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6.3.1 Skin

Skin

The skin and muco us  membranes fo rm a primary def ence  against patho gens that cause

infectio us disease

Skin is the largest o rgan o f the bo dy and is co vered in micro o rganisms  that usually cause no

issues, as they can't enter the bo dy. Skin pro vides:

A to ugh physical barrier that prevents entry o f patho gens into  o ur bo dies

Cuts in the skin are sealed by fo rmatio n o f blo o d clo ts  to  prevent entry o f patho gens

Chemical pro tectio n thro ugh the pro ductio n o f sebum fro m the sebaceo us glands o f the

hair fo llicles

Sebum is a chemical respo nsible fo r maintaining a lo w skin pH which inhibits the gro wth

o f micro o rganisms

Muco us membranes  are fo und lining vulnerable areas which may be a ro ute fo r patho gens into

the bo dy

This includes the airways, areas aro und the repro ductive o rgans (fo reskin and vagina) and

the digestive system

The membranes co ntain go blet cells which pro duce mucus co ntaining glyco pro teins

Micro o rganisms and particles beco me trapped  by the mucus and are then either swallo wed

(into  the sto mach) o r expelled, therefo re preventing infectio n

Mucus also  co ntains lyso z yme enz ymes  which have antibacterial pro perties, pro viding

mo re pro tectio n fro m invading micro o rganisms
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6.3.2 Blood Clotting

Platelets

When the skin is cut, micro o rganisms have an entry po int to  get into  the bo dy

The �rst line o f defence is co mpro mised

In o rder to  minimise the risk o f substantial blo o d lo ss  and entry o f unwanted micro o rganisms,

the blo o d starts to  clo t to  seal the wo und

In respo nse to  blo o d vessel damage, platelets fo rm a tempo rary plug to  stem bleeding

Platelets are cellular f ragments  that make up o ne co mpo nent o f the blo o d

They release chemicals called clo tting f acto rs  that trigger a chemical cascade  which results in

blo o d clo tting

The blood is made up of 4 key components including plasma, red blood cells, white blood cells and

platelets
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Blood Clotting Proteins

The chemical cascade, triggered by the clo tting facto rs, invo lves a large number o f steps and

several plasma pro teins

First o f all, the clo tting f acto rs  stimulate the release o f the enz yme thro mbin

Thro mbin catalyses the co nversio n o f the so luble pro tein �brino gen into  �brin, which is

inso luble

Fibrin fo rms a mesh that traps mo re platelets and blo o d cells to  prevent entry thro ugh the

wo und

A small initial stimulus is ampli�ed  to  pro duce a large amo unt o f �brin so  that the wo und is

quickly sealed

Expo sure to  air results in the hardening o f the mesh to  create a scab
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Blood clot formation
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Clotting in Coronary Arteries

Causes of  blood clot s in t he coronary art eries

A blo o d clo t in the co ro nary arteries is called co ro nary thro mbo sis

Several facto rs may increase the risk o f co ro nary thro mbo sis develo ping:

Athero sclero sis in the co ro nary arteries results in a build-up o f layers o f fatty material

(plaque) causing damage to  the endo thelium wall

Bulging o f the lumen o f the artery causes a blo ckage which reduces the space fo r blo o d

�o w

Depo sitio n o f calcium io ns  can wo rsen the situatio n by hardening the endo thelium

Lesio ns  can also  so metimes fo rm due to  ruptures  in the athero ma

Consequences of  blood clot  f ormat ion in t he coronary art eries

Occlusio n o f the co ro nary arteries  is a co mmo n pro blem that can lead to  signi�cant health

issues such as co ro nary heart disease

The co ro nary arteries deliver o xygen and nutrients  to  the cardiac muscle tissue

If a blo o d clo t fo rms in the co ro nary arteries, it can cause blo ckages

A blo ckage means that the tissue beyo nd that po int is deprived o f o xygen and nutrients, so  it is

unable to  respire aero bically

As a result, cells are unable to  pro duce a su�cient amo unt o f  AT P which inhibits no rmal cardiac

muscle co ntractio n resulting in irregular and unco o rdinated  mo vement called �brillatio n

If no t recti�ed, either naturally o r thro ugh medical interventio n, �brillatio n co uld lead to

death

A heart attack (myo cardial infarctio n) may also  o ccur in situatio ns where the blo o d supply is

co mpletely inhibited so  that the cardiac muscle tissue starts to  die

This can be fatal

Risk f act ors f or coronary t hrombosis

There are several facto rs which have sho wn a clear co rrelatio n with increased chances o f

co ro nary thro mbo sis o r heart attacks

The main risk facto rs fo r include:

Genetic f acto rs

Age and sex

High blo o d pressure

Smo king

High co ncentratio ns o f  lo w-density lipo pro teins (LDLs) 

Diabetes

Obesity

Lack o f  exercise

Exam T ip

Remember, co rrelatio n do es no t pro ve causatio n: There are many co ntributing facto rs which

will a�ect the likeliho o d o f develo ping a co ro nary thro mbo sis, as a result, we canno t say that any

single facto r is causative. We can say that there is a co rrelatio n between that facto r and the

incidence o f co ro nary thro mbo sis
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6.3.3 White Blood Cells

White Blood Cells

Phago cytes  are white blo o d cells that are pro duced co ntinuo usly in the bo ne marro w

They are respo nsible fo r remo ving dead cells and invasive micro o rganisms; a no n-speci�c

immune respo nse

Phago cytes mo ve to  the site o f infectio n and attach to  patho gens

The cell surf ace membrane  o f the phago cyte extends o ut and aro und the patho gen, engul�ng it

by endo cyto sis

They then digest the patho gen using enz ymes  which are sto red within lyso so mes  (in their

cyto plasm)

Phagocytic cells ingest pathogens and digest them using enzymes
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Antibody Production

Patho gens po ssess pro tein mo lecules o n their cell membranes called antigens

When a lympho cyte  is expo sed to  a speci�c fo reign antigen, it will pro duce speci�c antibo dies

It is kno wn as a speci�c immune respo nse  because o ne lympho cyte will respo nd to  just o ne

type o f  antigen

Antibo dies have two  functio nal regio ns:

A hypervariable functio nal regio n that binds to  antigens o n patho gens

A functio nal regio n which aids the bo dy in �ghting the patho gen by labelling the patho gen

(making it easier fo r phago cytes to  �nd and engulf ) and by preventing virus cells f ro m

binding to  recepto rs o n ho st cells (meaning they canno t enter the cell)

When activated by a patho gen, lympho cytes clo ne themselves to  pro duce plasma cells  which

are capable o f mass antibo dy pro ductio n

Antibo dies are o nly sho rt-lived, degrading within weeks o r mo nths and the plasma cells that

pro duced them are lo st so o n after

Ho wever, inactive lo ng-living memo ry cells  are pro duced which remain in the blo o d fo r a lo ng

perio d o f time to  give immunity

Memo ry cells allo w fo r the rapid pro ductio n o f  antibo dies  after seco ndary infectio n

If the same patho gen infects fo r a seco nd time, the inactive memo ry cells  will beco me active

and divide to  pro duce plasma cells  at a rapid rate

These plasma cells are able to  supply a large number o f  antibo dies at a rapid rate  to  �ght

the patho gen befo re sympto ms appear

Memory cells allow for the rapid production of antibodies
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E�ects of HIV on Antibody Production

Human Immuno de�ciency Virus  is a retro virus made up o f several key co mpo nents including RNA

and the enz yme, reverse transcriptase, which is used to  pro duce DNA in the ho st cell

HIV infects the bo dy and attacks a type o f lympho cyte cell called a T -helper cell

T-helper cells are a key co mpo nent in the pro ductio n o f antibo dies, so  HIV inhibits the bo dies

capacity to  pro duce antibo dies

In the early stages o f  inf ectio n, antibo dies are pro duced to  �ght HIV, these can be detected in

blo o d tests

The individual is said to  be HIV po sitive 

T he development  of  AIDS

As the inf ectio n pro gresses, the ability to  pro duce antibo dies signi�cantly reduces

This renders the immune system unable to  �ght o � o ther patho gens and so  the individual

beco mes pro ne to  inf ectio n fro m o ther o ppo rtunistic patho gens

When the individual is su�ering fro m several diseases  o r co nditio ns at the same time, they are

said to  have acquired immune de�ciency syndro me  (AIDS)

Pro gressio n o f  HIV, fro m the initial infectio n to  the develo pment o f AIDS, can be slo wed do wn

using anti-retro viral drugs

Due to  highly successful drugs, many HIV po sitive individuals are able to  live full-quality lives

with no rmal life expectancies

Transmission of  HIV

HIV is unable to  survive o utside o f the human bo dy and so  is mainly transmitted by the direct

exchange o f  bo dy �uids

Viruses need ho st cells in o rder to  replicate

This means HIV can be transmitted in the fo llo wing ways:

Sexual interco urse

Blo o d do natio n

Sharing o f  needles  used by intraveno us drug users

Fro m mo ther to  child acro ss the placenta

Mixing o f blo o d between mo ther and child during birth

Fro m mo ther to  child thro ugh breast milk
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6.3.4 Antibiotics

Antibiotics

Antibio tics  are drugs  that inhibit  the gro wth o f micro o rganisms

Mo st antibio tics  kill o r sto p the gro wth o f  bacteria (pro karyo tes) but do  no t harm the cells

o f the infected o rganism

This is because they blo ck speci�c pro cesses that o ccur in pro karyo tic cells  but do  no t

have the same e�ect o n eukaryo tic cells

Pro cesses that might be targeted include:

Transcriptio n

Translatio n

DNA replicatio n

Ribo so me functio n

Cell wall fo rmatio n

So me antibio tics are derived fro m living o rganisms such as sapro tro phic fungi

Penicillin is pro duced by certain fungi in the genus Penicillium

When gro wing in the wild the antimicro bial secretio ns o f the fungus helps it to  co mpete  by

killing nearby sapro tro phic bacteria

Antibiotics can also be made synthetically (in a laboratory)

How penicillin works
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Penicillin is no t e�ective against all bacteria (eg. tuberculosis) because the bacteria may have:

T hicker cell walls  which reduce permeability

Enz ymes which breakdo wn penicillin

There are many di�erent examples o f antibio tics which are e�ective against a range o f bacterial

diseases

Florey & Chain's Experiments

Ho ward Flo rey and Ernst Chain carried o ut experiments to  test penicillin o n bacterial infectio ns

in mice in the 1930s

First o f all, they develo ped a technique fo r purif ying and co ncentrating penicillin fro m liquid

cultures o f Penicillium

The metho d they used was very ine�cient  and o nly pro duced small quantities o f the

antibio tic

Seco ndly, they sho wed that Penicillin was e�ective in preventing bacterial gro wth o n agar plates

After they had co llected this evidence, Flo rey and Chain used mice to  sho w the e�ect o f

penicillin at the level o f an o rganism

In o rder to  carry o ut these tests o n mice, the mice �rst needed to  be inf ected  with a kno wn

bacterial patho gen. A deadly Streptococcus bacteria was used to  develo p pneumo nia in 8

mice

Of these 8 mice, 4 were injected with penicillin and 4 were left untreated

In less than 24 ho urs, the 4 untreated mice had  all died  whereas tho se that were treated with

penicillin survived

Florey and Chain showed that penicillin could aid the recovery of mice infected with Streptococcus

bacteria
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Human t est s

After successful trials using penicillin to  treat mice, Flo rey and Chain were ready to  begin testing

human patients

It to o k so me time to  build up a large eno ugh supply o f  penicillin using their puri�catio n

techniques

They then started treatment o n their �rst patient, a po liceman who  was su�ering fro m a life-

threatening bacterial infectio n resulting fro m a scratch o n his face

The patient sho wed impro vement but unfo rtunately, the supply o f penicillin was  no t eno ugh to

co mplete the treatment  and so  the man died o f his infectio n

Fo llo wing this, a series o f o ther patients were treated with varying success and Flo rey and Chain

realised that they needed to  pro duce much larger quantities o f penicillin than their current

capacity

Larger scale testing and treatment (using penicillin) became po ssible after an American

pharmaceutical co mpany started mass pro ductio n

It was after this that the true level o f e�cacy fo r penicillin was established

Florey & Chain's Experimental Technique

NOS: Risks associat ed wit h scient i�c research; Florey and Chain's t est s on t he saf et y
of  penicillin would not  be compliant  wit h current  prot ocols on t est ing

New drugs carry new risks as scientists can no t always predict ho w the bo dy may respo nd to  the

drug, whether the drug will be e�ective  o r ho w signi�cant any side e�ects  might be

Befo re drugs beco me licenced and available fo r use, they must go  thro ugh a rigo ro us series o f

tests and trials to  minimise the risks

A summary o f the pro cedure is as fo llo ws:

Initially, after a co mputer analysis has been carried o ut o n the structure o f the drug, trials are

carried o ut with animals  to  see the e�ect o n a who le o rganism level

Next, a small number o f  healthy humans  will trial the drug to  measure the to xicity

If these �rst 2 stages are successful, testing will be carried o ut o n a pro gressively larger

number o f patients  su�ering fro m the target disease

In this �nal stage, the aim is to  establish ho w e�ective  the drug is and co llect as much

info rmatio n as po ssible abo ut side e�ects

Once the clinical trials are co mplete, the new drug can be appro ved and licenced  fo r

medical use

The pro cess usually takes years  to  reach the appro val stage

When Flo rey and Chain carried o ut their trials with penicillin, these pro to co ls fo r safe testing were

no t in place and their wo rk was o nly carried o ut o ver a matter o f mo nths

This meant that so me patients received treatment very rapidly  fo r infectio ns that were

previo usly incurable, ho wever, there was a huge risk that the new drug, penicillin, co uld have

caused signi�cant side e�ects
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New drugs go through a series of tests and trials in order to be approved for medical use

Previous drugs t rials

Carefully designed drugs testing pro to co ls do  no w exist, but serio us pro blems can still arise

T halido mide  was a drug that was used in the 1950s to  treat a variety o f co nditio ns including

so me cancers and lepro sy

It was fo und that thalido mide pro vided an e�ective cure fo r mo rning sickness  and so

pregnant wo men were prescribed thalido mide as a treatment

The e�ects o f the drug o n a f o etus had no t been tested and in subsequent years,

babies were bo rn with a range o f  disabilities  including the absence o f limbs, senso ry

impairment and dis�gurement, amo ngst o thers

It to o k several years fo r the link to  be made between Thalido mide and the disabilities o f

the tho usands o f children who  were bo rn

Thalido mide was withdrawn fro m use in the early 1960's

A drugs trial was carried o ut in 2006 to  test an experimental leukaemia drug, T GN14 12

The drug had successf ully passed the animals trials  where it was given to  mo nkeys, so  it

mo ved to  the next stage o f testing

Eight healthy vo lunteers to o k part in the trial and after an ho ur o f receiving the drug, six o f

them were rushed to  intensive care with multiple o rgan f ailure

Altho ugh they all reco vered, the lo ng term e�ects  o n their immune systems are unkno wn

This is o ne o f the mo st infamo us clinical trial emergencies o f mo dern day
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Viruses

Ant ibiot ics and viruses

Antibio tics are ine�ective against viruses  as they are no n-living

Viruses are particles  and no t cells

They have no  metabo lism o r cell structure and therefo re canno t be targeted in any o f the

ways that antibio tics target a bacterial cell

When a virus  replicates, it uses the ho st cell’s mechanisms  fo r transcriptio n, translatio n and o ther

metabo lic pathways, so  no t even these pro cesses can be targeted as antibio tics do  no t bind to

the pro teins that ho st cells use in these pro cesses

Drugs that wo uld target these pro cesses wo uld damage the ho st cells  and cause even mo re

harm

Antivirals  are drugs that target viral enz ymes  witho ut harming the ho st cell

6.3.5 Antibiotic Resistance

Antibiotic Resistance

Within a bacterial po pulatio n, there is variatio n caused by mutatio ns  (as o ccurs in po pulatio ns o f

all species)

A chance mutatio n might cause so me bacteria to  beco me resistant  to  an antibio tic (eg.

penicillin)

When the po pulatio n is treated with this antibio tic, the resistant bacteria do  no t die

This means the resistant bacteria can co ntinue to  repro duce with less co mpetitio n f ro m the

no n-resistant bacteria, which are no w dead

Therefo re the genes f o r antibio tic resistance are passed o n with a much greater frequency to

the next generatio n

As bacteria o nly have o ne co py o f each gene, a mutant gene will have an immediate e�ect o n

any bacterium po ssessing it

Over time, the who le po pulatio n o f bacteria beco mes antibio tic-resistant  because the

antibio tic-resistant bacteria are best suited to  their enviro nment

This is an example o f evo lutio n by natural selectio n

So me patho genic bacteria have beco me resistant to  penicillin as they have acquired genes that

co de f o r the pro ductio n o f  the enz yme β-lactamase (also  kno wn as penicillinase), which

breaks do wn penicillin
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Bacteria evolve rapidly as they reproduce quickly and acquire random mutations – some of which confer

resistance

T he f ut ure of  ant ibiot ic resist ance
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Antibio tic-resistant strains are a majo r pro blem in human medicine

New resistant strains are co nstantly emerging due to  the o veruse o f  antibio tics

By using antibio tics frequently, humans exert a selective pressure  o n the bacteria, which

suppo rts the evo lutio n o f antibio tic resistance

Scientists are trying hard to  �nd new antibio tics  that bacteria have no t yet been expo sed to , but

this pro cess is expensive and time-co nsuming

So me strains o f bacteria, such as methicillin-resistant Staphylococcus aureus (MRSA), can be

resistant to  multiple antibio tics  and they create infectio ns and diseases which are very di�cult

to  treat

When antibio tics were disco vered, scientists tho ught they wo uld be able to  eradicate  bacterial

infectio ns, but less than a century later a future is being imagined where many bacterial infectio ns

canno t be treated with current medicines

Measures t o avoid ant ibiot ic resist ance

Antibio tic resistance in bacteria is an example o f natural selectio n that humans have helped to

develo p thro ugh inco rrect use o r o veruse o f antibio tics

Implementatio n o f certain measures can help to  avo id antibio tic resistance. These measures may

include:

Avo iding prescriptio n o f antibio tics fo r no n-serio us o r no n-bacterial inf ectio ns

Co mpleting the f ull prescribed co urse  o f antibio tics to  ensure the infectio n is co mpletely

cleared

Maintaining high standards o f  hygiene  in the ho spital enviro nment

Minimising use o f antibio tics fo r ro utine treatment to  animals in agriculture

Develo pment o f new types o f  antibio tic
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