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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

Page 12 of 35
For more help visit our website www.exampaperspractice.co.uk



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
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Osmoregulation & Excretion (HL)

Osmoregulation & Excretion

The kidney  has two  ro les in the bo dy o f mammals

Excretio n

Osmo regulatio n

Excretion

Excretio n is the pro cess by which to xic waste pro ducts o f  metabo lism are remo ved fro m the

bo dy

The kidneys are invo lved with the excretio n o f nitro geno us waste

Nitro geno us waste co mes fro m the breakdo wn o f excess dietary amino  acids  and nucleic

acids

The waste is �rst co nverted into  ammo nia

Ammo nia is highly to xic; it canno t be sto red in the bo dy and must therefo re be remo ved quickly

fro m the bo dy

So me o rganisms co nvert highly to xic ammo nia into  less to xic urea; urea can remain in the bo dy at

lo w co ncentratio ns, but needs to  be excreted befo re it builds up to  a harmful level

Organisms that excrete urea need to  dilute it  with water to  f o rm urine  befo re it is excreted

Urine is pro duced in the kidneys

Osmoregulation

Living o rganisms need to  maintain a saf e balance o f  water and so lutes  in their cells; this is the

o smo tic co ncentratio n o f the cells

Failure to  maintain this balance will mean that an o rganism's cells co uld either take o n water and

burst, o r lo se water and shrink due to  the e�ects o f o smo sis

Cells with a lo wer water po tential than their surro unding enviro nment will gain water by

o smo sis  and the resulting internal pressure increase co uld cause the cell to  burst

No te that plant cells are pro tected fro m bursting by their stro ng cell walls

Cells with a higher water po tential than their surro unding enviro nment will lo se water by

o smo sis  and the resulting dro p in internal pressure will cause the cell to  shrink

The units fo r o smo tic co ncentratio n are o smo les per litre  (o smo l L )−1
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Production of Urine (HL)

Ultra�ltration & Selective Reabsorption

Introduction to kidney structure

Humans have two  kidneys, which remo ve waste pro ducts fro m the blo o d and maintain the

blo o d's balance o f water and so lutes

The renal artery  supplies blo o d to  the kidneys, while the renal vein carries blo o d away

The �ltrate pro duced by the kidneys fo rms  urine  which is transf erred to  the bladder via a tube

called the ureter

T he urinary syst em diagram

The kidneys are supplied with blood by the renal artery, while the renal vein carries blood away. A ureter

carries urine from each kidney to the bladder.
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Kidney St ruct ure & Funct ion Table

Structure Function

Renal artery
Carries o xygenated blo o d (co ntaining urea and salts) to

kidneys

Renal vein
Carries deo xygenated blo o d (that has had urea and excess

salts remo ved) away fro m kidneys

Kidney Regulates water co ntent o f blo o d and �lters blo o d

Ureter Carries urine fro m kidneys to  bladder

Bladder Sto res urine (tempo rarily)

Urethra Releases urine o utside o f the bo dy

The kidney itself is surro unded by an o uter layer kno wn as the �bro us capsule

Beneath the �bro us capsule, the kidney has three main regio ns

The co rtex

The medulla

The renal pelvis

Kidney st ruct ure diagram
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The kidney has three main regions; the cortex, the medulla, and the renal pelvis.

Each kidney co ntains tho usands  o f tiny tubes, o r tubules, kno wn as nephro ns

Nephro ns are the f unctio nal unit  o f the kidney and are respo nsible fo r the f o rmatio n o f  urine

Di�erent parts o f the nephro n are fo und in di�erent regio ns o f the kidney

The co rtex

Lo catio n o f the glo merulus, Bo wman’s capsule, pro ximal co nvo luted tubule, and distal

co nvo luted tubule

The medulla

Lo catio n o f the lo o p o f Henle and co llecting duct

The renal pelvis

All kidney nephro ns drain into  this structure, which co nnects to  the ureter

T he nephron diagram
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The nephron spans the three regions of the kidney.

T he glomerulus and Bowman's capsule

Within the Bo wman’s capsule  o f each nephro n is a structure kno wn as the glo merulus

Each glo merulus is supplied with blo o d by an a�erent arterio le  which carries blo o d fro m the

renal artery

The a�erent arterio le splits into  a ball o f  capillaries  that fo rms the glo merulus  itself

The capillaries o f the glo merulus rejo in to  fo rm the e�erent arterio le

Blo o d �o ws fro m the glo merulus into  a netwo rk o f capillaries that run clo sely alo ngside the rest

o f  the nephro n and eventually into  the renal vein

Glomerulus and Bowman's capsule diagram
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The a�erent arteriole supplies the capillaries of the glomerulus, which rejoin to form the e�erent arteriole

Ultra�ltration

The glo merulus sits within the Bo wman's capsule; these two  structures to gether carry o ut the

pro cess o f ultra�ltratio n

The blo o d in the glo merulus is at high pressure

The a�erent arterio le is wider than the e�erent arterio le, increasing the blo o d pressure as

the blo o d �o ws thro ugh the glo merulus

No te that while all capillaries exert o utward pressure, fo rcing tissue �uid o ut to wards the

surro unding cells, the o utward pressure in the glo merulus is much higher than in o ther

capillaries
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This high pressure fo rces small mo lecules in the blo o d o ut o f  the capillaries o f  the glo merulus

and into  the Bo wman’s capsule

These small mo lecules include

Chlo ride io ns

So dium io ns

Gluco se

Urea

Amino  acids

The resulting �uid in the Bo wman's capsule is called the glo merular �ltrate

Large mo lecules such as pro teins remain in the blo o d  and do  no t pass into  the �ltrate
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High blood pressure in the glomerulus forces small molecules into the Bowman's capsule, forming

glomerular �ltrate; this is ultra�ltration

Page 22 of 35
For more help visit our website www.exampaperspractice.co.uk



Composit ion of  t he blood plasma compared t o glomerular �lt rat e t able

Concentration / mol dm  OR *mg dm

Blo o d plasma Glo merular �ltrate

Urea 5 5

Na  io ns 150 145

Cl  io ns 110 115

Gluco se 5 5

Pro tein* 740 5

The structures within the glo merulus and Bo wman's capsule are especially well adapted f o r

ultra�ltratio n

The blo o d in the glo merular capillaries  is separated fro m the lumen o f the Bo wman’s capsule by

two  cell layers  with a basement membrane  in between them:

The �rst cell layer is the endo thelium o f  the capillary

There are gaps between the cells o f the capillary endo thelium kno wn as f enestratio ns;

�uid can pass thro ugh these gaps but no t blo o d cells

The next layer is the basement membrane

The basement membrane is made up o f a netwo rk o f  co llagen pro tein and

glyco pro teins

-3 -3

+

-

This mesh-like structure  acts as a sieve, allo wing small mo lecules thro ugh but

preventing passage o f  large pro teins  fro m the blo o d plasma

The seco nd cell layer is the epithelium o f  the Bo wman’s capsule

The epithelial cells have many f o o t-like pro jectio ns  which wrap aro und the capillary;

these cells are kno wn as po do cytes and the gaps between the pro jectio ns  allo w the

passage o f small mo lecules

As blo o d passes thro ugh the glo merular capillaries the f enestratio ns between the capillary

endo thelial cells, the mesh-like basement membrane, and the gaps between the po do cyte

pro jectio ns  allo w substances disso lved in the blo o d plasma to  pass into  the Bo wman’s

capsule

The substances that pass into  the Bo wman’s capsule make up the glo merular �ltrate

The main substances that fo rm the glo merular �ltrate are amino  acids, water, gluco se, urea

and salts  (Na  and Cl  io ns)

Red and white blo o d cells  and platelets remain in the blo o d as they are to o  large  to  pass

thro ugh the fenestratio ns between the capillary endo thelial cells

The basement membrane sto ps large pro tein mo lecules  fro m getting thro ugh

+ -
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The glomerular �ltrate must pass through three layers during ultra�ltration; the capillary endothelium, the

basement membrane, and the Bowman’s capsule epithelium

Selective reabsorption

Many o f the substances that pass into  the glo merular �ltrate  are useful to  the bo dy

These substances are therefo re reabso rbed  into  the blo o d as the �ltrate passes alo ng the

nephro n

This pro cess is kno wn as selective reabso rptio n since no t all substances are reabso rbed

Reabso rbed substances include water, salts, gluco se, and amino  acids

Mo st o f this reabso rptio n o ccurs in the pro ximal co nvo luted tubule

No te that while mo st water and salts  are reabso rbed in the pro ximal co nvo luted tubule, the

lo o p o f  Henle  and co llecting duct  are also  invo lved in the reabso rptio n o f these substances

The lining o f the pro ximal co nvo luted tubule is co mpo sed o f a single layer o f  epithelial cells

which are adapted to  carry o ut reabso rptio n in several ways:

Micro villi

Micro villi are tiny �nger-like pro jectio ns o n the surface o f epithelial cells which increase

the surface area fo r di�usio n

Co -transpo rter pro teins

Many mito cho ndria

Tightly packed cells

Once useful substances are reabso rbed, the o ther unwanted so lutes and to xins that remain in

the �ltrate will be excreted in urine

Proximal convolut ed t ubule cross-sect ion diagram
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The proximal convoluted tubule, seen here in cross section, has several adaptive features to aid selective

reabsorption

Adapt at ions f or select ive reabsorpt ion t able

Adaptatio n o f  pro ximal co nvo luted

tubule epithelial cell
How adaptation aids reabsorption

Many micro villi present o n the luminal

membrane (the cell surface membrane

that faces the lumen)

This increases the surface area fo r

reabso rptio n

Many co -transpo rter pro teins in the

luminal membrane

Each type o f co -transpo rter pro tein

transpo rts a speci�c so lute (e.g. gluco se

o r a particular amino  acid) acro ss the

luminal membrane

Many mito cho ndria

These pro vide energy fo r so dium-

po tassium (Na  - K ) pump pro teins in the

basal membranes o f the cells

Cells tightly packed to gether

This means that no  �uid can pass between

the cells (all substances reabso rbed must

pass thro ugh the cells)

T he process of selective reabsorption

+ +

Page 26 of 35
For more help visit our website www.exampaperspractice.co.uk



So dium io ns  (Na+) are transpo rted fro m the pro ximal co nvo luted tubule into  the surro unding

tissues by active transpo rt

The po sitively charged so dium io ns creates an electrical gradient, causing chlo ride io ns  (Cl-) to

fo llo w by di�usio n

Sugars  and amino  acids  are transpo rted into  the surro unding tissues by co -transpo rter

pro teins, which also  transpo rt so dium io ns

The mo vement o f io ns, sugars, and amino  acids into  the surro unding tissues lo wers the water

po tential o f  the tissues, so  water leaves the pro ximal co nvo luted tubule  by o smo sis

Urea mo ves o ut o f the pro ximal co nvo luted tubule by di�usio n

All o f the substances that leave the pro ximal co nvo luted tubule fo r the surro unding tissues

eventually make their way into  nearby capillaries  do wn their co ncentratio n gradients

Cot ransport  in t he proximal convolut ed t ubule diagram
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Sodium ions, as well as sugars and amino acids, are reabsorbed by the action of cotransporter proteins

Note that while di�usion occurs during this process, cotransport is considered to be an active process
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Water Reabsorption in the Loop of Henlé

Many animals deal with the excretio n o f the to xic waste pro duct urea by disso lving it  in water and

excreting it

While this metho d o f excretio n wo rks well, it brings with it the pro blem o f  water lo ss

The ro le o f the lo o p o f Henle is to  enable the pro ductio n o f  urine that is mo re co ncentrated

than the blo o d, and to  therefo re co nserve water

No te that it is also  po ssible to  pro duce urine that is less co ncentrated than the blo o d; this is

impo rtant when water intake is high to  prevent blo o d beco ming to o  dilute

T he process in the loop of Henle

So dium and chlo ride  io ns are pumped o ut o f  the �ltrate in the ascending limb  o f the lo o p o f

Henle into  the surro unding medulla regio n, lo wering its water po tential

The ascending limb o f the lo o p o f Henle is impermeable to  water, so  water is unable to

leave the lo o p here by o smo sis

The water po tential o f  the ascending limb increases as it  rises  back into  the co rtex due to

the remo val o f  so lutes  and retentio n o f  water

The neighbo uring descending limb is permeable to  water, so  water mo ves o ut o f  the

descending limb by o smo sis  due to  the lo w water po tential o f the medulla created by the

ascending limb

The descending limb has few transpo rt pro teins in the membranes o f its cells, so  has lo w

permeability to  io ns

The water po tential o f  the �ltrate decreases as the descending limb mo ves do wn into  the

medulla due to  the lo ss o f  water and retentio n o f  io ns

The lo w water po tential in the medulla created by the ascending limb also  enables the

reabso rptio n o f water fro m the co llecting duct  by o smo sis

The water and io ns that leave the lo o p o f Henle fo r the medulla make their way into  nearby

capillaries

The capillary that �o ws directly alo ngside the lo o p o f Henle is kno wn as the vasa recta

The vasa recta also  supplies o xygen to  and remo ves carbo n dio xide fro m the respiring cells

o f  the lo o p o f  Henle

Wat er reabsorpt ion in t he loop of  Henle diagram
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The loop of Henle generates a steep water potential gradient across the medulla, maximising the

reabsorption of water

Water Reabsorption in the Collecting Ducts

Living o rganisms can maintain a saf e balance o f  water and so lutes  in their bo dies by

o smo regulatio n

Osmo regulatio n is an example o f ho meo stasis

The kidneys play an impo rtant ro le in o smo regulatio n by altering the amo unt o f  water

reabso rbed  fro m the glo merular �ltrate into  the blo o d

The amo unt o f water reabso rbed by the kidneys can be regulated by changing the permeability

o f  the walls o f  the distal co nvo luted tubule  and co llecting duct  to  water

The permeability o f these parts o f the nephro n is regulated by a ho rmo ne called antidiuretic

ho rmo ne, o r ADH

ADH is released fro m the po sterio r sectio n o f the pituitary gland  in the brain, which is regulated

by a regio n o f the brain called the hypo thalamus

The hypo thalamus mo nito rs the co mpo sitio n o f  the blo o d  as it �o ws past o smo recepto r

cells in the brain, as well as receiving signals f ro m recepto rs  elsewhere in the bo dy
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Osmorecept ors in t he hypot halamus diagram

Blood water content is monitored by osmoreceptor cells in the hypothalamus, which then regulates the

release of ADH from the posterior pituitary gland into the blood

Low blood water content

Blo o d water co ntent might dro p as a result o f reduced water intake, sweating, o r diarrho ea

Lo w blo o d water co ntent can also  be referred to  as high blo o d so lute co ncentratio n

If blo o d water co ntent gets to o  lo w it can lead to  dehydratio n

A reductio n o f blo o d water co ntent is detected by the hypo thalamus  in the brain

The hypo thalamus causes the pituitary gland to  secrete ADH into  the blo o d

The target cells o f ADH are in the distal co nvo luted tubule and co llecting duct in the kidneys

ADH increases the permeability o f  the walls o f  the distal co nvo luted tubule  and co llecting

duct  in the kidneys to  water
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The permeability o f the walls o f the distal co nvo luted tubule and co llecting duct are

increased by increasing the number o f channel pro teins called aquapo rins  in the cell surface

membranes o f the cells lining the nephro n lumen

Aquapo rins are sto red in the membranes o f  vesicles  in the cells that line the co llecting duct;

ADH causes these vesicles to  f use with the cell surf ace membranes, inco rpo rating the

aquapo rins into  the cell surface membranes

Mo re water is reabso rbed into  the blo o d  via the distal co nvo luted tubule and co llecting duct

The activity o f the lo o p o f Henle generates a co ncentratio n gradient acro ss the medulla,

meaning that as the co llecting duct descends into  the medulla the o smo larity o f  the

tissues o f  the medulla increases; this means that water is reabso rbed by o smo sis  all the

way do wn the length o f the co llecting duct

The reabso rptio n o f water leaves a co ncentrated �ltrate  that passes thro ugh the co llecting

duct and into  the renal pelvis

This remaining �ltrate is the urine; fro m the renal pelvis it passes alo ng the ureter to  the

bladder

The blo o d water co ntent increases  and a small vo lume  o f co ncentrated urine  is pro duced

Aquaporin vesicles diagram

ADH causes vesicles containing aquaporins to fuse with the cell surface membrane of cells that line the

collecting duct, increasing the permeability of the walls of the collecting duct to water
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High blood water content

Blo o d water co ntent might increase due to  increased water intake  o r lo ss o f  salts  during

sweating

High blo o d water co ntent can also  be referred to  as lo w blo o d so lute co ncentratio n

If blo o d water co ntent gets to o  high it can lead to  o verhydratio n

High blo o d water co ntent is detected by the hypo thalamus

The hypo thalamus no  lo nger stimulates the pituitary gland to  release ADH and ADH levels in the

blo o d dro p

The distal co nvo luted tubule and co llecting duct walls beco me less permeable to  water

Fewer aquapo rins are present

The cell surface membrane is pinched inwards to  ref o rm the vesicles  in which aquapo rins are

sto red

Less water is reabso rbed  fro m these regio ns o f the nephro n into  the blo o d, and the water

instead passes do wn the co llecting duct into  the renal pelvis alo ng with the rest o f the �ltrate

Blo o d water co ntent decreases  and a large quantity  o f dilute urine  is pro duced

Osmoregulat ion diagram
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Osmoregulation is an example of homeostasis; the volume of water reabsorbed by the kidneys into the

blood is regulated
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Changes in Blood Supply to Organs (HL)

Changes in Blood Supply to Organs

The ro le o f the circulato ry system is to  supply the cells o f  the bo dy with o xygen and nutrients,

and to  remo ve the waste pro ducts o f  metabo lism

The requirements o f the cells in di�erent parts o f the bo dy will di�er depending o n the activity

levels o f  the bo dy, e.g.

During exercise  the muscles  will require mo re o xygen and gluco se  to  fuel muscle

co ntractio n, so  will need an increased blo o d supply

After a meal the digestive system will require mo re o xygen and gluco se  to  fuel digestio n

and abso rptio n, so  will need an increased blo o d supply

The circulato ry system can divert blo o d �o w to  increase o r decrease the blo o d supply to

di�erent o rgans

This is achieved by vaso dilatio n o r vaso co nstrictio n in the arterio les  that supply the capillary

beds in di�erent parts o f the bo dy

The blo o d supply to  the o rgans may change as fo llo ws:

Skeletal muscles

During sleep the skeletal muscles are relaxed and blo o d �o w to  these muscles is

relatively lo w

During wakefulness so me muscle gro ups will be wo rking to  keep the bo dy upright, and

blo o d �o w will increase

There will be a large increase in blo o d �o w during physical exercise, as rapid co ntractio n

o f many muscle gro ups will o ccur

Gut

So o n after a meal the blo o d �o w to  the gut will increase

Blo o d �o w decreases during exercise so  that mo re blo o d can be diverted to  the

skeletal muscles

Brain

The blo o d �o w to  the brain remains relatively co nstant regardless o f the activity levels o f

the bo dy, as it carries o ut pro cesses that need to  o ccur all the time

Blo o d �o w increases slightly during a stage o f sleep kno wn as REM

Kidneys

Blo o d �o w do es no t change signi�cantly o n the basis o f activity level, but will increase

slightly during sleep and rest, and decrease slightly during pro lo nged exercise
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