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ABSTRACT

Diabetesmellitusisachronicmetabolicdisordermarkedbypersistenthyperglycemia
andassociatedcomplicationssuchasoxidativestressandelectrolyteimbalances.This
studyistoinvestigatetheameliorativepotentialofPhyllanthusamarusleafextracton
bloodglucoselevels,oxidativestatus,andserum electrolytesinstreptozotocin-induced
diabeticWistarrats.Theextractwasevaluatedforitsanti-hyperglycemic,antioxidant,
andelectrolyte-modulatingproperties.Ratsweredividedintofivegroupsandtreated
withdifferentdosesoftheextractormetforminover14days.Biochemicalparameters
including blood glucose,serum insulin,totalprotein,creatinine,electrolytes,and
oxidative stress biomarkers (GSH,SOD,CAT,GPx,MDA)were analyzed.Results
indicatedthattheextractsignificantlyreducedbloodglucose,improvedantioxidant
enzymeactivities,restoredelectrolytebalance,andincreasedinsulinlevelsinadose-
dependentmanner.Furthermore,thedose-dependentimprovementsobservedimply
thathigherconcentrationsoftheextractmayprovideenhancedtherapeuticbenefits.
Thestudyaddstothegrowingbodyofevidencesupportingthemedicinalvalueof
Phyllanthusamarusandhighlightsitspotentialforintegrationintoaffordable,plant-
basedinterventions,especiallyinregionswhereconventionaldrugsarelessaccessible.
ThefindingssuggestthatPhyllanthusamaruspossessesantidiabeticandantioxidative
properties,supportingitsuseasacomplementarytherapyfordiabetes
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CHAPTERONE

INTRODUCTION

Diabetesmellitusisalong-term metabolicconditionmarkedbyhighbloodsugarlevels,

impactingmillionsglobally.Phyllanthusamarus,aherbalremedy,hashistoricallybeen

utilizedtotreatvarioushealthissues,includingdiabetes.Thisresearchaimstoassess

theantidiabeticeffectsofethanolicextractfrom Phyllanthusamarusinstreptozotocin

(STZ)-induced diabetic rats.The studywillevaluate the extract's effectiveness in

loweringbloodglucoselevelsandinvestigateitspossibletherapeuticadvantages.

1.1BACKGROUNDTOTHESTUDY

Diabetesmellitus(DM)isachronicmetabolicdisordercharacterizedbypersistent

hyperglycemia resulting from defects in insulin secretion,insulin action,orboth

(AmericanDiabetesAssociation,2022).Itisoneofthemostpressingpublichealth

challengesglobally,affectingover500millionpeopleandaccountingformillionsof

deathsannually,largelyduetoitsassociatedcomplicationssuchascardiovascular

disease,neuropathy,nephropathy,andretinopathy(InternationalDiabetesFederation,

2021).Insub-SaharanAfrica,includingNigeria,theburdenofdiabetesisrisingrapidly

duetourbanization,sedentarylifestyles,anddietarychanges(Ogunmolaetal.,2019).

One majorcomplication ofdiabetes is oxidative stress,which results from an

imbalancebetweentheproductionofreactiveoxygenspecies(ROS)andthebody's

antioxidant defense mechanisms. In diabetic states,hyperglycemia stimulates

excessiveproductionoffreeradicals,leadingtocellulardamage,inflammation,andthe

progressionofcomplications(Baynes&Thorpe,2024).Oxidativestressalsoimpairs
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insulinsignaling,exacerbatingmetabolicdysregulation(Maritim etal.,2023).[Insert

Diagram 1:Relationship between hyperglycemia,oxidative stress,and diabetic

complications].

Anothercriticalbutoftenoverlookedcomplicationofdiabetesiselectrolyteimbalance.

Alterationsinserum electrolytessuchassodium,potassium,chloride,calcium,and

bicarbonatearecommoninpoorlycontrolleddiabetesandmaycontributetomorbidity

andmortality(Kavitha&Shobha,2020).Theseimbalancesareoftenassociatedwith

osmoticdiuresis,renaldysfunction,andacidosisseenindiabeticstates(Kitabchietal.,

2022).

Thesearchforalternativetherapiesthatareaffordable,effective,andwithfewerside

effects than synthetic drugs has led researchers to explore medicinalplants.

Phyllanthusamarusisawidelydistributedherbintropicalandsubtropicalregions,

traditionallyusedinNigerianandIndianethnomedicinetomanagevariousailments,

includingdiabetes,jaundice,andliverdisorders(Iwu,2020).Phytochemicalstudieshave

revealedthatP.amarusisrichinflavonoids,tannins,lignans,andpolyphenols,which

possess potent antioxidant, hepatoprotective, and anti-inflammatory properties

(Akinmoladunetal.,2020).

Preliminary studies suggest that extracts of Phyllanthus amarus may exert

antihyperglycemiceffectsbyenhancinginsulinsecretion,improvingglucoseuptake,

andreducingoxidativedamage(Somanetal.,2022).However,dataonitsimpacton

serum electrolytes and oxidative status in diabetic models remain limited and

inconclusive.Hence,thisstudyaimstoevaluatetheeffectofPhyllanthusamarusleaf
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extract on blood glucose,oxidative stress biomarkers,and serum electrolyte

concentrationsinstreptozotocin-induceddiabeticWistarrats.

1.2JUSTIFICATIONOFSTUDY

Despitetheavailabilityofvariousantidiabeticdrugs,themanagementofdiabetes

mellitus remains a globalchallenge due to issues such as high cost,limited

accessibility,adversesideeffects,andinadequateglycemiccontrolinmanypatients

(Rang etal.,2019).These limitations have spurred increasing interestin natural

remedies,particularlymedicinalplantsthatarelocallyavailable,cost-effective,and

culturallyaccepted.

PhyllanthusamarusisonesuchplantwidelyusedintraditionalmedicineacrossNigeria

and othertropicalregions.While existing studies suggestthatP.amarus has

hypoglycemic and antioxidant properties (Soman et al.,2022),comprehensive

evaluation ofitseffecton serum electrolytesin diabeticmodelsisscarce.Since

electrolyteimbalancesarecommoncomplicationsofdiabetesandcansignificantly

affectprognosis,itisimportanttounderstandwhetherP.amaruscouldofferbroader

therapeuticbenefitsbeyondglycemiccontrol.

Moreover,oxidativestressplaysakeyroleinthepathogenesisandprogressionof

diabetesanditscomplications.IfPhyllanthusamaruscanattenuateoxidativedamage,

itmayserveasausefuladjunctindiabetesmanagementbyimprovingredoxbalance
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andreducingtheriskoflong-term complications.

Thisstudyisthereforejustifiedasitwillcontributetothescientificunderstandingofthe

pharmacologicalpotentialofPhyllanthusamarusindiabetestreatment.Itmayalso

provideabasisforfurtherpharmacologicalstandardization,drugdevelopment,and

validationofitsuseinethnomedicine.Inthelongterm,suchresearchcouldsupport

publichealtheffortstointegrateeffectiveplant-basedtherapiesintodiabetescare,

especiallyinresource-limitedsettings.

1.3AIMSOFSTUDY

Theaim ofthisstudyistoinvestigatetheameliorativepotentialofPhyllanthusamarus

leafextracton blood glucose levels,oxidative status,and serum electrolytes in

streptozotocin-induceddiabeticWistarrats.

SpecificObjectives

Thespecificobjectivesofthestudyareto:

1.EvaluatetheeffectofPhyllanthusamarusleafextractonfastingbloodglucoselevels

indiabeticWistarrats.

2.AssesstheimpactofPhyllanthusamarusonoxidativestressmarkerssuchas

malondialdehyde(MDA),catalase(CAT),superoxidedismutase(SOD),andglutathione

(GSH)indiabeticrats.

3.DeterminetheeffectofPhyllanthusamarusleafextractonserum electrolytelevels
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(e.g.,sodium,potassium,chloride,bicarbonate)indiabeticrats.
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CHAPTERTWO

2.0LITERATUREREVIEW

AntidiabeticPotential

Researchindicatesthatextractsfrom P.amaruscanhelplowerbloodglucoselevelsin

diabeticratsinducedbySTZ,suggestingpossibleantidiabeticeffects.Thealkaloid

extractderivedfrom theleavesofP.amarushasbeenshowntoreducebloodglucose

levelsindiabeticrats,indicatingitspotentialroleasanantidiabeticagent.

HepatoprotectiveEffects

P.amarushasbeenfoundtohavehepatoprotectiveproperties,safeguardingtheliver

from damage inflicted by toxins such as carbon tetrachloride (CCl4). The

nanoemulsifiedethanolicextractofP.amarushasbeendemonstratedtoalleviate

hepatotoxicityinducedbyCCl4inWistarrats.

SafetyEvaluation

StudiesonbiosafetyhaveevaluatedtheimpactoftheethanolicextractofP.amaruson

liverandkidneyfunctionsinWistarrats.Themedianlethaldose(LD50)forthecrude

ethanolicleafextractofP.amarushasbeenestablished,andsub-chronicoraltoxicity

studieshavebeencarriedoutinexperimentalmice(Bukolaetal.,2023).

TheseinvestigationsemphasizethepotentialtherapeuticadvantagesofP.amarus,

especially in diabetes managementand liverprotection.Additionalresearch is

necessaryto thoroughlyinvestigateitsantidiabeticcapabilitiesand theunderlying

mechanismsofaction.
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2.1OVERVIEW OFDIABETESMELLITUS

Diabetesmellitusisametabolicdisordercharacterizedbychronichyperglycemiadueto

defectiveinsulinsecretion,insulinaction,orboth(AmericanDiabetesAssociation,

2022).It is broadly classified into type 1,type 2,and gestationaldiabetes.

Streptozotocin(STZ)isfrequentlyusedinexperimentalmodelstoinducediabetes,

particularlyresemblingtype1diabetes,byselectivelydestroyingpancreaticβ-cells

(Lenzen,2019).Chronichyperglycemiaisassociatedwithlong-term damagetomultiple

organs,especiallytheeyes,kidneys,nerves,heart,andbloodvessels.

2.1.1EPIDEMIOLOGYOFDIABETES

AccordingtotheInternationalDiabetesFederation(IDF,2021),over537millionadults

werelivingwithdiabetesgloballyin2021,withaprojectedincreaseto643millionby

2030.Insub-SaharanAfrica,theburdenisrisingrapidly,drivenbyurbanization,lifestyle

changes,andpooraccesstohealthcare.Nigeriahasthehighestnumberofpeopleliving

withdiabetesinAfrica,withaprevalenceestimatedat5.3%amongadults(Ogunmola

etal.,2019).
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Figure1Estimatesoftheglobalprevalenceofdiabetesworldwide(20–79-yearage

group).Resultsfrom theInternationalDiabetesFederationAtlas,10thedition.

2.2TYPESOFDIABETES

Diabetesmellitusisbroadlyclassifiedintothefollowing:

2.2.1TYPE1DIABETES

Thisform resultsfrom autoimmunedestructionofpancreaticβ-cells,leadingtoan

absolutedeficiencyofinsulin.Ittypicallydevelopsinchildrenandyoungadults.

2.2.1.1PATHOPHYSIOLOGYOFTYPE1DIABETES

Ingeneticallypredisposedindividuals,autoimmuneattacksmediatedbyT-cellsleadto

β-cellapoptosis.Thisreducesinsulinproduction,leadingtoelevatedbloodglucoseand

metabolicderangementssuchasketosisandacidosis(Atkinsonetal.,2021).
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2.2.1.2SYMPTOMSANDDIAGNOSISOFTYPE1DIABETES

Commonsymptomsincludepolyuria,polydipsia,polyphagia,weightloss,fatigue,and

blurredvision.Diagnosisisbasedonfastingplasmaglucose≥126mg/dL,2-hourOGTT

≥200mg/dL,orHbA1c≥6.5%(ADA,2022).

2.2.1.3MANAGEMENTOFTYPE1DIABETES

Managementinvolves lifelong insulin therapy,blood glucose monitoring,dietary

planning,andphysicalactivity.Emergingstrategiesincludeβ-celltransplantationand

immunotherapy.

2.2.2TYPE2DIABETES

Type 2 diabetes results from insulin resistance and relative insulin deficiency.It

accountsforover90%ofdiabetescasesglobally.

2.2.2.1PATHOPHYSIOLOGYOFTYPE2DIABETES

Insulinresistanceinperipheraltissues—especiallyskeletalmuscles,adiposetissue,and

the liver—coupled with impaired insulin secretion from β-cells,leads to chronic

hyperglycemia.Overtime,β-cellfunctiondeclinesfurtherdueto glucotoxicityand

lipotoxicity(DeFronzoetal.,2019).

2.2.2.2SYMPTOMSANDDIAGNOSISOFTYPE2DIABETES

Symptoms are often mild orasymptomatic in early stages.When present,they

resemblethoseoftype1.Diagnosiscriteriaarethesameasfortype1diabetes.
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2.2.2.3MANAGEMENTOFTYPE2DIABETES

Managementincludeslifestylemodification,oralhypoglycemicagents(e.g.,metformin,

sulfonylureas),and in some cases,insulin therapy.Neweragents include SGLT2

inhibitorsandGLP-1receptoragonists.

2.2.3GESTATIONALDIABETES

Gestationaldiabetesmellitus(GDM)isglucoseintolerancefirstrecognized during

pregnancy,typicallyresolvingafterdeliverybutincreasingtheriskoftype2diabetes

later.

2.2.3.1PATHOPHYSIOLOGYOFGESTATIONALDIABETES

Hormonalchangesduringpregnancy(e.g.,humanplacentallactogen,cortisol)leadto

insulin resistance. In women with inadequate β-cellfunction,this results in

hyperglycemia.

2.2.3.2SYMPTOMSANDDIAGNOSISOFGESTATIONALDIABETES

Mostcasesareasymptomaticanddiagnosedusinganoralglucosetolerancetest

(OGTT)between24–28weeksofgestation.Thresholdsfordiagnosisvarybyguidelines

(e.g.,ADA,WHO).

2.2.3.3MANAGEMENTOFGESTATIONALDIABETES

Managementincludesmedicalnutritiontherapy,exercise,bloodglucosemonitoring,

andinsuliniflifestylechangesareinsufficient.Tightglycemiccontrolisessentialto

preventcomplicationssuchasmacrosomiaandneonatalhypoglycemia.
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2.3GLUCOSEMETABOLISM ANDITSREGULATION

Glucosemetabolism isatightlyregulatedprocessessentialforenergyproductionand

cellularfunction.Itinvolvestheuptake,utilization,storage,andreleaseofglucoseunder

hormonalcontrol—primarilybyinsulinandglucagon.

Afterameal,bloodglucoselevelsrise,promptingpancreaticβ-cellstosecreteinsulin.

Insulin facilitates glucose uptake into muscle and adipose tissue via the GLUT4

transporter, promotes glycogenesis (formation of glycogen), and inhibits

gluconeogenesisandglycogenolysisintheliver(Saltiel& Kahn,2020).Conversely,

duringfasting,glucagonissecretedbyα-cellsofthepancreastostimulatehepatic

glucoseoutputthroughglycogenolysisandgluconeogenesis.

Disruptionintheseprocesses—eitherduetoinsulindeficiencyorresistance—leadsto

elevatedbloodglucoselevels,thehallmarkofdiabetesmellitus.
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Fig2:Glucoseregulation

Source:(Norman,2022)

2.4ROLEOFOXIDATIVESTRESSINTHEPATHOPHYSIOLOGYOFDIABETES

Oxidativestressreferstoaconditioninwhichthegenerationofreactiveoxygenspecies

(ROS)exceedsthecapacityofantioxidantdefensesystems.Indiabetes,persistent

hyperglycemiaincreasestheproductionofROSthroughmultiplemechanisms,including:

Glucoseautoxidation

Activationofthepolyolpathway

Proteinglycationandadvancedglycationendproducts(AGEs)

Mitochondrialdysfunction

(Brownlee,2019)
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These ROS damage cellular macromolecules,disrupt signaling pathways,and

contributetoβ-celldysfunction,insulinresistance,andtheonsetofmicrovascularand

macrovascularcomplications.

AntioxidantDefensesinDiabetes

Thebody’sendogenousantioxidantsystemsincludeenzymaticcomponentssuchas:

SuperoxideDismutase(SOD)

Catalase(CAT)

GlutathionePeroxidase(GPx)

andnon-enzymaticantioxidantslike:

Glutathione(GSH)

VitaminC

VitaminE

In diabeticstates,thesesystemsareoften overwhelmed ordepleted,intensifying

oxidative damage (Maritim et al., 2023). Targeting oxidative stress with

antioxidants—either through diet, supplementation, or phytotherapeutics like

Phyllanthus amarus—is being explored as complementary approach in

diabetesmanagement
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Fig3:Oxidativestresspathwaysindiabetes

Source:(MaryLuisa,2020)

2.5MECHANISM OFSTREPTOZOTOCIN(STZ)INTHEINDUCTIONOFDIABETES

Streptozotocin (STZ) is a nitrosourea compound derived from Streptomyces

achromogenes.Itiscommonlyusedinexperimentalmodelstoinducediabetesin

animals,particularlyType1diabetes.
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Mechanism ofAction:

STZselectivelytargetspancreaticβ-cellsduetoitsaffinityfortheglucosetransporter2

(GLUT2),whichisabundantlyexpressedinthesecells(Szkudelskietal.,2019).

Onceinsidetheβ-cells,STZcausesalkylationofDNA,leadingtoDNAfragmentation

andactivationofpolyADP-ribosepolymerase(PARP),whichdepletesNAD+andATP.

Theprocessgeneratesreactiveoxygenspecies(ROS),contributingtooxidativestress

andapoptosisofβ-cells.

This β-celldestruction leads to insulin deficiency and persistenthyperglycemia,

mimickingType1diabetesinhumans.

2.6ANTIDIABETICDRUGS

Conventionaltherapyfordiabetesincludesvariousclassesofmedicationstargeting

differentmechanismsofglucoseregulation.

2.6.1INSULINTHERAPY

InsulinisthecornerstoneoftreatmentforType1diabetesandisalsousedinadvanced

Type2diabetes.Itfacilitatesglucoseuptakeintissues,suppresseshepaticglucose

production,andpromotesglycogenstorage.

2.6.2BIGUANIDES

Example:Metformin

Mechanism:Reduceshepaticglucoseproduction,increasesinsulin sensitivity,and
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enhancesperipheralglucoseuptake.Itisoftenthefirst-linetherapyforType2diabetes

(Rojas&Gomes,2023).

2.6.3SULFONYLUREAS

Examples:Glibenclamide,Glipizide

Thesestimulateinsulinsecretionbybindingtosulfonylureareceptorsonpancreaticβ-

cells,leadingtoclosureofATP-sensitiveK⁺channelsandinsulinrelease.

2.6.4MEGLITINIDES

Examples:Repaglinide,Nateglinide

Similartosulfonylureas,butwithashorterdurationofaction.Theystimulaterapid

insulinreleaseinresponsetomeals.

2.6.5THIAZOLIDINEDIONES

Examples:Pioglitazone,Rosiglitazone

These enhance insulin sensitivity in muscle and adipose tissue by activating

peroxisomeproliferator-activatedreceptorgamma(PPAR-γ).

2.6.6DIPEPTIDYLPEPTIDASE-4(DPP-4)INHIBITORS

Examples:Sitagliptin,Vildagliptin

Theyprolongtheactionofincretinhormones(GLP-1andGIP),therebyenhancing

insulinsecretionandsuppressingglucagonrelease.

2.6.7ALPHA-GLUCOSIDASEINHIBITORS
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Examples:Acarbose,Miglitol

Thesedelaycarbohydratedigestionandglucoseabsorptionintheintestine,thereby

reducingpostprandialhyperglycemia.

2.7PHYLLANTHUSAMARUS

PhyllanthusamarusisamedicinalplantbelongingtothefamilyEuphorbiaceae.Itis

commonlyfoundintropicalregionsandhasbeenwidelyusedintraditionalmedicinefor

thetreatmentofliverdisorders,infections,anddiabetes.

2.7.1PHYTOCHEMICALCONSTITUENTS

Phytochemicalanalyses ofP.amarus have revealed a rich array ofbioactive

compounds,including:

Lignans:Phyllanthin,Hypophyllanthin

Flavonoids:Quercetin,Rutin

Tannins,Alkaloids,Polyphenols

TerpenoidsandSteroids

(Akinmoladunetal.,2020)

Theseconstituentsareassociatedwithdiversepharmacologicalproperties.

2.7.2AntioxidantPropertiesofPhyllanthusamarus

Severalstudies have demonstrated the potentantioxidantactivity ofP.amarus,

attributedtoitshighpolyphenolandflavonoidcontent.Thesecompoundsneutralize
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freeradicals,upregulateantioxidantenzymes,andreduceoxidativedamagetocells

(Udayakumaretal.,2006).

Animalstudiesshow thatadministrationofP.amarusextractsignificantlyincreases

levelsofcatalase(CAT),superoxidedismutase(SOD),andglutathione(GSH)while

reducingmalondialdehyde(MDA),amarkeroflipidperoxidation.

2.7.3AntihyperglycemicPropertiesofPhyllanthusamarus

P.amarushasbeenshowntoexerthypoglycemiceffectsinbothSTZandalloxan-

induceddiabeticmodels.Proposedmechanismsinclude:

Stimulationofinsulinsecretion

Enhancementofperipheralglucoseuptake

Inhibitionofintestinalglucoseabsorption

Regenerationofpancreaticβ-cells

(Somanetal.,2022)

TheseeffectsmakeP.amarusapromisingnaturalcandidatefordiabetesmanagement,

especiallyinresource-limitedsettings.
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CHAPTERTHREE

MATERIALSANDMETHODS

3.1CHEMICALSANDREAGENTS

Thefollowingchemicalsandreagentswillbeused:

Streptozotocin(STZ)–Sigma-Aldrich
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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
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Animalcages

Waterbath

Soxhletextractor

Rotaryevaporator

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

animalhouseofFulcrum InnovativeResearchLaboratoryTanke,Ilorin.Theanimalswas

housedunderstandardlaboratoryconditions(12hlight/12hdarkcycle,temperature25

±2°C)withfreeaccesstostandardratchowandwateradlibitum.

Theanimalswasacclimatized fortwo weekspriorto thecommencementofthe

experiment.Ethicalapprovalforanimalusewasobtainedfrom theInstitutionalAnimal

CareandUseCommittee(IACUC)ofKwaraStatePolytechnic.

3.5ANIMALGROUPINGANDSCHEDULE

Theanimalswererandomlydividedintofivegroupsoffive(5)rats.GroupIwasthe

controlgroup,receiveddistilledwater,andGroupIIreceivedwaterandstandardfeedfor
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14days,whileMetformin(14.3mg/kg)wasgivenasastandarddrugtoGroupIII.

EthanolicextractsofPAEatadoseof200mg/kgand400mg/kgwereadministeredfor

14daystoratsinGroupsIVandV,respectively.Allratsweresacrificed12hrsafter

administration.ThebloodwascollectedbyjugularpunctureintoEDTA bottles,and

sampleswerecentrifugedat2500rpm for10mintoobtaintheplasmaandstoredat-

20°Cuntilreadyforanalysis.

3.6EXTRACTIONPROCEDUREONPLANTMATERIAL

Theleaveswaswashed,air-driedundershadefor7–10days,andpulverizedusinga

mechanicalgrinder.The200gofpowderedleaveswasextractedwith1Lofethanol

usingaSoxhletextractor.Theextractwasallowedtostandfor24to72hours.Then

afterthatfilteration.Theextractwillbeconcentratedusingarotaryevaporatorunder

reducedpressureandstoredinarefrigeratorat4°Cuntiluse.

3.7QUALITATIVEPHYTOCHEMICALSCREENING

PhytochemicalanalysisextractwascarriedoutusingthemethoddescribedbyOdebiyi

and Sofowora(2024)forthedetectionofsaponins,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% KOH wasaddedto1cm oɜftheextracts.A
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dirtywhiteprecipitateindicatesthepresenceoftannins.

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 wasadded to 3cmᶟoftheextracts.A yellow

colourationindicatesthepresenceofflavonoids.

7.Steroids:salakowstitest:5dropsofconcentratedH₂SO₄wasaddedto1cm oɜfthe

extracts.Redcolourationindicatesthepresenceofsteroids

8.Phlobatannins:1cm oɜftheextractswasaddedto1%HCl.Aredprecipitateindicates

thepresenceofphlobatannins.

9.Terpenoids:5mlofaqueousextractofthesampleismixedwith2mlofCHCl3ina

testtube3mlofcon.H2SO4iscarefullyaddedtothemixturetoform alayer.An

interfacewithareddishbrowncolorationisformedifterpenoidsconstituentispresent.

10.Aminoacid(YasumaandIchikawa2023):Twodropsofninhydrinsolution(10mgof

ninhydrinin200mlofacetone)areaddedtotwomlofaqueousfiltrate.Acharacteristic

purplecolourindicatesthepresenceofaminoacids.
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3.8ANTIDABETICSTUDYONEXTRACT

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(100mg/kg) 5

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

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

3.8.1INDUCTIONOFDIABETES

DiabeteswasinducedbyasingleintraperitonealinjectionofSTZatadoseof0.2mlper

35mg/kgbodyweight,dissolvedinfreshlypreparedcoldcitratebuffer(pH4.5).After24

hours,fastingbloodglucoselevelswillbemeasuredusingaglucometer.Ratswith

bloodglucoselevels≥250mg/dLwillbeconsidereddiabeticandselectedforthestudy.
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3.8.2EXPERIMENTALDESIGN

Theratsviarandomlydividedintofive(5)groups(n=5)asfollows:

GroupI:Normalcontrol(non-diabetic,receivednormalsaline)

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

GroupIII:standardantidiabeticdrug(metformin100mg/kg)

GroupIV:Diabetic+P.amarusextract(lowdose.,200mg/kg)

GroupV:Diabetic+P.amarusextract(highdose,400mg/kg)

Treatmentwasadministeredorallyfor14consecutivedays.

3.8.3DETERMINATIONOFBLOODGLUCOSELEVELS

BloodglucoselevelswasdeterminedtoevaluatetheantidiabeticeffectofPhyllanthus

amarusleafextractinSTZ-induceddiabeticrats.

SampleCollectionforGlucoseEstimation

Bloodsampleswillbeobtainedfrom thetailveinofeachratafterovernightfasting(12

hours).

Bloodwascollectedatpredeterminedintervals:Day0(baseline),Day7,Day14of

treatment.

OnDay14,animalsweresacrificedonthisday

MethodofGlucoseEstimation
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Bloodglucoseconcentrationwasmeasuredusingaglucometer(e.g.,Accu-Chek®

Activeorequivalent),basedontheglucoseoxidase-peroxidase(GOD-POD)enzymatic

method.

A dropoffreshbloodisplacedontheteststrip,andtheglucometerprovidesthe

glucoseconcentrationinmg/dL.

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 FinalFBG measurement,followedbyOGTTandsample

collection

Day15 Animalsacrificeandcollectionofbloodandtissuesfor

analysis
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KeyNotes:

DailyoraladministrationofPhyllanthusamarusextract,metformin,orsalineisdone

from Day1toDay15(14days).

IEnsuredfasting(12hours)beforeeachFBGmeasurementandOGTT.

3.8.4DETERMINATIONOFCHANGEINBODYWEIGHTPERCENTAGE%

Monitoringchangesinbodyweightisessentialtoevaluatethegeneralhealth,metabolic

impact,andpotentialtoxicityoftreatmentsindiabeticrats.Inthisstudy,changesin

bodyweightwasusedasanindicatoroftherapeuticeffectivenessofPhyllanthus

amarusleafextract.

Procedure:

Thebodyweightofeachratwasmeasuredusingadigitalweighingbalance.

Measurementswastakenon:

Day0(beforeSTZadministration)

Day3(post-STZ,pre-treatment)

Weeklythereafter(Days7and14oftreatment)

Weighingwasdoneinthemorning,beforefeeding,tominimizevariabilityduetofoodor

waterintake.

CalculationofPercentageChangeinBodyWeight:

Percentagechangeinbodyweightwillbecalculatedusingtheformula:



28

PercentageChange=FinalBodyWeight-InitialBodyWeight÷initialBodyWeight×100

Where:

InitialBodyWeight=weightonDay0(beforeSTZinjection)

FinalBodyWeight=weightonDay14(endoftreatment)

Interpretation:

Asignificantweightlossinthediabeticcontrolgroupisexpectedduetohyperglycemia-

inducedmuscleandfatcatabolism.

Alesserdegreeofweightlossorweightgaininthetreatedgroupsindicatestherapeutic

improvementandpossibleantihyperglycemicoranaboliceffectsoftheextract.

3.9ANTIDIABETICBIOMARKERS

DeterminationofTotalprotein

Thetotalproteinconcentrationintheliver,kidneyandserum oftheanimalswas

assayed,usingBiuretreagentasdescribedbyGornalletal(1949).

Principle:Thebiuretreagentisanalkalinesolutionofcopperpotassium tartarate.

CompoundscontainingtwoormorepeptideboundsreactwithCu2+iontogiveaviolet

colour.ThebuiretreactionisduetocoordinationofCu2+withtheunsharedelectron

pairsofpeptidenitrogenandtheoxygenofwaterwhichresultsintothecoloured

complex.Apurplecolouredchelateisformedbetweencupricionsandpeptidebondsin

alkalinemedium.Theintensityofthecolourisproportionaltotheamountofprotein

present.
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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

factor

Protocolforthedeterminationofcalibrationcurveforprotein:Aproteinstandard,egg

albuminstocksolution(10mg/ml)wasprepared.Varyingvolumesofthestocksolution

correspondingto0.0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9and1.0mlweremeasured

intocleanedtesttubes.Thevolumeswerethenmadeupto1mlwithdistilledwater

afterwhich4mlofBiuretreagentwasadded,makingthetotalvolumeoftheprepared

solutionstobe5ml.Thesolutionswereleftundisturbedfor30minutesatroom

temperatureafterwhichtheabsorbancewasreadat540nm.

Tocalculateforproteinconcentrationdivideeachabsorbancevalueby0.0684
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Table3:ConclusiononBiomarkerRelevance

Biomarker DiabeticState Non-Diabetetic/RecoveredState

Insulin Decreasedduetoβ-celldamage Normal or improved with

treatment

TotalProteins Decreased due to impaired

glycolysis

Indicates improved glucose

utilization

Bycomparingthesebiomarkersacrosstreatmentgroups,theefficacyofPhyllanthus

amarusasapotentialantidiabeticagentcanbeobjectivelyevaluated.
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3.9.1.1DETERMINATIONOFSERUM ELECTROLYTECONCENTRATION

Methodology:Serum electrolyteconcentrations,includingsodium (Na⁺),potassium (K⁺),

chloride (Cl⁻),and bicarbonate (HCO₃⁻),willbe measured using an automated

electrolyte analyzerthatemploys the ion-selective electrode (ISE)method.This

techniqueallowsforpreciseandrapidquantificationofionconcentrationsinserum

samples.

Procedure:

Bloodsampleswillbecollectedviacardiacpunctureintoplaintubesandallowedtoclot.

Thesampleswillbecentrifugedat3,000rpm for10minutestoseparatetheserum.

The serum willbe immediatelyanalyzed using the ISE-based electrolyte analyzer

accordingtothemanufacturer’sinstructions.

3.9.1.2CreatinineKinase(CK)

ThemethoddescribedbyBabloketal.,(1988)wasusedtoassayforthisanalysis.

Principle:

Creatinekinasecatalyzesthereactioninvolvingthetransferofaphosphategroupfrom

phosphocreatinetoADP.Thereactioniscoupledtothosecatalyzedbyhexokinaseand

G6PDH.TherateofNADHformationismeasuredphotometricallyandisproportionalto

thecatalyticconcentrationofCKpresentinthesamples.

CreatininePhosphate+ADP Creatinine+ATP
CK

HK
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Glucose+ATP ADP+Glucose-6-Phosphate

Glucose-6-phosphate+NADP 6-phosphogluconolactone+NADPH+H+

3.9.1.3BICARBONATE(HCO₃⁻)

ThemethoddescribedbyTietzetal.(1986)wasusetoassayforthistest.

Principle:

The reaction of phosphoenolpyruvate with bi-carbonatein the presence of

phosphoenolpyruvatecarboxylaseyieldsoxaloacetatewhichisusedinthefollowing

reaction

Oxaloacetate+NADH+H+=Malate+NAD+

TheoxidationofNADH causesreductioninabsorbanceanditisproportionaltothe

serum (HCO3).

Procedure:

10µlofthesampleandstandardwaspipetteinaseparatetesttube,1mlofBi-

carbonatereagentwasaddedtoit.Themixturewasincubatedforten(10)minutesat

37θC,andtheabsorbancevaluewastakenat415nm

Calculation:

Bicarbonateionconcentration(mmol/L)=Asample×Concentrationofstandard

Astandard

3.9.7ANTIOXIDANTASSAYS

Superoxidedismutase

ThemethoddescribedbyMisraandfridovich(1972)wasusedtoassayfortheactivity

ofsuperoxidedismutase.

G6PD
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Principle:Superoxidedismutaseactivitywasmeasuredastheinhibitionoftherateof

reductionofcytochromecbythesuperoxideradical,observedat550nm:

2O2
-.+2H+ SOD O2+H2O2

Cytochromec(oxidized)+O.- Cytochromec(reduced)+O2

Thesuperoxideradicalisproducedenzymaticallybythereaction:

Xanthine+O2+H2O Xanthineoxidase Uricacid+O2
-+H+

Procedure:Tissuehomogenateof0.5mlwasdilutedin4.5mlofdistilledwater(1:10)

dilutionfactor.Analiquotof0.2mlofdilutedserum samplewasaddedto2.5mlof

0.05M carbonatebuffer(pH10.2)toequilibrateinaspectrophotometriccuvetteandthe

reactionwasstartedbyadding0.3mlofsubstrate(0.3mM Epinephrine)and0.2mlof

distilledwater.Theincreaseinabsorbanceat480nm wasmonitoredevery30seconds

for150seconds.

Increaseinabsorbanceperminute=A1–A0

2.5

WhereA0=absorbanceafter30seconds

A1=absorbanceafter150seconds.

%inhibition=100–(100xincreaseinabsorbanceforsubstrate)

Increaseinabsorbanceforblank

Enzymeactivity(nmol/mL)=%inhibitionx1000xdf
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50x0.1

df=dilutionfactor

0.1=volumeinmLoftissuehomogenate

50%=inhibitionoftherateofcytochromecreductionasperunitdefinition

1000=thefactorintroducedtoenableenzymeactivitybeexpressedinnmol/min/mL

Thespecificenzymeactivitywascalculatedusingtheformula

Specificenzymeactivity(nmol/min/mgprotein)=EnzymeActivity

Proteinconcentration

Catalase

ThemethoddescribedbyBeersandsizer(1952)wasusedtoassayfortheactivityof

catalase.

Principle:TheUVlightabsorptionofhydrogenperoxidecanbeeasilymeasured

between230-250nm.Ondecompositionofhydrogenperoxidebythecatalase,the

absorptiondecreaseswithtime.Theenzymeactivitycanbeestimatedbythisdecrease

inabsorption.

2H2O2
Catalase 2H2O+O2

Procedure

Hydrogen peroxide (0.036% w/w,2.9 mL) was added and mixed with

appropriately dilutedhomogenate(0.1mL).Ablankwaspreparedcontaining

potassium phosphatebuffer(50mM,pH7.0,3.0mL).ThetimerequiredfortheA240nmof

thereactionmixturetodecreasefrom 0.45to0.40absorbanceunitswasrecorded.
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NB:TheinitialA240nm exceeded0.450absorbanceunitsandstartedtodecrease.The

reactiontimingwasstartedwhentheA240nm reached0.450absorbanceunits.

Theactivityandspecificactivityofcatalasewascalculatedusingtheexpression:

EnzymeActivity(nmol/min/mL)=3.45x1000xdf

minxv

3.45-Correspondstothedecompositionof3.45micromolesofhydrogenperoxideina

3.0 mL reaction mixture producing a decrease in the A240nm from 0.45 to 0.40

absorbanceunits

df -Dilutionfactor

min-Time(minutes)requiredfortheA240nm todecreasefrom 0.45to0.40absorbance

units

v-Volume(mL)ofthesampleused

1000-Thefactorintroducedtoenableenzymeactivitybeexpressedinnmol/min/mL

Thespecificenzymeactivitywascalculatedusingtheexpression:

Specificenzymeactivity(nmol/min/mgprotein)=EnzymeActivity

ProteinConcentration

Reducedglutathione(GSH)
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The levelofGSH in the liverhomogenate was determined using the procedure

describedbyEllman(Ellman,1959).Briefly,1.0mLofliverhomogenatewasaddedto

0.1mLof25%trichloroaceticacid(TCA)andprecipitatewasremovedbycentrifugation

at5,000gfor10min.Supernatant(0.1mL)wasaddedto2mLof0.6mM DTNB

preparedin0.2M sodium phosphatebuffer(pH8.0).Theabsorbancewasreadat412

nm.

GlutathioneTransferase(GST)

GSTactivityintheliverwasdeterminedusingthemethodofHabigetal.,(1974).1mM

CNDBwasaddedtobuffercontaining1mM GSHandanaliquotofthesample.Upon

additionofCNDBthechangeinabsorbanceat340nm wasmeasuredasafunctionof

time.

Malondialdehyde

TheconcentrationofMDAwasquantifiedaccordingtothemethodofNelson,(2004)as

outlinedbelow:

AportionofTBAreagent(2mlof0.7% and1mlofTCA)wereaddedto2mlofthe

sample.Themixturewasthoroughlyheatedinawaterbathat100oCfor20minutes.It

wasthencooledandcentrifugedat78g(4000rpm)for10minutes.Theabsorbanceof

thesupernatantwasreadatawavelengthof540nm againstareferenceblankof

distilledwateraftercentrifugingforanother10minutes.

Conc.OfMDA= Abs

Extinctioncoefficient



37

ExtinctionCoeff.OfMDA=1.56x105nm-1cm-1.

TBA:0.7%1.e0.7gin100ml.

TCA:20%i.e.20gin100ml

Table4:SummaryTableofAntioxidantBiomarkersinDiabetesvs.Treated/Normal

States

Parameter DiabeticState Treated/NormalState Implication

SOD Decreased Increased Freeradicaldetoxification

CAT Decreased Increased H₂O₂breakdown

MDA Increased Decreased Lipidperoxidationmarker

GSH Decreased Increased Redoxbalance

GPX Decreased Increased Peroxidedetoxification
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CHAPTERFOUR

RESULTS

Table1:EffectOfDifferentDosesOfExtractOnBloodGlucoseLevelOfSTZInduced

DiabeticRats

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

Metformin(14.3mg/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

PAED2(400mg/kg) 124±2.07a 441.4±11.52b 280.6±2.54d 105.2±0.49b
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ValuesareexpressedasMean±SEM (n=5)

Meanswithinthesamecolumnineachcategorycarrydifferentsuperscriptlettersare

significantatP<0.05

Table2:EffectPhyllanthusamarusextractonSerum InsulinandTotalProteinofSTZ

InducedDiabeticRats

Groups Insulin Totalprotein

Conc(ng/ml) Conc(mg/ml)

Control 6.27±0.38 72.3±1.02

DiabeticControl(35mg/kg) 2.63±0.22a 53.40±1.61a

Metformin(14.3mg/kg) 5.39±0.33b 85.38±1.32b

PAED1(200mg/kg) 4.90±0.19b 81.10±0.17b

PAED2(400mg/kg) 5.19±0.26b 97.88±1.57b

ValuesareexpressedasMean±SEM (n=5)

Meanswithinthesamecolumnineachcategorycarrydifferentsuperscriptlettersare

significantatP<0.05

Table3:EffectPhyllanthusamarusextractonSerum CreatinineandElectrolytes(Na,

KandHCO3
-)ofSTZInducedDiabeticRats

Groups Creatinine Na K HCO3
-

(mmol/I) (mmol/I) (mmol/I) (mmol/I)

Control 1.81±0.3b 35.54±1.32b 2.72±0.09b 24.27±1.30b

DiabeticControl(35mg/kg) 2.91±0.29a 25.43±0.75a 3.52±0.18a

14.53±0.83a

Metformin(14.3mg/kg) 1.51±0.32b 43.80±0.76b 2.95±0.11b

21.11±1.41b

PAED1(200mg/kg) 1.91±0.10b 45.33±1.50b 2.87±0.15b 20.51±1.31b
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PAED2(400mg/kg) 1.71±0.20b 47.30±0.85b 2.96±0.09b 24.35±0.15b

ValuesareexpressedasMean±SEM (n=5)

Meanswithinthesamecolumnineachcategorycarrydifferentsuperscriptlettersare

significantatP<0.05

Figure1:EffectOfPhyllanthusAmarusExtractGSH ConcentrationOfSTZ Induced

DiabeticRatsAfter14DaysOfTreatment

ResultsArePresentedAsMean±SEM (n=5).

BarsWithDifferentLettersAreSignificantlyDifferentAtP<0.05
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Figure2:EffectOfPhyllanthusamarusExtractonSuperoxideDismutaseActivityOf

STZInducedDiabeticRatsAfter14DaysOfTreatment

ResultsArePresentedAsMean±SEM (n=5).

BarsWithDifferentLettersAreSignificantlyDifferentAtP<0.05
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Figure3:EffectOfPhyllanthusamarusExtractonCatalaseActivityOfSTZ Induced

DiabeticRatsAfter14DaysOfTreatment

ResultsArePresentedAsMean±SEM (n=5).

BarsWithDifferentLettersAreSignificantlyDifferentAtP<0.05
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Figure4:EffectOfPhyllanthusamarusExtractonGPxActivityOfSTZ InducedDiabetic

RatsAfter14DaysOfTreatment

ResultsArePresentedAsMean±SEM (n=5).

BarsWithDifferentLettersAreSignificantlyDifferentAtP<0.05
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Figure5:EffectOfPhyllanthusamarusExtractonMDAconcentrationOfSTZ Induced

DiabeticRatsAfter14DaysOfTreatment

ResultsArePresentedAsMean±SEM (n=5).

BarsWithDifferentLettersAreSignificantlyDifferentAtP<0.05

CHAPTER5

DISCUSSIONANDCONCLUSION

5.1Discussion

From table1whichshowstheeffectofPAEonfastingbloodglucoselevelsshowsthat

bothPAEdoses(200mg/kgand400mg/kg)significantlyreducedbloodglucoselevels

byDay14comparedtothediabeticcontrol(p<0.05).The400mg/kgdose(PAED2)
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loweredglucosefrom 441.4±11.52mg/dLto105.2±0.49mg/dL,closelymatching

metformin’sefficacy(97.2±1.92mg/dL).TheseresultsalignwithSomanetal.(2022),

whoreportedthatP.amarusmethanolicextractreducedbloodglucoseby18.7% at

1000 mg/kg in alloxan-induced diabeticrats,suggesting antihyperglycemicactivity

possiblyviaenhancedinsulinsecretionorglucoseuptake.Thedose-dependenteffect

observedinthisstudyindicatesthatbioactivecompoundslikeflavonoidsandalkaloids

maycontribute to thisactivity,though furthermechanisticstudiesare needed to

confirm pathwayssuchasGLUT4translocationorβ-cellregeneration(Saltiel&Kahn,

2020).

Antioxidantdefensesystemsplaysavitalroleindiseaseconditionsinneutralizingthe

effectofreactiveoxygenspeciesandprotectingtheintegrityofthecellfrom cellular

damage.GSH (Glutathione):Akeyendogenousantioxidant,GSH neutralizesROS,and

maintainsredoxhomeostasis.ReducedGSHlevelssignifyimpairedantioxidantdefense,

typicalinhyperglycemia-inducedstress.SOD(SuperoxideDismutase):Anenzymethat

catalyzesthedismutationofsuperoxideradicalsintooxygenandhydrogenperoxide,

SODprotectscellsfrom oxidativedamage.DecreasedSODactivityisassociatedwith

diabeticcomplications.CAT(Catalase):CATdecomposeshydrogenperoxideintowater

andoxygen,preventingoxidativestressfrom ROSaccumulation.LowerCATactivity

exacerbates oxidative damage in diabetes.GPx (Glutathione Peroxidase):GPx

detoxifies hydrogen peroxide and lipid peroxides using GSH,protecting against

oxidativestress.ReducedGPxactivityislinkedtotodiabeticoxidativestress.MDA

(Malondialdehyde):Alipidperoxidationmarker,MDAreflectsoxidativedamagetocell

membranescausedbyreactiveoxygenspecies(ROS).ElevatedMDAlevelsindicate

increasedoxidativestress,commonindiabetes.Theantioxidantbiomarkersassayed

(GSH,SOD,CAT,andGPx)showedasignificantdecreaseinthediabeticuntreated

group compared to the normalcontrol,reflecting hyperglycemia-induced oxidative

stress.TreatmentwithPAEatdosesof200mg/kg(PAED1)and400mg/kg(PAED2)

significantlyrestoredthesebiomarkerstowardnormallevels(p<0.05),asdepictedin

Figures1–4 .The400 mg/kg dose(PAE D2)exhibited a morepronounced dose-

dependenteffectthanthanPAED1ininenhancingGSHlevelslevels,suggestingadose

-dependentantioxidanteffect,likelyduetotheflavonoidandpolyphenolcontentof
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Phyllanthusamarus,whichscavengeROSandupregulateantioxidantdefenses.These

results align with Sunday etal.,(2020).Antioxidantand Antidiabetic Effects of

PhyllanthusExtractinSTZ-InducedDiabeticRats.”

TheMDA levels(Figure5)weresignificantlyelevatedinthediabeticcontrolgroup,

indicatingincreasedlipidperoxidationduetooxidativestress.BothPAEdoses(PAED1

andD2)significantlyreducedMDAcomparedtothediabeticcontrol(p<0.01),withthe

400mg/kgdoseshowingagreaterreduction,furtherconfirmingP.amarus’sabilityto

mitigateoxidativedamage.ThisreductioninMDAcorrelateswiththerestorationof

GSH,SOD,CAT,andGPx,suggestingacomprehensiveantioxidanteffectthatprotects

againstdiabetes-relatedcellulardamage.

Findingsfrom table3showstheeffectofPAEonserum electrolytes.Sodium (Na⁺)and

bicarbonate(HCO₃⁻)levelsweresignificantlyreducedinthediabeticcontrolgroup

comparedtothenormalcontrol(p<0.05),reflectingmetabolicacidosisandimpaired

renalfunction,commonindiabetes.Na⁺iscriticalformaintainingfluidbalanceand

nervefunction,whileHCO₃⁻buffersbloodpHtopreventacidosis.TreatmentwithPAE

(200mg/kgand400mg/kg)significantlyincreasedNa⁺andHCO₃⁻levels(p<0.05),

withthe400mg/kgdoseraisingHCO₃⁻to24.35±0.15mmol/L,indicatingimproved

acid-base balance.These improvements likelystem from betterglycemic control,

reducing metabolic acidosis,and suggestP.amarus’s nephroprotective potential,

possiblymediatedbyreducedoxidativestressinrenaltissues.

ShowingtheComparisonofPAEwithMetformin.BothPAEdoses(200mg/kgand400

mg/kg)showedcomparableefficacyto metformin(100mg/kg)inreducingblood

glucose (Table 1),increasing insulin and totalprotein (Table 2),and normalizing

electrolytes(Table3).The400mg/kgdoseachievedinsulinlevels(5.19±0.26ng/mL)

andtotalprotein(97.88±1.57mg/mL)closertonormalthanthe200mg/kgdose,

indicatingadose-dependenteffect.Intermsofoxidativestress,metforminslightly

outperformed PAE (200 mg/kg)in GSH restoration (Figure 1),likely due to its

mechanism ofinhibitinghepaticgluconeogenesisandimprovinginsulinsensitivity.

PAE’scomparableeffectssuggestitmayenhanceinsulinsensitivityorβ-cellfunction,

potentiallythroughantioxidant-mediatedprotectionofpancreaticβ-cells.
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PAEtreatmentalsoreducedserum creatinine(Table3),suggestingnephroprotective

effects,andincreasedinsulinandtotalprotein,indicatingimprovedmetabolicfunction.

ThesefindingsalignwithBukolaetal.(2022),whoreportedP.amarus’sprotective

effects on renaland hepatic tissues.The increase in insulin levels supports the

potentialforβ-cellregenerationorenhancedsecretion,asnotedbySomanetal.(2022).

TheGSHrestorationinFigure1furthersupportsP.amarus’sroleinmitigatingoxidative

stress,akeycontributortodiabeticcomplications(Baynes&Thorpe,2024).

5.1.6ImplicationsofFindings

TheresultssuggestthatP.amarusethanolicleafextractisapromisingtherapeutic

agent for diabetes,addressing hyperglycemia,oxidative stress,and electrolyte

imbalances.Itsefficacy,comparabletometformin,supportsitspotentialasacost-

effectivealternativeinregionslikeNigeria,whereaccesstoconventionaldrugsis

limited(Ogunmolaetal.,2019).Theantioxidanteffects,evidencedbytheGSHincrease

inFigure1andsupportedbyKarunaetal.(2021),indicatethatPAEcouldreduce

diabeticcomplicationsbymitigatingoxidativedamage,akeyfactorinnephropathyand

neuropathy(Baynes&Thorpe,2024).Thenormalizationofelectrolytesfurthersuggests

abroaderprotectiverole,potentiallyimprovingclinicaloutcomesindiabeticpatients

withacid-baseorrenaldisturbances.

5.2Conclusion

TheethanolicleafextractofPhyllanthusamarussignificantlyreducedbloodglucose,

enhanced antioxidantdefenses,and restored electrolyte balance in STZ-induced

diabeticWistarrats.The400mg/kgdoseshowedgreaterefficacythanthe200mg/kg

doseinglucosereductionandmetabolicrestoration,approachingmetformin’seffects.

ThesefindingsvalidatethetraditionaluseofP.amarusandhighlightitspotentialasa

complementarytherapyfordiabetes,particularlyinresource-limitedsettings.
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