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Homeostasis: Maintaining the Internal Environment

Maintaining the Internal Environment

The pro cess o f maintaining a co nstant internal enviro nment  is kno wn as ho meo stasis

Ho meo stasis ensures that co nditio ns inside the bo dy are kept within preset limits

Ho meo stasis is critically impo rtant  fo r o rganisms as it ensures the maintenance o f o ptimal

co nditio ns  fo r enz yme actio n and cell f unctio n

Senso ry cells can detect info rmatio n abo ut the co nditio ns  inside and o utside the bo dy; if

co nditio ns have changed then the bo dy can respo nd to  keep co nditio ns co nstant

Examples o f physio lo gical facto rs that are co ntro lled  by ho meo stasis  in mammals  include

Co re bo dy temperature

Blo o d pH

Co ncentratio n o f gluco se in the blo o d

Osmo tic co ncentratio n o f the blo o d

Negative Feedback Loops

The majo rity o f ho meo static co ntro l mechanisms in o rganisms use negative f eedback lo o ps  to

achieve ho meo stasis

Negative feedback mechanisms wo rk to  return values to  a set po int; they reverse the e�ects

o f  any change  within a system

Negative feedback lo o ps are essential fo r maintaining co nditio ns  within set limits; this is no t

the case in po sitive feedback mechanisms which instead amplif y any change

Negative feedback co ntro l lo o ps invo lve:

A recepto r – recepto r cells detect change  in a physio lo gical facto r

A co o rdinatio n system – the brain and nervo us system transf er inf o rmatio n between

di�erent parts o f the bo dy

An e�ecto r – the muscles and glands bring abo ut a respo nse

Outco me o f a negative feedback lo o p:

The facto r / stimulus is co ntinuo usly mo nito red

If there is an increase in the facto r, the bo dy respo nds to  make the facto r decrease

If there is a decrease in the facto r, the bo dy respo nds to  make the facto r increase
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Negative feedback loops maintain conditions to a set point
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Regulation of Blood Glucose

Diabetes: Type 1 and Type 2

Diabetes is a co nditio n in which the ho meo static co ntro l o f  blo o d gluco se has f ailed  o r

deterio rated

The insulin functio n o f diabetic individuals is disrupted which allo ws the gluco se co ncentratio n

in the blo o d to  rise

The kidneys are unable to  �lter o ut this excess gluco se in the blo o d and so  it o ften appears in

the urine

The increased gluco se co ncentratio n also  causes the kidneys to  pro duce large vo lumes o f

urine, making the individual feel thirsty due to  dehydratio n

Gluco se remains in the blo o d rather than entering the cells, so  cellular respiratio n is reduced,

resulting in f atigue

If the blo o d gluco se co ncentratio n reaches a dangero usly high level after a meal then o rgan

damage  can o ccur

There are two  di�erent types o f diabetes: type 1 and type 2

Type 1 diabetes

Type 1 diabetes is a co nditio n in which the pancreas f ails to  pro duce su�cient insulin to  co ntro l

blo o d gluco se levels

It no rmally begins in childho o d due to  an auto immune respo nse  whereby the bo dy’s immune

system attacks the β cells  o f the islets o f Langerhans in the pancreas

The damage to  the β cells means that insulin pro ductio n can no  lo nger take place, and blo o d

gluco se co ncentratio n can therefo re no t be regulated

Type 1 diabetes is no rmally treated with regular blo o d tests, insulin injectio ns  and a mo di�ed diet

Such a diet may invo lve a reductio n in carbo hydrate intake

Type 2 diabetes

Type 2 diabetes is mo re co mmo n than type 1, and usually develo ps in o lder adults

In type 2 diabetes the pancreas still pro duces insulin but the cell membrane recepto rs  to  which

insulin binds have reduced in number o r no  lo nger respo nd

The inability o f cells to  respo nd to  insulin can be described as insulin resistance

The pancreas will attempt to  co mpensate fo r this by secreting mo re and mo re insulin; eventually

insulin pro ductio n will no  lo nger be able to  co mpensate fo r the reduced cellular respo nse

There is a reduced gluco se uptake  which leads to  unco ntro lled high blo o d gluco se

co ncentratio n

Type 2 diabetes is managed by

Medicatio n to  lo wer blo o d gluco se

A lo w carbo hydrate diet
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Any fo o d that is rapidly digested into  sugar will cause a sudden, dangero us spike in

blo o d sugar

An exercise regime  that lo wers blo o d gluco se

Obesity  is a majo r risk facto r fo r type 2 diabetes; the o ver-pro ductio n o f insulin in respo nse to  a

high-carbo hydrate diet triggers the develo pment o f insulin resistance

Type 1 and t ype 2 diabet es t able

Type 1 Type 2

Cause
Inability o f pancreas to

pro duce insulin

Cells o f the bo dy beco me

resistant to  insulin o r

insu�cient insulin pro duced

by pancreas

Treatment

Mo nito ring blo o d gluco se

levels and injecting human

insulin thro ugho ut the day

(particularly after meals

co nsumed)

Maintain a lo w-carbo hydrate

diet and regular exercise to

reduce need fo r insulin
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Regulation of Blood Glucose

It is essential that blo o d gluco se co ncentratio n is kept within narro w limits

Gluco se is essential fo r respiratio n, so  it is impo rtant that blo o d gluco se levels do  no t dro p

to o  lo w

Gluco se is so luble, so  blo o d gluco se co ncentratio n a�ects the o smo tic balance  between

the cells and the blo o d

The co ntro l o f blo o d gluco se co ncentratio n is a key part o f ho meo stasis

Blo o d gluco se co ncentratio n is co ntro lled by two  ho rmo nes which are secreted into  the blo o d

by specialised tissue in the pancreas

This tissue is made up o f gro ups o f cells kno wn as the islets o f  Langerhans

The islets o f Langerhans co ntain two  cell types:

α cells  that secrete the ho rmo ne glucago n

β cells  that secrete the ho rmo ne insulin

These α and β cells are invo lved with mo nito ring and respo nding to  blo o d gluco se levels

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

with the production of digestive enzymes

T he e�ects of insulin

Blo o d gluco se co ncentratio n increases  after a meal that co ntains carbo hydrate

This increase in blo o d gluco se is detected by the β cells in the pancreas, which synthesise and

secrete insulin

Insulin is transpo rted in the blo o d  to  target cells  all o ver the bo dy

Insulin's main target cells are in the liver and muscles

The e�ects o f insulin include: 
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Gluco se channels in cell surf ace membranes o pen, and gluco se mo ves o ut o f  the blo o d

and into  the bo dy cells by facilitated di�usio n

Liver and muscle cells co nvert excess gluco se into  glyco gen to  be sto red; this is

glyco genesis

An increase in the rate o f  respiratio n, using up gluco se

Co nversio n o f gluco se to  f atty acids, resulting in fat sto rage

Insulin lo wers blo o d gluco se  co ncentratio n

 T he e�ects of glucagon

Glucago n is synthesised and secreted by α cells  when blo o d gluco se f alls

Blo o d gluco se co uld fall after a perio d o f fasting, o r after exercise

Glucago n is transpo rted in the blo o d to  target cells

The e�ects o f glucago n include:

The activatio n o f  enz ymes  that enable the hydro lysis o f glyco gen in liver and muscle cells,

releasing gluco se that enters the blo o d; this is glyco geno lysis

A decrease in the rate o f  respiratio n

Amino  acids are co nverted to  gluco se; this is gluco neo genesis

Glucago n increases blo o d gluco se  co ncentratio n

Regulat ion of  blood glucose diagram

Blood glucose is regulated by insulin and glucagon
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Exam T ip

The terms glucago n and glyco gen are very o ften mixed up by students as they so und similar.

Remember: 

Glucago n is the ho rmo ne

Glyco gen is the sto rage po lysaccharide  o f animal cells

Learn the di�erences between the spellings and what each o ne do es so  yo u do  no t get

co nfused in the exam!
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Thermoregulation

Thermoregulation as Negative Feedback Control

T hermo regulatio n is the co ntro l o f  internal bo dy temperature

Thermo regulatio n is an example o f a negative f eedback mechanism; when bo dy temperature

deviates f ro m pre-set limits, the respo nses o f the bo dy act to  reverse the change  and bring

temperature back to  no rmal

Negative feedback is bro ught abo ut by:

Using recepto rs  to  detect  any deviatio n fro m no rmal levels

External bo dy temperature is mo nito red using peripheral thermo recepto rs  in the skin

Internal bo dy temperature is mo nito red using recepto rs lo cated inside the

hypo thalamus  o f the brain

E�ecto rs respo nd  to  any deviatio n fro m no rmal levels

Co ntro lling heat lo ss  at the skin to  the external enviro nment

Mo difying the generatio n o f heat inside the cells by metabo lism

Negat ive f eedback mechanism diagram

Thermoregulation is an example of negative feedback; the 'factor' here is temperature, the 'stimulus' is a

change in internal body temperature, and the 'corrective mechanisms' are the action of e�ectors that
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control heat generation and loss

Examples o f e�ecto rs invo lved with temperature change include:

The hypo thalamus

Regulates secretio n o f a ho rmo ne called thyro tro pin-releasing ho rmo ne

Thyro tro pin-releasing ho rmo ne stimulates the pituitary gland  to  release thyro id-

stimulating ho rmo ne

Thyro id-stimulatio n ho rmo ne stimulates the thyro id gland  to  release thyro xin

Thyro xin increases metabo lic rate

Altering the level o f thyro xin alters heat generatio n by cell metabo lism, aiding

regulatio n o f bo dy temperature

Muscle tissue

Shivering in the muscles raises the metabo lic rate o f muscle cells, releasing heat energy

Adipo se tissue

White adipo se tissue sto res lipids in a layer beneath the skin and aro und the internal

o rgans, pro viding insulatio n that aids temperature regulatio n

Bro wn adipo se tissue can generate heat energy  befo re shivering begins in the muscles;

this is kno wn as no n-shivering thermo genesis

Mechanisms of Thermoregulation

Internal bo dy temperature is a key facto r that needs to  be co ntro lled in ho meo stasis

A stable co re temperature is vital fo r enz yme activity, e.g. human enz ymes have evo lved to

functio n o ptimally at a co re bo dy temperature o f abo ut 37 °C

Lo wer temperatures  either prevent  reactio ns fro m pro ceeding o r slo w them do wn:

At lo wer temperatures mo lecules have little kinetic energy, so  co llisio ns are

infrequent and few enz yme-substrate co mplexes fo rm

Temperatures that are to o  high can cause enz ymes to  denature, meaning that they lo se

their tertiary structure and enz yme-substrate co mplexes can no  lo nger f o rm

Endo therms are animals that maintain a co nstant internal bo dy temperature, e.g. mammals  and

birds

Mammals and birds can regulate their bo dy temperature using:

Physio lo gical mechanisms, such as shivering and altered metabo lism

Behavio ural mechanisms, such as seeking the shade o f an undergro und burro w, o r

sunbathing

T hermoregulation in humans

Endo thermic animals detect external temperatures via peripheral recepto rs, e.g.

thermo recepto rs fo und in the skin

There are recepto rs fo r bo th heat and co ld

These co mmunicate with the hypo thalamus  to  bring abo ut a physio lo gical respo nse  to

changing external temperatures

Human skin co ntains a variety o f structures  that are invo lved in pro cesses that can increase  o r

reduce heat lo ss  to  the enviro nment

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

Human responses to an increase in temperature

Vaso dilatio n

Arterio les  (small vessels that co nnect arteries to  the skin capillaries) have muscles in their

walls  that can relax o r co ntract to  allo w mo re o r less blo o d to  �o w thro ugh them

During vaso dilatio n these muscles relax, causing the arterio les near the skin to  dilate  and

allo wing mo re blo o d to  �o w thro ugh skin capillaries

The increased blo o d �o w to  the skin means that mo re heat is lo st  to  the enviro nment by

radiatio n fro m the skin surface

Sweating

Sweat is secreted by sweat glands

This co o ls the skin by evapo ratio n which uses heat energy fro m the bo dy to  co nvert liquid

water into  water vapo ur

Flattening o f  hairs

The hair erecto r muscles  in the skin relax, causing hairs to  lie �at
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This  sto ps the hairs f ro m f o rming an insulating layer o f air and allo ws air to  circulate  o ver

skin, meaning that heat energy lo st by radiatio n can be mo ved away fro m the skin surface

Increasing heat  loss via t he skin diagram

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

muscles

Human responses to a decrease in temperature

Vaso co nstrictio n

During vaso co nstrictio n the muscles in the arterio le walls co ntract , causing the arterio les

near the skin to  co nstrict  and allo wing less blo o d to  �o w thro ugh capillaries

Instead, the blo o d is diverted thro ugh shunt vessels, which are deeper in the skin and

therefo re do  no t lo se heat to  the enviro nment

The reductio n in blo o d �o w to  the skin surface means that less heat energy is lo st  by

radiatio n

Erectio n o f  hairs
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The hair erecto r muscles in the skin co ntract , causing hairs to  stand o n end

This fo rms an insulating layer o ver the skin's surface by trapping air between the hairs and

sto ps heat f ro m being lo st  by radiatio n

Humans have very little hair o n their skin, so  this respo nse is less e�ective than it wo uld

have been in their evo lutio nary ancesto rs

Reducing heat  loss via t he skin diagram

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

Shivering

Muscles co ntract and relax rapidly

The metabo lic reactio ns required to  po wer shivering generate su�cient heat  to  warm the

blo o d and raise the co re bo dy temperature

Unco upled respiratio n in bro wn adipo se tissue
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The reactio ns o f respiratio n are usually said to  be 'co upled' with ATP pro ductio n, meaning

that mo st o f the energy released fro m carbo n co mpo unds is used to  generate ATP

The 'unco upling' o f respiratio n fro m ATP pro ductio n means that all o f  the energy released

f ro m metabo lism is released as heat , and ATP is no t pro duced

This can o ccur in bro wn adipo se tissue  where lipids are metabo lised  to  release heat energy

This pro cess o ccurs mainly in newbo rn infants, who  canno t shiver so  rely o n this no n-

shivering thermo genesis

Bo o sting metabo lic rate

Mo st o f the metabo lic reactio ns in the bo dy release heat

The ho rmo ne thyro xine is released fro m the thyro id gland, and acts to  increase the basal

metabo lic rate (BMR), increasing heat pro ductio n in the bo dy

T hermoregulat ion negat ive f eedback diagram

Thermoregulation is an example of negative feedback

Exam T ip

Remember that vaso dilatio n and vaso co nstrictio n are caused by the relaxing and co ntracting o f

muscles in the arterio les, no t  the capillaries; capillaries do  no t have muscles in their walls

Page 13 of 13
For more help visit our website www.exampaperspractice.co.uk


