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CHAPTERONE

1.0 Introduction

Iodineisanon-metallicelementbelongingtothehalogenfamilyinGroupVIIA

oftheperiodictable(Cooper,2007).Itisadarkpurple,crystallineandlustrous

solidatroom temperature.Itdissolvestoliquidwhenitisheatedat113.50C

andboilstoapinkishpurplevapourat1840C,althoughitcansublimeto

vapourdirectlyfrom thesolid,dependingoncircumstances(Cooper,2007).

Iodineisnecessaryforthesynthesisofthyroidhormones;triiodothyronine(T3)

andthyroxine(T4)(Haldimanetal.,2014).Therecommendeddietaryintake

(RDI)ofiodineforadultsis150µg/day.Itcouldbeobtainedbyconsuming

foods such as seaweed,milkand dairyproducts,iodised table saltand

seafood(Küpperetal.,2011).

Thethyroidhormones(T3andT4)aremetabolicinnature.Mostoftheplasma

poolofT3isderivedfrom peripheralouterring-or5’-monodeiodinationofT4

(Leonard,2005).T3 increases almostevery aspectofmetabolism which

includescarbohydrateutilization.Itacceleratestheabsorptionofglucosefrom

thedigestivetract,gluconeogenesisand glycogenolysisin livercells,and

glucoseoxidationinliver,fatandmusclecells(Leonard,2005).

Althoughtherecommendedintakeofiodineissufficientforthesynthesisof

thyroidhormones,itmaybeinadequateforsomeotherfunctionsofiodinein

thebody.Forexample,iodineisnecessaryforthemaintenanceofhealthy

breasttissue(Miller,2006)becauseithasbeenlinkedwithmaintenanceofthe

oestrogen/progesteronebalanceandtheintakeofiodinesupplementshave

beenrevealedtoassuagesymptomsrelatedtooestrogendominancelike

fibrocysticbreastdisease(Ghentetal.,1993).Inareaswherethereisintakeof

highquantitiesofiodine(about100timesmorethantheRDI)suchasJapan,

occurrenceofdiseaseslikebreastcancerwastheslightestwhencomparedto

otherdevelopedcountriestillrecentlyandthelifeexpectancyisthehighestin
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theworld(Miller,2006).



3

Goitrogenicfoodsincludesfoods,vegetablesandgrainsthatsuppressthe

functionofthethyroidgland,thiscanresulttotheenlargementofthethyroid

gland (goitre).Examples ofgoitrogenic foods include;cassava and its

products,peanuts,soybeansanditsproductsandcruciferousvegetablessuch

asbroccoli,mustard,cabbagecauliflower,brusselsprouts,rutabagaskohlrabi

andturnips.Soyanditsproductscontainisoflavoneswhichreducethyroid

hormoneoutputbyblockingtheactivityoftheenzymethyroidperoxidase

(McCarrison,1933)(Sharplessetal.,1939).Cassavatuberproductscontain

cyanide(McPheeetal.,2009)whichisdigestedtoform thiocyanate.This

compoundcanblockthyroidaluptakeofiodinebycompetingwithiodinefor

sodium iodidesymporter(NIS)(McPheeetal.,2009).

1.1StatementofResearchProblem

Therateofconsumptionofcassava(Manihotesculenta)anditsproductsis

on the rise especially in sub-Saharan Africa where the cultivation and

consumptionofcassavaandcassavaproductshaverapidlyincreased,tripling

inthelasttwentyyears(MediaGlobal,2009).Almostonebillionpeoplearound

theworlddependoncassavaasastaplefoodespeciallyinAfricawhereonly

maize supplies more calories (MediaGlobal,2009).In Nigeria,it was

implementedthatflourfortheproductionofbreadshouldcontain20%cassava

flour.Butcassavatubershavecyanidewhichisapowerfultoxin.Mostofthe

cyanidecontentofcassavacanbeeliminatedbyappropriateprocessing,but

nomatterthemethodofdetoxificationused,itishardtoremoveeverytraceof

cyanidefrom thecassavatuber.Thelasttraceofcyanideisdetoxifiedbythe

body during digestion butas cyanide is broken down,thiocyanate;a

goitrogeniccompoundisformed(McPheeetal.,2009).Thiocyanatecanblock

thyroidaluptakeofiodinebycompetingwithsodium iodidesymporterandthis

canconsequentlyreduceuptakeofiodidebythethyroidforthyroidhormone

synthesis(McPheeetal.,2009).Inareaswherecassavaisthestaplefoodsuch

asEkitiEastandAkokoEdoLocalGovernmentAreasinEkitiandEdostatesof

Nigeriarespectively,ahighlevelofgoitre(totalgoitrerate)hasbeenobserved

(MediaGlobal,2009).

Theconsumptionofsoybeansanditsproductshasalsobeenontheriseasa

resultofitshighproteincontent(38-45%).Itisusedasasubstituteformeat
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(tofu)anddairyproducts(soymilkandsoycheese),oils,foodseasoningsand

asanadditiveindiarymilk(soylecithin),processedcerealandinfantformula.

Foralongtime,therehavebeenconcernsonthesubjectofsoybeans(Glycine

max)effectsonthyroidfunctionandhormonalhealth.Manyresearchershave

observedandreportedthatsoybeanshaveisoflavones.McCarrison(1933)

observedanelevatedincidenceofgoitreinratswhichconsumedadietthat

had raw soybeans which persisted even when the rats ingested large

quantities ofiodine.Sharpless etal.(1939)reported thatsoybean flour

containsagoitrogenicagentwhichismoderatelyremovedordestroyedbyfat

solvents(etheroracetone)orbysteam.Wilgusetal.(1941)alsofoundthat

thesoybeanagentwasinsomedegreeinactivatedbyheat.Sharplessetal.

(1939)andWilgusetal.(1941)showedthatadditionofminutequantitiesof

iodinetothedietshighingoitrogenswillchieflyputastoptothethyroid

enlargement.

Ontheotherhand,excessconsumptionofiodineinhibitsthreestepsinthe

synthesisofthyroidhormones;iodidetrapping,thyroglobuliniodination(wolf-

Chaikoffeffect)andthyroidhormonereleasefrom thethyroidgland(Wolfand

Chaikoff,1948) which can lead to hypothyroidism. Excessive iodine

consumptioncanalsoinducehyperthyroidism andthisisknownastheJod-

Basedow effect.ThisoccursinpatientswithlatentGraves’disease,multi-

nodularthyroidandrarelyinpeoplewithnormalthyroidglands(Philips,2012).

1.2Justification

Previous investigations have shown that both hypothyroidism and

hyperthyroidism causeddysfunctioninglucosetoleranceandledtoincreased

fastingbloodglucoseinnon-diabeticrats(Arigietal.,2014).Thereishowever,

limitedinformationontheeffectofexcessiveiodineandgoitrogenicfoods

combinationonglucosehomeostasis.Therefore,thisstudywasdesignedto

investigatetheroleofexcessiodineandconcurrentgoitrogenicfoodsintakeon

thyroidfunctionandglucosehomeostasisinrats.

1.3GeneralObjectives

Thegeneralobjectivesofthisstudyareto;

 Measuretheeffectsofhighiodineintakeonglucosehomeostasis,thyroid
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functionandoxidativestress.

 Determinetheeffectsofdietshighingoitrogenicfoods(30%Glycinemax

and Manihotesculenta)on glucosehomeostasis,thyroid function and

oxidativestress.

 Assesstheeffectsofconcurrentintakeofiodineandgoitrogenicfoods

(30%GlycinemaxandManihotesculenta)onglucosehomeostasis,thyroid

functionandoxidativestress.

 Compare the effects ofgoitrogenic foods and/oriodine on glucose

homeostasis,thyroid function and oxidativestressin non-diabeticand

diabeticrats.

1.4Specificobjectives

Thespecificobjectivesofthisresearchweretoinvestigatetherolesofexcess

iodineandgoitrogenicfoodsonthefollowing;

Thyroidfunction

Mean serum concentrations of triiodotyronine, thyroxine and thyroid

stimulating hormones.Presence of thyroid antibodies (thyroperoxidase

antibodyandthyroglobulinantibody)andbodyweightchanges.

GlucoseHomeostasis

Meanfastingbloodglucoselevel,oralglucosetolerance,insulintolerance,

fastingserum insulinconcentrationsandbodyweightchanges.

Oxidativestress

Mean serum concentrations ofnitric oxide,superoxide dismutase and

malondialdehyde.
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CHAPTERTWO

LiteratureReview

2.0Thischapterreviewsliteratureinlinewiththeintroductionandresearch

title

2.1Iodine

Iodine is a non-metallic,naturally-occurring chemicalelementthatis a

memberofthehalogenfamilyinGroupVIIAoftheperiodictable.Thechemical

symbolforiodineisI.Itoccursinnatureasiodide(i.e.,I-)whichisfoundinfish,

seaweeds,shell-fishandseawaterbutexistsasiodateorIO3-inbrinesorin

molecularcompounds with otherelements (Cooper,2007).Isolation of

elementaliodine(I2)firstoccurredintheyear1811.Iodinehasadarkpurple

colouratroom temperature.Itisalustrousandcrystallinesolid.Onheatingit

meltstoform aliquidat113.50C andboilstoapinkishpurplevapourat

184.40C,butcansublimeto vapourdirectlyfrom thesolid,dependingon

conditions.Itsnameisobtainedfrom theGreekword‘iodes’forviolet(Cooper,

2007).

Iodinehasanatomicnumberof53andanatomicmassof126.904.Itisthe

leastreactivehalogen.Iodinedissolvesreadilyinethanolorethertoform

brownsolutions.Itdissolvesinchloroform orbenzenetoform violetsolutions.

Itissparinglysolubleinwater(0.33g/l,1.2mM,at25̊ C)givingayellowish

brownsolution(Cooper,2007).

Iodinesolubilityincreaseswheniodideionsarepresentsuchaspotassium

iodidewhereiodinereactstoproducetri-iodideions.Aqueoussolutionsof

iodineareunstableand,dependingoncircumstances,lotsofdifferentvarieties

maybepresent.Ofthedifferentvarietiesofiodine,moleculariodine(I2)is

deemedtohavethehighestantimicrobialpotential.Activityusuallydiminishes

withlongerstoragetimeandhigheralkalinityandstabilityisinfluencedbypH



7

(ATSDR,2004).

Therearenon-radioactiveandradioactiveformsofiodine.Mostradioactive

iodinearesyntheticandareusedinmedicalexaminationsandtotreatcertain

ailments.Mostradioactiveformsofiodinechangeveryrapidly(secondsto

days)tostableelements
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thatarenotradioactive.However,129I(readasiodine129)changesvery

slowly (over millions of years). (ATSDR,2004)Iodine is an essential

micronutrientelement.Itisrequiredfortheformationofthyroidhormones,

thyroxine(T4)andtriiodothyronine(T3),whicharemoleculesoftheaminoacid

tyrosinewhichhavebeeniodinated(Haldimanetal.,2014).

2.2Foodsourcesofiodine

Theamountofiodinepresentinaparticularfoodisdeterminedbytheiodine

contentofthesoilinwhichthatfoodisgrown.Acropcultivatedinasoilwith

higheriodinecontentwillhaveahigheriodinecontentandfoodcultivatedina

soilwithlessiodinecontentwillhavelessiodinecontent(FAO/WHO,2002).

Seawaterisrichiniodine.Hence,vegetablessuchasseaweedsarearich

sourceofiodine.Fishthatfeedonseaweedsarealsorichsourcesofiodine.

Therefore,individualsthatliveclosetotheseaandconsumesea-foodsand

reeffishsuchassomecountriesinpartsofAsiahaveahighlevelofiodine

intake.Alargevarietyoffoodscontainiodine,theyinclude driedfruits,dried

vegetables,eggs,milkandmilkproducts,cereals,grains,driedlegumes,but

theexcellentsourcesarerestrictedtosalt-waterfishesandshellfish.The

amountofiodinecontainedinfoodsvarieswithgeographiclocations,ranging

broadlyfrom 30µg/100gto800µg/100g(FAO/WHO,2002).Therefore,the

meancontentofiodineinfoodsfrom onelocalitycannotbeunanimouslyused

forestimatingtheiodineintakeforadifferentgroupofpeople.

2.3SaltIodisation

‘Universalsaltiodisation(USI)iswhenallsaltsthatareconsumedbyboth

humansandanimalsareiodizedtotheinternationallyagreedrecommended

levels’(WHO,2001).Inalmosteverycountryinwhichdeficiencyofiodineis

present,themosteffectivewaytoeliminateiodinedeficiencydisordershas

beenwellrecognisedtobethroughuniversalsaltiodisation(USI).Nationalsalt

iodization programmes are now functionalglobally,and have followed a

regularpatternofevolution,whichincludesthefollowingphases;

 Decisionphase:thereasonforthisphaseistomakeroom fordecision

onuniversalsaltiodisationwhichshouldbesupportedbyregulation

andstandardsindustrymobilisationandasetplanforimplementation.
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 Implementationphase:thisinvolvesmakingsurethattheequipments

andinfrastructuresforpropersaltiodisationareinplace.

 Consolidation phase:this involves ensuing that the program is

sustainablewhichcanbeachievedbypropermonitoringandevaluation

ofuniversaliodisation.

IodineDeficiencyDisorders(IDDs)canonlybeeliminatedcompletelyifallthe

controlprogrammesstrictlyadheredto.

Saltiodisationisachievedbyaddingpredeterminedquantitiesofpotassium

iodate,eitherasadrysolidoranaqueoussolution,atthepointofmanufacture.

Duetoitsstability,Iodateisrecommendedinpreferencetoiodide.Questions

ofvitalsignificancetonationalhealthauthoritiesandsaltmanufacturershas

beenraisedinregardstothestabilityofiodineinsaltaswellasthelevelof

iodisation ofsalt.The implications ofthe questions are forprogramme

effectiveness,safety,andcost.Thesuitablelevelsofiodisationaredetermined

bymakinganaccurateestimateoftheamountofiodinethatwillbelost

betweenthetimeofiodisationandthetimeinwhichthesaltwillbeconsumed

bytheendusers.Minimisingmoisturecontentiniodisedsaltisalsovery

importantinmaintainingstabilityofaddediodine.

WHO/UNICEF/ICCIDDrecommendsthat,intypicalcircumstances,where:

 Iodinelostfrom saltis20%from siteoftothehousehold,

 Another20%islostintheprocessofcookingbeforeconsumption,and

 Averageintakeofsaltis10gperpersonperday,

Theconcentrationofiodineinsaltatthepointofproductionshouldfall

withintherangeof20-40mgofiodineperkgofsalt(i.e.,20-40ppm of

iodine),thiswillprovide150µgofiodineperpersonperday.Theiodine

should be added as potassium (or sodium) iodate. Under these

circumstancesmedianurinaryiodinelevelswillvaryfrom 100-200µg/l

2.4Absorptionofiodine

Iodineabsorptionfrom dietoccursinallpartofthegut.Beforeingestediodine
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isabsorbed,itisfirstconvertedtoiodideion.Butforiodinecontainedin

synthetic thyroid hormones which are ingested as hormone replacement

therapy,iodineisabsorbedintheoxidisedform.Absorbediodinecirculatesas

plasmainorganiciodideandistakenupbythethyroidglandforsynthesisof

thyroidhormones.Theremainderinthecirculationthatisnotabsorbedbythe

thyroidglandisexcretedbythekidneys.Theamountofiodineinurineisa

goodmeasureofiodineintake(FoodandAgricultureOrganisationFAO,1998).

2.5Iodinerequirements

Theproposeddailyiodineintakerecommendationsof1996bytheWorld

Health Organisation (WHO),United Nations Children’s Fund and the

InternationalCouncilforControlofIodineDeficiencyDisorders(ICCIDD)is

Infants (first 12 months) 90µg/day, children (1-6 years) 90µg/day,

schoolchildren(7-12years)120µg/day,Adolescentsandadults-150µgperday,

pregnantandlactatingwomen-200µg/day.Thehumanbodyhasabout15-20

mgofiodinewith70-80%withinthethyroidgland.Thethyroidglandtakesup

iodinewhichisoxidisedbythyroidperoxidiseinthepresenceofhydrogen

peroxide.Theoxidizediodineiscoupledwiththetyrosinecomponentsof

thyroglobulin and forms3-monoiodotyrosine and 3,5-diidothyrosine.These

combineto form triiodothyronine(T3)and thyroxine(T4)residueson the

thyroglobulin.These thyroid hormones are attached to thyroglobulin and

storedasthemaincomponentofthethyroidcolloid.Proteolyticenzymes

subsequentlyreleaseT3andT4,from thyroglobulinintotheblood.Whenthese

hormonesareutilizedinvariousbodycells,theyarereplacedbyT3andT4from

theboundpool.Theliberatediodinemaybereutilizedbythethyroidgland,

whiletheremainderiodineisexcretedintheurine.Typically,urinecontains

morethan90% ofallingestediodine.Mostoftheremainderisexcretedin

faecesandasmallamountmaybelostinsweat(IOM,2001).

2.6Excessiodineintake

Excess consumption ofiodine inhibits three steps in thyroid hormone

production;iodidetrapping,thyroglobuliniodination(theWolff-Chaikoffeffect)

and thyroid hormone release from the thyroid gland which result in

hypothyroidism (Wolff,1969).Thenormalthyroidgland‘escapes’aftertento
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fourteendaysfrom theseeffectsofexcessiodine(Wolff,1969).Theseeffects

ofexcess iodine consumption sometimes cause iodine-induced thyroid

dysfunctionespeciallyifthereisapreviousunderlyingthyroidproblem like

autoimmunethyroiditisandhypothyroidism candevelop(Bravermanetal.,

1994).Excessiveingestionofiodinecanalsoleadtohyperthyroidism (Jod-

Basedow effect)insomepatientswithmulti-nodulargoitre,latentGrave’s

disease and rarelyin individuals with a normalthyroid gland (Food and

AgricultureOrganisationFAO,1998).

AccordingtoLeungandBraverman(2016),sourcesofiodineoverconsumption

includethefollowing;

Iodinesupplementation:Iodinesupplementationhasreducedtherateofiodine

deficiencysymptoms.Ithasalsoledtoconcernsofexcessiveiodineexposure

insomeindividuals.Sangetal.,(2012)reportedsubclinicalhypothyroidism in

individualssupplementedwitha400µgiodinetabletsthaninthosegiven

placebo.OtherstudiesbyLaurbergetal.,(2006)andThomsonetal.,(2011)

showedincreasedincidenceoftransienthyperthyroidism.Thyrotoxicosiswas

observedbyGalofreetal.,(1994)andToddetal.,(1995)followingperiodsof

mandatorysaltiodisation.

Diet

Certaindietshavehighiodinecontent.Theseincludedairyproducts,some

breads,seaweed and otherseafood.This high iodine contentis mostly

obtainedfrom fertilizers,livestockfeed,waterusedforirrigationandcleaning

agents(LeungandBraverman,2016).

Medications

Somemedicationsrichiniodinesuchasamiodaroneusedinthemanagement

ofventricularandsupraventriculartachyarrhythmiasislikelythecommonest

andmostimportantsourceofmedication-inducedthyroiddysfunction.Ithas

beenlinkedwiththyrotoxicosis(LeungandBraverman,2016).

Radiologicstudies

Theuseofiodinatedcontrastagentsindiagnosticradiologicalstudiesisa
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commonsourceofexcessiodineexposureinmanypatients.Asingledoseof

iodinatedcontrastcontainsupto13,500µgoffreeiodineand15-60µgof

boundiodine(severalthousandtimesabovetheRDIforiodine).(Rheeetal.,

2012)

Othersources

These include exposure to expectorants,food preservatives,parenteral

nutrition preparations,mouthwashes,iodinated drinking waterand vaginal

douches.(LeungandBraverman,2016).

Excessconsumptionofsalthasneverbeendocumentedtoberesponsiblefor

excessiodineintake.Occasionally,eachofthesemayhavesignificanteffects,

butgenerallytheyaretoleratedwithoutdifficulty.Bravermanetal.,(1994)

statedthatpeoplewithnounderlyingthyroiddiseasealmostalwaysescape

the acute inhibitory effects of excess intra-thyroidal iodide on the

organificationofiodideandsubsequenthormonesynthesis(escapefrom or

adaptationtotheacuteWolff-Chaikoffeffect).Highintakesofiodinefrom

food,waterandsupplementshavebeenassociatedwiththyroidittis,goitre

(due to increased thyroid stimulating hormones (TSH) stimulation,

hypothyroidism,hyperthyroidism,sensitivityreactions,thyroidpapillarycancer

andacuteresponsesinsomeindividuals.Symptomsofacuteiodinepoisoning

includeburningofthemouth,throat,andstomach,abdominalpain,fever,

nausea,vomiting,diarrhoea,weakpulse,cardiacirritability,comaandcyanosis

(IOM,2001).

2.7Factorsaffectingtheiodinerequirement

Bioavailability

AccordingtoAlbertandKeating,(1949),thereisahigherthan90percentrate

ofgastrointestinalabsorptionofiodinefrom thedietsintypicalconditions.

Whenorganiccompoundsofiodineareingested,theirrateofabsorptionis

differentfrom thatofiodine.Oraladministration ofthyroxine providesa

bioavailabilityofabout75percent(Hays,1991).Bioavailabilitymayalsobe
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affectedbythepresenceofasubstancethatinhibitsiodineabsorption.Ithas

been revealed thatsoybean flourinhibitstheabsorption ofiodinein the

digestivetract(Pincheraetal.,1965).Thismusthaveledtotheobservationof

hypothyroidism andgoitreobservedby(Shepardetal.,1960)ininfantswho

werefedoninfantformulawhichcontainedsoybeanflour.(Shepardetal.,

1960)alsoobservedthattherewasabsenceofgoitreininfantswheniodine

wasaddedtotheformula.

Goitrogens

Goitrogens which interfere with the synthesis and utilisation ofthyroid

hormonesarepresentinsomefoods(Gaitan,1989).Examplesofsuchfoods

includecassava,whichmaycontaincyanideandismetabolizedtothiocyanate

which in turn can blockthyroidaluptakeofiodine;millet,soybeans(and

soybeanproductssuchastofu,soybeanoil,soy flour,soylecithin)which

containisoflavones,Pinenuts,peanuts,flaxseed,millet,strawberries,pears,

peaches,spinach,bambooshoots,sweetpotatoes,cruciferousvegetables

such as broccoli,brusselsprouts,cabbage,canola,cauliflower,Chinese

cabbage,collardgreens,horseradish,kale,kohlrabi,mustardgreens,radishes,

rapeseed,rutabagasandturnips.Mostofthesesubstancesarenotofmajor

clinicalimportanceunlessthereiscoexistingiodinedeficiency.Deficienciesof

vitamin A,selenium,oriron can each exacerbate the effects ofiodine

deficiency.

OtherFactors

Manyingestedsubstancescontainlargeamountsofiodinethatcaninterfere

with properthyroid function.These include radio contrastmedia,food

colouring,certainmedicines(e.g.,amiodarone),waterpurificationtablets,and

skinanddentaldisinfectants.

Datasuggestthattheincreasedthyroidstimulatinghormonelevelsfound

followingerythrosineingestionisrelatedtoanti-thyroideffectsofincreased
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serum iodideconcentrations,ratherthanadirecteffectoferythrosineon

thyroidhormones(Gardneretal.,1987).

Similartoerythrosine,amiodarone,ahighlyeffectiveanti-arrhythmicdrugthat

containshighlevelsofiodine,mayalterthyroidglandfunction(Loh,2000).

Radiographiccontrastmedia,followingintravascularadministration,resultsin

theformationofiodinatedserum proteins,whichalterthyroidmetabolism

(Nilssonetal.,1987).

2.8Iodinedeficiencydisorders

Hetzelintroduced the term “iodine deficiency disorders”(IDD)in 1983.

According to him,itincluded a large numberofclinicalmanifestations,

includingfoetaldamageandloss,endemiccretinism,impairedmentalfunction,

aswellasgoitre.InNigeria,IodineDeficiencyDisorders(IDDs)havebeena

publichealthproblem forthreedecades.Datafrom 1988foundTotalGoitre

Rate(TGR)of67%inendemicstateswhichdeclinedto10.6%in1998(UNICEF,

Nigeria2004)

SymptomsofIDDs

According to Hetzel(1983)allthe symptoms ofiodine deficiency are

associatedwithitseffectonthethyroid.Theyare;

Goitre:Ingestionofinadequateamountsofiodineresultsinhypothyroidism

which causes the anteriorpituitary to increase the secretion ofthyroid

stimulatinghormone.Thyroidstimulatinghormonewillstimulatethethyroid

glandtobegintoenlargeovertimeandthisresultsinnon-toxicorendemic

goitre.Goitrecanleadtochokingespeciallywheninalyingposition.Goitre

mayalsoleadtodifficultyinswallowingandbreathing.

Hypothyroidism:Iodinedeficiencycanleadtohypothyroidism sinceiodineis

essentialinthesynthesisofthyroidhormones.Globally,iodinedeficiencyis

themostfrequentrootofhypothyroidism.

Pregnancy-relatedproblems:Iodinedeficiencyinthedietofpregnantwomen

andnursingmotherscanleadtomiscarriages,stillbirth,preterm deliveryand

congenitalabnormalities in theirbabies.Because thyroid hormones are
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essentialforgrowthandthedevelopmentofthecentralnervoussystem,

childrenborntomotherswithsevereiodinedeficiencyduringpregnancycan

havecretinism whichischaracterisedbymentalretardationandproblemswith

growth,hearing and speech.Congenitalhypothyroidism due to iodine

deficiencyisthemostpreventablecauseofmentalretardationintheworld.

Evenmildiodinedeficiencyduringpregnancymaybeassociatedwithlow

intelligencequotientinchildren.

2.9Thethyroidgland

Thethyroidglandisthelargestglandintheneckbelowthethyroidcartilage.It

islocatedintheanteriorpartoftheneckundertheskinandmusclelayers.It

hasabutterflyshapewiththetwowingsrepresentingtheleftandrightthyroid

lobeswhichwraparoundthetrachea.Themainroleofthethyroidglandisthe

synthesisofthyroidhormones(Norman2012).

Fig2.1.Diagram ofthethyroidgland

Antranik.org

Surrounding thethyroid gland isa fibroussheath known asthecapsula

glandulaethyroideawhichismadeupofbothandinternalandexternallayer.

Theexternallayeriscontinousanteriorlywiththelaminapretrachealisfascia

cervicalisandcontinuousposterior-laterallywiththecarotidsheath.Anteriorly,
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thethyroidglandissurroundedbyinfrahyoidmusclesandlaterallybythe

sternocleidomastoid muscle also known as the sternomastoid muscle.

Posteriorly,thethyroidglandisfixedtothecricoidandtrachealcartilageand

cricopharyngeusmusclebyathickeningofthefasciatoform theposterior

suspensoryligamentofBerry(YalkinandOzan,2006)(LemaireandDavid,

2005).Thefirm attachmentofthethyroidglandtotheunderlyingtracheaisthe

reasonwhyitmovesduringdeglutition(Venturietal.,2000).Invariableextent,

Laloutte’sPyramid,apyramidalextensionofthethyroidlobe,ispresentatthe

mostanteriorsideofthelobe.Inthisregion,thenrecurrentlaryngealnerveand

theinferiorthyroidarterypassnexttoorintheligamentandtubercle.

Twoparathyroidglandsarelocatedbetweenthetwolayersofthecapsuleand

ontheposteriorsideofthelobes.

Thethyroidisoneofthelargerendocrineglands,weighing2-3gramsin

neonatesand18-60gramsinadults,andisincreasedinpregnancy.

Bloodsupply

Thebloodsupplytothethyroidisthroughthesuperiorthyroidartery,the

inferiorthyroidarteryandsometimesthethyroidimaartery.Thesuperior

thyroidarterybranchesfrom theexternalcarotidartery,theinferiorthyroid

arteryisabranchofthethyrocervicaltrunkandthethyroidimaarterybranches

directlyfrom thebrachiocephalictrunk.Thevenousbloodisdrainedthrough

thesuperiorthyroidveins,drainingintheinternaljugularvein,andviainferior

thyroid veins, draining via the plexus thyroideus impar in the left

brachiocephalicvein.Relativetoitssize,thethyroidreceivesagreaterflowof

bloodthanotherpartsofthebody(Leonard2003)

Lymphaticdrainagepassesfrequentlythroughthelateraldeepcervicallymph

nodesandthepre-andpara-tracheallymphnodes.Theglandissuppliedby

parasympathetic nerve inputfrom the superiorlaryngealnerve and the

recurrentlaryngealnerve.

Histology

Thefollicleofthethyroidglandisitsfunctionalunit.Thefollicleismadeupof
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epithelilacellsarrangedashollowvessiclesofvariousshapesranginginsize

from 0.02-0.03mm indiametre;itisfilledwithaglycoproteincolloidcalled

thyroglobulin.Theadulthumanthyroidglandhasaboutthreemillionfollicles.

Epithelialcellsliningeachfolliclemaybecuboidalorcolumnardependingon

theirfunctionalstate,withtheheightoftheepithelium beinggreaterwhenit’s

activityishighest.Eachfollicleissurroundedbyadensecapillarynetwork

separatedfrom epithelialcellsbyawelldefinedbasementmembrane.Groups

ofdenselypackedfolliclesareboundtogetherbyconnectivetissuetoform

lobules thatreceive theirblood supply from a single smallartery.The

functionalstateofonelobulemaydifferwidelyfrom thatofanadjacentlobule.

2.10Synthesisofthyroidhormones

Thebiosynthesisofthyroidhormonesinvolvesaseriesofprocesseswhichare

dependentontheproductofthreegenesthatareexpressedpredominantly,if

notexclusively,inthyroidfolliclecells:thesodium iodidesymporter(NIS),

thyroglobulin,andthyroidperoxidase(Leonard2003)

IodidePump(IodideTrapping)

Thefirststepinthyroidhormonesynthesisisthetransportofiodidesfrom the

bloodintothethyroidglandularcellsandfollicles.Thisprocessisknownas

iodidetrapping(Leonard,2003).Undernormalcircumstances,thesodium-

iodidesymportercanconcentrateiodidetoabout25–50timesmoreinthe

cytosolofthyroidfollicularcellsthaninbloodplasma,andduringperiodsof

activestimulation,itmaybeashighas250timesthatofplasma.Iodineis

accumulated againsta steep concentration gradientbythe action ofan

electrogenic‘‘iodidepump’’locatedinthebasolateralmembranes(Moitetal.,

2010).Inanormalgland,theiodidepumpconcentratestheiodidetoabout30

timesitsconcentrationintheblood(Leonard,2003).

Thepumpcouplesthetransferoftwoionsofsodium witheachionofiodide.

Thesodium/iodidesymporterorNIS islocatedatthebasolateralplasma

membraneofthyrocytes.NIS belongstothesodium/glucoseco-transport
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familyastheSLC5A5member(Moitetal.,2010).Iodideisthustransported

againstitsconcentrationdrivenbythefavourableelectrochemicalgradientfor

sodium. Likeothertransporters,thesodium iodidesymporterhasafinite

capacityandcanbesaturated.Consequently,otheranions,e.g.,perchlorate,

pertechnetate,andthiocyanatethatcompeteforbindingsitesonthesodium

iodidesymportercanblocktheuptakeofiodide.Thispropertycanbeexploited

fordiagnosticortherapeuticpurposes.

Iodidesupplyoffollicularlumeninvolvesatwo-steptransportprocess:the

activetransportacrossthebasolateralplasmamembraneofthyrocytesbyNIS

andapassivetransportacrosstheapicalplasmamembrane.

Therateofiodidetrappingbythethyroidisinfluencedbyseveralfactors,the

most important being the concentration of TSH;TSH stimulates and

hypophysectomygreatlydiminishestheactivityoftheiodidepumpinthyroid

cells(GuytonandHall2006). Onceinsidefollicularcells,theiodideions

diffuserapidlytotheapicalmembrane,wheretheyareusedforiodinationof

thethyroglobulinprecursor(RhoadesandTanner2004).

Mostdietaryiodineisreducedtoiodidebeforeabsorptionthroughoutthegut,

principallyinthesmallintestine.Absorptionisvirtuallycomplete.Iodinated

aminoacids,includingT4 andT3,aretransportedintactacrosstheintestinal

wall.Short-chainiodopeptidesmayalso beabsorbedwithoutcleavageof

peptidebonds(Wynn,1961).Iodinateddyesusedinradiographyareabsorbed

intact,butsomedeiodinationoccurslater.Exceptinthepostabsorptivestate,

the concentration ofiodide in the plasma is usuallyless than 10 µg/L.

Absorbediodidehasavolumeofdistributionnumericallyequaltoabout38%

ofbodyweight(inkilograms)(DeGroot,1966),mostlyextracellular,butsmall

amountsarefoundinredcellsandbones.

Thethyroidandkidneysremovemostiodidefrom theplasma.Therenal

clearanceofiodideis30-50mlplasma/min(DeGroot,1966)andappears

largelyindependentoftheloadofiodideorotheranions.Incertainspecies,

suchastherat,largechlorideloadscandepressiodideclearance.Inhumans,

renaliodideclearancedependsprincipallyonglomerularfiltration,without

evidenceoftubularsecretionorofactivetransportwithatransfermaximum
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(PerryandHughes1952).Reabsorptionispartial,passive,anddepressedby

an extreme osmotic diuresis. Hypothyroidism may decrease and

hyperthyroidism mayincreaserenaliodideclearance,butthechangesarenot

marked(DeGroot,1966).

Fig2.2.NIS-mediatedtransportofiodide(Moitetal.,2010)

A:ImmunolocalizationofthehumanNISproteinatthebasolateralplasma

membraneofthyrocytesintheirtypicalfollicleorganization.

B:SchematicrepresentationofthemembranetopologyoftheNISpolypeptide
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chaindeducedfrom secondarystructurepredictionanalyses.

C:Transportofiodidefrom theextracellularfluid(orplasma)tothethyroid

folliclelumen.Theuptakeofiodideatthebasolateralplasmamembraneof

thyrocytesmustbeactive;itoperatesagainstanelectricalgradient(0-50mV)

andaconcentrationgradient.(Moitetal.,2010)

Thyroperoxidase(TPO)

Afterconcentratingiodide,thethyroidrapidlyoxidizesitandbindsittotyrosyl

residuesinThyroglobulin,followedbycouplingofiodotyrosinestoform T4and

T3.Theprocessrequiresthepresenceofiodide,aperoxidase,asupplyofH2O2,

andaniodineacceptorprotein(Tg).

Thyroperoxidase(TPO)oxidizesiodideinthepresenceofH2O2.Itcanbe

solubilizedusingdetergentssuchasdeoxycholateordigitonin.Theenzyme

activityisdependentontheassociationwithaheam,theferriprotoporphyrinIX

oracloselyrelatedporphyrin(Czarnockaetal.,1985).Chemicalremovalofthe

prostheticgroupinactivatestheenzyme,andrecombinationwiththeheam

proteinrestoresactivity(Czarnockaetal.,1985).Theapoproteinfrom human

thyroidisnotalwaysfullysaturatedwithitsprostheticgroup(Kortanietal.,

1986).Somecongenitallygoitrouschildrenhavepoorperoxidasefunction

becausetheapoproteinhasweakbindingfortheheam group(Kortanietal.,

1986).

Antibodies directed againstthe thyroid “microsomalantigen,”which are

presentintheserum ofpatientswithautoimmunethyroiddisease(AITD),led

toidentificationofTPO.Theseantibodieswerefoundtoreactwithproteinsof

101-107 kDa and to immunoprecipitate thyroid peroxidase (TPO),thus

identifyingmicrosomalantigenasTPO(Ruffetal.,1987)(Kimuraetal.,1987)

(Hamaraetal.,1987).

Thyroglobulin(Tg)

Thyroglobulinistheothermajorcomponentneededsynthesisofthyroxineand

triiodothyronine.Thyroglobulinisthemostabundantproteininthethyroid

gland;itsconcentrationwithinthefollicularlumencanreach200-300g/L
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(Leonard,2003).Itsmainfunctionistoprovidethepolypeptidebackbonefor

synthesisandstorageofthyroidhormones(Alvinoetal.,1995).Italsooffersa

convenientdepotforiodine storage and retrievalwhen externaliodine

availabilityisscarceoruneven.Itisalargeglycoproteinthatformsastable

dimerwith a molecularmassofabout660,000 Da.Like othersecretory

proteins,thyroglobulin is synthesized on ribosomes,glycosylated in the

cisternaeoftheendoplasmicreticulum,translocatedtotheGolgiapparatus,

and

packagedinsecretoryvesiclesthatdischargeitfrom theapicalsurfaceinto

thelumen.Becausethyroglobulinsecretionintothelumeniscoupledwithits

synthesis,follicularcellsdonothavetheextensiveaccumulationofsecretory

granulesthatischaracteristicofproteinsecretingcells.Iodinationtoform

mature thyroglobulin does nottake place untilafterthe thyroglobulin is

dischargedintothelumen(Leonard2003).

Tgcontainssulphurandphosphorus.Theformerispresentinthechondroitin

sulfateandthecomplexcarbohydrateunits,althoughitsform androlearenot

known(Gartneretal.,1996).SeveralstudieshavereportedphosphateinTg,up

to12mol.permolTg.Ofthis,abouthalfisinthecomplexcarbohydrateunits,

theremainderispresentasphosphoserineandphosphotyrosine(Peireraetal.,

1990)(Paneelsetal.,1996).Thismayrelateto proteinkinaseA activity

(Paneelsetal.,1994).

Formationoftheiodothyronineresidues.

Thenextstepintheformationofthyroglobulinistheadditionofoneortwo

iodineatomstocertaintyrosineresiduesintheprecursorprotein(Leonard

2003).Theprecursorofthyroglobulincontains134tyrosineresidues,butonly

asmallfractionofthesebecomeiodinated.Atypicalthyroglobulinmolecule

containsonly20to30atomsofiodine.Theiodinationofthyroglobulinis

catalyzedbytheenzymethyroidperoxidase,whichisboundtotheapical

membranesoffollicularcells.Thyroperoxidaseoxidizesiodideinthepresence

ofH2O2(Leonard 2003).In crudethyroid homogenates,enzymeactivityis

associatedtocellmembranes.Bydefinition,aperoxidaserequiresH2O2forits

oxidative function.Thyroid peroxidase binds an iodide ion and a tyrosine
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residueinthethyroglobulinprecursor,bringingthem incloseproximity.

Oneschemeproposesthatoxidationproducesfreeradicalsofiodineand

tyrosine,whilebothareboundtoTPOtoform monoiodothyronine(MIT)which

thenseparatesfrom theenzyme.Furtherreactionbetweenfreeradicalsof

iodineandMITgivesdiiodothyronine(DIT)(Paneelsetal.,1994).

Fig.2.3.FigureillustratingtheIodinationofTgattheapicalplasmamembrane-

folliclelumenboundary.Theschemedoesnotaccountfortherelativesizeof

theinterveningmolecules. (Moitetal.,2010)

The finalstep in hormone synthesis is the coupling oftwo neighboring

iodotyrosylresiduestoform iodothyronine.TwoDITform T4;oneDITandone

MITform T3.Couplingtakesplacewhilebothacceptoranddonoriodotyrosyl

areinpeptidelinkagewithintheTgmolecule.ThereactioniscatalyzedbyTPO,

requiresH2O2 (Ekholm,1981)(Ofverholm andErricson,1984)(Herzogetal.,

1992)and is stringently dependenton Tg structure (Berndorferetal.,

1996).Thegenerationoftheiodothyronineresidueinvolvestheformationofan

etherbondbetweentheiodophenolpartofadonortyrosylandthehydroxyl
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group oftheacceptortyrosyl.Afterthecleavagereaction thatgivesthe

iodophenol,thealaninesidechainofthedonortyrosylremainsintheTg

polypeptidechainasdehydroalanine(Baundryetal.,1998).Observationsboth

invivoandinvitroshowanappreciabledelayincouplingafterinitialformation

ofiodotyrosines.A typicaldistributionforaTgcontaining0.5% iodine(a

normalamountforiodine-sufficientindividuals)is5residuesMIT,5ofDIT,2.5

ofT4 and0.7ofT3 (Alvinoetal.,1995).Moreiodineincreasestheratiosof

DIT/MITandT4/T3,whileiodinedeficiencydecreasesthem.

Onlyabout20to25%oftheDITandMITresiduesinthethyroglobulinmolecule

becomecoupledtoform iodothyronines.Forexample,atypicalthyroglobulin

moleculecontainsfivetosixuncoupledresiduesofDITandtwotothree

residuesofT4.However,T3isformedinonlyaboutoneofthreethyroglobulin

molecules.Asaresult,thethyroidsecretessubstantiallymoreT4 thanT3

(RhoadesandTanner2007).

2.11Thyroidhormonestorage

Thyroglobulin molecules vectorially delivered to the follicule lumen by

exocytosisaccumulatestoreachuncommonconcentrationsi.e.0.3-0.5mM.

Themechanism operatingsucha“packaging”isunknown.Waterandion

extractionfrom thefolliclelumenmightrepresentanactiveprocessleadingto

Tgconcentration(Moitetal.,2010).Thehighdegreeofcompactionofluminal

Tg mightdepend onelectrostaticinteractionsbetweenCa 2+ and anionic

residuesofTg,whichisanacidicprotein.Stored Tg moleculesundergo

iodinationandhormoneformationreactionsattheapicalplasmamembrane-

lumenboundary(Dunnetal.,1982,1988),whereTPO andH2O2 generating

system reside.ThematureTgmolecules,nowcontainingMIT,DIT,T4andT3,

remains extracellularin the lumen ofthyroid follicles.Turnoverofintra-

follicularmaterialorso-calledcolloidvariesgreatlywithglandactivity.For

normalhumans,theorganiciodinepool(largelyinintra-follicularmaterial),

turnsoveratarateofabout1%perday.Whentheturnoverincreases,lessTg

isstored,andwithextremehyperplasia,noneisevidentandtheentireorganic

iodinecontentmaybereneweddaily.Inthissituation,secretionofTgand

resorptionofTgprobablyoccuratsimilarratesandonlytinyamountsofintra-

follicularmaterialarepresentatanytime(Moitetal.,2010).
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2.12Secretionofthyroidhormones

Thyroid hormones are released form thyroglobulin and released to the

circulationinordertobeabletocarryouttheiractionsinthetargettissues.

TheTghormonecontentoftheluminalTgmoleculesvarytoalargeextent

dependingonnumerousfactorsincluding–thesupplyofiodideassubstrate,

theactivityofenzymescatalyzinghormoneformation,theconcentrationand

physico-chemicalstateofTg.Thedownstream processesresponsibleforthe

productionoffreethyroidhormonesfrom theseprohormonalmoleculesmust

thereforeadequatelymanagetheuseoftheseluminalheterogeneousTg

storestoprovideappropriateamountsofhormonesforperipheralutilization.

Therefore,thefollowingwillbeexpected

i. Controlsystemspreventingexcesshormoneproductionthatwould

resultfrom theprocessingofexcessiveamountsofprohormonalTg

moleculesand

ii. CheckingsystemsavoidingtheuseofTgmoleculeswithnooralow

hormonecontent.

2.13Chemistryofthyroidhormones

Thyroidhormonesarederivativesoftheaminoacidtyrosineboundcovalently

toiodine.Thetwoprincipalthyroidhormonesare:

Thyroxine(alsoknownasT4orL-3,5,3',5'-tetraiodothyronine)

Triiodothyronine(T3orL-3,5,3'-triiodothyronine)

Althoughthemainsecretoryproductofthethyroidglandandthemajorform

ofthyroidhormonepresentinthecirculatingplasmareservoirisT4,abundant

evidenceindicatesthatitisT3 andnotT4 thatbindstothethyroidhormone

receptorInfact,T4canbeconsideredtobeapro-hormonethatservesasthe

precursorforextra-thyroidalformationofT3(Leonard,2003).

Asshown in thediagram below,thethyroid hormonesarebasicallytwo

tyrosineslinkedtogetherwiththecriticaladditionofiodineatthreeorfour
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positionsonthearomaticrings(Bowen,1999).Thenumberandpositionofthe

iodinesisimportant.Severalotheriodinatedmoleculesaregeneratedthat

havelittleornobiologicalactivity;socalled"reverseT3"(3,3',5'-T3)issuchan

example..

Fig.2.4:Structureofthyroidhormones

Courtesy:Bowen(1999)

Thyroidhormonesarepoorlysolubleinwater,andmorethan99%oftheT3and

T4 circulatinginbloodisboundtocarrierproteins.Theprinciplecarrierof

thyroidhormonesisthyroxine-bindingglobulin,aglycoproteinsynthesizedin

theliver.Twoothercarriersofimportaretransthyretinandalbumin.Carrier

proteinsallowmaintenanceofastablepoolofthyroidhormonesfrom which

theactive,freehormonesarereleasedforuptakebytargetcell.

2.14Controlofthyroidhormonesynthesisandsecretion

The mostimportantcontrolling factors are iodine availability and TSH.

Inadequateamountsofiodineleadtoinadequatethyroidhormoneproduction,

increasedTSHsecretionandthyroidstimulation,andgoitreinanattemptto

compensate.Aproposedmechanism isthattheexcessiodideleadstothe

formationof2-iodohexadecanal(Johansonetal.,1988),whichisendowed

withaninhibitoryactiononH2O2generation.

TSHinfluencesvirtuallyeverystepinthyroidhormonesynthesisandrelease.
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InhumanstheeffectsonsecretionappeartobemediatedthroughthecAMP

cascadewhiletheeffectsonsynthesisaremediatedbytheGq/phospholipase

Ccascade(Songetal.,2010).

Fig. 2.5.Control of thyroid hormone

synthesisandsecretion.

Diagram courtesy:Bowen(1999)

Excessiodideacutelyinhibitsthyroidhormonesynthesis,theWolff-Chaikoff

effect(Consiglio,1979),apparentlybyinhibitingH2O2generation,andtherefore,

blockingTgiodination(Consiglio,1979).

2.15ThyroidStimulatingHormone

Thepituitary-thyroidaxishasservedneuro-endocrinologyastheexamplepar

excellenceofanegative-feedbackself-regulatorysystem.Thisregulationis

achieved bythe interaction ofthree groups ofhormones:hypothalamic,

pituitary and thyroid. Hypothalamic hormones are thyrotropin-releasing

hormone(TRH),whichstimulatesthesynthesisand releaseofthyrotopin

(Thyroid Stimulating Hormone:TSH),somatostatin,which inhibits TSH

secretionanddopamine,whichisalsoinhibitory.Thyroidstimulatinghormone

inturnactivitatesiodideuptake,homonogenesisandreleaseofthethyroid

hormones;thyroxine (T4)and triidothyronine (T3).The circulating thyroid
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hormonesexertnegativefeedbackeffectsonthepituitarytoregulateTSH

secretion.Inaddition,metabolicconversionofT4tothemoreactiveT3takes

placeinboththepituitaryglandandthehypothalamus.

Althoughthismodeldescribesmostoftheregulatoryfactorsinpituitary-

thyroidfunction,othermechanismsinfluencetherateofTSHsecretion.These

includethephysicalstateofthyroidhormonesinthebloodandtheperipheral

degradationofTSH,ofthyroidhormonesandofTRH.

Chemistry

HumanpituitaryTSH isaglycoproteinofmolecularweight28,000Daltons

secretedbyaspecifictypeofbasophiliccellsoftheanteriorpituitarygland

(thyrotropecells).About5percentofadenohypopysialcellsarethyrotropes.

TSHconsistsoftwochemicalsubunits,alphaandbeta.Thealphasubunitis

devoid ofbiologicactivity.Thebeta subunitdeterminesthebiologicand

immunologicactivityofTSH.

TSH stimulationhormonesynthesisandreleasearestimulatedbyTSH and

inhibitedbythyroidhormones.Normalserum levelsinmanarelessthan

8µU/ml.thyroidstimulatinghormonecirculatesunboundinthebloodandhas

ahalf-lifeof50to60minutes.Approximately10to30percentoftotalpituitary

TSHcontentissecreteddaily.

Secretorypattern

TSH issecreted inpulseshighestlevelsareusuallyobserved during the

morninghoursfrom fourtoeightam.Serum TSHlevelsrisetransientlyinthe

infantimmediatelyafterbirth,apeakoccurringwithinthefirsthalfoflife.

Thyroidstimulatinghormonelevelsreturntobaselineadultvalueswithin48to

72hours.

2.16Transportofthyroidhormone

Morethan99%ofthyroidhormonecirculatinginbloodisfirmlyboundtothree

plasmaproteins.Theyarethyroxine-bindingglobulin(TBG),transthyretin(TTR),

andalbumin(RhoadesandTanner,2003).About70%oftheT4and80%ofthe

T3 arenon-covalentlyboundto thyroxine-bindingglobulin(TBG),a54-kDa
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glycoproteinthatissynthesizedandsecretedbytheliver.Eachmoleculeof

TBGhasasinglebindingsiteforathyroidhormonemolecule.Theremaining

T4andT3inthebloodareboundtotransthyretinortoalbumin(Leonard,2005).

Lessthan1% oftheT4 andT3 inbloodisinthefreeform,anditisin

equilibrium withthelargeproteinboundfraction.Itisthissmallamountoffree

thyroidhormonethatinteractswithtargetcells.Theprotein-boundform ofT4

andT3representsalargereservoirofpreformedhormonethatcanreplenish

thesmallamountofcirculatingfreehormone.ThetypeIIdeiodinaseisabsent

from theliver,butispresentinskeletalmuscle,theCNS,thepituitarygland,

and the placenta.Type 2 deiodinase is believed to function primarilyto

maintainintracellularT3 intargettissues,butitmayalsocontributetothe

generationofcirculatingT3 (RhoadesandTanner,2003).Expressionofthe

typeIIdeiodinaseisregulatedbyotherhormones;itsexpressionishighest

whenblood concentrationsofT4 arelow.Inaddition,hormonesthatact

through the cyclic AMP second messengersystem and growth factors

stimulatetypeIIdeiodinaseexpression.Thesecharacteristicssupporttheidea

thatthisenzymemayprovideT3tomeetlocaldemands.

ThetypeIIIdeiodinaseremovesaniodinefrom thetyrosylringofT4orT3,and

henceitsfunctionissolelydegradative.Itiswidelyexpressedbymanytissues

throughoutthebody.ReverseT3,aproductofboththetypeIandtypeIII

deiodinases,maybefurtherdeiodinatedbythetypeIIIdeiodinasebyremoval

ofthesecondiodidefrom innerring.ReverseT3isalsoafavouredsubstrate

forthetypeIdeiodinase,andalthoughitisformedatasimilarrateasT3itis

degradedmuchfasterthanT3.SomerT3escapesintothebloodstream where

itisavidlyboundtoTBGandTTR.

AllthreethyroidhormonebindingproteinsbindT4 atleast10timesmore

avidlythanT3.Allarelargeenoughtoescapefiltrationbytherenalglomerular

membranesandlittlecrossesthecapillaryendothelium.Thelessthan1%of

hormonepresentinfreesolutionisinequilibrium withboundhormoneandis

theonlyhormonethatcan escapefrom capillariesto producebiological

activityorbe acted on bytissue enzymes.The totalamountofthyroid

hormoneboundtoplasmaproteinsrepresentsaboutthreetimesasmuch

hormoneasissecretedanddegradedinthecourseofasingleday.Thus
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plasmaproteinsprovideasubstantialreservoirofextra-thyroidalhormone.We

should therefore notexpectacute increasesordecreasesin the rate of

secretion ofthyroid hormones to bring aboutlarge orrapid changes in

circulatingconcentrationsofthyroidhormones(Leonard,2005).Forexample,

iftherateofthyroxinesecretionweredoubledfor1day,wecouldexpectits

concentrationinbloodtoincreasebynomorethan30%eveniftherewereno

accompanyingincreaseintherateofhormonedegradation.A10-foldincrease

intherateofsecretionlastingfor60minwouldonlygivea12% increasein

totalcirculatingthyroxine,andifthyroxinesecretionstoppedcompletelyfor1

hr,itsconcentrationwoulddecreasebyonly1%.Furthermore,becausethe

bindingcapacityofplasmaproteinsforthyroidhormonesisfarfrom saturated,

evenamassiveincreaseinsecretionratewouldhavelittleeffectonthe

percentageofhormonethatisunbound.Theseconsiderationsseem torule

outchangesinthyroidhormonesecretionaseffectorsofminute-to-minute

regulationofanyhomeostaticprocess.Ontheotherhand,becausesomuchof

thecirculatinghormoneisboundtoplasmabindingproteins,wemightexpect

thatthe totalamountofT4 and T3 in the circulation would be affected

significantlybydecreasesintheconcentrationofplasmabindingproteins,as

mightoccurwithliverorkidneydisease.

2.17Metabolism ofthyroidhormones

Whereasthe5’-deiodinationofT4toproduceT3canbeviewedasametabolic

activation process,both T4 and T3 undergo enzymatic deiodinations,

particularlyin theliverand kidneys,which inactivatethem (Rhoadesand

Tanner,2003).Forexample,about40% oftheT4 secretedbythehuman

thyroidglandisdeiodinatedatthe5’positiononthethyronineringstructureby

a5’-deiodinase.ThisproducesreverseT3.SincereverseT3 haslittleorno

thyroidhormoneactivity,thisdeiodinationreactionisamajorpathwayforthe

metabolicinactivationordisposalofT4.TriiodothyronineandreverseT3also

undergodeiodinationtoyield3,3’-diiodothyronine.Thisinactivatemetabolite

maybefurtherdeiodinatedbeforebeingexcreted.

Regulationof5’-Deiodination

The 5’-deiodination reaction is a regulated process influenced bycertain
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physiologicalandpathologicalfactors.Theresultisachangeintherelative

amountsofT3andreverseT3producedfrom T4.Forexample,ahumanfoetus

produceslessT3 from T4 thanachildoradultbecausethe5’-deiodination

reactionislessactiveinthefoetus.Also,5’-deiodinationisinhibitedduring

fasting,particularlyin responseto carbohydraterestriction,butitcan be

restoredtonormalwhentheindividualisfedagain.Trauma,aswellasmost

acute and chronicillnesses,also suppressesthe 5’-deiodination reaction.

Underallofthesecircumstances,theamountofT3 producedfrom T4 is

reducedanditsbloodconcentrationfalls.However,theamountofreverseT3

risesinthecirculation,mainlybecauseitsconversionto3,3’-diiodothyronineby

5’-deiodinationisreduced.AriseinreverseT3inthebloodmaysignalthatthe

5’-deiodination reaction issuppressed.Notethatduring fasting orin the

diseasestatesmentionedabove,thesecretionofT4isusuallynotincreased,

despitethedecreaseofT3 inthecirculation.Thisresponseindicatesthat,

underthesecircumstances,aT3decreaseintheblooddoesnotstimulatethe

hypothalamic-pituitary-thyroidaxis(Leonard,2005).

2.18Mechanismsofthyroidhormonesactions

Thyroidhormonesarequitehydrophobicandmayeitherdiffuseacrossthecell

membrane orentertargetcells bya carrier-mediated transportprocess.

ReceptorsforthyroidhormonesareintracellularDNA-bindingproteinsthat

function as hormone-responsive transcription factors, very similar

conceptuallytothereceptorsforsteroidhormones(Bowen,1999).

Thyroid hormones entercells through membrane transporterproteins.T3

formedwithinthetargetcellbydeiodinationofT4appearstomixfreelywithT3

takenupfrom theplasmaandtoenterthenucleus,whereitbindstospecific

receptors.Thyroidhormonereceptorsaremembersofthelargefamilyof

nuclearhormonereceptorsandbindtospecificnucleotidesequences(thyroid

responseelementsorTREs)inthegenestheyregulate(Leonard,2005).Unlike

mostothernuclearreceptors,thyroid hormone receptors bind to their

responseelementsintheabsenceofhormone.Theybindasmonomersoras

homodimerscomposedeitheroftwothyroidhormonereceptors,ortheymay

form heterodimerswithothernuclearreceptorfamilymembers,usuallythe

receptorforanisomerofretinoicacid.IntheabsenceofT3,theunoccupied
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receptor,inconjunctionwithacorepressorprotein,inhibitsT3-dependentgene

expressionbymaintainingtheDNAinatightlycoiledconfigurationthatbars

accessoftranscriptionactivatorsorRNApolymerase.UponbindingT3,the

configurationofthereceptorismodifiedinawaythatcausesittoreleasethe

co-repressorand bind instead to a co-activator.Although T3 acts in an

analogous way to suppress expression ofsome genes,the underlying

mechanism fornegativecontrolofgeneexpressionisnotunderstood.

TRshavebeenshowntobelongtoalargesuper-familyofnuclearhormone

receptorsthatincludethesteroid,vitaminD,andretinoicacidreceptorsaswell

as“orphan”receptorsforwhichtherearenoknownligandorfunction(Yen,

2001)..ItishighlylikelythatT3andT4havephysiologicallyimportantactions

thatarenotdependentonnuclearevents,butdetailedunderstandingwill

requirefurtherresearch(Leonard,2005).

2.19Effectsonthyroidhormonesonbodysystems.

Thyroidhormonereceptorsareexpressedinvirtuallyalltissues,althoughthe

relativeexpressionofTRisoformsmayvaryamongtissues.TRβ-1mRNAis

highlyexpressed in liverbutalso expressed in almostallothertissues,

whereasTRβ-2mRNAismosthighlyexpressedintheanteriorpituitary.TRα-1

isexpressedinalmostalltissues.InadditiontothisvariableexpressionofTR

isoformsindifferenttissues,theroleofTHcanvaryindifferenttissues.Thus,

inadditiontoitsroleonthemetabolism ofmacronutrientsandoverallenergy

andoxygenconsumption,TH alsoregulatesimportantfunctionsinspecific

tissues(Yen,2001).Thetranscriptionalregulationoftargetgenesinsomeof

thesetissueshasbeenstudied.

2.20Effectsofthyroidhormonesonthenervoussystem

Thyroidhormonehasmajoreffectsonthedevelopingbrainin-uteroandduring

theneonatalperiod(Bhatetal.,1994)(Oppenheimeretal.,1972).Neonatal

hypothyroidism duetogeneticcausesandiodinedeficiencyinhumanscan

causementalretardationandneurologicaldefects.Studiesinhypothyroid

neonatalratshaveshown thatabsenceofTH causesdiminished axonal

growthanddendriticarborizationinthecerebralcortex,visualandauditory

cortex,hippocampus,andcerebellum (Rabelloetal.,1995)(Rabieetal.,1977).
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Inthecerebellum,absenceofTH alsodelaysproliferationandmigrationof

granulecellsfrom theexternaltotheinternalgranularlayer.Thecriticalroleof

THisfurtherdemonstratedbyareportinwhichadominantnegativeTRwas

targetedtothecerebellum intransgenicmice.ThePurkinjecellsshowed

decreased dendritic arborization,while the granule cells had retarded

migration to the internalgranularlayer(Kiobuchiand Chin,1998).The

developmentaldelaysintheratbraincanbereversedifTH isadministered

within2weeksafterbirth(Valcavietal.,1993).Thesefindingssupportthe

clinicalobservationsthatearlyT4 treatmentofcongenitalhypothyroidism

preventsintellectualimpairmentinhumansand isthemajorimpetusfor

neonatalscreeningforcongenitalhypothyroidism.Inutero,monodeiodination

ofT4 toT3 bytypeIIdeiodinaseandmaternal-foetaltransferofT4 mayhelp

maintain normalT3 concentrations even when the foetus has congenital

hypothyroidism (Davidson etal.,1990).Additionally,maternaltransferof

thyroxinemaybeimportant,particularlyduringearlyfoetaldevelopment(Carre

etal.,1998).Recentstudieshavesuggestedthatmaternalthyroidstatusmay

havesignificanteffectsontheneuropsychologicaloutcomeofchildren(Benall,

1999)

TheontogenyofTRisoformsinthebrainsuggeststhatspecificTRisoforms

maybeinvolvedintranscriptionoftargetgenesandinbraindevelopment

(Sterlingetal.,1978).TRα-1isexpressedthroughoutthebrainfrom early

foetaldevelopmentandaccountsfortotalT3bindinginthefoetalbrain.TRβ-1

isabsentorminimallyexpressed,exceptinafewselectedareassuchasthe

cochleaandcerebellum (Blancoetal.,1998)However,thereisadramatic40-

foldincreaseinTRβ-1mRNA expressionthroughoutthebrainshortlyafter

birththatreachesmaximum levels10daysafterward,andthenpersistsuntil

adulthood(Sterlingetal.,1978).

2.21Effectsofthyroidhormonesongrowth

Thyroidhormonehasbothgeneralandspecificeffectsongrowth.Forinstance,

ithaslongbeenknownthatthyroidhormoneisessentialforthemetamorphic

changeofthetadpoleintothefrog.Inhumans,theeffectofthyroidhormone

ongrowthismanifestmainlyingrowingchildren.Inthosewhoarehypothyroid,
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therateofgrowthisgreatlyretarded.Inthosewhoarehyperthyroid,excessive

skeletalgrowthoftenoccurs,causingthechildtobecomeconsiderablytaller

atan earlierage.However,thebonesalso maturemorerapidlyand the

epiphysescloseatanearlyage,so thatthedurationofgrowthand the

eventualheightoftheadultmayactuallybeshortened.Animportanteffectof

thyroidhormoneistopromotegrowthanddevelopmentofthebrainduring

foetallifeandforthefirstfew yearsofpostnatallife.Ifthefoetusdoesnot

secretesufficientquantitiesofthyroidhormone,growthandmaturationofthe

brain both beforebirth and afterward aregreatlyretarded,and thebrain

remainssmallerthannormal.Withoutspecificthyroidtherapywithindaysor

weeks afterbirth,the child withouta thyroid gland willremain mentally

deficientthroughoutlife(GuytonandHall,2006).

ThyroidHormoneregulatesthesynthesisandsecretionofseveralpituitary

hormones.AbsenceofGHhasbeenobservedinthepituitariesofhypothyroid

rats.Co-transfectionstudiesusingthehumangrowthhormonepromoterhave

notshownstimulationbyTH(Yen,2001)

2.22Effectsofthyroidhormonesonthebones

Thyroid hormoneiscriticalfornormalbonegrowth and development.In

children,hypothyroidism cancauseshortstatureanddelayedclosureofthe

epiphyses.BiochemicalstudieshaveshownthatTHcanaffecttheexpression

ofvariousbonemarkersinserum,reflectingchangesinbothboneformation

and resorption (Yen, 2000). TH increases alkaline phosphatase and

osteocalcininosteoblasts.Additionally,osteoclastmarkerssuchasurinary

hydroxyproline,urinary pyridinium,and deoxypyridinium cross-links are

increased in hyperthyroid patients.These observationssuggestthatboth

osteoblastandosteoclastactivitiesarestimulatedbyTH.Indeed,thereis

enhanced calcification and bone formation coupled to increased bone

resorptioninhyperthyroidpatients(Yen,2001).Additionally,thetimeinterval

betweenformationandsubsequentmineralizationofosteoidisshortened.

Theneteffectonthesebonecellsisboneresorptionandlossoftrabecular

bonethicknessinhyperthyroidism.Therealsoismarkedincreaseinporosity

and decreased corticalthicknessincorticalboneinhyperthyroid patients

(BaranandBraverman,1991).Theseeffectscanleadtoosteoporosisand
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increasedfractures.

TH mayactonboneviaTH stimulationofgrowthhormoneandinsulin-like

growthfactorI(IGF-I)orbydirecteffectsontargetgenes(Yen,2001).

2.23Effectsofthyroidhormonesonbodyweight

Greatlyincreasedthyroidhormonealmostalwaysdecreasesthebodyweight,

andgreatlydecreasedhormonealmostalwaysincreasesthebodyweight.

Theseeffectsdonotalwaysoccur,becausethyroidhormonealsoincreases

theappetite,andthismaycounterbalancethechangeinthemetabolicrate

(GuytonandHall,2006).

2.24Effectsofthyroidhormonesonmetabolism

AccordingtoCramerandMcCall(1918),inrats,removalofthethyroidandthe

parathyroid glands does not produce any severe disturbance of the

metabolism.Thereisatfirstadiminutionofthetotalmetabolism,whichis

followedlaterbyacompensatoryincrease.ThecurvesoftheCO2 excretion

andO2 intakeandoftherespiratoryquotientdonotdifferinanyessential

pointsfrom thoseofanormalanimal.

ButaccordingtoLeonard(2003),RhoadesandTanner(2004)andGuytonand

Hall(2006),thethyroidglandexertsprofoundeffectsonoxidativemetabolism

inhumans.Thebasalmetabolicrate(BMR),whichisameasureofoxygen

consumptionunderdefinedrestingconditions,ishighlysensitivetothyroid

status.Adecreaseinoxygenconsumptionresultsfrom adeficiencyofthyroid

hormones, and excessive thyroid hormone increases BMR. Oxygen

consumptioninalltissuesexceptbrain,testis,andspleenissensitivetothe

thyroidstatusandincreasesinresponsetothyroidhormone.

2.25Effectsofthyroidhormonesonlipidmetabolism

Essentially allaspects offatmetabolism are also enhanced underthe

influenceofthyroidhormone.Inparticular,lipidsaremobilizedrapidlyfrom the

fattissue,whichdecreasesthefatstoresofthebodytoagreaterextentthan

almostanyothertissue element.Thisalso increasesthe free fattyacid

concentrationintheplasmaandgreatlyacceleratestheoxidationoffreefatty

acidsbythecells(GuytonandHall,2006)
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Walters and McLean (1967)discovered thatthyroidectomy lowered the

incorporationof14C-labeledsubstratesinto14C-labeledlipid,aneffectfurther

studiedbythemeasurementoftheactivitiesofcitrate-cleavageenzymeand

acetatethiokinase.Restrictingthefoodintakeofthecontrolratstothatofthe

thyroidectomisedgrouploweredtheactivitiesofcitrate-cleavageenzymebut

nofurtherdepressionwasobservedinthyroidectomy.

2.26Thyroidfunctiontests

ThethyroidglandproducesT4 andT3.Butthisproductionisnotpossible

withoutstimulation from the pituitarygland (TSH)which in turn is also

regulated bythehypothalamus'sTSH Releasing Hormone.No onesingle

laboratorytestis100% accurateindiagnosingalltypesofthyroiddisease;

however,acombinationoftwoormoretestscanusuallydetecteventhe

slightestabnormalityofthyroidfunction.

Forexample,alow T4 levelcouldmeanadiseasedthyroidglandoranon-

functioningpituitaryglandwhichisnotstimulatingthethyroidtoproduceT4.

SincethepituitaryglandwouldnormallyreleaseTSHiftheT4 islow,ahigh

TSH levelwouldconfirm thatthethyroidgland(notthepituitarygland)is

responsibleforthehypothyroidism (Norman,2010).

IftheT4levelislowandTSHisnotelevated,thepituitaryglandismorelikelyto

bethecauseforthehypothyroidism.Ofcourse,thiswoulddrasticallyeffect

thetreatmentsincethepituitaryglandalsoregulatesthebody'sotherglands

(adrenals,ovaries,andtesticles)aswellascontrollinggrowthinchildrenand

normalkidneyfunction.Pituitaryglandfailuremeansthattheotherglandsmay

alsobefailingandothertreatmentthanjustthyroidmaybenecessary.The

mostcommoncauseforthepituitaryglandfailureisatumourofthepituitary

andthismightalsorequiresurgerytoremove.

ThefollowingtestsreviewedbyNorman(2010)arethecommonlyusedtests

forthefunctionofthethyroidgland;

MeasurementofSerum ThyroidHormones

T4 byRIA (radioimmunoassay)isthemostused thyroid testofall.Itis
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frequentlyreferredtoasaT7whichmeansthataresinT3uptake(RT3u)has

beendonetocorrectforcertainmedicationssuchasbirthcontrolpills,other

hormones,seizuremedication,cardiacdrugs,orevenaspirinthatmayalterthe

routineT4 test.TheT4reflectstheamountofthyroxineintheblood.Ifthe

patientdoesnottakeanytypeofthyroidmedication,thistestisusuallyagood

measureofthyroidfunction.ThenormalhumanadultrangeofT4inbloodis4-

11µg/Dl.Thyroxine(T4)represents80%ofthethyroidhormoneproducedby

thenormalglandandgenerallyrepresentstheoverallfunctionofthegland.

Theother20% istriiodothyroninemeasuredasT3 byRIA.Sometimesthe

diseasedthyroidglandwillstartproducingveryhighlevelsofT3 butstill

produce normallevels ofT4.Therefore measurementofboth hormones

providesanevenmoreaccurateevaluationofthyroidfunction.

ThyroidBindingGlobulin

Mostofthethyroidhormonesinthebloodareattachedtoaproteincalled

thyroidbindingglobulin(TBG).Ifthereisanexcessordeficiencyofthisprotein

italterstheT4 orT3measurementbutdoesnotaffecttheaction ofthe

hormone.Ifa patientappears to have normalthyroid function,butan

unexplainedhighorlowT4,orT3,itmaybeduetoanincreaseordecreaseof

TBG.DirectmeasurementofTBGcanbedoneandwillexplaintheabnormal

value.ExcessTBG orlow levelsofTBG arefoundinsomefamiliesasa

hereditarytrait.Itcausesnoproblem exceptfalselyelevatingorloweringthe

T4 level.Thesepeoplearefrequentlymisdiagnosedasbeinghyperthyroidor

hypothyroid,buttheyhavenothyroidproblem andneednotreatment.

MeasurementofPituitaryProductionofTSH

PituitaryproductionofTSH ismeasuredbyamethodreferredtoasIRMA

(immunoradiometricassay).Normally,lowlevels(lessthan5units)ofTSHare

sufficienttokeepthenormalthyroidglandfunctioningproperly.Whenthe

thyroidglandbecomesinefficientsuchasinearlyhypothyroidism,theTSH

becomeselevatedeventhoughtheT4andT3maystillbewithinthe"normal"
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range.ThisriseinTSH representsthepituitaryglandsresponsetoadropin

circulatingthyroidhormone;itisusuallythefirstindicationofthyroidgland

failure.Since TSH isnormallylow when the thyroid gland isfunctioning

properly,thefailureofTSHtorisewhencirculatingthyroidhormonesarelowis

anindicationofimpairedpituitaryfunction.Thenew "sensitive"TSHtestwill

show verylow levelsofTSH whenthethyroidisoveractive(asanormal

responseofthepituitarytotrytodecreasethyroidstimulation).Interpretations

oftheTSHleveldependsuponthelevelofthyroidhormone;therefore,theTSH

isusuallyusedincombinationwithotherthyroidtestssuchastheT4IAandT3

IA.

TRHTest

InnormalpeopleTSHsecretionfrom thepituitarycanbeincreasedbygivinga

shotcontainingTSHReleasingHormone(TRH).AbaselineTSHof5orless

usuallygoesupto10-20aftergivinganinjectionofTRH.Patientswithexcess

thyroidhormone(thyroxineortriiodothyronine)willnotshow ariseinTSH

when given TRH.This"TRH test"ispresentlythemostsensitivetestin

detectingearlyhyperthyroidism.Patientswhoshow excessiveresponseto

TRH(TSHrisesgreaterthan40)maybehypothyroid.Thistestisalsousedin

cancerpatientswhoaretakingthyroidreplacementtoseeiftheyareon

sufficientmedication.Itissometimesusedtomeasureifthepituitaryglandis

functioning.Thenew "sensitive"TSH testhaseliminatedthenecessityof

performingaTRHtestinmostclinicalsituations.

IodineUptakeScan

A meansofmeasuringthyroidfunctionistomeasurehow muchiodineis

takenupbythethyroidgland(RAIuptake).Hypothyroidpatientsusuallytake

uptoolittleiodineandhyperthyroidpatientstakeupexcessiodine.Thetestis

performedbygivingadoseofradioactiveiodineonanemptystomach.The

iodineisconcentratedinthethyroidglandorexcretedintheurineoverthenext

few hours.Theamountofiodinethatgoesintothethyroidglandcanbe

measuredbya"ThyroidUptake".Patientswhoaretakingthyroidmedication

willnottakeupasmuchiodineintheirthyroidglandbecausetheirownthyroid

glandisnotfunctioning.Atothertimestheglandwillconcentrateiodine
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normallybutwillbe unable to convertthe iodine into thyroid hormone;

therefore,interpretationoftheiodineuptakeisusuallydoneinconjunction

withbloodtests.

ThyroidScan

Takingascanofhow wellthethyroidglandisfunctioningrequiresgivinga

radioisotope to the patientand letting the thyroid gland concentrate the

isotope(justliketheiodineuptakescanabove).Therefore,itisusuallydoneat

the same time thatthe iodine uptake testis performed.Although other

isotopes,suchastechnetium,willbeconcentratedbythethyroidgland;these

isotopeswillnotmeasureiodineuptakewhichiswhatwereallywanttoknow

becausetheproductionofthyroid hormoneisdependentuponabsorbing

iodine.Ithasalsobeenfoundthatthyroidnodulesthatconcentrateiodineare

rarelycancerous;thisisnottrueifthescanisdonewithtechnetium.Therefore,

allscansarenow donewithradioactiveiodine.Pregnantwomenshouldnot

havethyroidscansperformedbecausetheiodinecancausedevelopment

problemswithinthebaby'sthyroidgland.

Twotypesofthyroidscansareavailable.Acamerascanisperformedmost

commonlywhichusesagammacameraoperatinginafixedpositionviewing

theentirethyroidglandatonce.Thistypeofscantakesonlyfivetoten

minutes.In the1990's,a new scannercalled a Computerized Rectilinear

Thyroid(CRT)scannerwasintroduced.TheCRTscannerutilizescomputer

technologytoimprovetheclarityofthyroidscansandenhancethyroidnodules.

Itmeasuresboththyroidfunctionandthyroidsize.Alife-sized1:1colorscan

ofthethyroidisobtainedgivingthesizeinsquarecentimetersandtheweight

ingrams.Theprecisesizeandactivityofnodulesinrelationtotherestofthe

glandisalsomeasured.CTSofthenormalthyroidglandInadditiontomaking

thyroiddiagnosismoreaccurate,theCRTscannerimprovestheresultsof

thyroidbiopsy.Theaccuratesizingofthethyroidglandaidsinthefollow-upof

nodulestoseeiftheyaregrowingorgettingsmallerinsize.Knowingthe

weightofthethyroidglandallowsmoreaccurateradioactivetreatmentin

patientswhohaveGraves'disease.
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ThyroidUltrasound

Thyroidultrasoundreferstotheuseofhighfrequencysoundwavestoobtain

animageofthethyroidglandandidentifynodules.Ittellsifanoduleis"solid"

orafluid-filledcyst,butitwillnottellifanoduleisbenignormalignant.

Ultrasoundallowsaccuratemeasurementofanodule'ssizeandcandetermine

ifanoduleisgettingsmallerorisgrowinglargerduringtreatment.Ultrasound

aidsinperformingthyroidneedlebiopsybyimprovingaccuracyifthenodule

cannotbefelteasilyonexamination.

ThyroidAntibodies

Thebodynormallyproducesantibodiestoforeignsubstancessuchasbacteria;

however,somepeoplearefoundtohaveantibodiesagainsttheirownthyroid

tissue.AconditionknownasHashimoto’sthyroidittisisassociatedwithahigh

levelofthesethyroidantibodiesintheblood.Whethertheantibodiescausethe

diseaseorwhetherthediseasecausestheantibodiesisnotknown;however,

thefindingofahighlevelofthyroidantibodiesisstrongevidenceofthis

disease.Occasionally,low levelsofthyroidantibodiesarefoundwithother

typesofthyroiddisease.WhenHashimoto'sthyroiditispresentsasathyroid

noduleratherthanadiffusegoitre,thethyroidantibodiesmaynotbepresent.

2.27Pathophysiologyofthethyroid

Thyroid disorders include hyperthyroidism (abnormallyincreased activity),

hypothyroidism (abnormallydecreasedactivity),geneticdisordersandthyroid

nodules,whicharegenerallybenignthyroidneoplasms,butmaybethyroid

cancers.Allthesedisordersmaygiverisetogoitre,thatis,anenlargedthyroid.

GeneticDisordersInvolvingTH,TSH,orTRs

ResistancetoTHisageneticdisordercausedbymutationsintheTRbgene.

PatientswiththisdisorderhavehighTHlevelsandTSHlevels,goitre(enlarged

thyroidgland),andmildhypothyroidmetabolisms.Clinicaleffectsareless

severethanwithcongenitalhypothyroidism andcanincludeshortstature,

delayed bone maturation,hyperactivity,learning disabilities,and hearing

defects,as wellas mixed features ofhyper-and hypothyroidism.This

conditionisusuallyinheriteddominantly.
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Pendred'sSyndromeiscausedbyageneticdefectthatlimitstheincorporation

ofiodineintothyroidhormone,whichwrecksthestructureofthehormone.

Pendred's Syndrome can cause hypothyroidism with goitre.The body

compensatesbyproducingmoreTSH andworkinghardertomakeenough

thyroidhormonethatworks.Thesyndromecanalso causemoreserious

problems,such as profound deafness,ornon-syndromaldeafness alone.

Thesesymptomsarepresentfrom birth.Peoplewhodevelophypothyroidism

laterin lifemayhaveringing in theirearsand dulled hearing,butthese

symptomsareusuallycorrectablebyTH therapy,whiledeafnesscausedby

Pendred'sSyndromeisnot.

TSH receptor (thyrotropin receptor) gene mutations often cause

hyperthyroidism,orTSHinsensitivity,whichleadstonormalTHlevelsinthe

bloodwithelevatedTSHlevels.TSHhasunknowneffectsonlymphocytesand

braincells;thereforeimbalancesaffectingTSH levelsmaycauseadditional,

unknowneffectsonthebrainandimmunesystem.Onemutationwasfoundin

associationwithGraves'disease.Graves'diseaseisanautoimmuneform of

hyperthyroidism,andthegenesthatseem toincreaseriskofGraves'disease

areassociatedwithimmunity.

Inhumans,thyroidhormoneplaysanotableroleinbraindevelopmentfrom the

middle of pregnancy to the second year of life.Maternalor foetal

hypothyroidism,whethercausedbylackofiodineduringthepregnancy,orby

otherproblems,cancauseanon-geneticconditioncalledcretinism.Babies

affected bycretinism can develop normalintelligence ifthe condition is

remediedwithinafew months,butotherwisetheysuffersevere,irreversible

mentalretardation.Oneseveretypeofcretinism can also becaused by

mutationsintheTRαgene,andmaybeuntreatable.

Hyperthyroidism

Hyperthyroidism,oroveractivethyroid,istheoverproductionofthethyroid

hormonesT3 andT4,andismostcommonlycausedbythedevelopmentof

Graves’disease,anautoimmunediseaseinwhichantibodiesareproduced

which stimulate the thyroid to secrete excessive quantities ofthyroid

hormones.Thediseasecanresultintheformationofatoxicgoitreasaresult
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ofthyroidgrowthinresponsetoalackofnegativefeedbackmechanisms.

Hyperthyroidism causes accelerated heartrate and fatigue,even when

patientsareatrest.Itproduceslowerexercisetolerancebecauseproteinand

fatcatabolism areaccelerated,resultinginbuild-upofketones.Hyperthyroid

peopleoftenshowafinetremorintheirhands.Theyhavehigherrestingheart

rates,butnothighermaximum heartratesforexercise,incomparisonto

normalsubjects.Someexperiencethyroidstorms--highoverloadsofthyroid

hormonesthatacceleratetheirheartratetoashighas300beatsaminute.

Thisisaverylife-endangeringconditionandcanresultinarrhythmiaorheart

attack(Phillips,2012).

Betablockersareusedtodecreasesymptomsofhyperthyroidism suchas

increasedheartrate,tremors,anxietyandheartpalpitations,andanti-thyroid

drugsareusedtodecreasetheproductionofthyroidhormones,inparticular,in

thecaseofGraves’disease.Thesemedicationstakeseveralmonthstotake

fulleffectandhavesideeffectssuchasskinrashoradropinwhitebloodcell

count,which decreases the ability ofthe body to fightoffinfections.

Alternatively,theglandmaybepartiallyorentirelyremovedsurgically,though

iodinetreatmentisusuallypreferredsincethesurgeryisinvasiveandcarriesa

riskofdamagetotheparathyroidglandsorthenervescontrollingthevocal

cords.Iftheentirethyroidglandisremoved,hypothyroidism results.

Hypothyroidism

Hypothyroidism istheunderproductionofthethyroidhormonesT3 andT4.

Hypothyroid disorders may occur as a result of congenital thyroid

abnormalities,autoimmunedisorderssuchasHashimoto’sthyroiditisoriodine

deficiency(morelikelyinpoorercountries)ortheremovalofthethyroid

followingsurgerytotreatseverehyperthyroidism and/orthyroidcancer.Some

ofthemostprofoundeffectsofthyroidhormoneimbalanceareinthemental

arena.Hypothyroidpeoplesleepeasilyanddonotgetfullrefreshmentfrom

theirsleep.Duringwakinghours,theyexperiencefatigue,apathy,and"brain

fog"(short-term memoryproblemsandattentiondeficits).Theseproblems

mayaffecttheirdailyfunctioningandcauseincreasedstressanddepression.

Thyroidhormoneactsasaneurotransmitter.Thyroidhormoneimbalancecan
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mimic psychiatric disease because T3 influences levels ofserotonin,a

neurotransmitterintegraltomoodsandbehaviour.LowlevelsofT3cancause

depression.Someanti-depressantsmakehypothyroidpatientsfeelevenworse

becausethemedicationsdepressT3 levels.Paradoxically,somesubstances

labelleddepressantssuchasalcoholoropiatescanincreaseT3 levelsby

impairingthebreakdownofT3inthebrain,thusliftingmood.Thismaybeone

reasonwhythesesubstancesaresoaddictive.

Severehypothyroidism cancausesymptomssimilartoAlzheimer'sdisease:

memory loss,confusion,slowness,paranoid depression,and in extreme

stages,hallucinations.Thyroiddiseaseisoneofthemanytreatablediseases

thatmustberuledoutbeforearrivingatthediagnosisofAlzheimer's,whichis

incurable and cannotbe definitely diagnosed untilafterdeath.Risk of

hypothyroidism increaseswithage;byage60,17%ofwomenand9%ofmen

havesymptomsofthyroiddisease.

Low thyroidhormonelevelsalsoproducefatigue,slighthypoglycemia(low

bloodsugar),sloweddigestionoffood,andconstipation.Infertilityiscommon.

Thesesymptomscanindicatethatotherdiseasesarepresent,particularly

becauseTH levelstendtogodownduringprolongedillnessinaneffortto

conserveenergy.Chronicdisease,suchasLymedisease,canmimic(orcause)

hypothyroidism.

Hypothyroidism is treated with hormone replacementtherapy,such as

levothyroxine,whichistypicallyrequired fortherestofthepatient'slife.

Thyroidhormonetreatmentisgivenunderthecareofaphysicianandmay

takeafewweekstobecomeeffective.

Negativefeedbackmechanismsresultingrowthofthethyroidglandwhen

thyroidhormonesarebeingproducedinsufficientlylowquantitiesasameans

ofincreasingthethyroidoutput;however,wherethehypothyroidism iscaused

byiodineinsufficiency,thethyroidisunabletoproduceT3 andT4 andasa

result,thethyroidmaycontinuetogrowtoform anon-toxicgoitre.Itistermed

non-toxicasitdoesnotproducetoxicquantitiesofthyroidhormones,despite

itssize.



43

2.28Causesofthyroiddisease

Thyroiddiseasesareamongthemostprevalentofmedicalconditionsand

theirmanifestationsvaryconsiderablyandaredeterminedprincipallybythe

availabilityofiodine(Vanderpump,2018).Themostcommoncauseofthyroid

disordersworldwideisiodinedeficiencyduetoabsenceofadequateiodinein

thedietorhighintakeofgoitrogenicfoodsleadingtogoitreformationand

hypothyroidism (Vanderpump,2018).

Iniodinesufficientregions,theautoimmunethyroiddiseases;Hashimoto’s

thyroiditisandGrave’sdiseasearethemostclinicalentitiesaffectingthe

thyroid.Themostcommoncauseofhypothyroidism isHashimoto’sthyroiditis

andthemostfrequentcauseofhyperthyroidism isGrave’sdisease(Kopp,

2002).Some experts believe thatcontinualiodine overdoses leads to

autoimmunethyroiddisease,becauseitseemstobethemajorcauseof

thyroiddisorderindevelopedcountries.

Autoimmunethyroiddiseaseisidentifiedbydetectingantibodiesintheblood.

InthecaseofGraves'disease,antibodieslatchontoanenzymeessentialfor

makingT4,andkeepitactiveandcontinuallyturnedon.Graves'diseaseis

treatedbysuppressingorkilling(removing)thethyroidandthenstabilizingthe

patient on thyroid hormone replacements. In Hashimoto's thyroiditis,

antibodieslatchontothesameenzyme,butblockitsfunction,andhelptrigger

destructionofthethyroid.IntheearlystagesofHashimoto'sthyroiditis,the

thyroidmayproducetoomuchTH,butasthethyroidisslowlydestroyed,the

patients TH levels drop.Hashimoto's thyroiditis is treated with thyroid

hormonereplacements.

Pollutantchemicalslikepolychlorinatedbiphenyls(PCBs)anddioxinshave

been shown to interfere with thyroid function and are more prevalentin

industrializedcountrieswherethyroiddiseaselevelsarehigh.Autoimmune

thyroiddisease,eitherhyperthyroidism orhypothyroidism,isalsolinkedto

post-traumatic stress disorderand is often firstobserved clinicallyafter

periodsofprolongedstress.
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2.29Goitrogenicfoods

Goitrogenic foods are foods thatcontain goitrogens which suppress the

functionofthethyroidglandbyinterferingwithiodineuptake,andcanasa

result,causehypothyroidism andgoitre.

Theyinclude;soybeansandsoyproducts,cassavaanditsproducts,peanuts

andcruciferousvegetablessuchascabbage,broccoli,cauliflower,brussel

sprouts,mustard,rutabagas,kohlrabiandturnips.

2.30Glycinemax(soybeans)

Soybean(Glycinemax)isalegumespeciesnativetoEastAsia,widelygrown

foritsediblebeanwhichhasnumeroususes.Itisnowgrowncommerciallyin

manypartsoftheworld,andsoybeansareagloballyimportantcrop,providing

oilandprotein(Anders,2013).Soybeanisamongthemajorindustrialandfood

cropsgrownineverycontinent.Ithasbeensuccessfullygrowninmanystates

inNigeriausinglowagriculturalinput.

2.31Constituentsofsoybeans

Together,soybean oiland protein contentaccountforabout60% ofdry

soybeansbyweight(proteinat40%andoilat20%).Theremainderconsistsof

35% carbohydrateandabout5% ash.Soybeanconsistsofapproximately8%

seedcoatorhull,90%cotyledonsand2%hypocotylaxisorgerm.

Anti-nutritionalelements

Soybeanscontainanumberofelementswhichhaveunwantedordetrimental

effectsinthehumanorganism.Anti-nutrientsfoundinsoybeansinclude;

Phyticacidorthesaltform phytateactsasanantioxidant,andfurthermore

hasastrongbindingaffinitytoimportantminerals,suchascalcium,iron,and

zinc,althoughthebindingofcalcium withphyticacidispH-dependentand

ascorbicacid(vitaminC)canreducephyticacid'seffectoniron(Isangaand

Zhang,2008).

Trypsininhibitorsaremolecules,whichbindtotheenzymetrypsin,andthereby

inhibitthedegradationofcertainlipidbondsamongaminoacids(lysineand

arginine)ofproteinsintheintestineofhumansandanimals.Thispreventsthe
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uptakeofaminoacids,andfurtherdetrimentallyaffectstheenzymebalance

andmaycausehypertrophicpancreasresponses.Soybeanscontainatleast

twotypesoftrypsininhibitors,andthebiologicalfunctionoftheinhibitorsis

thoughttobe,thatanimalswillavoideatingtheraw beansinthelongrun

(Selgradeetal.,2009).Heating,fermentationand leaching eliminatesthe

activityoftheinhibitors(IsangaandZhang,2008).

Lectinsareanaturalpartofmanylegumes,andaretoxictohumansathigher

levels.Inmatureraw soybeansthelectinlevelsarelow,whereasingreen

immaturebeansthelevelsmaybehigher.Lectinsbindtothegutwalland

reduceepithelialcellvitalityandfunctionality,andthusinhibittheabsorptionof

vitalnutritionalelementsintothebody.Possiblebeneficialeffectsoflectins,

e.g.theiranti-cancereffects,have,however,beendebatedinscience(Isanga

andZhang,2008).Leaching,cookingand(moist)heattreatmentdeactivates

thelectins(IsangaandZhang,2008).-Solublecarbohydratesarebrokendown

duringfermentation,soyconcentrate,soyproteinisolates,tofu,soysauce,and

sproutedsoybeansarewithoutflatusactivity.Ontheotherhand,theremaybe

somebeneficialeffectstoingestingoligosaccharidessuchasraffinoseand

stachyose,namely,encouragingindigenousbifidobacteriainthecolonagainst

putrefactivebacteria

Isoflavones

Isoflavonesareagroupofnaturallyoccurringheterocyclicphenols,whichare

presentinsoybeanatlevelsof0.1to5mg/g(IsangaandZhang,2008).The

threemajorgroupsofisoflavonesfoundinsoybeansaregenistein,daidzein,

andglycitein,andthegenisteinanddaidzeinformsconstitutetheabsolutely

largestproportionofisoflavonesinsoy.

Inin-vitrostudiesandinrats,isoflavoneshavebeenshowntocompeteforan

enzymethatisusedtomakethyroidhormoneandpartiallyinactivatethyroid

peroxidase,an enzyme required forthe synthesis ofthyroid hormones.

However,notonlyistheratextremelysensitivetogoitrogenicproblemsin

comparisontohumans,butdespiteinhibitingenzymeactivity,soy-containing

dietsallownormalthyroidfunction.Soymaysomewhatinhibittheabsorption

ofsyntheticthyroidhormone,suchassynthroid,whichistakenbyhypothyroid
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patients.However,foodsingeneralhavethiseffect,asdofibre-richfoods,

herbsandmanydrugs.Forthisreason,thyroidhormoneistakenonanempty

stomachandhypothyroidpatientscanstillconsumesoyproducts.Ifthereis

anysmalleffectonabsorption,themedicationdosecaneasilybeadjusted

accordingly.

2.32Usesofsoybeans

Soybeansareverynutritiousandcontainanaverageof40%protein.Itcanbe

useddirectlyforfoodinthehouseholdorprocessedforsoymilk,dadawa,soy-

cheese,,cookingoilandarangeofotherproductsincludingtom brown(infant

complementaryfood),soybeancake(forpoultryfeed),thehaulmsprovide

goodfeedforsheepandgoats.

2.33Manihotesculentacrantz(Cassava)

Cassava(ManihotesculentaCrantz)isastarchroottuber.Itisabasicstaple

food vitalforthe livelihood ofup to 500 million farmers and countless

processorsandtradersaroundtheworld(Plucknettetal.,2000).Theplantis

veryrobust,resistanttodroughtandcassavaproductiondoesnotrequirehigh

inputs.CassavaoriginatedinSouthAmericawhereitwasdomesticated2,000-

4,000yearsB.C.andwasintroducedintoAfricainthe16thcenturybythe

Portuguese(Jones,1959;FauquetandFargette,1990).Inthe18thcenturyit

wasintroducedtotheeastcoastofAfrica.Thetotalworldcassavaproduction

intheyear2002 was184,852,540 metrictonnes,with100,689,149 being

producedinAfricaalone(FAO,2003).

2.34Constituentsofcassava

Processingcassavabypeeling,chopping,andcookingreducesitsnutritional

valuebecausemanyofthevitaminsaredestroyedbyprocessingaswellas

mostofthefibreand resistantstarch(Elliot,2017).Therefore,themore

popularprocessedformsofcassavasuchastapiocaandgarrihavevery

limitednutritionalvalue(Elliot,2017).

A100gram servingofboiledcassavarootcontains112calories(98% from

carbsandtherestfrom asmallamountofproteinandfat).Thefollowing

nutrients are found in 100grams of boiled cassava; calories (112),

Carbohydrate(27grams),fibre(1gram),thiamine(20%ofRDI),Phosporus(5%
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ofRDI),Calcium (2%ofRDI)andribloflavin(2%oftheRDI).Italsocontains

smallamountsofiron,vitaminCandniacin.

Resistantstarch

Cassavaishighinresistantstarchwhichisatypeofstarchwhichbypasses

digestionandhaspropertiessimilartosolublefibre.Thebenefitsofresistant

starcharepromising,butitisimportanttonotethatmanyprocessingmethods

maylowercassava’sresistantstarchcontent(Elliot,2017).

Anti-nutrients

Anti-nutrientsareplantcompoundsthatinterferewithdigestionandinhibit

absorptionofvitaminsandmineralsinthebody.Theyaremorelikelytoimpact

populationsatriskofmalnutritionwhichincludepopulationsthatrelyon

cassavaasthemajorsourceofcalories.Anti-nutrientsfound incassava

include;saponins,phytateandtannins

Cyanide

Manihotesculentacrantz(Cassavatuber)productscontaincyanide(McPhee

etal.,2009)whichisdigestedtoform thiocyanate.Thiscompoundcanblock

thyroidaluptakeofiodinebycompetingwithsodium iodidesymporter(NIS).A

reportbyChandraetal.,(2006)onanexperimentwhichlastedfor90days

stated that‘Afterconsumption,cyanogenic constituents in cassava are

metabolized to thiocyanate and iodine-retaining capacity seems to be

dependentonthiocyanateexposure.Frequentconsumptioncanincreasethe

riskofcyanidepoisoningwhichimpairthyroidfunctionandnervefunctionand

itsassociatedparalysisandorgandamage.Sinceproteinhelpstogetridof

cyanide,cyanidepoisoningisofgreaterconcernforthosewhosufferfrom

proteindeficienciesanddependoncassavaasamajorsourceofcalories.

Cassavaisgenerallysaferforconsumptionwhenitiseatenoccasionallyin

moderateamounts(1/3to½ cup)(Elliot,2017).Properprocessingsuchas

peeling,soakingfor48-60hours,cooking(byboiling,roastingorbaking)and

paringwithproteininmeals(Elliot,2017).
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2.35Usesofcassava

Cassavaisthechiefsourceofdietaryfoodenergyforthemajorityofthe

peoplelivinginthelowlandtropicsandmuchofthesub-humidtropicsofwest

and centralAfrica.Cassava products are importantforlivestock feed

formulation,cassava starch,cassava flour,cassava juice and fermented

cassavaareusedinindustries.Cassavastarchisusedformakingpastries

derivatives,jellies,thickening agents,gravies,custard powder,babyfood,

glucoseandconfectioneries.Cassavastarchisusedinmakingpasteproducts

suchasspaghettiandmacaroniaswellasbreweryproductssuchasbeerand

ethanolin combination with sugarcane.Fermented cassava is used in

preparationofgarri,fufu,tapioca,(EchebiriandEdaba,2008).

2.36Glucose

GlucoseisamonosaccharidewithformulaC6H12O6 orH-(C=O)-(CHOH)5-H,

whosefivehydroxyl(OH)groupsarearrangedinaspecificwayalongitssix-

carbonbackbone.Cellsuseitastheprimarysourceofenergyandametabolic

intermediate(ClarkandSorkoloff,1999).

Glucoseexistsinseveraldifferentstructures,butallofthesestructurescanbe

dividedintotwofamiliesofmirror-images(stereoisomers).Onlyonesetof

theseisomersexistsinnature,thosederivedfrom the"right-handedform"of

glucose,denoted D-glucose.D-glucose is often referred to as dextrose.

According to theMerriam-Websteronlinedictionary,theterm dextroseis

derivedfrom dextrorotatoryglucose.Solutionsofdextroserotatepolarized

lightto the right.Starch and cellulose are polymers derived from the

dehydrationofD-glucose.Theotherstereoisomer,calledL-glucose,ishardly

foundinnature.

Initsfleetingopen-chainform,theglucosemoleculehasanopen(asopposed

tocyclic)andunbranchedbackboneofsixcarbonatoms,C-1throughC-6;

whereC-1ispartofanaldehydeH(C=O)-,andeachoftheotherfivecarbons

bearsonehydroxylgroup-OH.Theremainingofthebackbonecarbonsare

satisfiedbyhydrogenatoms-H.Thereforeglucoseisanhexoseandanaldose,

oranaldohexose.

EachofthefourcarbonsC-2throughC-5ischiral,meaningthatitsfourbonds
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connecttofourdifferentsubstituents.(CarbonC-2,forexample,connectsto-

(C=O)H,-OH,-H,and-(CHOH)4H.)InD-glucose,thesefourpartsmustbeina

specificthree-dimensionalarrangement.Namely,whenthemoleculeisdrawn

intheFischerprojection,thehydroxylsonC-2,C-4,andC-5mustbeonthe

rightside,whilethatonC-3mustbeontheleftside.

ThepositionsofthosefourhydroxylsareexactlyreversedintheFischer

diagram of L-Glucose.D-and L-glucose are two of the 16 possible

aldohexoses;the other14 are allose,altrose,mannose,gulose,idose,

galactose,andtalose,eachwithtwoisomers,'D-'and'L-'.

2.37Physicalpropertiesofglucose

Solutions

Allformsofglucosearecolourlessandeasilysolubleinwater,aceticacid,and

severalothersolvents.Theyareonlysparinglysolubleinmethanolandethanol.

Theopen-chainform isthermodynamicallyunstable,anditspontaneously

tautomerizestothecyclicforms.(Althoughtheringclosurereactioncouldin

theorycreatefour-orthree-atom rings,thesewouldbehighlystrainedandare

notobserved.)In solutions atroom temperature,the fourcyclic isomers

interconvertoveratimescaleofhours,inaprocesscalledmuta-rotation(John,

1988)Startingfrom anyproportions,themixtureconvergesstableratioofα:β

36:64.Theratiowouldbeα:β11:89ifitwerenotfortheinfluenceofthe

anomericeffect(Juaristaetal.,1995).Muta-rotationisconsiderablyslowerat

temperaturescloseto0°C.

Muta-rotationconsistsofatemporaryreversalofthering-formingreaction,

resultingintheopen-chainform,followedbyare-formingofthering.Thering

closurestepmayuseadifferent-OH groupthantheonerecreatedbythe

openingstep(thusswitchingbetweenpyranoseandfuranoseforms),and/or

thenew hemiacetalgroupcreatedonC-1mayhavethesameoropposite

handednessastheoriginalone(thusswitchingbetweentheαandβforms).

Thus,eventhoughtheopen-chainform isbarelydetectableinsolution,itisan

essentialcomponentoftheequilibrium.

Solidstate
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Depending on conditions,three majorsolid forms ofglucose can be

crystallisedfrom watersolutions:α-glucopyranose,β-glucopyranose,andβ-

glucopyranosehydrate(Fredetal.,2006).

2.38GlucoseHomeostasis

Gluco-regulationisthemaintenanceofsteadylevelsofglucoseinthebody;it

ispartofhomeostasis,andsokeepsaconstantinternalenvironmentaround

cellsinthebody.

Thehormoneinsulinistheprimaryregulatorysignalinanimals,suggesting

thatthebasicmechanism isveryoldandverycentraltoanimallife.When

present,itcausesmanytissuecellstotakeupglucosefrom thecirculation,

causessomecellstostoreglucoseinternallyintheform ofglycogen,causes

somecellstotakeinandholdlipids,andinmanycasescontrolscellular

electrolytebalancesandaminoaciduptakeaswell.Itsabsenceturnsoff

glucoseuptakeintocells,reverseselectrolyteadjustments,beginsglycogen

breakdownandglucosereleaseintothecirculationbysomecells,beginslipid

releasefrom lipidstoragecells,etc.Thelevelofcirculatoryglucose(known

informallyas "blood sugar")is the mostimportantsignalto the insulin-

producing cells.Dietcontrols majoraspects ofmetabolism via insulin,

becausethelevelofcirculatoryglucoseislargelydeterminedbytheintakeof

dietarycarbohydrates.Inhumans,insulinismadebybetacellsinthepancreas,

fatisstoredinadiposetissuecells,andglycogenisbothstoredandreleased

asneededbylivercells.Regardlessofinsulinlevels,noglucoseisreleasedto

thebloodfrom internalglycogenstoresfrom musclecells.

Thehormoneglucagon,ontheotherhand,hasaneffectoppositetothatof

insulin,forcingtheconversionofglycogeninlivercellstoglucose,whichis

thenreleasedintotheblood.Musclecells,however,lacktheabilitytoexport

glucoseintotheblood(Leonardetal.,2005).Thereleaseofglucagonis

precipitatedbylow levelsofbloodglucose.Otherhormones,notablygrowth

hormone,cortisol,andcertaincatecholamines(suchasepinepherine)have

glucoregulatory actions similarto glucagon.Amino acids also stimulate

secretion(thoughtheyalsoincreaseglucagonrelease).

Hormones:Gastrointestinalhormonesstimulatesecretion(gastrin,secretin,
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CCK).Severalhormones secreted by the gastrointestinaltract,including

gastricinhibitorypeptide(GIP),gastrin,andsecretin,promoteinsulinsecretion.

Anoraldoseofglucoseproducesagreaterincrementininsulinsecretionthan

anequivalentintravenousdosebecauseoralglucosepromotesthesecretion

ofGIhormonesthataugmentinsulinsecretionbythepancreas.Directinfusion

ofacetylcholineintothepancreaticcirculationstimulatesinsulinsecretion,

reflecting the role ofparasympathetic innervations in regulating insulin

secretion.Adrenaline,noradrenalineandsomatostatininhibitinsulinrelease.In

additiontofactorsthatstimulateinsulinsecretion,thereareseveralpotent

inhibitors.Exogenouslyadministeredsomatostatinisastronginhibitor.Itis

presumed thatpancreatic somatostatin plays a role in regulating insulin

secretion,buttheimportanceofthiseffecthasnotbeenfullyestablished.

Epinephrineandnorepinephrine,theprimarycatecholamines,arealsopotent

inhibitors ofinsulin secretion.This response would appearappropriate

because during periods ofstress and high catecholamine secretion,the

desiredresponseismobilizationofglucoseandothernutrientstores.Insulin

generallypromotestheoppositeresponse,andbyinhibitinginsulinsecretion,

thecatecholaminesproducetheirfulleffectwithouttheopposingactionsof

insulin(RhoadesandTanner,2003).

Hormones that stimulate glucagon synthesis and secretion are the

catecholamines;adrenaline and noradrenaline.Glucagon synthesis and

secretionisinhibitedbysomatostatinandinsulin.

2.39GlucoseToleranceTest

AccordingtotheOxfordDictionaryofBiochemistry,glucosetolerancetestis

anyproceduredesignedtoassesstheresponseofanindividualtoaloading

dose ofglucose,widelyused in the diagnosis ofdiabetes mellitus.The

standardoralglucosetolerancetestisperformedinthemorningafter12

hoursoffastingfollowingatleast3days'unrestricteddiet,physicalactivity,

andfreedom from medication.Aftercollectionofthefastingbloodsample,75

g(or1.75gperkgofbodyweightforchildren)glucoseisingestedin5minutes

in200—500mlwater.Bloodsamplesarethencollectedat30-minuteintervals

for2hours,andurinesamplesarecollectedat0,1,and2hours.Allsamples

areassayedforglucose.Forcapillarybloodsamples,amaximum glucose
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levelbelow10mmol/l(180mg/100ml)anda2-hourvaluelessthan7.5mmol/l

(135mg/100ml)arethecriteriafornormality.Ifvenousbloodisusedthe

corresponding values are 8.9mmol/l (160mg/100ml) and 6.1mmol/l

(110mg/100ml).Theurinesamplesshouldbeglucosefree.

Table2.1.Tableshowing1999WHODiabetescriteria-InterpretationofOral

GlucoseToleranceTest

Glucose

Levels

Normal ImpairedFasting

Glycaemia(IFG)

Impaired

glucose

tolerance(IGT)

Diabetes

Mellitus(DM)
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Venous

Plasma

Fasting 2hours Fasting 2hours fasting 2hours Fasting 2hours

(mmol/l) <6.1 <7.8 ≥6.I&<7.0 <7.8 <7.0 ≥7.8 ≥7.0 ≥11.1

(mg/dl) <110 <140 ≥110&<126 <140 <126 ≥140 ≥126 ≥200

From table2.1inthepreviouspage,itcanbeseenthatoralglucosetolerance

testcanbeusedtodeterminethefollowingconditions;

Diabetesmellitus

Impairedglucosetolerance
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Impairedfastingglycaemia

2.40HomeostaticModelAssessmentofInsulinResistance(HOMA-IR)

Thisisamethodthatisusedinquantifyinginsulinresistance.Itwasfirst

describedbyusingthename;HOMAbyMathew etal.,in1985.Originally,it

wasdesignedasaspecialcaseofamoregeneralstructure(HOMA_CIGMA)

thatincludesthecontinuousinfusion ofglucosewith modelassessment

(CIGMA)approach.Bothtechniquesusemathematicalequationstodescribe

thefunctioningofthemajoreffectororgansinfluencingglucoseandinsulin

interactions.Thismodelhasbeentestedseverallyagainstothermeasuresof

insulinresistance.(Mathewetal.,1985)

2.41InsulinToleranceTest

Accordingtothemethodof(JingAietal.,2005),

1.Ratsarefastedforsixhours.

2. Each ratisweighed and insulin doseiscalculated 0.05μ/kg body

weight.Insulinispreparedat0.1μ/mlinadvance(16.6μlof10mg/ml

insulinin40mlPBS).

3.Bloodglucoseismeasuredforeachrattogetthevaluefor0timepoint.

Bloodglucoselevelwillbedeterminedbyglucometreinbloodfrom tail

vein.Tailsnippingisusedtogetblood.

4.Insulinisinjectedintra-peritoneally

5.Bloodglucoseismeasuredat30,60,90and120minutesafterthe

insulininjection.

2.42Thepancreas

Thepancreasislocatedintheupperleftquadrantoftheabdominalcavity

extendingfrom thecurveoftheduodenum tothespleen(Leonard,2005).The

pancreasiscomposedoftwomajortypesoftissues;

(1)Theacini,whichsecretedigestivejuicesintotheduodenum,and

(2)TheisletsofLangerhans,whichsecreteinsulinandglucagondirectlyinto

theblood.

Onetotwomillionhighlyvascularisedandrichlyinnervatedisletscomprisethe
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endocrinepancreas.Theseisletscontaininsulin-secretingbetacells,glucagon

-secretingalphacells,andsomatostatin-secretingdeltacells.Thebetacells

makeupabout60% ofallisletcellsandliemainlyinthemiddleoftheislet

cells.Thebetacellssecreteinsulinandamylin.

Theaphacellswhichmakeupabout25%oftheisletcellssecreteglucagon.

The delta cells which comprise about 10% of the islet cells secret

somatostatin.

2.43Glucagon

Thisisalargepolypeptidecomposedofachainof29aminoacids.Itis

secretedbythealphacellsoftheIsletsofLangerhans.Itsoveralleffectisto

increasebloodglucoseconcentrationwhenthebloodglucoseconcentrationis

low.

Alpha cells respond directly to blood glucose concentrations.Glucagon

secretionismaximalatlowbloodglucoseconcentrationsandinhibitedathigh

glucoseconcentrations;

Increased concentrationsofamino acidsin blood and the guthormone

cholecystokininstimulateglucagonsecretion;

Itsphysiologicroleistostimulatehepaticproductionofmetabolicfuelsand

increasebloodconcentrationsofglucoseandketonebodiesby;

 Breakdownofstoredglycogen(glycogenolysis):Itdoesthisbyacascade

ofevents.Glucagonactivatedadenylcyclaseinthehepaticcellmembrane

whichcausestheformationofcyclicAMPwhichactivatesproteinkinase

whichactivatesphosphorylasebkinasewhichconvertsphosphorylaseb

into phosphorylase a which promotesthe degredation ofglycogen to

glucose-1-phosphate which isthen phosphorylated and the glucose is

releasedfrom thelivercells.

 New synthesis of glucose (gluconeogenesis) in the liver:glucagon

increasesamino aciduptakebylivercellswhichisthenconvertedto
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glucosebygluconeogenesis.Thisisachievedbyactivatingtheenzyme

system forconvertingpyruvatetophophoenolpyruvate.Othereffectsare;it

activatesadiposecelllipasemakingfattyacidsavailablefortheenergy

systemsofthebody.Itinhibitsstorageoftriglyceridesintheliver

 Italsoinhibitsglycogenesis

Somatostatin,insulin,ketonebodies,andfreefattyacidsinhibitglucagon

secretion.

2.44Insulin

Insulinwasfirstisolatedfrom thepancreasbyBantingandBestin1922.The

discoveryofinsulinchangedthefateofdiabeticpatientsfrom beingsevereto

almostnormal.

Insulinisasmallprotein;humaninsulinhasamolecularweightof5808.Itis

composedoftwoaminoacidchains,connectedtoeachotherbydisulfide

linkages.Insulinissynthesisedinthebetacellsoftheisletsoflangerhans.

SynthesisofinsulinstartswiththetranslationofinsulinRNAbyribosomesto

form preproinsulinwhichhasamolecularweightof11,500andiscleavedin

the endoplasmic reticulum to generate proinsulin which has a molecular

weightofabout9000andismadeupofthreepeptidechainsA,BandC.Inthe

golgiapparatus,proinsulinisfurthercleavedtoform insulinwhichismadeup

ofAandBchainsconnectedbyCpeptide.Cpeptideandinsulinarestoredin

thesecretorygranulesandaresecretedinequimolarquantities.Between5-10

percentofthefinalproductsecretedisproinsulin.

Insulinthatissecreted into thebloodstream existsalmostcompletelyin

unboundform withahalflifeofabout6minutes.Savetheportionofinsulin

thatcombineswithreceptorsinthetargetcells,theremainderisdegradedby

theenzymeinsulinasemainlyintheliverandalsointhekidneyandmuscles.

Thisrapiddegradationandremovalofinsulinisveryimportantbecauseat

times,itisnecessarytorapidlyturnoffthecontrolfunctionsofinsulin.

Inorderforinsulintocarryoutitseffectsontargetcellsitmustfirstbindwith

andactivateamembranereceptor.Theinsulinmembranereceptorproteinhas

amolecularweightof300,000.Whenthereceptorisactivated,itcausesthe
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subsequenteffects.

The insulin receptorcomprises foursubunits held togetherby disulfide

linkages;twoalphasubunitsandtwobetasubunits.Thealphasubunitslie

entirelyoutsidethecellmembranewhilethebetasubunitspenetratethecell

membraneallthewayintothecytoplasm.

Insulinbindswiththealphasubunitsoutsidethecellmembranewhichleadsto

auto-phosphorylationofthebetasubunitsasaresultoftheirlinkagewiththe

alphasubunitstowhichinsulinisbound.Auto-phosphorylationofthebeta

subunitscausesactivationofalocaltyrosinekinasewhichthenleadsto

phosphorylationofmultipleotherintracellularenzymese.ginsulin-receptor

substrates(IRS)whichareexpressedindifferenttissues.

Insulindirectsintracellularmetabolicmachinerytoproducedesiredeffectson

carbohydrate fat and protein metabolism.The end effects of insulin

stimulationarethefollowing

Afterinsulinbindswiththereceptors,about80percentofthecellsespecially

themuscleandadiposetissuecellsinthebodyincreasetheiruptakeof

glucosefrom theblood.Thisglucoseisrapidlyphosphorylatedtobecomea

substrateforcarbohydratemetabolism.

Insulin secretion is activated by increased blood glucose as occurs

immediatelyafterameal.

Theprincipalphysiologicactionofinsulinistopromotestorageofmetabolic

fuelsandreducebloodglucoselevelby:

 increasing uptake byincreasing permeabilityofthe cellmembrane to

glucosetoglucoseanduseofglucosebymuscleandconnectivetissue

cells

 InsulinincreasesglucosetransportandItactivatesconversionofglucose

toglycogen(glycogenesis)inthemusclesandliver

 Inhibitionofglucoseproduction(gluconeogenesis)from proteinandfat.

 Inhibitionofthebreakdownofglycogen(glycogenolysis)
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 Italsopromotesthesynthesisoffattyacidsandstorageoffatinadipose

tissues(lipogenesis)andpromotestheuptakeofaminoacidsbycellsand

thesynthesisofprotein.

2.45InsulinResistance

Insulinresistanceisreducedsensitivityoftissuestoinsulinmediated

biologicalacitivity(Alan,2012).Developmentofinsulinresistanceand

impairedglucosemetabolism isusuallyagradualprocess,beginningwith

excessweightgainandobesity(Hall,2008).Themechanismsthatlinkobesity

withinsulinresistance,however,arestilluncertain.Somestudiessuggestthat

therearefewerinsulinreceptors,especiallyintheskeletalmuscle,liver,and

adiposetissue,inobesethaninleansubjects(Hall,2008).However,mostof

theinsulinresistanceappearstobecausedbyabnormalitiesofthesignaling

pathwaysthatlinkreceptoractivationwithmultiplecellulareffects.Impaired

insulinsignalingappearstobecloselyrelatedtotoxiceffectsoflipid

accumulationintissuessuchasskeletalmuscleandliversecondarytoexcess

weightgain(Hall,2008)

Insulinresistanceispartofacascadeofdisordersthatisoftencalledthe

“metabolicsyndrome.”Someofthefeaturesofthemetabolicsyndrome

include:obesity,especiallyaccumulationofabdominalfat,insulinresistance,

fastinghyperglycemia,lipidabnormalitiessuchasincreasedblood

triglyceridesanddecreasedbloodhigh-densitylipoprotein-cholesteroland

hypertension.Allofthefeaturesofthemetabolicsyndromearecloselyrelated

toexcessweightgain,especiallywhenitisassociatedwithaccumulationof

adiposetissueintheabdominalcavityaroundthevisceralorgans.Theroleof

insulinresistanceincontributingtosomeofthecomponentsofthemetabolic

syndromeisunclear,althoughitisclearthatinsulinresistanceistheprimary

causeofincreasedbloodglucoseconcentration(Hall,2008)

2.46Somatostatin

Thephysiologicimportanceofpancreaticsomatostatinisnotunderstood.

Becauseitcaninhibitsecretionofbothinsulinandglucagon,ithasbeen

suggestedthatsomatostatin,byactinginaparacrinefashion,maycontribute

totheregulationofglucagonandinsulinsecretion.
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Increased concentrations ofglucose oramino acids in blood stimulate

somatostatinsecretionbyintestinaldeltacells.

2.47DiabetesMellitus

Diabetesmellitusisadiseaseofmetabolicdysregulationmostnotablya

dysregulationofglucosemetabolism accompaniedbylong-term vascularand

neurologicalcomplications(RhoadesandTanner,2003).Diabetesmellitus,

oftensimplyreferredtoasdiabetes,isagroupofmetabolicdiseasesinwhich

apersonhashighbloodsugar,eitherbecausethebodydoesnotproduce

enoughinsulin,orbecausecellsdonotrespondtotheinsulinthatisproduced.

Thishighbloodsugarproducestheclassicalsymptomsofpolyuria(frequent

urination),unintendedweightloss,polydipsia(increasedthirst)andpolyphagia

(increasedhunger)(Wildetal.,2004).

Theprevalenceofdiabetesforallage-groupsworldwidewasestimatedtobe

2.8% in2000and4.4% in2030.Thetotalnumberofpeoplewithdiabetesis

projected to rise from 171 million in 2000 to 366 million in 2030.The

prevalenceofdiabetesishigherinmenthanwomen,buttherearemore

womenwithdiabetesthanmen.Theurbanpopulationindevelopingcountries

is projected to double between 2000 and 2030.The mostimportant

demographicchangetodiabetesprevalenceacrosstheworldappearstobe

theincreaseintheproportionofpeopleabove65yearsofage.(Wildetal.,

2004)

Therearetwomaintypesofdiabetes:

Type1diabetes:

Resultsfrom thebody'sfailuretoproduceinsulin,andpresentlyrequiresthe

person to injectinsulin.(also referred to as insulin-dependentdiabetes

mellitus(IDDM)andjuvenilediabetes.)

Type1diabetesmellitusischaracterizedbyabsoluteinsulindeficiency.Intype

1A,acellular-mediatedautoimmunedestructionofbetacellsofthepancreas

occurs.Thediseaseprocessisinitiatedbyanenvironmentalfactorthatis,an

infectious or non-infectious agent in genetically susceptible individuals

(Olatunbosun2011).
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Somegenesinthehistocompatibilityleukocyteantigen(HLA)system are

thoughttobecrucial.A stress-inducedepinephrinerelease,whichinhibits

insulinrelease(withresultanthyperglycemia),sometimesoccursandmaybe

followed byatransientasymptomaticperiod knownas"thehoneymoon."

Lasting weeks to months,the honeymoon precedes the onsetofovert,

permanentdiabetes(OlatunbosunandDagogo-Jack,2011).

Amylin,a beta-cellhormone thatis normallyco-secreted with insulin in

responsetomeals,isalsocompletelydeficientinpersonswithtype1diabetes

mellitus.Amylinexhibitsseveralgluco-regulatoryeffectsthatcomplement

thoseofinsulininpostprandialglucoseregulation.Idiopathicformsoftype1

diabetesalsooccur,withoutevidenceofautoimmunityorHLA association;

thissubsetistermedtype1Bdiabetes.

Inastateofhealth,normoglycemiaismaintainedbyfinehormonalregulation

ofperipheralglucoseuptakeandhepaticproduction.

Type2diabetes

Thistypeofdiabetesmellitusresultsfrom insulinresistance,aconditionin

whichcellsfailtouseinsulinproperly,sometimescombinedwithanabsolute

insulin deficiency.Itwas formerly referred to as non-insulin-dependent

diabetesmellitus(NIDDM)oradult-onsetdiabetes.Type2diabetesmellitus

resultsfrom adefectininsulinsecretionandanimpairmentofinsulinactionin

hepatic and peripheraltissues,especially muscle tissue and adipocytes

(Corpeleijn etal.,2008).A post-receptordefectis also present,causing

resistancetothestimulatoryeffectofinsulinonglucoseuse.Asaresult,a

relativeinsulindeficiencydevelops,unliketheabsolutedeficiencyfoundin

patientswithtype1diabetes.Thespecificetiologicfactorsarenotknown,but

geneticinputismuchstrongerintype2diabetesthaninthetype1form

(Defronzo,2004)

Impairedglucosetoleranceisatransitionalstatefrom normoglycemiatofrank

diabetes,butpatientswithimpairedglucosetoleranceexhibitconsiderable

heterogeneity.Type 2 diabetes,or glucose intolerance,is part of a

dysmetabolic syndrome (syndrome X) that includes insulin resistance,
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hyperinsulinemia,obesity,hypertension,anddyslipidemia.Currentknowledge

suggeststhatthedevelopmentofglucoseintoleranceordiabetesisinitiated

byinsulinresistanceandworsenedbythecompensatoryhyperinsulinemia

(OlatunbosunandDagogo-Jack2011).

The progression to type 2 diabetes is influenced by genetics and

environmentaloracquiredfactors,suchasasedentarylifestyleanddietary

habitsthatpromoteobesity.Mostpatientswithtype2diabetesareobese,and

obesity is associated with insulin resistance.Centraladiposity is more

importantthanincreasedgeneralizedfatdistribution.Inpatientswithfrank

diabetes,glucosetoxicityandlipotoxicitymayfurtherimpairinsulinsecretion

bythebetacells(Dagogo-Jack,1997)(Lietal.,2010)(Koetal.,2010).

2.48EffectsofThyroidHormonesonGlucoseHomeostasis

T3 accelerates virtuallyallaspects ofmetabolism including carbohydrate

utilization. It increases glucose absorption from the digestive tract,

glycogenolysisandgluconeogenesisinhepatocytes,andglucoseoxidationin

liver,fat,andmusclecells(Leonard,2005).Nosingleoruniquereactioninany

pathway ofcarbohydrate metabolism has been identified as the rate-

determiningtargetofT3action.Rather,carbohydratedegradationappearsto

bedrivenbyotherfactors,suchasincreaseddemandforATP,thecontentof

carbohydrateinthediet,orthenutritionalstate.AlthoughT3 mayinduce

synthesisofspecificenzymesofcarbohydrateandlipidmetabolism,e.g.,the

malic enzyme, glucose-6-phosphate dehydrogenase, and 6-

phosphogluconatedehydrogenase,itappears to behave principally as an

amplifierworkinginconjunctionwithothersignals.

ThestudyoftherespiratoryquotientandoftheurinebyCramerandMcCallin

1918showedthatremovalofthethyroidglanddoesnotimpairthepowerof

thecellsoftheorganism tooxidisecarbohydrates.From thisitcanbeinferred

that the condition of the carbohydrate metabolism in experimental

hyperthyroidism isnotduetoadirectstimulatingeffectofthethyroidhormone

ontheoxidationofcarbohydrates.

AstudybyWaltersandMcLean(1967)revealedthatthyroidectomydepressed

theoxidationof14-Clabeledsubstrates,however,theratioofoxidationofI-14C
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glucose/oxidationof6-14Cglucosewasunaltered.Theyalsodiscoveredthat

the activities of hexokinase, glucose-6-phosphate dehydrogenase, 6-

phosphogluconatedehydrogenaseandNADP-linkedisocitratedehydrogenase

werealllowerinthethyroidectomisedgroupthaninthepair-fedcontrolgroup.

Inhyperthyroidpatients,thyroidhormonelevelsareinverselyrelatedtotherate

ofinsulinrelease,suggestingarelationshipbetweenalteredinsulinsecretion

andseverityofhyperthyroidism (Roubsanthisuketal.,2006).

Theeffectsofexcessthyroidhormoneonvariousorgansystemsresultsin

alteredglucosemetabolism,potentiallyleadingtodiabeticketoacidosisand

thyroidstorm.Thyroidhormoneincreaseshepaticglucoseoutput,decreases

peripheralglucose disposal,increases inactive insulin secretion by the

pancreas,andincreasesinsulinclearancebythekidney.

In addition to these secretion and clearance alterations, overweight

hyperthyroid women lose their first-phase response to hyperglycemia,

demonstratinglowerinsulinpeaksafterintravenousglucosechallenge,similar

towhatisobservedinpatientswithearlytype2Diabetes(Ohgunietal.,1995).
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CHAPTERTHREE

MaterialsandMethods

3.0Thischapterdescribesthevariousmethodsandproceduresusedinthis

study

3.1Purchaseandprocessingofsoybeans

Fig3.1PurchaseandprocessingofSoybeans

Soybeanswereparboiled

forfifteenminutes,

dehulled,sun-driedand

milledintopowderedform

Soybeanswerebought

from thelocalmarket.

Soybeansweremixedwithnormalrat

feedataconcentrationof30%

soybeans.The30%soybeansfeedwas

pelletized
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3.2Purchaseandprocessingofcassava

Figure3.2PurchaseandprocessingofCassava

Cassavatubers

wereboughtfrom

thelocalfarmersat

Ibadan

Cassavatuberswereprocessedby

peeling,millinginacassavamill,

compressingtogetridofthejuiceand

leavinginthesacktofermentforthree

days.

Theresultingpastewasroasted

overanopenflametoproduce

cassavaflakes(garri)

Cassavaflakes

weremixedwith

normalratfeedata

concentrationof

30%cassava

flakes.Thefeed

wasthenpelletized
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3.3DeterminationofIodineandCaloricContentofFeeds

Thestandardratfeed,processedsoybeansandcassavaflakeswereanalysed

todeterminethefollowingparametres;

1.DeterminationofIodineContent

ThemethodofA.O.A.C (1984)wasused.5gofsamplewasdissolvedin

approximately100mlwater.ThepHwasadjustedto2.8using0.6%HCl.30mg

potassium iodidepowder(KI)wasaddedtoconvertalliodatepresentto

elementaliodine.

The liberated iodine was titrated with 0.005N freshly prepared Na2S2O3

(sodium thiosulphatesolution)using1% starchsolutionastheendpointor

equivalence pointindicator.The titre obtained atthispointwasused to

calculateiodineconcentrationinsampleinmg/kg.

Iodineinmg/kg=titrevalueX0.1058X100/wt.ofsample

Whereweightofsample=10g

Formulabecomes:titrevalueX10.58

N.B1ml0.005NNa2S2O3=0.1058mgI

2.DeterminationofCaloriccontent(usingabombcalorimeter)

TheapparatususedwastheGallenkampBallisticBombCalorimeter.Reagent

usedforcalibrationwasBenzoicacid.

Determination:0.25gofeachsampledependingonthebulkinesswasweighed

into the steelcapsule.A 10cm cotton thread was attached to the

thermocoupletotouchthecapsule.Thebombwasclosedandchargedinwith

oxygenupto30atm.Thebombwasfixedupbydepressiontoigniteswitchto

burnthesampleinanexcessofoxygen.Themaximum temperatureriseinthe

bombwasmeasuredbythermocoupleandgalvanometersystem.Therisein

temperaturewiththatobtainedfor0.25gm ofbenzoicacidofeachsample

wasdeterminedbythefollowingstepwisecalculations:
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MassofBenzoicacid=W1gm
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CaloricValueof1gm ofBenzoicacid=6.32Kcal/g

Heatreleasedfrom Benzoicacid=6.32xW1Kcal

Galvanometerdeflectionwithoutsample=T1

Galvanometerdeflectionofbenzoicacid=T2-T1

Calibrationconstant=6.32xW1/T2-T1=y

Thestandardisingisrepeatedfivetimesandaveragevaluecalculatedfory.

Massofsample=0.25gm

Galvanometerdeflectionwithsample=T3

Galvanometerdeflectionofsample=T3-T1

Heatreleasedfrom sample=(T3-T1)yKcal

Caloricvalueofsample=(T3-T1)y/0.25Kcal/g

3.4Experimentaldesign

Sixty(60)adolescentmaleratsofthewistarstrainwerepurchasedattheanimal

houseandkeptincages.Theratshadaccesstofoodandwateradlibitum.

Theratsweregroupedintothree(3)broadgroups(1,2and3)witheachhavingfour

(4)subgroups(A-D)offive(5)animalseach.
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TABLE3.1Animalgrouping

GROUPS SUBGROUPS NUMBEROF

ANIMALSPER

SUBGROUP

NUMBEROF

ANIMALSPER

GROUP

Group1

Normalratfeed

SubgroupA

Non-diabeticrats

5

20

SubgroupB

Non-diabeticrats+

iodine

5

SubgroupC

Diabeticrats

5

SubgroupD

Diabeticrats+iodine

5

Group2

30%Soybeansfeed

SubgroupA

Non-diabeticrats

5

20

SubgroupB

Non-diabeticrats+

iodine

5

SubgroupC

Diabeticrats

5

SubgroupD

Diabeticrats+iodine

5

Group3

30%Cassavafeed

SubgroupA

Non-diabeticrats

5
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SubgroupB

Non-diabeticrats+

iodine

5

20

SubgroupC

Diabeticrats

5

SubgroupD

Diabeticrats+iodine

5

TotalNumberofanimals 60

Theratswerekeptforatotalof8weeksbeforetheyweresacrificed.

3.5Iodinesupplementation

IngroupsBandD,iodinewasaddedtotheratfeedswhichwerefedtotheratsad

libitum from thebeginningtotheendoftheexperiment(for8weeks).Theiodine

wasmixedwiththeirfeedsataconcentrationof10mg/kgoffeed;amethodusedby

Kotyzováa et al.,(2005) for iodine supplementation.The requirement was

determinedbycomparingtheweight,iodinecontentanddrymattercontentof

thyroidglandsfrom ratssupplementedwithvariouslevelsofiodine.

3.6InductionofDiabetesMellitus

Diabeteswasinduced in subgroupsC and D after6 weekswith onedoseof

intraperitonealadministrationofAlloxanmonohydrateatadoseof150mgperkg

ratbodyweight(SikarwarandPatil,2010)(Akinolaetal.,2012)afteranovernight

fast.TheAlloxanwasdilutedinnormalsalineandadministeredwithinafewminutes.

Onehourafter,theratsweregivenfeedadlibitum and5%dextrose.After7days,the

fasting blood glucose ofthe rats was assessed with the use ofAccu-check

glucometreandstrip.Theratswithfastingbloodglucoselevelshigherthan200

mg/dlwereconsidereddiabetic.

3.7OralGlucoseToleranceTest

Attheendoftheexperiment,theratswerefastedovernightbuthadaccesstowater.
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Asterilerazorwasusedtocutthetipofthetailofeachrattoexpressadropof

bloodfrom whichthefastingbloodsugarwasdeterminedusingtheglucoseoxidase

methodwiththeaidofAccu-checkglucometreandstrips.

Eachratwasadministered1.75gofglucoseDperkgofbodyweightdissolvedin

distilledwaterataconcentrationof8.75gofglucoseper25mlsofwaterorallyand

thetimerecorded.Thebloodsugarlevelwasdeterminedafter30minutesoforal

ingestionofglucose.Thiswasrepeatedevery30minutesfor2hoursandrecorded

(Arigietal.,2014).

3.8InsulinToleranceTest

Afterasixhourfast,thefastingbloodglucoselevelsforeachratwasmeasuredwith

theaidofaglucometrestripandkitandInsulin0.05U/kgwasinjectedintra-

peritoneally,afterwhichtheblood glucoselevelswereinvestigated everythirty

minutesfortwohours(JingAietal.,2005)andrecorded.

3.9Determinationofinsulinresistance

Thehomeostaticmodelassessmentofinsulinresistance(HOMA_IR)developedby

(Mathew etal.,1985)wasusedtocalculateinsulinresistanceusingthefollowing

formulae:

HOMA-IR=fastingbloodglucose(mmol/LoruIU/L)xfastinginsulin(microU/L)÷

22.5

Healthyrange=1.0(0.5-1.4)

>1.9=Earlyinsulinresistance

>2.9=Significantinsulinresistance

3.10DeterminationofBodyWeightofExperimentalrats

Eachratwasweighedwiththeuseofanelectronicweighingscale.Theratswere

weighedingramsandthebodyweightswererecordedatthefollowingperiods;

i. Beforethecommencementoftheexperiment

ii. Sixweeksafterthecommencementoftheexperiment(beforeinductionof

DiabetesMellitusinthediabeticgroups)
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iii. Attheendoftheexperiment

3.11Collectionofbloodsamples

Bloodwascollectedintoplainbottlesfrom theorbitalveinwiththeuseofplain

capillarytubes.Thebloodwascentrifugedat3,000rpm for20minutesafterwhich

thesupernatantwasseparatedwiththeuseofamicropipetteintoseparateplain

bottlesandfrozenat-20°C.Theserum sampleswereusedforhormonalassaysand

determinationofoxidativestressmarkers.

3.12Samplingandmeasurement

HormonalAssays

ThyroidFunctionTests(T4,T3andTSH)

ELISA(Enzyme-LinkedImmuno-sorbentAssay)wasusedtodeterminethemean

serum levelsofT3,T4 andTSH,Thyroidperoxidase(TPO)andthyroglobulin(TG)

antibodiesusing theirrespectiveELISA kits.Blood specimensand serum were

separatedimmediatelyandfrozenat-20oC.Priortotheassay,frozensampleswere

thawedcompletelyandmixedwell.

DeterminationofSerum T4levels

Reagentpreparation

T4 enzymeconjugate1:11wasdilutedwithassaydiluentinasuitablecontainer.

Washbufferwaspreparedbyaddingthecontentsofthebottle(25ml,20X)to475ml

ofdistilledwaterandstoredatroom temperature.

Assayprocedure

Beforeproceedingwiththeassay,allreagents,serum referencesandcontrolswere

broughttoroom temperature(20-25oC)

Themicroplates’wellswereformattedforeachserum reference,controlandsubject

specimentobeassayedinduplicate.25ULofthestandards,controlorspecimen

waspipettedintotheassignedwell50uloftheworkingT4-enzymeconjugatesolution

waspipettedtoallwells.50ulofT4-Antibody-Biotinwasaddedtoallwells.
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Themicroplatewasswirledgentlyfor20-30secondstomixthereagents.The

microplatewascoveredandincubatedfor60minsatroom temperature.Liquidwas

removedfrom allwells.Wellswerewashedthreetimeswith300ulof1Xwashbuffer

andblottedwithabsorbentpapertowels

100ulofTMBsubstratesolutionwasaddedtoallwells.Theplatewascoveredan

incubatedatroom temperaturefor15mins.50ulofstopsolutionwasaddedtoeach

wellandmixedgentlyfor15-20seconds.

Calculationofresults

TheabsorbancewasreadonELISAReaderforeachwellat450nm within15minutes

afteraddingthestopsolution.

Thestandardcurvewasconstructedandtheabsorbanceforcontrolsandeach

unknownsamplewerereadfrom thecurveandrecorded.

DeterminationofSerum T3levels

Reagentpreparation

T3enzymeconjugatewasdiluted1:11withassaydiluentsinasuitablecontainer

Washbufferwaspreparedbyaddingthecontentsofthebottle(25ml,20X)to475ml

ofdistilledwaterandstoredatroom temperature.

Assayprocedure

Beforeproceedingwiththeassay,allreagents,serum referencesandcontrolswere

broughttoroom temperature(20-25oC).

Themicroplates’wellswereformattedforeachserum reference,controlandsubject

specimentobeassayedinduplicate

50ulofthestandards,controlorspecimenswerepipetteintotheassignedwell

50uloftheworkingT3-enzymeconjugatesolutionwasaddedtoallwells

50ulofT3-Antibody-Biotinsolutionwasaddedtoallwells

Themicroplatewasswirledgentlyfor20-30secondsto mixthereagentsand

coveredandincubatedfor60minutesatroom temperature.
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Liquidwasremovedfrom allwells.Thewellswerewashedthreetimeswith300ulof

1Xwashbufferandblottedwithabsorbentpapertowels

100ulofTMBsubstratesolutionwasaddedtoallwells.Theplateswerecoveredand

incubatedatroom temperaturefor15-20seconds.50ulofstopsolutionwasthen

addedtoeachwellandgentlymixedfor15-20seconds.

Calculationofresults

TheabsorbancewasreadonELISAreaderforeachwellat450nm within15minutes

afteraddingthestopsolution.

Thestandardcurvewasconstructedandtheabsorbanceforcontrolsandeach

unknownsamplewerereadfrom thecurveandrecorded.

DeterminationofSerum TSHlevels

Reagentpreparation

1Xwashbufferwaspreparedbyaddingthecontentsofthebottle(25ml,20X)to

475mlofdistilledwaterandstoredatroom temperature.

Assayprocedure

Priortoassay,reagentswereallowedtostandatroom temperatureandgentlymixed

beforeuse

Thedesired numberofcoated stripswasplaced into theholder.50ulofTSH

standards,controlandsubjectspecimenwerepipettedintothedesignatedwells

100ulofreadytouseconjugatereagentwasaddedtoallwellsandshookfor10-30

seconds

Theplatewascoveredandincubatedfor60minutesatroom temperature.Liquid

wasremovedfrom allwellsandwellswerewashedthreetimeswith300ulof1X

washbufferandblottedwithabsorbentpapertowels.100ulofTMBsubstratewas

addedtoallwellsandincubatedfor15minutesatroom temperature.

50ulofstopsolutionwasaddedtoallwellsandshakengentlytomixthesolution.

Calculationofresults
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TheabsorbancewasreadonELISAreaderforeachwellat450nm within15minutes

afteraddingthestopsolution.

Thestandardcurvewasconstructedandtheabsorbanceforcontrolsandeach

unknownsamplewerereadfrom thecurveandrecorded.

DeterminationofThyroglobulinAntibody

Reagentpreparation

1Xwashbufferwaspreparedbyaddingthecontentsofthebottle(25ml,20X)to

475mlofdistilledwaterandstoredatroom temperature.

Assayprocedure

Priortoassay,reagentswereallowedtostandatroom temperatureandgently

mixedbeforeuse.Thedesirednumberofcoatedstripswereplacedintotheholder

Negativecontrol,positivecontrolandcalibratorwerereadytouse.

1:2dilutionoftestsampleswaspreparedbyadding10ulofthesampleto200ulof

sampledilluentandmixedwell.

Forthereagentblank,100ulofdilutedserawasdispensedin1Awellposition.The

holderwastapedtoremoveairbubblesfrom theliquidandmixedwellandincubated

for20minutesatroom temperature.

Theliquidwasremovedfrom allwellsandwellswerewashedthreetimeswith300ul

of1Xwashbufferandblottedonabsorbentpapertowel.

100ulofenzymeconjugatewasdispensed to each welland incubated for20

minutesatroom temperature.

Enzymeconjugatewasremovedfrom allwellsandwellswerewashedthreetimes

with300ulof1Xwashbufferandblottedwithabsorbancepaper.

100ulofTMB substrate was added and incubated for10minutes atroom

temperature

100ulofstopsolutionwasadded

Calculationofresults
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O.Dwasreadat450nm usingELISAreaderwithin15minutes

TheAb(Antibody)indexofeachwascalculatedbydividingthemeanvaluesofeach

samplebycut-offvalue(0.73).Positiveindexrange(1.5-2.8),negative(0.1)

DeterminationofThyroidPeroxidaseAntibody(TPOIgG)

Reagentpreparation

1Xwashbufferwaspreparedbyaddingthecontentsofthebottle(25ml,20X)to

475mlofdistilledwaterandstoredatroom temperature.

Assayprocedure

Priortoassay,reagentswereallowedtostandatroom temperatureandgently

mixedbeforeuse.Thedesirednumbersofcoatedstripswereplacedintotheholder.

Negativecontrol,positivecontrolandcalibratorwerereadytouse.

1:2dilutionoftestsampleswaspreparedbyadding10ulofthesampleto200ulof

sampledilluentandmixedwell.

Forthereagentblank,100ulofdilutedserawasdispensedin1Awellposition.The

holderwastapedtoremoveairbubblesfrom theliquidandmixedwellandincubated

for20minutesatroom temperature.

Theliquidwasremovedfrom allwellsandwellswerewashedthreetimeswith300ul

of1Xwashbufferandblottedonabsorbentpapertowel

100ulofenzymeconjugatewasdispensed to each welland incubated for20

minutesatroom temperature.

Enzymeconjugatewasremovedfrom allwellsandwellswerewashedthreetimes

with300ulof1Xwashbufferandblottedwithabsorbancepaper

100ulofTMB substrate was added and incubated for10minutes atroom

temperature

100ulofstopsolutionwasadded

O.Dwasreadat450nm usingELISAreaderwithin15minutes.
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Calculationofresults

TheAb(Antibody)indexofeachwascalculatedbydividingthemeanvaluesofeach

samplebycut-offvalue(0.6293).Positiveindexrange(2.3-4.3),negative(0.1)

DeterminationofSerum Insulinlevels

Reagentpreparation

20Xenzymeconjugate:1Xworkingdilutionat1:20withassaydilluentwasprepared

asneeded.Thedilutedconjugatewasusedthesameday.

20Xwashbufferconcentrate:1Xwashbufferwashpreparedbyaddingthecontents

ofthebottleto475mlofdistilledwaterandstoredatroom temperature.

Assayprocedure

Priortotheassay,thereagentswereallowedtostandatroom temperature.They

weregentlymixedbeforeuse.

Thedesirednumberofcoatedstripswasplacedintheholder.25ulofinsulin

standards,controlandsubjectsserawaspipetteinappropriatewells.100ulof

workinginsulinenzymeconjugatewasaddedtoallwellsandthoroughlymixedfor

10seconds.

Itwasincubatedatroom temperaturefor60minutes.Allliquidwasremovedfrom all

wellsandwellswerewashedthreetimeswith300ulof1Xwashbufferandblotted

onabsorbenttowels.

100ulofTMBsubstratewasaddedtoallwellsandincubatedfor15minutesatroom

temperature.50ulofstopsolutionwasaddedtoallwellsandtheplatewasshaken

to mixthe solution.Absorbance wasread on ELISA readerat450 nm within

15minutesafteraddingthestoppingsolution.

Calculationofresults

Thestandardcurvewasconstructedandtheabsorbanceforcontrolsandeach

unknownsamplewerereadfrom thecurveandrecorded.
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DeterminationofOxidativeStressMarkers

DeterminationofSerum LipidPeroxidation(Malondialdehyde-MDA)levels

Lipidperoxidationwasdeterminedbymeasuringthethiobarbituricacidreactive

substances(TBARS)producedduringlipidperoxidation.Thiswascarriedoutbythe

methodofVarshneyandKale(1990).

Procedure

Analiquotof0.4mlofthesamplewasmixedwith1.6mlofTris-KClbuffertowhich

0.5mlof30%TCAwasadded.Then0.5mlof0.75%TBAwasaddedandplacedina

waterbathfor45minutesat80oC.Thiswasthencoolediniceandcentrifugedat

3000rpm for15minutes. Theclearsupernatantwascollectedandabsorbance

measuredagainstareferenceblankofdistilledwaterat532nm.TheMDAlevelwas

calculated according to the method of Adam-Viziand SEregi(1982).Lipid

peroxidation in units/mg protein orgram tissue was computed with a molar

extinctioncoefficientof1.56X105M-1Cm-1.

DeterminationofSerum SuperoxideDismutase(SOD)Activity

ThelevelofSOD activitywasdeterminedbythemethodofMisraandFridovich

(1972).

Protocol

1mlofsamplewasdilutedin9mlofdistilledwatertomakea1in10dilution.An

aliquotof0.2mlofthedilutedsamplewasaddedto2.5mlof0.05M carbonate

buffer(pH10.2)toequilibrateinthespectrophotometerandthereactionstartedby

theadditionof0.3mloffreshlyprepared0.3mM adrenalinetothemixturewhich

wasquicklymixedbyinversion.Thereferencecuvettecontained2.5mlbuffer,0.3

mlofsubstrate(adrenaline)and0.2mlofwater.Theincreaseinabsorbanceat480

nm wasmonitoredevery30secondsfor150seconds.

Calculation

Increaseinabsorbanceperminute=A3-A0 2.5

WhereA0=absorbanceafter30seconds
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A3=absorbanceafter150seconds

%inhibition=100–(increaseinabsorbanceforsubstratex100)

increaseinabsorbanceforblank

DeterminationofTotalSerum Nitrite(NO)

NitritedeterminationwasdoneusingthemethoddescribedbyIgnarroetal.,(1987).

Theprocedureisbasedonthechemicalreactionwhichusessulfanilamideand

naphthylethylenediamine dihydrochlorate (NED) and under acidic condition.

SulfanilamideandNEDcompetefornitriteintheGriessreaction.

Procedure

Greissreagentwaspreparedbymixingequalvolumeof0.1%NEDand1%sulfanilic

acidin5%phosphoricacid.300ulofsamplewasaddedto2.6mlofdistilledwater

and 100ulofgreiss reagentwas added.The mixture was incubated atroom

temperatureandprotectedfrom lightfor15minutestoallowforcolourdevelopment.

Theabsorbancewasmeasuredwithin30minutesat550nm.

3.13StatisticalAnalysis

DatawasanalysedusingANOVAandstudents‘Ttest’forunpairedgroupswasused

tocalculatethelevelofsignificance.

ThePvalueslessthanorequalto0.05(95%confidence)weretakenassignificant.

*Significantlydifferentfrom control≤0.05

**Significantlydifferentfrom control≤0.01

***Significantlydifferentfrom control≤0.001

3.14Ethicalconsiderations

Wistarratswerepurchasedfrom thecentralanimalhouse,facultyofBasicMedical

Sciences.Theywerehousedinwell-ventilatedsolid-bottom polyprolenecageswith

wiremeshcovers.Theratswereallowedtoacclimatizefortwoweeksandwerefed

withstandardratfeedandwateradlibitum.Therewerephysicallyexaminedto

checktheirhealthstatus.Thisresearchwasapprovedbytheanimalcareanduse

researchethicscommittee(ACUREC),UniversityofIbadan.
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CHAPTERFOUR

Results

4.0Theresultsofallanalysiscarriedoutinallthestudiesarepresentedinthis

chapter

4.1Resultsofmeaniodineandcaloriccontentsofnormalratfeed,soybeansand

cassava

Themeaniodineandcaloriccontentsofnormalratfeed,soybeansandcassavaare

presentedinTable4.1inthenextpage.From thetable,thefollowingwereobserved;

Theiodinecontentinsoybeanswassignificantlyhigherthantheiodinecontentin

normalratfeedandcassava.

Theiodinecontentinnormalratfeedwassignificantlyhigherthantheiodinecontent

incassavaandlowerthanthatofsoybeans.

Thegrossenergycontentinnormalratfeedwassignificantlyhigherthanthatof

soybeansandcassava.

Thegrossenergycontentincassavawassignificantlylowerthanthatofsoybeans

andnormalratfeed.
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Table4.1:MeanIodineandCaloricContentsofnormalratfeed,soybeansand

cassava.

Sample Iodine(mg/kg) Gross

energy(Kcal/g)

NormalRatFeed

Glycinemax(soybeans)

Manihotesculenta

(Cassava)

5.68±0.009

7.27±0.018*

3.73±0.014*

3.97±0.0014

3.45±0.0014

2.93±0.0014*

Dataareexpressedasmean±SEM.ComparisonsweremadeusingonewayANOVA

andstudents‘Ttest’forunpairedgroups.Thesymbol*denotesp≤0.05when

comparedtothecontrolgroup(Normalratfeed).
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TheresultsformeaniodineandcaloriccontentofRatfeedsarepresentedin

table4.2inthenextpage.From thetable,thefollowingwereobserved;

Theiodinecontentinnormalratfeedwassignificantlylowerthaninthe30%

soybeansfeed.Thisindicatesthattheexperimentalratsthatconsumednormal

ratfeed(group1)hadloweriodineintakepergram offeedthantheexperimental

ratsthatconsumed30%soybeans(group2).

Theiodinecontentin30%soybeanfeedwassignificantlyhigherthantheiodine

contentin30%cassavafeed.Thisimpliesthattheexperimentalratsfedwith30%

soybeans (group 2)had a higheriodine intake pergram offeed than the

experimentalratsfedwith30%cassava(group3).

Therewasnosignificantdifferencebetweentheiodinecontentofnormalratfeed

incomparisonto30% cassavafeed.Thisshowsthattheexperimentalratsfed

with30%cassava(group3)consumedthesamequantityofiodinepergram of

feedastheratsingroup1(normalratfeed).

Therewasnosignificantdifferencebetweenthegrossenergycontent(Kcal/g)in

normalratfeedincomparisontothatof30% soybeansfeedand30% cassava

feed.Thisindicatesthattheexperimentalratsingroup1(normalratfeedgroup),

group2(30% soybeansfeed)andgroup3(30% cassavafeed)consumedthe

sameamountofcaloriesineachgram offeed.
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Table4.2MeanIodineandCaloricContentofRatFeeds

Sample Iodine

content(mg/kg)

Gross

energy(kcal/g)

NormalRatFeed

Ratfeedwith10mg/kgiodine

added

Ratfeedwith30%Glycinemax

Ratfeedwith30%Glycinemax

and10mg/kgiodineadded

Ratfeedwith30%Manihot

esculenta

Ratfeedwith30%Manihot

esculentaand10mg/kgiodine

added

5.68±0.009

15.68±0.009

6.15±0.018*

16.15±0.018*

5.09±0.014

15.09±0.014

3.97±0.0014

3.97±0.0014

3.81±0.0014

3.81±0.0014

3.66±0.0014

3.66±0.0014

DataareexpressedasMean±SEM.Comparisonsweremadeusingoneway

ANOVAandstudents‘Ttest’forunpairedgroups.Thesymbol*denotesp≤0.05

whencomparedtothecontrolgroup(Normalratfeed).
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4.2ResultsofOralGlucoseToleranceTests

Resultsfororalglucosetolerancetestingroups1A and1Barepresentedin

figure4.1inthenextpage.From thefigure,thefollowingwereobserved;

Themeanfastingbloodglucoselevelofgroup1Awassignificantlylowerthan

group1Bwhichindicatesthatiodineintakecausedasignificantincreaseinmean

fastingbloodglucoselevels(p≤0.05)innon-diabeticratsthatconsumednormal

ratfeed.

Therewasincreaseinbloodglucoselevelofgroup1Aincomparisontogroup1B

after30minutesofglucoseintake.Therewasnosignificantdifferencebetween

themeanbloodglucoselevelsofgroup1Aand1Bafter60minutes,90minutes

and120minutesofglucoseingestion.Thisisanindicationthatiodineintake

causedlowerbloodglucoselevels30minutesafterintakeofglucoseduringthe

oralglucosetolerancetestandtherewasnosignificantchangeinmeanblood

glucoselevelafter60minutesofglucoseintakeinnon-diabeticratsthatwerefed

withnormalratfeed.
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p≤0.05

Figure4.1OralGlucoseToleranceTestforGroups1Aand1B.

Group1A=Non-diabeticratswithnormalratfeed,Group1B=Non-diabeticrats

withnormalratfeed+iodine(10mg/kgoffeed).Dataareexpressedinmean

±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’

forunpairedgroups.
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Theresultsfororalglucosetolerancetestingroups1Cand1Darepresentedin

figure4.2inthenextpage.From thefigure,thefollowingwereobserved

Therewasnosignificantdifferencebetweenthemeanfastingbloodglucose

levelsofgroups1C and1D whichisanindicationthatiodineintakehadno

significant effect on the mean fasting blood glucose levels in diabetic

experimentalratsfedwithnormalratfeed.

Themeanbloodglucoselevelsingroup1Cwassignificantlylowerincomparison

togroup1Dafter30minutes,60minutes,90minutesand120minutesofglucose

ingestion.Thisisanindicationthatiodineintakeat10mg/kgoffeedcaused

elevatedmeanbloodglucoselevelsindiabeticratsfedwithnormalratfeed

throughouttheoralglucosetolerancetest.
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p

≤0.05

Figure4.2OralGlucoseToleranceTestforGroups1Cand1D

Group1C=Diabeticrats+normalratfeed,Group1D=Diabeticrats+normalrat

feed+Iodine(10mg/kgoffeed).Dataareexpressedinmean±SEM (n=5).

ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’forunpaired

groups.
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Theresultsfororalglucosetoleranceofgroups2Aand2Barepresentedinfigure

4.3inthenextpage.From thefigure,thefollowingwereobserved

Therewasnosignificantdifferencebetweenthemeanfastingbloodglucoselevel

ofgroups2Aand2Bwhichshowsthatiodineintakehadnosignificanteffecton

themeanfastingbloodglucoselevelofexperimentalratsthatconsumed30%

soybeans.

Themeanbloodglucoselevelofgroup2Awassignificantlylowerthangroup2B

after30minutesand60minutesoforalingestionofglucose.Therewasno

significantdifferenceinthemeanbloodglucoselevelingroup2Aand2Bafter90

minutes.ThemeanbloodglucoselevelingroupAwassignificantlylowerthanin

groupBafter120minutes.Thisisanindicationthatiodineintakeelevatedblood

glucoselevelsinratsthatconsumed30%soybeansinthefirsthourandaftertwo

hoursofglucosetolerancetest.
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p≤0.05

Figure4.3OralGlucoseToleranceTestResultsforGroups2Aand2B

Group2A=Non-diabeticratsfedwith30%Soybeans,Group2B=Non-diabetic

ratsfedwith30%Soybeans+Iodine(30mg/kgoffeed).Dataareexpressedin

mean±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents’

‘Ttest’forunpairedgroups.
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Theresultsoforalglucosetolerancetestforgroups1Aand2Aarepresentedin

figure4.4inthenextpage.From thefigure,thefollowingwereobserved;

Themeanfastingbloodglucoselevelofgroup1Awassignificantlylower(p≤0.05)

incomparisontogroup2A whichisanindicationthatconsumptionof30%

soybeanscausedelevatedmeanfastingbloodglucoselevelsinnon-diabeticrats

incomparisontonon-diabeticratsthatconsumednormalratfeed.

Themeanbloodglucoselevelofgroup1Awassignificantlyhigher(p≤0.05)than

group2Aafter30minutesofglucoseingestion.Thisshowsthatintakeof30%

soybeans in non-diabetic rats significantlylowered blood glucose levels 30

minutesafterglucoseingestionincomparisontotheratsthatconsumednormal

ratfeed.

Therewasnosignificantdifferenceinthemeanbloodglucoselevelsofgroups

1Aand2Aafter60minutes,90minutesand120minutesofglucoseingestion

duringtheoralglucosetolerancetest.Thisisanindicationthat30% soybean

intakedid notsignificantlyaffectglucosehomeostasisafter60 minutesof

glucoseintakeincomparisontotheratsfedwithnormalratfeed.
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p≤0.05

Figure4.4OralGlucoseToleranceTestResultforGroups1Aand2A

Group1A=Non-diabeticratswithnormalratfeed,Group2A=Non-diabeticratsfed

with30%Soybeans.Dataareexpressedinmean±SEM (n=5).Comparisonswere

madeusingonewayANOVAandstudents‘Ttest’forunpairedgroups.
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Theresultsfororalglucosetolerancetestforgroups1Band2Barepresentedin

figure4.5inthenextpage.From thefigure,thefollowingwereobserved;

Themeanfastingbloodglucoselevelofgroup1Bwassignificantlylowerthan

thatofGroup2Bwhichshowsthatinnon-diabeticrats,concurrentintakeof30%

soybeansandiodinesignificantlyincreasedmeanfastingbloodglucoselevelsin

comparisonwithnon-diabeticratsthatconsumednormalratfeedandiodine.

Therewasnosignificantdifferenceinthemeanbloodglucoselevelsofgroups

1Band2Bafter30minutes,60minutesand90minutesofglucoseingestion.

Thisisanindicationthatincomparisonwithnon-diabeticratsthatconsumed

normalratfeedandiodine,concurrentintakeof30%soybeanshadnosignificant

effectonglucosehomeostasisforthefirst90minutesafterintakeofglucose.

The mean blood glucose levelin group 1B was significantly lowerwhen

comparedtogroup2B120minutesafteroralglucoseingestion.Thisshowsthat

consumptionof30%soybeansandiodineelevatedthemeanbloodglucoselevel

innon-diabeticratstwohoursafterintakeofglucoseincomparisonwiththose

fedwithnormalratfeedandiodine.
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p≤0.05

Figure4.5OralGlucoseToleranceTestResultforGroups1Band2B

Group1B=Non-diabeticratswithnormalratfeed+Iodine(10mg/kgoffeed),

Group2B=Non-diabeticratsfedwith30%Soybeans+Iodine(10mg/kgoffeed).

Dataareexpressedinmean±SEM (n=5).Comparisonsweremadeusingoneway

ANOVAandstudents‘Ttest’forunpairedgroups.
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Theresultsfororalglucosetolerancetestingroups2Cand2Darepresentedin

figure4.6inthenextpage.From thefigure,thefollowingwereobserved;

Themeanfastingbloodglucoselevelingroup2Cwassignificantlylowerthanin

group 2D which showsthatconcurrentintakeofiodineand 30% soybeans

increasedmeanfastingbloodglucoselevelsindiabeticrats.

Themeanbloodglucoselevelsafterofgroup2Cwassignificantlylowerthan

group2D after30minutesand60minutesofglucoseintake.Therewasno

significantdifferencebetweenthemeanbloodglucoselevelsofgroups2Cand

2D90minutesand120minutesafteringestionofglucose.Thisisanindication

thatincomparisontothediabeticratsthattookonly30%soybeans,concurrent

iodineand30% soybeansintakebydiabeticratssignificantlyelevatedblood

glucoselevelsforthefirst60minutesofglucosetolerancetestbuthadno

significanteffectonmeanbloodglucoselevelsafter90minutesofglucose

tolerancetest.
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p

≤0.05

Figure4.6OralGlucoseToleranceTestResultsforGroup2Cand2D.

Group2C=Diabeticratsfedwith30%soybeansfeed,Group2D=Diabeticratsfed

with30%soybeansfeed+Iodine(10mg/kgoffeed).Dataareexpressedinmean

±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents’‘Ttest’

forunpairedgroups.
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Theresultsfororalglucosetolerancetestingroups1Cand2Carepresentedin

table4.7inthenextpage.From thefigure,thefollowingwereobserved;

Themeanfastingbloodglucoselevelingroup1C wassignificantlylowerin

comparisontogroup2Cwhichisanindicationthat30%soybeansconsumption

significantlyincreasedfastingbloodglucoselevelindiabeticratsincomparison

tonormalratfeedintake.

Themeanglucoselevelsingroup1Cwassignificantlylowerthaningroup2C

after30minutes,60minutes,90minutesand120minutesofglucoseingestion

during theglucosetolerancetest.Thisshowsthatintakeof30% soybeans

significantlyelevatedbloodglucoselevelsindiabeticratsthroughouttheglucose

tolerancetestincomparisontoconsumptionofnormalratfeed.
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p≤0.05

Figure4.7OralGlucoseToleranceTestResultsforGroups1Cand2C

Group1C=Diabeticratsfedwithnormalratfeed,Group2C=Diabeticratsfed

with30%soybeansfeed.Dataareexpressedinmean±SEM (n=5).Comparisons

weremadeusingonewayANOVAfollowedandstudents‘Ttest’forunpaired

groups.
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Theresultsfororalglucosetolerancetestsingroups1Dand2Darepresentedin

figure4.8inthenextpage.From thefigure,thefollowingwereobserved

Themeanfastingbloodglucoselevelofgroup1Dwassignificantlylowerthan

group2Dwhichisanindicationthatconcurrentconsumptionofiodineand30%

soybeanscausedelevatedmeanfastingbloodglucoselevelindiabeticratsin

comparisontoconsumptionofiodineandnormalratfeed.

Therewasnosignificantdifferenceinthemeanglucoselevelsofgroups1Dand

2D after30 minutes,60 minutes,90 minutesand 120 minutesofglucose

ingestion.Thisisanindicationthatconcurrentintakeof30%soybeansandiodine

didnotalterbloodglucosehomeostasisindiabeticratsincomparisontotherats

thatconsumednormalratfeedandiodine.
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p≤0.05

Figure4.8OralGlucoseToleranceTestResultsforGroups1Dand2D

Group1D=Diabeticratsfedwithnormalratfeed+Iodine(10mg/kgoffeed),

Group2D=Diabeticratsfedwith30%soybeansfeed+Iodine(10mg/kgoffeed).

Dataareexpressedinmean±SEM (n=5).Comparisonsweremadeusingoneway

ANOVAandstudents‘Ttest’forunpairedgroups.
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Theresultsfororalglucosetolerancetestsarepresentedinfigure4.9inthenext

page.From thefigure,thefollowingwereobserved

Themeanfastingbloodglucoselevelofgroup3Awassignificantlylowerthan

group3Bwhichimpliesthatconcurrentconsumptionofiodineand30%cassava

significantlyelevatedmeanfastingbloodglucoselevelinnon-diabeticratsin

comparisontointakeof30%cassavaintakealone.

Therewasnosignificantdifferenceinthemeanbloodglucoselevelsingroup3A

and3Bafter30minutes,60minutes,90minutesand120minutesofglucose

ingestion.Thisisanindicationthatconcurrentintakeofiodineandcassavadid

notsignificantlyalterglucosehomeostasisinnon-diabeticratsduringtheoral

glucosetolerancetestwhencomparedtotheintakeof30%cassavaonly.
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p≤0.05

Figure4.9OralGlucoseToleranceTestResultsforGroup3Aand3B

Group3A=Non-diabeticratsfedwith30%cassavafeed,Group3B=Non-diabetic

ratsfedwithcassavafeed+Iodine(10mg/kgoffeed).Dataareexpressedin

mean±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents

‘Ttest’forunpairedgroups.
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Theresultsfororalglucosetolerancetestsingroups1Aand3Aarepresentedin

figure4.10inthenextpage.From thefigure,thefollowingwereobserved

Themeanfastingbloodglucoselevelofgroup1Awassignificantlylowerthan

thatofGroup3Awhichisanindicationthatintakeof30%cassavasignificantly

elevatedmeanfastingbloodglucoselevelinnon-diabeticratswhencompared

withintakeofnormalratfeed.

Therewasnosignificantdifferenceinthemeanbloodglucoselevelsofgroups

1Aand3Aafter30minutes,60minutes,90minutesand120minutesofglucose

ingestion.Thisimpliesthatintakeof30% cassavadidnotsignificantlyaffect

meanbloodglucoselevelsduringtheoralglucosetolerancetestincomparison

withintakeofnormalratfeed.
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p≤0.05

Figure4.10OralGlucoseToleranceTestResultforGroups1Aand3A

Group1A=Non-diabeticratswithnormalratfeed,Group3A=Non-diabeticrats

fedwith30% Cassava.Dataareexpressedinmean±SEM (n=5).Comparisons

weremadeusingonewayANOVAandstudents‘Ttest’forunpairedgroups.
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Theresultsfororalglucosetolerancetestsingroups1Band3Barepresentedin

figure4.11inthenextpage.From thefigure,thefollowingwereobserved;

Themeanfastingbloodglucoselevelofgroup1Bwassignificantlylowerthan

group 3B which implies thatthe concurrentintake ofiodine and cassava

significantlyincreasedmeanfastingbloodglucoselevelinnon-diabeticratsin

comparisontointakeofnormalratfeedandiodine.

Therewasnosignificantdifferencebetweenthemeanbloodglucoselevelsof

group1Band3Bafter30minutes,60minutes,90minutesand120minutesof

glucoseintake.Thisisanindicationthatconcurrentiodineand30% cassava

intakedidnotsignificantlyaffectglucosehomeostasisduringtheoralglucose

tolerancetestinnon-diabeticratsincomparisontointakeofiodineandnormal

ratfeed.
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≤0.05

Figure4.11OralGlucoseToleranceTestResultforGroups1Band3B

Group1B=Non-diabeticratswithnormalratfeed+Iodine(10mg/kgoffeed),

Group3B=Non-diabeticratsfedwith30%Cassava+Iodine(10mg/kgoffeed).

Dataareexpressedinmean±SEM (n=5).Comparisonsweremadeusingoneway

ANOVAandstudents‘Ttest’forunpairedgroups.
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Theresultsfororalglucosetolerancetestsingroups3Cand3Darepresentedin

figure4.12inthenextpage.From thefigure,thefollowingwereobserved

Themeanfastingbloodglucoselevelingroup3Cwassignificantlylowerthan

group3Dwhichimpliesthatconcurrentintakeofiodineand30%cassavacaused

elevatedmeanfastingbloodglucoselevelindiabeticratsincomparisontointake

ofonly30%cassava.

Therewasnosignificantdifferenceinthemeanbloodglucoselevelsofgroup3C

and3Dafter30minutes,60minutes,90minutesand120minutesofglucose

ingestion.Thisshowsthatconcurrentiodineand30% cassavaintakedidnot

significantlyaffectglucosehomeostasisduringtheoralglucosetolerancetestin

diabeticratsincomparisonwithintakeofonly30%cassavafeed.
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Figure4.12OralGlucoseToleranceTestResultforGroups3Cand3D

Group3C=Diabeticratswith30%cassavafeed,Group3D=Diabeticratsfedwith

30%Cassavafeed+Iodine(10mg/kgoffeed).Dataareexpressedinmean±SEM

(n=5).ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’for

unpairedgroups.
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Theresultsfororalglucosetolerancetestsingroups1Cand3Carepresentedin

figure4.13inthenextpage.From thefigure,thefollowingwereobserved;

Therewasnosignificantdifferencebetweenthemeanfastingbloodglucose

levelsofgroup1Candgroup3Cwhichimpliesthatintakeof30%cassavadidnot

significantlyaltermeanfastingbloodglucoselevelindiabeticratsincomparison

tointakeofnormalratfeed.

Themeanbloodglucoselevelingroup1Cwassignificantlyhigherthangroup3C

after30minutesofglucoseingestion.Therewasnosignificantdifferencein

meanbloodglucoselevelsofgroup1Candgroup3Cafter60minutesofglucose

ingestion.Themeanbloodglucoselevelofgroup1Cwassignificantlyhigherthan

group 3C 90 minutes and 120 minutes afterglucose ingestion.This is an

indicationthatwhencomparedwithdiabeticratsthatconsumednormalratfeed,

diabeticratsfedwith30% cassavahadloweredmeanbloodglucoselevels30

minutes,90minutesand120minutesafterglucoseintakeduringtheoralglucose

tolerancetest.
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Figure4.13OralGlucoseToleranceTestResultforGroups1Cand3C

Group1C=Diabeticratswithnormalratfeed,Group3C=Diabeticratsfedwith

30%Cassavafeed.Dataareexpressedinmean±SEM (n=5).Comparisonswere

madeusingonewayANOVAandstudents‘Ttest’forunpairedgroups.
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Theresultsfororalglucosetolerancetestsingroups1Dand3Darepresentedin

figure4.14inthenextpage.From thefigure,thefollowingwereobserved;

Themeanfastingbloodglucoselevelofgroup1Dwassignificantlyhigherthan

group3Dwhichisanindicationthatconcurrentintakeof30%cassavaandiodine

causedloweredfastingbloodglucoselevelindiabeticratsincomparisonwith

intakeofnormalratfeedandiodine.

Themeanbloodglucoselevelsingroup1Dwassignificantlyhigherthangroup

3Dafter30minutes,60minutesand90minutesofglucoseingestion.Therewas

nosignificantdifferenceinmeanbloodglucoselevelsofgroup1Dand3Dafter

120minutesofglucoseingestion.Thisshowsthatconcurrentintakeof30%

cassavaandiodineloweredbloodglucoselevelsinthefirst90minutesoforal

glucosetolerancetestindiabeticratsincomparisontointakeofnormalratfeed

andiodine.
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Figure4.14OralGlucoseToleranceTestResultforGroups1Dand3D

Group1D=Diabeticratswithnormalratfeed+Iodine(10mg/kgoffeed),Group

3D=Diabeticratsfedwith30%Cassavafeed+Iodine(10mg/kgoffeed).Dataare

expressedinmean±SEM (n=5).ComparisonsweremadeusingonewayANOVA

andstudents‘Ttest’forunpairedgroups.
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4.3ResultsofInsulinToleranceTests

Theresultsforinsulintolerancetestsingroups1Aand1Barepresentedinfigure

4.15inthenextpage.From thefigure,thefollowingwereobserved

Therewasnosignificantdifferencebetweenthemeanfastingbloodglucose

levelsofgroups1Aand1Bwhichimpliesthatconsumptionofiodinehadno

significanteffecton fasting blood glucose levelofnon-diabetic rats that

consumednormalratfeed.

Therewasnosignificantdifferencebetweenthemeanfastingbloodglucose

levelsofgroups1Aand1Bafter30minutesand60minutesofinsulininjection.

Themeanbloodglucoselevelofgroup1Awassignificantlylowerthangroup1B

90minutesand120minutesafterinsulininjection.Thisisanindicationthat

intakeofiodinedidnotalterinsulinsensitivityinnon-diabeticratsthatconsumed

normalratfeedinthefirst60minutesofinsulintolerancetestbutbloodglucose

levelsfailedtofallafter90minutesofinsulininjection.
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Figure4.15InsulinToleranceTestsforGroups1Aand1B

Group1A=Non-diabeticratswithnormalratfeed,Group1B=Non-diabeticrats

fedwithnormalratfeed+Iodine(10mg/kgoffeed).Dataareexpressedinmean

±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’

forunpairedgroups.
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Theresultsforinsulintolerancetestsingroup1Cand1Darepresentedinfigure

4.16inthenextpage.From thefigure,thefollowingwereobserved

Therewasnosignificantdifferencebetweenthefastingbloodglucoselevelof

groups1Cand1Dwhichisanindicationthatiodineintakehadnosignificant

effectonmeanfastingbloodglucoselevelindiabeticratsthatconsumednormal

ratfeed.

Themeanbloodglucoselevelofgroup1Cwassignificantlylowerthangroup1D

30minutesafterinsulininjection.Therewasnosignificantdifferencebetween

thebloodglucoselevelingroup1Cand1Dafter60minutes,90minutesand120

minutesofinsulininjection.Thisisanindicationthatintakeofiodineandnormal

ratfeedelevatedmeanbloodglucoselevel30minutesindiabeticratsafter

insulininjectionbuthadnosignificanteffectonmeanbloodglucoselevelsafter

60minutesofinsulininjection.
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Figure4.16InsulinToleranceTestforGroups1CAND1D

Group1C=Diabeticratswithnormalratfeed,Group1D=Diabeticratsfedwith

normalratfeed+Iodine(10mg/kgoffeed).Dataareexpressedinmean±SEM

(n=5).ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’for

unpairedgroups.
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Theresultsforinsulintolerancetestsingroups2Aand2Barepresentedinfigure

4.17inthenextpage.From thefigure,thefollowingwereobserved;

Therewasnosignificantdifferencebetweenthemeanfastingbloodglucoselevel

ofgroup 2A and 2B whichisanindicationthatconcurrentiodineand 30%

soybeansintakehadnosignificanteffectonfastingbloodglucoselevelinnon-

diabeticratsincomparisontointakeof30%soybeanswithoutiodine.

Therewasnosignificantdifferencebetweenthemeanbloodglucoselevelin

group2Aandgroup2B30minutes,60minutes,90minutesand120minutes

afterinsulin injection.Thisisan indication thatconcurrentiodine and 30%

soybeansintakedidnotsignificantlyaffectinsulinsensitivityinnon-diabeticrats

incomparisontointakeof30%soybeanswithoutadditionofiodine.
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≤0.05

Figure4.17InsulinToleranceTestResultsforGroups2Aand2B

Group 2A= Non-diabeticratsfed with 30% soybeansfeed,Group 2B= Non-

diabeticratsfed 30% soybeansfeed + Iodine(10mg/kg offeed).Dataare

expressedinmean±SEM (n=5).ComparisonsweremadeusingonewayANOVA

andstudents‘Ttest’forunpairedgroups.



121

Theresultsforinsulintolerancetestsforgroups1Aand2Aarepresentedin

figure4.18inthenextpage.From thefigure,thefollowingwereobserved;

Themeanfastingbloodglucoselevelofgroup1Aissignificantlyhigherthan

group2Awhichisanindicationthat30% soybeansintakesignificantlylowered

fastingbloodglucoselevelinnon-diabeticratsincomparisontointakeofnormal

ratfeed.

Therewasnosignificantdifferenceinthemeanbloodglucoselevelsingroup1A

andgroup2Aafter30minutesand60minutesofinsulininjection.Themean

bloodglucoselevelingroup1Awassignificantlylowerthangroup2Aafter90

minutesand120minutes.Thisisanindicationthatalthough30% soybeans

intakedidnotsignificantlyalterinsulinsensitivityinnon-diabeticratsforthefirst

60minutes,itcausedsignificantlyelevatedbloodglucoselevelsafter90minutes

ofinsulininjectionincomparisontointakeofnormalratfeed.
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Figure4.18InsulinToleranceTestResultsforGroups1Aand2A

Group1A=Non-diabeticratsfedwithnormalratfeed;Group2A=Non-diabetic

rats fed 30% soybeans feed.Data are expressed in mean ±SEM (n=5).

ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’forunpaired

groups.
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Theresultsforinsulintolerancetestsingroups1Band2Barepresentedinfigure

4.19inthenextpage.From thefigure,thefollowingwereobserved;

Themeanfastingbloodglucoselevelingroup1Bwassignificantlyhigherthanin

group 2B.This is an indication thatconcurrentiodine and 30% soybeans

consumptiondidnotsignificantlyaffectmeanfastingbloodglucoselevelsinnon

-diabeticratsincomparisonwithintakeofiodineandnormalratfeed.

Therewasnosignificantdifferencebetweenthemeanbloodglucoselevelsin

group1Band2Bafter30minutes,60minutes,90minutesand120minutesof

insulininjection.Thisshowsthatconcurrentintakeofiodineand30%soybeans

didnotalterinsulinsensitivityinnon-diabeticratsincomparisontoiodineand

normalratfeedintake.
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Figure4.19InsulinToleranceTestResultsforGroups1Band2B

Group1B=Non-diabeticratsfedwithnormalratfeed+Iodine(10mg/kgoffeed);

Group2B=Non-diabeticratsfed30%soybeansfeed+Iodine(10mg/kgoffeed).

Dataareexpressedinmean±SEM (n=5).Comparisonsweremadeusingoneway

ANOVAandstudents‘Ttest’forunpairedgroups.
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Theresultsforinsulintolerancetestsingroups2Cand2Darepresentedinfigure

4.20inthenextpage.From thefigure,thefollowingwereobserved;

Therewasnosignificantdifferenceinthemeanfastingbloodglucoselevelof

group2Cand2D.Thisshowsthatconcurrentiodineand30%soybeansintake

didnotsignificantlyaffectmeanfastingbloodglucoselevelindiabeticratswhen

comparedtointakeof30%soybeanswithoutiodineaddition.

Thebloodglucoselevelofgroup2Cwassignificantlyhigherthanthatofgroup

2Dafter30minutes,60minutes,90minutesand120minutesofinsulininjection.

Thisisanindicationthatiodineintakeincreasedinsulinsensitivityindiabeticrats

thatconsumed30%soybeansincomparisonwiththeratsthatwerenotfedwith

iodine.



126

p≤0.05

Figure4.20InsulinToleranceTestResultsforGroups2Cand2D

Group2C=Diabeticratsfedwith30%soybeansfeed;Group2D=Diabeticratsfed

30% soybeansfeed+Iodine(10mg/kgoffeed).Dataareexpressedinmean

±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’

forunpairedgroups.
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Theresultsfortheinsulintolerancetestsingroups1Cand2Carepresentedin

figure4.21inthenextpage.From thefigure,thefollowingwereobserved;

Themeanfastingbloodglucoselevelofgroup1Cwassignificantlylowerwhen

comparedtogroup2C.Thisshowsthatingestionof30%soybeanssignificantly

elevatedmeanfastingbloodglucoselevelofdiabeticratsincomparisonto

normalratfeedintake.

Themeanbloodglucoselevelingroup1Cwassignificantlylowerthangroup2C

throughoutthe insulin tolerance test.This is a pointerthatintake of30%

soybeansreducedinsulinsensitivityindiabeticratswhencomparedwithintake

ofnormalratfeed.



128

p≤0.05

Figure4.21InsulinToleranceTestResultsforGroups1Cand2C

Group1C=Diabeticratsfedwithnormalratfeed;Group2C=Diabeticratsfed

30%soybeansfeed.Dataareexpressedinmean±SEM (n=5).Comparisonswere

madeusingonewayANOVAandstudents‘Ttest’forunpairedgroups.
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Theresultsforinsulintolerancetestsingroups1Dand2Darepresentedinfigure

4.22inthenextpage.From thefigure,thefollowingwereobserved;

Themeanfastingbloodglucoselevelofgroup1D wassignificantlylowerin

comparisontogroup2D.Thisindicatesthatconcurrentintakeofiodineand30%

soybeanssignificantlyincreasedfastingbloodglucoselevelindiabeticratsin

comparisontointakeofiodineandnormalratfeed.

Themeanbloodglucoselevelsingroup1Dweresignificantlylowerthangroup

2D throughout the insulin tolerance test. This shows that concurrent

consumption ofiodine and 30% soybeans reduced insulin sensitivitywhen

comparedtointakeofiodineandnormalratfeed.
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Figure4.22InsulinToleranceTestResultsforGroups1Dand2D

Group1D=Diabeticratsfedwithnormalratfeed+Iodine(10mg/mgoffeed);
Group2D=Diabeticratsfedwith30% soybeans+Iodine(10mg/mgoffeed).
Dataareexpressedinmean±SEM (n=5).Comparisonsweremadeusingoneway
ANOVAandstudents‘Ttest’forunpairedgroups.
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Theresultsforinsulintolerancetestsingroups3Aand3Barepresentedinfigure

4.23inthenextpage.From thefigure,thefollowingwereobserved;

Themeanfastingbloodglucoselevelofgroup3Awassignificantlyhigherthan

group3B.Thisimpliesthatconcurrentconsumptionofiodineand30%cassava

significantlyloweredfastingbloodglucoselevelincomparisontoconsumption

of30%cassavawithoutiodinetreatment.

Therewasnosignificantdifferencebetweenthemeanbloodglucoselevelsof

group3Aand3B30minutesafterinsulininjection.Themeanbloodglucoselevel

ofgroup3A wassignificantlyhighercomparedtogroup3B60minutesafter

insulininfusion.Therewasnosignificantdifferencebetweenthemeanblood

glucoselevelsofgroup3Aand3Bafter90minutesand120minutesofinsulin

injection.Thisisanindicationthatconcurrentiodineand30% cassavaintake

significantlyloweredbloodglucoselevel60minutesafterinsulininjectionbut

showednosignificanteffectoninsulinsensitivityafterwards.
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p≤0.05

Figure4.23InsulinToleranceTestResultsforGroups3Aand3B

Group3A=Non-diabeticratsfedwith30%cassavafeed;Group3B=Non-diabetic

ratsfed30% cassavafeed+Iodine(10mg/kgoffeed).Dataareexpressedin

mean±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents

‘Ttest’forunpairedgroups.
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Theresultsforinsulintolerancetestsingroups1Aand3Aarepresentedinfigure

4.24inthenextpage.From thefigure,thefollowingwereobserved;

Therewasnosignificantdifferencebetweenthemeanfastingbloodglucoselevel

ofgroup1A and3A.Thisimpliesthatconsumptionof30% cassavadidnot

significantlyaffectmeanfastingbloodglucoselevelinnon-diabeticratswhen

comparedtointakeofnormalratfeed.

Therewasnosignificantdifferenceinthemeanbloodglucoselevelsofgroup1A

and3A30minutes,60minutesand120minutesafterinsulininjection.Themean

bloodglucoselevelingroup1Awassignificantlylowerthangroup3A90minutes

afterinsulininjection.Thisisanindicationthatintakeof30% cassavahadno

significanteffectoninsulinsensitivity30minutesand60minutesafterinsulin

injectioninnon-diabeticratsbutshowedatendencytorecovermorequicklyfrom

thehypoglycaemiceffectofinsulin(at90minutes)whencomparedtointakeof

normalratfeed.
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p

≤0.05

Figure4.24InsulinToleranceTestResultsforGroups1Aand3A

Group1A=Non-diabeticratsfedwithnormalratfeed;Group3A=Non-diabetic

rats fed 30% cassava feed.Data are expressed in mean ±SEM (n=5).

Comparisonswere made using one wayANOVA and students‘T test’for

unpairedgroups.
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Theresultsforinsulintolerancetestsingroups1Band3Barepresentedinfigure

4.25inthenextpage.From thefigure,thefollowingwereobserved;

Themeanfastingbloodglucoseofgroup1Bwassignificantlyhigherthangroup

3B.Thisimpliesthatconcurrentiodineand30% cassavaintakesignificantly

loweredmeanfastingbloodglucoselevelinnon-diabeticratswhencompared

withconsumptionofiodineandnormalratfeed.

Therewasnosignificantdifferencebetweenthemeanbloodglucoselevelsof

group 1B and 3B after30 minutes,60 minutes and 90 minutes ofinsulin

administration.Themeanblood glucoselevelofgroup 1B wassignificantly

higherthangroup3Bafter120minutes.Thisisanindicationthathypoglycaemic

actionofinsulinlastedlongerinnon-diabeticratsthatwerefedwithiodineand

30%cassavaincomparisontothosefedwithiodineandnormalratfeed.
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≤0.05

Figure4.25InsulinToleranceTestResultsforGroups1Band3B

Group1B=Non-diabeticratsfedwithnormalratfeed+Iodine(10mg/kgoffeed);

Group3B=Non-diabeticratsfed30%cassavafeed+Iodine(10mg/kgoffeed).

Dataareandstudents‘Ttest’forunpairedgroups.
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Theresultsforinsulintolerancetestsingroups3Cand3Darepresentedinfigure

4.26inthenextpage.From thediagram,thefollowingwereobserved;

Therewasnosignificantdifferencebetweenthemeanfastingbloodglucoselevel

ofgroup3Cand3D.Thisimpliesthatconcurrentiodineand30%cassavaintake

hadnosignificanteffectonthemeanfastingbloodglucoselevelindiabeticrats

whencomparedtointakeof30%cassavawithoutiodinetreatment.

Themeanbloodglucoselevelofgroup3Cwassignificantlyhigherthangroup3D

after30minutes,90minutesand120minutesofinsulininjection.Therewasno

significantdifferencebetweenmeanbloodglucoselevelsingroup3Cand3D

after60minutes.Thisisanindicationthatconcurrentintakeofiodineand30%

cassavasignificantlyincreasedinsulinsensitivityindiabeticrats.
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Figure4.26InsulinToleranceTestResultsforGroups3Cand3D

Group3C=Diabeticratsfedwith30%cassavafeed;Group3D=Diabeticratsfed

30%cassavafeed+Iodine(10mg/kgoffeed).Dataareexpressedinmean±SEM

(n=5).ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’for

unpairedgroups.
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Theresultsforinsulintolerancetestsingroups1Cand3Carepresentedinfigure

4.27inthenextpage.From thefigure,thefollowingwereobserved;

Therewasnosignificantdifferencebetweenthemeanfastingbloodglucoselevel

ingroup1C and3C.Thisimpliesthatconsumptionof30% cassavadidnot

significantly altermean fasting blood glucose levelin diabetic rats when

comparedwithintakeofnormalratfeed.

Themeanbloodglucoselevelsingroup1Cweresignificantlylowerthaningroup

3C after30minutes,60minutesand90minutesafterinsulinadministration.

Therewasnosignificantdifferenceinthemeanbloodglucoselevelsofgroup1C

andgroup3Cafter120minutesofinsulinadministration.Thisisanindication

thatconsumptionof30% cassavasignificantlydecreasedinsulinsensitivityin

diabeticratsincomparisontoconsumptionofnormalratfeed.
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≤0.05

Figure4.27InsulinToleranceTestResultsforGroups1Cand3C

Group1C=Diabeticratsfedwithnormalratfeed;Group3C=Diabeticratsfed

30%cassavafeed.Dataareexpressedinmean±SEM (n=5).Comparisonswere

madeusingonewayANOVAandstudents‘Ttest’forunpairedgroups.
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Theresultsforinsulintolerancetestsingroups1Dand3Darepresentedinfigure

4.28inthenextpage.From thefigure,thefollowingwereobserved;

Themeanfastingbloodglucoselevelingroup1Dwassignificantlyhigherthan

group3D.Thisimpliesthatconcurrentconsumptionofiodineand30%cassava

significantly lowered mean fasting blood glucose levels in diabetic rats in

comparisonwithiodineandnormalratfeedintake.

Themeanbloodglucoselevelingroup1Dwassignificantlyhigherthangroup3D

throughouttheinsulintolerancetest.Thisisanindicationthatindiabeticrats,

concurrentiodineandcassavaintakesignificantlyincreasedinsulinsensitivityin

comparisontoiodineandnormalratfeedintake.
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Fig.4.28InsulinToleranceTestResultsforGroups1Dand3D

Group1D=Diabeticratsfedwithnormalratfeed+iodine;Group3D=Diabeticrats

fed 30% cassava feed + iodine.Data are expressed in mean ±SEM (n=5).

ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’forunpaired

groups.



143

4.4ResultsofInsulinResistance

Theresultsforinsulinresistancearepresentedintable4.3inthenextpage.From

thetable,thefollowingwasobserved;

From the calculations for insulin resistance (HOMA-IR equation),insulin

resistancewasobservedingroup3C.Thisshowsthatthetype1diabeticratsfed

with30%cassavadevelopedinsulinresistance.
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Table4.3ResultsofInsulinResistance(HOMA-IR)

Groups A B C D

1

2

3

0.4

1.2

0.2

0.1

1.3

0.6

0.2

0.2

4.8*

0.2

0.3

0.3

Group1=Normalratfeed;Group2=30%soybeansfeed,Group3=30%cassava

feed.(Subgroups;A=Non-diabetic,B=Non-diabetic+Iodine(10mg/kgoffeed),

C=Diabetic,D=Diabetic+Iodine(10mg/kgoffeed)).Dataareexpressedinmean

±SEM (n=5).Thesymbol*denotesInsulinresistance
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Themeanserum insulinlevelsarepresentedintable4.4.From thetable,the

followingwereobserved

Themeanserum insulinlevelofgroup1Awassignificantlyhigherthangroup1B.

Therewasnosignificantdifferenceinthemeanserum insulinlevelofgroup1C

andgroup1D.Thisisanindicationthatiodineintakesignificantlyloweredmean

serum insulinlevelsinnon-diabeticratsfedwithnormalratfeedbuthadnodid

notsignificantlyaltermeanserum insulinconcentrationindiabeticrats.

Therewasnosignificantdifferencebetweenthemeanserum insulinlevelof

group 2A and group 2B.The mean serum insulin levelin group 2C was

significantlylowerthaningroup2D.Thisimpliesthatiodineintakedidnot

significantlyaffectmeanserum insulinlevelinnon-diabeticratsthatwerefed

with30%soybeansbutsignificantlyincreaseditindiabeticrats.

Themeanserum insulinlevelingroup3Awassignificantlylowerthangroup3B.

Themeanserum insulinlevelingroup3Cwassignificantlyhigherthangroup3D.

This implies thatiodine consumption caused elevated mean serum insulin

concentrationinnon-diabeticratsthatwerefedwith30% cassavabutlowered

serum insulinlevelsindiabeticrats.

Themeaninsulinlevelingroup1Awassignificantlylowerthangroup2Aand

higherthan3A.Thisshowsthatconsumptionof30% soybeanssignificantly

increased mean serum insulin concentrations and intake 30% cassava

significantlyloweredserum insulinlevelinnon-diabeticratsincomparisonwith

consumptionofnormalratfeed.

Themeaninsulinlevelingroup1Bwassignificantlylowerthangroups2Band3B.

Thisisanindicationthatconcurrentintakeofiodineand30%soybeansor30%

cassavacausedsignificantlyhighermeanserum insulinconcentrationsinnon-

diabeticexperimentalratsincomparisontointakeofiodineandnormalratfeed.

Themeaninsulinlevelingroup1Cwassignificantlyhigherthangroup2Cand

significantlylowerthangroup3C.Thisimpliesthatindiabeticrats,intakeof30%
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soybeanssignificantlylowered serum insulin leveland consumption of30%

cassavasignificantlyincreasedmeanserum insulinlevelincomparisonwith

normalratfeedconsumption.

Themeanserum insulinlevelofgroup1Dwassignificantlylowerthangroup2D.

Therewasnosignificantdifferenceinthemeaninsulinlevelsofgroups1Dand

3D.Thisisan indication thatdiabeticratsthatconsumed iodine and 30%

soybeanshadsignificantlyhighermeanserum insulinconcentrationandthose

fedwith30%cassavaandiodineshowednosignificantalterationsintheirmean

serum insulinconcentrationincomparisontodiabeticratsthatconsumednormal

ratfeedandiodine.
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Table4.4Meanserum Insulinlevels(Iμ/mL)

Groups A B C D

1

2

3

1.48±0.16̂*

5.25±0.15̂

0.92±0.03

0.45±0.09

5.00±0.54̂

2.63±0.17̂*

0.23±0.03̂

0.17±0.03

5.65±0.35*̂

0.18±0.03

0.30±0.04̂*

0.43±0.12

Group1=Normalratfeed;Group2=30%soybeansfeed;Group3=30%cassava

feed.(Subgroups;A=Non-diabetic,B=Non-diabetic+Iodine(10mg/kgoffeed),

C=Diabetic,D=Diabetic+Iodine(10mg/kgoffeed)).Dataareexpressedinmean

±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’
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forunpairedgroups.Thesymbol̂ denotesp≤0.05significantlyhigheringroups

1and2or1and3.Thesymbol*denotesp≤0.05significantlyhigheringroupsA

andBorCandD.

4.5ResultsofMeanBodyWeights

Theresultsofthemeanbodyweights(initial,after6weeksandafter8weeks)in

group1arepresentedinfigure4.29inthenextpage.From thefigure,the

followingwereobserved;

Therewasnosignificantdifferenceintheweightgainedingroup1Aand1Bafter

6weeksandattheend(8weeks)oftheexperiment.Thisisanindicationthat

iodineintakehadnosignificanteffectonbodyweightinnon-diabeticratsthat

consumednormalratfeed.
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Therewasnosignificantdifferenceinweightgainedingroup1Cand1Dafter6

weeks.Group1Dgainedsignificantlyhigherweightthangroup1Cbeforetheend

oftheexperiment.̀Thisisanindicationthatindiabeticratsfedwithiodineand

normalratfeed,therewassignificantlyhigherweightgainafterinductionof

diabetesincomparisonwiththosethatwerefedwithnormalratfeedwithout

iodinetreatment.

`

p≤0.05

Figure4.29BodyWeights(Initial,after6Weeksandafter8weeks)InGroup



150

1(Normalratfeed).

Subgroups;A=Non-diabetic,B=Non-diabetic+Iodine(10mg/kgoffeed),C=

Diabetic,D=Diabetic+Iodine(10mg/kgoffeed).Dataareexpressedinmean

±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents’Ttest

forunpairedgroups.

Theresultsformeanbodyweightsingroup2werepresentedinfigure4.30inthe

nextpage.From thefigure,thefollowingwereobserved;

Themeanbodyweightgainingroup2Aafter6weekswassignificantlyhigher

thanthatofgroup2B.Therewasnosignificantdifferencebetweentheweight

gainedingroup2Aand2Bafter8weeks.Thisisanindicationthatiodineintake

causedsignificantlylowermeanbodyweightgaininnon-diabeticratsfedwith

30%soybeansforthefirst6weeksoftheexperimentbutshowednosignificant

effectonmeanbodyweightgainattheendoftheexperimentincomparisonto

intakeof30%soybeansintakewithoutiodinetreatment.

Therewasnosignificantdifferencebetweentheweightchangeingroup2Cand

2Dafter6weeks.Therewasnosignificantdifferenceintheweightlossingroup

2Cand2Dafter8weeks.Thisindicatesthattherewasweightlossamongthe

diabeticratsfedwith30%soybeans.Iodineintakedidnotsignificantlyinfluence
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theweightlossoftheexperimentalrats.

p≤0.05

Figure4.30MeanBodyWeights(Initial,after6Weeksand8weeks)InGroup2

(30%soybeansfeed).

Subgroups;A=Non-diabetic,B=Non-diabetic+Iodine(10mg/kgoffeed),C=

Diabetic,D=Diabetic+Iodine(10mg/kgoffeed).Dataareexpressedinmean

±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’

forunpairedgroups.
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Theresultsofmeanbodyweightsingroup3arepresentedinfigure4.31inthe

nextpage.From thefigure,thefollowingwereobserved

Theweightgainingroup3Awassignificantlylowerthangroup3Bafter6weeks

and8weeks.Thisisanindicationthatconcurrentintakeofiodineand30%

cassavacausedsignificantlyhighermeanbodyweightinnon-diabeticratswhen

comparedtointakeof30%cassavawithoutiodinetreatment.

Therewasnosignificantdifferenceintheweightchangesingroup3Cand3D

after6weeksand8weeks.Thisshowsthatindiabeticratsthatconsumedboth

iodineand30% cassava,therewasnosignificantdifferenceinthemeanbody

weightwhencomparedwithdiabeticratsthatconsumed30% cassavawithout

iodinetreatment.
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Figure4.31MeanBodyWeights(Initial,after6Weeksand8weeks)InGroup3

(30%cassavafeed).

Subgroups;A=Non-diabetic,B=Non-diabetic+Iodine(10mg/kgoffeed),C=

Diabetic,D=Diabetic+Iodine(10mg/kgoffeed).Dataareexpressedinmean

±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents’Ttest

forunpairedgroups.
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Theresultsformeanbodyweightsingroups1Aand2Aarepresentedinfigure

4.32inthenextpage.From thefigure,thefollowingwereobserved;

Therewasnosignificantdifferencebetweentheweightchangesingroup1Aand

group2Aafter6weeksand8weeks.Thisindicatesthat30%soybeansintakedid

notsignificantlyalterbodyweightinnon-diabeticrats.

Theweightgainingroup1Bwassignificantlyhigherthangroup2Bafter6weeks.

Therewasnosignificantdifferencebetweenthemeanweightgainingroup1B

and 2B after8weeks.Thisisan indication thatconcurrentiodineand 30%

soybeansintakesignificantlyreducedmeanbodyweightgaininnon-diabeticrats

inthefirst6weeksoftheexperimentwhencomparedwithintakeofnormalrat

feedandiodine.

Therewasnosignificantdifferenceinweightgainingroup1Candgroup2C.

Therewasasignificantlyhigherweightgainingroup1Cthaningroup2Cafter

8weeks.Thisisanindicationthatintakeof30%soybeanssignificantlyreduced

weightgainindiabeticratsincomparisonwithintakeofnormalratfeed.

Therewasnosignificantdifferencebetweentheweightgainedingroup1Dand

group2Dafter6weeks.Theweightgainingroup1Dwassignificantlyhigherthan

ingroup2Dafter8weeks.Thisisanindicationthatindiabeticrats,concurrent

iodine and 30% soybeans intake significantly decreased weight gain in

comparisontointakeofnormalratfeedandiodine.
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Figure4.32Meanbodyweightsofratsingroups1(Normalratfeed)and2(30%

soybeansfeed).

Subgroups;A=Non-diabetic,B=Non-diabetic+Iodine(10mg/kgoffeed),C=

Diabetic,D=Diabetic+Iodine(10mg/kgoffeed).Dataareexpressedinmean

±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’

forunpairedgroups.
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Theresultsformeanbodyweightsingroups1Aand3Aarepresentedinfigure

4.33inthenextpage.From thefigure,thefollowingwereobserved;

Therewasnosignificantdifferencebetweenthemeanbodyweightgainsin

groups1A and 3A after6 weeks.Themean weightgain in group 1A was

significantlylowerthan3Aafter8weeksoftheexperiment.Thisisanindication

that30%cassavaintakesignificantlyincreasedmeanbodyweightinnon-diabetic

rats.

Theweightgainingroup1Bwassignificantlylowerthangroup3B6weeeksafter.

Theweightdifferenceingroup1Bwassignificantlylowerthangroup3Bafter8

weeks.This implies that concurrent intake of iodine and 30% cassava

significantlyincreasedbodyweightinnon-diabeticratsincomparisontointakeof

normalratfeedandiodine.

Therewasasignificantlylowerweightgainingroup1Cthangroup3Cafter6

weeks.Therewassignificantlylowerweightgainingroup1Cthangroup3Cafter

8weeks. Thisshowsthatintakeofcassavacausedsignificantlyhighermean

bodyweightindiabeticrats.

Theweightgainingroup1Dwassignificantlylowerthangroup3Dafter6weeks.

Therewasnosignificantdifferencebetweenweightgainingroup1Dandgroup

3D8weeksafter.Thisisanindicationthatconcurrentintakeofiodineand30%

cassavadid notsignificantlyaffectmeanbodyweightindiabeticratsafter

diabeteswasinducedonthe6thweekoftheexperimentincomparisontointake

ofnormalratfeedandiodine.
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Figure4.33Meanbodyweightsofratsingroups1(Normalratfeed)and2(30%

soybeansfeed).

Subgroups;A=Non-diabetic,B:=Non-diabetic+Iodine(10mg/kgoffeed),C=

Diabetic,D=Diabetic+Iodine(10mg/kgoffeed).Dataareexpressedinmean

±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’

forunpairedgroups.
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4.6ResultsforThyroidFunctionTests

TheresultsformeanT3(triidothyronine)levelsarepresentedintable4.5inthe

nextpage.From thetable,thefollowingwereobserved;

TherewasnosignificantdifferenceinthemeanT3levelofgroup1Aandgroup1B.

TherewasnosignificantdifferenceinthemeanT3levelofgroup1Candgroup

1D.Thisisanindicationthatiodineintakedidnotsignificantlyaffectmeanserum

T3levelinnon-diabeticratsanddiabeticratsfedwithnormalratfeed.

ThemeanT3levelofgroup2Awassignificantlyhigherthangroup2B.Therewas

nosignificantdifferenceinthemeanT3 levelofgroup2Candgroup2D.This

impliesthatconcurrentintakeofiodineand30% soybeanscausedsignificantly

decreasedmeanserum T3levelinnon-diabeticratsbuthadnosignificanteffect

onmeanserum T3levelindiabeticratsincomparisontointakeof30%soybeans

withoutiodinetreatment.

ThemeanT3levelofgroup3Awassignificantlyhigherthangroup3B.Therewas

nosignificantdifferenceinthemeanT3 levelofgroup3Candgroup3D.This

impliesthatconcurrentintakeofiodineand30% cassavacausedsignificantly

decreasedmeanserum T3levelinnon-diabeticratsbuthadnosignificanteffect

onmeanserum T3levelindiabeticratsincomparisontointakeof30%cassava

withoutiodinetreatment.

ThemeanT3levelofgroup1Awassignificantlylowerthangroup2A.Thisisan

indicationthatintakeof30% soybeanssignificantlyincreasedmeanserum T3

levelinnon-diabeticratsincomparisonwithintakeofnormalratfeed.

TherewasnosignificantdifferenceinthemeanT3levelsofgroup1Bandgroup

2B.Thisimpliesthatconcurrentintakeofiodineand30% soybeanshadno

significanteffectonmeanserum T3 levelinnon-diabeticratsincontrastwith

normalratfeedandiodineintake.

TherewasnosignificantdifferencebetweenthemeanT3levelsofgroup1Cand

group2C.Therewasnosignificantdifferencebetweenthemeanserum T3levels

ofgroup1D and2D.Thisisanindicationthatintakeof30% soybeansand

concurrentiodineand30%soybeansintakehadnosignificanteffectonthemean

serum T3levelindiabeticratswhencomparedwithintakeofnormalratfeed.
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TherewasnosignificantdifferencebetweenthemeanT3levelsofgroup1Aand

group3A.Thisshowsthatintakeof30% cassavahadnosignificanteffecton

meanserum T3 levelinnon-diabeticratsincomparisontointakeofnormalrat

feed.

TherewasnosignificantdifferencebetweenthemeanT3levelsofgroup1Band

group3B.Thisshowsthatconcurrentintakeof30%cassavaandiodinedidnot

significantlyaffectmeanserum T3levelinnon-diabeticratswhencomparedwith

intakeofnormalratfeedandiodine.

TherewasnosignificantdifferenceinthemeanT3levelsofgroup1Candgroup

3C.Therewasnosignificantdifferenceinthemeanserum T3levelsofgroup1D

and3D.Thisisanindicationthatintakeof30%cassavaandconcurrentintakeof

iodineand30% cassavahadnosignificanteffectonmeanserum T3 levelin

diabeticratsincomparisontointakeofnormalratfeed.
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Table4.5MeanSerumT3Levels(ng/mL)

Groups A B C D

1

2

3

2.98±0.26

6.75±0.06̂*

3.48±0.10*

2.38±0.0003

2.90±0.19

2.86±0.04

3.18±0.08

2.02±0.12

2.48±0.55

2.03±0.5

2.35±0.15

2.77±0.18

Group1=Normalratfeed;Group2=30%soybeansfeed,Group3=30%cassava

feed.(Subgroups;A=Non-diabetic,B=Non-diabetic+Iodine(10mg/kgoffeed),

C=Diabetic,D=Diabetic+Iodine(10mg/kgoffeed)).Dataareexpressedinmean

±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’

forunpairedgroups.Thesymbol̂ denotesp≤0.05significantlyhigheringroups

1and2or1and3.Thesymbol*denotesp≤0.05significantlyhigheringroupsA

andBorCandD.
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Theresultsformeanserum T4 levelsarepresentedonthetable4.6.From the

table,thefollowingwereobserved;

TherewasnosignificantdifferencebetweenthemeanT4levelsofgroup1Aand

group1B.ThemeanT4levelingroup1Cwassignificantlyhigherthangroup1D.

Thisisanindicationthatiodineintakehadnosignificanteffectonmeanserum

T4 concentration in non-diabetic rats butsignificantlylowered T4 levels in

diabeticrats.

TherewasnosignificantdifferenceinthemeanT4levelofgroup2Aandgroup2B.

TherewasnosignificantdifferenceinthemeanT4levelofgroup2Candgroup

2D.Thisimpliesthatiodineintakehadnosignificanteffectonthemeanserum

T4levelinnon-diabeticanddiabeticratsthatwerefedwith30%soybeans.

ThemeanT4levelingroup3Awassignificantlyhigherthangroup3B.Themean

T4levelingroup3Cwassignificantlyhigherthangroup3D.Thisisanindication

thatiodineintakesignificantlydecreasedthesynthesisandsecretionofT4innon

-diabeticanddiabeticrats.

TherewasnosignificantdifferencebetweenthemeanT4levelsofgroup1Aand

group2A.TherewasnosignificantdifferencebetweenthemeanT4 levelsof

groups1Aand3A.Thisshowsthatintakeof30%soybeansor30%cassavahad

nosignificanteffectonmeanserum T4levelinnon-diabeticratsincomparison

tointakeofnormalratfeed

TherewasnosignificantdifferencebetweenthemeanT4levelsingroups1Band

2B.ThemeanT4levelofgroup1Bwassignificantlyhigherthangroup3B.This

indicatesthatconcurrentintakeofiodineand30%soybeansdidnotsignificantly

altermeanserum T4levelinnon-diabeticratsbutconcurrentiodineand30%

cassavaintakesignificantlylowereditincomparisontointakeofiodineand

normalratfeed.

ThemeanT4levelingroup1Cwassignificantlylowerthangroup2C.Themean

T4 levelofgroup1Cwassignificantlylowerthangroup3C.Thisshowsthatin

diabeticrats,intakeof30%soybeansandintakeof30%cassavabothcauseda

significantincreaseinmeanserum T4concentrationincomparisontointakeof
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normalratfeed.

ThemeanT4 levelofgroup1Dwassignificantlylowerthaningroup2D.The

meanT4 levelingroup1D wassignificantlylowerthangroup3D.Thisisan

indicationthatconcurrentintakeofiodineandgoitrogenicfoods(30%cassavaor

soybeans)causedasignificantriseinmeanserum T4levelindiabeticratsin

comparisontointakeofnormalratfeedandiodine.
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Table4.6MeanT4Levels(mg/dL)

Groups A B C D

1

2

3

13.17±0.55

14.45±0.58

13.08±0.16*

13.27±0.3̂

13.52±0.53

9.23±0.49

11.75±0.21*

13.32±0.32̂

14.55±0.72̂*

6.75±0.22

6.75±0.22

13.27±0.49̂

Group1=Normalratfeed,Group2=30%soybeansfeed,Group3=30%cassava

feed.(Subgroups;A=Non-diabetic,B= Non-diabetic+Iodine(10mg/kgoffeed)

C=Diabetic,D=Diabetic+Iodine(10mg/kgoffeed)).Dataareexpressedinmean

±SEM (n=5).Comparisons were made using one way ANOVA followed by

students‘Ttest’forunpairedgroups.Thesymbol̂ denotesp≤0.05significantly

higheringroups1and2or1and3.Thesymbol*denotesp≤0.05significantly

higheringroupsAandBorCandD.
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TheresultsformeanTSH(ThyroidStimulatingHormone)arepresentedintable

4.7.From thetable,thefollowingwereobserved.

TherewasnosignificantdifferencebetweenthemeanTSHlevelsofgroup1A

andgroup1B.Themeanserum TSH levelingroup1Cwassignificantlylower

thangroup1D.Thisisanindicationthatiodineintakehadnosignificanteffecton

meanserum TSH levelinnon-diabeticratsthatconsumednormalratfeedbut

significantlyincreasedmeanserum TSHconcentrationindiabeticrats.

TherewasnosignificantdifferencebetweenthemeanTSHlevelsofgroup2A

andgroup2B.ThemeanTSHlevelofgroup2Cwassignificantlylowerthangroup

2D.Thisshowsthatiodineintakehadnosignificanteffectonmeanserum TSH

levelinnon-diabeticratsthatconsumed30%soybeansbutsignificantlyincreased

meanserum TSHconcentrationindiabeticrats.

ThemeanTSH levelofgroup3Awassignificantlylowerthangroup3B.There

wasnosignificantdifferencebetweenthemeanTSHlevelofgroup3Candgroup

3D.Thisimpliesthatiodineintakesignificantlyincreased mean serum TSH

concentrationinnon-diabeticratsfedwith30% cassavabuthadnosignificant

effectonmeanserum TSH concentrationofdiabeticratsincomparisonwith

intakeof30%cassavawithoutiodinetreatment.

TherewasnosignificantdifferenceinthemeanTSHlevelsofgroups1A,2Aand

3A.Thisisanindicationthat30%soybeansintakeand30%cassavaintakehad

nosignificanteffectonthemeanserum TSHconcentrationinnon-diabeticratsin

comparisontoratsthatconsumednormalratfeed.

TherewasnosignificantdifferencebetweenthemeanTSHlevelsofgroups1B

and2B.ThemeanTSHlevelofgroup1Bwassignificantlylowerthangroup3B.

Thisisanindicationthatconcurrentintakeofiodineand30%soybeanshadno

significanteffectonmeanserum TSH levelinnon-diabeticratsbutconcurrent

intakeofiodineand30% cassavasignificantlyincreasedserum TSH levelin

comparisontointakeofiodineandnormalratfeed.
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ThemeanTSH levelofgroup1Cwassignificantlylowerthangroup2C.There

wasnosignificantdifferencebetweenthemeanTSHlevelsofgroup1Cand3C.

This implies thatin diabetic rats,consumption of30% soybeans caused

significantlyelevatedmeanserum TSHconcentrationbutintakeof30%cassava

hadnosignificanteffectonTSH concentrationwhencomparedtointakeof

normalratfeed.

TherewasnosignificantdifferenceinthemeanTSHlevelsingroups1Dand2D.

ThemeanTSH levelingroup1Dwassignificantlyhigherthangroup3D.This

impliesthatindiabeticrats,consumptionofiodineand30% soybeansdidnot

cause any significant difference in mean serum TSH concentration but

concurrentintakeofiodineand30%cassavasignificantlyloweredmeanserum

TSHconcentrationwhencomparedtointakeofiodineandnormalratfeed..
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Theresultsforantibodyforthyroperoxidase(TPO)arepresentedintable4.8in

Table4.7MeanTSHLevels(Iμ/ml)

Groups A B C D

1

2

3

2.62±0.12

3.17±0.32

2.87±0.04

2.77±0.15

2.4±0.97

4.25±0.08̂*

2.28±0.08

2.75±0.14̂

2.58±0.15

3.08±0.15̂*

3.12±0.05*

2.32±0.83

Group1=Normalratfeed,Group2=30% soybeansfeed,Group3=30% cassavafeed.

(Subgroups;A=Non-diabetic,B=Non-diabetic+Iodine(10mg/kgoffeed)C=Diabetic,D=

Diabetic + Iodine (10mg/kg offeed)).Data are expressed in mean ±SEM (n=5).

ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’forunpairedgroups.

Thesymbol̂ denotesp≤0.05significantlyhigheringroups1and2or1and3.Thesymbol

*denotesp≤0.05significantlyhigheringroupsAandBorCandD.
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thenextpage.From thetable,thefollowingwasobserved;

Theresultsshowednegativelevelinallthegroupsandsubgroups.Thisisan

indicationthatiodineintake,30%soybeansintakeand30%cassavaintakedidnot

causethedevelopmentofthyroperoxidaseantibody.

Table4.8AntibodyIndexforThyroperoxidase(TPO)

Groups A B C D



168

1

2

3

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

Group1=Normalratfeed;Group2=30%soybeansfeed;Group3=30%cassava

feed.(Subgroups;A=Non-diabeticB=Non-diabetic+Iodine(10mg/kgoffeed)C=

Diabetic,D=Diabetic+Iodine(10mg/kgoffeed)).ResultsarepresentedinMean

±SEM.Negative:0.1,Positive:3.9,Calibrator:2.9,Calibratorfactor:0.35,Cut–off:

0.6293.
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Theresultsofthyroglobulinantibodyindexarepresentedintable4.9inthenext

page.From thetable,thefollowingwasobserved;

Theresultsshowednegative(0.1)forthyroglobulinantibodyindexinalltherats.

Thisisanindicationthatiodineintake,30%soybeansand30%cassavaintakedid

notcausethedevelopmentofthyroglobulinantibody.
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Table4.9AntibodyIndexforThyroglobulin

Groups A B C D

1

2

3

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

Group1:Normalratfeed,Group2:30% soybeansfeed,Group3:30% cassava

feed.(Subgroups;A:Non-diabeticB:Non-diabetic+Iodine(10mg/kgoffeed)C:

Diabetic,D:Diabetic+Iodine(10mg/kgoffeed)).ResultsarepresentedinMean

±SEM.Negative:0.1,Positive:2.4,Calibrator:2.0,Calibratorfactor:0.5,Cut-off:

0.73
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4.7ResultsforOxidativeStressMarkers

The results formean serum concentrations ofMalondialdehyde (MDA)are

presentedintable4.10.From thetable,thefollowingwereobserved;

Themeanserum MDAlevelingroup1Awassignificantlylowerthangroup1B.

Therewasnosignificantdifferenceinthemeanserum MDAlevelofgroup1Cand

1D.Thisshowsthatintakeofiodinecausedasignificantincreaseinmeanserum

levelofMDAinnon-diabeticratsbuthadnosignificanteffectonMDAlevelin

diabeticrats.

Therewasnosignificantdifferenceinthemeanserum MDAlevelsofgroup2A

and2B.Themeanserum MDAlevelingroup2Cwassignificantlylowerthan

group2D.Thisisanindicationthatiodineintakehadnosignificanteffecton

serum MDA levelin non-diabetic rats thatconsumed 30% soybeans but

significantlyincreaseditindiabeticratscomparedtotheratsthatconsumed30%

soybeanswithoutiodinetreatment.

Therewasnosignificantdifferenceinthemeanserum MDAlevelofgroup3Aand

3B.Therewasnosignificantdifferenceinthemeanserum MDAlevelsofgroups

3Cand3D.Thisisanindicationthatiodineintakehadnosignificanteffecton

meanserum MDAlevelinbothdiabeticandnon-diabeticratsthatconsumed30%

cassavaincomparisontothosethatconsumed30%cassavawithoutadditional

iodineintake.

Therewasno significantdifferencebetweenthemeanserum MDA levelof

groups1Aand2A.Themeanserum MDAlevelofgroup1Awassignificantly

lowerthangroup3A.Thissignifiesthatwhencomparedtointakeofnormalrat

feed,intakeof30% soybeansdidnotsignificantlyaltermeanserum MDAlevel

butintakeof30%cassavacausedsignificantlyelevatedmeanserum MDAlevelin

non-diabeticrats.

TherewasnosignificantdifferenceinthemeanMDAlevelsingroups1B,2Band

3B.Thisimpliesthatconcurrentintakeofiodinewith30%soybeansorcassava

hadnosignificanteffectonmeanserum concentrationsofMDAinnon-diabetic
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ratsincomparisontointakeofiodineandnormalratfeed.

ThemeanMDAlevelofgroup1Cwassignificantlyhigherthangroups2Cand3C.

Thisimpliesthatindiabeticrats,consumptionof30%soybeansor30%cassava

causedsignificantlyloweredMDAlevels.

ThemeanMDA levelofgroup1D wassignificantlylowerthangroup2D and

higherthangroup3D.Thisshowsthatconcurrentintakeofiodineand30%

soybeanssignificantlyincreasedtheproductionofserum MDA.Concurrentintake

ofiodineand30%cassavacausedsignificantdecreaseinserum MDAlevel.
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Table4.10MeanSerum LevelsofMDA(μmol/l)

Groups A B C D

1

2

3

18.4±1.3

40.4±2.4*

25.2±0.83̂

22.2±2.7*

20.7±2.13

22.4±2.13

35.2±4.7̂

17.4±0.27

18.9±0.88

29.2±2.3̂

50.1±12.4̂*

21.8±1.38
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Group1=Normalratfeed;Group2=30%soybeansfeed,Group3=30%cassava

feed.(Subgroups;A=Non-diabetic,B=Non-diabetic+Iodine(10mg/kgoffeed),

C:=Diabetic,D=Diabetic+Iodine(10mg/kgoffeed)).Dataareexpressedin

mean5±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents’

Ttestforunpairedgroups.Thesymbol̂ denotesp≤0.05significantlyhigherin

groups1and2or1and3.Thesymbol*denotesp≤0.05significantlyhigherin

groupsAandBorCandD.

TheresultsformeanSuperoxideDismutase(SOD)levelswerepresentedintable

4.11.From thetable,thefollowingwereobserved;

TherewasnosignificantdifferenceinthemeanSODlevelsofgroups1Aand1B.

ThemeanSOD levelofgroup1Cwassignificantlylowerthangroup1D.This

impliesthatinnon-diabeticrats,iodinehadnosignificanteffectonmeanserum

SODlevelbutindiabeticrats,iodineintakestimulatedhigherproductionofserum

SOD.
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ThemeanSOD levelingroup2Awassignificantlyhigherthangroup2B.The

meanSODlevelingroup2Cwassignificantlyhigherthangroup2D.Thisisan

indicationthatinbothdiabeticandnon-diabeticrats,concurrentconsumptionof

iodineand30%soybeanscausedsignificantlylowermeanserum levelsofSOD.

ThemeanSODlevelofgroup3Awassignificantlylowerthangroup3B.There

wasnosignificantdifferencebetweenthemeanSODlevelsofgroups3Cand3D.

Thisimpliesthatinnon-diabeticrats,intakeofiodineand30%cassavacaused

significantlyelevatedserum SODlevelsbuthadnosignificanteffectonserum

SODlevelsindiabeticrats.

TherewasnosignificantdifferencebetweenthemeanSODlevelsofgroups1A

and2A.ThemeanSODlevelingroup1Awassignificantlyhigherthangroup3A.

Thisisanindicationthatinnon-diabeticrats,consumptionofsoybeanshadno

significanteffectonserum levelsofSOD butconsumptionof30% cassava

causedasignificantreductioninmeanserum SODlevel.

ThemeanSODlevelingroup1Bwassignificantlyhigherthangroups2Band3B.

Thisisanindicationthatconcurrentconsumptionofiodineandgoitrogenicfoods

(30% soybeans or cassava) significantly reduced mean serum SOD

concentrationsinnon-diabeticrats.

TherewasnosignificantdifferenceinthemeanSODlevelsingroups1C,2Cand

3C.Thisshowsthatindiabeticrats,consumptionof30%soybeansorcassava

didnotsignificantlyalterserum SODlevels.

ThemeanSODlevelingroup1Dwassignificantlyhigherthangroups2Dand3D.

This implies thatin diabetic rats,concurrentconsumption ofiodine and

goitrogenicfoods(30%soybeansandcassava)causedsignificantlylowerlevels

ofmeanserum SOD.

Table4.11MeanSerum LevelsofSOD(mg/ml)

Groups A B C D
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1

2

3

54.06±8.74̂

45.24±8.11*

16.40±1.20

42.34±1.35̂

18.19±1.61

31.16±2.0*

44.44±2.94

38.65±5.29*

44.94±5.21

68.94±0.91̂*

12.04±0.17

49.82±5.30

Group1=Normalratfeed,Group2=30%soybeansfeed,Group3=30%cassava

feed.(Subgroups;A=Non-diabetic,B=Non-diabetic+Iodine(10mg/kgoffeed),

C=Diabetic,D=Diabetic+Iodine(10mg/kgoffeed)).Dataareexpressedinmean

±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents’Ttest

forunpairedgroups.Thesymbol̂ denotesp≤0.05significantlyhigheringroups

1and2or1and3.Thesymbol*denotesp≤0.05significantlyhigheringroupsA

andBorCandD.

TheresultsforthemeanNitricOxide(NO)concentrationsarepresentedintable

4.12.,thefollowingwereobserved;

ThemeanNOlevelofgroup1Awassignificantlyhigherthangroup1B.Therewas
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nosignificantdifferencebetweenthemeanNOlevelsofgroups1Cand1D.This

is an indication thatiodine intake in non-diabetic rats caused significantly

reducedmeanserum levelofNO buthadnosignificanteffectonserum NO

concentrationsindiabeticrats.

ThemeanNOlevelofgroup2Awassignificantlylowerthangroup2B.Therewas

nosignificantdifferencebetweenthemeanNOlevelsofgroups2Cand2D.This

showsthatinnon-diabeticratsfedwith30%soybeans,iodineintakesignificantly

increasedNOlevelsbuthadnosignificanteffectonNOlevelsindiabeticrats.

TherewasnosignificantdifferencebetweenthemeanNOlevelsofgroups3A

and3B.TherewasnosignificantdifferencebetweenthemeanNO levelsin

groups3Cand3D.Thisshowsthatindiabeticandnon-diabeticratsfedwith30%

cassava,iodineintakedidnotsignificantlyaltertheserum levelsofNO.

ThemeanNOlevelingroup1Awassignificantlyhigherthangroup2Aandlower

thangroup3A.Thisisanindicationinnon-diabeticrats,consumptionof30%

soybeanscausedlowerNO levelsandconsumptionof30% cassavacaused

highermeanserum NOlevels.

ThemeanNOlevelingroup1Bwassignificantlylowerthangroup2B.Therewas

nosignificantdifferenceinthemeanNOlevelingroups1Band2B.Thisshows

thatinnon-diabeticrats,concurrentconsumptionofiodineand30% soybeans

significantlyincreasedNOlevelsbutconsumptionofiodineand30%cassavadid

notsignificantlyaltermeanserum NOconcentration.

ThemeanNOlevelingroup1Cwassignificantlylowerthangroup2C.Therewas

nosignificantdifferenceinthemeanNOlevelsingroups1Cand3C.Thisshows

thatindiabeticrats,intakeof30% soybeanssignificantlyincreasedserum NO

productionbut30%cassavaintakehadnosignificanteffectonNOlevels.

TherewasnosignificantdifferenceinthemeanNOlevelsingroups1D,2Dand

3D.Thisimpliesthatconcurrentiodineandgoitrogenicfood(30% soybeansor

cassava)intakedid notsignificantlyaltermean serum NO concentration in

comparisontointakeofnormalratfeedandiodine.
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Table4.12ResultsforNO(μm/l)

Groups A B C D

1

2

3

14.08±0.38̂*

9.37±0.08

17.07±0.92̂

13.24±0.07

15.66±0.8̂*

12.44±1.98

14.56±0.08

14.92±0.08̂

15.11±0.65

15.03±0.36

15.96±0.65

14.04±0.80

Group1=Normalratfeed,Group2=30%soybeansfeed,Group3=30%cassava

feed.(Subgroups;A=Non-diabetic,B=Non-diabetic+Iodine(10mg/kgoffeed),

C=Diabetic,D=Diabetic+Iodine(10mg/kgoffeed)).Dataareexpressedinmean

±SEM (n=5).ComparisonsweremadeusingonewayANOVAandstudents‘Ttest’

forunpairedgroups.Thesymbol̂ denotesp≤0.05significantlyhigheringroups

1and2or1and3.Thesymbol*denotesp≤0.05significantlyhigheringroupsA

andBorCandD.
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CHAPTERFIVE

Discussion

5.0.Thischapterdiscussestheresultspresentedinthepreviouschapter

5.1RatFeedAnalysis

Theiodinecontentobservedfrom theratfeedsshowedthatbasedonthedaily

iodineneedsoftheratsestimatedbyHalversonetal.(1949),thestandardrat

feed,30%G.max(soybeans)feedand30%M.esculenta(cassava)feedallhad

adequateiodinecontents.ThisisinlinewiththefindingsofSalauetal.,(2008)

who concluded thatconsumption of 200 g edibleportion ofG.maxor

M.esculentawouldyieldmorethan200µgiodine,whichistherequireddietary

allowance(CDA,1980)ofanadult.Althoughtheiodinecontentofthefood

cannotbetakenasabsolutebecausetheiodinecontentofplantisalsoa

functionofthesoilcontent(Babara,1994)andtheavailabilityoftheiodineis

dependentonotherinherentconstituentsoftheplantssuchasgoitrogensin

ManihotesculentaandGlycinemaxaswellasprocessingmethod(Salauetal.,

2008).

Thelowercaloriccontentobservedincassavawhencomparedtothenormal

ratfeedisprobablybecausecassavaalthoughrichincarbohydratehashigh

fibre content.The highercaloric contentofsoybeans in comparison to

cassavamaybeattributedthefactthatitisrichinprotein,carbohydratesand

fat(USsoybeanexportcouncil,USSEC,2015)andbecausefibrecontentwas

reducedasaresultofitbeendehuled.Wetteretal.,(1999)observedthat

caloric restriction did notreduce invivo glucose uptake by tissues and

increaseditinseveralinsulin-sensitivetissues.Furthermore,theyobserved

significantreductionininsulinaemiawhichwaspreviouslyobservedby(Dean

etal.1998)whoalsoobservedareductioninC-peptide(anindicatorofinsulin

secretion)andsignificantreductioninepididymalandretroperitonealfatpad
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masses.From thesefindings,itcanbeinferredthatcaloricrestrictionis

importantincontrollingtypeIIdiabetesmellitus.

5.2GlucoseHomeostasis

WalterandMclean(1967)earlierobserveddecreasedactivitiesofhexokinase

inhypothyroidratsandthiscouldexplainthefindingsofSudiptaetal(2007)

whoobservedelevatedbloodglucoselevelevenafter24hoursofglucose

loadinginhypothyroidrats.Inhyperthyroidhumansaswellasinexperimental

thyrotoxicosisinanimals,glucoseturnoverandhepaticglucoseproductionare

increasedduetoincreasedmetabolicrateandperipheralglucoseutilization

(MenahanandWeiland,1969).ThiswasalsoreportedbyDimitriadisetal.,

(1985)whoobservedthatexperimentalandspontaneoushyperthyroidism in

humanscausedincreasedglucoseproductionandimpairedsuppressionof

glucoseproductionbyinsulin.

According to Derg (2009),in inflammatory diseases,relations between

oxidativestressandinsulinresistance,eachofthem triggersorenhancesthe

otherone.Thesignificantlyhighermeanbloodglucoselevelsafter30minutes

ofglucoseingestionintheoralglucosetolerancetestandthesignificantly

higherfasting blood glucoselevelobserved in non-diabeticratsfed with

normalratfeedandiodinesupplementcouldbelinkedtotheincreasein

oxidativestress(increasedMDAlevelsanddecreasedNO levels)andlower

meanfastingserum insulinlevelsobserved.Thesignificantlylowerinsulin

levels could be due to some action ofiodine in suppressing pancreatic

secretionofinsulinwhenconsumedwithnormalratfeed.

AccordingtoSudiptaetal.,(2007)andArigietal.,(2014),hypothyroidism

disrupts glucose homeostasis and fasting blood glucose level.This is

observedinthediabeticratsfedwithnormalratfeedandiodinebecauseit

wasobservedthattherewassignificantlyelevatedmeanbloodglucoselevels

throughouttheoralglucosetolerancetestandinthefirst30minutesofthe

insulintolerancetest.

AccordingtoKwonetal.,(2010)‘Historically,theincidenceoftype2diabetes

has been lowerin Asian populations compared with those in Western
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countries.OnepossiblereasonforthelowerincidenceamongAsiansisthat

theyconsumefermentedsoybeanproducts,whichareuniquetothetraditional

Asiandiet’.ContrarytothefindingsofKwonetal.ahigherbloodglucoselevel

wasobserved90and120minutesafterinsulininjectionintheinsulintolerance

testandsignificantlyhigherfastingmeanserum insulinlevelwasobservedin

non-diabeticrats.Thismaybeduetosignificantlylowermeanserum NO

concentrationobservedanditisinlinewiththefindingsofShankaretal.,

(1998),who reported thatsystemic inhibition ofNO Synthase with NG

monomethyl-L-argininecausedacuteinsulinresistancebutthemechanism by

which itcaused insulin resistance was unknown.Iodine intake had no

significanteffectonfastingbloodglucoselevelandinsulinconcentrationin

comparisontointakeof30%soybeansinnon-diabeticrats.

TheresultobservedindiabeticratswascontrarytothefindingsofLuetal.,

(2012)whoreportedthataglycin;asoybeanpeptideimprovedoralglucose

toleranceinstreptozotocin-induceddiabeticrats.Significantlyhighermean

fastingbloodglucoseandbloodglucoselevelsobservedduringoralglucose

toleranceandinsulintolerancetestscouldbeasaresultofthesignificantly

lowermeanserum insulinlevelsobserved.Thisiscontrarytothefindingsof

Luetal.,(2012)probablybecausetheyexperimentedwithtypeIIdiabetes

mellitus.Weightlossindiabeticsisaresultofmusclewastingandlossoffat

padsandasignificantlyhigherweightlossisanindicationofmoresevere

diabetesmellituswhichwasobservedinthesoybeans-feddiabeticrats.Thisis

inlinewiththefindingsofWetteretal.,(1999)thatcaloricrestrictioncaused

significantreductionininsulinaemiawhichwaspreviouslyobservedbyDeanet

al.,(1998)whoalsoobservedareductioninC-peptide(anindicatorofinsulin

secretion)andsignificantreductioninepididymalandretroperitonealfatpad

masses..With iodine supplement,the significantly higherfasting blood

glucoselevelandsignificantlyincreasedinsulinlevelindiabeticratsisnotwell

understoodaslowermeanbloodglucoselevelswereobservedthroughoutthe

insulin tolerance test.Excess iodine intake probably increased insulin

requirementsindiabeticratsthatconsumed30%soybeans.

Swaietal.,(1992)concludedthathighdietarycyanideexposurewasnotfound

to have had a significanteffecton the prevalence ofdiabetes in an



182

undernourishedpopulationandYessoufouetal.,(2006)reportedthatcyanide-

freecassavadidnotinducediabetesinnon-diabeticrats.Inspiteofthis,

significantlyhigherfastingbloodglucoselevelsandsignificantlylowermean

serum levelsofinsulin were observed in non-diabeticratsfed with 30%

cassavafeedwhencomparedwiththenon-diabeticratsfedwithnormalrat

feedalthoughtherewasnosignificanteffectonglucosehomeostasis.This

mightbeduetotheincreaseinoxidativestressmarkersobservedintheserats.

The opposite was observed with concurrentiodine intake which caused

significantlyhigherinsulinlevelsandsignificantlylowerfastingbloodglucose

levels.Thismightbeanindicationthatiodineintakehadanti-hyperglycaemic

propertiesinratsthatconsumed30%cassava.

Yessoufou etal.,(2006)reported thatdiabeticratsfed with cyanide-free

cassavahadaggravatedhyperglycaemia.Thiscouldbethereasonforthe

observedinsulinresistanceintypeIdiabeticratsfedwith30%cassavafeed.

ThedevelopmentofinsulinresistancemaybeduetosignificantlyhigherT4

levelsobserved ashyperthyroidism can lead to a dysfunction in glucose

homeostasis.Iodineintakecausedlowerserum insulinlevelsandhadno

significanteffectonfastingbloodglucoselevelswhencomparedtodiabetic

rats thatconsumed normalratfeed.This is a furtherindicatorofanti-

hyperglycaemiceffectsofiodineintakein30% cassava-fedratswhichwas

earlierobservedinthenon-diabeticrats.

5.3BodyWeightChanges

Oneofthesymptomsofhypothyroidism isweightgainasaresultofa

reductioninmetabolicrates.Thesignificantlyhighermeanbodyweightgain

observedafter8weeksindiabeticratsthatconsumednormalratfeedand

iodinesupplementismostlikelyduetoobservedhypothyroidism (significantly

lowermeanserum T4levelsandsignificantlyelevatedmeanserum TSHlevels)

intheseexperimentalrats.

Thyroidhormonesareessentialinbothspecificandgeneralgrowth(Hall,

2008).Thesignificantlylowerweightgainobservedinsoybeanandiodinefed

non-diabetic rats after 6 weeks of the experiment could be due to

hypothyroidism astheratswerestillatagrowingstageinthefirst6weeksof
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theexperimentandtherewasnosignificantdifferenceinweightgainafter8

weeksoftheexperiment.

Dean et al.,(1998) observed significant reduction in epididymaland

retroperitonealfatpad massesin diabeticrats.In diabeticratsfed with

soybeans,thesignificantlyhigherweightlossobserved afterinductionof

diabetesmellituscouldbeduetolossofmusclemassasmeanbloodglucose

levelsweremoreelevated than in ratsfed with normalratfeed.Greatly

increasedthyroidhormonelevelsalmostalwaysdecreasesthebodyweight

(Hall,2008).Higherweightlossobservedcouldalsobeduetoincreasein

thyroidhormone(T3)levelsobservedinthisgroup.

Weightlossobservediniodineandsoybeans-feddiabeticratswhencompared

tothediabeticratsthatconsumednormalratfeedandiodinecouldalsobe

duetothesignificantlyhigherbloodglucoselevelsobservedinthesoybeans

andiodinefed-rats.

Innon-diabeticratsfedwith30% cassava,weightgainwhichwasobserved

withiodineintakecouldbeduetosuppressedthyroidfunctionobservedinthis

group(significantlylowerT4levelsandsignificantlyhigherTSHlevels).

Indiabeticratsthatconsumed30% cassava,thesignificantlyhigherweight

gainobservedincomparisontodiabeticratsthatconsumednormalratfeed

mightbedueto lowermean blood glucoselevelsobserved which isan

indicationthatdiabetesmellitusinthecassava-fedgroupwasnotassevereas

thatoftheratsfedwithnormalratfeedandthereforehadlesseffecton

weightlossinthediabeticrats.

5.4ThyroidFunction

WolffandChaikoff(1948)reportedthatinjectionofiodineinratsalmost

completelyinhibitedorganification(oxidationofiodide)inthethyroidgland

whichlastedforabouttendaysandwasfollowedbyan“escapephenomenon”

whichisdescribedbyadaptionandresumptionofthenormalorganificationof

iodineandnormalthyroidperoxidisefunction.Kovacetal.,(2002)observed

theeffectsofiodinetoxicityindairycowsastachycardia,nervousness,lossof

weight,andahighlevelofmetabolism.Katagirietal.,(2017)observedthat
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chronicexposuretoexcessiodinefrom waterorpoorlymonitoredsaltsare

riskfactorsforhypothyroidism infree-livingpopulations.

TheobservedresultsisinlinewiththefindingsofWolfandChaikoff(1948)

sincethedurationoftheexperimentwasmorethantendayswhichwasthe

durationobserved bythem forthe‘escapephenomenon’.Inaddition,the

absenceofthyroidautoimmuneantibodiesthyroglobulinantibody(TgAb)and

thyroidperoxidiseantibody(TPOAb)isanindicationthatiodineintakehadno

significanteffectonthethyroidfunctioninnon-diabeticratsfedwithnormal

ratfeed.

Maradietal.,(2001)concluded thatthereisdecreased iodineuptakeby

diabeticserum.Accordingtothem,thecausefordecreasediodineuptakemay

berelatedtohighbloodglucoselevelwhichpossiblymaybecausingsome

alterationinthestructureofbio-moleculesbyglycationleadingtodecreasein

thebindingsitesofiodine.Regardless,theiodineuptakeinthediabeticrats

thatconsumediodinewiththeirfeedataconcentrationof10mg/kgoffeed

wouldbesignificantlyhigherthanthediabeticratsthatdidnotreceiveiodine

butthediabeticstateoftheratsmighthavepreventedthem from adaptingto

high iodine intake.The significantlylowermean serum T3 and T4 levels

observedindiabeticratsthatreceivediodinewhichwassignificantlylower

than the diabetic rats thatdid notreceive iodine mightbe due to the

combinationofexcessiodineconsumptionanddiabetesmellituscondition.

Lowerlevelsofthyroidhormonesstimulatetheanteriorpituitarytosecrete

moreTSH(GuytonandHall,2008)therefore,significantlylowerT3andT4levels

ingroup1DwouldbethestimulusforincreasedTSHsecretion.Thyroglobulin

Antibody(TGAb)andThyroidPeroxidiseAntibody(TPOAb)wereobservedby

Lindberg(1997)andOtkenetal.,(2006)intypeIdiabeticpatientsbutthese

werenotobservedinthisexperiment.

BlockandAnderson(1961)concludedthatsoybeanhadagoitrogenicproperty

which is removed and destroyed during processing.Ikeda etal.,(2000)

observedthatdefattedsoybeanhadnosignificanteffectonthyroidweightand

T4 levelsbutsignificantlyincreasedserum TSH levels,in2001,Ikedaetal.

concludedthatsoybeanintakespecificallyinteractswithiodinedeficiencyin
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induction ofthyroid proliferative lesions in rats onlyathigh doses.The

soybeansusedforthisexperimentwerewellprocessedwhichcouldbethe

reasonwhysignificantlyhigherlevelsofT3wereobservedinthe30%soybeans

-fedratswhencomparedtoratsthatfedonnormalratfeed.HigherT3levels

could be an indication that soybeans consumption increased the T3

requirementbecause the mean serum levels ofT4 and TSH were not

significantlyaffectedandtherewasnosignificantdifferenceinweightgainin

thegrowingrats(after6weeks).Consumptionof30%soybeansdidnotresult

in autoimmune thyroid disorders as the markers ofautoimmune thyroid

disorders(TPOAbandTgAb)wereabsentneitherdiditsignificantlyaffect

weightgain.

BlockandAnderson(1961)reportedacurativeactionofiodineatadoseof

160ug/100gonsoybean-inducedgoitreinratsandconcludedthatsoybean

hadagoitrogenicpropertywhichisremovedanddestroyedduringprocessing.

Messinaetal.,(2006)concludedthatsoyfoodconsumersshouldmakesure

theirintakeofiodineisadequate.Theconcentrationofiodineinthedietsof

theratsusedinthisexperimentwasmuchhigher(estimated1.1mg/100g).

Therefore,significantlylowermeanserum T3leveldemonstratestheeffectof

iodineintakeatestimated1.1mg/100gor0.5mgofiodineperratperdayfor8

weeksinsuppressingthyroidfunctioninratsfedwith30%soybeans.Although

theserum T3levelsintheiodine-fedratswasnotsignificantlydifferentfrom

thatoftheratsthatconsumednormalratfeed,thesignificantlylowerserum T3

levelscouldbethereasonforthesignificantlylowerweightgainobservedin

thefirstsixweeksoftheexperimentwhichisanindicationofreducedgrowth

ratebecausetheratswereatanadolescentstagewhentheexperiment

commencedastherewasnosignificantdifferenceinweightgainedafter

8weeks.Thisfurthershowedthatsoybeansconsumptionprobablyincreased

T3requirementinnon-diabeticrats.

Pandaetal.,(2009),concludedthattheirfindingssuggestthatsoysterols,ata

moderateconcentrationpotentiallyameliorateshyperthyroidism anddiabetes,

butathigherconcentration itmayexertadverseeffects.These‘adverse

effects’wereobservedinthisexperimentasthelevelsofT4 andTSH were
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significantlyhigherthandiabeticratsthatconsumednormalratfeedandthere

was a significantlyhigherweightloss although there was no significant

differenceinthemeanserum levelofT3. Theresultsobservedwithiodine

intake is an indication thathigherserum iodine concentrations probably

stimulatedthethyrotropesintheanteriorpituitarytosynthesiseandsecrete

moreTSHoritstimulatedthehypothalamustosecretemoreTRHalthoughthe

T3andT4levelswerenotsignificantlyaffectedandtherewasabsenceofTgAb

andTPOAb.Itisnotproperlyunderstoodwhyiodinesupplementincreased

TSHconcentration.

AreportbyChandraetal.,(2006)onanexperimentwhichlastedfor90days

stated that‘Afterconsumption,cyanogenic constituents in cassava are

metabolized to thiocyanate and iodine-retaining capacity seems to be

dependentonthiocyanateexposure.Incassava-fedrats,theurinaryiodine

concentrationresembledthestateofadequateiodinenutritivebutthyroid

glandfailstoutilizeavailableiodine. Increasedthyroidweight(P<0.001),

inhibited thyroid peroxidase (TPO)activity and reduced thyroid hormone

profiles (P < 0.001)were noted in fresh and cooked cassava-fed rats,

resembling a relative state of morphologicalas wellas biochemical

hypothyroidism eveninpresenceofadequateiodine’.Mlingietal.,(1996)

statedthatcyanideexposurefrom consumptionofinsufficientlyprocessed

cassavahasbeenimplicatedinaggravatingiodinedeficiencydisorders(IDD).

Thecyanidemetabolite,thiocyanatemayinterferewithiodineuptakeofthe

thyroidgland.

Theretentionofcyanideingarriisonly1.8-2.4% (Cardosoetal.,2005).

Cassava thatwas used forthe experimentwas processed into garriby

crushing,squeezing outthe water,fermenting for3days and roasted.

Therefore,the goitrogeniceffectofcassava wasnotmanifested in non-

diabeticprobablybecauseitwaswell-processedtoreducecyanidecontentto

theminimum.Therefore,ithadnosignificantefffectonthyroidfunction(the

meanserum levelsofT3,T4 andTSHwerenotsignificantlyaffected).There

wasalsoabsenceofautoimmuneantibodiesTgAbandTPOAb.Hence,there

was no significantdifference in the weightgain overthe course ofthe
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experiment.

Innon-diabeticratsthatconsumed30%cassavaandiodine,thyroidfunction

significantlyreducedasobservedinthemeanserum T3 andT4 levelswhich

weresignificantlylowerandTSH levelwhichwassignificantlyhigher.This

infersthattheconsumptionofcassavapreventedthethyroidsoftheratsfrom

recoveryfrom excessiodineintakeandthiscouldbeduetothesmalltracesof

cyanideincassavaorprobablysomeotherconstituentofcassava.

AccordingtoMaradietal.,(2001),thereisdecreasediodineuptakebydiabetic

serum andthecausefordecreasediodineuptakemayberelatedtohighblood

sugarlevelwhichpossiblymaybecausingsomealterationinthestructureof

biomoleculesbyglycationleadingtodecreaseinthebindingsitesofiodine.

Thesignificantlyhighermeanserum levelofT4observedindiabeticratsfed

with 30% cassava dietwhen compared to diabetic rats thatconsumed

standardratfeedmightbeduetothefactthatthemeanbloodglucoselevels

ofthediabeticratsfedwithstandardratfeedwassignificantlyhigherthan

thosefedwith30% cassavafeedandiodineisessentialinthyroidhormone

synthesis.Thesignificantlyhigherweightgainobservedafter6weeksand8

weeksmightbeduetoitseffectonglucosehomeostasisthatwasobserved.

Iodineintakeindiabeticratsfedwith30%cassavacausedasignificantlylower

T4 concentrationalthoughithadnosignificanteffectonT3 andTSH mean

serum levelsandweightgainafter6and8weeks.Thismaybeduetothe

iodinetoxicitystatedbyKatagirietal.,(2017).

5.5OxidativeStressMarkers

Malondialdehyde (MDA) levels have been showed to increase with

hypothyroidism (Dumitriuetal.,1988,Chesereketal.,2015,Mancinietal.,

2016,Chakrabartietal.,2016)andhyperthyroidism (Dumitriuetal.,1988,

Chakrabartietal.,2016).Innon-diabeticratsfedwithnormalratfeed,although

therewasnosignificantdifferenceinthyroidhormonelevels,thesignificantly

higherMDAandlowerNitricOxide(NO)levelswithiodinesupplementisan

indicationthatiodinesupplementinducedoxidativestressinratsfedwith

normalratfeedthroughamechanism thatdoesnotinvolvethyroidfunction

althoughtherewasnosignificantdifferenceinsuperoxidedismutase(SOD)



188

levels.

Vermaetal.,(1991)observedthatadministrationofTSHcausedadramatic

lossinSODintheadrenalgland.ThesignificantlyhigherlevelsofTSHinthe

diabeticratsmightbethecauseofthesignificantlylowerserum SODlevels

although MDA and NO levels were notsignificantlyaffected.This is an

indicationthatiodinesupplementindiabeticratsfedwithnormalratfeed

increasedoxidativestressbyreducingSODlevels.

In2005,Englemanetal.observedthatsoyproteinhadnosignificanteffecton

reducing oxidative damage or favourably altering blood lipids in

postmenopausalwomen.Pandaetal.,(2009)reportedthatsoysterolcaused

an increase in superoxide dismutase,catalase and reduced glutathione.

Georgettietal.,(2013)alsoreportedthatfermentedsoybeandriedreduced12-

0-tetradecanoylphorbol-13-acetate-(TPA)inducedoxidativestressinskinof

hairlessmice.Teixeiraetal.,(2014)statedthatsoyisoflavonesimproved

antioxidant status and counteracted oxidative stress in the uterus of

ovariectomizedrats.Thesignificantlylowermeanserum levelofNOsuggests

soybeansincreasedoxidativestresswhichiscontrarytothefindingsofPanda

etal.,(2009),Georgettietal.,(2013)andTexieraetal.,(2014)whichcould

probablybebecausetheantioxidantpropertiespresentinsoybeanscouldbe

inthepeels.TheelevatedNOlevelsthatwasobservedintheiodine-fedratsis

contrarytotheobservationsofQuesadaetal.,(2002)whoreportedincreased

NO synthaselevelsinhyperthyroidism .Thiscouldbeduetoasubstance

presentin soybean oriodine oran interraction between a substance in

soybeansandiodinebecauseintheratsfedwithnormalratfeed,iodine

supplementsignificantlyreducedNO levels.Thereasonforthesignificantly

lowermeanserum SODlevelsobservedwithiodinesupplementisnotknown

althoughtherewasnosignificantdifferenceinmeanserum MDAlevels.

From theresults,itwasobservedthatsoybeanreducedoxidativestressin

diabeticratsbecausethemeanserum levelsofMDAwerelowerandNOwas

higheralthoughtherewasnosignificantdifferenceinSODlevels.Thismight

be due to its effectin improving thyroid function in diabetic rats as

hypothyroidism islinkedtohigherlevelsofMDA(Chesereketal.,2015and
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Chakrabartietal.,2016).ThesignificantlylowerSODlevelsobservedinthe

iodine-supplementedratscouldbeduetoincreasedTSHasreportedbyVerma

etal.,(1991).ThelowerSOD levelscoupledwithsignificantlyhigherMDA

levelsindicateanincreaseinoxidativestresswithiodinesupplementalthough

ithadnoeffectonmeanserum NOconcentration.

BahekarandKale(2016)concludedthatcassavaleavessignificantlyincreased

theserum SODlevelsinwistarratsbuthadnosignificanteffectonMDAlevels

butthiswasnotobservedwithcassavatubersasitshowedanabilityto

increaseoxidativestressbyincreasingMDAlevelandsignificantlyreducing

SOD althoughitsignificantlyincreasedNO levels.Thesignificantlyhigher

meanserum SODlevelsobservedwithiodinesupplementisanindicationthat

iodinewithcassavafeedreducedoxidativestressalthoughtherewasno

significantdifferenceinNOandMDAlevels.

BahekarandKale(2016)concludedthat“Manihotesculentaleafextractdid

notexhibitantioxidantactivityintermsofMDAlevelreduction.However,it

significantlyincreasedserum levelsoftheantioxidantenzymes(SOD,GSH,

andCAT)exertingapotentantioxidanteffectinagradedmanner”.Itwas

observed thatcassava-rich dietsignificantly reduced oxidative stress in

diabeticratsbecauselowermeanserum MDAlevelswereobservedcompared

toratsfedwithnormalratfeedalthoughithadnosignificanteffectonSOD

andNO levels.Theresultsofthemeanserum levelsofMDA,SODandNO

whichshowednosignificantdifferencewithiodinesupplement,indicatedthat

iodinehadnosignificanteffectonoxidativestressindiabeticratsfedwith

30%cassava.
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CHAPTERSIX

6.0 SummaryandConclusions

Thischaptergivesasummaryoftheresultsanddiscussionsthatwereearlier

presentedinthepreviouschapters

6.1Findings

Theiodinecontentofnormalratfeed,cassavaandsoybeanswasadequatefor

the recommended daily intake.Cassava had the lowestcalories when

comparedwithsoybeansandnormalratfeed.

Excessiveiodineintakesignificantlysuppressedthyroidfunctionindiabetic

rats thatconsumed normalratfeed,in non-diabetic rats fed with 30%

soybeansandindiabeticandnon-diabeticratsfedwith30%cassava.

Excessiveiodineintakesignificantlyalteredglucosehomeostasisbycausing

increasedmeanbloodglucoselevelsindiabeticratsthatconsumednormalrat

feed.

Excessiodineand30% soybeansintakesignificantlyincreasedfastingblood

glucoselevelsandalteredinsulinlevelsinnon-diabeticanddiabeticrats.

30% soybeansconsumptionincreasedbloodglucoselevelsinnon-diabetic

anddiabeticratsbyalteringinsulinlevels.

30% cassavafeedcausedinsulinresistanceindiabeticratsandlowered

insulinlevelsinnon-diabeticrats.

Excessiveiodineintake,30% soybeansintakeand30% cassavaintakeall

increasedoxidativestress.
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6.2Conclusions

Excessiodineintakecausedsuppressedthyroidfunctionandsignificantly

increasedhyperglycaemiaindiabeticwistarrats.

Excessiodine and concurrentgoitrogenicfood intake suppressed thyroid

function,increasedmeanbloodglucoselevelsandoxidativestressindiabetic

andnon-diabeticwistarrats.

6.3Recommendations

Excessiveiodineintakeandexposureshouldbeavoided.

Goitrogenicfoodsconsumptionshouldbecurtailedbyfindingmorehealthy

alternativesourcesofnutrients.

Soybeansandcassavashouldbeproperlyprocessedbeforeconsumption

6.4ContributionstoKnowledge

Thisstudyhasshedlightonthefollowing;

1.Excessiodineintakecanleadtohyperglycaemiainnon-diabeticrats

andincreasehyperglycaemiaindiabeticrats

2.Contrarytoearlierstudieswhichpostulatedthatconsuminggoitrogenic

foods required additionaliodine intake,this study showed that

concurrentintakeofexcessiodineandgoitrogenicfoodssignificantly

reducedthyroidfunction.

3.Consumption of properly processed goitrogenic foods did not

significantlyalterthyroidfunction.

6.5Furtherstudies

Althoughthestudyhasrevealedthehyperglycaemiceffectofexcessiodine

andgoitrogenicfoodintake,furtherinvestigationsthatmaybecarriedoutin

thisareainclude;
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1.Determiningthemannerinwhichiodinemightaffectinsulinsynthesis

andsecretion.

2.Investigatingtheiodinecontentsofdifferentformsofprocessedfoods

withiodineadditivesandthesafetyintheconsumptionofthesefoods.

3.Research on the inherent dangers of indiscriminate addition of

soybeansandcassavatoawiderangeofprocessedfoods.
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