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6.1Digestion & Absorption YOURlNOTES

6.1.1Digestion

Introduction to Digestion

¢ Thedigestive systemis an example of an organ system in which several organs work
togetherto digest and absorb food
¢ Digestionis a process in which relatively large, insoluble molecules in food (such as starch
and proteins) are broken down into smaller, soluble molecules that can be absorbedinto
the bloodstream and delivered to cells in the body
¢ These small, soluble molecules (such as glucose and amino acids) are used eitherto
release energy (via respiration) to the cells, or to provide cells with materials with which they
can build other molecules to grow, repair and function
¢ Thehuman digestive systemis made up of the organs that form the alimentary canal, and
accessory organs
o Thealimentary canalis the channel orpassage through which food flows through the
body, starting at the mouth and ending at the anus
o Digestion occurs within the alimentary canal
o Accessory organs produce substances that are needed for digestion to occur(such
as enzymes and bile) but food does not pass directly through these organs
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The human digestive system includes the organs of the alimentary canal and accessory organs that work
together to break large insoluble molecules into small soluble molecules
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Peristalsis

o Peristalsis is series of muscle contractions in the walls of the oesophagus or small

intestine that pass like a wave along the alimentary canal

o This wave forces the bolus of food along the alimentary canal

o Thesecontractions are controlled unconsciously by the

¢ Peristalsisis controlled by circular andlongitudinal muscles
¢ Thesemuscles are smooth muscle (not striated)

autonomic nervous system

o Circular muscles contract toreduce the diameter of the lumen of the oesophagus or

smallintestine

= This prevents the food moving backwards towards the mouth

o Longitudinal muscles contract toreduce thelength of that section the oesophagus

orthe smallintestine

= This forces the food forwards through the alimentary canal

¢ Oncethebolus hasreachedthe stomach,itis churnedintoa
which continues on to the small intestine

less solid form, called chyme,

¢ Mucusis producedto continually lubricate the food mass andreduce friction
¢ Inthe smallintestine peristalsis is slow comparedto the peristalsis that occursin the
oesophagus. Italso aids digestion by churning up the food with enzymes as it pushes it

alongthe gut
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Circular andlongitudinal muscles in the alimentary canal contract rhythmically to move the

bolus alonginawave-like action
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Pancreatic Juices YOURNOTES

e Thepancreasis a gland made up of two types of tissue {
o Thefirsttype of tissue secretes the hormones insulinand glucagon into the blood
o The secondtype of tissue synthesises and secretes digestive enzymes into the
lumen of the smallintestine
= Enzymes are synthesised on the ribosomes of the rough endoplasmic reticulum.
They are then processed within the Golgi apparatus before being secreted by
exocytosis into the lumen of the smallintestine

e Secretion of pancreatic enzymes is stimulated by the release of hormones into the
stomach andintestines inresponse toingestion of food
o Thisis an automatic response of the autonomic nervous system

+ The enzymes found in pancreatic juice include amylase, lipase, phospholipase, and
protease enzymes.

The structure of the pancreas

* Digestive enzymes are producedin specialised gland cells which are known as acinar cells
¢ Thesecells arelocatedin clusters around the ends of tubes called ducts
¢ Ductsjointogetherto formlarger ducts and eventually, one pancreatic duct
o Thisis where the pancreaticjuices, containing enzymes, are secreted into the
duodenum of the smallintestine
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Acinar cells synthesise and secrete pancreatic enzymes into the ducts and the pancreatic
duct secretes the pancreatic juice into the smallintestine
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Enzymesin Small Intestine Digestion YOURNOTES

e Enzymes arerequired to carry out the hydrolysis reactions required to digestlarge {
insoluble macromolecules into small, soluble, monomers
* The enzymes found in pancreaticjuiceinclude;
o Amylase - forthe partial digestion of starch into maltose
o Lipase - fordigestion of triglycerides into fatty acids and glycerol/monoglycerides
o Phospholipase - for digestion of phospholipids into fatty acids, glyceroland
phosphate
o Protease - for the partial digestion of proteins and polypeptides into shorter peptides

¢ Aswellas those enzymes foundin pancreaticjuices, enzymes are also producedin the
walls of the smallintestine
o Theseenzymes break the products of pancreatic enzyme digestion downinto
monomers, e.g.
= Nucleases break down nucleic acids

Lactasedigestslactose

Sucrasedigests sucrose

Maltase digests maltose

Dipeptidase digests dipeptides

o Someenzymes are secreted from the epithelial cells into the intestinal lumen with
partially digested food
o Otherenzymes e.g. maltase, areimmobilised and are attached to the membrane of
the epithelial cells where they digest substrate molecules as the foodis forced through
the smallintestine
= These enzymes are examples of integral proteins

e Somesubstances thatweconsume, such as cellulose, may remain undigested as humans
areunable to produce the enzymes required
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Image showing maltase enzyme attachedto the cell-surface membrane of an epithelial cell YOURNOTES

Enzymes of the Digestive System Table !

Substrate Product Enzymes involved
Starch Maltose Amylase
Triglycerides Fatty acids & glycerol Lipase
g;tty acids & monoglycerides
Phospholipids Fatty acids, glycerol Phospholipase
& phosphate
Proteins Shorter polypeptides Protease
DNA and RNA Nucleotides Nucleases
Maltose Glucose Maltase
Lactose Glucose & galactose Lactase
Sucrose Glucose & fructose Sucrase
Peptides Dipeptide Exopeptidases
Dipeptides Amino acids Endopeptidases
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Small Intestine Digestion

Digestion of proteins

¢ Pancreaticjuice contains endopeptidases and exopeptidases
o Endopeptidases hydrolyse peptide bonds within polypeptide chains to produce

dipeptides
o Exopeptidases hydrolyse peptide bonds at the ends of polypeptide chains to

produce dipeptides

e |astly, there are dipeptidase enzymes found within the cell surface membrane of the
epithelial cells in the smallintestine. These enzymes hydrolyse dipeptides into amino acids
which arereleasedinto the cytoplasm of the cell

INSIDE CELL-SURFACE
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PROTEIN fb POLYPEPTIDES ‘ AMINO ACIDS
ENDOPEPTIDASE EXOPEPT|IDASE DIPEPTIDASE
4 4
Image showing the digestion of protein by several enzymes
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Image showing dipeptidase inside the cell-surface membrane of an epithelial cell

Emulsification of lipids
¢ When fatty liquid arrives in the smallintestine bile (containing bile salts), which has been
madein theliverandstoredin the gallbladder, is secreted
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¢ Thebile salts bindto the fatty liquid and break the fatty droplets into smaller ones via
emulsification
o Emulsification helps toincrease the surface area of the fatty droplets foraction of
digestive enzymes

Digestion of lipids

e Thedigestion of lipids takes place solely in the lumen of the small intestine
e Lipaseenzymes break down lipids to glycerol and fatty acids
o Lipids can also be broken down into monoglycerides and fatty acids

e Lipaseenzymes are producedin the pancreas and secretedinto the smallintestine

BILE FATTY ACIDS
SALTS LIPASE
LIPIDS —————>| EMULSIFIED LIPIDS +
GLYCEROL

O AR
=] EMULSIFICATION = OO Ooﬁ
@)

LARGE FAT SMALL FAT FATTY ACIDS
GLOBULE DROPLETS + GLYCEROL

Image showing the digestion of lipids by lipase enzymes in the lumen of the gut.

Digestion of starch

e Starchis a macromolecule made up of many a-glucose molecules bonded togetherin
condensationreactions
e There aretwo main types of starch
o Amylose - an unbranched molecule containing [popoverid="tpMGiuKDIISd8vkG"
label="1,4 glycosidic bonds" only]
o Amylopectin - a branched molecule with 1,4 and 1,6 glycosidic bonds

e Thedigestion of starch begins in the mouth and the small intestine with the enzyme
amylase

o Amylaseis a carbohydrase thatis madein the salivary glands, the pancreas and the
smallintestine

o Ithydrolyses the 1,4 glycosidicbonds foundin both amylose and amylopectin

o Amylase action breaks starch downinto maltose

o Amylaseisunableto digestthe1,6 bonds foundin amylopectin; as aresult, short
strands of amylopectin (containing these bonds) are produced. These short strands
are called dextrins.

¢ Thenextstage of starch digestioninvolves enzymes immobilised in the membranes of the
microvillie.g.
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o Maltase - a disaccharidase which hydrolyses maltoseinto glucose
o Dextrinase - digests the 1,6 glycosidic bonds foundin dextrins

o Afterdigestion, the monosaccharides can be absorbedinto epithelial cells of the small
intestine which pass theminto the blood stream
o Glucoseis absorbedby co-transport with sodiumions into the epithelium cells
o Itthen moves by facilitated diffusioninto the spaces between villus cells, before
entering thevillus capillaries

* Notethatthelining of the smallintestineis folded and there are microvilli present. This
increases the surface area for proteins such as membrane-bound disaccharidases and co-
transporters

( LUMEN OF THE GU'I'j

AMYLASE

L MALTASE

J
ﬁ
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INSIDE EPITHELIAL CELLS
OF SMALL INTESTINE Yy

Image showing the digestion of starch by enzymes. Amylaseis a carbohydrase enzyme and
maltaseis a disaccharidase enzyme.

Digestion of nucleic acids

¢ Nucleases are enzymes which break down DNA and RNA into nucleotides
¢ Theybreak the phosphodiester bonds between the nucleotide bases
¢ Thesecanthenbeabsorbedinto the blood

The products of digestion

e Theproducts of digestion travelvia the hepatic portal veininto theliver
e Theliverabsorbs excess glucose andstoresit as glycogen
o Glycogen has a similarbranched structure to amylopectin butis more branched due
tohaving a higher proportion of 1,6 glycosidic bonds
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YOURNOTES

!
Villi: Increasing the Surface Area

¢ Theileum(the secondsection of the smallintestine) is adapted forabsorption
o Itisverylong
o Ithas ahighly folded surface
o Ithas millions of villi (singular villus)
= Fingerlike projections on theinternalintestinalwalls

o The epithelium of each villus is covered in microvilli
= Foldings of the cell surface membrane of the epithelial cells

¢ Allof these features significantly increase the surface area of theileum, allowing
absorption to take place faster
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5 - SYSTEM

1> Cofo(olo —EMUCOSA TISSUE LAYER
LYMPHATIC ]\ \ =
—N/ESSED
CONTAINS = Ias SUB MUCOSA
LYMPH TISSUE LAYER

Avillus is coveredin microvilliwhich provide a huge surface area to maximise absorptionin
the smallintestine
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Villi: Absorption YOURNOTES
l

¢ Absorptiontakes placeintheileum
¢ Absorptionis the movement of digested food molecules, vitamins and mineralions from
the digestive systeminto the blood and lymph
¢ Thisincludes the following products of digestion:
o Simple monosaccharides e.g. glucose, fructose, galactose
o Amino acids
Fatty acids, monoglycerides and glycerol
Nucleotide bases

o

(e}

« Andthefollowing additional substances:
o Mineralions e.g. calcium, potassium, sodium
o Vitaminse.g.vitaminC

e Wateris absorbedin both the smallintestine and the colon, but most absorption of water
occurs in the smallintestine

Absorption of unwanted substances

¢ Theepithelium provides a barrier to prevent absorption of some harmful substances
« However, some unwanted substances can still pass into the blood. This includes:
o Some harmless chemicals foundin food colourings and flavours; these are removed
by the kidney andlostin the urine
o Smallnumbers of bacteria - these are engulfed and digested by phagocytesin the
blood
o Some otherharmful substances - these are removed from the blood and broken
down by theliver
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Dialysis Tubing Experiment

Investigating the absorption of the products of digestion using dialysis
tubing
« Dialysis tubing (sometimes referred to as Visking tubing) is a non-living, partially
permeable membrane made from cellulose
¢ |tis sometimes usedto modelthe process of digestion and absorptionthatoccursinthe
smallintestine
e Poresinthe membrane are smallenough to prevent the passage of large molecules (such
as starch and sucrose) but allow smaller molecules (such as glucose) to pass through by
diffusion

e e
THREADS TIGHTLY DIALYSIS TUBING

TWO ENDS
‘+STAF{CH AND
BEAKERe®

AMYLASE SOLUTION

WATER ~—1——FDISTILLED WATER
AT 40°C

Dialysis tubing can be used to model the epithelium of the smallintestine

Method

» Fillasection of dialysis tubing (tube 1) with a mixture of:
o 1ml1% amylase solution
o 10 ml1% starch solution

¢ Tieupthetubingtightly with a piece of thread
Suspendthetubingin a beaker of waterfora set period of time at40°C
e Take samples from the liquid outside the dialysis tubing atregularintervals and test for the
presence of starch and glucose
o lodineis usedtotestforthe presence of starch. Ablue-black colouris producedin
the presence of starch
o Benedict'sreagentis usedto testforthe presence of glucose. An orange-red
precipitateis formedin the presence of glucose when Benedict's solution is added
andthesolutionis heatedto 90°C orabove

Repeat the same methodin a second dialysis tube (tube 2) with a mixture of:
o Imldistilledwater
o 10 ml1% starch solution

Results

e Tubel:
o Theamylase presentinside the dialysis tube breaks down starch into glucose
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o Overtime the concentration of glucosein the liquid outside the dialysis tube should
increase as more starchis digested
= Glucoseis small enough to diffuse across the partially permeable membrane
= The amount of precipitate produced from the Benedict's reagent test will
increase over time

o Nostarch should be foundin theliquid outside the dialysis tubing
= Starch molecules are toolarge to diffuse across the partially permeable
membrane
= Theiodinetest willbe negative

e Tube2:
o Withoutamylase present, the starch is not broken downinto glucose
o Theglucosetests done onthewateroutside the dialysis tube show no glucoseis
present as no precipitateis formed
o Starchmolecules aretoolarge to diffuse across the partially permeable membrane,
sotheiodine test willbe negative

Limitations

e This testis qualitative, so does not show therate of enzyme activity
o Therate of digestion can be investigated quantitatively by using the semi-
quantitative Benedict’s test

= Comparisons can be made attimeintervals using a set of colour standards
(known glucose concentrations) or a colorimeter to give a quantitative set of
results

= Agraph could be drawn showing how therate of diffusion changes with the
concentration gradient between theinside and outside of the tubing

Otherinvestigations using dialysis tubing

 Dialysis tubing can also be used toinvestigate otherfeatures of digestion such as
o The effects of different factors on therate of digestive enzyme activity
= |nvestigating the effect of pH
= Eg.multiple dialysis tubings are set up containing solutions of starch and
amylase kept at different pH levels using buffer solutions

= |nvestigating the effect of temperature
= Eg.multiple dialysis tubings are set up in water baths of different
temperatures

o The effect of membrane permeability on absorption
= E.g.usingcolatoshowhow some smallerparticles (glucose) can diffuse through
the partially permeable membrane whilst larger molecules (food colouring)
cannot
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Using Models to Represent Real Life YOURNOTES
!

NOS: Use models as representations of the real world; dialysis tubing can
be used tomodel absorptionin theintestine

e Models are often used to study living systems which may be too complicated to observe
in reality and achieve meaningful results
o There may betoomany factorsinfluencinga systematany onetime

e Scientists may have access to specialist equipment that enables themto carry out
computerbased models e.g. the Dynamic Gastric Model, used to analyse factors
influencing digestion

e |tis alsopossible to model some systems using much simpler equipment, such as the
dialysis tubing model from the experiment above

o Thedialysis tubingmembraneis used to represent the membrane of the small
intestine:

= |tis anaccurate modelbecause both are partially permeable so smaller particles
can pass through the membrane whilst larger particles cannot; the membrane
therefore allows the passive movement of solutes in diffusion, and water
molecules in osmosis

= However, the smallintestine has a much larger surface area due to the presence
of villi

= Additionally, dialysis tubingis limited in the processes it can mirrorand cannot
show active transport

o Distilled wateris usedtorepresent blood:
= Thisis agood modelbecause both have aninitially low solute concentration
= However, the distilled water does not flowin the same way as blood and so does
not maintain the concentration gradient as blood does

Page 17 of 147

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Methods of Absorption

¢ Digestion breaks down foodinto smaller, soluble molecules
e These products of digestion then pass from the lumen of the intestine into the blood
o They pass through the microvilli of the cell surface membrane and into the epithelium
cells
o Thenthey movethrough the cell surface membrane that separates the epithelium cells
from the blood; into the blood capillaries andlacteal (lymph vessels within the villus)

» Different mechanisms are requiredin the process of absorptionincluding diffusion, active
transport, exocytosis, and facilitated diffusion
o Amino acids and monosaccharides both use facilitated diffusion, active transport
and co-transport proteins in order to move across the epithelial membrane
o Lipids are absorbedin a different way using simple diffusion, facilitated diffusion and
exocytosis

Absorption of amino acids

e Specificamino acid co-transport proteins (a type of carrier protein) are found within the
cell-surface membrane of the epithelial cells lining theileum
¢ Theytransport amino acids only when there are sodiumions present
e Forevery sodiumionthatis transportedinto the cell, an amino acid is also transported in
o This occurs via facilitated diffusion, which requires the movement of molecules down
their concentration gradient

¢ Amino acids diffuse across the epithelial celland then pass into the capillaries via
facilitated diffusion

¢ The concentration gradient of sodiumions from the lumen of theileum into the epithelial
cellis maintained by the active transport of sodiumions out of the cellandinto the blood
via a sodium-potassium pump at the capillary end of the cell
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The co-transport of sodiumions and amino acids in the ileum. Both facilitated diffusion and
activetransport areinvolvedin the process.

Absorption of monosaccharides

e Glucoseis polarsocannot passinto the blood by diffusion
¢ Theglucose carrier proteins in the cell-surface membrane of the smallintestine workin a
similarway to the amino acid carrier proteins
o Sodiumions and glucose molecules are co-transported into the epithelial cells via
facilitated diffusion
= Thisis apassive process but depends on the concentration gradient of sodium
ions from the lumen of theileum into the epithelial cell
= The gradientis maintained by the active transport of sodiumions out of the cell
andinto the blood via a sodium-potassium pump at the capillary end of the cell

o Theglucose molecules diffuse across the epithelial celland enter the capillary by
facilitated diffusion through a glucose channel protein
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LUMEN OF SODIUM
- GLUCOSE

INTESTINE

SODIUM—DEPENDENT
GLUCOSE CARRIER
PROTEIN

KEY
[ = FACILITATED DIFFUSION

EPITHELIAL | — = ACTIVE TRANSPORT

CELL

\

ATP | ADP +P

Na*/K* PUMP s

GLUCOSE CHANNEL

PROTEIN
o CAPILLARY

The co-transport of sodiumions and glucosein the smallintestine. Both facilitated diffusion
andactive transport areinvolvedin the process.

Absorption of lipids

The products of lipid digestion are fatty acids, monoglycerides, and glycerol
Absorption of these products is different from the absorption of monosaccharides and
amino acids
Fatty acids and monoglycerides can enter the epithelial cell by simple diffusion
o Theyarenon-polarmolecules so they can diffuse through the phospholipid bilayer of
the cell surface membrane

Fatty acids also move by facilitated diffusion through fatty acid transport proteins
Inside the epithelial cell, fatty acid chains recombine with monoglycerides or glycerol to
formtriglycerides, which are unable to diffuse backinto the lumen

The triglycerides are packaged up with cholesterol and encasedin phospholipids and
proteins to form lipoproteins

These droplets then enter the lacteal or capillaries via exocytosis
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TRIGLYCERIDES ARE DIGESTED TO FORM YOURNOTES
LMONOGLYCERIDESM FATTY ACIDS AND MONOGLYCERIDES 1

\ FATTY ACIDS/MONOGLYCERIDES
1, L

ENTER EPITHELIAL CELL BY DIFFUSION
FATTY jo

ACIDS I\ / J.\\
FORMATION OF
WUW -TRIGLYCERIDE INSIDE
]

o | THE EPITHELIAL CELL
EPITHELIAL
CELL =

TRIGLYCERIDES AND
CHOLESTEROL ARE

@ //——-—*“ COATED WITH PROTEINS

AND PHOSPHOLIPIDS TO
FORM LIPOPROTEINS

K_{GLIPOPROTEINS ARE
RELEASED BY EXOCYTOSIS

LIPOPROTEINS ENTER
THE LACTEAL

Lipids are absorbedin the small intestine through a combination of simple diffusion,
facilitated diffusion and exocytosis
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Digestive System Diagram

Human Digestive System

e Thehuman digestive systemincludes the following:

Glands - the salivary glands, and glands in the pancreas that produce digestive juices
The stomach and smallintestine - the sites of digestion

Theliver - produces bile

Smallintestine - the site of absorption of the products of digestion
Largeintestine - the site of waterabsorption

(e}

Le]

o

o

]

Tips fordrawing an annotated digestive system diagram

¢ Asimple annotated diagram shouldinclude some clear features:
o Thejunctions between each section should be obvious and unobstructed or covered
by other parts of your drawing, this includes the following junctions:
= Between the stomach and oesophagus
= Between the stomach andsmallintestine
= Betweenthe pancreas, smallintestine and gall bladder

o Theshapes of organs should be approximately true to form e.g. the stomach should
beaj-shapedsac

o Thelivershouldbe thelargest organrepresented andlocatedto the left of the
stomach

o The diameter of the small intestine needs to be obviously smaller than the diameter
of thelargeintestine

e OESOPHAGUS

GALL /]

BLADDER - ' o PANCREAS
AL LARGE
e a0 INTESTINE

A diagram of the key components of the human digestive system
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¢) ExamTip YOURNOTES
w . : : l
Draw your diagrams using a dark pen or pencil to ensure that allcomponents are
clear(remember that your paper will be scanned for marking, so your drawing will
needto show up clearly afterscanning).
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SmallIntestine: Identifying Tissue Layers YOURNOTES
l

e Thewall of the smallintestineis made up of severallayers including the following:
o Serosa -anoutercoatwhichincludes amembrane and connective tissue
o Musclelayer - includinglongitudinal muscle tissue in the outermostlayer with a layer
of circularmuscle tissue on theinside
o Sub-mucosa - connective tissue containing blood and lymph vessels
o Mucosa - thelining of the smallintestine, composed of epithelium which is folded to
form the villi

VILLUS %-\ s MICROVILLI

MUCOSA

THE INTESTINAL

LINING INCLUDING
THE EPITHELIUM

OD

Seoo
@ 0

o

o @
0°90

)
O
@

SUB-MUCOSA
CONTAINS BLOOD

e 0
Q

(=]
o

o g0

o]
el P (o] OD ‘a—\g—
CROULAR)  |Sa00e0 2080 58555 QX500 L0 AND LyMPH
muscle | TERESELSERE @ [ vesseLs
LONGITUDH\!ALB\).
MUSCLE N T
N

MUSCLE
LAYER

SEROSA
AN OUTER
COAT

The layers of tissue in the wall of the smallintestine
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YOURNOTES
l

* SUB—MUCOSA

°CIRCULAR MUSCLE LAYER

° LONGITUDINAL MUSCLE LAYERJ

» SUB-MUCOSA

MUSCLE LAYER
(CIRCULAR AND
LONGITUDINAL)

Copyright © Save My Exams. All Rights Reserved

The layers of tissue in the wall of the small intestine as viewed under a microscope. Seenin
bothlongitudinal sectionand cross section
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Discovery of the Circulation of Blood

NOS: Theories are regarded as uncertain; William Harvey overturned
theories developed by the ancient Greek philosopher Galen on movement
of bloodin the body

¢ Atheory canbedefinedas:
o Acarefully thought-outidea, withaccompanying evidence, that explains
observations of the natural world

e Theories are often constructed using the scientific method which involves bringing
togethermany facts and hypotheses
o Thereis always alevel of uncertainty when using scientific methods
o Uncertainty can be dueto
= Naturalvariability of individual organisms
= Accuracy of measurements taken

e Theories can therefore be regarded as uncertain due to the uncertainties in the methods
used
¢ New technology orthe discovery of new evidence often results in theories being falsified or
overturned
¢ Anexample of the falsification of a set of theories is that of Galen's theories about the
blood and circulation
o Galenwas an ancient Greek philosopher and surgeon who developed the following
theories
= Bloodis formedin theliver fromingested food
= Bloodis pumped backwards and forwards between theliver and the right
ventriclein the heart
= Someblood moves into the left ventricle through invisible pores and mixes with
airfromthelungs
= This mixing of air with blood produces spirits which are distributed to the body via
the brain
= Bloodis consumed by the tissues so that new blood must be continuously made

o Galen failed to present any evidence for his theories

e Galen's theories were overturned by English physician William Harvey through a series of
experiments and observations
o Harvey developed the following theories, which were ridiculed at the time
= Bloodis pumpedtothe brainand body by the heart
= Blood circulates through the pulmonary and systemic circulation systems
= Capillaries exist which link arteries to veins
= Bloodflowis toofastforbloodtobe consumed by the tissues;itwouldrun out
too quickly to bereplaced. Instead, bloodreturns to the heart andre-circulates
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o Harveyrefusedtoaccept Galen's theories without direct evidence and he toured YOURNOTES
Europe to demonstrate evidence for his own theories to others, eventually leading to 1
acceptance of his new theories
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| GALEN’S MODEL | YOURNOTES

i
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[WITH VEINS /] YOURNOTES

!

Galen proposed a model which was later disproved by William Harvey
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Discovery of the Heart asa Pump YOURNOTES
l

e Harvey used a series of experiments to show that blood flow is unidirectional and that the

presence of valves prevents backflowin veins
o Harvey attacheda tourniquet to a person's upperarm andinstructed them to grip

tightly onto a pole
= Atourniquetis abandappliedto alimb tolimit blood flow to the lower part of that

limb
o Oncetheveins becamevisible, Harvey proceeded to apply pressure to the veins

systematically to show how blood flow was affected
o Heused this method to demonstrate how blood moves unidirectionally through the

veinsinthearm

VISIBLE
VEINS

TENSED
RIS
'PRESSURE
APPLIED

William Harvey showed the movement of bloodinto the veins of the arms in this simple
experiment
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¢ Hethendemonstrated how the heart acts as a pump which forces blood out through the YOURNOTES
arteries; it then circulates around the body before it returns to the heart through the veins 1

¢ Healsoshowedthatthe bloodbeing pumped out of the heart was travelling too quickly to
be constantly usedup by the tissues, as described by Galen

» Despite nothaving powerfulenough microscopes to see the capillaries, Harvey predicted
their presence as smallvessels which link the arteries to the veins
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YOURNOTES
l
Arteries

Introduction to blood vessels
¢ Thecirculatory system of the human body contains several different types of blood
vessel:
o Arteries
o Arterioles
Capillaries
Venules
o Veins

]

o]

e Eachtypeofbloodvesselhas a specialised structure thatrelates to the function of that
vessel

CAPILLARIES WITHIN BODY _=D1RECTION OF
»TISSUES WHERE EXCHANGE BLOOD FLOW
OF SUBSTANCES TAKE PLACE

e ARTERIOLE e VENULE
VEINe
= -
’,’ ﬂ

ONE WAY VALVES
°TO PREVENT THE
BACKFLOW OF BLOOD

—~.\\

THIN LAYER OF
SMOOTH MUSCLE
+ELASTIC FIBRES

\
8

7,

ARTERYe

ARTERIAL WALL IS

THICKER THAN WALLS
OF VEINS TO WITHSTAND
HIGHER BLOOD PRESSURE

- WIDER LUMEN

NARROW LUMEN

THICK LAYER OF SMOOTH
MUSCLE + ELASTIC FIBRES

The circulatory systemincludes several blood vessels, each specialised to carry out its
function

Structure and function of arteries
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¢ Arteries transport blood away from the heart at high pressure YOURNOTES
o Bloodtravels from the ventricles to the tissues of the body 1
o Remember; arteries carry blood away from the heart

¢ Artery walls consist of threelayers:
o Thetunicaintimais theinnermostlayerandis made up of an endothelial layer, alayer
of connective tissue and a layer of elastic fibres
= The endotheliumis one cellthickandlines the lumen of allblood vessels. Itis very
smooth andreduces friction for free blood flow

o Thetunicamediais made up of smooth muscle cells and a thick layer of elastic
tissue
= Arteries have a thick tunica media
= Thelayerof muscle cells strengthen the arteries so they can withstand high
pressure
= Bloodleaves the heartunderhigh pressure

= Muscles cells can also contract or relax to control the diameter of the lumen and
regulate blood pressure

= Theelastic tissue helps to maintain blood pressurein the arteries. It stretches
andrecoils to even out fluctuations in pressure

o Thetunica externa covers the exterior of the artery andis mostly made up of collagen
= Collagenis a strong protein and protects blood vessels from damage by over-
stretching

¢ Arteries have a narrow lumen which helps to maintain a high blood pressure
e Apulseis presentin arteries due to bloodleaving the heart under high pressure
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Arteries have thick muscular walls made up of three layers of tissue and a narrow lumen

Structure and function of arterioles
 Arterioles branch off from arteries forming narrower blood vessels which transport blood
into capillaries
¢ Arterioles are similarin structure to arteries, but they have a lower proportion of elastic
fibres and alarge number of muscle cells

e Thepresence of muscle cells allows them to contract and close theirlumen toregulate
blood flow to specific organs

o Eg.during exercise blood flow to the stomach andintestineis reduced while blood
flow to the musclesincreases

Arterial blood pressure

¢ Arteries, andto a slightly lesserextent arterioles, must be able to withstand high pressure

generated by the contracting heart, and both must maintain this pressure when the heart
is relaxed

* Muscle andelastic fibres in the arteries help to maintain the blood pressure as the heart
contracts andrelaxes

o Systolic pressureis the peak pressure pointreachedin the arteries as the blood s
forced out of the ventricles at high pressure

= At this point, the walls of the arteries are forced outwards, enabled by the
stretching of elastic fibres

o Diastolic pressureis thelowest pressure pointreached within the artery as the heart
relaxes
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= At this point, the stretched elastic fibres recoil and force the blood onward YOURNOTES
through the lumen of the arteries 1

o This maintains high pressure throughout the heart beat cycle

¢ Vasoconstriction of the circularmuscles of the arteries canincrease blood pressure by
decreasing the diameter of the lumen

¢ Vasodilation of the circularmuscles causes blood pressure to decrease by increasing the
diameter of thelumen

(") Exam Tip
* Be careful with the language you use to describe the roles of muscle and elastic
tissue; muscle can contract andrelax, while elastic tissue can stretch andrecoil.
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Capillaries YOURNOTES

Structure and function of capillaries {

¢ Capillaries provide the exchange surfacein the tissues of the body through a network of
vessels called capillary beds
o Thewallof a capillaryis made from a single layer of endothelial cells (this layeris also
foundlining the lumenin arteries andveins)
= Beingjustonecell thickreduces the diffusion distance for oxygen and carbon
dioxide between the blood and the tissues of the body

o Thethin endothelium cells also have gaps between them called pores which allow
blood plasma toleak out and form tissue fluid

= Tissue fluid contains oxygen, glucose and other small molecules from the blood
plasma

= | argemolecules such as proteins usually can't fit through the pores into the tissue
fluid

= Tissuefluid surrounds the cells, enabling exchange of substances such as
oxygen, glucose, and carbon dioxide

= The permeability of capillaries can vary depending on the requirements of a
tissue

o Capillaries have alumen with a small diameter
= Redblood cells squeeze through capillaries in single-file
= This forces the blood to travel slowly which provides more opportunity for
diffusiontooccur

o Capillaries form branches in between the cells; this is the capillary bed
= Thesebranchesincrease the surface area for diffusion of substances to and from
thecells
= Beingsoclosetothecells alsoreduces the diffusiondistance
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YOURNOTES
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Capillaries have a narrow lumen and walls that are one cell thick
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Veins YOURNOTES
Structure and function of veins l

¢ Veins transportbloodto the heart atlow pressure
o Remember; veins carry bloodinto the heart

e Theyreceive bloodthat has passedthrough capillary networks, across which pressure has
dropped due to the slow flow of blood
¢ Thestructure of veins differs from arteries:
o Thetunicamediais much thinnerinveins
= Thereis noneed fora thickmuscularandelasticlayeras veins don'thave to
maintain orwithstand high pressure

o Thelumen of veins is much wider in diameter than that of arteries

= Alargerlumen helps to ensure that bloodreturns to the heart at an adequate
speed

= Alargelumenreduces friction between the blood and the endothelial layer of the
vein

= Therate of blood flowis slowerin veins but a largerlumen means the volume of
blood delivered per unit of timeis equal

o Veins contain valves

= These prevent the back flow of blood that canresult underlow pressure, helping
return blood to the heart

= Movement of the skeletal muscles pushes the blood through the veins, and any
blood that gets pushed backwards gets caughtin the valves; this blood can then
be moved forwards by the next skeletal muscle movement

e Apulseis absentinveins; the pressure changes taking place due to the beating of the heart
arenolongerpresent
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Veins have a structure similar to arteries with three layers of tissue and a large lumen

Structure and function of venules

¢ Venules connect the capillaries to the veins
e Theyhavefew orno elastic fibres and alarge lumen
o Asthebloodis atlow pressure afterpassing through the capillaries thereis no need for
amuscularlayerto maintain pressure
o Thelargelumen enables alarge volume of blood to be transported

(’) Exam Tip

*  Fore Explain” questions, remember to pair a description of a structural feature to an
explanation of how it helps the blood vessel to function. Forexample, “Capillaries
have walls that are one-cell thick, enabling quick and efficient diffusion of
substances due to a short diffusion distance."
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Double Circulation

The need foracirculatory system

¢ Allorganisms needto transport materials to where they are needed inside their tissues
o Small organisms (orrelatively inactive animals like jellyfish) can rely on diffusion alone
to transport oxygen, carbon dioxide and nutrients around their bodies
o Larger organisms have more layers of cells, so diffusion aloneis insufficient for
transport of materials between cells further from the exchange surface of the
organism

¢ Circulatory systems are systems which transport fluids containing materials needed by
the organism, as well as waste materials that need to be removed
o Circulatory systems ensure that fluids containing these substances reach all of the
cellsin an organism quickly enough to supply theirneeds and remove waste

Humans have a closed, double circulatory system
¢ Aclosed circulatory systemis onein which blood is contained within a network of blood
vessels

o As opposedto an open circulatory systemin which the fluid fills the body cavity e.g. as
ininsects

¢ Adoublecirculatory system passes through the heart twice for every one complete circuit

of the body, with blood passing through two separate circuits known as pulmonary and
systemic circulation
o Inthe pulmonary circulatory system
= Theright side of the heart pumps deoxygenated blood to thelungs for gas
exchange

= Blood pressureislowerin the pulmonary system; this prevents damage to the
lungs

o Inthe systemic circulatory system
= Oxygenated bloodreturns to the left side of the heart from the lungs

= Theleftventricle then pumps the oxygenated blood at high pressure around the
body
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The double circulatory systemin mammals
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Main Circulatory System Structures Table YOURNOTES
l

Structure Function

Heart A hollow, muscular organ located in the chest cavity
which pumps blood. Cardiac muscle tissue is specialised
for repeated involuntary contraction without rest.

Arteries Blood vessels which carry blood away from the heart.
The walls of the arteries contain lots of muscle and
elastic tissue and a narrow Lumen, to maintdin high blood
pressure. Arteries range from 0.4 — 2.5cm in diameter.

Arterioles | Small arteries which branch from Larger arteries and
connect to capillaries.
These are around 30 pm in diameter.

Capillaries | Tiny blood vessels (5—=10 pm in diameter) which connect
arterioles and venules. Their size means they pass directly
past cells and tissues and perform gas exchange and
exchange of substances such as glucose.

Venules Small veins which join capillaries to larger veins.
They have d diameter of 7 pm — 1mm.

Veins Blood vessels which carry blood back towards the heart.
The walls of veins are thin in comparison to arteries,
having less muscle and elastic tissue but a wider Lumen.
Valves help maintain blood flow back towards the heart.
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YOURNOTES

l
Introduction to the Heart

Mammalian heart structure

e Theheartis ahollow, muscular organlocatedin the chest cavity
e Theheartis dividedinto four chambers

o Thetwotop chambers are atria

o Thebottomtwo chambers are ventricles

¢ Theleftandright sides of the heart are separated by a wall of musculartissue called the
septum.
o The septumis very important forensuring blood doesn’t mix between the left and right
sides of the heart

e Valves areimportant forkeeping blood flowing forward in the right direction and stopping
it flowing backwards. They are alsoimportant for maintaining the correct pressurein the
chambers of the heart

o Theatriaandventricles are separated by the atrioventricular valves
o Theventricles andthe arteries thatleave the heart are separated by semi-lunar valves
= Therightventricle and the pulmonary artery are separated by the pulmonary
valve
= Theleftventricleand aorta are separated by the aortic valve

e Therearetwo bloodvessels bringing blood to the heart; the vena cava and pulmonary vein
e Therearetwo bloodvessels taking blood away from the heart; the pulmonary artery and
aorta
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The human heart has four chambers andis separatedinto two halves by the septum
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Sinoatrial Node YOURNOTES

Contraction of the heart muscle l

e Thecontraction of the heartis called systole, while the relaxation of the heartis called
diastole

o Atrial systoleis the period when the atria are contracting and ventricular systole is when
theventricles are contracting

o Atrial systole happens around 0.13 seconds afterventricular systole

e Atrial systole forces blood from the atriainto the ventricles

¢ Duringventricularsystole, bloodis forced from the ventricles into the pulmonary artery
andaorta

¢ Onesystole and diastole makes a heartbeat andlasts around 0.8 seconds in humans.

e Thisis the cardiac cycle

Initiation of the heartbeat by the sinoatrial node

e Theheart muscleis myogenic, meaning that the heart will beat without any external
stimulus from other organs orthe nervous system
o Thisintrinsic control causes the heart to beat at around 60 beats perminute

e Theheartbeatisinitiated by a group of cells in the wall of the right atrium called the
sinoatrial node (SAN)
e Thecells of the sinoatrialnode depolarise, reversing the charge across theirmembranes
o This triggers a wave of depolarisation that spreads across therest of the heart

¢ Thesinoatrialnodeis consideredto be the pacemaker of the heart becauseitinitiates the
heartbeat and so controls the speed at which the heart beats
o Notethatartificial pacemakers are electronic devices implantedjustunderneath the
skin.They can be usedtoreplace orregulate the sinoatrial node if it becomes defective
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Cardiac Cycle YOURNOTES

Electrical control of the cardiac cycle {

¢ Thecardiaccycleis the series of events that take place in one heart beat, including atrial
andventricular systole
e Thecardiac cycleis controlled by electrical signals that are initiated in the sinoatrial node

o

Depolarisation of the cells in the sinoatrial node sends an electrical signal over the
atria, causingthem to contractin atrial systole
The electrical signalthen reaches a region of non-conducting tissue which prevents it
from spreading straight to the ventricles; this causes the signal to pause foraround 0.1
S
= This delay means that the atria can complete their contraction before the
ventricles begin to contract

The electrical signalis carried to the ventricles via the atrioventricular node (AVN)
= Thisis aregion of conductingtissue between atria and ventricles

The signalthen travels to the base of the heart via conductive fibres in the septum
known as the bundle of His
The electrical signalis then carried through another set of conductive fibres called
Purkyne fibres which spread around the sides of the ventricles, causing contraction of
the ventricles from the apex, orbase, of the heart upwards

= Thisis called ventricular systole

= Bloodis forced out of the heartinto the pulmonary artery and aorta

Electrical Control of the Cardiac Cycle Table

Stagein

sequence

1 Sinoatrial node sends out a wave of excitation

2 Atria contract

3 Atrioventricular node sends out a wave of excitation
4 Purkyne tissue conducts the wave of excitation

5 Ventricles contract
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The wave of depolarisation spreads across the heart in a coordinated manner

> Worked Example

Explain the roles of the sinoatrialnode, the atrioventricularnode and the conductive
fibres in a heartbeat.

The cells of the sinoatrial node depolarise and send out an electrical signal which spreads
across both atria, causing atrial systole. Non-conducting tissue between the atria and
ventricles prevents depolarisation from spreading to the ventricles, ensuring that the atria
finish contracting before the ventricles begin. The atrioventricularnode then sends the
electrical signalto the apex of the ventricles via conductive fibres in the septum known as
the bundle of His. The electrical signalis then carried upwards around the walls of the
ventricles by conductive tissues called Purkyne fibres. This means that during ventricular
systole, the blood contracts fromits base and bloodis pushed upwards and outwards.

Page 47 of 147

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers

YOURNOTES
l


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Cardiac Cycle Pressure Changes

e Contraction of the heart muscle causes anincreaseinpressurein the corresponding
chamberif the heart, which then decreases again when the musclerelaxes
e Throughoutthe cardiac cycle, heart valves open and close as a result of pressure changes
in different regions of the heart:
o Valves openwhen the pressure of blood behind themis greater thanthe pressurein
front of them
o They close when the pressure of bloodin front of themis greater than the pressure
behind them

Valves are animportant mechanism to stop blood flowing backwards
The pressure changes of the cardiac cycle can berepresentedin a graph

Pressure changes during diastole

¢ Duringdiastole, the heart muscleis relaxing
o During this period, blood begins to flow into the atria from the veins, increasing the
atrial pressure

¢ Relaxedmuscleinthe heart walls recoils, increasing the volume of the chambers of the
heart:
o Theatrioventricular valves open as the pressurein the atria is higherthan the pressure
intheventricles
o The semilunarvalves close as the pressurein the pulmonary artery and aortais higher
than the pressurein the ventricles

Pressure changes during systole

¢ Duringsystole, the heart contracts and pushes blood out of the heart
¢ The contraction of the muscles in the wall of the heart reduces the volume of the heart
chambers andincreases the pressure within that chamber
¢ Inatrial systole, the atria contract
o Theatrioventricular valves are open as the pressure in the atria exceeds the pressure
inthe ventricles
o The semilunarvalves are closed as the pressurein the ventricles is less than the
pressurein the aorta and pulmonary artery

¢ Inventricular systole, the ventricles contract
= Theatrioventricular valves are closed as the pressure in the ventricles exceeds
the pressurein the atria
= The semilunarvalves are open as the pressurein the ventricles exceeds the
pressurein the aorta and pulmonary artery
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Graph showing the pressure changes within the aorta, left atrium and left ventricle during
the cardiac cycle. The atrioventricular valves open at Eand close at B, while the semilunar
valves openat CandcloseatD.

Analysing the cardiac cycle

¢ Thelines onthe graphrepresent the pressure of the left atrium, aorta, and the left ventricle
e Thepoints atwhich thelines cross each other are important because they indicate when
valves openand close

Point A - the end of diastole

e Theatrium has filled with blood during the preceding diastole
¢ Pressureis higherin the atrium than in the ventricle, so the AV valveis open

Between points A and B - atrial systole
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¢ Leftatriumcontracts, causinganincreasein atrial pressure and forcing bloodinto the left
ventricle

¢ Ventricularpressureincreases slightly as it fills with blood

e Pressureis higherin the atriumthaninthe ventricle, so the AV valveis open

Point B - beginning of ventricular systole
» Leftventricle contracts causingthe ventricularpressuretoincrease

e Pressureintheleft atrium drops as the musclerelaxes
e Pressureintheventricle exceeds pressurein the atrium, so the AV valve shuts

Point C - ventricular systole

¢ Theventricle continues to contract
¢ Pressureintheleftventricle exceeds thatinthe aorta
¢ Aorticvalveopens andbloodis forcedinto the aorta

Point D - beginning of diastole
¢ Leftventricle has been emptied of blood
e Musclesinthewalls of the left ventricle relax and pressure falls below that in the newly filled
aorta
¢ Aorticvalvecloses

Between points D and E - early diastole
¢ Theventricleremains relaxed andventricular pressure continues to decrease
¢ Inthemeantime, bloodis flowing into the relaxed atrium from the pulmonary vein, causing
anincreasein pressure

Point E - diastole

o Therelaxedleft atrium fills with blood, causing the pressurein the atrium to exceed thatin
the newly emptied ventricle
e AVvalveopens

AfterpointE - late diastole

¢ Thereis a short period of time during which the left ventricle expands due to relaxing
muscles

¢ Thisincreases theinternalvolume of the left ventricle and decreases the ventricular
pressure

¢ Atthesametime, bloodis flowing slowly through the newly opened AV valveinto the left
ventricle, causing a brief decreasein pressurein the left atrium

e Thepressurein both the atrium andventricle thenincreases slowly as they continue tofill
with blood
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YOURNOTES

(’) Exam Tip .

¥ When looking atthe heart, remembertheright side of the heart willappear on the
page as being on the left. This is because the heartis labelled as if it were in your
body and flipped around. Remember that the heart muscle is myogenic, which
means thatthe heart willgenerate a heartbeat by itself and without any other
stimulation. Instead, the electrical activity of the heartregulates the heartrate.The
maximum pressurein the ventricles is substantially higher thanin the atria. This is
because thereis much more muscle in the thick walls of the ventricles which can
exert more force when they contract.
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Heart Rate: Alterationby Nervous System

Although the heart muscle maintains a base heart rate via myogenic stimulation, there are
several circumstances that can cause anindividual's heartrate tochange, e.g.

o Exercise

o Stress

o Relaxation

Thebrainis involvedin the regulation of heartrate, though it does not require conscious
thought
o Thebranch of the nervous system that does not require conscious thought is known
as the autonomic nervous system

The area of the brain that controls heartrateis the cardiovascular centre, locatedina
region of the brain called the medulla
The medullais found at the base of the brain nearthe top of the spinal cord
Two nerves connect the medulla with the sinoatrial node (SAN):
o Onenerve connects to the acceleratory centre, which causes the heart to speed up
= This happensinresponsetolowblood pressure, low oxygen concentrations
andlowpH
= Thesechanges mightoccurduring exercise
= Thebloodvessels dilate, causing a decrease in blood pressure
= Themusclecells are usingup oxygen at a fasterrate, causing blood oxygen levels
todrop
= The production of carbon dioxide by respiring cells causes blood pH to decrease

o Theothernerve connects to the inhibitory centre, which causes the heart to slow
down
= This happensinresponse to highblood pressure, high oxygen concentrations
and high pH
= Thesechanges arelikely to occurwhen the body is atrest
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The heartrateis controlledby the cardiovascular centre in the medulla

Heart Rate: Alteration by Hormonal System

* Epinephrine, also called adrenaline, is produced by the adrenal glands, located above the
kidneys, in times of fear, stress, or excitement
¢ Thebrain controls therelease of epinephrine from the adrenal glands
e Epinephrineincreases the heartrate andboosts the delivery of oxygen and glucose to
the brain and muscles, preparing the body for ‘flight or fight’
o Increasedglucose and oxygen are needed by the cells foraerobic
respirationtorelease energy, e.g. to fuel the muscles to move/run away!

Page 53 of 147

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

YOURNOTES

l
The Structure of the Heart

Heart structure

e Thehearthas two sides:

o Theleft side pumps oxygenated blood around the body in the systemic circulation
o Theright side pumps deoxygenated blood to thelungs in the pulmonary circulation

¢ Theleftandright sides of the heart are separated by a wall of musculartissue called the
septum.

o The septumis very important forensuring blood doesn’t mix between the left and right
sides of the heart

¢ Theheartis dividedinto fourchambers
o Thetwotop chambers are atria (singularatrium) - they receive blood from the veins
and pump it through to the ventricles

o Thebottomtwo chambers are ventricles - they receive blood from the atria and pump
itoutinto the arteries

e Valves areimportant for keeping blood flowing forwardin the right direction and stoppingit
flowing backwards. They are also important for maintaining the correct pressurein the
chambers of the heart

o Theatriaandventricles are separated by the atrioventricular valves
= Therightatriumandventricle are separated by the tricuspid valve
= Theleftatriumandventricle are separated by the bicuspidvalve

o Theventricles andthe arteries thatleave the heart are separated by semi-lunar valves

= Therightventricle and the pulmonary artery are separated by the pulmonary
valve

= Theleftventricle and aorta are separated by the aortic valve

e Therearetwo bloodvessels bringing bloodinto the heart; the vena cava and pulmonary
vein
e Therearetwo bloodvessels taking blood out of the heart; the pulmonary artery and aorta

Page 54 of 147

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

¢mmm = FLOW OF OXYGENATED BLOOD
¢=== =FLOW OF DEOXYGENATED BLOOD

|RIGHT SIDE|  |LEFT SIDE|

> AORTA
PULMONARY
VEIN

"

| PULMONARY ARTER\/%—-\N

RIGHT
ATRIUM

LEFT
ATRIUM

* HEART VALVE

TENDONS
ATTACHED TO _
VALVE AND |
HEART WALL

LEFT
VENTRICLE

VENTRICLE

The human heart has four chambers andis separatedinto two halves by the septum

The pathway of blood through the heart

Deoxygenated blood coming from the body flows through the vena cava andinto the
right atrium
The atrium contracts and the blood s forced through the atrioventricular (tricuspid) valve
into theright ventricle
Theventricle contracts and the bloodis pushed through the semilunar valveinto the
pulmonary artery
The blood travels to the lungs and moves through the capillaries past the alveoliwhere gas
exchange takes place

o Low pressure blood flow on this side of the heart prevents damage to the capillaries in

thelungs

Oxygenated blood returns via the pulmonary vein to the left atrium
The atrium contracts and forces the blood through the atrioventricular (bicuspid) valve
into theleft ventricle
The ventricle contracts and the blood is forced through the semilunar valve and out
through the aorta
o Thicker muscle walls of the left ventricle produce a high enough pressure for the blood
totravel aroundthe whole body

Coronary arteries
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e Theheartis amuscle and sorequires its own blood supply to enableits cells to carry out
aerobicrespiration

¢ Theheartreceives blood through arteries onits surface called coronary arteries

e |t'simportantthatthese arteries remain clear of blockages called plaques, as this could
leadto angina oraheart attack (myocardialinfarction)

RIGHT CORONARY
ARTERY

LEFT CORONARY
ARTERY

CORONARY ARTERIES SUPPLY
THE CARDIAC MUSCLE CELLS
WITH NUTRIENTS + REMOVE
WASTE PRODUCTS

The coronary arteries cover the outside of the heart, supplying it with oxygenated blood

Dissection of amammalian heart

¢ Dissections are avital part of scientific research
e They allow fortheinternal structures of organs to be examined so that theories can be
made about how they function

Apparatus

e Scissors

e Scalpel

e Tweezers /Forceps
¢ Dissectionboard

o Papertowels

» Biological specimen
¢ Pins

e Gloves

e Goggles

Method

¢ Alabcoat, gloves and eye protection shouldbe worn
o Thisis doneto avoid contamination with biological material which could cause an
allergic reaction or contain harmful microorganisms
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¢ Placethe specimen onthedissectingboard YOURNOTES
¢ Usethetoolstoaccess thedesiredstructure 1
o Whenusingthe scalpel cut away from yourbody and keep your fingers far fromthe
blade toreduce the chance of cutting yourself
o Scissors can be used for cuttinglarge sections of tissue (cuts donotneed to be
precise)
o Scalpel enables finer, more precise cutting and needs to be sharp to ensure this

¢ Usepinstomove the othersections of the specimen aside to leave the desired structure
exposed

Identifying structures during the dissection

¢ Observethe outside of the heart to identify the coronary arteries supplying the cardiac
muscle with a oxygenated blood and nutrients
o The coronary arteries branch off the aorta near to the semilunar valves
o The coronary arteries are often surrounded by white, fatty tissue

e Position the heart and study it from the top, you should be able to identify
o Arteries leaving the heart - these can beidentified by the thickerwalls
= Pokeaglassrodthrough the aorta to feel the thickerwalls of the left ventricle and
through the pulmonary artery to feel the thinner walls of the right ventricle

o Veins enteringthe heart - these can be identified by their thinnerwalls
= Pokinga glass rodthrough the pulmonary vein willlead to the left atrium and
poking a glass rod through the superior orinferior vena cava will lead to the right
atrium.

Lay the heart down onits flatter side, this is the dorsal side.
o Dorsalrefers to the back of an organism

* Theventral sideis now closest to you with the pulmonary artery facing outwards andin
front of the aorta
o Ventralrefers to the front of an organism

e Makeanincision from the Aorta, underneath the pulmonary artery and around the apex of
the heartto cutthe heartinto halves
This should open up the heart to show the ventricles so that you can compare the
thickness of thewalls
e Theatrioventricularvalves should also be visible as a white flap of connective tissue
attachedby tendinous cords which preventinversion of the valve
o Thetendinous cords are stringy in appearance and are sometimes referred to as the
heartstrings

e Theatriaarewrinkledin appearance and can be tricky to see compared with the ventricles.
o Theysitjustabove the atrioventricularvalves and are the entry point for the veins (the
pulmonary vein and the vena cava)
o They are significantly smallerthan the ventricles
o Itis possiblethatthe atria and bloodvessels may be sliced off some specimens

¢ Observe the septum of the heart which separates the leftandright-hand sides. The
septum contains the conductive fibres which stimulate contraction, however, these are
Page 57 of 147

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukfor more awesomeresources

notvisible to the eye YOURNQOTES
l

c AORTA

| BRANCH FROM AORTIC ARCH%\

LSUPERIOR VENA CAVA-

- PULMONARY ARTERY|

[RIGHT ATRIUM

«LEFT ATRIUM |

o« CORONARY ARTER!ESJ

RIGHT VENTRICLE-

*LEFT VENTRICLE|

SEMILUNAR VALVEs

_PULMONARY

| VENA CAVAE

'SEMILUNAR
VALVE

ATRIOVENTRICULAR
VALVE

[RIGHT ATRIUM.

| RIGHT VENTRICLE- oLEFT VENTRICLE

Following a careful method during a heart dissection will allow you to identify the different
structures
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O ExamTip YOURlNOTES

Remember:

e Arteries carry blood away from the heart
¢ \eins carry bloodinto the heart

When explaining the route through the heart we usually describe it as one
continuous pathway with only one atrium or ventricle being discussed at a time, but
rememberthatin reality, both atria contract at the same time and both ventricles
contractatthe sametime

Also, the heartis labelled as if it was in the chest so the left side of a diagramiis
actually therighthand side andvice versa
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Atherosclerosis

¢ Occlusion can be definedas
o The narrowing of the arteries due to ablockage

e Thearteries can be blocked by the process of atherosclerosis

¢ Atherosclerosis results in a build-up of layers of fatty material known as plaque inside
arteries

e Themain cause of atheroma development is the presence of low-density lipoprotein (LDL)
which forms from saturated fats and cholesterol

e | DL builds upinregions of the arteries and phagocytes move to these areas, engulfing the LDL by
endocytosis

¢ Theenlarged phagocyte cells are then covered by smooth muscle cells which cause a
bulging of the endotheliumin the artery

¢ Deposition of calciumions can worsen the situation by hardening the endothelium

¢ This narrows the lumen of the artery, reducing the space for blood flow

Consequences of occlusion of the arteries

¢ When an atheroma builds up enough to cause impeded blood flow, tissues do not receive
therequiredlevel of oxygen and nutrients
o This caninhibit cell functions

¢ Occlusion of the coronary arteries in particular canlead to significant health issues such
as coronary heart disease
o The flow of blood through the coronary arteries is reduced, resultingin a lack of oxygen
andnutrients for the heart muscle
o Partial blockage of the coronary arteries creates a restricted blood flow to the cardiac
muscle cells andresults in severe chest pains called angina as the heart muscle beats
fastertotry toincrease blood supply
o Complete blockage means cells in the area of the heart not receiving blood willnot be
able torespire aerobically; these cells willbe unable to contract, leading to a heart
attack
o Atheromas can sometimes rupture, leading to the development of a blood clot
= Bloodclots canworsen existing blockages, or break off andtravelinto smaller
bloodvessels
= Bloodclots thattravelto the coronary arteries can cause a heartattack
= Bloodclots that travelto the brain canleadto a stroke
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Buildup of plaquein the coronary arteries narrows the lumen
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The effect of a narrowedlumenin a coronary artery is reduced blood flow to the heart

Risk factors for atherosclerosis

e There are severalrisk factors which willincrease the chances of coronary heart disease:
o Consumption of trans-fats
= These damage the endothelium of the artery initiating formation of an atheroma

o Constant highblood sugar
= Thisis usually theresult of consumption of foods high in carbohydrate

o Highblood pressure
= Thisincreases the force of the blood against the artery walls and consequently
leads to damage of the vessels
= Blood pressure canincrease duetosmoking orstress

o Highblood concentrations of LDL
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= Speeds up the build up of fatty plaques in the arteries, leading to blockages YOURNOTES
!

o Smoking
= Chemicalsin smoke causeanincreasein plaque buildup andanincreasein

blood pressure
= Carbon monoxide also reduces the oxygen carrying capacity of the red blood

cells

o Infectionby certain microbes
= Chlamydia pneumoniae caninfect the arterial wall and triggerinflammation

which promotes atherosclerosis
= Microbes of the smallintestine produce the chemical trimethylamine N-oxide

which promotes atherosclerosis
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Structure of the Blood Vessels YOURNOTES
e Thebody contains several different types of blood vessel {
* Thewalls of each type of blood vessel have a structure that relates to the function of the

vessel
o Arteries transport blood away from the heart (usually at high pressure). They are
structured as follows:
= Threethicklayersin theirwalls
= Ahigh proportion of muscle and elastic fibres
= Narrow lumen
= Novalves

o Capillaries transport blood from arteries to veins, and are located between the cells in
thetissues. They are structured as follows:
= Walls are only one cell thick (endothelial layer only)
= Nomuscle orelastic fibres
= Novalves

o Veins transport bloodinto the heart (usually atlow pressure). They are structured as
follows:
= Thinwalls with three layers
= Low proportion of muscle and elastic fibres compared to arteries
= | argelumen
= Valves (usually) present
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Tunica media

Artery Thicker tunica externa
with a high proportion (smooth muscle)
of elastin and collagen Tunica interna
(endothelial cells)
Thicker tunica media Tunica externa
with a high proportion (elastin and collagen)
of muscle fibres PN
<18 mm (aorta)
Narrow Lumen
Vein One—way valves Tunica media
(smooth muscle)
Wide Lumen Tunica interna
(endothelial cells)
Less smooth muscle Tunica externa
and elastin (elastin and collagen)
Lots of collagen < 30 mm (vena cava)
Capillary Very small diameter

Capillaries branch
between cells

Thin walls, no elstic,
smooth muscle or
collagen

Endothelial
cells

The three main categories of blood vessel can be identified by comparing their structures

(') Exam Tip

For “explain” questions relating to blood vessel structure, remember to paira
description of a structural feature to an explanation of exactly how it helps the blood
vessel to function. Forexample “capillary walls are one-cell thick, which enables
quick and efficient diffusion of substances such as oxygen and glucose to the cells”
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6.3 Defence Against Infectious Disease YOUR TOTES
Skin

¢ The skin and mucous membranes form a primary defence against pathogens that cause
infectious disease
¢ Skinis thelargestorgan of the body andis coveredin microorganisms that usually cause
noissues, as they can't enterthe body. Skin provides:
o Atough physical barrier that prevents entry of pathogens into ourbodies
o Cutsintheskin are sealed by formation of blood clots to prevent entry of pathogens
o Chemical protection through the production of sebum from the sebaceous glands of
the hairfollicles
= Sebumis a chemical responsible formaintaining alow skin pH which inhibits the
growth of microorganisms

¢ Mucous membranes are foundlining vulnerable areas which may be a route for pathogens
into the body
o Thisincludes the airways, areas around the reproductive organs (foreskin and
vagina) andthe digestive system

* Themembranes contain goblet cells which produce mucus containing glycoproteins
o Microorganisms and particles become trapped by the mucus and are then either
swallowed (into the stomach) or expelled, therefore preventing infection
o Mucus also contains lysozyme enzymes which have antibacterial properties,
providing more protection frominvading microorganisms
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YOURNOTES

l
Platelets

¢ When the skinis cut, microorganisms have an entry point to getinto the body
o Thefirstline of defenceis compromised

¢ Inorderto minimise therisk of substantialblood loss and entry of unwanted
microorganisms, the blood starts to clot to seal the wound
¢ Inresponsetoblood vessel damage, platelets form a temporary plug to stem bleeding
o Platelets are cellular fragments that make up one component of the blood

¢ Theyrelease chemicals called clotting factors that trigger a chemical cascade which
results in blood clotting

o5%

°RED BLOOD CELLS

The bloodis made up of 4 key components including plasma, red blood cells, white blood
cells andplatelets
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Blood Clotting Proteins YOURNOTES

e Thechemical cascade, triggered by the clotting factors, involves a large number of steps {
and several plasma proteins

o

o

First of all, the clotting factors stimulate the release of the enzyme thrombin
Thrombin catalyses the conversion of the soluble protein fibrinogeninto fibrin, which
isinsoluble
Fibrin forms a mesh that traps more platelets and blood cells to prevent entry through
thewound
= Asmallinitial stimulus is amplified to produce alarge amount of fibrin so that the
woundis quickly sealed

Exposureto airresults in the hardening of the mesh to create a scab
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l

RED BLOOD
CENES

BROKEN BLOOD
VESSEL WALL

SOLUBLE FIBRINOGEN
PROTEINS

INSOLUBLE
FIBRIN

PLATELETS RELEASING
CLOTTING FACTORS

BLOOD CLOT

ACTIVATED
PLATELETS I 1

Blood clot formation
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Clotting in Coronary Arteries

Causes of blood clots in the coronary arteries

¢ Abloodclotinthe coronary arteries is called coronary thrombosis
e Severalfactors may increase the risk of coronary thrombosis developing:
o Atherosclerosis in the coronary arteries results in a build-up of layers of fatty material
(plaque) causing damage to the endothelium wall
= Bulging of the lumen of the artery causes a blockage which reduces the space for
blood flow
= Deposition of calciumions can worsen the situation by hardening the
endothelium
= Lesions canalso sometimes form due to ruptures in the atheroma

Consequences of blood clot formation in the coronary arteries

¢ Occlusion of the coronary arteries is a common problem that can lead to significant health
issues such as coronary heart disease
e Thecoronary arteries deliver oxygen and nutrients to the cardiac muscle tissue
¢ Ifabloodclotformsinthe coronary arteries, it can cause blockages
¢ Ablockage means thatthetissue beyondthat pointis deprived of oxygen and nutrients, so
itisunable torespire aerobically
¢ Asaresult, cells are unable to produce a sufficient amount of ATP which inhibits normal
cardiac muscle contractionresultinginirregular and uncoordinated movement called
fibrillation
o If notrectified, eithernaturally orthrough medicalintervention, fibrillation couldlead to
death

¢ Aheart attack (myocardialinfarction) may also occurin situations where the blood supply
is completely inhibited so that the cardiac muscle tissue starts to die
o This canbe fatal

Risk factors for coronary thrombosis

e There are several factors which have shown a clear correlation with increased chances of
coronary thrombosis orheart attacks
e Themainriskfactors forinclude:
o Geneticfactors
o Ageand sex
o Highblood pressure
o Smoking
o High concentrations of low-density lipoproteins (LDLs)
o Diabetes
o Obesity
o Lack of exercise
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. YOURNOTES
(’) Exam Tip
- : : - l
Remember, correlation does not prove causation: There are many contributing
factors which will affect the likelihood of developing a coronary thrombosis, as a
result, we cannot say that any single factoris causative. We can say that thereis a
correlation between that factorand the incidence of coronary thrombosis
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YOURNOTES

l
White Blood Cells

¢ Phagocytes are white blood cells that are produced continuously in the bone marrow

e They areresponsible forremoving dead cells and invasive microorganisms; a non-
specificimmuneresponse

¢ Phagocytes movetothesite of infection and attach to pathogens

¢ Thecell surface membrane of the phagocyte extends out and around the pathogen,
engulfing it by endocytosis

¢ Theythen digest the pathogen using enzymes which are stored within lysosomes (in their

cytoplasm)
; BACTERIAL
PATHOGEN

BACTERIA BEING
ENGULFED BY
PHAGOCYTE

BACTERIA _
ENCLOSED

DIGESTIVE ENZYMES
RELEASED TO e
DESTROY BACTERIA

LYSOSOMES CONTAINING

LCELL MEMBRANE o DIGESTIVE ENZYMES

Phagocytic cells ingest pathogens and digest them using enzymes
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Antibody Production

Pathogens possess protein molecules on their cellmembranes called antigens
When alymphocyteis exposedto a specific foreign antigen, it will produce specific

antibodies

o Itisknown as a specificimmuneresponse because one lymphocyte willrespondto
justone type of antigen

Antibodies have two functionalregions:

o Ahypervariable functionalregion that binds to antigens on pathogens

o Afunctionalregion which aids the body in fighting the pathogen by labelling the
pathogen (making it easier for phagocytes to find and engulf) and by preventing virus
cells frombinding to receptors on host cells (meaning they cannot enter the cell)

When activated by a pathogen, lymphocytes clone themselves to produce plasma cells

which are capable of mass antibody production

Antibodies are only short-lived, degrading within weeks or months and the plasma cells

that producedthem arelost soon after

However, inactive long-living memory cells are produced which remain in the blood for a

long period of time to give immunity

Memory cells allow for the rapid production of antibodies after secondary infection

o Ifthesamepathogeninfects fora secondtime, the inactive memory cells willbecome
active anddivide to produce plasma cells at arapidrate

o Theseplasma cells are able to supply a large number of antibodies at arapid rate to
fightthe pathogen before symptoms appear

ANTIBODY CONCENTRATION

IN THE BLOOD

SECONDARY RESPONSE

PATHOGEN ENTERS
THE BODY FOR THE
FIRST TIME CAUSING
AN INFECTION

THE SAME PATHOGEN
ENTERS THE BODY FOR
THE SECOND TIME

PRIMARY RESPONSE

10 20 30 60 70 80 90
TIME/DAYS

Memory cells allow for the rapid production of antibodies
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Effects of HIV on Antibody Production YOURNOTES
¢ HumanImmunodeficiency Virus is a retrovirus made up of several key components {
including RNA and the enzyme, reverse transcriptase, which is used to produce DNAin the

hostcell
¢ HIVinfects the body and attacks a type of ymphocyte cell called a T-helper cell
e T-helpercells are a key componentin the production of antibodies, so HIV inhibits the
bodies capacity to produce antibodies
¢ Intheearly stages of infection, antibodies are producedto fight HIV, these can be
detectedinblood tests
o Theindividualis saidto be HIV positive

The development of AIDS

* Astheinfectionprogresses, the ability to produce antibodies significantly reduces

¢ This renders theimmune system unable to fight off other pathogens and so the individual
becomes prone toinfection from other opportunistic pathogens

¢ Whentheindividualis suffering from several diseases or conditions atthe same time, they
are said to have acquired immune deficiency syndrome (AIDS)

e Progression of HIV, from the initialinfection to the development of AIDS, can be slowed
down using anti-retroviral drugs

o Duetohighly successfuldrugs, many HIV positive individuals are able to live full-
quality lives with normal life expectancies

Transmission of HIV

¢ HIVisunableto survive outside of the human body and sois mainly transmitted by the
direct exchange of body fluids
o Viruses needhostcellsin ordertoreplicate

¢ This means HIV can be transmittedin the following ways:
o Sexualintercourse
o Blood donation
o Sharing of needles used by intravenous drug users
o Frommotherto childacross the placenta
o Mixing of blood between motherand child during birth
o From mother to child through breast milk
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Antibiotics

Antibiotics are drugs that inhibit the growth of microorganisms
o Mostantibiotics kill or stop the growth of bacteria (prokaryotes) but donotharmthe
cells of theinfected organism
o Thisis because they block specific processes that occurin prokaryotic cells but do
not have the same effect on eukaryotic cells

e Processes thatmight be targetedinclude;
o Transcription
o Translation
o DNAreplication
o Ribosomefunction
Cellwallformation

o

e Some antibiotics are derived from living organisms such as saprotrophic fungi
o Penicillinis produced by certain fungiin the genus Penicillium
o When growingin the wild the antimicrobial secretions of the fungus helps it to
compete by killing nearby saprotrophic bacteria

e Antibiotics can alsobe made synthetically (in alaboratory)
PENICILLIN e
CELL RUPTURES AND DIES
. WHEN IT TRIES TO GROW
BACTERIAL
CELL £ O
O

PENICILLIN 1S AN ANTIBIOTIC
THAT INTERFERES WITH THE
BUILDING OF THE BACTERIAL
CELL WALL

@ savemyexams

How penicillin works
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¢ Penicillinis not effective against all bacteria (eg. tuberculosis) because the bacteria may YOURNOTES

have: l
o Thicker cell walls which reduce permeability
o Enzymes which breakdown penicillin

e There are many different examples of antibiotics which are effective against arange of
bacterial diseases
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Florey & Chain's Experiments

* Howard Florey and Ernst Chain carried out experiments to test penicillin on bacterial
infections in miceinthe 1930s
o Firstof all, they developed a technique for purifying and concentrating penicillin from
liquid cultures of Penicillium
o The methodtheyusedwas very inefficient and only produced small quantities of the
antibiotic

» Secondly, they showed that Penicillin was effective in preventing bacterial growth on agar
plates
¢ Afterthey hadcollected this evidence, Florey and Chain used mice to show the effect of
penicillin atthe level of an organism
o Inorderto carry out these tests on mice, the mice first needed to beinfected with a
known bacterial pathogen. A deadly Streptococcus bacteria was usedto develop
pneumonia in 8 mice
o Ofthese 8 mice, 4 were injected with penicillinand 4 were left untreated
o Inlessthan 24 hours, the 4 untreated mice had all died whereas those that were
treated with penicillin survived

et e

ALL 8 MICE WERE INFECTED WITH
STREPTOCOCCUS BACTERIA

cetsteererere
| I

4 MICE WERE
§ NiCE Viere a e
% PENICILLIN

4 4
e eh e &GPereres

THE 4 UNTREATED MICE THE 4 MICE TREATED WITH
DIED WITHIN 24 HOURS PENICILLIN RECOVERED

Florey and Chain showed that penicillin could aid the recovery of mice infected with
Streptococcus bacteria

Human tests

o Aftersuccessfultrials using penicillin to treat mice, Florey and Chain were ready to begin
testing human patients
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It took some time to build up alarge enough supply of penicillin using their purification
techniques

They then started treatment on their first patient, a policeman who was suffering from a life-
threatening bacterialinfection resulting froma scratch on his face

The patient showedimprovement but unfortunately, the supply of penicillin was not
enough to complete the treatment and so the man died of his infection

Following this, a series of other patients were treated with varying success and Florey and
Chainrealised that they needed to produce much larger quantities of penicillin than their
current capacity

Largerscale testingandtreatment (using penicillin) became possible afteran American
pharmaceutical company started mass production

It was after this that the true level of efficacy for penicillin was established
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Florey & Chain's Experimental Technique

NOS: Risks associated with scientific research; Florey and Chain's tests on

the safety of penicillin would not be compliant with current protocols on
testing

e New drugs carry new risks as scientists can not always predict how the body may respond
tothe drug, whether the drug will be effective or how significant any side effects might be
» Beforedrugs becomelicenced and available foruse, they must go through a rigorous
series of tests and trials to minimise therisks
¢ Asummary of the procedureis as follows:
o Initially, aftera computeranalysis has been carried out on the structure of the drug,
trials are carried out with animals to see the effect on a whole organism level
o Next, a small number of healthy humans will trial the drug to measure the toxicity
o Ifthesefirst2 stages are successful, testing willbe carried out on a progressively larger
number of patients suffering from the target disease
= [nthis finalstage, theaimis to establish how effective the drugis and collect as
much information as possible about side effects

o Oncetheclinicaltrials are complete, the new drug can be approved andlicenced for
medicaluse

o Theprocess usually takes years toreach the approval stage

¢ When Florey and Chain carried out their trials with penicillin, these protocols for safe testing
were notin place andtheirwork was only carried out over a matter of months
o This meant that some patients received treatment very rapidly forinfections that
were previously incurable, however, there was a hugerisk that the new drug, penicillin,
could have causedsignificant side effects

DISCOVERY & ANIMAL | CLINICAL TRIAL | APPROVAL
PRE—-CLINICAL TESTING & LICENCING
| PHASE 1| |PHASE 2| | HASE 3
SMALL NUMBER % @ ﬁ %@ i:;::-ﬂ
OF HEALTHY _"“M
INDIVIDUALS ﬁ\@ﬁ@ﬁ@
SMALL NUMBER
990 OF PATIENTS LARGE NUMBER
Ggo 000 OF PATIENTS
1) LT CT® o
STAGE 1: STAGE 2: STAGE 3: CLINICAL TRIALS STAGE 4:
COMPUTER :[} ANIMAL :{} ON PROGRESSIVELY LARGER : APPROVAL
ANALYSIS TESTING GROUPS

New drugs go through a series of tests and trials in order to be approved for medical use

Previous drugs trials
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o Carefully designed drugs testing protocols do now exist, but serious problems can still
arise
o Thalidomidewas a drugthatwas usedinthe1950s to treat a variety of conditions
including some cancers and leprosy
= |twas foundthat thalidomide provided an effective cure for morning sickness and
so pregnantwomen were prescribed thalidomide as a treatment
= Theeffects of the drugonafoetus had notbeentested andin subsequent years,
babies were born with a range of disabilities including the absence of limbs,
sensory impairment and disfigurement, amongst others
= [ttook severalyears forthelink to be made between Thalidomide and the
disabilities of the thousands of children who were born
= Thalidomide was withdrawn fromusein the early 1960's

o Adrugs trialwas carried outin 2006 to test an experimental leukaemia drug, TGN1412

= Thedrughadsuccessfully passed the animals trials where it was given to
monkeys, so it movedto the next stage of testing

= Eighthealthy volunteers took partin the trial and afteran hour of receiving the
drug, six of them were rushed to intensive care with multiple organ failure

= Although they allrecovered, the long term effects on theirimmune systems are
unknown

= Thisis one of the mostinfamous clinical trial emergencies of modern day

Viruses

Antibiotics and viruses

e Antibiotics areineffective against viruses as they are non-living
e Viruses are particles andnot cells
o They have nometabolism orcell structure and therefore cannot be targetedin any of
the ways that antibiotics target a bacterial cell

* Whenavirusreplicates, it uses the host cell’s mechanisms for transcription, translation
and othermetabolic pathways, sonoteven these processes can be targeted as antibiotics
donotbindto the proteins thathost cells usein these processes

o Drugs thatwouldtarget these processes would damage the host cells and cause
evenmoreharm

e Antivirals are drugs that target viral enzymes without harming the host cell
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YOURNOTES

l
Antibiotic Resistance

Within a bacterial population, there is variation caused by mutations (as occursin
populations of all species)
Achance mutation might cause some bacteria to become resistant to an antibiotic (eg.
penicillin)
When the population is treated with this antibiotic, the resistant bacteria do not die
This means theresistant bacteria can continue toreproduce with less competition from
the non-resistant bacteria, which are now dead
Therefore the genes for antibioticresistance are passed on with a much greater
frequency to the next generation

o As bacteria only have one copy of each gene, a mutant gene willhave animmediate

effect on any bacterium possessingit

Overtime, the whole population of bacteria becomes antibiotic-resistant because the
antibiotic-resistant bacteria are best suited to theirenvironment

This is an example of evolution by natural selection

Some pathogenic bacteria have becomeresistant to penicillin as they have acquired
genes that code for the production of the enzyme p-lactamase (also known as
penicillinase), which breaks down penicillin
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A POPULATION OF BACTERIA IN WHEN EXPOSED TO AN ANTIBIOTIC,
THE GUT. SOME HAVE ANTIBIOTIC BACTERIA CAUSING ILLNESS, AS
RESISTANCE WELL AS HEALTHY GUT BACTERIA,

ARE KILLED

WITH REDUCED COMPETITION
FOR NUTRIENTS, ANTIBIOTIC— PATHOGENIC, 'l= HEALTHY

RESISTANT BACTERIA MULTIPLY, ANTIBIOTIC GUT
FORMING A LARGER POPULATION RESISTANT, BACTERIUM
THAT IS DIFFICULT TO CONTROL BACTERIUM

PATHOGENIC BACTERIUM

PLASMIDS WITH ANTIBIOTIC -
RESISTANT GENES CAN BE

SHARED BETWEEN BACTERIA

OF BOTH THE SAME AND

DIFFERENT SPECIES. PLASMID

Bacteria evolve rapidly as they reproduce quickly and acquire random mutations — some of
which conferresistance

The future of antibiotic resistance

¢ Antibiotic-resistant strains are a major problemin human medicine
* Newresistant strains are constantly emerging due to the overuse of antibiotics
o Byusingantibiotics frequently, humans exert a selective pressure on the bacteria,
which supports the evolution of antibiotic resistance

e Scientists are trying hard to find new antibiotics that bacteria have not yet been exposed
to, but this process is expensive and time-consuming

e Somesstrains of bacteria, such as methicillin-resistant Staphylococcus aureus (MRSA), can
beresistant to multiple antibiotics and they create infections and diseases which are very
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difficult to treat YOURNOTES
¢ When antibiotics were discovered, scientists thought they would be able to eradicate 1

bacterialinfections, butless than a century latera futureis beingimagined where many
bacterialinfections cannot be treated with current medicines

Measures to avoid antibiotic resistance

¢ Antibiotic resistancein bacteriais an example of natural selection that humans have helped
to develop throughincorrect use or overuse of antibiotics

¢ Implementation of certain measures can help to avoid antibiotic resistance. These
measures may include:

o

e}

Avoiding prescription of antibiotics for non-serious or non-bacterial infections
Completing the full prescribed course of antibiotics to ensure the infection is
completely cleared

Maintaining high standards of hygiene in the hospital environment

Minimising use of antibiotics forroutine treatment to animals in agriculture
Development of new types of antibiotic
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6.4 Gas Exchange

6.4.1Ventilation: Function & Structures

Ventilation

¢ Ventilationcan be definedas
o Thereplacement of older airinthe lungs with fresh air fromthebody's external
environment

« Ventilationis essential for the effective exchange of gases in thelungs
¢ The exchange of oxygen and carbon dioxide occurs between the alveoliand the capillaries
inthelungs
¢ Gases are exchanged by simple diffusion which requires a concentration gradient
¢ This gradientis maintained by
o Ventilation
o Thecontinuous flow of blood in the capillaries

The impact of ventilation

» Ventilation maintains concentration gradients of oxygen and carbon dioxide between air
inthe alveoliand blood flowingin adjacent capillaries
o Breathingin fresh airfrom the surrounding environmentincreases the concentration
of oxygenintheairinside the alveoli
o Breathing out removes carbon dioxide

e This means that afterventilation, comparedto the blood foundin adjacent capillaries, the
alveolihave
o Higheroxygenlevels
o Lower carbondioxidelevels

e This ensures that oxygen continues to diffuse from the alveoliinto the capillaries, while
carbon dioxide continues to diffuse from the capillaries into the alveoli
o Both gases move down their concentration gradient
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o ALVEOLUS

o ADJACENT CAPILLARY

Ventilation maintains a concentration gradient between the airin the alveolus and the blood

inthe adjacent capillary
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Type | Pneumocytes

e Thealveoliare specifically adapted for gas exchange as they collectively have a very large
surface area andthe alveolarwalls are only one cell thick which provides a short diffusion

distance
o Thealveolarwalls are also known as the alveolar epithelium

¢ Typelpneumocytes are extremely thin alveolar cells which make up the majority of the

alveolar epithelium
o They are adaptedto maximise therate of gas exchange by providing a short diffusion

distance

¢ Thecapillary walls are also only one cell thick which means there is usually less than 0.5um
between the airin the alveoliand the blood, this maximises the rate of diffusion

CARBON ALVEOLAR AIR
DIOXIDE
OXYGEN
TYPE |l )
PNEUMOCYTE
ALVEOLUS TYPE |

SURROUNDED PNEUMOCYTE
BY CAPILLARY
NETWORK

CAPILLARY
LUMEN

CELL OF
CAPILLARY
WALL

—
0.5 pm RED BLOOD
CELL
The thin typelpneumocyte cells and the thin capillary walls provide a short diffusion
distance to maximise gas exchange
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Type ll Pneumocytes YOURNOTES

e Typell pneumocytes arerounded cells which secrete a solution that coats the epithelium {
of thealveoli
e They occupy a much smaller proportion of the alveolar epithelium than the type |
pneumocytes; around 5%
¢ Thesolutionreleased by type |l pneumocytes contains pulmonary surfactant
o Pulmonary surfactant has hydrophobic tails and hydrophilic heads
o The molecules form a monolayer with the hydrophobic tails facing the alveolar air

e Pulmonary surfactantreduces surface tension, maintaining alveolar shape and preventing
the sacs sticking together
o This prevents the alveoli, and therefore the lungs, from collapsing

e Thesolution also aids gas exchange
o Thelayerof moisture provided by the solution allows oxygen to dissolve before it
diffusesinto the blood
o Carbondioxide diffuses from the moist surface beforeitis removedin exhalation

AR IN ALVEOLUS

MONOLAYER HYDROPHOBIC
OF PULMONARY TAIL
SURFACTANT

HYDROPHILIC
HEAD

The typellpneumocyte cells in the alveoli produce a solution containing pulmonary
surfactant whichreduces surface tension
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ERYTHROCYTE %\ o CAPILLARY

ALVEOLAR
AIR SPACE

TYPE | PNEUMOCYTE

°cEXTREMELY THIN CELLS
o CARRY OUT GAS EXCHANGE
°COVER APPROXIMATELY 95%
OF THE ALVEOLAR SURFACE

AREA Q

TYPE Il PNEUMOCYTE

°ROUNDED CELLS

o SECRETE PULMONARY
SURFACTANT

«COVER APPROXIMATELY 5%
OF THE ALVEOLAR SURFACE

AREA

The alveolar epitheliumis made up of typelandtypellpneumocyte cells

Page 88 of 147

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Air Pathway

e Airmovesin through the nose and mouth beforeitis carried to the lungs through the
trachea

e Thetracheais a tube supported by rings of cartilage which help to supportits shape and
ensureit stays open, while allowing it to move and flex with the body

¢ Thetrachea divides to form the two bronchi (singular bronchus) with walls also
strengthened with cartilage and has a layer of smooth muscle which can contract orrelax
to change the diameter of the airways.

e o Onebronchusleadstoeachlung

¢ Bronchioles branch off the two bronchi to form a network of narrow tubes
o Thewalls of the bronchioles are lined with a layer of smooth muscle to alterthe
diameter of the bronchiole tubes
o This helps toregulate the flow of airinto the lungs by dilatingwhen more airis needed
andconstrictingwhen e.g. an allergenis present

e Groups of alveoli are found at the end of the bronchioles
e Eachalveolusis surrounded by an extensive network of capillaries to provide a good
blood supply formaximum gas exchange

c TRACHEA
* LUNG

e BRONCHUS

NASAL CAVITYe i ‘

PLEURAL CAVITY -”3.
(FILLED WITH FLUID)

INTERCOSTAL
MUSCLE

| DIAPHRAGM

> BRONCHIOLE |

The main structures of the human gas exchange system
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YOURNOTES

l
Inspiration & Expiration

Breathingin

e Thebreathing-in, orinspiration, process causes the volume of the chest toincrease and
the air pressure to decrease untilit is lower than the atmospheric pressure
o When gasisinalarge-volume container that allows the gas particles to spread out, the
pressure exerted by the gas on the walls of the containeris low

¢ Asaresult, airmoves downthe pressure gradient andrushesinto thelungs

o Agaswillalways move down a pressure gradient from an area of high pressure to an
area of low pressure

¢ Theinspiration process
o Thediaphragm contracts and flattens, increasing chestvolume
o Inadditionto the flattening of the diaphragm the external intercostal muscles

contract, causing theribcage to move upwards and outwards; this alsoincreases
chestvolume
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INHALATION

EXTERNAL INTERCOSTAL
° MUSCLES CONTRACT,
EXPANDING THE RIBCAGE

PRESSURE DECREASES,
SO AIR IS DRAWN INTO
THE LUNGS

DIAPHRAGM CONTRACTS, _
PULLING DOWNWARDS

BREATHING IN
— EXTERNAL INTERCOSTAL MUSCLES CONTRACT
— RIBCAGE MOVES UP AND OUT
— DIAPHRAGM CONTRACTS AND FLATTENS
- VOLUME OF THORAX INCREASES
— PRESSURE INSIDE THORAX DECREASES

—AIR 1S DRAWN IN

(#save myexams

The process of inspiration

Breathing out

¢ Breathing out, orexpiration, occurs mostly due to therecoil of thelungs afterthey have
been stretched by theinspiration process, andis therefore a mainly passive process
* Volume of the chest decreases and pressure increases, causing air to be forced out down
its pressure gradient
o Whengasisinalow-volume containeritis compressed, causing the gas particles to
exert more pressure on the walls of the container

¢ Thepassive expiration process
o Externalintercostal muscles relax, allowing theribcage to move down andin
o Diaphragmrelaxes and becomes dome-shaped
o Therecoil of elastic fibres in the alveoliwalls reduces the volume of thelungs
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¢ Theexpiration process can be active when there is a need to expel excess air from thelungs YOURNOTES
e.g.when blowingouta candle l
¢ Theactive expiration process
o Internalintercostal muscles contract to pull theribs downandin
o Abdominal muscles contract to push organs upwards against the diaphragm,
decreasing the volume of the chest cavity
o This causes forced exhalation

EXHALATION

EXTERNAL INTERCOSTAL
_ MUSCLES RELAX, ALLOWING
THE RIBCAGE TO DROP
INWARDS AND DOWNWARDS

PRESSURE INCREASES,
SO AIR IS FORCED OUT e
OF THE LUNGS

DIAPHRAGM RELAXES _
AND MOVES UP

BREATHING OUT
— EXTERNAL INTERCOSTAL MUSCLES RELAX
— RIBCAGE MOVES DOWN AND IN
— DIAPHRAGM RELAXES AND BECOMES DOME-SHAPED
- VOLUME OF THORAX DECREASES
— PRESSURE INSIDE THORAX INCREASES
—AIR IS FORCED OUT

(#save myexams

The process of passive expiration
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Antagonistic Muscle Action YOURNOTES
!

e Muscles only carry out the work of moving the body when they are contracting, or pulling;
they cannotpush
¢ Asaresult of this limitation muscles often operate in pairs when movementin two
directions in required
¢ Onemuscle of the pairpulls in one direction and the other muscle pulls in the opposite
direction
o Thisis described as antagonistic muscle action

e Examples of antagonistic muscle action in ventilation are
o Internal and external intercostal muscles
= Whentheinternalintercostal muscles contract, therib cage moves down andin
= When the externalintercostal muscles contract, therib cage moves up and out

o Thediaphragmand abdominal muscles
= When the diaphragm contracts, it flattens and moves downwards
= When the abdominal muscles contract, theinternal organs of the abdomen are
compressedand pushedupwards, exerting upward pressure on the diaphragm

(') Exam Tip

¥ Theintercostalmuscles workinan antagonistic manner; as one contracts the other
relaxes!Note that the internal intercostal muscles only contract to cause forced
expiration; expiration is passive the majority of the timeRemember, if you learn one
of eitherinspiration or expiration, the otheris almost exactly the opposite.
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Cancer

NOS: Obtain evidence for theories: epidemiological studies have
contributed to ourunderstanding of the causes of lung cancer

Theories are developed based on evidence collected through observation and where
possible, scientificinvestigations
Obtaining valid andreliable evidence for theories on causes and consequences of
different diseases can be difficult for several reasons.

o Thesensitive nature of the data required

o Difficulty finding volunteers with the correct specific diagnoses

o The effect of confounding factors

Epidemiology is the study of disease which includes monitoring the numbers and
distribution of cases that arise, as well as building a bigger picture of the potential causes
of thedisease

Epidemiological studies are carried out on large numbers of patient volunteers to give an
unbiased andreliable collection of data which make it possible to draw links between
certain factors and the development of a disease

Causation and correlation

Itis very tricky to show that one particularfactoris responsible for causing a disease, such
aslungcancer, instead, datais usually used to show a correlation between a certain risk
factorandtheincidence of adisease
Confounding factors which share a similar correlation and also imply causation of the
disease can make it difficult to establish the actual determinant
o Thereforeitis necessary to study several factors simultaneously to collect enough
data to carry out statistical analysis and develop the overall picture

Risk factors contribute towards the likelihood of developing a disease
o Thereforerisk factors that are more easily controlled and measuredinisolation are
more likely to have a proven causalrelationship, as they can beinvestigatedin a more
scientific manner
o Forexample, anindividual's exposure to smokingis much easier to quantify than their
exposure to air pollution

When analysing data and studies itis always important toremember that risk factors
interact with each other
o Forexample, a smokerwith asthmais likely to sufferthe associated negative health
side effects more quickly than a smokerwithout asthma

[tis always important torememberthat even though thereis a correlation, this does not
mean that thereis a direct causallink
o Forexample, in places with higher pollution, there may be more asthmatic individuals
but this does not mean that pollution caused asthma as there are many othervariables
atplay

Causes of lung cancer
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e Ofallthecancers, lungcanceris themost commonly diagnosed andresults in the most
deaths globally
e Canceroccurs if mutations affect the regulation of mitosis in cells
¢ This causes uncontrolled mitosis which develops into a mass of cells in the lumen of the
airways
e Thetumourbecomes largerbecauseithas no method of programmed cell death and
survives because it develops its own blood supply (vascularisation)
¢ Thetumourthen starts to interfere with the normal working of the lungs, such as by
squeezing againstbloodvessels orcancer cells enteringinto the lymphatic system, where
they may develop anothertumour
¢ Acausalrelationship has been provenforsomerisk factors relating tolungcancer
o Smokingis a key contributor
= Tobaccoin cigarette smoke has been shown to have mutagenic effects on body
cells due to chemicals foundin the smoke
= The effects of these mutagenic chemicals canlead to cancerin smokers as well
as the passive smokers inhaling theirsecond hand smoke

o Inhalation of air pollution similarly, canresultinlung cancer
= |ncities, averagerates of lung cancerdiagnoses are much higher due to high
levels of vehicle exhaust fumes and smoke from burning organic matter

o Radongasis aradioactive gas which can contribute to the numbers of lung cancerin
some areas more than others
= Radonisreleasedfromrocks and buildings made from rocks containing high
levels of radon gas

o Various building materials, such as asbestos andsilica, produce small dust particles
which can causelung cancerif they areinhaled
= Thereare strictrules about using orworking with materials, such as asbestos and
silica, to minimise exposure and therefore the associatedrisks

Consequences of lung cancer

e Thereare many symptoms associated with alung cancerdiagnosis, including:

o Breathing difficulties

o Coughing, sometimes coughingup blood

o Chestpains

o Loss of appetite andweightloss

o Persistentfatigue

o Tumours can forminthelungs

o Insevere cases, the primary tumours metastasise and lead to the formation of
secondary tumours elsewhere in the body

e Survivalrates fromlungcancerarevery low comparedto othercancertypes
o Only15% of patients will survive more than 5 years

» Patients that do survive may suffer fromlong term symptoms such as:
o Pain
o Breathing difficulties
o Fatigue
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o Anxieties associated with a cancerdiagnosis and future prognosis YOURNOTES

¢ Treatments forlung cancerinclude: L
o Chemotherapy
o Radiotherapy
o Lungremoval

(f) ExamTip

- : . . . .
Scatter diagrams are usedto identify correlations between two variables to

determine therelationships between two factors. Forexample, between risk factors
and certain disease.Correlation can be positive or negative

e Positive correlation: as variable Aincreases, variable Bincreases
* Negative correlation: as variable Aincreases, variable B decreases
¢ |fthereis no correlation between variables the correlation coefficient willbe O

POSITIVE CORRELATIONl |NEGAT|VE CORRELATION, |NO CORRELATION

B X
© O % o | x
. . gl = "
o x D . fia)
< x % < X <Ll x X
z o : < x -
> L X > X x >
% x X X x
x
VARIABLE A VARIABLE A VARIABLE A

Image showing different types of correlationin scatter graphs

e Thereis acleardistinction between correlation and causation: a correlation
does not necessarily imply a causative relationship

o Correlationis an association orrelationship between variables

e Causation occurs when onevariable has aninfluence oris influenced by
another
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Emphysema YOURNOTES
!

Emphysemais an example of a Chronic obstructive pulmonary disease (COPD) which
alsoincludeslungdiseases such as asthma and chronic bronchitis
Ina healthy lung, some phagocytes are present as part of the non-specificimmune
response to protect against bacteria foundin thelungs

o Phagocytes produce the protein digesting enzyme, elastase to destroy bacteria

o Elastase also breaks down proteins in the cells of the lungs, including elastin

o Anenzymeinhibitor, alpha 1-antitrypsin (A1AT), is produced by lung cells to prevent

damage causedby elastase

In smokers, goblet cells in the ciliated epithelium become enlarged and produce more
mucus which destroys the cilia in the trachea and

This prevents cilia from sweeping mucus, containing bacteria, dust and other
microorganisms away from thelungs, this leads to infections in the lungs

Infections attract more phagocytes to thelungs and the phagocytes release elastase
AlAT is not effective against theincreasedlevels of elastase and so the enzyme damages
the elasticity of the alveolar walls

Without enough elastin, the alveolibreak down and may burst, creating large air spaces in
the alveoliwith an insufficient surface area to volumeratio

Thickening of the alveolar walls increases the diffusion distance for gas exchange

This reduces the efficiency of gas exchange, causing emphysema where less oxygen s
carriedin blood (making exercise difficult)

Oncethedisease progresses, people often need a constant supply of oxygen to stay alive

Consequences of emphysema

Damageto the alveoliwhich resultinemphysema, is irreversible
Itleads to lowblood oxygen levels and high carbon dioxide levels in patients
Theresultantsymptomsinclude

o Shortness of breath orlaboured ventilation

o Achronic orpersistent cough
Chesttightness
Wheezing and difficulty breathing when exercising or during any physical activity
Lack of energy

o

(e}

(e}
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YOURNOTES
l

PHAGOCYTE ACTIVITY RESULTS
IN ALVEOLI BREAKDOWN. A PERSON
IS LEFT WITH FEWER, LARGER ALVEOLI.

THIS LEADS TO LESS GAS EXCHANGE
° ELASTASE BETWEEN THE AIR AND THE BLOOD.

HEALTHY ALVEOLI ARE
ABLE TO STRETCH AND RECOIL

REDUCED SURFACE AREA
FOR GAS EXCHANGE

CIGARETTE SMOKE DAMAGES
THE ALVEOLL; INFLAMMATION
ATTRACTS PHAGOCYTES

@ save myexams

Emphysema canleadto areduced number of alveolar air sacs with thicker walls
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Practical 6: Monitoring Ventilation

e Thevolume of airwithin the lungs of an individual will change depending on theirlevel of
activity
o When atrest, breathingis shallow and slow
o When exercising, breathingis deeperand more frequent

e Thevolume of airbreathedin and out during normal breathingis the tidal volume
o Normalbreathing hererefers to a breath that does notinvolve forced expiration

* Theventilationrateis the number of breaths taken per minute
¢ Apiece of equipment called a spirometer can beusedto create a trace to show thevolume
changesinthelungs

Practical 6: Monitoring of ventilation in humans at rest and after mild and
vigorous exercise

e |tis possible toinvestigate the effect of exercise on ventilation using the following variables
e Dependentvariable: The ventilation parameter thatis measured
o This couldbetheventilationrate, the tidal volume, ora combination of both
o Thesemeasurements can be taken using a variety of methods, e.g. Basic
observations such as counting breaths to measure ventilationrate
o Adataloggersuchasaninflatable chestbeltand pressure sensorto measure
ventilationrate
o Aspirometer can measure both ventilation rate and tidal volume

¢ Independentvariable: The type orintensity of exercise
o Thetype of exercise couldinclude arange frominactive e.g. lying down, to very active
e.g. sprinting, and everythingin between
o E.g.theintensity of the exercise could be measured by increasing speed on a treadmill

Apparatus

e Stopwatch
¢ Inflatable chestbeltand pressure sensor OR spirometer

Method: Using aninflatable chest belt

1. Takingbreathing measurements using an inflatable chest belt and pressure sensor
2.The person (subject) being examined breathes in and out with a chest belt placed around
the thorax, thathas had airpumpedintoit
3.As the subject breathes the pressure sensorlogs the changes in pressure due to
ventilation; the datalogged can be viewed on a computer
4.From the data collected, therate of ventilation can be deduced
5.The subject thenrepeats steps 1-4 after a period of exercise
o Thetype orintensity of exercise should be specified

6.The subject thenrepeats step 5 several more times after exercise of different specified
type orintensity e.g., gradually increasingin intensity
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7.Arepeat of allmeasurements should be taken and several subjects should be testedin
orderto collectreliableresults

Method: Using a spirometer

1.Taking breathing measurements using a spirometer
2.The subject being examined breathes in and out through the spirometer after a period of
rest
3.As the subject breathes through the spirometer, a traceis drawn on a rotating drum of
paper, oragraphis formed digitally which can be viewed on a computer
4. From this trace, the subject’s tidal volume and breathing rate can all be calculated
5.The person then completes steps 1-4 after a period of exercise
o Thetypeorintensity of exercise should be specified

6.The subject thenrepeats step 5 several more times after exercise of different specified
type orintensity e.g., gradually increasingin intensity

7.Arepeat of allmeasurements should be taken and several subjects should be testedin
orderto collectreliableresults

CLASSIC SPIROMETER

TRACE DRAWN ON REVOLVING
DRUM AS LID MOVES UP AND-

AIRTIGHT CHAMBER
FILLED WITH OXYGEN

COUNTERWEIGHT«H’%

CANISTER OF SODA
LIME TO REMOVE
CARBON DIOXIDE
PRODUCED

NOSE CLIPe

SUBJECT BREATHES IN AND OUT
UNTIL OXYGEN USED UP
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FULLY ELECTRONIC SPIROMETER YOURNOTES
l

NOSE CL|Pe

GRAPH PRODUCED ;
ON COMPUTER SCREEN

MACHINE RECORDS
THE RESULTS OF
THE SPIROMETRY TEST

Using a spirometer to monitor ventilation

Analysis
* The effect of exercise on ventilation can be seenin the spirometer trace below
o Exercise canbe seentoincrease therate of ventilation resultingin more breaths taken
per minute
o ltis alsoevident that afterexercise the tidal volume of the person has increased, which
means more air is breathed in and outin each breath
o Afterexercise, both tidal volume andventilation rate eventually return to resting values
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6.5 Neurones & Synapses YOURlNOTES

6.5.1Neurones: Function & Structure

Function & Structure of Neurones

The nervous system

e Thehuman nervous system consists of:
o Central nervous system (CNS) - the brain and spinal cord
o Peripheral nervous system (PNS) - all of the nerves in the body

It allows us to make sense of our surroundings andrespond to them, and to coordinate

andregulate body functions
Information is sent through the nervous systemin the form of electrical impulses - these

are electrical signals that pass along nerve cells known as neurones
o Abundle of neurones is known as a nerve

The nerves spread out from the central nervous system to all other regions of the body

andimportantly, to all of the sense organs
o The CNS acts as a central coordinating centre for theimpulses that comein from, and

are sentoutto, any part of the body

CENTRAL
NERVOUS
SYSTEM (CNS) SPINAL ) ¢
CORD 2 NN
7 =
P /1 kw
R
7
PERIPHERAL
NERVOUS

SYSTEM (PNS)

NERVES e
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) | YOURNOTES
l

A NERVE IS A BUNDLE _
OF NEURONES

,EA NERVE

NEURONE
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#Fsavemyexams

The human nervous systemis comprised of the CNS and the PNS

Neurones
e Thefollowingfeatures are foundin neurones:
o Neurones have a main, long, fibre known as an axon
They have a cell body that contains the nucleus and other cellular structures
Their cellbodies and axon terminals contain many extensions called dendrites
These dendrites allow them to connect to many other neurones and
receive impulses from them, forming a network for easy communication

CELL BODYe=

]

o]

o

o RIBOSOME

MYELIN SHEATH NERVE ENDING

o (MADE FROM

SCHWANN CELLS)

#)save myexams

Neurones have a characteristically elongated structure which allows them to transfer
information between the central nervous system andtherest of the body
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Research YOURNOTES
l

NOS: Cooperation and collaboration between groups of scientists;
biologists are contributing to research into memory and learning

¢ Some of the so-called 'higher' functions of the brain e.g., memory andlearning, are still
not fully understood and are the focus of much current research
» Biologists are becomingincreasingly involved in this research, which uses techniques
from the fields of neurobiology, molecular biology, and biochemistry to understandthe
mechanisms behind these brain functions
¢ The Centre forNeural Circuits and Behaviour (CNCB) at the University of Oxfordis a good
example of aninstitution in which scientists with different areas of expertise collaborate, or
work together, with a common research goal
o Theresearchteamatthe CNCB contains experts in various fields of biological science,
including medicine, physiology, genetics, molecular biology, neurobiology, and
neurogenetics

¢ Researchinto functions of the brain such as memory andlearningnot only involves
collaboration between scientists from different specialities, but also from different
countries
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Myelination

Neurones have a main, long, fibre known as an axon
The axons of neurones are surrounded by specialised cells called Schwann cells
Schwann cells wrap themselves around the axon, forming a structure known as a myelin
sheath
o Myelin contains the phospholipids of the Schwann cellmembranes; itis built upin
layers as the Schwann cells grow around the axon
o Thelipid content of the myelin sheath gives it a high electrical resistance

The myelin sheath acts as an electrical insulator; impulses cannot pass through the myelin
sheath
The myelin sheath has small, uninsulated sections in the gaps between the individual
Schwann cells

o Thesegaps are called nodes of Ranvier

Electricalimpulses effectively jump from one node of Ranvier to the next
o This process is known as saltatory conduction
o It greatly speeds up the rate of transmission of impulses along myelinated neurones
o Innon-myelinated neurones the axonis notinsulated by myelin, so theimpulse travels

more slowly
CELL BODY
CONTAINS MOST
CELLULAR
STRUCTURES
SCHWANN CELLS

°FORM MYELIN SHEATH
AROUND AXON

IMPULSE “JUMPS’
BETWEEN GAPS

DENDRITES FORM
CONNECTIONS i
WITH MANY OTHER
NEURONES

IN MYELIN SHEATH

“AXON

TERMINAL

DIRECTION OF
NERVE IMPULSE

| NERVE ENDING®

Animpulse travels down a neurone via saltatory conduction
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Resting Potential

¢ Neurones transmitinformationin the form of impulses, which travel extremely quickly along
the neurone from one endto the other
o Notethatanimpulseis not an electrical current that flows along neurones as if they
were wires
o Instead, animpulseis a momentary reversal in the electrical potential
difference across the neurone cell surface membrane
= Theelectrical potential difference across amembrane can also be described as
the voltage across a membrane, the differencein charge across a membrane, or
the membrane potential

Inan axon thatis not transmitting animpulse the inside of the axon always has a negative
electrical potential, orcharge, compared to outside the axon, which has a positive
electrical potential

o This membrane potentialin aresting neuroneis known as resting potential

Theresting potential is usually about -70 millivolts (mV)
o This means thattheinside of theresting axon has a more negative electrical charge
than the outside by about 70 mV

e Two main processes contribute to establishing and maintaining resting potential:
o Theactive transport of sodiumions and potassiumions
o Adifferenceinrates of diffusion of sodiumions and potassiumions

¢ Inadditionto these two main processes, negatively charged proteins inside the axon also
contribute to the negative resting potential

The active transport of sodium ions and potassiumions

o Carrier proteins called sodium-potassium pumps are presentin the cell surface
membranes of neurones

¢ Thesepumps use ATP to actively transport sodiumions (Na*) out of the axon and
potassiumions (K*) into the axon

e Thetwotypes of ion are pumpedatanunequalrate; forevery 3sodiumions that are
pumped out of the axon, only 2 potassiumions are pumped in

¢ This creates a concentration gradient across the membrane forboth sodiumions and
potassiumions

Differenceinrates of diffusion of sodiumions and potassiumions

e Because of the concentration gradient generated by the sodium-potassium pumps, both
sodium and potassiumions will diffuse back across the membrane
o Theneurone cell surface membrane has sodiumion channels and potassiumion
channels that allow sodium and potassiumions to move across the membrane
by facilitated diffusion

¢ Theneurone membraneis much less permeable to sodiumions than potassiumions, so

potassiumionsinside the neurone can diffuse out at a fasterrate than sodiumions can
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diffusebackin
¢ Thisresultsin far more positiveions on the outside of the neurone than on theinside,

generating a negative chargeinside the neuronein relation to the outside
e Theresultof this is that the neurone has aresting membrane potential of around -70
millivolts (mV)

CELL SURFACE MEMBRANE
OF AXON

°CYTOPLASM OF AXONJ

THE INSIDE OF THE AXON IS
'NEGATIVELY CHARGED IN
'COMPARISON WITH THE OUTSIDE.
THE DIFFERENCE IS ABOUT —70mV.

POTASSIUM IONS
PUMPED INTO AXON

SODIUM IONS PUMPED
OUT OF AXON

[ Na*-K*
PUMP PROTEIN

OUTSIDE [HIGH Na*
AXON Low k¥

Sodium-potassiumpumps in the membrane of aresting neurone generate a concentration
gradient for both sodiumions and potassiumions. This process, together with the
facilitated diffusion of potassiumions back out of the cell at a fasterrate than sodiumions
diffuse backinto the cell, generates a negative resting potential across the membrane.
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Action Potential YOURNOTES

e Onceresting potentialis reached, the neurone membraneis said to be polarised {
e Toinitiate anerveimpulsein a neurone, the neurone membrane needs to be depolarised
o Depolarisationis the reversal of the electrical potential difference across the
membrane

e Thedepolarisation of the membrane occurs when an action potential is generated
o Action potentials lead to thereversal of resting potential from around -70 mV to
around +40 mV

¢ Action potentialsinvolve the rapid movement of sodiumions and potassiumions across
the membrane of the axon

¢ Anaction potentialis the potential electrical difference produced across the axon
membrane when a neuroneis stimulated e.g. when an environmental stimulus is detected
by areceptorcell

How an action potential is produced

e Some of theion channelsin the membrane of a neurone are voltage gated, meaning that
they open andcloseinresponse to changes in the electrical potential across the
membrane

o Voltage gatedion channels are closed when the membrane s atrest, but they are
involvedin the generation and transmission of action potentials

o Notethatnotall of the channels in aneurone membrane are voltage gatede.g. some
types of potassiumion channel are open when a neuroneis atrestto enable
potassiumions to diffuse out of the axon and generate resting potential

¢ When a neuroneis stimulated, the following steps occur:
o Asmallnumber of sodiumion channels in the axon membrane open
o Sodiumions begin to moveinto the axon down their concentration gradient
= Thereis a greater concentration of sodiumions outside the axon thaninside due
to the action of sodium-potassium pumps

o This reduces the potential difference across the axon membrane as theinside of the
axon becomes less negative

o If enough sodiumions enterthe axon and the potential differenceis reduced
enough, voltage gated sodiumion channels open, leading to a further, large influx of
sodiumions

o Oncethechargehas beenreversed from-70 mVto around +40 mV, anaction
potential is saidto have been generated

How an action potential is propagated

¢ Oncean action potentialhas been generated, it can be propagated, or transmitted, along
thelength of the axon
o Thedepolarisation of the membrane at the site of the first action potential causes
sodiumions to diffuse along the cytoplasminto the next section of the axon,
depolarising the membranein this new section, and causing voltage gated sodium
channels to open
o This triggers another action potential in this section of the axon membrane
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o This process thenrepeats alongthelength of the axon

¢ Inthebody, this allows action potentials to begin at one end of an axon and then pass
along the entire length of the axon membrane

NEURONE

AXON
TERMINAL

IN RESPONSE TO A SIGNAL
(e.g. FROM A RECEPTOR CELL)
THE AXON MEMBRANE BECOMES
DEPOLARISED

DIRECTION OF TRAVEL
OF ACTION POTENTIAL

5 ______________________
CURRENT FLOWS TO THE NEXT
‘RESTING” SECTION OF THE AXON
MEMBRANE, DEPOLARISING IT AND
GENERATING FURTHER ACTION
POTENTIALS IN THIS DIRECTION

v
THE PREVIOUS SECTION OF
AXON MEMBRANE IS TEMPORARILY
UNRESPONSIVE TO DEPOLARISATION,
AS IT IS IN A PHASE OF ﬂ
REPOLARISATION

O
THIS ‘WAVE’ OF DEPOLARISATION
ENSURES THE ACTION POTENTIALS
CONTINUE IN ONE DIRECTION ONLY,
TOWARDS THE AXON TERMINAL

RESTING REPOLARISING

AXON MEMBRANE

How animpulseis propagatedin one direction along the axon of a neurone

Repolarisation

¢ About1ms afteran action potentialis generated, all the voltage gated sodium channels in
this section of membrane close
¢ Voltage gated potassium channels in this section of axon membrane now open, allowing
the diffusion of potassiumions out of the axon, down their concentration gradient
o Rememberthatthe sodium-potassium pumps have not stopped working during the
action potential; hence the potassiumion gradientis still present

¢ This movement of potassiumions causes the inside of the axon to become negatively
charged again, a process known as repolarisation
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o Thereis a short period duringwhich the membrane potentialis more negative than YOURNOTES
resting potential; this is known as hyperpolarisation 1

o The period during which the membraneis hyperpolarisedis known as the refractory
period

= The membraneis unresponsive to stimulation during the refractory period, so a
new action potential cannot be generated at this time

= This makes the action potentials discrete events and means theimpulse can only
travel inone direction

= Thisis essential forthe successful and efficient transmission of nerve impulses
alongneurones

e Thevoltage gated potassium channels then close, and the sodium-potassium pumps
work to restore resting potential

o Onlyonceresting potentialis restored can the membrane be stimulated again
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The depolarisation andrepolarisation of an action potential canbe clearly seenin a graph of
membrane potential against time
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Threshold Potential YOURNOTES

¢ Anactionpotentialis only initiated if the threshold potential is reached {
¢ When aneuroneis stimulated, sodiumion channels in the axon membrane open and
sodiumions pass into the axon down their concentration gradient
e This causes theinside of the axon to become less negative, but exactly how much less
negativeitbecomes is dependent on the number of sodiumion channels that open
o Alarge stimulus willcause more channels to open than a small stimulus
o If more channels open, then more sodiumions will enter the axon, causingit to become
less negative

« If the potential differencereaches around -50 mV, known as the threshold potential,
voltage gated sodiumion channels open and many more sodiumions enter the axon
o This causes the membrane potential toreach around +40 mV

¢ Oncethechargehasbeenreversedfrom-70 mVto +40 mV, an action potentialis
generated

The all-or-nothing principle

¢ Action potentials are either generated or not generated depending on whether the
threshold potentialis reached; there is no such thing as a small or large action potential
o |fastimulusis weak, only a few sodiumion channels willopen and the membrane
won’t be sufficiently depolarised to reach the threshold potential; an action potential
willnot be generated
o Ifastimulusis strong enough to raise the membrane potential above the threshold
potential then an action potential will be generated

¢ Thisis the all-or-nothing principle
o Animpulseis only transmitted if the initial stimulus is sufficient toincrease the
membrane potential above a threshold potential

¢ Stimulus size can be detected by the brain because as the intensity of a stimulus
increases, the frequency of action potentials transmitted along the neuroneincreases
o This means thata small stimulus may only lead to one action potential, while a large
stimulus may lead to several action potentials in a row
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THE MEMBRANE IS GIVEN A STRONG STIMULUS WHICH GENERATES
A HIGH FREQUENCY OF ACTION POTENTIALS
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TO GENERATE AN ACTION POTENTIAL

As the strength of a stimulus increases beyond the threshold potential, the frequency of
actionpotentials increases
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Local Currents

e Thepropagation of nerveimpulses along axons occurs due tolocal currents that cause
each successive section of the axon toreach the threshold potential
¢ Inside the depolarised section of the axon
o Thereis a high concentration of sodiumions due to theirrecentinflux
o This creates a concentration gradient between the section of the axon thathas
depolarised andthe section nexttoit
o Sodiumions diffuse alonginside the axon to the neighbouring section of axon thathas
not yet become depolarised
o Thisreduces the negative membrane potentialin the new section of axon and, ifa
thresholdis reached, begins theinitiation of an action potential
= This enables the original action potential to be propagated

¢ Ontheoutside of the axon
o Thereis a higherconcentration of sodiumions outside the section of axon that has not
yetbecome depolarised due to the diffusion of sodiumions into the depolarised
section
o Sodiumions diffuse from here along the outside of the axon to the section of axon that
has just become depolarised

¢ These movements of sodiumions are known as local currents
e Theselocalcurrents cause a wave of depolarisation andrepolarisation to travel along the
axon, resultingin the propagation of a nerveimpulse

DIRECTION OF IMPULSE
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The propagation of nerveimpulses along axons occurs due tolocal currents createdby the
diffusion of sodiumions
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6.5.3 Synapses

Synapses

¢ Where two neurones meet, they do not actually come into physical contact with each
other
* Instead, avery smallgap, known as the synaptic cleft, separates them
¢ Theends of the two neurones, along with the synaptic cleft, form a structure known as a
synapse
e Synapses actas thejunctions between any cells inthe nervous system, e.g.
o Inthesenseorgans, there are synapses between sensory receptor cells and sensory
neurones
o Inmuscles, there are synapses between motor neurones and muscle fibres

VESICLES CONTAINING
NEUROTRANSMIT TERS

, PRESYNAPTIC
MEMBRANE

SYNAPTIC
HER

POSTSYNAPTIC
MEMBRANE

NEUROTRANSMITTER
RECEPTOR  MOLECULES

Copyright & Save My Exams. All Rights Reserved

@ savemyexams

Asynapse

Synaptic transmission

e Electricalimpulses cannot jlump’ across the synaptic cleft

¢ When an electricalimpulse arrives at the end of the axon on the presynaptic neurone, the
membrane of the presynaptic neurone becomes depolarised, triggering an influx of
calciumions into the presynaptic cell via calciumion channels in the membrane

¢ Thecalciumions causevesiclesin the presynaptic neurone to move towards the
presynaptic membrane where they fuse with itand release chemical messengers called
neurotransmitters into the synaptic cleft

o Acommon neurotransmitteris acetylcholine, or ACh
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¢ Theneurotransmitters diffuse across the synaptic cleft and bind withreceptor YOURNOTES
molecules on the postsynaptic membrane; this causes associated sodiumion channels 1
on the postsynaptic membrane to open, allowing sodiumions to diffuseinto the
postsynaptic cell
¢ |f enough neurotransmitter molecules bind with receptors on the postsynaptic membrane
then an action potential is generated, which then travels down the axon of the
postsynaptic neurone
¢ Theneurotransmitters are then broken down to prevent continued stimulation of the
postsynaptic neurone
o Theenzymethatbreaks down acetylcholineis acetylcholinesterase
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Synaptic transmission using the neurotransmitter acetylcholine
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Synapses ensure the one-way transmission of impulses

Impulses can only pass in onedirection at synapses because neurotransmitteris
released onone side andits receptors are on the other - chemical transmission cannot
occurin the opposite direction

This prevents impulses from travelling the wrongway

Acetylcholine

There are over 40 different known neurotransmitters
o Examples include dopamine and noradrenaline

One of the key neurotransmitters used throughout the nervous system s acetylcholine
(ACh)
o AChis producedin the presynaptic neurone by combing choline with an acetyl group
o Synapses thatuse the neurotransmitter ACh are known as cholinergic synapses

Acetylcholineis releasedinto the synaptic cleft when ACh-containing vesicles fuse with
the presynaptic membrane, releasing ACh molecules into the synaptic cleft
ACh binds to specificreceptors on the postsynaptic membrane, where it can generate an
action potential in the postsynaptic cell by opening associated sodiumion channels
To prevent the sodiumion channels staying permanently open and to stop permanent
depolarisation of the postsynaptic membrane, the ACh molecules are broken down and
recycled
o Theenzyme acetylcholinesterase catalyses the hydrolysis of ACh moleculesinto
acetate andcholine
o Theproducts of hydrolysis are then absorbed back into the presynaptic neurone,
andthe active neurotransmitter AChis reformed

Inhibition of Acetylcholine Receptors

Neonicotinoids are synthetic compounds similar to nicotine that are commonly foundin
pesticides
Neonicotinoids can block synaptic transmission at cholinergic synapses ininsects by
binding to acetylcholinereceptors
o This bindingis irreversible, as acetylcholinesterase cannot break down
neonicotinoids
o Astheacetylcholinereceptors are blocked, acetylcholineis unable to bind, which
stops impulses from being transmitted across synapses
o Thisleads to paralysis anddeathininsects

Neonicotinoids are considered to be especially suitable as pesticides because they're not
toxic to humans and other mammals
o Amuch larger proportion of synapses ininsects are cholinergic compared to
mammals
o Neonicotinoids bind much more strongly to acetylcholine receptors ininsects

Thereis a great deal of controversy overthe use of neonicotinoid pesticides because of the
impactthat they are thoughtto have on essential pollinators such as bees
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Analysis of Oscilloscope Traces

Itis possible to measure membrane potentials in neurones by placing electrodes on each
side of the membrane
o Amembrane potentialis the difference in charge between one side of amembrane
andthe other, sometimes described as the potential difference, orthe voltage

The membrane potential can then be visually represented and displayed usingan
oscilloscope

An oscilloscopeis a type of electronic test instrument that graphically displays varying
signal voltages

The display producedis like a graph with time in milliseconds on the x-axis and the
membrane potential in millivolts on the y-axis

How to analyse oscilloscope traces showingresting potentials and action
potentials

» |fthereis aresting potential, a straight, horizontal line should be shown on the display
screen of the oscilloscope at alevel of <70 mV
If an action potential occurs a spike, rising up to a maximum voltage of between +30 and
+40mV, should be shown on the display

o Therising phase of the spike shows depolarisation

o Thefalling phase of the spike shows repolarisation

Often not shown on an action potential graph is the gradual rise in membrane potential just
before the membrane rapidly depolarises
o Before threshold potentialis reached, only a smallnumber of sodium channels in the
membrane are open, so the membrane depolarises slowly, but when the thresholdis
reached many more sodium channels open

Instead of repolarisation causing the membrane potential to return immediately to the
normalresting potential of -70 myv, the trace often shows a short period of
hyperpolarisation
o Thisis whenthe membrane potential briefly becomes more negative than resting
potential
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An example of an oscilloscope trace showing resting potential and an action potential
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Insulin & Glucagon

Introduction to Hormones

¢ Ahormoneis a chemical substance produced by an endocrine gland and carried by the
blood
o Theendocrine glands that produce hormones in animals are known collectively as
the endocrine system
o Aglandis a group of cells that produces andreleases one ormore substances (a
process known as secretion)
¢ Hormones are chemicals which transmitinformation from one part of the organism to
anotherandthatbringabout a change
¢ They alterthe activity of one ormore specific target organs
o Hormones only affect cells with receptors that the hormone can bind to
o Theseare eitherfound on the cell surface membrane, orinside cells
o Receptors have to be complementary to hormones for there to be an effect
e Hormones are usedto control functions that do not need instant responses

Insulin and Glucagon

e Thepancreasis an organ foundin the abdomen of mammals
¢ |tfunctions as both an endocrine gland and an exocrine gland
o Endocrine glands secrete hormones directly into the blood, whereas exocrine glands
secrete substanceviaaduct
o The exocrine function of the pancreas is to produce digestive enzymes to be
deliveredto the smallintestine
o The endocrine function of the pancreas is to produce the hormones glucagon and
insulin

¢ Withinthe pancreas, these two functions are performed by different tissues
o Most of the cells of the pancreas secrete digestive enzymes, but throughout the
organ, there are small sections of cells known as theislets of Langerhans that
produce hormones
o Theislets of Langerhans contain two cell types: alpha cells (a cells), which secrete
glucagon, andbeta cells (B cells), which secreteinsulin
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ISLETS OF LANGERHANS
(ENDOCRINE TISSUE)

_EXOCRINE
TISSUE

The location and structure of the pancreas

The control of blood glucose by glucagon and insulin

» |fthe concentration of glucose in the blood decreases below a certainlevel, cells may not
have enough glucose forrespiration and so may not be able to function normally

» |fthe concentration of glucosein the bloodincreases above a certain level, this can also
disrupt the normal function of cells, potentially causing major problems

¢ The control of blood glucose concentrationis a key part of homeostasis

¢ Bloodglucose concentrationis controlled by glucagon andinsulin:

o Glucagonis synthesised and secreted by acells when blood glucose falls and
stimulates liverand muscle cells to convert stored glycogeninto glucose to be
releasedinto the blood, increasing blood glucose concentration

o Insulinis synthesised and secreted by B cells when blood glucoserises and
stimulates liverand muscle cells to convert excess glucoseinto glycogento be
stored, decreasing blood glucose concentration
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THE HORMONE
GLUCAGON

5 |

INSULIN  STIMULATES
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RELEASE [T INTQ
THE BLOODSTREAM
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#savemyexams

Control of blood glucose levels

(’) Exam Tip

-
sound similar. Remember:

¢ Glucagonis the hormone

The terms glucagon and glycogen are very often mixed up by students as they

e Glycogenis the polysaccharide that glucoseis stored as

Learn the differences between the spellings and what each one does so you do not

getconfusedin the exam!
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Diabetes

There are over 3million people suffering from diabetes in the UK
Diabetes is a condition in which the homeostatic control of blood glucose has failed or
deteriorated
Inindividuals with diabetes theirinsulin functionis disrupted which allows the glucose
concentrationintheblood torise
An elevated blood glucose level can lead to noticeable symptoms, some of which are
harmful, e.g.
o Thekidneys are unable to filter out this excess glucosein the blood and soitis often
presentin the urine
o Theincreased glucose concentration also causes the kidneys to produce large
quantities of urine, making the individual feel thirsty due to dehydration
o Continuously elevated blood glucose levels can also damage tissues, in particular
their proteins

There are two different types of diabetes: typelandtypell

Typeldiabetes

Typeldiabetesis a condition in which the pancreas fails to produce sufficientinsulin to
controlblood glucoselevels
[t normally begins in childhood due to an autoimmune response whereby the body’s
immune system attacks the p cells of theislets of Langerhans in the pancreas

o Thepcells produce and releaseinsulin

Insulin causes the cells to take up glucose from the blood forrespiration and for storage as

glycogen; withoutinsulin the glucose remains in the blood, resultingin anindividual feeling

fatigued

If the blood glucose concentration reaches a dangerously high level aftera meal then

organ damage can occur

Type1diabetesis normally treated with regular blood tests to check glucose levels, insulin

injections and a diabetes appropriate diet

o Health authorities encourage type | diabetics to eat a similar diet to the general public.

They suggest five portions of fruit and veg a day, minimally processed food and
consuming more polysaccharides than monosaccharides ordisaccharides

Theinsulin used by diabetics can be fast-acting or slow-acting; each allowing fora
differentlevel of control

Typelldiabetes

Typell diabetes is more common than typel

[tusually developsinthose aged 40 and over, however more and more young people are

developing the condition

Intypell diabetes the pancreas still produces insulin but the receptors havereducedin

numberornolongerrespondtoit

Thelack of response toinsulin means thereis a reduced glucose uptake by the cells, which

leads to a highblood glucose concentration

o This can cause thepcells to produce more and moreinsulin in the attempt to lower

blood glucoselevels
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o Eventually the B cells can nolongerproduce enough insulin and blood sugarbecomes

uncontrollable

e Fortypelldiabetes treatmentinvolves a sugar and fat controlled diet and an exercise

regime

o Anyfoodthatisrapidly digestedinto sugarwill cause a sudden, dangerous spikein

blood sugar

Headtosavemyexams.co.ukfor more awesomeresources
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e Obesityis amajorrisk factor fortype Il diabetes

TypelDiabetes and Typell Diabetes Table

Type 1

Type 2

levels and injecting human
insulin throughout the day
(particularly after meals
consumed)

Cause Inability of pancreas to Cells of the body become
produce insulin resistant to insulin or
insufficient insulin produced
by the pancreas
Treatment Monitoring blood glucose Mdintdain a low—carbohydrate

diet and regular exercise to
reduce need for insulin
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Thyroxin YOURNOTES
!

Thyroxinis a hormone thatis released from the thyroid gland, locatedin the neck
Thyroxin's main roleis to regulate the basal metabolicrate (BMR); this is the speed at
which metabolic reactions occurin the body whenitis atrest
o Thyroxin therefore targets almost all cells in the body, as all cells metabolise
o However, the most metabolically active cells, such as those of theliver, muscle and
brain, are most affected

Thyroxin plays arole in regulating body temperature
o Ifthebodybecomes cooler, this triggers increased thyroxin secretion by the thyroid
gland
o Theincreasein thyroxinincreases the metabolicrate, which increases the
generation of body heat
o This causes body temperature torise

Thyroxin deficiency, caused by a condition known as hypothyroidism, has the following
effects on the body:
o Lackofenergy
o Lowmood
o Forgetfulness
o Weight gain
= | essglucoseandfatis broken down by cellularrespiration torelease energy

o Constantly feeling cold
= | ess heatis generated by respiration

o Constipation
= Muscularcontractions in the gut wall slow down due to reduced energy from
respiration

o |Impairedbrain developmentin children
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YOURNOTES

l
Leptin

¢ Leptinis ahormone thatis secreted by fat storage cells known as adipose cells
e Theconcentration of leptinin the bloodis controlled by the amount of adipose tissuein
thebody
* Asweeatfoodovera period of time, adipose cells store fats in the form of lipids
o As adiposecells fillup, they secrete moreleptin
o This leptin circulates in the blood and targets groups of cells in the hypothalamus that
areresponsible for controlling appetite
o |tdoes this by binding to receptorsin the membranes of these cells
o Thisinhibits appetite and causes the sensation of hunger tobe suppressed, or
stopped

¢ |ffoodintakeislow overa period of time, thelipidreserves in adipose cells are used up and
the adipose cells become empty again
o As adipose cells empty and shrink, they secreteless leptin
o The suppression of appetite stops, and the sensation of hunger returns
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Testing Leptin YOURNOTES

¢ Asleptininhibits appetite and causes the sensation of hungerto be suppressed, it was {
oncethoughtthat clinical obesity could be controlled by injecting patients with leptin
e Early trials in mice showed promise
o Micewith a genetic leptin deficiency were shown to beless active and to gain weight
fasterthan mice without this deficiency
o Individuals with leptin deficiency lost 30% of their body mass when injected with leptin

e However, clinical trials to test whether this could be an effective treatment for obesity in
humans foundit to be ineffective

Reasons for the failure to control obesity with leptininjections

¢ Unlikein mice, most obese humans have very high concentrations of leptinin their blood
o There are some humanindividuals who have problems with leptin production, but
these are the exception ratherthan therule

¢ |tseems as though theirbodies have becomeresistant to the effects of the hormone
o Thetarget cells in the hypothalamus becomeresistant toleptin and therefore fail to
respond toit
o Thisleads to alack of appetite suppression, causing a continuous sensation of
hunger and excessive food intake

* This means thatinjections of extraleptin fail to control obesity in the majority of obese
patients
¢ Otherproblems with the clinical trials included
o Theneedtoinjectleptin several times aday
o Irritation attheinjection site
o Regain of any weight lost after the end of the trial

e |tis alwaysimportant torememberthat while othermammalian research models such as
mice areimportant, they are not always perfect
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Melatonin YOURNOTES

Many physiological processes and behavioural patterns occurinregular, daily rhythms {
in organisms throughout the plant and animal kingdoms
o Many animal species are only active for a specific part of the 24-hour cyclee.g.
nocturnalanimals are only active at night

Humans are adapted tolivein a 24-hour cycle and many aspects of our physiology and
behaviour,including physical activity, sleep, body temperature, and secretion of
hormones, follow specific and regular cycles throughout the 24-hour period

o Thesedaily cycles are known as circadian rhythms

Inhumans, many circadian rhythms are influenced by the hormone melatonin
o Melatoninis secreted by the pineal gland, which is locatedin the brain
o Melatonin secretionincreasesinthe eveninginresponse to darkness and decreases
atdawninresponsetolight

Although melatonin affects many aspects of human physiology and behaviour, one of
the main circadian rhythms it controls is our sleep-wake cycle
o Increasing melatoninlevels lead to feelings of tiredness and promote sleep
o Decreasing melatonin levels lead to the body's preparation for waking up and staying
awake during the day

Experiments have also suggested that
o Increased melatonin at night contributes to the night-time drop in core body
temperature in humans
o Melatoninreceptorsin the kidney enable melatonin produced at nightto cause the
night-time decreasein urine productionin humans
o Melatoninis stillreleased in the absence of light and dark signals, but on a slightly
longer cycle than the usual 24 hours
= Subjectslivingin the dark withno access to natural daylight still release melatonin
onaroughly 24 hourcycle
= This suggests that therole of lightis toreset the melatonin systemevery day to
keep the circadian rhythminline with daylight hours
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Uses of Melatonin YOURNOTES

e Jetlagis thetermusedto describe the various symptoms a person can experience after {
crossing multiple time zones during a long flight
e Thesymptoms caninclude:
o Difficulty inremaining awake during the day
o Difficulty in sleeping during the night
o Generalfatigue
o |rritability
o Headaches
o Indigestion

e Jetlagoccurs because thebody's circadian rhythms are still set to the timing of day and
night in the time zone from which the person has just departed, ratherthan the time zone
they havejustarrivedin

e Jetlagusually only last fora few days as the body adjusts to the new day and night regime

¢ Melatonintablets are sometimes taken to prevent orreducejet-lag symptoms

o Thetablets are normally taken just before going to sleep

o Some clinicaltrials have shown this use of melatonin to be effective in promoting
sleep andreducing otherjetlag symptoms

o However, the safe and appropriate use of this medication still needs more testing
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YOURNOTES

l
William Harvey & Sexual Reproductionin Deer

William Harvey (1578 -1657) was an English physician who contributed greatly to our

understanding of anatomy and physiology

Heis mainly remembered for his work on the circulation of the blood, however, he also

spent alot of time studying how life passes from one generation to the next and

conducted muchresearch into sexual reproduction

Atthe start of the 17th century there was very little understanding of how each sex; males

andfemales, contributed to producing offspring

o Themain hypothesis atthe time was that the semen produced by males combined

with the menstrual blood of females to form an 'egg’, which would then developinto a
foetusinside the mother

William Harvey's work on understanding sexual reproduction involved testing this old
hypothesis using animals, mainly deer
His work included:
o Dissectingthe uteruses, orwombs, of female deer at all stages of pregnancy
= Harveyfoundthatthe uterus was always empty at the time of conceptioni.e. just
aftersuccessfulmating, disproving the hypothesis that semen and menstrual
blood combinedin the uterus to form a foetus
= Harvey expectedto find'eggs' developingin the uterus immediately aftermating;
instead, he only found something developing there two or more months after
mating

o Dissecting the ovaries of female deer throughout the mating season
= Hefoundnosignofan'egg'
= Notethathedid nothaveaccess toamicroscope during his work
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William Harvey's Experimental Technique YOURNOTES

NOS: Developmentsin scientific research follow improvementsin {
apparatus; William Harvey was hampered in his observational research into

reproduction by lack of equipment. The microscope was invented 17 years

after his death

¢ |Inscientificresearch, critical developments often follow improvements in scientific
apparatus
o Forexample, distant objects in Space often remain undiscovered until a telescope, or
some other piece of equipment, powerful enough to detect themis developed

o William Harvey was greatly held back in his observationalresearch into reproduction by a
lack of suitable equipment
o The microscopewas invented 17 years after his death
o Harvey failed to solve the mystery of sexual reproduction because effective
microscopes were not available when he was working
o This meanthe couldnot find and observe male and female gametes, so the fusion of
gametes and subsequent embryo development remained undiscovered
= |naddition, Harvey's decision to use deer as a study species was unlucky, as deer
embryos remain microscopically smalli.e. smallenough that they can only be
viewed using a microscope, foran unusually long period of time

¢ Although the presence of sperm cells in semenwas first reportedin 1677, it wasn't until the
19th century that the fertilisation of an egg cell by a sperm cellwas finally observed
o This showedthat something contained within the egg and the sperm was being
inherited by offspring, which lead to a much greater understanding of sexual
reproduction

¢ Thefactthatscientific researchis often held back by a lack of sufficiently powerful or
precise apparatus is a problem that will continue into the future

¢ Insomeways thisis very exciting, as it suggests that our scientific knowledge and
understanding of the universe will continue to expand as new scientific techniques and
technologies are developed
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YOURNOTES

l
SRY Gene

¢ |Insexual reproductionin humans, a sperm from a male fuses with, or fertilises, an egg from
a female to form a zygote, which then develops into an embryo
¢ Tobegin with the embryo develops in the same way regardless of its sex, and embryonic
gonads develop that will eitherbecome ovaries in females ortestes in males
¢ Thefactorthat determines whetherthe embryonic gonads willdevelopinto ovaries or
testesis the presence or absence of a single gene known as the SRY gene
o The SRY geneislocated onthe Y chromosome, meaning thatis only presentin roughly
50% of embryos
o The SRY gene codes fora DNA-binding protein known as TDF, or testis determining
factor, which stimulates the expression of further genes responsible forthe
development of testes

o |fthe SRY geneis presentin the embryo's DNA, the embryonic gonads will developinto
testes

o |ftheembryohas two X chromosomes, andtherefore the SRY geneis not presentinits
DNA, the embryonic gonads will develop into ovaries
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Testosterone YOURNOTES
l

e Duringembryonic development, at the time when the embryo is developinginto a foetus,
the testes develop testosterone-secreting cells which produce and secrete
testosterone

¢ This testosterone causes pre-natal development of male genitalia

o This testosterone secretion declines in the latter stages of pregnancy so that, at birth,
the testes areinactive

e Duringpuberty in males, testosterone secretions increase once again
e Thisleads to:
o Thestimulation of sperm productioninthe testes; a primary sexual characteristic of
males
o The development of male secondary sexual characteristics e.g.
= Thepenis gets larger
= Growth of facial hair
= Deepening of thevoice

Secondary sexual characteristics

* Primary sexual characteristics are the features of reproductive organs that differ between
males and females
o They are present during developmentin the uterus

e Secondary sexual characteristics are the changes that occur during puberty as children
grow into adults
e They are controlled by the release of hormones
o Oestrogen and progesteronein females
o Testosteronein males

e Somechanges occurin both males andfemales, including:
o The further development of sexual organs
o The growth of body hair

¢ Emotional changes also occurat this time due to theincreased levels of hormones in the
body
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10-YEAR-OLD
MALE

16-YEAR-OLD
MALE

, LARYNX INCREASES IN SIZE,
DEEPENING VOICE

, INCREASED SKELETAL MUSCLE
DEVELOPMENT

GROWTH OF PUBIC HAIR, ARMPIT
= HAIR AND BODY HAIR, INCLUDING
FACIAL HAIR

FURTHER DEVELOPMENT (INCLUDING

TRACT

ENLARGEMENT) OF TESTES, SCROTUM,
PENIS AND GLANDS OF REPRODUCTIVE

A CONTINUOUS PRODUCTION OF
SPERM. OUTSIDE OF SEXUAL

= INTERCOURSE, ERECTIONS AND
DISCHARGE OF SEMINAL FLUID MAY
SOMETIMES OCCUR

GENERAL CHANGES IN BEHAVIOUR
e ASSOCIATED WITH AN INCREASED
SEX DRIVE

1 PUBERTY [—— >

Secondary sexual characteristics of ahuman male
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During early development an embryo develops embryonic gonads that will eitherbecome
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Oestrogen & Progesterone

ovaries in females ortestesin males
The factorthat determines whetherthe embryonic gonads will develop into ovaries or
testesis the presence or absence of a single gene known as the SRY gene

The SRY geneis onthe Y chromosome, soif the embryo has two X chromosomes the

embryonic gonads willdevelop into ovaries

This means testosterone will not be secreted by the developing embryo
The two female hormones oestrogen and progesterone are present throughout

pregnancy

o Thesehormones are secreted by the mother's ovaries and the placenta

The absence of foetal testosterone and presence of maternal oestrogen and
progesterone causes female reproductive organs to develop
During female puberty, oestrogen and progesterone secretions increase.

This leads to:

o Thestart of the menstrual cycle
o The development of female secondary sexual characteristics e.g. breast

development

- DEVELOPMENT OF BREAST$

o WIDENING OF PELV|SJ

'AND ARMPIT HAIR

GROWTH OF PUBIC HAIR

_ENLARGEMENT OF VAGINA
AND UTERUS

sMATURATION OF OVARIES

"MENSTRUATION

MONTHLY OVULATION AND

DEPOSITION OF FAT UNDER
SKIN OF BUTTOCKS AND THIGHS

10-YEAR-OLD
FEMALE

13-YEAR-OLD
FEMALE

GENERAL CHANGES IN BEHAVIOUR
ASSOCIATED WITH AN INCREASED
SEX DRIVE

] PUBERTY [——>

Secondary sexual characteristics of ahuman female
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Menstrual Cycle

The menstrual cycleis the series of changes that take placein the female body leadingup
to andfollowing therelease of an egg from the ovaries

o Itstartsinearly adolescencein girls andis controlled by hormones

o Theaverage menstrual cycleis 28 days long

The uterus lining, orendometrium, thickens from day 7 through to day 28 of the cyclein
preparation forreceiving a fertilised egg
Therelease of an egg, orovulation, occurs about halfway through the cycle on day 14, and
the egg then travels down the oviduct to the uterus
o Eggs developinside fluid-filled sacs known as egg follicles inside the ovary
o Thefolliclereleases the eggat ovulation andbecomes an empty follicle known as a
corpus luteum

Failure to fertilise the egg leads to menstruation, commonly known as a period
o Menstruationinvolves theloss of menstrual bloodvia the vagina
o Thisis caused by the breakdown of the endometrium

Menstruation takes place roughly between days 1-7 of the cycle
o Thenumber of days during which menstruation occurs canvary

Aftermenstruation finishes, the endometrium starts to thicken again in preparation for the
possibleimplantation of a fertilised eggin the next cycle

CHANGES TO THE UTERINE LINING
DURING THE MENSTRUAL CYCLE

LINING CONTINUES TO

BUILD UP AND IS

MAINTAINED NEW CYCLE STARTS
o AS LINING BREAKS

°* MENSTRUATION DOWN (MENSTRUATION)

| | |
2ol LINING ) 1
g "’:-_. BUILDS UP }
Z I
) ‘_ | =
E @)9Y 3
5 A€o U £ & '

I |
DAY 7 DAY 14 DAY 28

DAYS OF THE CYCLE
#savemyexams

Changes in the endometrium during the menstrual cycle
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How ovarian and pituitary hormones control the menstrual cycle YOURNOTES

¢ Fourhormones control the events that occur during the menstrual cycle: l
o Two of these hormones are produced by the pituitary gland in the brain
= Follicle-stimulatinghormone (FSH)
= Luteinisinghormone (LH)

o Theothertwohormones are producedin the ovaries
= Oestrogen; producedby the eggfollicle, and by the corpus luteum after
ovulation
= Progesterone; produced by the corpus luteum

¢ Theroles of FSHandLH:

o FSHis secreted by the pituitary gland and stimulates the development of several
immature egg cells in follicles in the ovary
FSH also stimulates the secretion of oestrogen by the follicle wall
The pituitary gland is stimulated torelease LH when oestrogenlevels have reached
theirpeak
LH causes ovulation to occur; the shedding of the mature egg cell from the follicle and
its release from the ovary

= The shedding of the mature egg cellleaves behind an empty egg follicle called the
corpus luteum

[e]

o

(e}

o]

LH also stimulates the production of progesterone from the corpus luteum
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— STIMULATES EGG MATURATION IN THE FOLLICLES OF
FSH THE OVARY
° — STIMULATES FOLLICLES IN THE OVARIES TO SECRETE
OESTROGEN
L
— AT ITS PEAK STIMULATES OVULATION

L.H (RELEASE OF EGG INTO OVIDUCT)

| ~RESULTS IN THE FORMATION OF A CORPUS LUTEUM
#Fsavemyexams

Changes in the levels of the pituitary hormones FSH and LH in the blood during the menstrual
cycle

e Theroles of oestrogen and progesterone:
o Oestrogenlevelsrise fromday 1to peak just before day 14
This causes the endometrium to start thickening and the egg cell to mature
The peakin oestrogen occurs just before the eggis released
Progesterone stays low from day 1-14 and starts to rise once ovulation has occurred
= Progesteroneis producedby the corpus luteum

o

]

o

o

Theincreasing levels of progesterone cause the endometrium to continue to thicken
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o Afallin progesteronelevels as the corpus luteum deteriorates causes the
endometrium to break down, resultingin menstruation

© OVULATION

: PROGESTERONEJ
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DAY 7 DAY 14 DAY 28
_ STIMULATES THE UTERUS TO DEVELOP A LINING
e (TO REPLACE THE LINING LOST DURING MENSTRUATION)
o — POST—OVULATION, INHIBITS FSH AND LH PRODUCTION

IN THE PITUITARY GLAND

L

PROGESTERONE — INHIBITS FSH AND LH PRODUCTION

— MAINTAINS AND THICKENS LINING OF THE UTERUS

] —IF FERTILISATION DOESN'T OCCUR, LEVELS DROP AND
MENSTRUATION OCCURS.

(#save myexams

Changes in thelevels of oestrogen and progesteronein the blood during the menstrual cycle

Negative and positive feedback mechanisms controlling the menstrual

cycle
« Th

efourhormones allinteract to control the menstrual cycle via both negative and positive

feedback

o FSHandoestrogen
= FSH stimulates the development of a follicle, and the follicle wall produces the
hormone oestrogen; it can be said that FSH stimulates the production of
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oestrogen YOURNOTES
= Aswellas causing growth and repair of the endometrium, oestrogen also causes 1
anincreasein FSHreceptors; this makes the follicles more receptive to FSH
which, in turn, stimulates more oestrogen production
= Thisis positive feedback

= When oestrogen levels are high enough, itinhibits the secretion of FSH
= This is negative feedback

o LHandoestrogen
= When oestrogenrises to a high enough level, it stimulates the release of LH from
the pituitary gland, causing ovulation on around day 14 of the cycle
= Afterovulation, LH causes the wall of the follicle to develop into the corpus
luteum, which secretes more oestrogen
= Thisis positive feedback

o LHandprogesterone
= LH stimulates the wall of the follicle to developinto the corpus luteum, which
secretes progesterone
= Progesterone thickens and maintains the endometrium but also inhibits the
secretion of FSH and LH from the pituitary gland
= Thisis negative feedback
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YOURNOTES

PITUITARY GLAND: l
FSH AND LH PRODUCED HERE.

OESTROGEN AND PROGESTERONE

(FROM THE OWVARIES) INHIBITS

THEIR PRODUCTION.

HORMONE KEY:

— — —=» =FSH
e

— — = = 0OESTROGEN

— — > = PROGESTERONE

REMEMBER — ALL HORMONES
CIRCULATE IN THE BLOOD!

UTERUS:

OESTROGEN AND
PROGESTERONE STIMULATE
THE DEVELOPMENT AND

MAINTENANCE OF THE OVARY:
LINING OF THE UTERUS OESTROGEN AND
PROGESTERONE

|, PRODUCED  HERE.

FSH STIMULATES
EGG MATURATION
HERE, LH STIMULATES
OVULATION.

(#Fsavemyexams

Where hormones involvedin the menstrual cycle are made and act - remember that
hormones travel around the body in the bloodstream but only have an effect on a target
organ
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Hormones & IVF

¢ Acouple may findit difficult to conceive a baby naturally
e This can be due toinsufficient levels of reproductive hormones affecting the
development of egg andspermcells, oras aresult of issues with the reproductive system
of the male or female
¢ Onepossible treatmentis foreggs to be fertilised by sperm outside the body in carefully
controlledlaboratory conditions
o Thisis known asin vitro fertilisation, orIVF

¢ Although the process canvary, it normally follows the same main steps:
o Thefirststepinvolves stopping the normal secretion of hormones; the woman takes a
drugtoinhibit the secretion of FSH and LH from the pituitary gland
= This also causes oestrogen and progesterone secretions to stop

o This temporarily halts the menstrual cycle, allowing doctors to control the timing and
quantity of egg productionin the woman's ovaries
o Thewomanis then given injections of FSH and LH to stimulate the development of
follicles; as theinjection gives a much higher FSH concentration thanis present during
anormalmenstrual cycle, 'superovulation' occurs
= Many more follicles than normal begin to mature

o The eggs are then collected from the woman and fertilised by sperm from the manin
sterile conditions inthe laboratory

o Thefertilised eggs developinto embryos

o Atthe stagewhen they aretiny balls of cells, about 48 hours after fertilisation, one or
more embryos areinsertedinto the mother’s uterus

o Finally, extra progesteroneis normally given to the woman to ensure the
endometriumis maintained

e Thesuccessrate of IVFislow (~30%) but there have been many improvements and
advancements in medical technologies which are helping to increase the success rate
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Male & Female Diagrams

¢ Youshould be able to annotate diagrams of the female and male reproductive systems to
show the names of the different structures
e Youshouldalsobe abletorecall the function of each of these structures

OPENING A
TO OVIDUCT STTEETE
OVARY -CERVIX

11

VAGINA

[LABIA (VULVA)

Front andside view of the female reproductive system

Female Reproductive System Table
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Oviduct Connects the ovary to the uterus and is lined with ciliated
cells to push the released ovum down it.
Fertilisation occurs here

Ovary Contains ova (female gametes) which will mature and develop
when hormones are released

Uterus Muscular bag with a soft lining where the fertilised egg (
zygote) willbe implanted to develop into a foetus

Cervix Ring of muscle at the lower end of the uterus to keep
the developing foetus in place during pregnancy

Vagina Muscular tube that leads to the inside of the woman’s body,
where the male’s penis will enter during sexual intercourse
and sperm are deposited

Vulva A collection of structures (including the pubic mound, Labia,
clitoris and hymen), one function of which is to protect the
more internal parts of the female reproductive system
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Front andside view of the male reproductive system

Male Reproductive System Table
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Prostate Produces fluid called semen that provide sperm cells
gland and with nutrients
seminal
vesicle

Spermduct | Sperm passes through the sperm duct to be mixed with fluids
produced by the glands before being passed into the urethra
for ejaculation

Urethra Tube running down the centre of the penis that can carryout
urine or semen, d ring of muscle in the urethra prevents
the urine and semen from mixing

Testis Contained in a bag of skin (scrotum) and produces sperm
(male gamete) and testosterone (hormone)

Scrotum Sac supporting the testes outside the body to ensure sperm
are kept at temperature slightly lower than body
temperature

Penis Passes urine out of the body from the bladder and allows
semen to pass into the vagina of a woman during sexual
intercourse

Epididymis Coiled tubes that store sperm until ejaculation
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