
Homesostasis-wetalkaboutdisciplineinday-to-daylife.Disciplineisnecessaryforthegrowth

anddevelopmentofbothindividualsandinstitutions.Lifeitselfisadisciplinedentity.It's

activitiesarewellcoordinatedandcontrolled.Obviously,thegrowthanddevelopmentof

organismsdependontheinternalconstantconditions(internaldiscipline)theymaitain.Claude

Bernard(1857),aFrenchphysiologiststatedthatthemaintenanceofconstantinternal

environmentistheconditionforthefreelife.Hedistinguishedbetweenthecontinuously

changingexternalenvironmentinwhichorganismsliveandtheconstantlymaitainedinternal

environment(tissuefluids)inwhichtheindividualcellslive.Heemphasizedtheimportanceof

constantinternalconditionsforthesurvivaloflife.Forinstancemammalsand

Birds(endotherms)maintainconstantbodytemperatureanycontinuouslychangingexternal

environment.aquaticorganismsmaintainconstantlevelsofsoluteandwaterconcentrationin

thebodyintroublesomeosmaticenvironments.Ourbloodmaintainsconstantlevelsofvarious

biochemicalconstituentsstatusglucose,urea,creatine,creatinineetc.Moreimportantly,our

cellularmetabolicsystemsworkoptimallywithinthenarrowlimitspH,temperatureandother

physiologicalconditions.

CONCEPTOFHOMEOSTASIS

Theterm homeostasisreferstomaintainanceofconstantinternalenvironment.In1932,an

AmericanphysiologistWalterCannoncoinedtheterm homeostasis

(homeo=same,stasis=standing)showmechanismsthatmightininternalsteadystatein

organisms.ithelpsinmaintainingthestabilityofcellularenvironmentandindependenceof

cells.Inthisconditiontheorganism asawholebecomestotallyindependentofit'senvironment

andremainsunaffectedbythefluctuationsintheexternalconditions.Homeostaticmechanisms

arepervasiveinnaturethatincludesavarietyofprocessesandmechanismsrelatedtoevery

activityoflife,someofwhicharelistedbelow

 Maintainanceofconstantbodytemperature,

 MaintainanceofconstantpHbyacidbasebalanceofbodyfluids,

 Maintainanceofwaterandsaltconcentration,

 Maintainanceofconstantbloodglucoselevel,

 Maintainanceofconstantlevelsofcalcium,phosphateandotherminerals,

 Maintainanceofconstantbloodvolume,bloodpressure,heartrate,

 Maintainanceofconstantoxygenandcarbondioxidelevels.



BASICMECHANISM OFHOMEOSTASIS
Thehomeostaticmechanismsareanalogoustothecontrolsystemsfoundinmodern

equipment.Likemachines,thelivingsystemsareopensystems.Theydependoncontinuous

supplyofinputsfrom theenvironment.Theyreachasteadystatewiththeirenvironmentby

continuouslyspendingenergy.Thehomeostaticcontrolmechanism oflivingthingsincludes

threebasiccomponentsofacontrolsystem;thedetectors,regulators(coordinators)and

effectors.Thedetectorsincludeperipheralsenseorgans,receptorsetc.,Thathelpindetecting

thechanges(stimuli)intheenvironment.Thecentralnervoussystem(CNS)actsasthe

regulatororcoordinator.itreceivesinputsfrom thedetectorsandgivesinstructionstothe

effectorssuchasmuscleorendocrineglandsandtargetorganoftheendocrinesystem.The

effectors,inturnshowresponsesbytheiractionsorsecretions.(fig8.1)

Fig.8.1Basiccomponentsofhomeostaticcontrolmechanism.

Theresponsesareautomaticandinvolvetwofeedbackloops.Inafeedbackmechanism,the

resultoroutputofaprocessalters(inhibitsoractivates)thecourseofit'sevents.Thefeedback

maybenegativeorpositive.Inthenegativefeedbackloop,stimulusproducesanactionthat

ultimatelyreducesthestimulus.thenatureofnegativefeedbackloopbecomesclearwhenwe

refertotheanalogyofthermostatandairconditioner.aftertheairconditionerhasbeenonfor

sometimetheroom temperaturemayfallsignificantlybelowthesetpointofthermostat.When

thisoccurs,theairconditionerwillbeturnedoff.Theeffector(airconditioner)isturnedonby

hightemperature;and,whenactivated,itproducesanegativechange(loweringofthe

temperature)thatultimatelycausestheeffecttobeturnedoff.Inthisway,constancyplease

maintained.ForInstancetheavailabilityofthyroxinehormoneinthebloodinhibitsfurther

productionofthyroxinebythyroid.Positivefeedbacklooptheoutputorproductfurtheractivates

thestimulusandaboxsameresponseagainandagain.Forexamplethepleaseofoxytocin

hormonefrom theneurohypophysiscausescontractionofuterinemusclesandlabourpains.

Thelatestpaintsinturnwillenhancethesecretionofoxytocin.thenegativefeedbackloopsare

usuallyassociatedwithillness.forinstancehighbloodpressurecandamagearteriesand

arteriolesandthedamagedbloodvesselsarefilledwithlipidmaterialwhichnarrowdownthe

bloodvesselsandfurtherincreasethebloodpressure.Thus,highbloodpressurecancause

furtherriseinthebloodpressureandleadtocomplications.Duetothisreasonthepositive

feedbackloopsarerareinnature,andmostoftheanimalactivitiesarecontrolledbynegative

feedbackmechanisms.



Regulatorsandconformers:regulatingandconformingaretwoextremeconditionsof

homeostasis.Ananimalissaidtobearegulatorifitmaintainsaconstantphysiologicalstate

withreferencetoaparticularenvironmentalvariable.forinstance,freshwaterfishisableto

maintainstableinternalconcentrationofsoluteinhbloodandinterstitialfluidevenunder

conditionsofchangingexternalsoluteconcentrations.animalissaidtobeconfirm fora

particularenvironmentalvariable,ifitsconcentrationchangesalongwiththechangesinthe

externalenvironment.Forexample,someinvertebrates(suchasspidercrab:Libinia)cannot

regulateitsinternalsoluteconcentrationbutitsinternalconcentrationmatcheswiththatof

externalenvironment.

Homeostasis-Illustrations

Illustrations1:HormonalControlofBloodGlucoselevel

Glucoseisthemainsourceofenergyfororganisms.Glucoseisusedasasubstratefor

energyproductionincellularrespiration.Inmammals,sometissuesdependalmost

completelyonglucosefortheirmetabolicenergy.Forthehumanbrainandnervous

system,aswellastheerythrocytes,tested,renalmedulla,andembryonictissues,glucose

from thebloodisthesoleormajorfuelsource.Thebrainalonerequiresabout120gof

glucoseeachday.Betweenmealsandaftervigorousexercise,bloodglucoseis

depleted.Braincannotworkproperlyunderlowbloodglucoselevels.Lackofglucose

causesheadache,sweating,trembling,faintingandcoma.Thecontrolofbloodglucose

levelisanimportantexampleofhomeostaticmechanismsinthebody.Undernormal

conditions,bloodmaintainsabout90to100mgofglucoseper100ml.Anincreaseinthe

glucoselevelfrom thissetpointiscalledhyperglycemia.Itresultsindiabetesmellitus

inwhichexcesssugariseliminatedinurine.Lowglucoselevelsiscalledhypoglycemia

deprivethecellsoftheirenergyreserves.Hence,themaintenanceofbloodglucoselevel

atasetpointisessentialfornormalhealth.



Thehomeostasisofbloodglucoseinvolvesatleastsixhormonesandtwonegative

feedbackloops.However,insulinandglucagonplayakeyroleinthisprocess.Arisein

glucoselevelsimulatesinsulinsecretionfrom thebetacellsofpancreas.Insulincauses

theuptakeofglucosebycellsinthebody(moreparticularlyliver,muscleandadipose

cells)andfacilitatesit'sconversionintothestorageform ofglycogen(glycogen

syntesis).Asaresultthebloodglucoselevelsarebroughtdowntothelevelsofset-

point.Comtrarily,whenbloodglucoselevelsfallsbelowtheset-point,thealphacellsof

pancreasreleaseglucagonwhichincreasesbloodglucoselevelbystimulatingthe

breakdownofglycogenfrom thecellsbyaprocesscalledglycogenolysis.Thusbythe

complementaryactionofbothinsulinandglucagon,thebloodglucoselevelisbroughtto

normallevels.Secretionofbothinsulinandglucagonareinhibitedbytheirownhigh

levelsbynegativefeedbackloops.Inadditiontheglucocorticoidssecretedfrom the

adrenalmedullaalsocontrolbloodglucoselevelsbystimulatinggluconeogenesis.

Anotherhormone;thyroxineenhancesglucoseutilisationincellsbyelevatingthebasal

metabolicrate(BMR).

Homeostaticcontrolofbloodglucoselevelsinhumans

WaterandionicRegulationbyMarineandFreshwateranimals:

Thephysiologicalsystemsofcells,tissues,organsandorgansystemsofall

organismsoperateinthefluidenvironment.Theyworkwellonlyinastable

environmentinwhichtherelativeproportionofwaterandsolutesis

maintainEdinthetolerablenarrowlimits.Aquaticanimalsaresubjectedto



lifethreateningosmoticproblems.Thefreshwateranimalsliveinan

environmentthatthreatenstofloodanddilutetheirbodyfluidsbyentryof

waterandlossofsaltfrom body.TheMarineanddesertanimalshave

dessicationproblemsofwaterlossandsaltgain.Thustheaquaticanimals

haveuniqueproblemsrelatedtothemaintainanceofwaterandsolute

concentrationsinthebodyfluids.Theanimalsabilitytoregulatethe

chemicalcompositiondependsonbalancingtheuptakeandlossofwater

andsolutesinthebody.Thishomeostaticmechanism iscalled

osmoregulation.Itensuresthecontrolofsolutesandwaterbetween

interstitialfluidsandit'ssurroundings.Homeostaticorganssuchaskidney,

chlorideglands,saltglands,andrectalglandsetc.,helpinthisprocess.

Osmoregulationinanimals:

Marineinvertebratesandvertebratesliveinastrongsaltyenvironment.The

seawaterisacomplexsolutionofsodium,potassium,calcium,

magnesium,chloridesandotherions.Itcreatesosmoregulatoryproblems

thataresimilartothoseofthedehydrationproblemsoftheterrestrial

environment.Duetothepresenceofsalts,seawaterishyperosmoticto

thebodiesofmarineanimals.Conversely,therebodyfluidsare

hypoosmatictothebodiesoftheseawaterandcontainhigher

concentrationofwaterthandothesurroundingwater.Becauseofthis

reasontwoconcentrationgradientsexistinthemarineenvironment.Firstly

theionstendtodiffuseinandsecondly,thewatertendstomoveout.Thus.

Marineanimalsarefacedwithadoubleproblem ofwaterlossandsaltgain.

Thewaterlossoccursbyexosmosisandthesaltisgainedbydiffusionand

from thefoodtheyeat.Inordertosurvivefrom thisdoubleproblem,marine

animalsdevelopeddifferentadaptivestrategies.Onthebasisofthese

strategiesmarineanimalsareclassifiedintotwobroadcategories;

osmoconferersandosmoregulatory.

Osmoconfermersmaintainasoluteconcentrationsimilartothatofthesea

water.Thesoluteconcentrationofthebodyfluidsmatches(isoosmotic

condition)withthatofsurroundings.Inotherwords,thesolute



concentrationofbodyfluidsconfirmstothatofseawater.Itchangeswith

changesoutsideandrequiresalittleenergy.Forinstanceaninvertebrate

calledAcmaealinatula,whichlivesintheintertidalzone,maitains

isoosmoticsalinityrangeof1.5to5/.Asimilarchangeinhumanscauses

instantdeath.Similarlysharksandrays(cartilaginousfishes)are

osmoconformers.Theyretainhigherconcentrationsofureaintheirbody

fluids.Unlikemanymarinebonyfishes,theyofnotexperiencecontinuous

waterlossandatthesametimetheydonotdrinkseawater.Thisis

because;theymaintainahighconcentrationofurea(derivedfrom the

metabolism ofproteinsandnucleicacids)andtrimethylamine

oxide(TMAO)intheirblood.TheTMAOprotectsproteinsfrom damageby

urea.Thus,bystoringureainblood,sharksmaintaintheirbodyfluidsata

hyperosmoticconcentration(~1000osmoles)tothatofseawater.

Becauseofthisreasonshark'smeatgenerateurea(foul)smell,andthatis

oftenremovedbysoakingitinfreshwaterbeforecooking.Duetothe

presenceofhyperosmaticblood,waterslowlyenterstheshark'sbodyby

osmosis.Thesmallinfluxofwaterisdisposedofbythekidneysthrough

urine.Thekidneysalsoremovesomeofthesaltfrom thebodyandtherest

isexpelledbyrectalglandsandsomebyfaeces.

ii.Osmoregulatorsmaintainrelativelystableinternalsolute

concentrationitrrspectiveofchangesinthesalinityofthesea

wateraroundthem.Manymarinearthropodsareosmoregulators.

OneofthebestknownosmoregulatoristhecrustaceanArtemia

salina(fig.8.4.)thatlivesinsaltponds.Itmaintainsconstant

soluteconcentrationwhenthesalinityinitssurroundingsvaries

from 1%to30%.TheGillIthiscrustaceanisthechief

osmoregulatoryorganthatactivelytransportstheexcesssalt

from thebody.



Marinevertebratesusesimilarosmoregulatorymechanisms.The

marinebonyfishesbalancetowaterlossbydrinkinglarge

amountsofseawater.Atthesametimetheyexpeltheexcess

saltpresentintheirbodyfluids.Thegillscontainspecialized

chloridecellsthattransportchlorideions(Cl-)outandthesodium

ionsfollowpassively.Ifhumansdrinkseawater,theyneedhuge

quantitiesoffreshwatertoremovetheexcesssaltfrom thebody.

Becauseofthepresenceofsalt-secretingglandsingills,the

fisheshavenosuchproblem.Sincethesaltiscompletely

removedfrom theseawater,itbecomesperfectlysuitablefor

drinking.

Theotherionsareeitherexcretedbythekidneysaresentout

throughthegutunabsorbed.Thekidneysofsuchfishesarehighly

specialized(aglomerularkidneys)whichdisposeofexcess

calcium,magnesium andsulfateionsthroughurine.Further,their

urineishypertonicandcontainssmallamountsofwater.

Marinebirdsandreptilesalsotakeseawaterthrough

theirfood.Theirkidneysarenotefficientsaltremovers.They

activelyexcreteexcesssaltthroughthesaltglandslocatednear

theeyes,whichisdrainedintothenosethroughducts.Marine

mammalshaveefficientkidneyswhichactassalt-excreting

glands.Theexcesssaltisactivelytransportedintothenephric



tubules,resultingintheformationofhypertonicurine.

However,mostofthemarinemammalsavoiddrinkingsea

water,buttakelow-solutebodyfluidsoffishtheyeat.

OsmoregulationinFreshwateranimals

Theosmoregulatoryproblemsoffreshwateranimalsareoppositetothoseof

marineanimals.Infreshwateranimalstheconcentrationofbodyfluidsishigherthanthatof

waterandhencetheyconstantlygainwaterbyosmosisandloosesaltbydiffusion.Ifthe

organism isnotabletomanageexcesswater,thecellsmayswellandrupture.Atthesametime

theyhavetoprotectthesolute(e.g.Sodium,potassium,magnesium)concentrationbyspending

excessenergyforactivelytransportingbacktheseionsfrom thewaterthroughskin,gillsand

nephrictubulesofkidney.Acloserlookatthefreshwateranimalsshowsdifferent

osmoregulatoryorgansandmechanisms.Forinstance,infreshwaterprotozoanslikeamoeba

andparamecium thecontractilevacoulesremoveexcesswaterfrom thebodyandthereby

preventcelldamagecausedbytheinfluxofFreshwaterthroughendosmosis.Oneofthe

simplestosmoregulatorysystemsistheflamecellsystem orprotonephridialsystem offresh

waterflatworms.Thissystem comprisesfundamentalunitscalledflamecellsor

proteonephridiathatactsasosmoregulatoryorgans(Flamecellsareabsentinmarine

flatwormswhichliveinisoosmoticenvironment).Theflamecellsconsistsofnetworkof

tubulesdistributedthroughoutthebodythatsendouttheexcretorymaterialsandwaterthrough

excretorypores.Theexcesswaterpresentintheintercellularfluidsistransportedintotheflame

cellsbypinocytosisorcelldrinking.Theciliapresentintheflamebulbofflamecellscreate

watercurrentsthathelpinpassageofwaterthroughexcretoryductsanditseliminationthrough

excretoryductsandpores.



Manyfreshwaterfishesmaintainwaterbalancebydifferentmethods.Theyeliminateexcess

waterfrom theirbodybyexcretinglargeamountsofdiluteurine.Thesaltlostbydiffusionis

replenishedbythefoodanduptakeofsalt(Na+,Cl-)throughthechloridecellspresentinthegills.

Someeuryhalinefishesthatmigratebetweentheseawaterandfreshwatershow

osmoregulatorymechanismscommonlyseeninbothmarineandfreshwaterenvironments.For

example,thesalmonfishosmoregulateslikemarinefishinseawaterbydrinkingsaltwaterand

excretingexcesssaltthroughgillsandurine.Whenitmigratestorivers,itosmoregulateslikea

freshwaterfishbytakingupsaltthroughgillsandbyproducinglargequantitiesofdiluteurine.

Amphibianshavehighlydevelopedexcretorysystem.Thetadpolesoffrogsexcreteammonia

likethatoffishes.Inadultstagetheyswitchovertoexcreteurea.Theydrinkandexcretehuge

amountsofwater.Likefishes,amphibianstendtoloosesaltinurine.Theyalsotake-upsalt

from thesurroundingsbyactivetransportthroughtheskin.

Illustration3:TemperatureRegulationinMan

Theterm thermoregulationreferstomaintenanceofconstantinternalbodytemperature

withinatolerablerange.Allendotherms(MammalsandBirds)haveabilitytomaintain

constantcorebodytemperatureirrespectiveoffluctuationsinthelevelsofexternal

temperature.Thisabilityiscrucialforthesurvivalofanimalsbecausemostbiochemical

andphysiologicalprocessestakeplaceoptimallyataparticularrangeoftemperature

inly.Theratesofmostenzyme-mediatedreactionsincreasetwotothreefoldforevery

10degreeCtemperaturetillitreachesoptimallevels.Athightemperatureenzymesand

proteinsbegintodenatureandtheyloosetheirbiochemicalfunction.Atlow

temperaturesorfreezingconditionsalsoenzymescannotwork.Majorityofliving

organismssurvivewithinconfinedlimitsof10-45degreeC,arangeoftemperature

commonlycalledbio-kineticzone.Thusanimalfunctioningisdrasticallyaffectedby

thermalchanges.Hence,animalsmustmaintaincomfortablerangeoftemperaturein

ordertosurvive.Endothermshaveathermoneutalzonefrom 28-37degreeC.Inthis

range,bodytemperatureismaintainedbybasalmetabolicrate.28degreeCiscalled

lowercriticaltemperatureand37degreeCiscalledhighercriticaltemperature.Outside

thethrmoneutralzone,maintainingconstantbodytemperaturerequiresthe



expenditureofenergy.Outsideextremelimits,(0degreeCand40degreeCinthis

instance),theanimalcannotmaintainit'sbodytemperatureandsodies.

Allendotherms,includingmanareabletobalanceheatgainandheatloss

bygeneratingheatenergyinternally(fig.8.9).Theyhaveinternalcontrol

mechanism thatinvolvesthermoreceptors,effectorsandregulatorcenters

ofbrain.Hypothalamusisthemajorcontrolcentreofthermoregulation.It

monitorsthechangesinbodytemperature.Thechangesinthelevelsof

corebodytemperatureactivatethecorebodytemperature.The

thermoreceptors(1,50,000coldreceptors-16,000heatreceptorsinhuman)

detectchangesintemperatureandgenerateandtransmitthenerve

impulsestothehypothalamus.Thesensationofheatorcoldis

experiencedaccordingtotheintesituofthestimulus,durationofstimulus

andnumberofreceptorsinvoloved.Similarly,hypothalamusdetectsthe

changesincorebodytemperaturewiththehelpofinternal

thermoreceptors.Hypothalamuscontaintwodistinctregionsnamely,the

heatgaincentreandheatlosscentre.

Theheatgaincentreisactivatedbytheincreaseintemperature.Itcauses:

Vasodilationandsweating.

Vasodilation:heatexchangebetweentheinternalenvironmentandtheskin

occurslargelythroughbloodflow.Forexample,whenaperson'sbody

temperaturerisesasaresultofexercise,bloodflowtotheskinincrease

asthebloodvesselsthatbroughtfrom thebodycoreto

theskinsurfacebecomesquitewarm.Theheatbrought

from thebodycoretotheskinbythebloodislosttothe

environmentbyradiation,convictionandconductionand

helpstobringthebodytemperaturebacktonormal.

Sweating:whentheenvironmentaltemperaturerises

abovetheuppercriticaltemperatureforanendotherm,



overheating,becomesaproblem.Thesweatglandsare

stimulatedtosecret.Sweat.Evaporationofsweatfrom

bodysurfacecoolsananimalasagram ofwatera

absorbsabout580caloriesofheatwhenitevaporates.

Theheatlosscentreisactivatedbycoldreceptors.It

causes;

Vasoconstriction

Heatproductionthroughshivering

Increasingthemetabolicrate

Vasoconstriction:thebloodvesselsbringingbloodtothe

skinconstructthebydecreasingthebloodsupplytoskin

anddecreaseheatlossfrom theskinbyradiation,

convection,andconduction.Sweatingisalsoinhibited.

Heatproductionthroughshivering:shiveringusesthe

contractilemachineryofskeletalmusclestoconsume

ATP.Themusclepullagainsteachothersothatlittle

movementotherthanatremorresults.Theenergyfrom

theconversionofATPtoADPinthisprocessisreleased

asheat.Increasedmuscletoneandincreasedbody

movementsalsocontributetoincreasedheatproduction

incoldenvironments.

Increasingthemetabolicrate:thereleaseofthyroxineand

adrenalinecauseanincreaseinmetabolicratewhich



resultsinheatproduction.


