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Homeostasis: Maintaining the Internal Environment

Maintaining the Internal Environment

= The process of maintaining aconstant internal environment is known as homeostasis
= Homeostasis ensures thatconditions inside the bodyare kept withinpreset limits
= Homeostasisis critically important fororganisms as it ensures the maintenance of optimal
conditions forenzyme actionand cell function
= Sensory cells candetectinformationabout the conditionsinside and outside the body;if
conditions have changed thenthe bodycanrespond to keep conditions constant
= Examples of physiologicalfactors that are controlled by homeostasis inmammals include
= Corebodytemperature
= BloodpH
= Concentrationof glucoseinthe blood
= Osmotic concentrationofthe blood

Negative Feedback Loops

= The majorityof homeostatic controlmechanisms in organisms use negative feedbackloops to
achieve homeostasis
= Negative feedback mechanisms workto returnvalues to aset point;theyreverse the effects
of any change withinasystem
= Negative feedbackloops are essential formaintaining conditions withinsetlimits;thisis not
the caseinpositive feedback mechanisms whichinstead amplify any change
= Negative feedback controlloops involve:
= Areceptor-receptorcells detect changeinaphysiologicalfactor
= Acoordinationsystem - the brainand nervous systemtransferinformationbetween
differentparts of the body
= Aneffector-the muscles and glands bringaboutaresponse
= QOutcome of anegative feedbackloop:
= The factor/stimulusis continuously monitored
= |fthereisanincreaseinthe factor,the bodyresponds to make the factordecrease
= |fthereisadecreaseinthe factor,the bodyresponds to make the factorincrease
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Negative feedback loops maintain conditions to a set point
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Regulation of Blood Glucose

Diabetes: Type 1and Type 2

Diabetesis aconditioninwhichthe homeostatic controlof blood glucose has failed or
deteriorated
Theinsulinfunctionof diabetic individuals is disrupted which allows the glucose concentration
inthe blood torise
= Thekidneys are unable to filterout this excess glucose inthe blood and so itoftenappears in
the urine
= Theincreased glucose concentrationalso causes the kidneys to produce large volumes of
urine, making the individual feel thirstydue to dehydration
= Glucoseremainsinthe blood ratherthanenteringthe cells,so cellularrespirationis reduced,
resultinginfatigue
= |fthe blood glucose concentrationreaches adangerouslyhighlevel afterameal thenorgan
damage canoccur
There are two different types of diabetes:type Tand type 2

Typeldiabetes

Type 1diabetesis aconditioninwhich the pancreas fails to produce sufficient insulinto control

blood glucose levels

It normallybegins inchildhood due to anautoimmune response wherebythe body’s immune

systemattacks the B cells of theislets of Langerhans in the pancreas

The damage to the pcells means thatinsulinproductioncanno longer take place,and blood

glucose concentrationcantherefore not be regulated

Type 1diabetesis normallytreated withregularblood tests, insulininjections and amodified diet
= Suchadietmayinvolve areductionincarbohydrate intake

Type 2 diabetes

Type 2diabetesis more commonthantype 1,and usuallydevelops inolder adults
Intype 2diabetes the pancreas still produces insulin but the cellmembrane receptors to which
insulinbinds have reduced innumber orno longerrespond

= Theinabilityof cells torespond toinsulincanbe described as insulinresistance
The pancreas willattempt to compensate forthis by secreting more and more insulin; eventually
insulinproductionwillno longerbe able to compensate forthe reduced cellularresponse
Thereis areduced glucose uptake whichleads to uncontrolled highblood glucose
concentration
Type 2diabetes is managed by

= Medicationtolowerblood glucose

= Alowcarbohydrate diet
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= Anyfood thatisrapidlydigestedinto sugarwillcause asudden,dangerous spikein
blood sugar
= Anexercise regime thatlowers blood glucose
= Obesityisamajorrisk factorfortype 2diabetes;the over-productionofinsulininresponseto a
high-carbohydrate diet triggers the development of insulinresistance

Typelandtype 2 diabetestable

Cells of the bodybecome

Inability of pancreas to resistantto insulinor
Cause ) . . . ) .
produce insulin insufficientinsulinproduced
by pancreas
Monitoringblood glucose

levels and injectinghuman | Maintainalow-carbohydrate
Treatment insulin throughout the day | dietand regularexercise to

(particularly aftermeals reduce need forinsulin

consumed)
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Regulation of Blood Glucose

Itis essentialthatblood glucose concentrationis kept withinnarrow limits
= Glucoseis essentialforrespiration,soitisimportant thatblood glucoselevels do notdrop
too low
= Glucoseis soluble,so blood glucose concentration affects the osmotic balance between
the cells and the blood
The controlofblood glucose concentrationis akeypart of homeostasis
Blood glucose concentrationis controlled by two hormones which are secreted into the blood
byspecialised tissue inthe pancreas
This tissue is made up of groups of cells known as the islets of Langerhans
= Theislets of Langerhans containtwo cell types:
= acellsthatsecrete the hormone glucagon
= Bcellsthatsecrete the hormoneinsulin
= Theseaand fBcells are involved withmonitoring and responding to blood glucose levels

Theislets of Langerhans form the endocrine tissue of the pancreas, while the exocrine tissue is involved

with the production of digestive enzymes

The effects of insulin

Blood glucose concentrationincreases afterameal that contains carbohydrate
Thisincreaseinblood glucoseis detected bythe Bcellsinthe pancreas, which synthesise and
secreteinsulin
Insulinis transportedinthe blood to target cells all overthe body

= |nsulin's maintarget cells are inthe liver and muscles
The effects ofinsulininclude:
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= Glucose channelsincellsurface membranes open,and glucose moves out of the blood
andinto the bodycells byfacilitated diffusion
= liverand muscle cells convert excess glucoseinto glycogento be stored;thisis
glycogenesis
= Anincreaseintherate of respiration,usingup glucose
= Conversionofglucoseto fatty acids, resultinginfatstorage
Insulinlowers blood glucose concentration

The effects of glucagon

Glucagonis synthesised and secreted byacells whenblood glucose falls
= Bloodglucosecould fallafteraperiod of fasting, orafterexercise
Glucagonis transportedinthe blood to target cells
The effects of glucagoninclude:
= The activationof enzymes that enable the hydrolysis of glycogeninliverand muscle cells,
releasing glucose that enters the blood;this is glycogenolysis
= Adecreaseintherate of respiration
= Amino acids are converted to glucose;this is gluconeogenesis
CGlucagonincreases blood glucose concentration

Regulation of blood glucose diagram

Blood glucoseis regulated by insulin and glucagon
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O Exam Tip

The terms glucagonand glycogen are veryoften mixed up by students as they sound similar.
Remember:

= Glucagonis the hormone

= Glycogenis the storage polysaccharide of animal cells

Learnthe differences betweenthe spellings and whateachone does so youdo not get
confused inthe exam!
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Thermoregulation

Thermoregulation as Negative Feedback Control

= Thermoregulationis the controlof internalbody temperature
= Thermoregulationis anexample of anegative feedback mechanism;whenbodytemperature

deviates frompre-setlimits, the responses of the bodyactto reverse the change and bring
temperature back to normal

= Negative feedbackis brought about by:

= Usingreceptorsto detect anydeviationfromnormallevels
= Externalbodytemperatureis monitored using peripheralthermoreceptorsinthe skin
= |nternalbodytemperature is monitored usingreceptorslocated inside the

hypothalamus of the brain

= Effectorsrespond to anydeviationfromnormallevels
= Controllingheat loss at the skinto the external environment
= Modifyingthe generationof heatinside the cells bymetabolism

Negative feedbackmechanismdiagram

RECEPTOR DET WHICH
TRIGGERS CO TIVE MECHANISM A

FACTOR INCREASES ABOVE
NORMAL RANGE

/4

FACTOR WITHIN FACTOR RETURNS TO
" NORMAL RANGE WITHIN NORMAL RANGE

AN

FACTOR DECREASES BELOW
NORMAL RANGE

Wy

RECEPTOR DETECTS CHANGE (STIMULUS) WHICH
TRIGGERS CORRECTIVE MECHANISM B

Thermoregulation is an example of negative feedback; the 'factor' here is temperature, the 'stimulus’is a
changeininternal body temperature, and the 'corrective mechanisms' are the action of effectors that
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control heat generation and loss

= Examples of effectorsinvolved withtemperature changeinclude:
= The hypothalamus
= Regulates secretionofahormone called thyrotropin-releasinghormone
= Thyrotropin-releasinghormone stimulates the pituitary gland to release thyroid-
stimulatinghormone
= Thyroid-stimulationhormone stimulates the thyroid gland to release thyroxin
= Thyroxinincreases metabolic rate
= Alteringthe level of thyroxin alters heat generationby cellmetabolism, aiding
regulationof bodytemperature
= Muscle tissue
= Shiveringinthe muscles raises the metabolic rate of muscle cells, releasing heat energy
= Adiposetissue
= White adipose tissue stores lipids inalayerbeneath the skinand around the internal
organs, providinginsulationthat aids temperature regulation
= Brownadipose tissue cangenerate heat energy before shivering begins inthe muscles;
thisis known as non-shivering thermogenesis

Mechanisms of Thermoregulation

= Internalbody temperatureis akeyfactorthatneedsto be controlledinhomeostasis
= Astable core temperature is vital forenzyme activity, e.g. human enzymes have evolved to
function optimallyatacore bodytemperature of about 37 °C
= Lowertemperatures eitherprevent reactions fromproceedingorslowthemdown:
= Atlowertemperatures molecules have little kinetic energy, so collisions are
infrequent and few enzyme-substrate complexes form
= Temperatures that are too highcancause enzymes to denature, meaningthat theylose
theirtertiary structure and enzyme-substrate complexes canno longer form
= Endotherms are animals that maintainaconstant internalbody temperature, e.g. mammals and
birds
= Mammals and birds canregulate theirbodytemperature using:
= Physiological mechanisms, such as shivering and altered metabolism
= Behaviouralmechanisms, suchas seekingthe shade of anunderground burrow, or
sunbathing

Thermoregulationin humans

= Endothermic animals detect externaltemperatures via peripheralreceptors,e.g.
thermoreceptors found in the skin
= There arereceptors forbothheatandcold
= These communicate with the hypothalamus to bringabout aphysiologicalresponse to
changing externaltemperatures
= Humanskincontains avariety of structures thatare involved inprocesses thatcanincrease or
reduce heat loss to the environment

Skin structure diagram
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Human skin contains structures that are involved with monitoring and responding to temperature change

Humanresponses to anincrease in temperature

= Vasodilation
= Arterioles (smallvessels that connect arteries to the skin capillaries) have muscles intheir
walls that canrelaxorcontractto allowmore orless blood to flow through them
= Duringvasodilationthese muscles relax, causing the arterioles near the skinto dilate and
allowingmore blood to flow through skin capillaries
= Theincreased blood flow to the skinmeans that more heat islost to the environment by
radiationfrom the skinsurface
= Sweating
= Sweatis secreted bysweatglands
= Thiscools the skinbyevaporationwhichuses heat energy fromthe bodyto convert liquid
waterinto water vapour
= Flattening of hairs
= The hairerectormusclesinthe skinrelax, causing hairs to lie flat
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= This stops the hairs fromforming aninsulatinglayer of airand allows air to circulate over
skin,meaningthat heat energylostbyradiation canbe moved awayfrom the skinsurface

Increasing heatlossviathe skindiagram

The skin responds to high temperatures with vasodilation, sweating, and relaxation of hair erector
muscles

Humanresponsesto a decreasein temperature

= Vasoconstriction
= Duringvasoconstrictionthe musclesinthe arteriole walls contract, causing the arterioles
nearthe skinto constrict and allowingless blood to flow throughcapillaries
= |nstead,the bloodis diverted through shunt vessels, which are deeperinthe skinand
therefore do notlose heatto the environment
= Thereductioninblood flow to the skinsurface means thatless heat energy islost by
radiation
= Erectionof hairs
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= The hairerectormusclesinthe skincontract, causinghairs to stand onend
= This forms aninsulatinglayer overthe skin's surface by trapping airbetweenthe hairs and
stops heat frombeinglost byradiation
= Humans have verylittle hairon theirskin, so thisresponse is less effective thanitwould
have beenintheirevolutionaryancestors

Reducingheatlossviathe skindiagram

The skin responds to low temperatures by vasoconstriction and the contraction of hair erector muscles

= Shivering
= Muscles contract and relaxrapidly
= The metabolic reactions required to powershivering generate sufficient heat to warmthe
blood and raise the core bodytemperature
= Uncoupledrespirationinbrownadipose tissue
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= Thereactions of respirationare usually said to be 'coupled' with ATP production, meaning
thatmost ofthe energyreleased fromcarboncompoundsis used to generate ATP

= The'uncoupling' of respirationfromATP productionmeans thatallof the energy released
frommetabolismisreleased as heat,and ATPis not produced

= Thiscanoccurinbrownadipose tissue where lipids are metabolised to release heat energy

= This process occurs mainlyinnewborninfants,who cannot shiverso relyonthis non-
shivering thermogenesis
= Boostingmetabolicrate

= Mostofthe metabolic reactionsinthe bodyrelease heat

= The hormone thyroxineis released from the thyroid gland, and acts to increase the basal
metabolic rate (BMR),increasing heat productioninthe body

Thermoregulationnegative feedbackdiagram

Thermoregulation is an example of negative feedback

O Exam Tip

Rememberthatvasodilationand vasoconstriction are caused by the relaxingand contracting of
musclesinthe arterioles,not the capillaries; capillaries do not have muscles in theirwalls
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