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Skin

= The skinand mucous membranes form a primary defence against pathogens that cause
infectious disease
= Skinis the largest organof the bodyand is covered in microorganisms that usuallycause no
issues,as theycan'tenterthe body. Skinprovides:
= Atoughphysicalbarrier that prevents entryof pathogensinto ourbodies
= Cutsinthe skinare sealed byformationofblood clots to prevententryof pathogens
= Chemicalprotectionthroughthe productionofsebumfromthe sebaceous glands of the
hairfollicles
= Sebumis achemicalresponsible formaintaining alow skinpH whichinhibits the growth
of microorganisms

= Mucous membranes are found lining vulnerable areas which may be aroute forpathogens into
the body
= Thisincludes the airways, areas around the reproductive organs (foreskin and vagina) and
the digestive system

= The membranes containgoblet cells which produce mucus containing glycoproteins
= Microorganisms and particles become trapped by the mucus and are theneitherswallowed
(into the stomach) orexpelled, therefore preventinginfection
= Mucus also contains lysozyme enzymes which have antibacterial properties, providing
more protectionfrominvading microorganisms
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6.3.2Blood Clotting

Platelets

= Whenthe skinis cut,microorganisms have anentrypoint to getinto the body
= Thefirstline of defenceis compromised

= |norderto minimise therisk of substantialblood loss and entryof unwanted microorganisms,

the blood starts to clotto sealthe wound
= Inresponseto blood vesseldamage, platelets formatemporaryplugto stembleeding
= Platelets are cellular fragments that make up one component of the blood

= Theyrelease chemicals called clotting factors that triggerachemical cascade whichresultsin
blood clotting

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 chemicalcascade,triggered bythe clottingfactors,involves alarge numberofsteps and
several plasma proteins

= Firstofall,the clotting factors stimulate the release of the enzyme thrombin

= Thrombincatalyses the conversionof the soluble protein fibrinogeninto fibrin,whichis
insoluble

= Fibrinforms ameshthat traps more platelets and blood cells to prevent entry through the
wound

= Asmallinitial stimulus is amplified to produce alarge amount of fibrinso that the wound is
quicklysealed

= Exposure to airresults inthe hardeningof the meshto create ascab
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Blood clot formation
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Clotting in Coronary Arteries

Causesof blood clotsinthe coronaryarteries

Ablood clotinthe coronaryarteries is called coronary thrombosis
Severalfactors mayincrease therisk of coronarythrombosis developing:
= Atherosclerosisinthe coronary arteries results inabuild-up of layers of fatty material
(plaque) causing damage to the endothelium wall
= Bulgingofthelumenofthe arterycauses ablockage whichreduces the space forblood
flow

= Depositionof calciumions canworsenthe situationbyhardening the endothelium
= Lesionscanalso sometimesformdue to rupturesinthe atheroma

Consequencesof blood clot formationinthe coronaryarteries

Occlusionof the coronary arteries is acommon problemthat canlead to significant health
issues such as coronary heart disease
The coronaryarteries deliveroxygenand nutrients to the cardiac muscle tissue
Ifablood clotformsinthe coronaryarteries,itcancause blockages
Ablockage means that the tissue beyond that pointis deprived of oxygenand nutrients,so itis
unable to respire aerobically
As aresult, cells are unable to produce a sufficient amount of ATP which inhibits normal cardiac
muscle contractionresultinginirregular and uncoordinated movement called fibrillation

= |fnotrectified, eithernaturallyorthrough medicalintervention, fibrillationcould lead to

death

Aheart attack (myocardialinfarction) mayalso occurinsituations where the blood supplyis
completelyinhibited so that the cardiac muscle tissue starts to die
= This canbe fatal

Riskfactorsfor coronarythrombosis

There are several factors whichhave shownaclearcorrelationwithincreased chances of
coronarythrombosis orheart attacks

The mainrisk factors forinclude:

= Genetic factors

= Age and sex

= Highblood pressure

= Smoking

= Highconcentrations of low-density lipoproteins (LDLs)
= Diabetes

= Obesity

= Lackof exercise

O ExamTip

Remember, correlationdoes not prove causation: There are many contributing factors which
will affect the likelihood of developingacoronarythrombosis, as aresult,we cannot saythatany
single factoris causative.We cansaythat thereis acorrelationbetweenthat factorand the
incidence of coronarythrombosis
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6.3.3White Blood Cells

White Blood Cells

= Phagocytes are white blood cells that are produced continuouslyinthe bone marrow

= Theyareresponsible forremovingdead cells and invasive microorganisms; a non-specific
immune response

= Phagocytes move to the site ofinfectionand attachto pathogens

= The cellsurface membrane of the phagocyte extends out and around the pathogen, engulfing it
byendocytosis

= Theythendigestthe pathogenusingenzymes which are stored withinlysosomes (in their
cytoplasm)

Phagocytic cells ingest pathogens and digest them using enzymes

Antibody Production

= Pathogens possess proteinmolecules ontheircellmembranes called antigens
= Whenalymphocyteis exposed to aspecific foreignantigen,itwillproduce specific antibodies
= |tisknownas aspecificimmuneresponse because one lymphocyte willrespond to just one
type of antigen

= Antibodies have two functionalregions:
= Ahypervariable functionalregionthatbinds to antigens onpathogens
= Afunctionalregionwhichaids the bodyinfighting the pathogenbylabelling the pathogen
(makingiteasierforphagocytes to find and engulf) and by preventing virus cells from
bindingto receptors onhostcells (meaningtheycannotenterthe cell)

= Whenactivated byapathogen,lymphocytes clone themselves to produce plasmacells which
are capable of mass antibody production

= Antibodies are onlyshort-lived,degrading within weeks ormonths and the plasma cells that
produced themarelostsoonafter

= However,inactive long-living memory cells are produced whichremaininthe blood foralong
period of time to give immunity
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= Memorycells allowforthe rapid productionof antibodies aftersecondaryinfection
= |fthe same pathogeninfects forasecond time, the inactive memory cells willbecome active
and divide to produce plasmacells at arapid rate
= Theseplasmacells are able to supplyalarge number of antibodies at arapid rate to fight
the pathogen before symptoms appear

Memory cells allow for the rapid production of antibodies
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Effects of HIV on Antibody Production

HumanImmunodeficiency Virus is aretrovirus made up of several keycomponents including RNA
and the enzyme,reverse transcriptase, whichis used to produce DNAinthe hostcell
HIVinfects the bodyand attacks atype of lymphocyte cellcalled aT-helpercell
T-helpercells are akeycomponentinthe productionof antibodies, so HIVinhibits the bodies
capacity to produce antibodies
Inthe early stages of infection, antibodies are produced to fight HIV, these canbe detectedin
blood tests

= Theindividualis said to be HIV positive

The development of AIDS

As the infectionprogresses, the abilityto produce antibodies significantlyreduces
This renders the immune systemunable to fight off otherpathogens and so the individual
becomes prone toinfectionfromotheropportunistic pathogens
Whenthe individualis sufferingfromseveraldiseases orconditions at the same time, theyare
said to have acquired immune deficiency syndrome (AIDS)
Progressionof HIV, from the initialinfectionto the development of AIDS, can be slowed down
using anti-retroviraldrugs

= Due to highlysuccessfuldrugs, manyHIV positive individuals are able to live full-qualitylives

withnormallife expectancies

Transmission of HIV

HIVis unable to survive outside of the humanbodyand so is mainlytransmitted by the direct
exchange of body fluids
= \irusesneed hostcellsinorderto replicate

= This means HIV canbe transmitted inthe following ways:

= Sexualintercourse

= Blood donation

= Sharing of needles used byintravenous drugusers

= Frommotherto child across the placenta

= Mixingofblood betweenmotherand child during birth
= Frommotherto child throughbreast milk
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6.3.4 Antibiotics

Antibiotics

Antibiotics are drugs that inhibit the growth of microorganisms
= Mostantibiotics killor stop the growthof bacteria(prokaryotes) butdo notharmthe cells
of theinfected organism
= Thisis because theyblock specific processes thatoccurin prokaryotic cells butdo not
have the same effect oneukaryotic cells

= Processes that might be targetedinclude:
= Transcription
= Translation
= DNAreplication
= Ribosome function
= Cellwallformation

Some antibiotics are derived from living organisms such as saprotrophic fungi

= Penicillinis produced by certain fungiin the genus Penicillium
= Whengrowinginthe wild the antimicrobial secretions of the fungus helps itto compete by
killing nearby saprotrophic bacteria

Antibiotics can also be made synthetically (in a laboratory)

How penicillin works
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= Penicillinis not effective against allbacteria(eg. tuberculosis) because the bacteriamayhave:
= Thicker cellwalls whichreduce permeability
= Enzymes whichbreakdown penicillin

= There are manydifferent examples of antibiotics which are effective against arange of bacterial
diseases

Florey & Chain's Experiments

= Howard Florey and Ernst Chain carried out experiments to test penicillinonbacterial infections
inmiceinthe1930s
= Firstofall,theydeveloped atechnique forpurifyingand concentrating penicillin from liquid
cultures of Penicillium
= The method theyused was veryinefficient and onlyproduced small quantities of the
antibiotic

= Secondly,theyshowed that Penicillinwas effective in preventing bacterial growth onagarplates
= Aftertheyhad collected this evidence, Floreyand Chainused mice to show the effect of
penicillinatthe level of an organism
= |norderto carryoutthese tests onmice, the mice firstneeded to beinfected withaknown
bacterial pathogen.Adeadly Streptococcusbacteriawas used to develop pneumoniain 8
mice
= Ofthese 8 mice,4 wereinjected withpenicillinand 4 were leftuntreated
= |nlessthan24 hours,the 4 untreated mice had alldied whereas those that were treated with
penicillin survived
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Florey and Chain showed that penicillin could aid the recovery of mice infected with Streptococcus
bacteria

Human tests

Aftersuccessful trials using penicillinto treat mice, Floreyand Chainwere readyto begintesting
humanpatients

Ittook some time to build up alarge enough supply of penicillinusing theirpurification
techniques

Theythenstarted treatment ontheirfirst patient,apolicemanwho was suffering fromalife-
threatening bacterialinfectionresultingfromascratchonhis face

The patient showed improvement but unfortunately, the supply of penicillinwas not enoughto
complete the treatment and so the mandied of hisinfection

Following this,aseries of otherpatients were treated with varyingsuccess and Florey and Chain
realised that theyneeded to produce muchlargerquantities of penicillin than theircurrent
capacity

Largerscale testing and treatment (using penicillin) became possible afteran American
pharmaceutical company started mass production

It was afterthis that the true level of efficacyforpenicillinwas established

Florey & Chain's Experimental Technique

NOS: Risksassociated with scientificresearch; Floreyand Chain'stestsonthe safety
of penicillin would not be compliant with current protocolson testing

New drugs carrynew risks as scientists cannot always predicthow the bodymayrespond to the
drug, whetherthe drugwill be effective orhow significant any side effects might be
Before drugs become licenced and available foruse, they must go through arigorous series of
tests and trials to minimise the risks
Asummaryofthe procedureis as follows:
= |nitially, afteracomputeranalysis has beencarried out onthe structure of the drug, trials are
carried out with animals to see the effect onawhole organismlevel
= Next,asmallnumber of healthy humans will trial the drug to measure the toxicity
= |fthese first2stages are successful,testingwillbe carried out onaprogressivelylarger
numberof patients sufferingfromthe target disease
= |nthis final stage, the aimis to establishhow effective the drugis and collect as much
information as possible about side effects

= Once theclinical trials are complete, the new drugcanbe approved and licenced for
medicaluse
= The process usuallytakes years toreachthe approval stage

WhenFloreyand Chain carried out theirtrials with penicillin,these protocols forsafe testingwere
notinplace and theirwork was onlycarried out overamatterof months
= This meant that some patients received treatment very rapidly forinfections that were
previouslyincurable,however, there was a huge risk that the new drug, penicillin,could have
caused significant side effects
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New drugs go through a series of tests and trials in order to be approved formedical use

Previousdrugstrials

= Carefullydesigned drugs testingprotocols do now exist, but serious problems canstill arise
= Thalidomide was adrugthatwas usedinthe 1950s to treat avarietyof conditions including
some cancers and leprosy

It was found that thalidomide provided an effective cure formorning sickness and so
pregnantwomenwere prescribed thalidomide as atreatment

The effects of thedrugonafoetus had notbeentested and insubsequentyears,
babies were bornwith arange of disabilities including the absence of limbs,sensory
impairment and disfigurement,amongst others

lttook severalyears forthe link to be made between Thalidomide and the disabilities of
the thousands of childrenwho were born

Thalidomide was withdrawnfromuse inthe early1960's

= Adrugs trialwas carried outin 2006 to test an experimental leukaemiadrug, TGN1412

The drughad successfully passed the animals trials where it was givento monkeys, so it
moved to the next stage of testing

Eight healthyvolunteers took partinthe trialand afteranhourofreceiving the drug, six of
themwere rushed to intensive care with multiple organfailure
Althoughtheyallrecovered, the longtermeffects ontheirimmune systems are unknown
Thisis one of the mostinfamous clinical trial emergencies of modernday
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Viruses
Antibioticsand viruses

= Antibiotics are ineffective against viruses as they are non-living
= Viruses are particles and notcells
= Theyhave no metabolismorcellstructure and therefore cannot be targetedinanyofthe
ways that antibiotics target abacterial cell

= Whenavirusreplicates,ituses the host cell’s mechanisms fortranscription, translationand other
metabolic pathways,so noteventhese processes canbe targeted as antibiotics do not bind to
the proteins thathostcells useinthese processes
= Drugs thatwould target these processes would damage the host cells and cause evenmore
harm

= Antivirals are drugs that target viral enzymes without harming the host cell

6.3.5 Antibiotic Resistance

Antibiotic Resistance

= Withinabacterial population, thereis variation caused by mutations (as occurs inpopulations of
all species)

= Achance mutationmight cause some bacteriato become resistant to anantibiotic (eg.
penicillin)

= Whenthe populationis treated with this antibiotic,the resistant bacteriado not die

= This means the resistant bacteriacancontinue to reproduce withless competitionfromthe
non-resistant bacteria, whichare now dead

= Therefore the genes forantibiotic resistance are passed onwithamuch greaterfrequencyto
the next generation

= Asbacteriaonlyhave one copyofeachgene,amutant gene willhave animmediate effecton
anybacteriumpossessingit

= Overtime, the whole populationof bacteriabecomes antibiotic-resistant because the
antibiotic-resistant bacteria are best suited to theirenvironment

= Thisis anexample of evolutionby naturalselection

= Some pathogenic bacteriahave become resistant to penicillinas theyhave acquired genes that
code forthe productionof the enzyme B-lactamase (also known as penicillinase), which
breaks down penicillin
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Bacteria evolve rapidly as they reproduce quickly and acquire random mutations - some of which confer
resistance

The future of antibioticresistance
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= Antibiotic-resistant strains are amajorprobleminhumanmedicine
= Newresistant strains are constantlyemergingdue to the overuse of antibiotics
= Byusingantibiotics frequently,humans exert aselective pressure onthe bacteria, which
supports the evolution of antibiotic resistance

= Scientists are trying hard to find new antibiotics that bacteriahave notyet beenexposed to,but
this process is expensive and time-consuming

= Some strains of bacteria, such as methicillin-resistant Staphylococcus aureus(MRSA), canbe
resistant to multiple antibiotics and theycreate infections and diseases which are verydifficult
to treat

= Whenantibiotics were discovered, scientists thought theywould be able to eradicate bacterial
infections, butless thanacenturylaterafuture is beingimagined where manybacterial infections
cannotbe treated with current medicines

Measurestoavoid antibioticresistance

= Antibiotic resistance inbacteriais anexample of natural selectionthat humans have helped to
developthroughincorrect use oroveruse of antibiotics
= |mplementationof certainmeasures canhelp to avoid antibiotic resistance.These measures may
include:
= Avoidingprescriptionof antibiotics fornon-serious or non-bacterialinfections
= Completing the fullprescribed course of antibiotics to ensure the infectionis completely
cleared
= Maintaining highstandards of hygiene in the hospital environment
= Minimisinguse of antibiotics forroutine treatment to animals in agriculture
= Developmentofnewtypes of antibiotic
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