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Negative & Positive Feedback ,

Your notes

Negative & Positive Feedback
Negative feedback

= The majority of homeostatic control mechanismsin organisms use negative
feedback to maintain homeostatic balance, i.e. to keep certain physiological factors,
such asinternal temperature or blood glucose concentration, within certain limits

= Negative feedback controlloopsinvolve
= Areceptor detects a stimulus thatis involved with a physiological factor
= E.g.achangeintemperature orblood glucose level
= Acoordination system transfers information between different parts of the body
= This could be the nervous system or the hormonal system
= Aneffectorcarries out aresponse
= Effectors are muscles or glands
= The outcome of anegative feedbackloop is
= |fthereisanincrease inthe factor the bodyrespondsto make the factor decrease
= |fthereis adecreaseinthe factorthe bodyresponds to make the factorincrease

= Negative feedback systems work by reversing a change in the body to bringit back
within normal limits, e.g.

= |fbodytemperaturerises a negative feedback system will act to lower body
temperature, bringing it back to normal

= |fblood glucose levels drop anegative feedback systemwill act to raise blood
glucose, bringing it back to normal
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INTERNAL ,

STIMULI RECEPTOR DETECTS A STIMULUS Your notes
THAT IS INVOLVED WITH THE
EXTERNAL ﬁ CONDITION/PHYSIOLOGICAL FACTOR

STIMULI ﬂ

RECEPTOR SENDS INFORMATION
THROUGH THE NERVOUS SYSTEM
TO CENTRAL CONTROL IN THE

J

BRAIN OR SPINAL CORD NEGATIVE
FEEDBACK
< LOOP

CENTRAL CONTROL INSTRUCTS
AN EFFECTOR TO CARRY OUT
AN ACTION

THE FACTOR (STIMULUS) IS
CONTINUOQUSLY MONITORED
BY RECEPTORS SO THAT IT
FLUCTUATES AROUND A SET
POINT OR IDEAL VALUE

Negative feedback loops involve the monitoring of physiological factors and act to
reverse any changes, keeping the factors within normal limits. Information can be
transferred via nerve signals, as shown here, or by hormonal signals.

Positive feedback

= |npositive feedbackloops the original stimulus produces aresponse that causes the
factor to deviate even more from the normalrange

= Theyenhance the effect of the original stimulus
= Anexample of thisis the dilation of the cervix during labour
= The cervix stretches as baby pushes against it
= Stretchreceptorsinthe cervix are stimulated and send impulses to the brain

= The pituitary glandis stimulated to release oxytocin which increases the intensity of
uterine contractions

= This pushes the baby further down the birth canal and stretches the cervix even
further

= Positive feedback loops are useful to quickly activate a process, e.g. blood clotting to
close up awound

= Whenthe body isinjured, platelets become activated
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= Theyrelease chemicals which will activate more platelets, whichin turn, will release ,

chemicals that will activate even more platelets etc.
Your notes
= This ensures that the wound is quickly closed up by a blood clot before too much

bloodislost or too many pathogens enter the bloodstream

= The body willrevert to negative feedback mechanisms once the blood clot has
formed

= Positive feedback may also kick in when homeostatic mechanisms break down

= E.g.during prolonged exposure to extreme cold hypothermia can occur; body
temperature drops, resulting in decreased metabolism whichin turn causes body
temperature to drop further

= Since these mechanisms do not maintain a constantinternal environment, they are not
involved in homeostasis

Negative Feedback in Maintaining
Conditions

The control of negative feedback

= Negative feedback loops help maintain a normal range or balance within an organism
= Theyreduce theinitial effect of the stimulus

= Receptors detect any deviationsin a factor from the normal range; this resultsin
a corrective mechanism to return the factor back toits normalrange

= |nnegative feedbackloop there are usually two corrective mechanisms
= One forwhen the factorbecomes too low
= Oneforwhenthe factorbecomes too high
= The corrective mechanisms may involve the nervous system or the endocrine system

= The magnitude of the correction required to bring a factor back withinits normalrange is
monitored and regulated by negative feedback

= Asthefactorgetsclosertoits normalvalue the level of correctionreduces
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RECEPTOR DETECTS CHANGE (STIMULUS) WHICH ,
TRIGGERS CORRECTIVE MECHANISM A Your notes

Va

FACTOR INCREASES ABOVE
NORMAL RANGE

FACTOR WITHIN FACTOR RETURNS TO
NORMAL RANGE WITHIN NORMAL RANGE

FACTOR DECREASES BELOW
NORMAL RANGE

W

RECEPTOR DETECTS CHANGE (STIMULUS) WHICH
TRIGGERS CORRECTIVE MACHANISM B

Two corrective mechanisms are involved in the negative feedback loop
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Homeostasis /

Your notes

Homeostasis

= |nordertofunction properly and efficiently organisms have different control systems
that ensure theirinternal conditions are kept relatively constant

= Physiological control systems maintain the internal environment within restricted limits
through a process known as homeostasis

= This keeps theinternal environment of the body fluctuating around a specific normal
level

= Thisisknown as a state of dynamic equilibrium

= Sensory cells known as receptors can detect information about the conditions inside
and outside the body

The importance of homeostasis

Temperature

= Homeostasis s critically important for organisms as it ensures the maintenance of
optimal conditions for enzyme action and cell function

= Forexample, anincrease in body temperature above 40 °C would cause enzymes to
denature

= Thisis due to anincrease in kinetic energy which would resultin the breakage
of hydrogen bonds holding the enzyme in a specific 3D shape

= The active site will change shape and willno longer be complementary to the
substrate molecule

= Anenzyme-substrate complex cannot form and the enzyme cannot catalyse
thatreaction anymore, leading to less efficient metabolic reactions

Blood glucose
= Cellsalsoneed aconstant supply of energy in the form of ATP to work efficiently

= Glucoseisrespired to supply this ATP, meaning that the body needs to carefully monitor
and control blood glucose concentrations

= Cellsinthe pancreas monitor blood glucose concentrations

Water

= Wateris anotheressential requirement for cells to function optimally; it makes up the
cellcytoplasm andit takes partin metabolic reactions

= |tistherefore crucial for the amount of water in the blood to remain constant

= Waterislost during excretion of waste products, e.g. urine, and in sweat
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= Thekidneys are responsible for regulating the amount of waterin the blood ,

Control mechanisms for maintaining body temperature Your notes
= Maintenance of aconstantinternal body temperature is known as thermoregulation

= This processinvolves both cooling and warming mechanisms depending on whether
thereisanincrease or decrease in body temperature

Cooling mechanisms
= Vasodilation of the blood vessels that supply skin capillaries

= Heat exchange during both warming and cooling occurs at the body's surface as
thisis where the blood comes into close proximity to the environment

= The warmer the environment, the less heatislost from the blood at the body's
surface

= One way toincrease heatloss is to supply the capillaries in the skin with a greater
volume of blood, which then loses heat to the environment via radiation

= Arterioles have musclesin their walls that canrelax or contract to allow more or
less blood to flow through them

= During vasodilation these muscles relax, causing the arterioles near the skin to
dilate and allowing more blood to flow through skin capillaries

= Thisis why pale-skinned people gored when they are hot
= Sweating
= Sweatis secreted by sweat glands

= This cools the skin by evaporation; heat energy from the body converts liquid water
into watervapour

= Sweatingisless effective as a cooling mechanism in humid environments; sweat
evaporates more slowly due to areduced concentration gradient between the
sweat and the surrounding air

= Flattening of hairs
= The hairerector pilimuscles in the skin relax, causing hairs to lie flat

= These muscles canbe described as effectors, as they respond to achangein
body temperature

= This stops them from forming an insulating layer of trapped air and allows air to
circulate over skin; heat can therefore leave by radiation
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Changes in the skin help to increase heat loss when body temperature rises

Warming mechanisms

= Vasoconstriction of blood vessels that supply skin capillaries

= One way to decrease heat loss is to supply the capillaries in the skin with a smaller

volume of blood, minimising the loss of heat to the environment by radiation

= During vasoconstriction the musclesin the arteriole walls contract, causing the
arterioles near the skin to constrict and allowing less blood to flow through skin
capillaries

= |nstead, the bloodis diverted through shunt vessels, which are deeperin the skin

and therefore do notlose heat to the environment

= Vasoconstrictionis not, strictly speaking, a 'warming' mechanism as it does not raise

the temperature of the blood but instead reduces heat loss from the blood as it
flows through the skin

= Boosting metabolic rate

= Most of the metabolic reactionsin the body are exothermic and this provides
warmth to the body

= |ncoldenvironments the hormone thyroxine, released from the thyroid gland,

increases the basal metabolic rate (BMR), increasing heat productionin the body

= Adrenaline may also be released to speed up the metabolic rate and release more

heat

4

Your notes
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= Shivering ,

= Thisis areflexactioninresponse to a decrease in core body temperature Your notes
= Thismeansitis anervous mechanism, not ahormonal one

= |nthis case muscles are the effectors and they contract in arapid and regular
manner

= The metabolic reactions required to power this shivering generate sufficient heat to
warm the blood and raise the core body temperature

= Erection of hairs
= The hair erector pilimuscles in the skin contract, causing hairs to stand onend

= This forms aninsulating layer over the skin's surface by trapping air between the
hairs and stops heat from being lost by radiation

= Note that, like vasoconstriction, thisis a heat retention mechanismratherthana
warming mechanism

= Lesssweating
= The sweat glands will secrete less sweat whenitis cold
= Thiswillreduce the amount of heat lost through the evaporation of sweat

= Thisis aheatretention mechanismrather than a warming mechanism
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AROUND THE SKIN
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TRAPPED AIR IS
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VESSELS CONSTRICT
*REMEMBER, HEAT ENERGY TRANSFER ALWAYS REDUCING BLOOD FLOW
OCCUR FROM ‘HOTTER® REGIONS TO ‘COOLER’ TO THE SKIN

REGIONS. RADIATION IS HEAT ENERGY
TRANSFER BY ELECTROMAGNETIC RADIATION.
CONDUCTION AND CONVECTION ARE THE OTHER
TWO TYPES.
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Changes in the skin reduce heat loss when the body cools

The role of the hypothalamus in thermoregulation

= The hypothalamusis an area of the brain thatis responsible for controlling many
functionsin the body, including

= Hormones

= Sleep

= Growth

= Bodytemperature
= Bloodpressure

= Mammals detect external temperatures via thermoreceptors found in the skinand
mucous membranes

= There arereceptors forboth heatand cold
= These communicate with the hypothalamus along sensory neurons

= The hypothalamus will send impulses along motor neurons to effectors to bring
about a physiological response to changing external temperatures

= The hypothalamus also helps to regulate body temperature by monitoring the
temperature of the blood flowing through it and initiating homeostatic
responses when it gets too high ortoo low

ENCREASED SWEATING
THERMORECEPTORS
. IN THE HYPOTHALAMUS
) | SN DETECT -‘:D VASODILATION

Your notes

CHANGE
HAIRS LIE FLAT
INCREASE IN BODY ASANST Sl
TEMPERATURE DECREASE IN BODY
TEMPERATURE

NORMAL  BODY

TEMPERATURE

(37 ©)

DECREASE IN BODY
TEMPERATURE

1
]  NO CHANGE |
1

> TEMPERATURE

NORMAL BODY

(37 T

I

INCREASE IN BODY
TEMPERATURE

I VASOCONSTRICTION

THERMORECEPTORS J ﬁ
IN THE HYPOTHALAMUS SHIVERING |

AND SKIN DETECT

CHANGE

|EKIN HAIRS ERECT

#Fsavemyexams

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com

10


https://www.savemyexams.com/?utm_source=pdf

The regulation of body temperature involves communication between thermoreceptors, ,
the hypothalamus and effectors to respond to change
. Your notes

o

Examiner Tips and Tricks

Note that vasoconstriction and vasodilation occurin the arterioles that supply the
skin capillaries, not the skin capillaries themselves; capillary walls are only one cell
thick and do not contain any muscle fibres capable of contracting orrelaxing.

Be careful with your use of language; muscles contract, arterioles constrict.
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The Kidney: Structure

The Kidney: Structure

= Humans have two kidneys
= The kidneys are responsible for carrying out two very important functions
= Asanosmoregulatory organ they regulate the water content of the blood

= Thisis essential for maintaining blood pressure and to prevent celldamage
occurring due to osmosis

= Asanexcretory organ they enable the excretion of the toxic waste products of
metabolism, such as urea, and substances in excess of requirements, such as salts

||

i P

© RENAL ARTERY

| Ay
: )‘

@savemyexa

VENA CAVA @

KIDNEY REGULATES WATER
CONTENT AND FILTERS BLOOD

. URETER CARRIES URINE FROM
THE KIDNEYS TO THE BLADDER

The kidneys are located above the bladder. They are supplied with blood by the renal
artery and connect to the bladder via the ureter.

The Function of the Kidneys & their Associated Structures Table
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Your notes

Structure Function

Renal artery | Carries oxygenated blood (contdining urea
and salts) to kidneys

Renal vein Carries deoxygenated blood (that has had
urea and excess salts removed) away from
kidneys

Kidney Regulates water content of blood and

filters blood

Ureter Carries urine from kidneys to bladder
Bladder Stores urine (temporarily)
Urethra Releases urine outside of the body

The gross structure of the kidney
= Thekidneyitselfis surrounded by an outer layer known as the fibrous capsule
= Beneaththe fibrous capsule, the kidney has three main regions
= The cortex
= Themedulla

= Therenal pelvis
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e FIBROUS CAPSULE ,
Your notes

RENAL PELVIS e

_BRANCH OF
RENAL VEIN

BRANCH OF
RENAL ARTERY

The kidney has three main regions; the cortex, the medulla, and the renal pelvis.

The microscopic structure of the kidney

= Eachkidney contains thousands of tiny tubes, or tubules, known as nephrons

= Nephrons are the functional unit of the kidney and are responsible for the formation of
urine

= Different parts of the nephron are found in different regions of the kidney
= The cortex

= | ocation of the glomerulus, Bowman'’s capsule, proximal convoluted tubule,
and distal convoluted tubule

= Themedulla
= |ocationof theloop of Henle and collecting duct
= Therenal pelvis
= Allkidney nephrons draininto this structure, which connects to the ureter
= There are two types of nephronsin the kidney
= Cortical nephrons

= These occurmainly in the renal cortex and have a shortloop of Henle that
barely enters the medulla

= They make up about 85% of the nephronsin a human kidney

= Juxtamedullary nephrons
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= Theyhave longloops of Henle that span across the entire medulla /

= Very efficient at conserving water in the body Your notes

RENAL PELVIS -

_DISTAL CONVOLUTED
TUBULE

_BOWMAN’S

- GLOMERULUS CAPSULE

COLLECTING
DUCT

LOOP OF HENLE:
RENAL _
PELVIS

The nephron spans the three regions of the kidney.
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= Thereis also anetwork of blood vessels associated with each nephron
= Within the Bowman’s capsule of each nephronis a structure known as the glomerulus

= Eachglomerulusis supplied with blood by an afferent arteriole which carries blood
fromthe renal artery

= The afferent arteriole splitsinto a ball of capillaries that forms the glomerulus itself
= The capillaries of the glomerulus rejoin to form the efferent arteriole

= Blood flows from the glomerulus into a network of capillaries that run closely alongside
the rest of the nephron and eventually into the renal vein

EFFERENT
ARTERIOLE

AFFERENT _
ARTERIOLE

FROM

RENAL ﬂ

ARTERY
TO
RENAL
VEIN

LOOP OF HENLEH

The afferent arteriole supplies the capillaries of the glomerulus, which rejoin to form the
efferent arteriole.
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Urea as a Waste Product /

Your notes

Urea as a Waste Product

Formation of urea
= The body cannot store excess protein oramino acids

= Livercells, orhepatocytes, are responsible for removing the amino group from excess
amino acids in a process called deamination

= During deamination the amino group (-NH2) of an amino acid is removed, together with
an extra hydrogen atom

= These combine to form ammonia (NH3z)
amino acids - ammonia + keto acid

= Theremaining keto acid may enter the Krebs cycle to be respired, be converted
to glucose, or converted to glycogen / fat for storage

= This means that the amino acids within the protein will not be wasted but can
function as a useful source of energy

= Duetoitstoxicity ammoniais quickly convertedinto less toxic urea

= Thishappensina series of steps known as the ornithine cycle, which canbe
summarised as

ammonia + carbon dioxide — urea + water
= Ureaforms part of urine and can be excreted by the kidneys

= Ureaisfiltered out of the bloodstream into the Bowman's capsule of the nephron by the
process of ultrafiltration

R-GROUP — VARIABLE
SIDE CHAIN

@ CARBOXYL GROUP
AMINO GROUP (BASIC)
J.C‘ (ACIDIC)
H

During the process of deamination the amino group (-NHy) is removed from the amino
acid and converted into ammonia (NH3z)

Ultrafiltration

= Within the Bowman’s capsule of each kidney nephronis a structure known as
the glomerulus; these two structures together carry out the process of ultrafiltration
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= Thebloodinthe glomerulusis at high pressure ,

= The afferent arteriole that enters the glomerulus is wider than the efferent arteriole Your notes
thatleavesit, increasing the blood pressure as the blood flows through the
glomerulus

= Thishigh pressure forces small moleculesin the blood out of the capillaries of the
glomerulus and into the Bowman’s capsule

= Theresulting fluidin the Bowman's capsule is called the glomerular filtrate

= Large molecules such as proteins remainin the blood and do not passinto the filtrate
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ULTRAFILTRATION Your notes
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BLOOD IN THE GLOMERULUS
IS UNDER HIGH PRESSURE,
THIS FORCES SUBSTANCES ©
OUT OF THE BLOOD INTO
THE BOWMANS CAPSULE

NEPHRON BLOOD SUPPLY
FOR REABSORPTION

o NEPHRON

_ BOWMAN'S
CAPSULE

#Fsave myexams

During the process of ultrafiltration small molecules are forced out of the capillaries into
the Bowman's capsule
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= The structures within the glomerulus and Bowman's capsule are especially well adapted ,
for ultrafiltration
Your notes
= Thebloodinthe glomerular capillaries is separated from the lumen of the Bowman’s
capsule by two celllayers with a basement membrane in between them

= The first celllayeris the endothelium of the capillary; gaps between the cells allow
fluid to pass through

= Thenextlayeris the mesh-like basement membrane

= Thesecondcelllayeris the epithelium of the Bowman’s capsule; gaps between the
cells allow the passage of small molecules

= Asblood passes through the glomerular capillaries the gaps between the cells and
the mesh-like basement membrane allow substances dissolved in the blood plasma
to passinto the Bowman’s capsule

= The substances that passinto the Bowman’s capsule make up the glomerular
filtrate

= The mainsubstances that form the glomerular filtrate are
= Amino acids
= Water
= Glucose
= Urea
= Salts(Na+and Cl-ions)

= Red and white blood cells and platelets remain in the blood as they are too large to
pass between the cells

= The basement membrane stops large protein molecules from getting through
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Selective Reabsorptionin the Kidney

Selective Reabsorptionin the Kidney

The nephronis the functional unit of the kidney and is responsible for the formation of
urine

The process of urine formationin the kidneys occurs in two stages
= Ultrafiltration
= Selective reabsorption

Ultrafiltrationinvolves filtering small molecules from the blood at high pressure
= This occurs between the glomerulus and the bowman's capsule

Selective reabsorption allows the kidney to reabsorb useful small molecules into the
blood

Selective reabsorption

Many of the substances that pass into the glomerular filtrate are useful to the body

These substances are therefore reabsorbed into the blood as the filtrate passes along
the nephron

This processis known as selective reabsorption since not all substances are
reabsorbed

= Reabsorbed substancesinclude water, salts, glucose, and amino acids
Most of this reabsorption occurs in the proximal convoluted tubule

= Note that while water and salts are reabsorbed in the proximal convoluted tubule,
theloop of Henle and collecting duct are also involved in the reabsorption of these
substances

4

Your notes
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Selective reabsorption of useful substances occurs in the proximal convoluted tubule,
the loop of Henle and the collecting duct

= Thelining of the proximal convoluted tubule is composed of a single layer of epithelial
cells which are adapted to carry out reabsorptionin several ways

= Microvilli

= Microvilli are tiny finger-like projections on the surface of epithelial cells which
increase the surface area for diffusion

= Co-transporter proteins
= Many mitochondria
= Tightly packed cells

Adaptations for Selective Reabsorption Table
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Adaptation of proximal Your notes

convoluted tubule epithelial cell = How adaptation aids reabsorption

Many microvilli present on the luminal This increases the surface area
membrane (the cell surface membrane for reabsorption.
that faces the lumen).

Many co—transporter proteins in Each type of co—transporter protein
the luminal membrane. transports a specific solute

(eg. glucose or a particular amino acid)
dcross the luminal membrane.

Many mitochondria. These provide energy for sodium—potassium
(Na+—K+) pump proteins in the basal
membranes of the cells.

Cells tightly packed together. This means that no fluid can pass between
the cells (all substances reabsorbed must
pass through the cells).

Molecules reabsorbed from the Proximal Convoluted Tubule

Sodiumions (Na*) are transported from the proximal convoluted tubule into the
surrounding tissues by active transport

The positively charged sodiumions creates an electrical gradient, causing chloride
ions (Cl") to follow by diffusion

Sugars and amino acids are transported into the surrounding tissues by co-transporter
proteins which also transport sodiumions

The movement of ions, sugars, and amino acids into the surrounding tissues lowers the
water potential of the tissues, so water leaves the proximal convoluted tubule by
osmosis

Urea moves out of the proximal convoluted tubule from a high to alow concentration
by diffusion

All of the substances that leave the proximal convoluted tubule for the surrounding
tissues eventually make their way into nearby capillaries down their concentration
gradients
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by an active process that involves co-transporter proteins.

Therole of the loop of Henle

Many animals deal with the excretion of the toxic waste product urea by dissolving itin

water and excreting it

While this method of excretion works well, it brings with it the problem of water loss

Therole of the loop of Henle is to enable the production of urine that is more
concentrated than the blood, and to therefore conserve water

1, SaveMyExams
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= Notethatitisalso possible to produce urine thatisless concentrated than the ,
blood; thisisimportant when waterintake is high to prevent blood becoming too
dilute Your notes

= Theloop of Henle achieves this by the use of a countercurrent multiplier system

= Countercurrentrefers to the opposite directions of filtrate flow in the descending
and ascending limbs of the loop of Henle

= Multiplier refers to the steep concentration gradient that the loop of Henle is able to
generate across the medulla

The processin the loop of Henle

= Sodium and chloride ions move out of the filtrate in the ascending limb of the loop of
Henle into the surrounding medulla region, lowering its water potential

= The movement of ions occurs by both diffusion and active transport
= Diffusion takes placein the first part of the ascending limb
= Active transport occursin the second part of the ascending limb

= The ascending limb of the loop of Henle isimpermeable to water, so wateris unable
toleave the loop here by osmosis

= The water potential in the ascending limb increases as it rises back into the cortex
due to the removal of solutes and retention of water

= The neighbouring descending limb is permeable to water, so water moves out of the
descending limb by osmosis due to the low water potential in the medulla created by
the ascending limb

= Thedescendinglimb has few transport proteins in the membranes of its cells, so has
low permeability toions

= The water potential of the filtrate decreases as the descending limb moves
downinto the medulla due to the loss of water and retention of ions

= Thewaterandions thatleave the loop of Henle for the medulla make their way into the
nearby capillary network
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The loop of Henle acts as a countercurrent multiplier, maximising the reabsorption of
water by creating a steep water potential gradient across the medulla
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Hormones in Osmoregulation /
Your notes

Hormonesin Osmoregulation

= The control of the water potential of body fluids is known as osmoregulation
= Osmoregulationis a key part of homeostasis

= Specialised sensory receptors, known as osmoreceptors, monitor the water potential
of the blood

= These osmoreceptors are foundin an area of the brain known as the hypothalamus

= |fthe osmoreceptors detect a decrease in the water potential of the blood, nerve
impulses are sent along sensory neurones to the posterior pituitary gland, located just
below the hypothalamus

= These nerveimpulses stimulate the posterior pituitary gland to release antidiuretic
hormone (ADH)

= ADH molecules enter the blood and travel throughout the body
= ADH causes the kidneys to reabsorb more water

= Thisreduces the loss of water in the urine

HYPOTHALAMUS

OSMORECEPTOR
NEURONES

HYPOTHALAMUS

NERVE IMPULSES SENT
TO POSTERIOR PITUITARY
GLAND, CAUSING IT TO
RELEASE ADH INTO THE
BLOOD

POSTERIOR

ANTERIOR
PITUITARY e
GLAND

ADH IN BLOOD
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When osmoreceptors detect a decrease in blood water potential, nerve impulses ,

stimulate the release of ADH at the posterior pituitary gland. This ADH then travels in the

blood to the kidneys, causing them to increase water reabsorption Your notes

The effect of ADH on the kidneys

Low blood water content

Blood water content might drop as a result of reduced water intake, sweating,
ordiarrhoea

= | ow bloodwater content can also be referred to as high blood solute
concentration, orlow blood water potential

= |fbloodwater content getstoolowit canleadto dehydration
Areduction of blood water content is detected by the hypothalamus in the brain
The hypothalamus causes the pituitary gland to secrete ADH into the blood

= Thetargetcells of ADH are in the distal convoluted tubule and collecting ductin the
kidneys

ADH increases the permeability of the walls of the distal convoluted
tubule and collecting duct in the kidneys to water

= The permeability of the walls of the distal convoluted tubule and collecting duct are
increased by increasing the number of channel proteins called aquaporins in the
cell surface membranes of the cells lining the nephron lumen; this occurs in the
following way

= Collecting duct cells contain vesicles, the membranes of which contain
many aquaporins

= ADH molecules bind toreceptor proteins, activating a signalling cascade that
causes the vesicles to move to and fuse with the luminal membranes of the
collecting duct cells

= Thisincreases the permeability of the membrane to water

More water is reabsorbed into the blood via the distal convoluted tubule and collecting
duct

The reabsorption of waterleaves a concentrated filtrate that passes through the
collecting duct andinto therenal pelvis

= Thisremaining filtrate is the urine; from the renal pelvis it passes along the ureter to
the bladder

The blood water content increases and a small quantity of concentrated urine is
produced
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AQUAPORIN - \ MEMBRANE Your notes
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| VESICLES FUSE WITH LUMINAL MEMBRANES

WATER MOVES THROUGH AQUAPORINS DOWN THE WATER
POTENTIAL GRADIENT INTO THE CONCENTRATED TISSUE FLUID
AND BLOOD PLASMA IN THE MEDULLA OF THE KIDNEY

ADH increases the permeability of the walls of the collecting duct to water by increasing
the number of aquaporins in the cell surface membranes of the collecting duct cells.

High blood water content
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= Bloodwatercontent mightincrease due to increased waterintake orloss of salts during ,

sweating
Your notes
= Highbloodwatercontent canalso bereferred to as low blood solute

concentration, or high blood water potential
= |f blood water content gets too highit canlead to overhydration
= Highblood water contentis detected by the hypothalamus

= The hypothalamus no longer stimulates the pituitary gland to release ADH and ADH
levelsinthe blood drop

= Thedistal convoluted tubule and collecting duct walls become less permeable to
water

= Feweraquaporins are present

= Lesswaterisreabsorbed from these regions of the nephroninto the blood, and the
waterinstead passes down the collecting ductinto the renal pelvis along with the rest of
the filtrate

= Blood water content decreases and a large quantity of dilute urine is produced
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Control of Gene Expression 4

Your notes

Control of Gene Expression

= Hormones can alter the eventsinside a cell by influencing gene expression
= Eukaryotes use transcription factors to control gene expression

= Atranscription factoris a protein that controls the transcription of genes by binding
to a specific region of DNA

= |tisestimated that ~10 % of human genes code for transcription factors

= There are several types of transcription factors that have varying effects on
gene expression

= E.g.transcription factors thatincrease the rate at whicha geneis
expressed are known as activators, while those that decrease gene
expression are known as repressors

= Transcriptionfactors ensure that genes are being expressedin the correct cells,
at the correct time and to therightlevel

= Transcription factors allow organisms to respond to their environment

= Some hormones achieve their effect by acting upon transcription factors

Effect of hormonesinside cells

= Hormones that can cross the cell surface membrane, e.g. steroid hormones and thyroid
hormones, are able to enter the nucleus and bind to transcription factors that are
present there

= Steroid hormones are lipid soluble, allowing them to pass between the
phospholipids of the cell surface membrane

= Anexample of thisis the hormonal regulation of body temperature

= Atnormal body temperature a transcription factor known as the thyroid hormone
receptor binds to a section of DNA at the start of agene

= This gene codes for a protein that increases the metabolic rate, generating
more heat and therefore increasing body temperature

= Aslongas the thyroid hormone receptoris bound to the region of DNA at the start of
the gene, the gene will not be expressed; it can be said to be switched off

= |nrealityitis more likely that expression of the gene will be reduced rather than
switched off entirely

= However, in cold temperatures the body will release the hormone
thyroxine which binds to the thyroid hormone receptor

= Once the hormone and the receptor are bound together the thyroid hormone
receptor allows RNA polymerase to bind to the start of the gene; the geneis said to
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be switched on and its rate of expression willincrease ,

= The protein whichincreases the metabolic rate is producedin larger quantities,
leading to anincrease in body temperature

Your notes
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The hormone thyroxine acts as a transcription factor by binding to the thyroid hormone
receptor; this switches on the gene, allowing it to be transcribed by RNA polymerase

Effect of hormones from outside cells

= Hormones that cannot cross the cellmembrane, e.g. protein and peptide hormones,
bind to receptors in the cell surface membrane

= Examples of suchhormonesinclude
= Adrenaline
= |nsulin
= Glucagon
= ADH

= The binding of these hormones to cell surface membrane receptors initiates a process
that activates messenger molecules in the cytoplasm of the cellknown as second
messengers

= Acommon second messenger moleculeis cyclic AMP (cAMP), formed from ATP

= The activated second messenger molecules activate enzymes called protein kinases
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= Active protein kinase enzymes trigger a chain of reactions, known as a cascade, inside
the cell

= The cascade may resultin changes to the activity of transcription factors which may
then affect gene expressionin the cell
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Adrenaline acts by binding to a receptor on cell surface membranes; this activates the
second messenger cAMP, leading to a cascade of reactions that affects the activity of
the cell, e.g. by influencing transcription factors

4
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