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6.6.1Hormones

Insulin & Glucagon
IntroductiontoHormones

= Ahormoneis achemicalsubstance produced byanendocrine gland and carried by the blood
= The endocrine glands that produce hormones inanimals are known collectively as
the endocrine system
= Aglandis agroupofcellsthatproduces andreleases one ormore substances (aprocess
known as secretion)
= Hormones are chemicals which transmit information from one part of the organismto another
and that bringabout achange
= Theyalterthe activityof one ormore specific target organs
= Hormones onlyaffectcells withreceptors that the hormone canbind to
= These are eitherfound onthe cell surface membrane, orinside cells
= Receptors have to be complementary to hormones forthere to be aneffect
= Hormones are used to controlfunctions thatdo not need instant responses

Insulinand Glucagon

= The pancreasisanorganfoundinthe abdomenof mammals
= |tfunctions as bothanendocrine gland and an exocrine gland
= Endocrine glands secrete hormones directly into the blood, whereas exocrine glands
secrete substance viaaduct
= The exocrine functionof the pancreasis to produce digestive enzymes to be delivered to
the smallintestine
= The endocrine functionof the pancreasis to produce the hormones glucagonand insulin

= Withinthe pancreas,these two functions are performed by different tissues
= Mostofthecells of the pancreas secrete digestive enzymes, but throughout the organ, there
are smallsections of cells known as the islets of Langerhans that produce hormones
= Theislets of Langerhans containtwo celltypes:alphacells (acells),whichsecrete glucagon,
and betacells (Bcells), whichsecrete insulin
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The location and structure of the pancreas

The control of blood glucose by glucagon andinsulin

= |fthe concentrationofglucoseinthe blood decreases below acertainlevel, cells maynothave
enoughglucose forrespirationand so maynot be able to functionnormally
= |fthe concentrationofglucoseinthe bloodincreases above acertainlevel, this canalso disrupt
the normal functionof cells, potentially causing majorproblems
= Thecontrolofblood glucose concentrationis akeypart of homeostasis
= Bloodglucose concentrationis controlled byglucagonand insulin:
= Glucagonis synthesised and secreted byacells whenblood glucose falls and stimulates
liverand muscle cells to convert stored glycogeninto glucose to bereleased into the
blood,increasingblood glucose concentration
= |nsulinis synthesised and secreted by B cells whenblood glucoserises and stimulates liver
and muscle cells to convert excess glucose into glycogento be stored,decreasingblood
glucose concentration
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Control of blood glucose levels

O Exam Tip

The terms glucagonand glycogenare veryoften mixed up by students as theysound similar.
Remember:

= Glucagonis the hormone

= Glycogenis the polysaccharide thatglucoseis stored as

Learnthe differences between the spellings and whateachone does so youdo notget
confused inthe exam!
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Diabetes

= There are over 3 million people suffering fromdiabetes inthe UK
= Diabetesisaconditioninwhichthe homeostatic controlof blood glucose has failed or
deteriorated
= [nindividuals with diabetes theirinsulinfunctionis disrupted which allows the glucose
concentrationinthe blood torise
= Anelevated blood glucoselevelcanlead to noticeable symptoms,some of which are harmful,
e.g.
= The kidneys are unable to filterout this excess glucoseinthe blood and so itis oftenpresent
inthe urine
= Theincreased glucose concentrationalso causes the kidneys to produce large quantities
ofurine, making the individual feel thirsty due to dehydration
= Continuouslyelevated blood glucose levels canalso damage tissues, in particular their
proteins

= There are two different types of diabetes:typeland typell
Type ldiabetes

= Typeldiabetesis aconditioninwhichthe pancreas fails to produce sufficientinsulinto control
blood glucoselevels
= |tnormallybeginsinchildhood due to anautoimmune response whereby the body’s immune
systemattacks the B cells of the islets of Langerhans in the pancreas
= TheBcells produce and releaseinsulin

= [nsulincausesthe cells to take up glucose fromthe blood forrespirationand forstorage as
glycogen;withoutinsulinthe glucose remains in the blood, resultinginanindividual feeling
fatigued
= |fthe blood glucose concentrationreaches adangerouslyhighlevel afteramealthenorgan
damage canoccur
= Type ldiabetesis normallytreated withregularblood tests to check glucose levels,insulin
injections and adiabetes appropriate diet
= Healthauthorities encourage type |l diabetics to eat asimilardiet to the general public. They
suggest five portions of fruit and veg a day, minimallyprocessed food and consuming more
polysaccharides thanmonosaccharides ordisaccharides

= Theinsulinused bydiabetics canbe fast-acting orslow-acting;eachallowingforadifferent
levelof control

Typelldiabetes

= Typelldiabetesis more commonthantypel
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ltusuallydevelopsinthose aged 40 and over,howevermore and more young people are
developingthe condition
Intype lldiabetes the pancreas still produces insulin but the receptors have reduced innumberor
no longerrespond to it
Thelack ofresponse toinsulinmeans thereis areduced glucose uptake bythe cells,which
leads to ahighblood glucose concentration
= This cancause the Bcells to produce more and more insulininthe attempt to lowerblood
glucoselevels
= Eventuallythe pcells canno longerproduce enoughinsulinand blood sugarbecomes
uncontrollable

Fortype lldiabetes treatmentinvolves asugar and fat controlled diet and an exercise regime
= Anyfood thatisrapidlydigested into sugarwillcause asudden,dangerous spike inblood
sugar

Obesity is amajorrisk factorfortype lldiabetes

TypelDiabetes and Type lIDiabetes Table
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Thyroxin

= Thyroxinis ahormone thatis released fromthe thyroid gland, located inthe neck
= Thyroxin's mainroleis to regulate the basalmetabolic rate (BMR); this is the speed at which
metabolic reactions occurinthe bodywhenitis at rest
= Thyroxintherefore targets almost allcellsinthe body, as all cells metabolise
= However,the most metabolicallyactive cells,suchas those of the liver, muscle and brain, are
most affected

= Thyroxinplays arole inregulatingbodytemperature
= |fthe bodybecomes cooler,this triggersincreased thyroxinsecretionbythe thyroid gland
= Theincreaseinthyroxinincreases the metabolic rate, which increases the generationof
body heat
= Thiscauses body temperature torise

= Thyroxindeficiency, caused byaconditionknownas hypothyroidism, has the followingeffects
onthe body:
= lackofenergy
= Llowmood
= Forgetfulness
= Weight gain
= lessglucoseand fatis brokendownbycellularrespirationto release energy

= Constantlyfeelingcold
= |essheatis generated byrespiration

= Constipation
= Muscularcontractionsinthe gut wallslow downdue to reduced energy fromrespiration

= |mpaired braindevelopmentinchildren

6.6.2Hormones Continued

Leptin

= Leptinis ahormone thatis secreted byfat storage cells known as adipose cells
= Theconcentrationofleptininthe bloodis controlled bythe amount of adipose tissue inthe
body
= Asweeatfoodoveraperiod oftime,adipose cells store fatsinthe formof lipids
= Asadiposecells fillup,theysecrete moreleptin
= Thisleptincirculatesinthe blood and targets groups of cells inthe hypothalamus that are
responsible forcontrollingappetite
= |tdoes this bybindingto receptorsinthe membranes of these cells
= Thisinhibits appetite and causes the sensationof hungerto be suppressed, orstopped

= |ffoodintakeislow overaperiod of time,the lipid reservesinadipose cells are used up and the
adipose cells become emptyagain
= Asadipose cells emptyand shrink,theysecrete less leptin
= Thesuppressionofappetite stops,and the sensationof hungerreturns
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Testing Leptin

= Asleptininhibits appetite and causes the sensationofhungerto be suppressed,itwas once
thought that clinical obesity could be controlled byinjecting patients withleptin
= FEarlytrials inmice showed promise
= Mice withageneticleptindeficiencywere shownto beless active and to gainweight faster
than mice without this deficiency
= |ndividuals withleptindeficiencylost 30% of theirbodymass wheninjected with leptin

= However, clinicaltrials to test whetherthis could be an effective treatment forobesityin humans
founditto be ineffective

Reasonsforthe failuretocontrol obesitywithleptininjections

= Unlike inmice,most obese humans have very highconcentrations of leptinintheirblood
= There are some humanindividuals who have problems withleptinproduction, but these are
the exceptionratherthanthe rule

= |tseems as thoughtheirbodies have becomeresistant to the effects of the hormone
= Thetarget cellsinthe hypothalamus become resistant to leptinand therefore failto
respond to it
= Thisleadsto alackof appetite suppression,causingacontinuous sensationof hunger
and excessive food intake

= This means thatinjections of extraleptinfailto controlobesity inthe majorityof obese
patients
= Otherproblems withthe clinical trials included
= Theneedtoinjectleptinseveral times aday
= Irritationat the injectionsite
= Regainof any weight lost afterthe end of the trial

= |tisalwaysimportant to rememberthat while othermammalianresearchmodels suchas mice are
important,theyare not always perfect
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Melatonin

= Manyphysiologicalprocesses and behaviouralpatterns occurinregular, daily rhythms in
organisms throughout the plant and animal kingdoms
= Manyanimal species are onlyactive foraspecific part of the 24 -hourcycle e.g.nocturnal
animals are only active at night

= Humans are adapted to live ina24-hourcycle and manyaspects of ourphysiologyand behaviour,
including physical activity,sleep,body temperature, and secretionof hormones, follow
specific and regularcycles throughout the 24-hourperiod
= Thesedailycycles are knownas circadianrhythms

= |Inhumans, manycircadianrhythms are influenced by the hormone melatonin
= Melatoninis secreted bythe pineal gland, whichis located inthe brain
= Melatoninsecretionincreases inthe eveninginresponse to darkness and decreases at
dawninresponse to light

= Althoughmelatoninaffects many aspects of humanphysiology and behaviour,one of the main
circadianrhythms itcontrolsis oursleep-wake cycle
= Increasing melatoninlevels lead to feelings of tiredness and promote sleep
= Decreasingmelatoninlevels lead to the body's preparation forwakingup and staying awake
during the day

= Experiments have also suggested that
= Increased melatoninatnight contributes to the night-time drop incore body temperature
inhumans
= Melatoninreceptorsinthe kidneyenable melatoninproduced at night to cause the night -
time decrease inurine productionin humans
= Melatoninis stillreleased inthe absence of light and dark signals, but on aslightlylonger
cycle thanthe usual 24 hours
= Subjectslivinginthe dark withno access to natural daylight stillrelease melatoninona
roughly24 hourcycle
= This suggests thattherole of lightis to reset the melatoninsystemeverydayto keep
the circadianrhythminline with daylight hours

Page 8 of 21
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

Uses of Melatonin

Jetlagis the termused to describe the various symptoms apersoncanexperience after
crossing multiple time zones during along flight
The symptoms caninclude:

= Difficultyinremaining awake during the day

= Difficultyinsleeping during the night

= Generalfatigue

= |rritability

= Headaches

= |ndigestion

Jetlagoccurs because the body's circadianrhythms are stillset to the timing of day and night
inthe time zone fromwhichthe personhas just departed, ratherthanthe time zone theyhave just
arrived in
Jetlagusuallyonlylastforafewdays as the bodyadjusts to the new dayand nightregime
Melatonintablets are sometimes takento prevent orreduce jet-lagsymptoms

= The tablets are normallytakenjust before goingto sleep

= Some clinicaltrials have shownthis use of melatoninto be effective inpromoting sleep and

reducing otherjetlag symptoms
= However,the safe and appropriate use of this medication stillneeds more testing

6.6.3Reproduction: Background

William Harvey & Sexual ReproductioninDeer

William Harvey (1578 -1657) was an English physicianwho contributed greatlyto our

understanding of anatomy and physiology

He is mainlyremembered forhis work onthe circulationof the blood, however,he also spenta

lot of time studyinghow life passes fromone generationto the next and conducted much

researchinto sexualreproduction

At the start of the 17th centurythere was very little understanding of how each sex; males and

females, contributed to producing offspring

= The mainhypothesis at the time was that the semenproduced by males combined withthe

menstrualblood of females to forman'egg’,whichwould thendevelopinto afoetusinside
the mother

William Harvey's work onunderstanding sexual reproductioninvolved testing this old
hypothesis using animals, mainlydeer
His workincluded:
= Dissectingthe uteruses,orwombs, of female deeratallstages of pregnancy
= Harveyfound that the uterus was always emptyat the time of conceptioni.e.just after
successful mating, disproving the hypothesis that semenand menstrual blood
combinedinthe uterusto formafoetus
= Harveyexpected to find 'eggs' developinginthe uterus immediately aftermating;
instead, he onlyfound something developing there two or more months after mating

= Dissectingthe ovaries of female deerthroughout the matingseason
= Hefoundno signofan'egg’
= Note thathe did not have access to amicroscope during his work
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William Harvey's Experimental Technique

NOS: Developmentsin scientificresearch followimprovementsin apparatus; William
Harveywashamperedinhisobservationalresearchintoreproductionbylack of
equipment. The microscope wasinvented 17 yearsafter hisdeath

= [nscientificresearch,criticaldevelopments oftenfollow improvements inscientific
apparatus
= Forexample,distantobjectsinSpace oftenremainundiscovered untilatelescope,orsome
otherpiece of equipment, powerfulenoughto detectthemis developed

= WilliamHarveywas greatlyheld backin his observationalresearchinto reproductionbyalackof
suitable equipment
= The microscope was invented 17 years afterhis death
= Harveyfailed to solve the mysteryof sexualreproductionbecause effective microscopes
were not available when he was working
= This meanthe could not find and observe male and female gametes, so the fusionof
gametes and subsequent embryo development remained undiscovered
= |naddition,Harvey's decisionto use deeras astudyspecies was unlucky,as deer
embryos remain microscopicallysmalli.e.small enough that theycanonlybe viewed
usingamicroscope, foranunusuallylongperiod of time

= Althoughthe presence of spermcellsinsemenwas firstreportedin1677,it wasn't until the 19th
centurythat the fertilisationof aneggcellbyaspermcellwas finallyobserved
= This showed that something contained within the egg and the spermwas beinginherited by
offspring, whichlead to amuch greaterunderstanding of sexualreproduction

= Thefactthatscientificresearchis oftenheld back byalack of sufficiently powerfulorprecise
apparatusis aproblemthat will continue into the future

= |Insome ways this is veryexciting, as it suggests that ourscientific knowledge and understanding
of the universe will continue to expand as new scientific techniques and technologies are
developed

SRY Gene

= |nsexualreproductioninhumans,aspermfromamale fuses with, orfertilises,aneggfroma
female to formazygote,whichthendevelopsinto anembryo
= To beginwiththe embryo develops inthe same way regardless of its sex, and embryonic
gonads developthat willeitherbecome ovaries infemales ortestesinmales
= The factorthatdetermines whetherthe embryonic gonads willdevelopinto ovaries ortestesis
the presence orabsence of a single gene known as the SRY gene
= The SRYgeneislocated onthe Y chromosome, meaningthatis onlypresentinroughly50%
of embryos
= The SRYgene codes foraDNA-binding proteinknown as TDF, ortestis determining factor,
which stimulates the expression of furthergenes responsible forthe development of
testes

= |fthe SRY geneis presentinthe embryo's DNA, the embryonic gonads willdevelopinto testes
= |f the embryo has two Xchromosomes, and therefore the SRYgeneis not presentinits DNA, the
embryonic gonads willdevelopinto ovaries
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Testosterone

= Duringembryonic development, at the time when the embryo is developinginto afoetus, the
testes developtestosterone-secreting cells whichproduce and secrete testosterone
= This testosterone causes pre-nataldevelopment of male genitalia
= Thistestosterone secretiondeclinesinthe latterstages of pregnancyso that, at birth, the
testes are inactive

= Duringpubertyinmales,testosterone secretionsincrease once again
= Thisleadsto:
= Thestimulationof spermproductioninthe testes; a primary sexual characteristic of males
= The development of male secondary sexual characteristics e.g.
= The penis gets larger
= Growthof facial hair
= Deepeningofthevoice

Secondarysexualcharacteristics

= Primary sexual characteristics are the features of reproductive organs that differbetween
males and females
= Theyare present duringdevelopment in the uterus

= Secondary sexualcharacteristics are the changes that occurduring puberty as childrengrow
into adults
= Theyare controlled bytherelease of hormones
= Oestrogenand progesterone infemales
= Testosteroneinmales

= Some changes occurinbothmales and females,including:
= The furtherdevelopment of sexualorgans
= The growthof body hair

= Emotionalchanges also occurat this time due to the increased levels of hormones inthe body
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Secondary sexual characteristics of a human male

6.6.5Reproduction: Sex Determinationin Females

Oestrogen & Progesterone

= Duringearlydevelopmentanembryo develops embryonic gonads that will eitherbecome
ovariesinfemales ortestesinmales

= The factorthat determines whetherthe embryonic gonads willdevelopinto ovaries ortestes is
the presence orabsence of asingle gene known as the SRY gene

= The SRYgeneisontheYchromosome,so if the embryo has two Xchromosomes the embryonic
gonads willdevelopinto ovaries

= This means testosterone willnotbe secreted bythe developingembryo

= Thetwo female hormones oestrogenand progesterone are present throughout pregnancy

= These hormones are secreted bythe mother's ovaries and the placenta

= The absence offoetaltestosterone and presence of maternal oestrogenand progesterone
causes female reproductive organs to develop
= Duringfemale puberty,oestrogenand progesterone secretions increase
= Thisleads to:
= The start of the menstrualcycle
= The development of female secondary sexual characteristics e.g.breast development
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Secondary sexual characteristics of a human female

Menstrual Cycle

The menstrualcycleis the series of changes that take place in the female bodyleadingup to and
followingthe release of anegg fromthe ovaries

= [tstartsinearlyadolescenceingirls andis controlled byhormones

= The average menstrualcycleis 28 days long

The uterus lining, orendometrium, thickens fromday 7 throughto day 28 of the cyclein
preparationforreceiving afertilised egg
Therelease of anegg, orovulation,occurs about halfway through the cycle onday 14, and the
eggthentravels downthe oviduct to the uterus
= Eggsdevelopinside fluid-filled sacs knownas eggfollicles inside the ovary
= Thefolliclereleases the eggat ovulationand becomes anemptyfollicle knownas acorpus
luteum

Failure to fertilise the eggleads to menstruation,commonlyknown as a period
= Menstruationinvolves theloss of menstrual blood via the vagina
= Thisis caused bythe breakdownof the endometrium

Menstruationtakes place roughlybetweendays 1-7 of the cycle
= The numberof days duringwhichmenstruationoccurs canvary

Aftermenstruation finishes, the endometrium starts to thickenagainin preparationforthe
possibleimplantationof afertilised egginthe nextcycle
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Changes in the endometrium during the menstrual cycle

Howovarian and pituitaryhormones controlthe menstrualcycle

= Fourhormones controlthe events that occurduring the menstrualcycle:
= Two of these hormones are produced by the pituitary gland in the brain
= Follicle-stimulatinghormone (FSH)
= Luteinisinghormone (LH)

= The othertwo hormones are produced inthe ovaries
= QOestrogen; produced bythe eggfollicle,and bythe corpusluteumafterovulation
= Progesterone; produced bythe corpus luteum

= Therolesof FSHand LH:
= FSHis secreted bythe pituitary gland and stimulates the development of severalimmature
eggcellsinfollicles inthe ovary
= FSHalso stimulates the secretionof oestrogenbythe follicle wall
= The pituitary gland is stimulated to release LHwhenoestrogenlevels have reached their
peak
= |Hcausesovulationto occur; the shedding of the mature eggcellfromthe follicle and its
release fromthe ovary
= The sheddingofthe mature eggcellleaves behind anemptyeggfollicle called the
corpus luteum

= | Halso stimulates the productionof progesterone fromthe corpus luteum
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Changes in the levels of the pituitary hormones FSH and LH in the blood during the menstrual cycle

Theroles of oestrogenand progesterone:
Oestrogenlevelsrise fromday Tto peakjust before day 14

This causes the endometriumto start thickening and the egg cell to mature

The peakinoestrogenoccursjustbefore the eggisreleased

Progesterone stays low fromday1-14 and starts to rise once ovulationhas occurred
= Progesteroneis produced bythe corpus luteum

Theincreasinglevels of progesterone cause the endometriumto continue to thicken
Afallinprogesterone levels as the corpus luteum deteriorates causes the endometriumto
breakdown,resultinginmenstruation
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Changes in the levels of oestrogen and progesterone in the blood during the menstrual cycle

Negative and positive feedbackmechanisms controlling the menstrualcycle
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The fourhormones allinteract to control the menstrual cycle viaboth negative and positive
feedback
= FSHand oestrogen
= FSHstimulates the development of afollicle,and the follicle wall produces the hormone
oestrogen;itcanbe said that FSH stimulates the productionof oestrogen
= Aswellas causing growth and repairof the endometrium,oestrogenalso causes an
increaseinFSHreceptors; this makes the follicles more receptive to FSHwhich,inturn,
stimulates more oestrogenproduction
= Thisis positive feedback

= Whenoestrogenlevels are highenough,itinhibits the secretionof FSH
= Thisis negative feedback

= |Hand oestrogen
= Whenoestrogenrises to ahighenoughlevel,it stimulates the release of LHfrom the
pituitary gland, causingovulationonaround day 14 of the cycle
= Afterovulation,LH causes the wallof the follicle to develop into the corpus luteum,
whichsecretes more oestrogen
= Thisis positive feedback

= |Hand progesterone
= LHstimulates the wall of the follicle to developinto the corpus luteum, whichsecretes
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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Where hormones involved in 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

Page 18 of 21
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Hormones & IVF

= Acouple mayfind it difficultto conceive a babynaturally
= This canbe due to insufficient levels of reproductive hormones affecting the development of
eggand spermcells,oras aresult ofissues withthereproductive systemof the male or
female
= Onepossible treatmentis foreggs to be fertilised byspermoutside the body incarefully
controlled laboratory conditions
= Thisis knownas invitrofertilisation, orIVF

= Althoughthe process canvary,itnormally follows the same main steps:
= The firststepinvolves stoppingthe normalsecretionofhormones;the woman takes adrug
to inhibit the secretionof FSH and LH from the pituitary gland
= Thisalso causes oestrogenand progesterone secretions to stop

= This temporarily halts the menstrualcycle, allowingdoctors to control the timing and
quantity of eggproductioninthe woman's ovaries
= Thewomanis thengiveninjections of FSHand LHto stimulate the development of
follicles; as the injection gives amuchhigherFSH concentration thanis present duringa
normal menstrual cycle, 'superovulation'occurs
= Manymore follicles thannormal beginto mature

= Theeggs are thencollected fromthe womanand fertilised by sperm fromthe manin sterile
conditions inthelaboratory

= Thefertilised eggs developinto embryos

= At the stage whentheyare tinyballs of cells,about 48 hours after fertilisation,one ormore
embryos are inserted into the mother’s uterus

= Finally,extraprogesteroneis normallygivento the womanto ensure the endometriumis
maintained

= Thesuccessrate of IVFislow (~30%) but there have been manyimprovements and
advancements inmedicaltechnologies which are helpingto increase the success rate
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6.6.6 Skills: ReproductionDiagrams

Male & Female Diagrams

= Youshould be able to annotate diagrams of the female and male reproductive systems to
show the names of the different structures
= Youshould also be able to recallthe functionofeachofthese structures

Front and side view of the female reproductive system

Female Reproductive System Table
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Front and side view of the male reproductive system

Male Reproductive System Table
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