L S N T R H o E
M A Y B G S E D A H A N Y
Y E D A A H T C Q (0] J E K
E N R Y N E X T u R N | P
P R (6} T E | N S A L T C H
S | G P L | P | D F E Vv L
u Vv E B L Y | F R U K L O
z E N Y E L E M E N T (0] X
E S S T | M A B L E Q U E

Anatomy, Atom, Carbon, Element, Hydrogen, lon, Iron, Lipid, Molecule, Neutron, Organelle,
Protein, Proton

Test your learning

1. What is the importance of respiration for the body?
2. Why is water essential for all organisms, including humans?
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How is the atomic number of an atom calculated?

What is an ion, and what is its importance for us?
Make a list of some of the common elements found in the body.

Explain what is happening in the chemical reaction as depicted by this chemical equation:

ounkw

CgHy,06 +60, — 6CO, +6H,0+ATP (cellular energy)

7. Discuss the importance of the pH of blood.
8. Discuss the importance of carbohydrates to the body.

Find out more
1. Look at a copy of the periodic table of elements and mark off the ones you have come
across in this chapter and that are important for humans.

. Many electrolytes are essential minerals for the body. Find out which these are.

3. Find out about, and make notes on, the process of osmosis and its importance for human
functioning and health.

4. Discuss the acid-base balance and its importance for maintaining good health - and,
indeed, for life itself.

5. Discuss what is happening in these two equations - you will need to have access to chemical
abbreviations to help you understand the symbols:

N

N, +3H, — 2NH,

H,CO; »>H" +HCO;~

6. Find out the normal range of human pH and then discuss why it is important for the nurse
to alert medical staff if a patient’s pH is found to be outside the normal range.

7. Find out more about the importance of homeostasis to health.

8. Lipids/fats can be either saturated on unsaturated - find out from the foodstuffs that you
normally eat which of them contain either or both of these types of lipids and their role(s)
in healthy nutrition.

9. Take one day, and on that day look at your breakfast, lunch and tea/dinner (as well as
snacks, etc.) and try to find out the contents of them all in terms of carbohydrates, lipids
and proteins.

10. How can a nurse help to provide a healthy diet for their patients while they are in hospital
and/or the community?

Fill in the blanks 2

Using words from the following list fill in the missing blanks:

atom chemical electrical electron electrons equal to greater than ion
less than minus molecule negative neutron organ organelle physical
plus positive protein protons

An is an atom or in which the total number of is not the
total number of protons. Hence the or molecule has a net or negative
charge.
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Word search 2
Find the following words below in the grid, and then write something about each of them:

Alkali, Atom, Calcium, Covalent, Fats, Hydrogen, lon, Mass, Mercury, Metal, Organ, pH, Physiology,
Polar Bonds, Sodium

P o L A R B o N D S U Z K
P H R E M o z | A X Y N X
S A Y G o} N | L A K L A \
T M A S S T T Q u E R G H
C H R M | G M E R @ U R Y
A o Vv o u o H z w R D o D
L o \ T X E L E | P u S R
C S | A (6} R S o D | U M o
| N F \ L T | 6} G L X A G
U Q A Y z E | N L Y A Z E
M E T A L X N Z A S | o N
P w S R E A C T | (6} N G H
Q U E R T Y U | (6} P L K J
Label the diagram 2

Fill in the missing words in the three lower boxes.

THE ATOM

s
I




Cells, cellular compartments,
transport systems, fluid
movement between
compartments

Muralitharan Nair

Test your prior knowledge

o Draw and label the structures of a human cell.

What is the function of cytoplasm?

List the functions of the cell membrane.

Where would you find the extracellular compartment in a cell?

Describe the functions and regulatory mechanisms that maintain water and electrolyte
balance in the body.

Learning outcomes

After reading this chapter you will be able to:

o Outline the structure and function of the plasma membrane

» Describe the functions of the organelles

Explain the cellular transport system

Identify the fluid compartments of the body

o List the major electrolytes of the extracellular and intracellular compartments of the body
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Cells, cellular compartments, transport systems, fluid movement between compartments

Cells are the structural and functional units of all living organisms. Some organisms, such as
bacteria, are unicellular, consisting of a single cell. Other organisms, such as humans, are
multicellular, indicating that humans are made up of many cells (see Figure 2.1). They are the
smallest independent units of life with different parts (see Figure 2.2) that perform their own
function (see Table 2.1). For the cells to survive some fundamental chemical activities occur
within the cell. Some of these activities include cellular growth, metabolism and reproduction.
Each cell is an amazing unit of life; it can take in nutrients, convert these nutrients into energy,
carry out specialised functions and reproduce as necessary. Most amazingly, each cell stores its
own set of instructions for carrying out each of these activities.

Substances such as water, electrolytes and nutrients move in and out of a cell utilising a trans-
port system. There is constant movement of fluid and electrolytes between the intracellular and
extracellular compartments. The movement of fluid and electrolytes ensures that the cells
receive a constant supply of electrolytes, such as sodium, chloride, potassium, magnesium,
phosphates, bicarbonate and calcium, for cellular function. The cell consists of four basic parts:

e cell membrane
e cytoplasm

e nucleus

e nucleoplasm.

P ™
="V R

Sperm cell Smooth muscle cell

Nerve cell

Red blood cell Epithelial cell

Figure 2.1 Examples of some cells of the human body. Source: Tortora and Derrickson (2009).
Reproduced with permission of John Wiley & Sons.
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Figure 2.2 Structure of a cell. Source: Nair and Peate (2009). Reproduced with permission of John

Wiley & Sons.

Table 2.1

Cellular compartments and their functions

T

Centrioles
Chromatin
Cilia (pleural)
Cytoplasm
Cytoskeleton

Endoplasmic reticulum (rough
and smooth)

Glycogen granules
Golgi complex
Intermediate filament

Lysosomes

Microfilaments

Microtubules

Cellular reproduction

Contains genetic information

Moves fluid or particles over the surface of the cell
Fluid portion that supports organelles

Provides support and site for specific enzymes

Many functions, including site for protein transportation, modification of drugs and
synthesis of lipids and steroids

Stores for glycogen
Packages proteins for secretion
Helps to determine the shape of the cell

Break down and digest harmful substances - in normal cells, some of the synthesised
proteins may be faulty; lysosymes are responsible for their removal

Provide structural support and cell movement

They also provide conducting channels through which various substances can move
through the cytoplasm; provide shape and support for cells

(Continued)
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Table 2.1 (Continued)

Microvilli Increase cell surface; site for secretion, absorption and cellular adhesion

Mitochondria Energy-producing site of the cell; mitochondria are self-replicating

Nucleolus Site for the formation of ribosomes

Nucleus Contains genetic information

Peroxisomes Carry out metabolic reactions; site for the destruction of hydrogen peroxide; protect the

cell from harmful substances, such as alcohol and formaldehyde

Plasma membrane Regulates substances in and out of a cell
Ribosomes Sites for protein synthesis
Secretory vesicles Secrete hormones, neurotransmitters

Like all other cellular membranes, the plasma membrane consists of both lipids and proteins.
The fundamental structure of the membrane is the phospholipid bilayer, which forms a stable
barrier between two aqueous compartments. In the case of the plasma membrane, these
compartments are the inside and the outside of the cell. Proteins embedded within the
phospholipid bilayer carry out the specific functions of the plasma membrane, including selec-
tive transport of molecules and cell-cell recognition.

The cell membrane is a thin membrane that forms the outermost layer of a cell, and it is also
called the plasma membrane. This membrane ensures the boundary and integrity of the cell and
that its contents are separated from the surrounding environment. The cell membrane contains
a variety of biological molecules, mainly proteins and lipids, which are involved in many cellular
functions, such as cellular communication and cellular transport. The cell membrane is made up
of a double layer (bilayer) of phospholipid (fatty) molecules with protein molecules interspersed
between them (see Figure 2.3). The cell membrane can vary from 7.5 to 10 nm (nanometres) in
thickness (Jenkins and Tortora, 2013).

The phospholipid bilayer consists of a polar ‘head’ end, which is hydrophilic (water loving),
and fatty acid ‘tails, which are hydrophobic (water hating). The hydrophilic heads are situated on
the outer and inner surfaces of the cell, while the hydrophobic areas point into the cell mem-
brane (see Figure 2.3) as they are‘water-hating’ends. These phospholipid molecules are arranged
as a bilayer with the heads facing outwards. This means that the bilayer is self-sealing. It is the
central part of the plasma membrane, consisting of hydrophobic ‘tails; that makes the cell mem-
brane impermeable to water-soluble molecules, and so prevents the passage of these molecules
into and out of the cell (Marieb and Hoehn, 2013). However, substances need to enter and leave
the cells for the cells to survive and function; these are provided by special proteins, such as
integral and peripheral membrane proteins (see Figure 2.3).

The integral transmembrane proteins are attached to the cell membrane and they can form
channels that allow for the transportation of materials into and out of the cell. Examples of inte-
gral transmembrane proteins include voltage-gated ion channels, such as those that transport
potassium ions in and out of cells, certain types of T cell receptors, the insulin receptor, and many
other receptors and neurotransmitters. On the other hand, peripheral membrane proteins are
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Figure 2.3 Cell membrane. Source: Tortora and Derrickson (2009). Reproduced with permission of
John Wiley & Sons.

proteins that adhere temporarily to the cell membrane with which they are associated. Peripheral
membrane proteins may interact with other proteins or directly with the lipid bilayer.

Cell membranes serve several important functions:

o They are selective semi permeable membranes, which means that some molecules can diffuse
across the lipid bilayer but others cannot. Small hydrophobic molecules and gases like oxygen
and carbon dioxide cross membranes rapidly. Small polar molecules, such as water and
ethanol, can also pass through membranes, but they do so more slowly. On the other hand,
cell membranes restrict diffusion of highly charged molecules, such as ions, and large
molecules, such as sugars and amino acids. The passage of these molecules relies on specific
transport proteins embedded in the membrane.

e Membrane transport proteins are specific and selective for the molecules they move, and
they often use energy to catalyse passage. Also, these proteins transport some nutrients
against the concentration gradient, which requires additional energy. The ability to maintain
concentration gradients and sometimes move materials against them is vital to cell health
and maintenance. Thanks to membrane barriers and transport proteins, the cell can
accumulate nutrients in higher concentrations than exist in the environment and, conversely,
get rid of waste products (Figure 2.4).

o Other transmembrane proteins have communication-related jobs. These proteins bind
signals, such as hormones or immune mediators, to their extracellular portions. Binding
causes a conformational change in the protein that transmits a signal to intracellular
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Figure2.4 Selective transport system. Source: O'Connor and Adams (2010). Reproduced with permission
of Nature Publishing Group.

messenger molecules. Like transport proteins, receptor proteins are specific and selective for
the molecules they bind (Figure 2.5).

Some of the proteins embedded in a cell membrane provide structural support to the cell,
while others are enzymes where chemical reactions occur. Some membrane proteins regulate
water-soluble substances through pores in the cell membrane; others are receptors where hor-
mones and other substances such as neurotransmitters act. Other important cell membrane
proteins are glycoproteins, which play an important role in cell-cell recognition. An example of
glycoproteins is mucins, which are secreted in the mucus of the digestive and respiratory tracts.

Cellular fluid compartments

The two principal body fluid compartments are intracellular and extracellular. The intracellular
compartment is the space inside a cell and the fluid inside the cell is called intracellular fluid
(ICF). The extracellular compartment is found outside the cell and the fluid outside the cell is
called extracellular fluid (ECF). However, the extracellular compartment is further divided into
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Figure 2.5 Action of transmembrane proteins. Source: O'Connor and Adams (2010). Reproduced with
permission of Nature Publishing Group.
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Figure 2.6 Fluid compartments. Source: Nair and Peate (2009). Reproduced with permission of John
Wiley & Sons.

the interstitial and the intravascular compartments. Two-thirds of body fluid is found inside the
cell and one-third of the fluid outside the cell. The interstitial compartment contains 80% of the

ECF, and 20% is in the intravascular compartment as plasma (Figure 2.6).

Intracellular fluid

o TheICF is primarily a solution of potassium and organic anions, proteins, and so on.
o The cell membranes and cellular metabolism control the constituents of this ICF.
 ICF is not consistent in the body. It represents a collection of fluids from all the different cells.
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Extracellular fluid

« The ECF primarily consists of NaCl and NaHCO, solution.
o The ECF is further subdivided into three compartments:

o Interstitial fluid (ISF) consists of all the bits of fluid that lie in the interstices of all body
tissues. This is also a ‘virtual’ fluid (i.e. it exists in many separate small bits but is spoken
about as though it is a pool of fluid of uniform composition in the one location). The ISF
bathes all the cells in the body and is the link between the ICF and the intravascular
compartment. Oxygen, nutrients, wastes and chemical messengers all pass through the ISF.
ISF has the compositional characteristics of ECF (as mentioned above), but in addition it is
distinguished by its usually low protein concentration (in comparison with plasma). Lymph
is considered as a part of the ISF. The lymphatic system returns protein and excess ISF to the
circulation. Lymph is more easily obtained for analysis than other parts of the ISF.

e Plasma is the only major fluid compartment that exists as a real fluid collection all in
one location. It differs from ISF in its much higher protein content and its high bulk
flow (transport function). Blood contains suspended red and white cells, so plasma has
been called the ‘ISF of the blood" The fluid compartment called the blood volume is
interesting in that it is a composite compartment containing ECF (plasma) and ICF (red
cell water).

o Transcellular fluid is a small compartment that represents all those body fluids that are
formed from the transport activities of cells. It is contained within epithelial-lined spaces. It
includes cerebrospinal fluid, gastrointestinal tract fluids, bladder urine, aqueous humour
and joint fluid. It is important because of the specialised functions involved. The fluid fluxes
involved with gastrointestinal tract fluids can be quite significant.

o The fluid of bone and dense connective tissue is significant because it contains about 15%
of the total body water. This fluid is mobilised only very slowly, and this lessens its
importance when considering the effects of acute fluid interventions.

Snapshot

Loss of fluid and electrolytes through burns

Boon Sew, a 48-year-old male, was brought in by ambulance to the emergency department after
being rescued from his burning house. He was asleep at night when a spark from the family fire-
place started a fire, leaving him trapped in his bedroom. By the time the fire rescue team arrived, he
had suffered severe burns and excessive smoke inhalation.

On arrival to the emergency department, he was unconscious. He had second-degree burns
over 5% of his body and third-degree burns over 20% of his body - both covering his thoracic and
abdominal regions and his right elbow. His vital signs were quite unstable: blood pressure was
53/35 mmHg; heart rate was 200 beats/min; and respiratory rate was 38 breaths/min. He was dete-
riorating from circulatory failure. Two intravenous lines were inserted and fluids and electrolytes
were administered through each. His vital signs stabilised and he was admitted to the intensive
care unit.

Boon Sew regained consciousness the following day and was able to respond verbally. Once his
condition was stable and he was able to respond to treatment, he was transferred to the ward
where he continued to make a good recovery. He was then discharged into the community after
making a full recovery.
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Fluid movement between compartments
The movement of fluid between the intracellular and the extracellular compartments is primarily
controlled by two forces:

o hydrostatic pressure — the pressure exerted by the fluid;
e osmotic pressure — the pressure that must be exerted on a solution to prevent the passage of
water into it across a selective permeable membrane.

Furthermore, the movement of fluid is dependent on solutes dissolved within the fluid; changes
in the concentration of solutes will affect fluid movement between compartments. Similarly,
changes in fluid volume will also affect fluid movement between compartments. An example of
fluid and solute movement that occurs in the body is when blood pressure (hydrostatic pressure)
forces fluid and solutes from the arterial end of the capillaries into the ISF space (see Figure 2.7).
Fluid and solutes return to the capillaries at the venous end as a result of the osmotic pressure.
Fluid also enters the lymphatic capillaries from the interstitial space as a result of the osmotic
pressure in the lymphatic vessels.

The movement of fluid between the intracellular and extracellular compartments is the
result of hydrostatic and osmotic pressures. In a normal state of health, the hydrostatic pres-
sure in the intracellular compartment and the interstitial space is in balance and therefore
the fluid movement is minimal. However, changes in the osmotic pressure either in the intra-
cellular or extracellular compartments can affect fluid movement. As the capillary barrier is
readily permeable to ions, the osmotic pressure within the capillary is principally determined
by plasma proteins that are relatively impermeable. Therefore, instead of speaking of ‘osmotic’
pressure, this pressure is referred to as the ‘oncotic’ pressure or ‘colloid osmotic’ pressure
because it is generated by colloids. Albumin generates about 70% of the oncotic pressure.
This pressure is typically 25-30 mmHg. The oncotic pressure increases along the length of

Blood flow
Arterial end
* Hydrostatic pressure
W Osmotic pressure
Capillary
Venous end

Interstitial fluid

Figure 2.7 Capillary hydrostatic and osmotic pressures. Source: Peate and Nair (2011). Reproduced
with permission of John Wiley & Sons.
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the capillary, particularly in capillaries having high net filtration (e.g. in renal glomerular
capillaries), because the filtering fluid leaves behind proteins, leading to an increase in

protein concentration.

Composition of body fluid
The body fluid is composed of water and dissolved substances such as electrolytes (sodium,
potassium and chloride), gases (oxygen and carbon dioxide), nutrients, enzymes and hormones.
The total body water constitutes 60% of the total body weight, and water plays an important
part in cellular function (LeMone et al., 2011). Water is essential for the body as:

It acts as a lubricant, which makes swallowing easy.

It is also the major component of the body’s transport systems. The blood transports
nutrients, oxygen, glucose and fats to various tissues and cells. Also, the waste products of
cellular metabolism are removed, such as lactic acid and carbon dioxide. Via the urine, a
number of waste products are transported out of the body; for example, urea, phosphates,
sulfites, minerals, ketones from fat metabolism and nitrogenous waste from protein
breakdown.

It is needed for regulation of body temperature at 37 °C. When body temperature starts to
rise, blood vessels near the surface of the skin dilate to release some of the heat; the reverse
happens when body temperature starts to drop. Also, when body temperature rises, sweat
glands secrete sweat, which is 99% water. As the sweat evaporates, heat is removed from
the body.

It provides an optimum medium for the cells to function.

There are chemical reactions in the body which require water. A synthesis reaction
involves the joining of two molecules by the removal of a water molecule, and a
hydrolysis reaction involves a molecule being split into two smaller molecules with the
addition of water.

It breaks down food particles in the digestive system.

It provides lubrication for the joints as itisa component of synovial fluid. It is also a component
of tears, which lubricate the eyes, a