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INTRODUCTION

Humanbeingshavedependedonnaturefortheirsimplerequirementsasbeingthe

sourcesformedicines,shelters,foodstuffs,fragrances,clothing,flavours,fertilizersand

means oftransportation throughoutthe ages.Forthe large proportions ofworld’s

populationmedicinalplantscontinuetoshow adominantroleinthehealthcaresystem

andthisismainlytrueindevelopingcountries,whereherbalmedicinehascontinuous

historyoflonguse.Thedevelopmentandrecognitionofmedicinalandfinancialaidsof

theseplantsareonriseinbothindustrializedanddevelopingnations[1].

Thefoundationsoftypicaltraditionalsystemsofmedicineforthousandsofyears

thathavebeeninexistencehaveformedfrom plants.Theplantsremaintooffermankind

withnewmedicines.Someofthebeneficialpropertiesascribedtoplantshaverecognized

tobeflawedandmedicinalplanttreatmentisbasedontheexperimentalfindingsof

hundredstothousandsofyears.Theearliestreportscarvedonclaytabletsincuneiform

datefrom about2600BCarefrom Mesopotamia;amongthematerialsthatwereused

were oils ofCommiphoraspecies (Myrrh),Cedrusspecies (Cedar),Glycyrrhiza glabra

(Licorice),Papaversomniferum(Poppyjuice)andCupressussempervirens(Cypress)are

stillusedtodayforthecureofdiseasesextendingfrom coldsandcoughstoinflammation

andparasiticinfections[2].

ThetraditionalmedicinepracticeiswidespreadinChina,India,Japan,Pakistan,Sri

Lankaand Thailand.About40% ofthetotalmedicinalconsumption isattributed to

traditionaltribalmedicinesalonebyChina.InThailand,herbalmedicinesmakeuseof

legumesencounteredintheCaesalpiniaceae,theFabaceae,andtheMimosaceae.Itis

estimatedthatinmid-90s,morethanUS$2.5billionhaveresultedfrom thesalesofherbal

medicines.Theherbalmedicinalpreparationsaremoreindemandthanmainstream

pharmaceuticalproductsinJapan.

Eventoday,plantsarenotonlyindispensableinhealthcare,butform thebesthope

ofsourceforsafefuturemedicines[3].Inspiteofthefactthatnow wehaveatour

commandanumberofmoderndrugs,itisstillgenuinelyurgenttodiscoveranddevelop

new therapeuticagents.Ithasbeenestimatedthattheacceptabletherapyisavailable

onlyforonethirdoftheknownhumanailments.Therefore,thefightagainstdiseases

mustbecarriedonrelentlessly.Traditionalplantmedicinesstillenjoysignificantposition
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inthemodern-daydrugindustriesduetotheminorsideeffectsaswellasthesynergistic

actionofthecombinationofcompounds.

Mostoftheimportantdrugsofthepast50 years,whichhaverevolutionized

modernmedicinalpractice,havebeenisolated/derivatizedfrom plants.Thesechemical

ingredientsexhibittherapeuticpropertiesofplantandanimaldrugs.TheWHOendorses

andpromotestheadditionofherbaldrugsinnationalhealthcareprogramsbecausethey

areeasilyaccessibleatapricewithinthereachofacommonmanandaretimetestedand

thusconsideredtobemuchsaferthanthemodernsyntheticdrugs[4].Thus,theresearch

ofpharmacologically/biologicallyactiveagentsobtainedbyscreeningnaturalsources

suchasplantextractshadledtothedetectionofmanypharmaceuticallyvaluabledrugs

thatplay a key role in the treatmentofhuman diseases [5].The phytochemical-

pharmacologicalresearchworkhasrecentlyyieldedeffectivesolutionstocertaindiseases

whichsyntheticdrugindustryhasfailedtoafford.Themostimportantamongthem are

theresearchworkonArtimisiaannua,Cathranthusroseus,Taxusspp.,Lantanacamaraand

Baccopaspp.etc.Suchplantswereearlierconsideredaspoisonousoruseless,butnow

have been found to contain molecules ofhigh drug values and are considered as

medicinalherbsofgreatsignificance.

PIPERSPECIES

Inthesemoderntimes,theconceptofareturntothe“roots”ofmedicineisstarting

tobecomemoreandmorepopular.Scientificprogresshasprovidednewapproachesfor

the analysis ofdifferentfolk herbs thatare used in various cultures [6,7].The

pharmacologicalpropertiesofplantsusedasfood,medicineorforspiritualpurposes

duringthecenturieshavebeenconfirmedthroughnewapproachestotheiranalyses[8-10].

The heritage ofusing some plants in traditionalmedicine is continuously being

corroboratedintermsoftheireffectsthroughscientificinquiry[11,12].Oneofthewidely

distributedplantgenerainpantropicalregionsisthegenusPiper.Piperplantsarealso

knownunderthecommonname”pepper”.Thepresenceofoilcellsinthestructuresof

almostallPiperspeciesplacesthem inthegroupofaromaticplants[13].Besidestheir

well-knownusesasculinaryspices,thesecondarymetabolitesisolatedfrom Piperplants

showwideranginghumanhealtheffects.

Oneofthemostextensivelystudiedcompoundsisolatedfrom Piperplantsis

piperlongumine,alsoknownaspiplartine.Piplartineisanamidealkaloidfoundinseveral
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Piperspecies(Piperaceae).Ithasbeenshownthatpiplartinehaspotentialanticancer

properties[14,15].Piplartinealsoshowsbenefitsinthetreatmentoftheparasiticinfection

schistosomiasis,caused by helminth flatworms of the genus Schistosoma [16].

Compounds from Pipertuberculatumfruits show antiplasmodialand antileishmanial

activities[17].AlltheseactivitiesofPiperplantsonneglectedtropicaldiseasesarevery

importantforpantropicalregions,which are the naturalhabitats ofthese plants.

Piperlongumineshowsanti-inflammatoryeffectsinthecentralnervoussystem (CNS).In

relationwith inflammation-related brain diseases,such as Alzheimer’s disease (AD),

Parkinson’sdisease(PD)andHuntington’sdisease,oneofthepotentialapproachesin

preventionandtreatmentofthesediseasesisnormalizationofmicrogliaactivity.Theanti-

neuroinflammatory effects ofpiperlongumine are characterized as inhibition ofthe

productionofnitricoxide(NO)andprostaglandinE2(PGE2)inducedbylipopolysaccharide

(LPS),alsoreducingtheexpressionofinduciblenitricoxidesynthaseandcyclooxygenase-

2 aswellasproinflammatorycytokinessuchastumornecrosisfactor(TNF)-α and

interleukin-6(IL-6),andalsobysuppressingthenuclearfactorkappaB(NF-κB)signaling

pathway[18].

AntimicrobialactivityofPiperplantshasbeenshowninthetreatmentofchronic

periodontitis[19],aswellasinthetreatmentofgastricpathogenHelicobacterpylori[20]

anddecreasedH.pyloritoxinentrytogastricepithelialcells[21].Inadditiontothe

abovementionedpharmacologicalactivitiesofPiperplants,differentinvestigationshave

alsoindicatedthattheseplantsareactiveasanti-diabetic,anti-ulcer,diuretic,andlocal

anestheticagents[22].Mostoftheinformationaboutthevariousbiologicalactivitiesof

Piperplantshasbeenderivedfrom invitrostudies,whileinvivoandtoxicologystudiesare

stillsomewhatlimited.However,itcanbenoticedthattheseplantshavemulti-targeting

potential,andtheirunderlyingmechanismsofactionarewaitingtobeexplored[23].

Pipernigrum L.

Narayanan[24]recognizesaround135compoundsintheseEOs,belongingtothe

monoterpenoid,sesquiterpenoid,aliphatic,aromaticandotherchemicalgroups.Hestates

thatgenerallyspeakingtheEOsarecomposedby70–80%ofmonoterpenehydrocarbons

(mainly α-pinene up to 13%,β-pinene up to 40%,limonene up to 32%),20–30%

sesquiterpene hydrocarbons (mainly β-caryophyllene up to 22%)and less than 4%

oxygenatedconstituents[24].A recentpaperondifferenttypesofChineseP.nigrum
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(black,whiteandgreen)confirmstheserangeswith39.74–

64.67% monoterpene hydrocarbons, 1.85–3.44% monoterpenoids, 20.87–43.89%

sesquiterpenehydrocarbonsand2.21–10.81%sesquiterpenoids[25].

AswithmanyoftheEOsofthePipergenus,thechemicalcompositionishowever

extremely varied,and Narayanan [24]considers taxonomicaldifferences (varieties),

geography,maturityoftheraw material,anddifferencesindistillingparametersand

analyticaltechniquesastheprincipalcausesofthisvariety.Majorcompoundclasses

recognizedbyNarayanan[24]arethefollowing:

(1)Monoterpenehydrocarbons:camphene,δ-3-carene,p-cymene,limonene,myrcene,(Z)-

β-ocimene,α-phellandrene,β-phellandrene,α-andβ-pinenes,sabinene,α-andγ-terpinenes,

terpinoleneandα-thujene.

(2)Oxygenatedmonoterpenoids:borneol,camphor,carvacrol,cis-carveol,trans-carveol,

carvone,carvotanacetone,1,8-cineole,cryptone,p-cymene-8-ol,p-cymene-8-methylether,

dihydrocarveol,dihydrocarvone,linalool,cis-p-mentha-2,8-dien-1-ol,p-mentha-3,8-dien-1-ol,

p-mentha-1(7),8-dien-1-ol,1(7)-p-menthadien-4-ol,p-mentha-1,8-dien-5-ol,p-mentha-1,8-

dien-4-ol,cis-p-menth-2-en-1-ol,myrtenal,myrtenol,methylcarvacrol,trans-pinocarveol,

pinocamphone,cis-sabinenehydrate,trans-sabinenehydrate,terpinen-4-ol,1-terpinen-5-ol,

α-terpeneol,phellandral,piperitone,citronellal,nerol,geraniol,isopinocamphone,methyl

citronellate,methylgeranate,α-terpenylacetate,terpenoleneepoxideandtrans-limonene

epoxide.

(3)Sesquiterpenehydrocarbons:cis-α-bergamotene,trans-α-bergamotene,β-bisabolene,β

-carophyllene,α-and β-cadinenes,calamenene,α-copaene,α-and β-cubebenes,ar-

curcumene,β-andδ-elemene,β-farnesene,α-guaiene,α-humulene,isocaryophyllene,γ-

muurolene,α-santalene,α-andβ-selinenes,ledene,sesquisabineneandzingiberene.

(4) Sesquiterpenoids: 5,10(15)-cadinadien-4-ol, caryophylla-4(12),8(13)-dien-5β-ol, β-

caryophyllene alcohol, caryophyllene ketone, caryophyllene oxide, epoxy-

dihydrocaryophyllene,(Z)-nerolidol,cubenol,epi-cubenol,viridiflorol,α-andβ-bisabolols,

cubebol,elemolandeudesmol.

(5)Miscellaneouscompounds:eugenol,methyleugenol,myristicin,safrole,benzaldehyde,

(E)-anethole,piperonal,m-methylacetophenone,p-methylacetophenone,butyrophenone,

benzoicacid,phenylaceticacid,cinnamicacidandpiperonicacid.
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Piperlongum l.

AveryrecentreviewbyLawrence[26],whichitcanbeseenthattheEOsseem tobe

characterized by non-terpenoid compounds such as pentadecane and heptadecane

isomers,andbysesquiterpenehydrocarbonssuchasgermacreneD,β-caryophyllene,and

β-selinene.Inonlyonecasethecharacterizingcompoundisaphenylpropanoid,eugenol.

Pipercubebal

PipercubebaL.,isafloweringvinecommonlyknownastailedorjavapepper

belongstofamilyPiperaceae,genusPiperwhichisafolkloricplantandhasbeencultivated

inmanycountriesincludingIndiaforitsfruitandessentialoil[27].InIndia,Charakaand

SushrutatextsincludedcubebainvariousremediesandintraditionalChinesemedicineitis

usedforitsallegedwarmingproperty.ArabphysiciansoftheMiddleAges,thecubebawas

usedunderthenameofKababa,whenpreparingthewaterofalbutm [28].ThegenusPiper

isrepresentedwithmorethan1000commerciallyandmedicinallyinterestingspecies[29].

Severalspecies ofthis genus werefound to have antiinflammatory,antinociceptive,

cytotoxic,antimicrobial,antiprotozoalandantiproliferativeactivities.Thefruitsareberry

andareusedtotreatgonorrhea,dysen--tery,syphilis,abdominalpain,asthma[30].

Fig1:Pipercubeba plantandseeds
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PHYTOCHEMISTRY

Thirteendifferentlignansincludingfuranofuranlignanssuchascubebin,hinokinin,yatein

andisoyateinwereappearedinthedriedfruitofPipercubeba[31].About15%ofavolatile

oilwasobtainedbydistillingcubebswithwater[32].

Thephysicochemicalanalysisreportedabout4.53% w/w moisturecontentand

higheramountofextractivevalue18.71% w/w)inethanol.Thehighernutritivevalue;

353.95Calper100goffruitpowderwasreported.Thereportsshowedpresenceof

phosphorous 19.52,iron 5.73 and zinc 0.27 ppm in the fruits.The qualitative

phytochemicalscreeningofethanolextractrevealedthepresenceofawiderangeof

phytoconstituentslikecarbohydrates,proteins,glycosides,saponins,diterpenes,phenols,

flavonoidsetc.,andallothersecondarymetabolites[33].

OBJECTIVESOFTHEPRESENTSTUDY

Pipercubebaisoneoftheimportantmedicinalplantusedintraditionalsystem of

medicine.Cubebin,isoneofthemajorphytochemicalspresentsintheP.cubeba.This

compound has wide varieties ofmedicinalapplications.Anotherpharmaceutically

importantcompoundpresentinthisplantishinokinin,whichisminorcompoundinthis

plant.Isolationofcubebinanditssyntheticmodificationintohinokinisdescribedinthis

project.Sothetitleofthisprojectis“ISOLATON ANDSYNTHETICMODIFICATION OF

CUBEBINFROM PIPERCUBEBASEEDS”.

MATERIALSANDMETHODS

Extraction

Pipercubebaseedswerepurchasedfrom localmarketinErnakulam.About100g

oftheseedsweredriedandcoarselypowderedandsoakedinchloroform (500ml)fortwo

days.Thesolventisfilteredandevaporatedsolventunderreducedpressureinarotary

evaporator.Theextractobtainedwas4g.

Isolationofchemicalconstituents

Thechloroform extractobtainedwassubjectedtocolumnchromatographyon

silicagelusinghexane-ethylacetateassolventyielded93fractionswith50mleach.

Thesefractionspooledtogetherinto13fractionsaccordingtothesimilaritiesinTLC.The

fractionpool4(103mg)containamajorUVactivespotwhichissubmittedtocolumn

chromatographyonsilicagelusing10%Ethylacetate-hexaneaseluentwhichyieldedthe
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compound1(43mg)asviscousliquid.Thefractionpool5(1.5g)containamajorUV

activespotwhichissubjectedtocolumnchromatographyonsilicagelusing10% Ethyl

acetate-hexaneaseluentwhichyieldedthecompound2ascolourlesssolid(1.3g).

Compound1and2werecharacterizedusingvariousspectroscopictechniques.

Fig2:Schematicrepresentationofisolationofcompounds

Characterizationofcompounds

Molecularformulaofthecompound1isC20H18O6obtainedfrom elementalanalysis.

Itsmolecularionpeakism/z354(M+).IRspectrum showedabsorptionat1773cm-1

indicatedthepresenceofalactonering.1HNMRshowedasingletat5.93integratingfor

4protonsindicatedthepresenceoftwomethylenedioxygroup.13CNMRshowedapeakat

178.4indicatedthepresenceoflatonering.Thecompoundwasidentifiedashinokinin

bycomparisonwiththeliterature[34].Structureofthecompound1isshownbelow.
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Fig3:1HNMRspectrum ofhinokinin

Fig4:13CNMRspectrum ofhinokinin

Molecularformulaofthecompound2isC20H20O6obtainedfrom elementalanalysis.

Itsmolecularionpeakism/z356(M+).IRspectrum showedabsorptionat3427cm-1



ProjectReportonIsolationandsyntheticmodificationofcubebinfrom pipercubebaseeds
DepartmentofChemistry,BharataMataCollege,Thrikkakara,June2020 13

indicatedthepresenceofahydroxylgroup.1HNMRshowedasingletat5.92integrating

for4protonsindicatedthepresenceoftwomethylenedioxygroup.Thecompoundwas

identifiedasCubebinbycomparisonwiththeliterature[35].Structureofthecompound2

isshownbelow.

Fig5:1HNMRspectrum ofcubebin
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Fig6:NMRspectrum ofcubebin

ConversionofCubebintoHinokinin

Cubebin(100mg)isdissolveindichloromethane.Astirredsolutionofcubebinin

DCM addedpyridinium chlorochromate(0.01mmoles)for12hours.Theconversionhas

beenmonitoredbycheckingtheTLC.Aftertheconversionthesolventisremovedunder

vacuum.Thecrudereactionmixtureispurifiedusingcolumnchromatography[36].The

hinokininobtainedwas60mg.

Fig7:Schemefortheconversionofcubebintohinokinin



ProjectReportonIsolationandsyntheticmodificationofcubebinfrom pipercubebaseeds
DepartmentofChemistry,BharataMataCollege,Thrikkakara,June2020 15

CONCLUSION

Medicinalplantshavegreaterimportanceinourdailylife.Oneftheimportant

medicinalplantisPipercubeba.ItisusedinAyurvedicformulationsinIndia.Themajor

phytochemicalpresentin this plantis cubebin.This compound exhibittherapeutic

properties.Sointhisprojectwehavecarriedouttheisolationofcubebinfrom P.cubeba

seed extract.Hinokinin is anotherminorcompound presentin this plant.We have

successfullyconvertedcubebinintohinokininbetteryield.
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