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IntegrationinLiving Organisms

Systemintegration

= Complexlivingorganisms have evolved to make use of living,orbody, systems made up of
component parts that collectivelyperforman overall function
= Coordinationofthese partsisrequired inorderforthe systems to fullyintegrate and work
togetherforthe whole organism
= Livingsystems are oftenmade up of billions of cells and so require mechanisms of cell-cell
communicationwithinthe systemand with cellsinaseparate systemin adifferent part of the
organism
= Anexample of this,found in both plants and animals,is the use of hormones;these are
produced withinone bodysystem (the endocrine system) but may have aneffectina
differentbodysystem (the reproductive system)
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SystemlIntegration: Cells, Tissues, Organs & Systems

Multicellularorganisms have developed a hierarchy of organisationthat allows foreffective
communicationand interaction with theirenvironment
Specialised cells of the same type group together to formtissues
Atissueis agroupofcells thatworktogether to perform a particular function. Forexample:
= Epithelialcells group togetherto formepithelial tissue (the function of which,inthe small
intestine,is to absorbfood)
= Muscle cells (anothertype of specialised cell) group togetherto formmuscle tissue (the
functionofwhichis to contractinorderto move parts of the body)
Differenttissues worktogetherto formorgans.Forexample:
= The heartis made up of manydifferenttissues (including cardiac muscle tissue,blood vessel
tissues and connective tissue, as wellas many others)
Differentorgans worktogether to formorgansystems
Organsystems worktogetherto carryout the life functions of acomplete organism
At eachhierarchicallevelthereis great efficiencyand complexity
Example of the hierarchy of organisation diagram
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Muilticellular organisms have many levels of organisation

Emergent properties

= Multicellularorganisms are able to undertake functions that unicellularorganisms cannot, e.g.
move overvastdistances and digestlarge macromolecules
= Thisisaresultof properties emergingwhenindividual cells organise and interact to produce
living organisms
= Scientists sometimes summarise this with the phrase "The whole is greater than the sum of its
parts"  this phrase describes the idea that the individual systems within the organism are
more effective whentheywork together
= Traditionally,scientists have approached the studyof biologyfromareductionist perspective,
looking at the individual cells,however,due to emergent properties there is anargument that
the systems approachshould be used
= Forexample acheetahbecomes aneffective predatorbyintegrationof allits bodysystems
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Integration of Organs

= Communicationwithinthe bodies of animals is primarily by the nervous systemorthe endocrine
system
= Oftenthese two systems are required to work togetherto maintainbodyprocesses such as
digestion, maintaining heartrate,blood glucose levels and blood pressure
= Theseprocessesrelyontransferof energy and materials around the bodyofthe organism
= Transport vessels withinthe blood systemare at times required to move materials around the
bodyto various tissues,forexample:
= Oxygenand glucose are transported to all cells of the bodyto facilitate respiration
= Urea,produced byproteinmetabolisminthe liver,is transportedinthe blood to be excreted
by the kidneys
= Hormones,suchas FSHand LH, are transported via the blood from the pituitary gland in the
brainto the ovaries during the menstrual cycle

The nervous system

= The humannervous systemconsists of:
= Centralnervous system(CNS) - the brainand spinalcord
= Peripheralnervous system (PNS) - all of the nerves inthe body
= |tallows usto make sense of oursurroundings and respond to them, and to coordinate and
regulate body functions
= Informationis sentthroughthe nervous systeminthe formof electricalimpulses - these are
electrical signals that pass along nerve cells known as neurones
= Abundle of neuronesis knownas anerve
= Thenerves spread out fromthe centralnervous systemto allotherregions of the body and
importantly, to all of the sense organs
= Moreinformationabout the structure of the nervous system canbe found here

The endocrine system

= Ahormoneis achemical substance produced byanendocrine gland and carried by the blood
= The endocrine glands that produce hormones inanimals are known collectivelyas
the endocrine system
= Aglandis agroupofcellsthatproduces andreleases one ormore substances (aprocess
known as secretion)
Glandsof the endocrine systemdiagram
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Hormones are produced in the glands and travel round the body in the blood

= Hormones are chemicals which transmitinformation, viathe blood,from one part of the organism
to anotherand that bringabout achange
= Theyalterthe activityof one ormore specific target organs
= Hormones onlyaffectcells withreceptors thatthe hormone canbind to
= These are eitherfound onthe cell surface membrane, orinside cells
= Receptors have to be complementary to hormones forthere to be aneffect

= Effects canbelonglived,aslongas hormones are bound to thereceptors
= Hormones are used to controlfunctions thatdo not need instantresponses
= Theytravelmore slowly inthe blood compared to anervous impulse
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The Nervous System

The Brainas Integration Organ

The structure of the brain

= The brainalongside the spinalcord is part of ourcentral nervous system
= Thebrainis made of billions of interconnected neurones and is responsible forcontrolling
complexbehaviours,bothconscious and unconscious
= Within the brain are different regions that carryout different functions
= The cerebralcortex:thisis the outerlayerof the brain whichis divided into two hemispheres.
It's highlyfolded and is responsible forhigher-orderprocesses such as intelligence,
memory,consciousness and personality
= The cerebellum:thisis underneath the cerebralcortexand is responsible forbalance,
muscle coordinationand movement
= The brainstem: this relays messages betweenthe cerebral cortex, the cerebellumand the
spinalcord.Akeypartis the medullawhichcontrols unconscious activities such as heartrate
and breathing
= Two importantglands of the brain that are integral the endocrine system are
= The pituitary gland: This gland is responsible forproducing manyhormones includingthose
involved incontrolling the menstrual cycle (FSH and LH)
= The hypothalamus:This regionofthe brainis involved inregulatingbodytemperature,italso
producinghormones which controlthe pituitary gland

Structuresof thebraindiagram

The brain is made up of several regions
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Therole of the brain

= The braincoordinates and processes informationreceived
= |nteractions withinthe brainare responsible forlearning and memory
= The brainsrequires severalreceptorsinorderto receive information (thisis input of information)
= Ataconsciouslevelinformationis received by
= Photoreceptorslocated withinthe retina of the eye forvisualinformation
= Chemoreceptors foundinthe tongue fortasting
= Thermoreceptorslocatedinthe skinfordetectionof temperature changes
= Mechanoreceptorslocatedintheinnerearwhich are sensitive to sound vibrations
= Atunconscious levelinput of informationis via
= Osmoreceptorslocatedinthe carotid arteries and hypothalamus which detect the
watercontentof the blood
= Baroreceptors,alsolocatedinthe carotid arteries and the aorta, these sense pressure
changes of the blood
= Proprioceptors whicharelocated inmuscles and joints and provide informationon
balance and movement

Q Exam Tip

You are are notrequired to know complexdetails of the brain such as the role of slow-acting
neurotransmitters.
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The Spinal Cord as Integration Centre

= Thespinalcordis part of the central nervous system (CNS), alongwith the brain
= |tis aneuralpathwaybetweenthe bodyand the brain,yetitcanalso processinformation
independently from the brain
= Thisinformationis processed atthe unconscious leveland involves somereflexreactions
= Thespinalcord canbe described as anintegrationcentre forunconscious processes
= Note thatinformationprocessed atconscious level means that the cerebrumof the brainis
alsoinvolved
= Thespinalcordisresponsible forbringingsensoryinformationto the CNS fromthe bodyand
enables motor(muscular)informationto be sentout
= There are two types of tissue inthe spinal cord
= White matter contains mainly the axons only of neurones that carryinformationto and from
the brain
= Grey mattercontains the neurones and synapses involved inspinal cord integration
processes whichcreate areflexresponse
= Sensoryinformationenters the spinalcord along sensory neurones, this is immediately
processed and sentoutas motorinformationalongmotorneurones;this pathwayis
called areflexarc
= Because the brainis notinvolved in this pathwaythis is unconscious controldirected by
the spinalcord alone

Reflexarc diagram

The spinal cord of the central nervous system acts as an integration centre forunconscious processes
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Input Through Sensory Neurones

Aneural pathwaybegins withareceptor
Areceptoris aspecialised cellthat candetect changesinthe environment that cause a stimulus
Receptorcells are transducers - theyconvert energy inone form(such as light,heat orsound)
into energyinanelectricalimpulse withinasensory neurone
Receptorcells are oftenfoundinsense organs (e.g.lightreceptorcells are foundinthe eye)
= Somereceptors,suchaslightreceptorsinthe eye and chemoreceptorsinthe taste buds,
are specialised cells that detect aspecific type of stimulus and influence the electrical
activityofasensoryneurone
= Otherreceptors,suchas somekinds of touchreceptors, are just the ends of the sensory
neurones themselves
Whenreceptors cells are stimulated theyare depolarised
= |f the stimulus is veryweak, the cells are not sufficiently depolarised and the sensory
neuroneis notactivated to send impulses
= |f the stimulus is strong enough,anactionpotentialis initiated inthe sensoryneurone and
the impulseis transmitted to the CNS, specifically the spinal cord and the cerebral
hemispheres

An example of the sequence of events that resultsinan action potentialina
sensory neurone

The surface of the tongue is covered inmany smallbumps known as papillae
The surface of each papillais covered inmanytaste buds
Eachtaste bud contains manyreceptorcells knownas chemoreceptors
= Thesechemoreceptors are sensitive to chemicals infood and drinks
Eachchemoreceptoris covered withreceptorproteins
= Differentreceptorproteins detect different chemicals
Chemoreceptorsinthe taste buds thatdetectsalt (sodiumchloride) respond directly
to sodiumions
If saltis presentinthe food (dissolved insaliva) beingeatenorthe liquid being drunk:
= Sodiumions diffuse through highly selective channel proteins inthe cell surface
membranes of the microvilliof the chemoreceptorcells
= Thisleadsto depolarisationofthe chemoreceptorcellmembrane
= Theincrease inpositive chargeinside the cellis known as the receptor potential
= |fthereis sufficient stimulationbysodiumions and sufficient depolarisationof the
membrane, the receptorpotential becomes large enoughto stimulate voltage-gated
calciumionchannelproteins to open
= Asaresult,calciumions enterthe cytoplasmofthe chemoreceptorcelland stimulate
exocytosis of vesicles containing neurotransmitter fromthe basal membrane of the
chemoreceptor
= Theneurotransmitterstimulates anactionpotentialinthe sensory neurone
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= Thesensoryneurone thentransmits animpulse to the brain

Diagramtoshowthe sequence of eventsinitiated byactivated chemoreceptorsin
thetastebuds

Sensory neurons convey messages from receptorcells to the CNS
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Output Through Motor Neurones

Once anactionpotential has beentransmitted fromasensoryneurone to the CNS
The cerebrumwithinthe brainuses the informationto process movements withinthe body as
needed;the partof the cerebrumresponsible forthisis called the motorcortex

Therole of motor neurones

Motorneurones are used to carryaction potentials to muscles to initiate the movement
required
Allmotorneurones terminate withinamuscle within aneuromuscular junction(also known as
motorend plates)
= There are multiple neuromuscularjunctions spread across several muscle fibres withinthe
muscle
= Neuromuscularjunctions workin averysimilarwayto synapses
= Theyarelocated betweenthe terminalbranches of amotor neurone and amuscle cell

Transmission across the neuromuscular junction

Whenanimpulse travelling alongthe axon of amotorneurone arrives at the presynaptic
membrane, the action potential causes calciumions to diffuse into the neurone

This stimulates vesicles containing the neurotransmitteracetylcholine (ACh) to fuse with the
presynaptic membrane

The AChthatis released diffuses across the neuromuscularjunctionand binds to receptor
proteins onthe sarcolemma (surface membrane of the muscle fibre cell)

This stimulates ionchannels inthe sarcolemmato open, allowingsodiumions to diffusein
Influxof sodiumions depolarises the sarcolemma, generatinganactionpotential that passes
downthe T-tubules towards the centre of the muscle fibre

Action potentials stimulate muscle contraction

Actionpotentials traveldownthe T-tubules and triggerthe opening of voltage-gated calcium
ionchannel proteins inthe membranes of the sarcoplasmic reticulum

Calciumions diffuse out of the sarcoplasmic reticulum(SR) and into the
sarcoplasmsurrounding the myofibrils

Calciumions bind to troponinmolecules, stimulatingthem to change shape

This causes the troponinand tropomyosinproteins to change positiononthe thin(actin)
filaments

The myosin-binding sites are exposed to the actinmolecules

The process of muscle contraction(known as the sliding fillament model) cannow begin

Muscle contractiondiagram
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Action potentials from the motorneurone cross the neuromuscularjunction to trigger the events leading
to muscle contraction

Page 12 of 28
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

The Structure of Nerves

= |Informationis sentthroughthe nervous systemas nerve impulses - electrical signals that pass
alongnerve cells known as neurones
= Nerves are made upofbundles of sensory neurones or motorneurones
= These maybe myelinated orunmyelinated
= Thedifferentstructures of these neurones are considered inmore detailhere
= Myelinationis coveredinmore detail here
Structure of a Nerve Diagram

A nerveis made up of a bundle of individual neurone cells
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Transverse and Cross Section of Myelinated Neurone Diagram

Each Schwann cell wraps its plasma membrane concentrically around the axon to form a segment of
myelin sheath about Tmm long
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Reflex Arc & Movement Control

The PainReflex Arc

Reflexes

= Reflexresponses are actions of the bodythat occurwithout conscious thought
= Reflexes are automatic and rapid, minimising damage to the bodyand therefore aiding
survival
= Awareness ofareflexresponse occurs afterit has beencarried out;this is because the
informationtakes longerto reachthe conscious parts of the brain
= Examples of reflexes include blinking, coughing, and the pupil and knee reflexes
= Blinking prevents the outersurface of the eye fromdrying out as well as protectingit from
foreignobjects
= Coughingprevents food from entering the airways and removes mucus from the airways
duringinfectionoranallergic reaction
= The pupilreflexprevents damage to the eye from bright light
= The kneereflexaids balance when standing upright
What is areflexarc

= Areflexarcis apathway alongwhichimpulses are transmitted fromareceptorto an
effectorwithoutinvolving consciousregions of the brain
= Areflexarc therefore brings about areflexresponse
= Sensory neurones,relay neurones and motorneurones work togetherinareflexarc

Order of areflexarc

= Apainreflexarcis anotherexample of areflexresponse
= The skinhasreceptors forpressure,touch,and pain
= Thereceptorinvolvedis the painreceptorcalled anocireceptor
= The stimulus maybe asharppinorhot flame whichis detected bythe nocireceptorinthe
skinof the hand
= Anafferent(sensory)actionpotentialis sentalongasensory neurone to the CNS
= Anelectricalimpulseis passed to arelay neurone inthe spinalcord
= Relayneurones are found entirelywithin greymatterof the spinalcord
= Arelayneurone synapses withamotorneurone
= Asynapseisthejunctionbetweenneurones;nerve impulses cross synapses by
diffusionofachemicalcalled aneurotransmitter
= Amotorneurone carries animpulse to aneffector muscleinthe hand
= Whenstimulated bythe motorneurone the muscle will contract and pull the hand away
fromthe sharpobjectorheat;thisis thereflexresponse
= Thereflexarc foraspinalreflexis as follows:
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AReflex Arc Diagram

Spinal reflexes involve relay neurones in the spinal cord as part of a pain reflex

Role of the Cerebellum

= Thecerebellumcoordinates movement
= Thisincludes balance; ahighlycomplexfunctionthatrequires coordinationbetween
multiple parts,including the eyes, semicircularcanals inthe ears,and manymuscles
= Othermovements coordinated bythe cerebellumare

Posture

Walking

Hand and fingermovements
Eye movements

Speech

= Thecerebellumdoesnnotinitiate movement,the motorcortexof the cerebrumisresponsible
forinitiating muscle contractions and therefore movement

= Once the movement begins the cerebellumreceives feedback signals fromthe areaof the body
thatis moving and different sense organs, it thensends signals to coordinate and controlthe
movement

= The structure and function of the brainas anorganis covered inmore detail here
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Epinephrine & Melatonin

Melatonin
Circadianrhythms

= Manyphysiologicalprocesses and behaviouralpatterns occurinregular, daily rhythms in
organisms throughout the plant and animal kingdoms
= Manyanimal species are onlyactive foraspecific part of the 24 -hourcycle e.g.nocturnal
animals are only active at night
= Humans are diurnal meaning that we are more awake duringdaylight hours
= Humans are adapted to live ina24-hourcycle and manyaspects of ourphysiologyand behaviour,
including physical activity,sleep,body temperature, and secretionof hormones, follow
specific and regularcycles throughout the 24-hourperiod
= Thesedailycycles are known as circadianrhythms
= Inhumans, manycircadianrhythms are influenced by the hormone melatonin
= Melatoninis secreted bythe pinealgland, whichis located in the brain
= Melatoninsecretionincreasesinthe eveninginresponse to darkness and decreases at
dawninresponse to light,leading to ourdiurnal behaviour patterns

Melatonin and sleep patterns

= Althoughmelatoninaffects many aspects of humanphysiology and behaviour,one of the main
circadianrhythms itcontrolsis oursleep-wake cycle
= The pineal gland secretes melatonininto the blood
= Productionisinfluenced bythe detectionoflightand dark by the retinaof the eye
= Signals are thentransmitted to the pineal gland according to the amount of daylight a
personis exposed to and varies with changes indaylength (this is why the pineal gland is
sometimesreferred to as bothanendocrine clockand anendocrine calendar)
= Melatonin's target sites are found inmany areas of the brainincluding the hypothalamus and
pituitaryglands,and also inthe cells of the immune system, gonads, kidney, and the
cardiovascularsystem,blood vessels,and intestinal tract
= Increasing melatoninlevels lead to feelings of tiredness and promote sleep
= Decreasing melatoninlevels lead to the body's preparationforwakingup and staying awake
during the day

= Experiments have also suggested that
= Increased melatoninat night contributes to the night-time drop incore body
temperatureinhumans
= Melatoninreceptorsinthe kidneyenable melatoninproduced at night to cause the night-
time decrease inurine productioninhumans
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= Melatoninis stillreleased inthe absence of light and dark signals, but onaslightlylonger
cycle thanthe usual 24 hours
= Subjectslivinginthe dark withno access to natural daylight stillrelease melatoninona
roughly 24 hourcycle
= This suggests thattherole of lightis to reset the melatoninsystemeverydayto keep
the circadianrhythminline with daylight hours

Secretion of melatonin graph

The production of melatonin is influenced by the amount of daylight a person is exposed to: melatonin
levels peak during
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Epinephrine

= Duringsituations that creates stress,fearorexcitement, the neurones of the [popover
id="4e_cHMCZPQYGsuYR="sympathetic nervous system"] will stimulate the adrenalmedulla (of
the adrenal gland) to secrete epinephrine (also called adrenaline)
= Epinephrine is ahormone that will prepare yourbodyforreactingto astressful situation
= Thisreactionis oftencalled the "fight or flight"response
= |tis the effects of epinephrine thatlead to the typical symptoms we experience during
stressful situations such as increased heartrate,drymouth,increased sweatingetc

Theadrenalglanddiagram

The adrenal glands secrete the hormone epinephrine and prepare the body forvigorous activity

= Since epinephrineis ahormone,itis transported around the bodyinthe bloodstream
= [twillbind to receptors onits target organs
= Oneofthetargets of epinephrineis the SAN,leadingto anincrease inthe frequencyof
excitations
= Thisinturn,willincrease the heart rate to supplyblood to the muscle cells at afasterrate
= More blood means more oxygenand glucose thatreaches the muscle cells,whichin
turn,increases therate of aerobic respiration
= Thisreleases more energy that willbe used duringthe response to the stressful,vigorous or
dangerous situation
= Epinephrine will also stimulate the cardiovascular controlcentre inthe medullaoblongata
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= Thisincreases the impulses travellingalongthe sympathetic neurones affecting the heart,
furtherspeedingup the heart rate
Blood vessels tolessimportant organs (such as the digestive system and skin) constrict so
that more blood canbe diverted to organs that will be involved inthe "fight or flight" response
= Note thatblood flowto the brainremains constant,regardless of whetherthe bodyisina
state of stress orrelaxation
= The brainis one of the mostimportant organsinthe bodyand needs aconstant blood
supplyinorderto function properly
The changes experienced by the bodyduring the "fight orflight"response are controlled by a
combinationof nervous and hormonalresponses
Epinephrineis also covered inthe course withreference to the second messengermodel, this
canbe found here
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Control Mechanisms

Control of the Endocrine System

= Ahormoneis achemicalmessengerproduced byanendocrine gland and carried by the blood
= Theyare chemicals which transmit informationfromone part of the organismto
another and bring about achange
= Theyalterthe activity of one ormore specific target organs
= Hormones are used to controlfunctions thatdo not need instant responses
= The endocrine glands that produce hormones inanimals are known collectivelyas the endocrine
system
= Aglandis agroup of cells that produces and releases one ormore substances (aprocess
known as secretion)
= Controlofthe endocrine systemis primarily by the hypothalamus and the pituitary gland

The hypothalamus

= The hypothalamus monitors the blood as it flows throughthe brainand,inresponse, releases
hormones orstimulates the neighbouring pituitary gland to release hormones
= The hypothalamus plays animportantrole insome homeostatic mechanisms
= Hypothalamus functionsinclude
= Regulatingbody temperature
= The hypothalamus monitors blood temperature and initiates ahomeostatic
response if this temperature gets too highortoo low
= Osmoregulation
= Cellsinthe hypothalamus monitorthe water balance of theblood and releases the
hormone ADH if the blood becomes too concentrated
= ADHincreases absorptionofwaterinthe kidneys
= Regulating digestive activity
= The hypothalamusregulates the hormones that control appetite as well as the
secretionofdigestive enzymes
= Controllingendocrine functions
= The hypothalamus causes the pituitary gland to release hormones thatcontrola
varietyof processes e.g.metabolism,growth and development, puberty, sexual
functions, sleep,and mood

The pituitary gland

= The pituitaryglandislocated below the hypothalamus
= |tsroleisto produce arange of hormones
= Some ofthese directlyinfluence and regulate processes inthe bodywhile some stimulate
therelease of furtherhormones from otherendocrine glands

= The pituitarygland is divided into two sections;the anterior pituitary and posterior pituitary
= The anteriorpituitaryproduces and releases hormones
= The posteriorpituitarystores and releases hormones produced by the hypothalamus e.g.
ADH and oxytocin
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Feedback Controlof Heart Rate

= There are several circumstances that cancause anindividual's heartrate to increase, suchas
during exercise
= Thebrainis involved inthisresponse of the heart howeveritdoes notrequire any thinkingand is
underunconscious control
= Thereis aspecificregionof the brainthat plays avitalrole incontrolling the heartrate
= This cardioregulatory centre inthe brainis called the medulla
= The medullais found at the base of the brainnearthe top of the spinalcord
= The medullais made upoftwo distinct parts:
= The acceleratory centre,whichcauses the heartto speed up
= Theinhibitory centre,whichcauses the heartto slowdown
= Bothcentres are connected to the sinoatrialnode (SAN) by nerves
= These specific nerves are different fromthe nerves that controlconscious activities. They make
up the autonomic nervous system
= The autonomic nervous systemis self-controlling

Control of heart rate diagram
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The location of the medulla helps to keep it protected from harm. It has an essential function as a
cardioregulatory centre.

Increasing heart rate

Once the acceleratorycentre has been activated impulses are sent along the sympathetic
neurones to the SAN

Norepinephrine is secreted at the synapse with the SAN

Noradrenaline causes the SANto increase the frequency of the electrical waves that it
produces

Thisresultsinanincreased heartrate

Decreasing heart rate

Once theinhibitorycentre has been activated impulses are sent along the parasympathetic
neurones to the SAN

Acetylcholineis secreted at the synapse withthe SAN

This neurotransmittercauses the SANto reduce the frequency of the electrical waves that it
produces

Thisreduces the elevated heartrate towards the restingrate

Chemoreceptors and baroreceptors

Exercise causes severalinternal conditions to change, creatinginternal stimuli:

= Carbondioxide concentrationinthe blood increases

= Thereis aninitialfallinblood pressure caused bythe dilationof muscle arterioles
Theseinternal stimulicanbe detected bychemoreceptors and baroreceptors (pressure)
receptorslocatedinthe aorta(close to the heart) and inthe carotid arteries (theysupply the
head with oxygenated blood)

= Chemoreceptors detectchangesinblood pHand oxygenand carbondioxide levels

= Baroreceptors monitorchangesinblood pressure

Location of the baroreceptorsand chemoreceptors
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Baroreceptors are located on the arch of the aorta and on the enlargement of the carotid arteries called
the sinus. Chemoreceptors are located near the baroreceptors but on the outside of the aorta and carotid
arteries

Thesereceptorsrelease nerve impulses that are sent to the acceleratory and inhibitory
centres (coordinators)

The frequencyofthe nerve impulsesincreases ordecreases dependingonhow stimulated the
receptors are:

Lower frequency impulses activate the inhibitorycentre to slow downthe heart rate and
stroke volume

Higher frequency impulses activate the acceleratorycentre to speed up the heartrate and
stroke volume
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The processes involved in the contro/ of the heart rate. The internal stimuli are detected by
chemoreceptors and baroreceptors that send impulses to coordinators (accelerator centre orinhibitory
centre). The coordinators send signals to the effector (SAN) which produces a specific response.
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Feedback Control of Ventilation Rate

Ventilationratesinthe bodyare controlled bycells called respiratory centres which are
located inthe medullaof the brain
Atrest,actionpotentials,produced atrandom, travel to the diaphragm and intercostal muscles
to initiate contraction and therefore ventilation;this occurs at astable and slow pace
During exercise, higherlevels of carbondioxide are produced due to anincreaseinrespiration
Waste carbondioxide produced duringrespiration diffuses fromthe tissues into the blood
This waste carbondioxide is transported around the bodyin different ways
= Inthe blood plasmainthe formofhydrogencarbonateions (HCO3-);around 85 % of carbon
dioxide is transported in this way
= Around 5 % of carbondioxide dissolves directlyinthe blood plasma
= Bound to haemoglobinas carbaminohaemoglobin; this accounts foraround 10 % of carbon
dioxide transportinthe blood

pHchangesintheblood

Carbon dioxide released as a waste product fromrespiring cells diffuses into
the cytoplasm of red blood cells
Inside red blood cells, carbon dioxide combines withwater to form carbonic acid
(H.CO3)

CO, + H,O = H,CO3

= Redblood cells containthe enzyme carbonic anhydrase which catalyses the reaction
betweencarbondioxide and water
= Without carbonic anhydrase, thisreactionproceeds veryslowly
= The plasma contains verylittle carbonic anhydrase hence H,COzforms more slowly in
plasmathaninthe cytoplasmofredblood cells
Carbonic acid dissociates readilyinto hydrogenions (H*)and hydrogencarbonate
jons (HCO3-)

H,CO3 = HCO3™ + H*

Hydrogenions canlowerthe pHofthe blood so theirpresenceis detected by
chemoreceptorsinthe medulla

Actionpotentials are sent at ahigherrate to the diaphragm and intercostalmuscles of the lungs
toincrease ventilationrates and the volume of airbeingmoved into and out of the lungs

The pHof the blood canthenreturnto normal and respiratory centres willstop sendingaction
potentials to the diaphragm and the intercostalmuscles, ventilationrates willreturnto normal
restingrates

This is anexample of negative feedback
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Control of Peristalsis in Digestive System

= Peristalsis is series of muscle contractions inthe walls of the oesophagus orsmall
intestine that pass like awave along the alimentary canal
= This wave forces the bolusoffood alongthe alimentary canal
= Thesecontractions are controlled unconsciously by the autonomic nervous system,
specificallythe enteric nervous system (ENS)
= The ENSconsists aweb ofsensoryneurones,relayneurones and motorneurones
embedded inthe tissues of the alimentary canal
= Peristalsisis controlled by circular and longitudinal muscles whichinitiate amechanismcalled
the peristaltic reflex
= These muscles are smoothmuscle (notstriated)
= Thebolusoffoodisdetectedbystretchreceptors (sensoryneurones of the ENS) as the
alimentarycanalbecomes distended
= Anactionpotentialis passed to relayneurones of the ENS which synapse with two different
motorneurones
= Onemotorneurone releases anexcitatory neurotransmitter which stimulates
= Longitudinalmuscles to contract behind the bolus to reduce the lengthof thatsection
the oesophagus orthe smallintestine
= Thisforcesthe food forwards throughthe alimentarycanal
= Circular muscles contract to reduce the diameter of the lumen of the oesophagus or
smallintestine
= This prevents the food movingbackwards towards the mouth
= Asecond motorneuronereleases aninhibitory neurotransmitter which stimulates smooth
muscle ahead of the bolus to relaxand openthe lumenof the alimentary canal

Control of peristalsisdiagram
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The control of peristalsis is initiated by the bolus and is carried out by two different motorneurones
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