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ABSTRACT

Phyllanthusamarusisamedicinalplanttraditionallyusedinthemanagementofvarious

ailmentsincluding diabetesmellitus.Thispresentinvestigation wascarried outto

evaluate the antidiabetic activity of ethanolic extractof Phyllanthus amarus in

streptozotocin(STZ)induceddiabeticwisterrats.Twentyfive(25)wisterratswere

groupedin5groupsof5ratseach.Group1(Control)wasadministereddistilledwater,

Group2(Diabeticcontrol)wasadministeredSTZ35mg/kgbwt),Group3(Standard

group)wasadministeredmetformin(14.3mg/kg),Group4and5(PAEgroup),Group4

and5wasadministeredPAED1=200mgandD2=400mgrespectively. Theblood

glucoselevelandbodyweightofcontrolanddiabeticratsweremonitored.Inthis

presentstudy,Preliminaryphytochemicalscreeningrevealedthepresenceofphenol,

saponin,Tannin,Alkaloids&Flavonoids.Asignificantloss(p<0.05)inbodyweightwas

observedintheuntreateddiabeticcontrolcomparedtothetreatmentgroups(PAED1-

21.4%),PAED2-12.6%).TherewasasignificantdecreaseinHexokinaseandG6PDHin

theuntreatedratcomparedtothetreatmentgroup(1.98±0.11,1.94±0.06,2.17±0.15)

respectively.Howeverasignificantincrease(p<0.05)wasobservedinG6-PDH,Fructose-

1,6-diphosphataseintreatmentgroupsrespectivelycomparedtotheuntreateddiabetic

control.Hepaticbiomarkers(ALT,AST& ALP)Showsasignificantdecreaseinrats

administeredPhyllanthusamarusextractcomparedtountreatedcontrolwithareversal

ofaslightincreaseinactivityoftheenzymes.Histopathologicalresultsforthisstudy

showsthepictorialrepresentationoftheeffectofPhyllanthusamarusextractonthe

pancreas.ThisstudyclearlyshowsthatethanolicleafextractofPhyllanthusamarus

possesspotentantidiabeticactivity.
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CHAPTERONE

1.0INTRODUCTION

Diabetesmellitusisa chronicmetabolicdisordercharacterized byhyperglycemia,

affecting millions worldwide.Phyllanthus amarus,a medicinalplant,has been

traditionallyusedtomanagevariousailments,includingdiabetes.Thisstudyaimsto

evaluatetheantidiabeticpotentialofethanolicextractofPhyllanthusamarususing

streptozotocin(STZ)-induceddiabeticrats.Theinvestigationwillassesstheextract's

efficacyinreducingbloodglucoselevelsandexploreitspotentialtherapeuticbenefits.

1.1BACKGROUNDOFTHESTUDY

Theexploration oftheantidiabeticpotentialofPhyllanthusamarusisan exciting

ventureintherealm ofnaturalmedicine!Thisremarkableplanthaslongbeenastaple

intraditionalhealingpracticesandisgarneringrenewedinterestforitsimpressive

abilitytotacklediabetes.Recentstudieshighlighttheeffectivenessofitsethanolic

extractinloweringbloodglucoselevels,particularlyinawell-establishedmodelof

diabetesusingstreptozotocin-induceddiabeticrats.Streptozotocinisnotoriousfor

targetinganddamagingtheinsulin-producingbetacellsofthepancreas,leadingto

elevatedbloodsugarlevels.However,researchshowsthattheethanolicextractof

Phyllanthusamaruscanmakeanoteworthydifference.Ithasnotonlybeenfoundto

significantlyreducebloodglucoselevelsbutalsotoenhanceinsulinsensitivityand

mitigateoxidativestressinthesediabeticrats.What’strulyfascinatingistherosterof

bioactive compounds found in this plant—flavonoids, alkaloids, and phenolic

acids—eachplayingacrucialroleinitsantidiabeticeffects.Thesecompoundsboast

powerfulantioxidant,anti-inflammatory,and insulin-sensitizing properties,which

contribute to theireffectiveness.In summary,the investigation into the in vivo

antidiabeticactivityoftheethanolicextractofPhyllanthusamarusindiabeticratsoffers

apromisingglimpseintothepotentialofnaturalremediesformanagingdiabetes.This

researchnotonlypavesthewayforinnovativetreatmentsbutalsoreinforcesthevalue

ofexploringnature’sbountyinourquestforhealthsolutions.
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1.2.JUSTIFICATIONOFSTUDY

Diabetesmellitusisachronicmetabolicdisordercharacterizedbypersistent

hyperglycemiaresultingfrom defectsininsulinsecretion,insulinaction,orboth.

Despitetheavailabilityofseveralsyntheticantidiabeticdrugs,theirlong-term

useisoftenassociatedwithadverseeffects,highcost,andlimitedaccessibility,

especially in low-income populations.This has increased the interestin

exploringsafer,affordable,andmoreaccessiblealternatives,particularlyfrom

medicinalplantstraditionallyusedformanagingdiabetes.

Phyllanthusamarusisawidelydistributedmedicinalplantknownforitsrich

phytochemicalprofile,including lignans,flavonoids,tannins,and alkaloids,

whichhavebeenreportedtopossessvariouspharmacologicalactivitiessuch

as antioxidant,hepatoprotective,and antimicrobialproperties.Importantly,

preliminary studies and ethnomedicinalreports suggestthatPhyllanthus

amarusmayexhibithypoglycemiceffects.However,thereisaneedforfurther

scientificvalidationthroughwell-designedexperimentalstudiestosubstantiate

itsantidiabeticpotential,elucidateitsmechanism ofaction,andassessits

safetyprofile.

Thisstudyisthereforejustifiedasitseekstoprovideevidence-baseddataon

theefficacyofPhyllanthusamarusinthemanagementofdiabetesmellitus.

Suchfindingscouldcontributetothedevelopmentofplant-basedtherapiesthat

arecost-effective,safe,andculturallyacceptable.Furthermore,itmayoffer

insightinto novelbioactive compounds thatcould serve as leads for

antidiabeticdrugdevelopment.

1.3AIMSANDOBJECTIVES

AIMSOFTHESTUDY

Theaim ofthisstudyistoevaluatetheinvivoantidiabeticactivityofethanolleaf

extractofPhyllanthusamarusinstreptozotocininduceddiabeticwistarrats.
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OBJECTIVES

• Tocarryoutplantextraction

• Toassessthepreliminaryphytochemicalscreening

• TocarryoutinvivoantidiabeticstudyofextractonSTZinducedrats

• Toassessthebloodglucoselevel

• To assess the effectofextracton hexokinase,G6PDH and Fructose 1,6

Bisphosphatase

• Toassesstheextractonhepaticbiomarkers(ALT,AST,ALP)

• Tocarryouthistopathologyanalysisonthepancreasofthediabeticandtreated

rats.
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CHAPTERTWO

2.0LITERATUREREVIEW

2.1OVERVIEW OFDIABETES

Diabetesmellitusisachronicmetabolicdisordercharacterized byelevated blood

glucoselevels

(hyperglycemia)resultingfrom defectsininsulinsecretion,insulinaction,orboth(Pari

etal.,2004).Insulin,ahormoneproducedbythepancreas,playsacrucialrolein

regulatingbloodglucosebyfacilitatingitsuptakeintocellsforenergyproduction.When

insuliniseithernotproducedinsufficientamountsorthebody'scellsbecomeresistant

toitseffects,glucoseaccumulatesinthebloodstream,leadingtoarangeofacuteand

chroniccomplications(Naiduetal.,2020).

Thereareprimarilytwomaintypesofdiabetes:

Type1Diabetes(T1D):Thistypeischaracterizedbyanabsolutedeficiencyofinsulin

caused bythe autoimmune destruction ofthe insulin-producing beta cells in the

pancreas(Atkinsonetal.,2014).IndividualswithT1Drequirelifelonginsulintherapyto

survive.

Type2Diabetes(T2D):Thisisthemostcommonform ofdiabetes,accountingfor

approximately90-95% ofallcases(Olorunfemi,O.J.2020).T2D ischaracterizedby

insulinresistance,wherethebody'scellsdonotrespondeffectivelytoinsulin,anda

relativeinsulindeficiency,wherethepancreasmaynotproduceenoughinsulinto

overcometheresistance.Lifestylefactorssuchasobesity,physicalinactivity,and

geneticsplayasignificantroleinthedevelopmentofT2D(Wilkinetal.,2002).

Beyondthesemaintypes,otherspecifictypesofdiabetesexist,suchasgestational

diabetes(diabetesthatdevelopsduringpregnancy)anddiabetescausedbyspecific

geneticdefectsormedications(Olorunfemi,O.J.2020).

Thechronichyperglycemiaassociatedwithdiabetescanleadtoseriouslong-term

complicationsaffectingvariousorgansandsystems,including:

Microvascularcomplications:Theseaffectsmallbloodvesselsandincluderetinopathy

(damagetotheeyes),nephropathy(kidneydisease),andneuropathy(nervedamage)
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(Fowleretal.,2008).

Macrovascularcomplications:Theseaffectlargebloodvesselsandincreasetheriskof

cardiovasculardiseasessuchascoronaryarterydisease,stroke,andperipheralartery

disease(Nathanetal.,2009).

Themanagementofdiabetestypicallyinvolvesacombinationoflifestylemodifications

(dietandexercise),medication(includinginsulinforT1DandoftenforT2D,aswellas

variousoralandinjectablenon-insulinagentsforT2D),andregularmonitoringofblood

glucoselevels(Hollanderetal.,2007).Earlydiagnosisandappropriatemanagementare

crucialtopreventordelaytheonsetandprogressionofdiabetes-relatedcomplications,

therebyimprovingthequalityoflifeforindividualslivingwiththiscondition(Nathanet

al.,2009).

2.1.1EPIDEMIOLOGYOFDIABETES

Theepidemiologyofdiabetesmellitusisacriticalareaofpublichealth,giventhe

increasingglobalprevalenceanditssignificantimpactonmorbidity,mortality,and

healthcaresystems.Diabetesisachronicmetabolicdisordercharacterizedbyelevated

bloodglucoselevels,resultingfrom defectsininsulinsecretion,insulinaction,orboth

(Sabiuetal.,2016).

GLOBALPREVALENCE

TheInternationalDiabetesFederation(IDF)estimatesthatin2024,approximately589

millionadults(20-79years)arelivingwithdiabetesworldwide,representing1in9ofthe

adultpopulation.Thisnumberisprojectedtoriseto853millionby2050(Chattopadhyay

etal.,2005).Asignificantconcernisthatover4in10peoplewithdiabetesareunaware

oftheircondition.
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Figure1Estimatesoftheglobalprevalenceofdiabetesworldwide(20–79-yearage

group).Resultsfrom theInternationalDiabetesFederationAtlas,10thedition.

TYPE1VS.TYPE2DIABETES

Thevastmajority(around90%)ofpeoplewithdiabeteshavetype2diabetes,whichis

largely driven by a combination ofgenetic,environmental,socioeconomic,and

demographicfactors,includingincreasingurbanization,agingpopulations,decreasing

physicalactivitylevels,andrisingratesofoverweightandobesity.Type1diabetes,an

autoimmune disease characterized by insulin deficiency,accounts fora smaller

proportionofcases.

REGIONALVARIATIONS

Theprevalenceofdiabetesvariessignificantlyacrosstheglobe.In2024,theWestern

Pacificregionhasthehighestnumberofadultslivingwithdiabetes,followedbySouth-

EastAsia.Low-andmiddle-incomecountriesarehometoover80% ofadultswith

diabetes(Chattopadhyayetal.,2005).

RISKFACTORS

Severalmodifiableandnon-modifiableriskfactorscontributetothedevelopmentof

diabetes,particularlytype2diabetes(Sabiu,etal.,2016):
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MODIFIABLERISKFACTORS:

• Obesityand Overweight:Excess bodyweight,especiallyabdominalobesity,

significantlyincreasesinsulinresistance.

• PhysicalInactivity:Lackofregularexercise contributesto weightgain and

impairedglucosemetabolism.

• UnhealthyDiet:Dietshighincalories,saturatedfats,andsugarsincreasetherisk.

• Smoking:Smokingisassociatedwithanincreasedriskoftype2diabetesandits

complications.

• HighBloodPressure:Hypertensionoftencoexistswithinsulinresistanceand

increasesdiabetesrisk.

• AbnormalCholesterolandTriglycerideLevels:HighLDL("bad")cholesterol,low

HDL("good")cholesterol,andhightriglyceridesarelinkedtoincreasedrisk.

NON-MODIFIABLERISKFACTORS:

• Age:Theriskoftype2diabetesincreaseswithage,particularlyafter45years.

• FamilyHistory:Havingaparent,sibling,orcloserelativewithdiabetesincreases

therisk.

• Race/Ethnicity: Certain ethnic groups, including African Americans,

Hispanic/Latino Americans,American Indians,Asian Americans,and Pacific

Islanders,haveahigherprevalenceoftype2diabetes.

• HistoryofGestationalDiabetes:Womenwhohaddiabetesduringpregnancyare

athigherriskofdevelopingtype2diabeteslaterinlife.

• Prediabetes:Individualswithbloodglucoselevelshigherthannormalbutnotyet

inthediabetesrangeareathighriskofprogression.

Polycystic Ovary Syndrome (PCOS):This hormonaldisorderis associated with

increasedinsulinresistanceanddiabetesriskinwomen.

TRENDSANDPROJECTIONS

Theglobalprevalenceofdiabetesissteadilyincreasing,posingasignificantchallenge

to healthcare systems worldwide. Factors such as population growth,aging,

urbanization,andtheadoptionofunhealthylifestylesaredrivingthisincrease(Adedapo,
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etal.,2013).Projectionsindicate a substantialrise in the numberofpeople with

diabetesin thecoming decades,particularlyin low-and middle-incomecountries,

highlightingtheurgentneedforeffectivepreventionandmanagementstrategies.

2.2TYPESOFDIABETES

Thereareseveraltypesofdiabetes,including:

1. Type1Diabetes:Anautoimmunediseasewherethebody'simmunesystem

attacksanddestroysinsulin-producingbetacellsinthepancreas.

2. Type2Diabetes:Ametabolicdisordercharacterizedbyinsulinresistanceand

impairedinsulinsecretion,oftenassociatedwithlifestylefactors.

3. GestationalDiabetes:Developsduringpregnancy,typicallyinthesecondorthird

trimester,duetohormonalchangesandinsulinresistance.

4. LADA(LatentAutoimmuneDiabetesinAdults):Aform oftype1diabetesthat

developsinadults,oftenwithaslowerprogression.

5. MODY(Maturity-OnsetDiabetesoftheYoung):Araregeneticform ofdiabetes

causedbymutationsinspecificgenes.

2.2.1TYPE1DIABETES

Type1diabetes(T1D)isanautoimmunediseaseinwhichthebody'simmunesystem

mistakenlyattacks and destroys the insulin-producing beta cells in the pancreas

(Adeyemietal.,2013).Thisleadstoanabsolutedeficiencyofinsulin,ahormone

essentialforregulatingbloodglucoselevels.T1D typicallydevelopsinchildrenand

youngadults,butitcanoccuratanyage(Yakubuetal.,2022).Itaccountsforabout5-

10%ofalldiagnosedcasesofdiabetes(Abuetal.,2022).

CausesandRiskFactors

The exactcause ofT1D is notfullyunderstood,butitis believed to involve a

combinationofgeneticandenvironmentalfactors(Innocent,etal.,2022).

• AutoimmuneReaction:Thebody'simmunesystem attacksanddestroysthe

insulinproducingbetacellsinthepancreas.
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• Genetic Predisposition:Certain genes increase the risk ofdeveloping T1D.

Havingaparent,sibling,orcloserelativewithT1D slightlyelevatestherisk

(Ezeugwunneetal.,2018).

• EnvironmentalTriggers:Factors such as viralinfections may triggerthe

autoimmunedestructionofbetacellsingeneticallysusceptibleindividuals(Kota,

2018).

KnownRiskFactors:

• FamilyHistory:Asmentionedabove,havingafamilymemberwithT1Dincreases

therisk(Ogbodo,etal.,2018).

• Genetics:Thepresenceofcertaingenesisassociatedwithahigherrisk(Amah

etal.,2018).

• Age:Whileitcanoccuratanyage,itismostoftendiagnosedinchildren,teens,

andyoungadults(Amahetal.,2018).

2.2.1.2PATHOPHYSIOLOGYOFTYPE1DIABETES

The pathophysiology oftype 1 diabetes mellitus (T1D)is characterized by the

autoimmunedestructionoftheinsulin-producingbetacellsinthepancreaticisletsof

Langerhans(Bando,etal.,2021).Thisleadsto an absolutedeficiencyofinsulin,

resultinginhyperglycemiaandthemetabolicdisturbancescharacteristicofthedisease

(Bando,etal.,2021).

1.GeneticPredisposition

T1Dhasastronggeneticcomponent,withtheHumanLeukocyteAntigen(HLA)region

onchromosome6contributingsignificantly(around40-50%)tothegeneticrisk(Abuet

al.,2021).CertainHLAalleles,particularlyHLA-DR3-DQ2andHLA-DR4-DQ8,arestrongly

associatedwithanincreasedsusceptibilitytoT1D(Abuetal.,2021).Conversely,some

HLAalleles,likeHLADR15-DQ6,appeartobeprotective(Umaru,etal.,2021).

However,havingthesesusceptibilitygenesdoesnotguaranteethedevelopmentofT1D,

highlightingtheroleofotherfactors(Kota,etal.,2018).Othernon-HLAgenes,suchas

theinsulingene(INS),proteintyrosinephosphatasenon-receptortype22(PTPN22),

andcytotoxicT-lymphocyte-associatedprotein4(CTLA4),alsocontributetotheoverall
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geneticrisk(Abuetal.,2021).

2.EnvironmentalTriggers

Whilegeneticscreatesasusceptibility,environmentalfactorsarethoughttotriggerthe

autoimmune process in geneticallypredisposed individuals (Analike,etal.,2018).

However,nosingleenvironmentaltriggerhasbeendefinitivelyidentified(Analike,etal.,

2018).

Potentialenvironmentaltriggersunderinvestigationinclude:

• ViralInfections:Certainviruses,suchasenteroviruses,rubella,mumps,and

coxsackieviruses,havebeenimplicatedintriggeringtheautoimmuneresponse

(Mbaerietal.,2018).The"molecularmimicry"hypothesissuggeststhatviral

proteinsmayshare similaritieswith beta-cellantigens,leading the immune

system tomistakenlyattackthepancreasafterfightingtheinfection(Mbaeriet

al.,2018).

• DietaryFactors:Earlyexposuretocow'smilkproteinsandglutenhasbeen

investigated,but conclusive evidence is lacking (Mbaeri et al.,2018).

Breastfeeding and the timing ofintroducing solid foods are also areas of

research.

• GutMicrobiota:Alterations in the composition and function of the gut

microbiomearebeingstudiedfortheirpotentialroleininfluencingtheimmune

system andcontributingtoT1Ddevelopment(Mbaerietal.,2018).

• HygieneHypothesis:Thistheorysuggeststhatreducedexposuretoinfectionsin

earlychildhoodmayleadtoanimbalanceintheimmunesystem,increasingthe

riskofautoimmunediseaseslikeT1D(Mbaerietal.,2018).

OtherFactors:Factorsliketoxins,vitaminDlevels,andevenpsychologicalstresshave

alsobeenexplored,buttheirroleremainsunclear(Chukwumaetal.,2022).

3.AutoimmuneDestructionofBetaCells

ThehallmarkofT1D istheimmune-mediated destruction ofpancreaticbetacells

(Yakubu,etal.,2022).ThisprocessisprimarilydrivenbyautoreactiveTcells,specifically

CD8+cytotoxicTcells,whichdirectlyattackanddestroythebetacells(Yakubu,etal.
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2022).CD4+helperT cellsalsoplayaroleinorchestratingtheimmuneresponse

(Mbaerietal.,2018).

Thisautoimmuneattackischaracterizedbyinsulitis,theinfiltrationofimmunecellsinto

thepancreaticislets(Adeyemi,etal.,2013).Variousautoantibodiestargetingbeta-cell

antigens,suchasglutamicaciddecarboxylase(GAD65),insulin,isletcellantigens(ICA),

insulinassociatedprotein2(IA-2),andzinctransporter8(ZnT8),canbedetectedinthe

bloodyearsbeforetheclinicalonsetofT1D(Ogbodoetal.,2018).Theseautoantibodies

serveasmarkersoftheongoingautoimmunedestruction.

Thedestructionofbetacellsprogressesovertime.Clinicalsymptomsofdiabetes

typicallyappearwhenasignificantportion(around70-80%)ofbetacellshavebeen

destroyed,leading to a criticaldeficiency in insulin production and subsequent

hyperglycemia(Olorunfemi,O.J.2020).

4.MetabolicConsequencesofInsulinDeficiency

The absolute deficiency of insulin leads to profound metabolic derangements

(Olorunfemi,O.J.2020):

• Hyperglycemia:Glucose cannotentercellsforenergyutilization,leading to

elevatedbloodglucoselevels.

• IncreasedHepaticGlucoseProduction:Theliver,nolongersuppressedbyinsulin,

produces excessive glucose through glycogenolysis and gluconeogenesis,

furtherexacerbatinghyperglycemia.

• Impaired Glucose Uptake:Insulin's role in facilitating glucose uptake by

peripheraltissues(muscleandadiposetissue)islost.

• LipolysisandKetogenesis:Intheabsenceofsufficientinsulin,thebodybreaks

downfatforenergy,leadingtotheproductionofketones.Excessiveketone

production can result in diabetic ketoacidosis (DKA),a life-threatening

complication(Olorunfemi,O.J.2020).

• ProteinCatabolism:Insulindeficiencyalsoleadstoincreasedproteinbreakdown

andimpairedproteinsynthesis.

In summary,the pathophysiologyofT1D involves a complexinterplayofgenetic

susceptibilityandenvironmentaltriggersthatinitiateanautoimmuneattackonthe
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pancreaticbetacells.Thisprogressivedestructionleadstoinsulindeficiencyandthe

characteristicmetabolicabnormalitiesoftype1diabetes.(Vernaletal.,2017).

2.2.1.3SYMPTOMSANDDIAGNOSISOFTYPE1DIABETES

Symptoms

ThesymptomsofT1Dcandevelopquiterapidly,oftenoverafewweeksormonths,and

canbesevere(Vernaletal.,2017).

• CommonSymptomsInclude:

• Increasedthirst(polydipsia)

• Frequenturination (polyuria),possiblyincluding bedwetting in children who

previouslydidnotwetthebed

• Increasedhunger(polyphagia)

• Unexplainedweightlossdespiteincreasedappetite

• Fatigueandweakness

• Blurredvision

Insomecases,nausea,vomiting,andabdominalpaincanoccur,whichmaybesignsof

diabeticketoacidosis(DKA),aseriouscomplication(Vernaletal.,2017).

Diagnosis

DiagnosisofT1Dtypicallyinvolvesbloodteststomeasurebloodglucoselevels.These

testsmayinclude(Olorunfemi,O.J.2020):

• FastingPlasmaGlucose(FPG)test:Bloodglucoselevelof126mg/dL(7mmol/L)

orhigherontwoseparateoccasions.

• Random PlasmaGlucosetest:Bloodglucoselevelof200mg/dL(11.1mmol/L)

orhigher,alongwithdiabetessymptoms.

• HemoglobinA1c(A1c)test:Anaverageofbloodglucoselevelsoverthepast2-3

months.AnA1cof6.5%orhigherindicatesdiabetes.

• Ketonetesting:Urineorbloodteststodetectketones,whichmaybepresentin

highlevelsinT1D,especiallyifnotwell-controlled.

• Autoantibodytesting:Bloodteststocheckforspecificautoantibodiesthatare
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oftenpresentinT1D,helpingtodistinguishitfrom type2diabetes(Naidu,etal.,

2020).

2.2.1.4MANAGEMENTOFTYPE1DIABETES

TheprimarytreatmentforT1D isinsulinreplacementtherapybecausethebodyno

longerproducesenoughinsulinonitsown(Chattopadhyay,etal.,2005).

1. InsulinTherapy:Thisisessentialforsurvivalandbloodglucosecontrol.Insulin

canbeadministeredthrough:

• MultipleDailyInjections(MDI):Usingsyringesorinsulinpens.Thisofteninvolves

a combination oflong-acting (basal)insulin and rapid-acting (bolus)insulin

beforemeals.

• InsulinPump:Asmall,wearabledevicethatcontinuouslydeliversinsulinunder

theskin.

• InhaledInsulin:Arapid-actingform ofinsulinthatisinhaled(foradults).

2. BloodGlucoseMonitoring:Regularmonitoringofbloodglucoselevelsusinga

bloodglucosemeteroracontinuousglucosemonitor(CGM)iscrucialforadjusting

insulindosesandpreventingcomplications.

• CarbohydrateCounting:Learningtomatchinsulindosestocarbohydrateintake

from mealsisakeyskillinmanagingbloodglucoselevels.

• HealthyLifestyle:Thisincludesabalanceddiet,regularphysicalactivity,and

maintainingahealthyweight,whichcanimproveinsulinsensitivityandoverall

health.

3. RegularMedicalCare:Consistentfollow-upwithadiabetescareteam,including

doctors,diabeteseducators,anddietitians,isvitalforoptimalmanagementandto

monitorforpotentialcomplications.

4. ArtificialPancreas Systems (Hybrid Closed-Loop Systems):These systems

integrateaCGM withaninsulinpumptoautomaticallyadjustinsulindeliverybasedon

real-timeglucoselevels,helpingtoimproveglucosecontrolandreducetheburdenof

management(Olorunfemi,O.J.2020).
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2.2.2TYPE2DIABETES

Type2diabetes(T2D)isachronicmetabolicdisordercharacterizedbyhyperglycemia

(highbloodsugar)resultingfrom thebody'sineffectiveuseofinsulin.Thiscanbedue

tothebodynotproducingenoughinsulinorthecellsbecomingresistanttotheinsulin

thatisproduced(Naidu,etal.,2020).T2Daccountsforthevastmajority(around90%)

ofdiabetescasesworldwideandisstronglylinkedtolifestylefactors(Pari,etal.,2004).

2.2.2.1PATHOPHYSIOLOGYOFTYPE2DIABETES

ThedevelopmentofT2Discomplexandinvolvesacombinationofinsulinresistance

andbetacelldysfunction(Sabiu,etal.,2016).

1.InsulinResistance:

ReducedTissueSensitivity:InT2D,cellsinthemuscle,liver,andfattissuesbecome

resistanttotheeffectsofinsulin.Thismeansthatinsulinislesseffectiveatstimulating

glucoseuptakefrom thebloodstream intothesecellsforenergyorstorage(Olorunfemi,

O.J.2022).

Impaired Glucose Uptake:Normally,insulin binds to receptors on cellsurfaces,

triggeringacascadethatleadstothetranslocationofglucosetransportertype4

(GLUT4)tothecellmembrane,facilitatingglucoseentry.Ininsulin-resistantstates,this

processisimpaired(Adedapo,etal.,2022).

IncreasedHepaticGlucoseProduction:Insulinnormallysuppressesglucoseproduction

bytheliver.InT2D,thissuppressionisreduced,leadingtotheliverreleasingexcessive

glucoseintothebloodstream,furthercontributingtohyperglycemia(Olorunfemi,O.J.

2022).

ContributingFactors:Obesity,particularlyvisceralfat,physicalinactivity,genetics,and

chronicinflammation aremajorcontributorsto insulin resistance(Olorunfemi,O.J.

2022).Adiposetissuereleasesvarioushormonesandcytokinesthatcaninterferewith

insulinsignaling(Yakubu,etal.,2022).

2.Beta-CellDysfunction:

ImpairedInsulinSecretion:Thepancreaticbetacells,whichproduceinsulin,gradually
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lose theirabilityto secrete sufficientinsulin to overcome insulin resistance and

maintainnormalbloodglucoselevels(Yakubu,etal.,2022).

ProgressiveDecline:Overtime,thedemandsonthebetacellsincreaseduetoinsulin

resistance,leadingtotheireventualexhaustionandaprogressivedeclineininsulin

production(Ezeugwunne,etal.,2018).

ContributingFactors:Factorscontributingtobeta-celldysfunctionincludeglucotoxicity

(chronicexposuretohighglucoselevels),lipotoxicity(chronicexposuretohighfatty

acidlevels),geneticpredisposition,andinflammation(Analike,etal.,2018).

Inessence,inT2D,thebodybecomeslessresponsivetoinsulin,andthepancreasis

unabletoproduceenoughinsulintocompensateforthisresistance,leadingtoelevated

bloodglucoselevels.

2.2.2.2SYMPTOMSANDDIAGNOSISOFTYPE2DIABETES

SymptomsofT2Doftendevelopslowlyoveryears,andmanypeoplemaybeunaware

theyhavetheconditionforalongtime(Kota,etal.,2018).

CommonSymptomsInclude:

• Increasedthirst(polydipsia)

• Frequenturination(polyuria)

• Increasedhunger(polyphagia)

• Unexplainedweightloss

• Fatigue

• Blurredvision

• Slow-healingsoresorfrequentinfections

• Areasofdarkenedskin,ofteninthearmpitsandneck(acanthosisnigricans)

• Numbnessortinglinginthehandsorfeet(neuropathy)

Diagnosis:

T2Distypicallydiagnosedthroughbloodteststhatmeasurebloodglucoselevels(Kota,

etal.2018):
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• GlycatedHemoglobin(A1c)Test:Thistestmeasurestheaveragebloodsugar

leveloverthepast2-3months.AnA1cof6.5%orhigherontwoseparatetests

indicatesdiabetes.

• FastingPlasmaGlucose(FPG)Test:Bloodglucoselevelismeasuredafteran

overnightfast(atleast8hours).Alevelof126mg/dL(7mmol/L)orhigheron

twoseparateoccasionsindicatesdiabetes.

• Random PlasmaGlucoseTest:Bloodglucoselevelischeckedatanytime,

withoutregardtowhenthepersonlastate.Alevelof200mg/dL(11.1mmol/L)

orhigher,alongwithdiabetessymptoms,suggestsdiabetes.

• OralGlucose Tolerance Test(OGTT):This testinvolves fasting overnight,

drinkingasugaryliquid,andhavingbloodglucoselevelscheckedperiodically

overthenexttwohours.Alevelof200mg/dL(11.1mmol/L)orhigherafter2

hoursindicatesdiabetes.

2.2.2.3MANAGEMENTOFTYPE2DIABETES

ThemanagementofT2Dfocusesonachievingandmaintainingtargetbloodglucose

levels,preventinglong-term complications,andimprovingoverallhealth(NHS,2024;

ADA,2024).This typically involves a combination oflifestyle modifications and

medications.

1.LifestyleModifications:

• HealthyEating:Followingabalanceddietthatisrichinfruits,vegetables,whole

grains,and lean protein,whilelimiting sugarydrinks,processed foods,and

saturatedfats,iscrucial(Yakubu,etal.,2021).Portioncontrolandconsistent

mealtimingarealsoimportant.

• RegularPhysicalActivity:Aimingforatleast150minutesofmoderate-intensity

aerobicexerciseperweek,alongwithmuscle-strengtheningactivitiesatleast

twodaysaweek,improvesinsulinsensitivityandhelpsmanagebloodglucose

levels(Yakubu,etal.,2021).

• WeightManagement:Losingevenamodestamountofweight(5-10% ofbody

weight)cansignificantlyimprovebloodglucosecontrol,bloodpressure,and

cholesterollevelsinoverweightorobeseindividualswithT2D(Zephaniah,etal.,
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2021).

• SmokingCessation:Smokingworsensinsulinresistanceandincreasestherisk

ofdiabetescomplications(Zephaniah,etal.,2021).

• StressManagement:Chronicstresscanaffectbloodglucoselevels.Techniques

likeyoga,meditation,andadequatesleepcanbebeneficial.

2.Medications:

Iflifestylemodificationsalonearenotsufficienttoachievetargetbloodglucoselevels,

medicationsaretypicallyprescribed.Thesecaninclude(Umaru,etal.,2021):

• Metformin:Often the first-line medication,itworks by reducing glucose

productionintheliverandimprovinginsulinsensitivity.

• Sulfonylureas(e.g.,glipizide,glyburide):Stimulatethepancreastoreleasemore

insulin.

• Meglitinides(e.g.,repaglinide,nateglinide):Alsostimulateinsulinreleasebut

haveashorterdurationofaction.

• Thiazolidinediones (TZDs)(e.g.,pioglitazone,rosiglitazone):Improve insulin

sensitivityinperipheraltissues.

• DPP-4Inhibitors(e.g.,sitagliptin,saxagliptin):Helpincreaseinsulinreleaseand

decreaseglucagonsecretion.

• GLP-1ReceptorAgonists(e.g.,liraglutide,semaglutide):Increaseinsulinrelease,

decreaseglucagonsecretion,slow gastricemptying,andcanpromoteweight

loss.

• SGLT2Inhibitors(e.g.,canagliflozin,dapagliflozin):Increaseglucoseexcretionin

theurine.

• Insulin:MaybenecessaryatanystageofT2Difbloodglucosecontrolcannotbe

achievedwithothermedications.Itisadministeredthroughinjectionsoran

insulinpump.

3.RegularMonitoring:

Self-MonitoringofBloodGlucose(SMBG):Usingabloodglucosemetertocheckblood

sugarlevelsathomehelpsindividualsunderstandhowfood,activity,andmedications
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affecttheirglucoselevels.

Continuous Glucose Monitoring (CGM):Some individuals may use CGMs,which

continuouslytrackglucoselevelsandprovidereal-timedata.

A1cTesting:RegularA1ctests(usuallyevery3-6months)provideanoverviewoflong-

term bloodglucosecontrol.

4.EducationandSupport:

Diabetesself-managementeducationandsupport(DSMES)arecrucialforempowering

individualswithT2Dtomanagetheirconditioneffectively.Thisincludeslearningabout

healthy eating,physicalactivity,medication use,blood glucose monitoring,and

preventingcomplications(Kota,etal.,2018).

5.ManagementofComplications:

Regularscreening and managementofpotentiallong-term complications,such as

cardiovasculardisease,kidneydisease,nervedamage,andeyedamage,areintegralto

T2Dcare.

EffectivemanagementofT2Drequiresalifelongcommitmenttohealthyhabits,regular

medicalcare,andadherencetotheprescribedtreatmentplan.(Tiwarietal.,2017).

2.2.3GESTATIONALDIABETES

Gestationaldiabetesisatypeofdiabetesthatdevelopsduringpregnancyinwomen

whodidn'thavediabetesbefore.It'scharacterizedbyhighbloodsugarlevelsthatcan

affectboththemotherandthebaby'shealth.InGDM,thehormonesproducedbythe

placentacanblockthemother'sinsulinfrom workingeffectively,leadingtoinsulin

resistance(Adedapo,etal.,2022).

2.2.3.1PATHOPHYSIOLOGYOFGESTATIONALDIABETES

TheexactcauseofGDM isn'tfullyunderstood,butitarisesfrom acombinationof

factorsrelatedtopregnancy(Olorunfemi,O.J.2020):

InsulinResistance:Duringpregnancy,theplacentaproduceshormoneslikehuman

placentallactogen (hPL),cortisol,estrogen,and progesterone.These hormones
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interferewiththeactionofinsulin,makingthemother'sbodylesssensitivetoit.Thisis

anormalphysiologicalchangetoensurethebabygetsenoughglucose(Sabiu,etal.,

2016).

• InadequateBeta-CellCompensation:Inanormalpregnancy,thepancreascan

produceextrainsulintoovercomethisinsulinresistanceandmaintainnormal

bloodsugarlevels.However,inGDM,thepancreaticbetacellsmaynotbeableto

produceenoughinsulintomeettheincreaseddemand,leadingtohyperglycemia

(Sabiu,etal.,2016).

• OtherFactors:Increasedmaternalweightandobesitybeforepregnancycan

exacerbateinsulinresistance.Geneticfactorsandafamilyhistoryofdiabetes

mayalsoplayarole(Sunmonu,etal.,2016).Somestudiesalsosuggestthat

reducedincretinhormonesecretionandsignalingmaycontribute(Pari,etal.,

2021).

Essentially,GDM developswhenthephysiologicalinsulinresistanceofpregnancyisnot

adequatelycompensatedforbyincreasedinsulinsecretion,resultinginelevatedblood

glucoselevels.

2.2.3.2SYMPTOMSANDDIAGNOSISOFGESTATIONALDIABETES

Often,GDM doesn'tcause noticeable symptoms (Olorunfemi,O.J.2020).When

symptomsdooccur,theyareusuallymildandcanbesimilartonormalpregnancy

changes,whichiswhyroutinescreeningiscrucial.

PossibleMildSymptoms:

• Increasedthirst

• Frequenturination

• Fatigue

• Nausea

• Blurredvision

• Recurrentinfections,suchasyeastinfections

Diagnosis:

Universalscreening forGDM istypicallyperformed between 24 and 28 weeksof
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gestation(Sabiu,etal.,2016).Themostcommonscreeningmethodsinvolveatwo-step

oraone-stepapproachusinganoralglucosetolerancetest(OGTT).
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Two-StepApproach:

GlucoseChallengeTest(GCT):Thepregnantwomandrinksasugarysolution(usually

50gramsofglucose),andbloodsugarischeckedonehourlater.Ahighresult(usually

≥130-140mg/dL)indicatestheneedforafollow-uptest.

OralGlucoseToleranceTest(OGTT):Afteranovernightfast,thewomandrinksamore

concentrated glucose solution (usually75 or100 grams).Blood sugarlevelsare

checkedatspecificintervals(e.g.,fasting,1hour,2hours,andsometimes3hours).

GDM isdiagnosediftwoormoreofthebloodglucosevaluesmeetorexceedspecific

threshold.

One-StepApproach:Someprovidersmaydirectlyperform a75-gram OGTTwithblood

glucosemeasurementstakenatfasting,1hour,and2hours.GDM isdiagnosedifanyof

thesevaluesmeetorexceedspecificthresholds().

WomenwithhighriskfactorsforGDM (e.g.,obesity,previousGDM,familyhistoryof

diabetes)maybescreenedearlierinpregnancy.

2.2.3.3MANAGEMENTOFGESTATIONALDIABETES

TheprimarygoalofGDM managementistomaintainbloodglucoselevelswithina

targetrangeto ensurethehealth ofboth themotherand thebaby.Management

strategiestypicallyinclude:

• LifestyleModifications:

HealthyEatingPlan:Workingwitharegistereddietitiantodevelopabalancedmealplan

thatfocusesonwholegrains,fruits,vegetables,leanproteins,andhealthyfats.It's

importantto controlcarbohydrateintakeanddistributeitthroughoutthedaywith

regularmealsandsnacks.Avoidingsugarydrinksandprocessedfoodsiscrucial.

• RegularPhysicalActivity:Moderate-intensityexercises,suchasbriskwalking,

swimming,orprenatalyoga,foratleast30minutesmostdaysoftheweekcan

helpimproveinsulinsensitivityandmanagebloodglucoselevels.It'sessentialto

consultwithahealthcareproviderbeforestartinganynew exerciseprogram

duringpregnancy.
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• BloodGlucoseMonitoring:Regularself-monitoringofbloodglucose(SMBG)

usingaglucosemeterisusuallyrecommendedtotrackbloodsugarlevelsand

assesstheeffectivenessofdietandexercise.Targetbloodglucoselevelsare

typicall.

Fasting:≤95mg/dL

1hourafterameal:≤140mg/dL

2hoursafterameal:≤120mg/dL

 Medications:Iflifestylemodificationsarenotsufficienttoachievetarget

bloodglucoselevels,medicationmaybenecessary(NHS,2024;NIDDK,2024).

Insulin:InsulininjectionsarethepreferredmedicationformanagingGDM asitdoesnot

crosstheplacentaandissafeforthebaby.Differenttypesofinsulinmaybeused

basedonindividualneeds.

OralMedications:Insomecases,oralmedicationslikemetforminorglyburidemaybe

considered,buttheirsafetyandlong-term effectsonthebabyarestillbeingstudied.

Insulinisgenerallythefirst-linepharmacologicaltreatment.

RegularPrenatalCare:Frequentcheck-upswiththehealthcareteam areessentialto

monitorbloodglucoselevels,adjustthemanagementplanasneeded,andmonitorthe

baby'sgrowthandwell-beingthroughultrasoundsandothertests.

LaborandDeliveryManagement:Bloodglucoselevelswillbecloselymonitoredduring

laboranddelivery.Insulinmaybeadministeredintravenouslytomaintainstableblood

sugarlevels.

 Postpartum Care:

GDM usuallyresolvesafterdelivery.However,womenwhohavehadGDM haveahigher

risk ofdeveloping type 2 diabetes laterin life.Therefore,postpartum follow-up,

including a repeatglucose tolerance test6-12 weeks afterdeliveryand ongoing

screening fortype 2 diabetes,is crucial.Lifestyle modifications adopted during

pregnancyshouldbecontinuedtoreducethelong-term riskofdiabetes.
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2.3GLUCOSEMETABOLISM ANDITSREGULATIONS

Glucoseistheprimarymetabolicfuelformammals,servingasavitalenergysourcefor

cellsthroughoutthebody.Itsmetabolism isacomplexandtightlyregulatedprocess

involvingseveralinterconnectedpathwaysandasophisticatednetworkofhormonal

andenzymaticcontrols.Disruptionsinglucosemetabolism canleadtovarioushealth

issues,mostnotablydiabetesmellitus.

2.3.1GLUCOSEMETABOLISM PATHWAYS

Glucosemetabolism encompassesaseriesofbiochemicalreactionsthatbreakdown,

synthesize,andstoreglucosetomeetthebody'senergydemands.Themajorpathways

include:

Glycolysis:Thisistheuniversalpathwayforglucosecatabolism,occurringinthe

cytoplasm ofnearlyallcells.Inglycolysis,asix-carbonglucosemoleculeis

broken down into two three-carbon pyruvate molecules,generating a small

amountofATPandNADH.Thisprocessconsistsoftenenzyme-catalyzedsteps

andcanoccurinbothaerobicandanaerobicconditions.

Fig2:GlycolysisDiagram:Overviewoftheaerobicglycolysispathway

Source:ArmaanNaghdi(2024).

Gluconeogenesis (GNG):This anabolic pathway involves the synthesis of

glucosefrom non-carbohydrateprecursors,suchaslactate,aminoacids,and

glycerol.Itprimarilyoccursintheliverand,toalesserextent,intherenalcortex,
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andiscrucialformaintainingbloodglucoselevelsduringfastingorprolonged

exercise.Gluconeogenesisbypassestheirreversiblestepsofglycolysisthrough

differentenzymes.

Fig3:GluconeogenesispathwaySource:JamesSheldon(2024).

Glycogenesis:Thisistheprocessofsynthesizingglycogen,thestoredform of

glucose,primarilyintheliverandskeletalmuscle. Whenexcessglucoseis

available,itisconvertedintoglycogenforfutureenergyneeds.

• Glycogenolysis:Thispathwayinvolvesthebreakdownofstoredglycogeninto

glucose.Thisprocessoccursin the liver,muscles,and kidneysto release

glucosewhenthebodyneedsenergy,suchasduringfasting.
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• PentosePhosphatePathway(PPP):Alsoknownasthehexosemonophosphate

shunt,thisisanalternativepathwayforglucoseoxidation.Itoccursinthe

cytoplasm ofvarious cells (e.g.,liver,adipose tissue,red blood cells)and

producesNADPH (essentialforreductivebiosynthesisandprotectingagainst

oxidativestress)andpentosesugars(precursorsfornucleotidesynthesis).

CELLULARUPTAKEOFGLUCOSE

Forglucosetobeutilizedbycells,itmustbetransportedacrossthecellmembrane.

Thisprocessisprimarilyfacilitatedbyspecializedmembraneproteinscalledglucose

transporters(GLUTs).

Facilitated Diffusion (via GLUTs):Mostglucose uptake occurs through facilitated

diffusion,a passive process where GLUT proteins transportglucose down its

concentrationgradient.

• GLUT4:Thistransporterishighlyabundantinskeletalmuscleandadiposetissue

andisprimarilyresponsibleforinsulin-stimulatedglucoseuptake.Intheabsence

ofinsulin,GLUT4residesinintracellularvesicles.Uponinsulinbindingtoits

receptor,asignalingcascadetriggersthetranslocationofGLUT4-containing

vesiclestotheplasmamembrane,increasingglucoseuptake.

• OtherGLUTs:OtherGLUTisoforms(e.g.,GLUT1,GLUT2,GLUT3)havedifferent

tissuedistributionsandrolesinbasalglucoseuptakeandtransport[5.3].

• SecondaryActiveTransport(viaSGLTs):Incertaintissues,likethekidneysand

intestines,glucoseistransported againstitsconcentrationgradientthrough

sodium-glucose cotransporters (SGLTs). This process is driven by the

electrochemicalgradientofsodium ions,whichismaintainedbytheNa+/K+-

ATPasepump.
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2.3.2REGULATIONOFGLUCOSEMETABOLISM

Theregulationofglucosemetabolism iscrucialformaintainingglucosehomeostasis,a

tightlycontrolledbalanceofbloodglucoselevels[2.2,3.2].Thisinvolvesacomplex

interplayofhormones,allostericcontrolofenzymes,andgeneexpression.

1.HormonalRegulation

Thepancreasplaysacentralroleinhormonalregulationthroughthesecretionofinsulin

andglucagon.

• Insulin:Produced bythe beta cellsofthe pancreas,insulin isan anabolic

hormonereleasedinresponsetohighbloodglucoselevels(e.g.,afterameal).

Itsprimaryactionsinclude:

• Increasedglucoseuptake:Insulinstimulatesglucoseuptakebyinsulin-sensitive

tissues(muscleandadiposetissue)bypromotingGLUT4translocationtothe

cellmembrane.

• Promoted glycogenesis:Insulin stimulates the liverand muscle to convert

excessglucoseintoglycogenforstorage.

• Inhibited gluconeogenesis and glycogenolysis:Insulin suppresses glucose

productionbytheliver.

• Enhancedfattyacidandproteinsynthesis:Insulinalsopromotesthestorageof

energyintheform offatsandproteins

• Glucagon:Secretedbythealphacellsofthepancreas,glucagonisacatabolic

hormonereleasedwhenbloodglucoselevelsarelow (e.g.,duringfasting).Its

maineffectsare:

• Stimulatedglycogenolysis:Glucagonpromotesthebreakdownofliverglycogen

intoglucose,whichisthenreleasedintothebloodstream.

• Stimulatedgluconeogenesis:Glucagonenhancesthesynthesisofglucosefrom

noncarbohydrateprecursorsintheliver.

• Inhibitedglycolysis:Intheliver,glucagoninhibitsglycolysistoconserveglucose.

OtherHormones:
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• Amylin:Co-secreted with insulin from beta cells,amylin inhibits glucagon

secretion,slowsgastricemptying,andincreasessatiety.

• Incretins (e.g.,GLP-1,GIP):Hormones produced in the smallintestine in

responsetofoodintake.Theystimulateinsulinsecretion,suppressglucagon,

andslowgastricemptying..

• Epinephrine (Adrenaline):Released during stress or exercise,epinephrine

promotesglycogenolysisandglycolysisinmuscle,providingimmediateenergy.

• Cortisol:A glucocorticoid hormone thatgenerally raises blood glucose by

promoting gluconeogenesis and decreasing glucose utilization in peripheral

tissues.

• Thyroidhormones(T3andT4):Influencethebasalmetabolicrateandaffect

glucose metabolism by increasing glucose absorption from the gutand

enhancingglucoseutilization.

2.EnzymaticRegulation(AllostericControlandCovalentModification)

Keyenzymesinglucosemetabolicpathwaysaresubjectto intricateregulationto

controlfluxthroughthepathways.Thisregulationoccursbothacutely(secondsto

minutes) through allosteric control and post-translational modifications (like

phosphorylation),andchronically(hourstodays)throughchangesingeneexpression.

GlycolysisRegulatoryEnzymes:

• Hexokinase(orGlucokinaseinliver/pancreas):Catalyzesthephosphorylationof

glucosetoglucose-6-phosphate,trappingglucoseinsidethecell.Hexokinaseis

inhibitedbyitsproduct,glucose-6-phosphate,whileglucokinase,withahigher

Km,actsasaglucosesensorintheliverandisnotsubjecttoproductinhibition.

• Phosphofructokinase-1 (PFK-1):The mostimportantregulatory enzyme in

glycolysis,catalyzingthecommittedstep.PFK-1isallostericallyactivatedby

AMP,ADP,andfructose-2,6-bisphosphate(apotentactivator),andinhibitedby

ATPandcitrate,reflectingthecell'senergystatus.

• PyruvateKinase:Catalyzesthefinalstepofglycolysis,formingpyruvateandATP.

It is activated by fructose-1,6-bisphosphate (feed-forward activation) and

inhibited by ATP and alanine. In the liver,pyruvate kinase activity is
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downregulatedbyglucagonmediatedphosphorylation.

• Gluconeogenesis Regulatory Enzymes: Gluconeogenesis bypasses the

irreversiblestepsofglycolysisusingdistinctenzymes,whicharereciprocally

regulatedwithglycolyticenzymestopreventfutilecycles.

• PyruvateCarboxylaseandPhosphoenolpyruvateCarboxykinase(PEPCK):Bypass

pyruvatekinase.

• Fructose-1,6-bisphosphatase (FBPase-1):Bypasses PFK-1.Itis inhibited by

fructose-2,6bisphosphateandAMP,andactivatedbycitrate.

• Glucose-6-phosphatase:Bypasseshexokinase.Thisenzymeispresentmainlyin

theliver,intestinalepithelialcells,andrenaltubularepithelialcells,allowingthese

organstoreleasefreeglucoseintothebloodstream.

3.CellularEnergyState

Thecellularenergystate,reflectedbytheATP:AMP ratio,directlyimpactsenzyme

activity.High ATP levels generallyinhibitcatabolic pathways (like glycolysis)and

promoteanabolicpathways(likegluconeogenesis),whilehighAMP levelshavethe

oppositeeffect.

4.TranscriptionalRegulation

Long-term regulationofglucosemetabolism involvescontrollingtheexpressionof

genesencodingmetabolicenzymesthroughvarioustranscriptionfactors.(Coulibalyet

al.,2023).

2.4ROLEOFOXIDATIVESTRESSINPATHOPHYSIOLOGYOFDIABETES

Oxidativestressplaysapivotalandmultifacetedroleinthepathophysiologyofdiabetes

mellitus (DM),contributing to both its developmentand the progression ofits

debilitating complications.Itarisesfrom animbalancebetweentheproductionof

reactiveoxygenspecies(ROS)andthebody'santioxidantdefensesystems.

1.MechanismsofOxidativeStressinDiabetes:

• Hyperglycemia:Chronichighbloodsugarisaprimarydriverofoxidativestressin
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diabetes.Severalpathwaysareactivatedbyelevatedglucoselevels,leadingto

increasedROSproduction:

• Mitochondrial Dysfunction: Impaired electron transport chain within the

mitochondria,particularlyin endothelialcells,leadsto an overproduction of

superoxide radicals. This is considered a "unifying mechanism" for

hyperglycemia'svasculardamage.

• AdvancedGlycationEnd-products(AGEs):Glucosereactsnon-enzymaticallywith

proteinsandlipidstoform AGEs.AGEsnotonlydirectlydamagetissuesbutalso

activate cellularreceptors (RAGE),leading to furtherROS generation and

inflammation.

• PolyolPathwayActivation:Thismetabolicpathway,whenoveractiveduetohigh

glucose,consumesNADPH,acrucialcofactorfortheregenerationofreduced

glutathione (GSH),a majorendogenous antioxidant.This depletion further

exacerbatesoxidativestress.

• ProteinKinaseC(PKC)Activation:HyperglycemiaactivatesPKC,whichcanlead

toincreasedROSproductionandcontributestoendothelialdysfunction.

• Glucose Auto-oxidation:Glucose itselfcan directly auto-oxidize,generating

reactiveoxygenspecies.

Othercontributing factors:Hyperlipidemia,inflammation,and reduced antioxidant

capacityalsocontributetooxidativestressindiabetes.

2.ImpactonDiabetesDevelopment:

• ImpairedInsulinProductionandSecretion:Oxidativestressdamagespancreatic

betacells,whichareresponsibleforinsulinproduction.Thisdamagecanleadto

beta-celldysfunction and even apoptosis (programmed celldeath),further

compromising insulinsecretionand contributing to bothtype1 and type2

diabetes.

• IncreasedInsulinResistance:ROScaninterferewithinsulinsignalingpathways,

makingcellslessresponsivetoinsulin'seffects.Thisleadstoimpairedglucose

uptakebytissuesandcontributestohyperglycemia.

3.RoleinDiabeticComplications:
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Oxidativestressisamajorcontributortobothmicrovascular(smallbloodvessel)and

macrovascular(largebloodvessel)complicationsofdiabetes:

MicrovascularComplications:

Diabetic Retinopathy:Damages retinalcells and blood vessels,leading to vision

impairmentandblindness.Oxidativestresspromotespericyteapoptosis(cellscrucial

forretinalhomeostasis)andactivatesinflammatorypathways.

DiabeticNephropathy:Damageskidneycellsandstructures,leadingtoimpairedrenal

functionandpotentialkidneyfailure.

DiabeticNeuropathy:Damagesnervecells,causing pain,numbness,and impaired

sensations.

MacrovascularComplications:

Atherosclerosis:Oxidativestressplaysafundamentalroleinthedevelopmentand

progressionofatherosclerosis,ahardeningandnarrowingofarteriesthatincreases

theriskofheartattackandstroke.ROSoxidizeLDL(badcholesterol),promotingfoam

cellformation and plaque development.Italso perpetuates inflammation and

endothelialdysfunction,crucialforplaqueinstability.

Cardiomyopathy:Oxidativestresscontributestodamageintheheartmuscle,leadingto

impairedheartfunction.

4. ImpairedAntioxidantDefenseSystemsinDiabetes:Diabeticpatientsoftenexhibit

acompromisedantioxidantdefensesystem.Thiscaninclude:

Reducedlevelsofnon-enzymaticantioxidantslikevitaminC,vitaminE,andglutathione

(GSH).

Decreasedactivityofenzymaticantioxidantssuchassuperoxidedismutase(SOD),

catalase,andglutathioneperoxidase(GPx).

Thisweakeneddefensemakesthebodymorevulnerabletothedamagingeffectsof

ROS,creating a vicious cycle where increased ROS production and decreased
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scavengingcapacityexacerbateoxidativestress.

5. TherapeuticImplications:Understandingtheroleofoxidativestressindiabetes

opensavenuesfortherapeuticinterventions.Strategiesaimingtomitigateoxidative

damageinclude:

ControllingHyperglycemia:Effectiveglycemiccontroliscrucialtoreducetheprimary

sourceofROSproduction.

AntioxidantSupplementation:Whilepromisinginpreclinicalstudies,theefficacyand

safetyofantioxidantsupplementationinhumandiabetesstillrequirefurtherclinical

validation.

LifestyleModifications:Regularexerciseandahealthydietcanenhanceendogenous

antioxidantdefensesandimproveoverallmetabolichealth,therebyreducingoxidative

stress.

TargetingSpecificPathways:Researchisongoingtodeveloptherapiesthatspecifically

targetthepathwaysinvolvedinROSproduction(e.g.,inhibitorsofspecificenzymes)or

enhanceantioxidantresponses(e.g.,activatingNrf2orSIRT1pathways).

In conclusion,oxidative stress is a centralpathophysiologicalfactorin diabetes,

influencingitsonset,progression,andthedevelopmentofseverecomplicationsby

damaging various cells and tissues,impairing insulin function,and perpetuating

inflammation.

2.5MECHANISM OFSTZININDUCTIONOFDIABETESSTUDY

Streptozotocin (STZ)is a widely used chemicalagentforinducing experimental

diabetesmellitusinlaboratoryanimals,particularlyrodents.Itspecificallytargetsand

destroysinsulinproducingpancreaticβ-cells,leadingtoastateofinsulindeficiencyand

hyperglycemiathatmimicshumandiabetes.

Themechanism ofSTZininducingdiabetesinvolvesseveralkeysteps:

• SelectiveUptakebyβ-cells:STZ isastructuralanalogueofglucoseandis

preferentiallytakenupbypancreaticβ-cellsthroughtheglucosetransporter2

(GLUT2)locatedontheirplasmamembrane..Thisselectiveuptakeiscrucialfor
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itsdiabetogenicaction,ascellslackingGLUT2orhavinglowexpressionofitare

largelyresistanttoSTZtoxicity.

• DNAAlkylation:Onceinsidetheβ-cell,STZissplitintoitsglucoseandmethyl

nitrosoureamoiety.Themethylnitrosoureacomponentishighlyreactiveand

actsasanalkylating

agent,primarilytargetingandmodifyingDNA.ThemostprominentsiteforDNA

alkylationisoftenattheO6positionofguanine,leadingtoDNAdamageand

fragmentation.ThisDNAdamagecaninterferewithhydrogenbonding,causing

pointmutationsandultimatelyleadingtocelldeath.

• ActivationofPoly(ADP-ribose)Polymerase(PARP)andNAD+Depletion:TheDNA

damagecausedbySTZ-mediatedalkylationtriggerstheactivationofpoly(ADP-

ribose) polymerase (PARP),a nuclear enzyme involved in DNA repair.

Overstimulation ofPARP byextensive DNA damage leads to an excessive

consumptionofitssubstrate,nicotinamideadeninedinucleotide(NAD+).This

depletionofcellularNAD+ subsequentlyimpairsATPsynthesisandothervital

metabolicprocesses,leadingtocellularenergydepletion.

• NitricOxide(NO)ReleaseandOxidativeStress:STZalsohastheabilitytoactas

anitricoxidedonorwithin pancreaticβ-cells..Nitricoxide,along with the

generationofreactiveoxygenspecies(ROS)andreactivenitrogenspecies(RNS)

asaresultofSTZmetabolism andmitochondrialdysfunction,contributesto

oxidativestress.β-cellsareparticularlyvulnerabletooxidativestressduetotheir

relativelylowlevelsofantioxidantdefenseenzymes.Thisoxidativestressfurther

damagescellularcomponents,includingDNA,proteins,andlipids,ultimately

contributingtoβ-celldeath.

• β-CellDeath(NecrosisandApoptosis):ThecumulativeeffectsofDNAdamage,

NAD$̂+$ and ATP depletion,and oxidative stress lead to the irreversible

destructionofpancreaticβ-cells.Whilebothnecrosisandapoptosishavebeen

reported,highdosesofSTZtypicallycausenecrosis,whilelowerdosesmay

induceapoptosis.Thelossoftheseinsulin-producingcellsresultsinasignificant

reduction in insulin secretion,leading to the characteristic hyperglycemia

observedinSTZ-induceddiabetes.

Insummary,STZinducesdiabetesbyselectivelyenteringpancreaticβ-cellsviaGLUT2,
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alkylatingDNA,activatingPARPanddepletingNAD$̂+$,andgeneratingreactiveoxygen

andnitrogenspecies,allofwhichsynergisticallyleadtothedemiseoftheβ-cellsand

thesubsequentdevelopmentofinsulindeficiencyandhyperglycemia.

2.6ANTIDIABETICDRUGS

Antidiabeticdrugsareaclassofmedicationsusedtomanagediabetesmellitusby

loweringbloodglucoselevels.Theyworkthroughvariousmechanismstoimprove

insulinproduction,increaseinsulinsensitivity,reduceglucoseabsorption,ordecrease

glucoseproduction.

2.6.1INSULINTHERAPY

Insulintherapyinvolvesadministeringexogenousinsulintosupplementorreplacethe

body'snaturalinsulinproduction.ItisessentialforindividualswithType1diabetes,who

producelittletonoinsulin,andisalsousedinmanyindividualswithType2diabetesas

thediseaseprogressesandnaturalinsulinproductiondeclines.Insulinisavailablein

variousformswithdifferentonsettimesanddurationsofaction,includingrapid-acting,

short-acting,intermediateacting,andlong-actinginsulins.Itistypicallyadministeredvia

subcutaneousinjection,butinhaledandintravenousformsarealsoavailable.

2.6.2BIGUANIDES

Biguanidesareaclassoforalantidiabeticdrugsthatprimarilyworkbyreducinghepatic

glucoseproduction(gluconeogenesis)andincreasinginsulinsensitivityinperipheral

tissues.Themostcommonbiguanideismetformin.Metforminalsoimprovesglucose

uptake and utilization bymuscle cells and reduces glucose absorption from the

gastrointestinaltract.ItisoftenafirstlinetreatmentforType2diabetes,especiallyin

overweightorobesepatients,duetoitsefficacy,relativelylowriskofhypoglycemia,and

potentialforweightneutralityormodestweightloss.

2.6.3SULFONYLUREAS

Sulfonylureasareaclassoforalantidiabeticdrugsthatstimulateinsulinsecretionfrom

thepancreaticbetacells.TheybindtoandcloseATP-sensitivepotassium channelson

thebetacellmembrane,leading to depolarization,calcium influx,and subsequent

insulinrelease.Examplesincludeglibenclamide(glyburide),glipizide,andglimepiride.
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Sulfonylureasareeffectiveinloweringbloodglucosebutcarryariskofhypoglycemia

andweightgainduetotheirmechanism ofaction.

2.6.4MEGLITINIDES

Meglitinides,suchasrepaglinideandnateglinide,areanotherclassoforalantidiabetic

drugs that stimulate insulin secretion from pancreatic beta cells,similar to

sulfonylureas.However,theyhaveamorerapidonsetandshorterdurationofaction

comparedtosulfonylureas.Thisallowsformoreflexibledosing,typicallytakenbefore

meals,totargetpostprandial(after-meal)glucoseexcursions.Likesulfonylureas,they

carryariskofhypoglycemia.

2.6.5THIAZOLIDINEDIONES(TZDS)

Thiazolidinediones,alsoknownasglitazones,workbyincreasinginsulinsensitivityin

peripheraltissues(muscleandadiposetissue)andtheliver.Theyactasagonistsof

peroxisomeproliferator-activatedreceptorgamma(PPAR-γ),anuclearreceptorthat

regulatesgeneexpressioninvolvedinglucoseandlipidmetabolism.Examplesinclude

pioglitazoneandrosiglitazone.TZDscantakeseveralweekstoexerttheirfulleffectand

areassociatedwithariskoffluidretention,weightgain,andheartfailure.Rosiglitazone

hasalsobeenlinkedtoanincreasedriskofcardiovasculareventsinsomestudies.

2.6.6DIPEPTIDYLPEPTIDASE-4(DPP-4)INHIBITORS

DPP-4inhibitors(gliptins)areaclassoforalantidiabeticdrugsthatenhancethebody's

naturalincretinsystem.Incretinhormones(likeGLP-1andGIP)arereleasedfrom the

gutinresponsetofoodintakeandstimulateinsulinsecretionandsuppressglucagon

release.DPP-4isanenzymethatrapidlyinactivatesincretinhormones.Byinhibiting

DPP-4,thesedrugsincreasethelevelsofactiveincretinhormones,leadingtoglucose-

dependentinsulinsecretionandreducedglucagonlevels.Examplesincludesitagliptin,

saxagliptin,linagliptin,andalogliptin.Theyaregenerallywell-toleratedwithalowriskof

hypoglycemiaandareweight-neutral.

2.6.7ALPHA-GLUCOSIDASEINHIBITORS

Alpha-glucosidase inhibitors,such asacarbose and miglitol,workbydelaying the
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digestionandabsorptionofcarbohydratesinthesmallintestine.Theycompetitively

inhibitalpha-glucosidaseenzymes(e.g.,sucrase,maltase,glucoamylase)locatedinthe

brushborderoftheintestinallining,whichareresponsibleforbreakingdowncomplex

carbohydratesintoabsorbablemonosaccharides.Thisresultsinaslowerandlowerrise

inpostprandialbloodglucoselevels.Commonsideeffectsincludegastrointestinal

disturbances like flatulence,diarrhea,and abdominal discomfort due to the

fermentationofundigestedcarbohydratesinthecolon.

2.7PHYLLANTHUSAMARUS

Phyllanthus amarus is a widelyrecognized medicinalplantfound in tropicaland

subtropicalregions.Itisoftenreferredtoasa"stonebreaker"insomeculturesdueto

itstraditionaluseintreatingkidneyandgallstones.Beyondthis,itisusedintraditional

medicineforavarietyofailments,includinghepatitis,colds,flu,tuberculosis,malaria,

diabetes,andliverdiseases.

2.7.1PHYTOCHEMICALCONSTITUENTS

Phyllanthusamarusisarichsourceofvariousphytochemicals,whichareresponsible

foritsdiversetherapeuticproperties.Themainclassesofcompoundsidentifiedinclude:

• Alkaloids:Suchasphyllantine,hypophyllantine,andnorsecurinine.Alkaloidsare

oftenthemostabundantphytochemicalsinP.amarusextracts.

• Flavonoids:Includingquercetin,rutin,andquercetin-3-O-glucoside.Flavonoids

arewellknownfortheirantioxidantproperties.

• Tannins:Particularlyhydrolyzabletanninslikegeraniin,amariin,repandusinic

acid,corilagin,andphyllanthusiinA,B,C,andD.Tanninscontributetovarious

activities,includingantioxidantandhepatoprotectiveeffects.

• Lignans:Keycompoundslikephyllanthin,hypophyllanthin,nirphyllin,nirtetralin,

phyltetralin,andlintetralin.Lignansarenotablyassociatedwithantihepatotoxic

andanticanceractivities.

• Saponins:Presentin significantamounts and contributing to antioxidant

properties.

• Glycosides:Includingcardiacglycosides.

• Phenols:Often presentalongsideflavonoidsand contributing to antioxidant
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activity.

• Steroids:Suchasestradiol.

• Triterpenes:Includingphyllantheol,phyllanthenone,andphyllanthenol.

Thespecificconcentrationofthesecompoundscanvarydependingontheplantpart

used(leaves,stems,roots),extractionmethod,andgeographicallocation.

2.7.2ANTIOXIDANTPROPERTIESOFPHYLLANTHUSAMARUS

Phyllanthus amarus exhibits significantantioxidantproperties,which are largely

attributedtoitsrichcontentofpolyphenols,flavonoids,tannins,andotherbioactive

compounds.Oxidative stress,caused byan imbalance between free radicalsand

antioxidantsinthebody,isimplicatedinnumerousdiseases.P.amarushelpscombat

thisby:

• Free RadicalScavenging:Extracts ofP.amarus have demonstrated strong

scavengingactivityagainstvariousfreeradicals,suchasDPPH(1,1-diphenyl-2-

picrylhydrazyl)andABTS(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonicacid)).

• InhibitionofLipidPeroxidation:Theplant'scompoundscanprotectlipidsfrom

oxidativedamage,aprocesscrucialinthedevelopmentofvariouspathologies.

• Reducing Agents:Its phytochemicals actas reducing agents,neutralizing

harmfulfreeradicals.

• IronChelation:Somecomponents,particularlyalkaloids,canchelateiron,thereby

preventingiron-catalyzedoxidativereactions.

• Protection againstOxidative Damage:Studies have shown thatP.amarus

extractscanprotectcellularcomponents,suchasratlivermitochondria,from

oxidativedamageinducedbyperoxylradicalsandhydroxylradicals.

• Specificcompoundslikeamariin,repandusinicacid,phyllanthusiinD,rutin,and

quercetin3-O-glucosidehavebeenidentifiedasmajorcontributorstotheplant's

antioxidantefficacy.Themethanolanddiethyletherextractsareoftenreported

tohavehigherantioxidantactivityduetotheirrichpolyphenolandflavonoid

content.
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2.7.3ANTIHYPERGLYCEMICPROPERTIESOFPHYLLANTHUSAMARUS

Phyllanthus amarus has long been used in traditionalmedicine and has

garneredscientificinterestforitsbloodglucose-loweringpotential,makingita

promising candidate fordiabetes treatment.Its antidiabetic mechanisms

appeartobediverseandcomplementary.Firstly,evidencefrom studieson

diabeticanimalmodels,particularlythoseinducedbyalloxanorstreptozotocin,

demonstratesthatPhyllanthusamarussignificantlyreducesblood glucose

levels,witheffectsoftencomparabletostandardantidiabeticmedicationssuch

asglibenclamide(Olorunfemietal.,2020).Theseeffectsarethoughttoresult

from theplant'sabilitytostimulateinsulinreleasefrom pancreaticβ-cellsand

enhanceinsulinreceptorsensitivity(Naiduetal.,2020).

Furthermore,Phyllanthus amarus influences carbohydrate metabolism by

modulating keyenzymaticactivities.Itenhancesthefunctionofglycolytic

enzymeslikehexokinaseandpyruvatekinase,whicharecrucialforglucose

breakdown,while suppressing gluconeogenic enzymes such as glucose-6-

phosphataseandfructose-1,6-bisphosphatase,therebyreducingendogenous

glucoseproduction(Somanetal.,2019).Additionally,theextracthasbeen

foundtoupregulatetheexpressionofglucosetransporter-2(GLUT-2),thereby

improvingperipheralglucoseuptakeandutilization(Sabiuetal.,2017).

ThehepatoprotectivepropertiesofPhyllanthusamarusfurthersupportitsrole

inglycemiccontrol.Sinceliverdysfunctioniscommonlyobservedindiabetes,

theabilityoftheplanttopreserveliverintegritycontributestoimprovedglucose

homeostasis(Nwannaetal.,2021).Itsantioxidantconstituentsalsoplaya

crucialrolebymitigatingoxidativestress,whichisakeydriverofpancreaticβ-

celldamage and insulin resistance in diabetes (Uboh,etal2021).By

scavenging free radicals,Phyllanthus amarus protects cellularstructures

involvedinglucoseregulation.

Moreover,theextracthasshowninhibitoryeffectsonintestinalcarbohydrate-

digestingenzymessuchasα-amylaseandα-glucosidase.Thisreducesthe

digestionandabsorptionofdietarysugars,leadingtolowerpostprandialblood

glucoselevels(Ajiboyeetal.,2020).Thesemultifacetedactionsareattributed

totheplant’srichphytochemicalprofile,includingflavonoids,tannins,alkaloids,

andsaponins,whichactsynergisticallytoexertitsantihyperglycemiceffect

(Naiduetal.,2020).

-
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CHAPTERTHREE

3.1CHEMICALSANDREAGENTS

Thefollowingchemicalsandreagentswillbeused:

• Streptozotocin(STZ)–Sigma-Aldrich

• Glucosetestkits–Randoxorequivalent

• Antioxidantenzymeassaykits(forSOD,CAT,GSH,MDA)

• Electrolyteassaykits(Na⁺,K⁺,Cl⁻,HCO₃⁻)

• Methanol(analyticalgrade)

• Distilledwater

• Normalsaline(0.9%NaCl)

• Sodium citrateandphosphatebuffers

Allchemicalsandreagentswillbeofanalyticalgradeandobtainedfrom reputable

suppliers.

3.2APPARATUSANDEQUIPMENT

• Electronicweighingbalance

• Centrifuge(bench-top)

• Spectrophotometer(UV-Vis)

• Micropipettes

• Glucometer(Accu-Chekorequivalent)

• Oralgavageneedle

• Dissectingset

• Refrigeratorandfreezer

• Animalcages

• Waterbath

• Soxhletextractor

Rotaryevaporator



51

3.3PLANTMATERIALCOLLECTION

FreshleavesofPhyllanthusamaruswas collectedfrom Baba-OdeareaatIlorinin

Kwarastate,Nigeria.TheplantwasauthenticatedbyataxonomistintheDepartmentof

Botany,UniversityofIlorin,andavoucherspecimenwithnumber(VILH\001\1051\2025)

depositedinthedepartmentherbarium forreference.

3.4EXPERIMENTALANIMALS

Twenty-five(25)maleWistaralbinoratsweighing150–200gwasobtainedfrom the

animalhouseofResearch Fulcrum,Tanke,Ilorin.Theanimalswashoused under

standardlaboratoryconditions(12hlight/12hdarkcycle,temperature25±2°C)with

freeaccesstostandardratchowandwateradlibitum.

Theanimalswasacclimatized fortwo weekspriorto thecommencementofthe

experiment.Ethicalapprovalforanimalusewasobtainedfrom theInstitutionalAnimal

CareandUseCommittee(IACUC).

3.5ANIMALGROUPINGANDSCHEDULE

Theanimalswererandomlydividedintofivegroupsoffive(5)rats.GroupIwascontrol

groupreceiveddistilledwaterandgroupIIreceivedwaterandstandardfeedfor14days

whileMetformin(14.3mg/kg)wasgivenasastandarddrugtogroupIII.Ethanolic

extractsofPAEatadoseof200mg/kgand400mg/kgwereadministeredfor14days

to rats in groups IV and V respectively.Allrats were sacrificed 12 hrs after

administration.ThebloodwascollectedbyjugularpunctureintoEDTA bottlesand

sampleswerecentrifugedat2500rpm for10mintoobtaintheplasmaandstoredat

20°Cuntilreadyforanalysis.

3.6EXTRACTIONPROCEDUREONPLANTMATERIAL

Theleaveswaswashed,air-driedundershadefor7–10days,andpulverizedusinga

mechanicalgrinder.The200gofpowderedleaveswasextractedwith1Lofethanol.The

extractwasallowedtostandfor24to72hours.Thenafterthatfiltration.Theextract

willbeconcentratedusingarotaryevaporatorunderreducedpressureandstoredina

refrigeratorat4°Cuntiluse.
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3.7QUALITATIVEPHYTOCHEMICALSCREENING

PhytochemicalanalysisextractwascarriedoutusingthemethoddescribedbyOdebiyi

and Sofowora (1978)forthe detection ofsaponins,tannins,phenolics,alkaloids,

steroids,triterpenes,phlobatannins,glycosidesandflavonoids.

1.Alkaloids:1cm oɜf1%HClwasaddedto3cm oɜftheextractsinatesttube.The

mixturewasheatedfor20minutes,cooledandfiltered.Thefiltratewasusedinthe

followingtests:2dropsofWagner’sreagentwasaddedto1cm oɜftheextracts.A

reddishbrownprecipitateindicatesthepresenceofalkaloids

2.Tannins:1cm oɜffreshlyprepared10%KOHwasaddedto1cm oɜftheextracts.Adirty

whiteprecipitateindicatesthepresenceoftannins.

3.Phenolics:2dropsof5%FeCl₃wasaddedto1cm oɜftheextractsinatesttube.A

greenishprecipitateindicatesthepresenceofphenolics.

4.Glycosides:10cm oɜf50%H₂SO₄wasaddedto1cm oɜftheextracts,themixturewas

heatedinboilingwaterfor15minutes.10cm oɜfFehling’ssolutionwasaddedandthe

mixtureboiled.Abrickredprecipitateindicatesthepresenceofglycosides.

5.Saponins:Frothingtest:2cm oɜftheextractinatesttubewasvigorouslyshakenfor

2minutes.Frothingindicatesthepresenceofsaponins.

6.Flavonoids:1cmᶟof10% NaOH was added to 3cmᶟofthe extracts.A yellow

colourationindicatesthepresenceofflavonoids.

7.Steroids:salakowstitest:5dropsofconcentratedH₂SO₄wasaddedto1cm oɜfthe

extracts.

Redcolourationindicatesthepresenceofsteroids

8.Phlobatannins:1cm oɜftheextractswasaddedto1%HCl.Aredprecipitateindicates

thepresenceofphlobatannins.

9.Terpenoids:5mlofaqueousextractofthesampleismixedwith2mlofCHCl3ina

testtube3mlofcon.H2SO4iscarefullyaddedtothemixturetoform alayer.An

interfacewithareddishbrowncolorationisformed ifterpenoidsconstituentis

present.
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10. Aminoacid(YasumaandIchikawa1953):Twodropsofninhydrinsolution(10mg

ofninhydrin in 200mlofacetone)are added to two mlofaqueous filtrate.A

characteristicpurplecolourindicatesthepresenceofaminoacids.

3.8.ANTIDABETICSTUDYONEXTRACT

Asearlierdescribedinsection3.4,animalswillbegroupedintofivetreatmentgroupsto

comparetheeffectofP.amarusextractwithbothdiabeticandnon-diabeticcontrols,as

wellasastandardantidiabeticdrug.Treatmentswasadministeredorallyoncedailyfor

14daysviasyringe.

Table1:Antidabeticstudyonextract

Group Treatment NumberofRats(n)

1 Normalcontrol(distilledwater) 5

2 Diabeticcontrol(STZonly) 5

3 STZ+Metformin(14.3mg/kg) 5

4 STZ+p.amarus(200mg/kg) 5

5 STZ+P.amarus(400mg/kg) 5

3.8.1INDUCTIONOFDIABETES

Diabeteswasinducedinfastedrats(12h)byasingleintraperitonealinjectionof35mg

kg⁻¹ofSTZ.STZwasfreshlydissolvedindistilledwaterandtheinjectionvolumewas

0.2mLkg⁻¹.Thediabeticstatewasassessedbymeasuringthenon-fastingblood

glucoselevel3daysafterSTZinjection.Ratswithbloodglucoselevelinarangeof

characteristicsoftheratsselectedfortheexperiment:"200-500mgdL-1withpolyuria

andglucosuriawereselectedfortheexperiment.Bloodglucoselevelsweremeasured

withaglucometer(Optium Sense,France)onthetailvein."

3.8.2EXPERIMENTALDESIGN

Theratswasrandomlydividedintofive(5)groups(n=5)asfollows:
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GroupI:Normalcontrol(non-diabetic,receiveddistilledwater)

GroupII:Diabetic(Negative)control(STZ-induced35mg,untreated)

GroupIII:standardantidiabeticdrug(metformin14.3mg/kg)

GroupIV:Diabetic+PAE(D1.,200mg/kg)

GroupV:Diabetic+PAE(D2,400mg/kg)

Treatmentwasadministeredorallyfor14consecutivedays.

3.8.3DETERMINATIONOFBLOODGLUCOSELEVELS

BloodglucoselevelswasdeterminedtoevaluatetheantidiabeticeffectofPhyllanthus

amarusleafextractinSTZ-induceddiabeticrats.

SampleCollectionforGlucoseEstimation

Bloodsampleswillbeobtainedfrom thetailveinofeachratafterovernight

fasting(12hours).

Bloodwascollectedatpredeterminedintervals:Day0(baseline),Day7,Day14

oftreatment.

MethodofGlucoseEstimation

Bloodglucoseconcentrationwasmeasuredusingaglucometer(e.g.,Accu-

Chek® Activeorequivalent),basedontheglucoseoxidase-peroxidase(GOD-

POD)enzymaticmethod.

Adropoffreshbloodisplacedontheteststrip,andtheglucometerprovidesthe

glucoseconcentrationinmg/dL.

InterpretationofResults

Ratswith fasting blood glucoselevels≥250 mg/dL post-STZ injection was

considereddiabetic.

Asignificantreductioninbloodglucoselevelintreatedgroups(comparedtodiabetic

control)overthe,14-daytreatmentperiodindicateantihyperglycemicefficacyofthe
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extract.Table2:TimelineofBloodGlucoseMonitoringandTreatmentSchedule

DAY ACTIVITY

Day-7to0 Acclimatizationofanimalstolaboratoryconditions

Day0 STZ administration (single intraperitonealdose);start

diabetesinduction

Day1 FastingBloodGlucose(FBG)screening:Identifydiabetic

rats(≥250mg/dL)

Day3 Initiationoftreatmentwithextract/drug.

Day6 FBGmonitoringtoevaluateearlytreatmenteffect

Day10 FinalFBGmeasurement,andsamplecollection

Day15 Animalsacrificeandcollectionofbloodandtissuesfor

analysis

KeyNotes:

DailyoraladministrationofPhyllanthusamarusextract,metformin,ordistilledwateris

donefrom Day1toDay15(14days).

3.8.4DETERMINATIONOFCHANGEINBODYWEIGHTPERCENTAGE%

Monitoringchangesinbodyweightisessentialtoevaluatethegeneralhealth,metabolic

impact,andpotentialtoxicityoftreatmentsindiabeticrats.Inthisstudy,changesin

bodyweightwasusedasanindicatoroftherapeuticeffectivenessofPhyllanthus

amarusleafextract.

Procedure:

Thebodyweightofeachratwasmeasuredusingadigitalweighingbalance.

Measurementswastakenon:

Day0(beforeSTZadministration)
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Day3(post-STZ,pre-treatment)

Weeklythereafter(Days7and14oftreatment)

Weighingwasdoneinthemorning,beforefeeding,tominimizevariabilityduetofoodor

waterintake.

CalculationofPercentageChangeinBodyWeight:

Percentagechangeinbodyweightwillbecalculatedusingtheformula:

PercentageChange=FinalBodyWeight-InitialBodyWeight÷initialBodyWeight×100

Where:

InitialBodyWeight=weightonDay0(beforeSTZinjection)

FinalBodyWeight=weightonDay14(endoftreatment)

Interpretation:

Asignificantweightlossinthediabeticcontrolgroupisexpectedduetohyperglycemia-

inducedmuscleandfatcatabolism.

Alesserdegreeofweightlossorweightgaininthetreatedgroupsindicatestherapeutic

improvementandpossibleantihyperglycemicoranaboliceffectsoftheextract.

3.9.1ANTIDIABETICBIOMARKERS

Thesearebiochemicalindicatorsusedtoassesstheprogressionofdiabetesandthe

effectivenessofantidiabetictherapies.

3.9.2HEXOKINASE

DeterminationOfHexokinaseActivity

LiverhexokinaseactivitywasassayedusingtheproceduredescribedbyBrandstrupet

al.,(1957).

Procedure:
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Thetotalvolumeofreactionmixtureof5.3mlcontainedthefollowing:1mlof0.005M

glucosesolution,0.5mlof0.072M adenosinetriphosphate(ATP)solution,0.1mlof

0.05M magnesium chloride solution,0.4 mlof0.0125M potassium dihydrogen

phosphate,0.4mlof0.1M potassium chloride,0.4mlof0.5M sodium fluorideand2.5

mlofTris-HClbuffer(0.01M,pH8.0).Themixturewaspre-incubatedat370Cfor5

minutes.Thereactionwasinitiatedbytheadditionof2mlofliversupernatant.One

millilitreofthereactionmixturewasimmediatelytransferredintothetubescontaining1

mlof10%trichloroaceticacid(TCA)thatwasconsideredaszerotime.Asecondaliquot

wasremovedanddeproteinisedafter30minutesofincubationat370C.Theprotein

precipitatewasremovedbycentrifugationandtheresidualglucoseinthesupernatant

wasestimated bythemethod ofTrinder(1969):theinitialabsorbancewasread

immediatelythecuvettewasinsertedintothespectrophotometerat340nm andat

exactly1 minute afteranotherabsorbance wasread.Liverhexokinase activityis

calculatedusingtheexpression:

Hexokinase(Units/gprotein)=ΔAbsorbance/minxDF

2xTPC

ΔAbsorbance/min=Absorbanceofthesampleat1minute–Initialabsorbance

ofthesample

DF=Dilutionfactor

2=Volumeofliversupernatant

TPC=Totalproteinconcentration(mg/ml)

3.9.3GLUCOSE-6-PHOSPHATEDEHYDROGENASE(G6PDH)

Briefly,thetissuelysateswereincubatedwith50mM ATP,0.25M glucose,5mM KCl,

and0.1M Tris-HClbufferinashakerfor30minat37°C.Waterand1.25%ammonium

molybdatewereusedtostopthereaction.Freshlyprepared9% ascorbicacidwas

addedtothereactionmixtureandfurtherincubatedfor30min.Absorbancewasreadat

660nm.Glucose6-phosphataseactivitywasextrapolatedfrom astandardcurveof

inorganic phosphate and reported as the amountof inorganic phosphate (Pi)

released/min/mg.
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3.9.4ALANINEAMINOTRANSFERASE(ALT)

ThemethoddescribedbyReitmanandFrankel(1957)wasusedtoassayfortheactivity

ofalanineaminotransferase.

Principle:Alanine aminotransferase activity was determined by monitoring the

concentrationofpyruvatehydrazoneformedwith2,4-dinitrophenylhydrazine.

Procedure:0.5mlofsolution1wasaddedtoeachtesttubecontaining0.1mlofthe

enzymesource(appropriatelydiluted)andincubatedfor30minutesat370C.Then,0.5ml

ofsolution2wasaddedandtheassaymixturewasmixedandleftundisturbedfor20

minutesat250C.Thereactionwasterminatedimmediatelybyadding0.5mlof0.4N

sodium hydroxide.Theblankwasconstitutedbyreplacingtheenzymesourcewith0.1ml

ofdistilledwater.Thesolutionwasmixedandabsorbancereadagainstblankafter

5minutesat468nm.Theenzymeactivitywasobtainedfrom thecalibrationcurve

3.9.5ALKALINEPHOSPHATASE(ALP)

ThemethoddescribedbyWrightetal(1972a)wasemployedinthisassay.

Principle:Theamountofphosphateestersplitwithinagivenperiodoftimeisa

measureofthephosphataseenzyme.Para-nitrophenylphosphatewashydrolyzedto

para-nitrophenolandphosphoricacidatapHof10.1.Thepara-nitrophenolconfersa

yellowishcolouronreactionmixtureanditsintensityisreadspectrophotometricallyat

400nm.

Procedure:2.2mlofcarbonatebuffer(0.1M)and0.1mlofMgSO4.7H2O(0.1M)were

addedinseriestothetesttubes.Then0.2mloftheenzymesource(appropriately

diluted)wasaddedandincubatedat37 for10minutes.0.5mlofof10mM p-

nitrophenylphosphate(substrate)wasaddedandtheassaymixtureincubatedagainfor

30minutesat37.Thereactionwasterminatedimmediatelybyadding2.0mlof1N

sodium hydroxide.Theblankwasconstitutedbyreplacingtheenzymesourcewith0.2

mlofdistilledwater.Theabsorbancewasreadspectrophotometricallyat400nm.

Enzymeactivitywascalculatedusingthefollowingexpression:85
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Enzymeactivity(nm/min/ml)=ΔA/min×1000×TV×F

9.9×SV×L

Where:

ΔA/min=Changeinabsorbanceofthereactionmixtureperminute

TV=Totalvolumeofthereactionmixture

F=Totaldilutionfactor

SV=Volumeofenzymesource

L=Lightpathlength(1cm)

9.9=Extinctionco-efficientof1μm ofp-nitrophenolinanalkalinesolutionof1mland1

cm pathlength

1000 = the factorintroduced to enable the enzyme activityto be expressed in

nM/min/mgprotein.

Thespecificactivityforalkalinephosphatasewascalculatedfrom theexpression:

Specificenzymeactivity(nM/min/mgprotein)= Enzymeactivity

Proteinconcentration

3.9.6ASPARTATEAMINOTRANSFERASE(AST)

ThemethoddescribedbyReitmanandFrankel(1957)wasusedintheassayofthe

activityofaspartateaminotransferase.

Principle:Theenzymecatalyzesthereversiblereactioninvolvingα–ketoglutarateand

Laspartatetoform L-glutamateandoxaloacetate.Aspartateaminotransferasewas

measuredbymonitoringtheconcentrationofoxaloacetatehydrazoneformedwith2,4-

dinitrophenylhydrazine.

Procedure:0.5mlofreagent1wasaddedtoeachtesttubecontaining0.1mlofthe
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enzymesource(appropriatelydiluted)andincubatedfor30minutesat370C.Then,0.5

mlofreagent2wasaddedandtheassaymixturewasmixedandleftundisturbedfor20

minutesat250C.Thereactionwasterminatedimmediatelybyadding0.5mlof0.4N

sodium hydroxide.Theblankwasconstitutedbyreplacingtheenzymesourcewith0.1

mlofdistilledwater.Thesolutionwasthouroughlymixedandabsorbancereadagainst

blankafter5minutesat468nm.Theenzymeactivitywasobtainedfrom thecalibration

curve.

3.9.7PROTEIN(TOTALSERUM PROTEIN)

Thetotalproteinconcentrationintheliver,kidneyandserum oftheanimalswas

assayed,usingBiuretreagentasdescribedby(Gornalletal.,1949).

Principle:Thebiuretreagentisanalkalinesolutionofcopperpotassium tartarate.

CompoundscontainingtwoormorepeptideboundsreactwithCu2+iontogiveaviolet

colour.ThebuiretreactionisduetocoordinationofCu2+withtheunsharedelectron

pairsofpeptidenitrogenandtheoxygenofwaterwhichresultsintothecoloured

complex.Apurplecolouredchelateisformedbetweencupricionsandpeptidebondsin

alkalinemedium.Theintensityofthecolourisproportionaltotheamountofprotein

present.

Procedure:4.0mlofBiuretreagentwasaddedto1.0mlofthesample(appropriately

diluted).Thiswasmixedthoroughlybyshakingandleftundisturbedfor30minutesat

room temperatureforcolourdevelopment.Theblankwasconstitutedbyreplacingthe

samplewith1.0mlofdistilledwater.Theabsorbancewasreadagainstblankat540nm.

Theconcentrationofproteininthesamplewascalculatedbycomparingthem with

thoseonthecalibrationcurveforeggalbumin.Concentrationoftheproteininthe

samplewasextrapolatedfrom thecalibrationcurveoftheeggalbumin(APPENDIXII),

usingtheexpression:

Proteinconcentration(mg/ml)=Cs×F

Where: Cs=correspondingproteinconcentrationfrom thecalibration,F=dilution

factorProtocolforthedeterminationofcalibrationcurveforprotein:Aproteinstandard,

eggalbuminstocksolution(10mg/ml)wasprepared.Varyingvolumesofthestock

solutioncorrespondingto0.0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9and1.0mlwere
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measuredintocleanedtesttubes.Thevolumeswerethenmadeupto1mlwithdistilled

waterafterwhich4mlofBiuretreagentwasadded,makingthetotalvolumeofthe

preparedsolutionstobe5ml.Thesolutionswereleftundisturbedfor30minutesat

room temperatureafterwhichtheabsorbancewasreadat540nm.

Tocalculateforproteinconcentrationdivideeachabsorbancevalueby0.0684

3.9.8.GLUCOSE-6-PHOSPHATEDEHYDROGENASE(G6PDH)

ThemethoddescribedbyKombergetal.,1974wasusedtoassayedforthis

analysis

Principle

Glucose-6-phosphate dehydrogenase catalyses the oxidation ofglucose-6-

phosphateto6-phosphogluconatewithaconcurrentconversionofNADPH.The

enzymeactivityisdetermined bymeasurementoftherateofincreasein

NADPH concentration.Therateofincreaseinabsorbanceat340nm isthe

measureofenzymeactivity.

Glucose-6-phosphate+NADP+ G6PDH Gluconate-6-

phosphate+NADPH+H+

Proceedure

2mlofbuffer(R1)and0.1mlofNADP(R2)weresubsequentlyaddedtothe

serum sampleinatesttube,afterwhichthemixturewasincubatedfor10mins

at37oC.Followsbytheadditionofthesubstrate(R3).Theabsorbancevalue

y=0.0684x
R²=0.5103
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wasimmediatelytakensimultaneouslyafterone(1),two(2)andthree(3)

minutesat340nm.

Calculation

TheactivityofGlucose-6-phosphatedehydrogenaseactivitywascalculated

usingtheformula

MU/ml=841×ΔA340nm/min

Table3:SummaryTable

Biomarker/Electrolyte Role DiabeticCondition Non-Diabetic

Condition

Hexokinase Glycolysis Activity Normal

G6PDH NADPH production,

antioxidantdefense

Activity Oxidativestress

ALT Liverfunction Liverdamage Normal

ALP Liver/boneenzyme In hepatic/ bone

Issues

Normal

AST Liver/muscle

enzyme

Inhepaticstress Normal

TotalProtein Nutritional/liver

status

in nephropathy/liver

issue

Normal

Na⁺ Fluid/electrolyte

balance

inhyperglycemia Normal

K⁺ Cell/muscle

function

depending on

insulin/DKA

Normal

3.10STATISTICALANALYSIS

Resultsareexpressedasmean (±)standarderrorofmean(S.E.M)Thelevelsof

homogeneityamongthegroupswereassessedusingOne-wayAnalysisofVariance

(ANOVA)followedbyTurkey'stest.AllanalysesweredoneusingGraphPadPrism 8

SoftwareVersion(8.0.1)andpvaluesconsideredstatisticallysignificant.
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CHAPTER4

RESULTS

PhytochemicalAnalysis

Freshly prepared Phyllanthus amarus extract were subjected to preliminary

phytochemicalscreening forvarious constituents.The active principles detected

includedPhenol,Saponin,Tannins,Alkaloidsandflavonoids.
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Table4:PhytochemicalAnalysisPhyllanthusamarusextract

Phytochemicals EthanolicExtract

Phenol +

Saponins +

Tannin +

Alkaloids +

Flavonoids +

Steroids -

Triterpenoids -

Glycoside -

Reducingsugar -

Proteins -

Note:+=Present

-=Absent

Table5:TheEffectOfPhyllanthusAmarusExtractOnBodyWeightInDiabeticWistar

RatsBodyweight(g)

Groups Day1 Day14 BWD(%)

Control 145.0±0.25 160.5±0.06 +10.7

DiabeticControl(35mg/kg) 190±0.27 126.2±1.20 -50.5
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Metformin(14.3mg/kg) 185.5±1.47

153.8±0.24

-17.1*

PAED1(200mg/kg) 175±1.32

137.5±0.28

-21.4*

PAED2(400mg/kg) 170.

5±0.74

149.6±0.54 -12.0*

ValuesareexpressedasMean±SEM (n=5)

Significancevs.controlgroup.*P<0.05

TheBWD(%)represent(D14-D1)/D1X100

(-)Impliesweightloss

(+)Impliesweightgain

Table6:EffectOfExtractOnBloodGlucoseLevel

BloodGlucoseLevel(mg/dL)

Groups Day0 Day1 Day7 Day14

Control 92.5±2.25 85.8±1.15 85.4±1.44 82.5±.0.40

DiabeticControl

(35mg/kg)

104.8±2.82a 329.2±1.08a 373.2±0.74a 382±1.39a

Metformin (14.3

mg/kg)

112±1.30a 346.6±0.51a 165.6±1.36b 97.2±1.92b

PAED1(200mg/kg) 109±2.61a 333.2±4.02a 190.2±2.08c 118.5±2.14c
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PAED2(400mg/kg) 124±2.07a 441.4±11.52b 280.6±2.54d 105.2±0.49b

ValuesareexpressedasMean±SEM (n=5)

Meanswithinthesamerow ineachcategorycarrydifferentsuperscriptlettersare

significantatP<0.05

Table7:EffectOfPhyllanthusAmarusEthanolicLeafExtractOnTheActivitiesOf

HepaticEnzymesInControlAndExperimentalAnimalsAfter14DaysOfTreatment

Specificactivity(mmol/min/mgprotein)

Groups Hexokinase G6PDH Fructose-1,6-

diphosphatase

Control 1.84±0.17 3.25±0.32 3.27±0.30

Diabetic Control

(35mg/kg)

1.27±0.02a 2.05±0.21a 5.23±0.33a

Metformin(14.3

mg/kg)

1.93±0.11b 3.11±0.18b 3.31±0.30b

PAED1(200mg/kg) 1.91±0.06b 3.07±0.87b 4.08±3.50c

PAED2(400mg/kg) 2.17±0.18c 3.18±0.36c 3.73±0.46b

Meanswithinthesamecolumnineachcategorycarrydifferentsuperscriptlettersare
significantlydifferentatP<0.05

ValuesareexpressedasMean±SEM (n=5)
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Figure4:EffectOfPhyllantusAmarusExtractOnTheALTSpecificActivity(mmol/min/

mg

Protein)OfSTZ InducedDiabeticRatsAfter14DaysOfTreatment

ResultsArePresentedAsMean±SEM (n=5).

BarsWithDifferentLettersAreSignificantlyDifferentAtP<0.05

Figure5:EffectOfPhyllantusAmarusExtractOnTheASTSpecificActivity(mmol/min/

mg

Protein)OfSTZ InducedDiabeticRatsAfter14DaysOfTreatment

ResultsArePresentedAsMean±SEM (n=5).

BarsWithDifferentLettersAreSignificantlyDifferentAtP<0.05
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mg

Protein)OfSTZ InducedDiabeticRatsAfter14DaysOfTreatment

ResultsArePresentedAsMean±SEM (n=5).

BarsWithDifferentLettersAreSignificantlyDifferentAtP<0.05

PancreasHistopathology

B

A
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PLATE 1:Photomicrograph ofPancreas sections in differentexperimentalgroup

stainbedwithH&Ex100

INTERPRETATION

A,B,C,DandE:PancreassectionsinControl,DiabeticControl,Metformin,PAED1and

PAED2

Respectively

A)NormalPancreas

-IsletsofLangerhans(blackarrows):Normalcellularity(dense,well-organizedendocrine

cells):Noevidenceofnecrosisorinflammation.

-Exocrine glands (red arrows):Intactarchitecture indicating preserved enzyme-

producingfunction.

-Bloodvessels(yellowarrow):Normalstructurewithnosignsofcongestionordamage.

-Interpretation:Representsnormalpancreatichistology.
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B)AdvancedPathology

-IsletsofLangerhans(blackarrows):Markedlyreducedcellularity (significantlossof

endocrinecells).Erodedareasmimickingnecrosis(celldeath,possiblyapoptoticor

inflammatory).

-Exocrineglands(redarrows)andbloodvessels(yellow arrows):Normal,rulingout

globalpancreaticdamage.

Interpretation:Indicatesadvancedendocrinedestruction,highlysuggestiveofChronic

focalpancreatitis(isolatedisletinflammation).

C)MildProgression

-IsletsofLangerhans(blackarrows):Moderatecellularity(similartoSectionE).

-Exocrineglands(redarrows):Intactlimits,nofibrosisoratrophy.

Interpretation:Consistentwithstablemildendocrinecompromise,likelyearly-stage

diabetesorlocalizedinflammation.

D)IntermediateStage

IsletsofLangerhans(blackarrows):Moderatecellularitywith focalerosion (early

necroticchanges).

-Exocrineglands(redarrows)andbloodvessels(yellow arrows):Intact,confirming

localizedendocrinepathology.

Interpretation:Representsprogressiveendocrinedamage.LikelyduetoAutoimmune

insulitis(e.g.,pre-diabeticphase).Ischemicinjury(localhypoxiaaffectingislets).

E)EarlyChanges

-IsletsofLangerhans(blackarrows):Moderatecellularity(partialreductioninendocrine

cells).-Nonecrosisorerosion.

-Exocrineglands(yellowarrows):Intact,suggestingnoexocrinedysfunction.
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Interpretation:Suggestsearlyendocrinestres,possiblyduetometabolicdemandor

mildβ-celldysfunction.

CHAPTERFIVE

DISCUSSIONOFRESULT

ThisstudyassessedtheantidiabeticpotentialofPhyllanthusamarus(PAE)leafextract

instreptozotocin(STZ)-induceddiabeticWistarratsbyevaluatingitseffectonbody

weight,bloodglucoselevels,liverenzymes,glycolyticandgluconeogenicenzymes,and
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pancreatichistopathology.

Thephytochemicalscreeningrevealedthepresenceofflavonoids,phenols,saponins,

alkaloids,and tannins—allknown fortheirantioxidantand antidiabetic activities.

Flavonoids,forinstance,havebeenshowntoscavengefreeradicalsandupregulate

insulinsignaling.Alkaloidsmaystimulateinsulinsecretion,whiletanninscaninhibit

carbohydrate-digestingenzymes,reducingpostprandialhyperglycemia

STZ-induceddiabeticratsshowedsignificantweightloss(–50.5%),atypicalfeatureof

uncontrolleddiabetesduetoenhancedproteincatabolism andpoorglucoseutilization.

Treatmentwith Phyllanthus amarus atboth 200 mg/kg (–21.4%)and 400 mg/kg

(–12.0%)significantly attenuated weightloss,comparable to the standard drug

metformin(–17.1%).ThissuggestsaprotectiveeffectofPAEagainstdiabetes-induced

catabolicstates,likelyduetoimprovedglycemiccontrolandrestorationofmetabolic

homeostasis.Similarprotectiveeffectswerereportedby(Karuna,et.al,2009).

Theextractproducedadose-dependentreductioninbloodglucoselevels.Diabetic

controlsexhibitedpersistenthyperglycemia(Day14:382 ± 1.39 mg/dL),whereasPAE-

treatedratsshowedsignificantreductions(PAE200 mg/kg:118.5 ± 2.14 mg/dL;PAE

400 mg/kg: 105.2 ± 0.49 mg/dL), approaching normal values (Control:

82.5 ± 0.40 mg/dL).This hypoglycemic effectis likely due to the presence of

phytochemicalssuchasflavonoids,tannins,andalkaloidsknowntoenhanceinsulin

secretionorimproveglucoseuptake.SimilarfindingswerereportedbyAnilakumaretal.

(2008),who observed thatPhyllanthus amarus aqueous extractadministered at

200 mg/kgsignificantlyreducedfastingbloodglucoselevelsinstreptozotocin-induced

diabeticratsovera21-dayperiod.Theirstudyshowedacomparabledose-dependent

declinein glucoselevels,supporting theantidiabeticefficacyoftheextract.The

hypoglycemic activity was attributed to phytochemicalconstituents,particularly

flavonoidsandlignans,whichareknowntostimulateinsulinsecretionandpromote

peripheralglucoseutilization.

Hexokinase,akeyglycolyticenzyme,wassignificantlyreducedindiabeticrats(1.27±

0.02mmol/min/mg)comparedtonormalcontrols(1.84±0.17).PAEtreatmentrestored

hexokinaseactivitydose-dependently(200mg/kg:1.91±0.06;400mg/kg:2.17±0.18),

indicatingimprovedglucosephosphorylationandutilization.Thisalignswithearlier

reportsshowingflavonoidsandphenoliccompoundsboosthexokinaseexpressionor

activity.ThisresultsaligncloselywithmolecularevidenceshowingthatPhyllanthus
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amarusincreaseshepatichexokinaseactivityindiabeticmodels.A 2018studyby

Attakpaetal.reportedthatP. amarusadministrationsignificantlyelevatedhexokinase

(andpyruvatekinase)inSTZ-induceddiabeticratscomparedtountreatedcontrols,

confirmingrecoveryofglycolyticenzymefunction.Diabeticcontrolratshadelevated

gluconeogenicenzymes(G6PDH:2.05±0.21a ;F1.6BP:5.23±0.33),reflectingincreased

endogenous glucose production.PAE significantly reduced these levels (G6PDH:

3.11–3.52;FBPase:3.73–4.08),suggestinginhibitionofhepaticglucoseoutput.These

effectswerecomparabletometformin,indicatingPhyllanthusamarusmaymodulate

hepaticglucosemetabolism.

Liverenzymes(ALT,AST,ALP)arecommonlyelevatedindiabetesduetohepatocellular

injuryresultingfrom oxidativestress,insulinresistance,andabnormallipidmetabolism.

Inthisstudy,diabeticcontrolsshowedsignificantlyincreasedactivitiesofALT,AST,and

ALP comparedtonormalrats,indicatinghepaticdamage.However,treatmentwith

Phyllanthusamarusextractledtonormalizationoftheseenzymelevels,suggesting

hepatoprotectivepotential.Thisobservation alignswith findingsbyOwolabietal.

(2009),whoreportedthatP.amarusextractsignificantlyreducedelevatedALT,AST,

andALPlevelsinalloxan-induceddiabeticrats,therebymitigatingliverdysfunction.

Theirstudyattributedthiseffecttotheantioxidantandmembrane-stabilizingproperties

ofthebioactivecompoundsintheplant,suchasflavonoidsandlignans.

Moreover,Karunaetal.(2009)alsofoundthataqueousextractsofP.amarusreversed

STZ-inducedhepaticoxidativedamageandenzymeleakage,demonstratingitsefficacy

inpreservingliverintegrityindiabeticconditions.

Thepancreasofdiabeticrats(GroupB)revealedmarkedlossofisletcellcellularity,

necrosis,andinflammation—hallmarksofβ-celldestruction.PAE-treatedrats(Groups

D&E)showedvaryingdegreesofrecovery:PAE200mg/kg:Moderatecellularitywith

mild necrosis,suggesting partialβ-cellregeneration.PAE 400 mg/kg:Improved

architecture with no necrosis, indicating significant β-cell protection. These

histologicalfindingsreinforcethebiochemicaldataandsupporttheregenerativeor

protective effectofPhyllanthus amarus on pancreatic islets.This aligns with

histopatholicalimprovementreportedby(PoviLawsonetal.,2011).

The observed improvements in:Glycemic control,Hepatic enzyme normalization,

Antioxidantenzymeactivities,Pancreatictissuerestoration,suggestthatPhyllanthus

amarusworksviamultiplemechanisms:Enhancing insulinsecretionorsensitivity,
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Reducingoxidativestress,Inhibitinghepaticgluconeogenesis,Protectingpancreaticβ-

cells.Theseeffectsarelikelysynergistic,drivenbythecombinedactionofitsbioactive

constituents.

PAE,especiallyat400mg/kg,demonstratedcomparableeffectstometforminacross

mostparameters:Similarglucose-lowering effect,Betterhexokinase stimulation,

Comparableorbetterantioxidantenzymeprotection.ThisindicatesthatPhyllanthus

amarusmaybeapromisingnaturalalternativeoradjuncttosyntheticantidiabeticdrugs.



76

CONCLUSION

ThisstudyhasdemonstratedthatPhyllanthusamarusethanolicleafextractpossesses

significantantidiabeticpropertiesinstreptozotocin-induceddiabeticWistarrats.The

extracteffectivelyreducedbloodglucoselevels,improvedbodyweight,restoredkey

glycolyticenzyme(hexokinase)activity,andinhibitedgluconeogenicenzymes(glucose-

6-phosphatedehydrogenaseandfructose-1,6-bisphosphatase).Additionally,theextract

normalizedelevatedliverenzymes(ALT,AST,andALP),indicatinghepatoprotective

effects.Inconclusion,Phyllanthusamarusexhibitspotentantidiabeticandprotective

effects on pancreatic and hepatic tissues,suggesting its potentialas a natural

therapeutic agent for diabetes management. However, further studies are

recommended to isolateactivecompounds,elucidatemolecularmechanisms,and

evaluatelong-term efficacyandsafety.
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