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ABSTRACT 

The emergence of new infectious diseases and the resurgence of several 

infections has put the people in Saharan and sub-Saharan Africa to an assiduous 

risk. This has created the necessity for studies directed towards the development 

of new alternatives for antimicrobial agents. In this study a portion of the 

dichloromethane/methanol (1:1, v/v) crude extract from the air dried and 

pulverized aerial parts of Ipomoea cairica was subjected to preliminary 

phytochemical screening which revealed the presence of alkaloids, sterols, 

flavonoids, tannins, saponins, terpenoids and phenols. Another portion of the 

crude extract was subjected to repeated column chromatography over silica gel 

leading to the identification of two compounds; Diisobutyl phthalate (53) and 

Friedelin (54) which were characterized and elucidated using various 

spectroscopic and spectrometric techniques. The crude extract and the isolated 

compounds were evaluated for antimicrobial activities against four bacterial 

strains; Escherichia coli, Salmonella typhi, Pseudomonas and Staphylococcuss 

aureus, and three fungal strains; Aspergillus niger, Penicillum chrysogenum and 

Candida albicans using well agar diffusion assay and their minimal inhibitory 

concentration (MIC) values determined using a 2-fold dilution technique. The 

crude extract exhibited good antimicrobial activities with zones of inhibitions; 

20± 0.25, 26 ± 0.10, 24 ± 0.12 and 14 ± 0.05 mm for E. coli, S. typhi, P. 

aeruginosa and S. aureus, respectively, and the zones of inhibitions for fungal 

strains were as follows; 16± 0.5,  24± 0.00  and 20± 0.41 mm for A. niger, P. 

chrysogenum and C. albicans, respectively. The two isolated pure compounds 

were only tested against the four strains of bacteria and exhibited relatively 

weak activities: Compound (53); 8.0 ± 0.22, 4.0 ± 0.32, 6.0 ± 0.00 and 6.0 

± 0.55 mm, and Compound (54); 8.0± 0.05,  5.0± 0.50, 8.0± 0.12, 10± 0.50  

mm for  E. coli, S. typhi, P. aeruginosa and S. aureus, respectively. The two 

isolated pure compounds showed minimum inhibitory concentration (MIC) 

ranging from 125 to 1000 𝜇g/ml respectively.  
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CHAPTER ONE: INTRODUCTION 

1.1 Background 

 Despite the significant progress in the various drugs available to treat bacterial 

and fungal infections, diseases caused by bacteria and fungi remain a major 

worldwide health concern due the rapid development of resistance to the 

existing drugs.  Microbial diseases rank as number one cause for almost half of 

the deaths in underdeveloped and tropical countries (Adsul et al., 2012). The 

frequency of life-threatening infections caused by pathogenic microorganisms 

has increased worldwide and is becoming an important cause of mortality in 

immune compromised patients even in developed countries (Adsul et al., 2012). 

This is because some microbes have developed resistance to the available 

antimicrobial drugs (Kumari et al., 2016). Changes in the environment have 

also placed certain human populations in contact with newly identified microbes 

that are currently causing diseases never seen before. Furthermore, majority of 

the agents used in the treatment of bacterial and fungal infections are associated 

with adverse side effects (Elujoba et al., 2005). It is therefore imperative to 

continue searching for compounds that may be safe and with novel modes of 

actions.  In this study, evaluation of the ethnomedicinal and pharmacogical 

properties of Ipomoea cairica, were determined with special emphasis on its 

antimicrobial activity and chemical analysis. 

 The medicinal value of this plant lies in bioactive phytochemical constituents 

that produce definite physiological action on the human body (Akinmoladun et 

al., 2007).  Previous work shows that the major bioactive phytochemical 
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constituents of I. cairica are alkaloids, essential oils, flavonoids, tannins, 

terpenoids, saponins, phenolic compounds (Edeoga et al., 2005).  

 

Figure 1: Shows Ipomoea cairica (leaves, flowers and stem) plant taken 

from its natural habitat by Boniface Opio. 

 The World Health Organization estimated that about three quarters of the 

population in developing countries relies on plant based medicines as the basic 

needs for human primary health care (Adsul et al., 2012). Antimicrobial agents 

are abundant in medicinal plants and are substances that are used to either 

eliminate or inhibit the growth of bacteria (Hassan et al., 2015). 

Microorganisms include bacteria, viruses, protozoans and fungi. Many plants 

are being used traditionally because of their curative properties and are a source 

of many potential and powerful drugs. The antibacterial capabilities of hundreds 

of plant species have been examined, however the bulk of them have not been 

sufficiently assessed. Therefore, more documentation of this wisdom in either 

written or other forms is called for (Mandal et al., 2015). These natural 



3 

 

compounds form the foundations of modern prescription of drugs as we know 

today (Lahlou, 2013). 

Phytochemicals are natural bioactive compounds found in plants in parts such 

as; fruits, flowers, leaves, stem barks and roots that work with nutrients and 

fibers to act as defense system against diseases or to protect against diseases 

(Hassan et al., 2015). These natural plant chemicals provide plants with colour, 

odour and flavor (Hassan et al., 2015).  They are produced for defense purposes 

against infections and predation. Once they are eaten or taken into the body, 

they can influence the endogenous chemical processes hence, have the potential 

to:  Firstly, stimulate the immune system, secondly, block substances eaten, 

drunk and breathed from becoming harmful (toxic), thirdly, prevent DNA 

damage and help with DNA repair, fourthly, reduce the kind of oxidative 

damage to cells that can spark complications, fifthly, trigger damaged cells to 

commit suicide before they can reproduce, and lastly help to regulate hormones  

(Hassan et al., 2015) 

Ipomoea cairica is a good source of medicine and is used traditionally to treat 

various bacterial and infections in humans and animals; just like how quinine 

was first discovered as natural products from the bark cinchona tree, by a 

Scottish doctor, George Cleghorn to treat malaria. Also, tetracyclines were first 

discovered as natural products from actinomycetes soil bacteria and reported in 

the scientific literature in 1948. They were recognized for their interesting broad 

spectrum antibacterial activity which were observed successfully in the clinical 

trials ( Levy, 2011 & Mikail et al., 2022;). There has been continuous evolution 

of generations of the tetracycline scaffold toward derivatives with improved 

potency and efficacy against tetracycline-resistant bacteria, with promising 
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pharmacokinetic and chemical properties (Choudhary, 2022). Therefore, the 

development of new antibacterial drugs starts by identifying an effective 

antibacterial plant used by local communities. Ipomoea cairica, is used by 

people in central and eastern Uganda to treat bacterial and fungal infections such 

as stomachache, cough, scabies, burns, pain relief. It is also used to treat blood 

disease, sterility in women, urinary tract infection and constipation (Kumari et 

al., 2016). In most cases, the leaves (dry or wet) are crushed and the extract 

taken as prescribed by the herbalist or an elder while others use the dry leaves 

as beverages and others put in water use for bathing (Singh et al., 2020). 

1.2 Statement of the problem 

The use of herbal medicines to treat bacterial and fungal infections is getting 

momentum, yet much of their phytochemical constituents responsible for their 

therapeutics are not known. Hence, there is need to search for new potential 

antimicrobial agents from plant origin. This study therefore was directed at 

investigating, isolating and characterizing the antimicrobial agents from 

Ipomoea cairica.  

1.3 Objectives of the study 

1.3.1 General objective 

The general objective of this study was to isolate and determine the structures 

of antimicrobial agents from Ipomoea cairica. 

1.3.2 Specific objectives 

The specific objectives of this study were to: 

i. Extract and test for the bioactivity of the crude extract. 

ii. Isolate the bioactive ingredients. 
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iii.  Carry out antimicrobial assay on the crude and pure isolated 

compounds. 

iv. Elucidate and determine the chemical structures of the compounds 

isolated. 

1.4 Justification of the study 

The pharmacological actions of I. cairica imply that it contains antimicrobial 

agents. Some of these compounds may be identified through chromatographic 

and spectroscopic analyses plus in-vitro antimicrobial assays. 

1.5 Significance of the study 

This study may lead to the discovery of an alternative form of treatment of 

bacterial and fungal infections. This will be a great move towards reducing the 

side effects associated with current synthetic antimicrobial treatment methods. 

The isolated active compounds may be used as templates to synthesize more 

effective antibacterial drugs with new modes of action which is different from 

the current antibacterial drugs. Plant products could be included in the primary 

health care as encouraged by world health organization (Elujoba et al., 2005). 

Furthermore, screening plants for biologically active compounds helps to 

conserve medicinally useful plant species the population will be sensitized 

about the importance of the plants.  
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CHAPTER TWO: LITERATURE REVIEW 

2.1 Microbial infections 

Microbial infections are ailments or sicknesses caused in animals and humans 

by the introduction of the following microbes such as bacteria, viruses, fungi 

and protozoa (Baumgardner, 2012). A person can transmit microbes to someone 

else through the following ways; First mode of transmission is by sneezing or 

coughing which can transmit viruses that cause colds or flue or the bacteria that 

causes tuberculosis, secondly by shaking hands or touching surfaces which are 

contaminated such as door shutters, computer key boards to mention but a few 

and lastly, sexual intercourse can transmit microbes such as herpes simplex 

virus which causes genital herpes, gonorrhea bacteria from one person to 

another (Chakraborti et al., 2019). 

2.1.1 Treatment drugs available in the market 

Drugs used to treat microbial infections are termed antimicrobials. It includes a 

group of drugs that are generally classified as; antibiotics, antifungals, 

antiprotozoals and antivirals like penicillin G, penicillin V, benzathine 

penicillin, tetracycline, that for centuries have been effective in treating many 

diseases such as syphilis and other infections caused by Staphylococci and 

Streptococci bacteria. In developing countries, the World Health Organization 

estimated that about three quarters of the population relies on plant based 

medicines as the basic needs for human primary health care (Khatiwora et al., 

2012). This is because, microbes are developing new properties to resist drug 

treatment that were once effective at destroying them. Changes in the 

environment have also placed certain human populations in contact with newly 

identified microbes that can cause diseases never seen before. Herbal medicine 
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is the use of herbs for their therapeutic or medicinal values. Herbal plants 

produce and contain a variety of chemical substances (bioactive ingredients) 

that act upon the body.  Herbalists and community therefore use the leaves, 

flowers, stem barks, berries, and roots of plants to prevent, relieve, and treat 

illness of different kinds. Uganda has an immense wealth of rich biodiversity 

knowledge about ethnomedicine (medicinal plants) which has been 

accumulated by villagers and tribal people that are unknown to scientists and 

urban people (Kamatenesi-Mugisha & Oryem-Origa, 2007). People have been 

using herbs and various plant products for combating diseases from ancient 

times. Millions of people throughout the world have a greater respect for all 

things natural as a result of their dissatisfaction with the efficiency and cost of 

modern medicine. This has led to the usage of plant-based remedies or drugs for 

the treatment of various ailments. Numerous types of herbs have been well 

recognized and catalogued by botanists including I. cairica (Soewu & 

Adekanola, 2011).   

2.1.2hLimitationshofhtraditionalhmedicineh 

Althoughhtraditionalhmedicinehishwidelyhusedhinhmanagementhofhmanyhdi

seasehailments,hithhashsomehlimitations.hThehmainhlimitationshofhtradition

alhremediesharehthehlackhofhstandardizationhofhrawhmaterials,hprocessingh

methodshandhplanthproducts,hdosagehformulationhandhthehnonexistencehof

hcriteriahforhqualityhcontrol.hThehWorldhHealthhOrganizationhishnowhacti

velyhencouraginghdevelopinghcountrieshtohusehherbalhmedicinehwhichhhav

ehbeenhtraditionallyhusedhforhcenturies.hGlobalhestimateshindicatehthathov

erh75%hofhworldhpopulationhcannothaffordhthehproductshofhWesternhphar
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maceuticalhindustryhandhhavehtohrelyhuponhthehusehofhherbalhmedicinesh(

Kourhethal.,h2021). 

Thehpotentialhofhplantshashsourceshforhnewhdrugshishstillhlargelyhunexplo

red.hAmonghthehestimatedh250,000-

500,000hplanthspecies,honlyhahsmallhpercentagehhashbeenhinvestigatedhph

ytochemicallyhandhthehfractionhsubmittedhtohbiologicalhorhpharmacologica

lhscreeninghishevenhsmaller.hAlthough,hforhexample,hthehNationalhCancer

hInstituteh(NCI)hofhthehUnitedhStateshscreenedhsomeh35,h000hplanthspeci

eshforhantitumorhactivityhfromh1957htoh1981,hhthesehplantshwillhstillhhav

ehtohbehconsideredhash‘uninvestigated’hwithhrespecthtohanyhotherhpharma

cologicalhactivityh(Newmanh&hCragg,h2020).hPlantshcontainhhundredshorh

thousandshofhmetabolites.hThus,hanyh‘phytochemicalhinvestigationhofhahgi

venhplanthwillhrevealhonlyhahveryhnarrowhspectrumhofhitshconstituents.hT

hehprocesshthathleadshfromhthehplanthtohahpharmacologicallyhactive,hpure

hconstituenthishveryhlonghandhtedious,handhrequireshahmultidisciplinaryhco

llaborationhofhbotanists,hpharmacognosists,hchemists,hPharmacologistshand

htoxicologistsh(Ramawathethal.,h2009).hThishapproachhinvolveshthehfollow

inghsteps:h 

Thehfirsthstephishcollection,hproperhbotanicalhidentification,hauthentication

handhdryinghofhthehplanthmaterials.hThehsecondhstephinvolveshpreparation

hofhappropriatehextractshandhpreliminaryhchromatographichanalysishbyhCol

umnhChromatographyh(CC),hThinhLayerhChromatographyh(TLC)handhHig

hhPressurehLiquidhChromatographyh(HPLC)hwhereheachhfractionhobtained

hhashtohbehsubmittedhforhbioassayhinhorderhtohfollowhthehactivityh(activit

yhguidedhfractionation).hThehthirdhstephdealshwithhbiologicalhandhpharma
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cologicalhscreeninghofhcrudehextracts.hFourthly,hbio-

assayhofhpurehconstituent(s).hMosthofhthehbioassayshrequirehspecializedhfa

cilitieshforhcellhculturehandhthehtechnicalhknow-

howhofhahbiochemist,hbiologisthorhpharmacologist.hFinally,hstructureheluci

dationhandhstructurehmodificationhofhthehcompoundsh(Aribihethal.,h2022;h

Mroczekhethal.,h2020). 

2.2hBotanicalhinformationhofhthehplanthunderhstudyhh 

ThehI.hcairicahbelongshtohConvolvulaceaehfamily.hIthishahclimbinghherbh

whichhishfoundhabundantlyhinhtropicalhandhsub-

tropicalhregions.hhIthhashmanyhcommonhnameshsuchhashrailroadhcreeper,h

Cairohmorninghglory,hfivehfingered-

hmorninghglory,hmessinahcreeper,hmile-a-

minutehvinehamonghothersh(Senguptah&hDash,h2020).hIthishahrampanthlo

ng-

livedh(perennial)hclimberhreachinghuphtoh5hmhorhmorehinhheighthorhcreep

inghalonghthehgroundhandhfences.hhIthhashveryhdistinctivehleaveshwithh5-

7hfinger-likehlobes,hlargehpurple,hpurplish-

pinkhorhwhitishhtubularhflowersh(4-6hcmhlonghandh5-

8hcmhacross)hwithhahdarkerhcenter.h(Srivastavah&hShukla,h2015).hThehI.h

cairicahhashthehfollowinghtaxonomyhashshownhinhthehTableh2.2.1. 

Tableh2.2.1:hTaxonomyhofhIpomoeahcairica 

Domain Eukaryota 

Kingdom Plantae 

Phylum Spermatophyta 

Subhphylum Angiospermae 

Class Dicotyledonae 
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Oder Solanales 

Family Convolvulaceae 

Genus Ipomoea 

Species Ipomoeahcairica 

 

hThehIpomoeahishanhever-

greenhherbaceoushperennialhclimbinghplant,hproducinghslenderhstemhuphto

hfiveh(5)hmetershlonghfromhahtuberoushstock.hIpomoeahishthehlargesthgen

ushinhthehfloweringhplanthfamilyhConvolvulaceae,hwithhnumeroushspecies

h(Hançerlihethal.,h2018).h 

ThehgenerichnamehishderivedhfromhthehGreekhwordshmeaningh"resemblin

g"hwhichhrefershtohtheirhtwininghhabit.hThehgenushIpomoeahhashoverh400

hspecieshallhoverhthehworldhfromhIpomoeahpalmatehforkshorhIpomoeahcai

ricahL.hwhichhgrowshabundantlyhinhEgypth(Kishorehethal.,h2014). 

BelowharehsomehofhthehdifferenthspecieshofhipomoeahotherhthanhthehIpo

moeahcairica;hI.hbatatilla,hI.hcrasscaulis,hI.hfistulosa,hI.halbiflora,hI.hfruti

cosahI.hgossypioides,hI.hnicaraguensis,hI.htransvaalensishandhI.htexana.hhh

hhhh 

2.2.1hPlanthmorphologyh 

Perennialhplanthwithhlonghfusiformhtuberoushrootstock.hStemsharehannual,

hherbaceous,handhsubherecthorhprostrate,huphtoh1hmhlong.hLeavesharehnar

rowlyhdeltoid-cordatehtohbroadlyhcordate-

suborbicular,huphtoh45hmmhlong.hCorollahishfunnel-shaped,h20-

40hmmhlong,hpinkhtohmagentahorhwhitehwithhpurplehcenter.hThehmosthpe

culiarhaspecthishthehbrighthorangehfuzzyhseeds.hThehmajorhbioactivehconst
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ituentshpreviouslyhisolatedhfromhthehgenushIpomoeahwerehlipoidalhmatters

handhphenolichcompoundsh(Johnhethal.,h2021).h 

2.2.2hHabitat 

Ipomoeahcairicahishmainlyhahweedhofhwastehareas,hdisturbedhsites,hrainfo

resthmargins,hopenhwoodlands,hbushhland,hgardens,hfences,hcoastalhsandhd

uneshandhvegetationhgrowinghnearhwaterwaysh(i.e.,hriparianhareas).hThehg

enushIpomoeahoccurshinhthehtropicshofhthehworldhalthoughhsomehspeciesh

alsohreacheshtemperatehzones.hThehspecieshofhthishgenusharehmainlyhdistr

ibutedhthroughouththehSouthhandhCentralhAmericanhcountrieshandhTropica

lhAfricanhterritories.hIththereforehinhabitshtropical,hsubtropicalhandhwarmer

htemperatehenvironmentsh(Kishorehethal.,h2014).h 

2.2.3hStemshandhLeaves 

Thehslenderhstemsharehhairlessh(i.e.,hglabrous),hgrowhinhahtwininghhabit,h

andhsometimeshproducehrootshaththehjointsh(i.e.,hnodes).hThehalternatelyha

rrangedhleavesh(3-10hcmhlonghandh3-

10hcmhwide)harehdividedhintohfivehorhsevenhnarrowhlobes,hlikehthehfinge

rshofhahhandh(i.e.,htheyharehpalmatelyhlobed).hhThesehleavesharehhairlessh

(i.e.hglabrous)handhbornehonhstalksh(i.e.,hpetioles)h2-

6hcmhlongh(Srivastavah&hRauniyar,h2020). 

2.2.4hFlowershandhFruith 

Thehfunnel-shapedh(i.e.htubular)hflowersharehpurplehtohpinkish-

purpleh(occasionallyhwhite)hwithhahdarkerhpurplehcenter.hTheyharehborneh

singlyhorhinhsmallhclustershonhshorthstalkshoriginatinghinhthehleafhforksh(i

.e.haxils).hThesehflowersh(4-6hcmhlonghandh5-
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8hcmhacross)hhavehfivehpetalshthatharehfusedhintohahtubeh(i.e.hcorollahtub

e)handhfivehsmallhsepalsh(4-

7hmmhlong).hFloweringhoccurshthroughouththehyear.hThehfruithcapsulesha

rehmorehorhlesshglobularh(i.e.hsubhglobose)hinhshapehandhturnhfromhgree

nhtohbrownhinhcolourhashtheyhmature.hThesehcapsulesh(10-

12hmmhacross)hcontainhfourhlargehbrownhseedsh(abouth6hmmhacross)htha

tharehslightlyhthree-

angledhinhshape.hThehseedshhavehsmoothhsurfaceshinterspersedhwithhdens

ehtuftshofhlonghsilkyhhairsh(Mahethal.,h2020). 

2.2.5hReproductionhandhDispersal 

Thishplanthreproduceshvegetativelyhbyhrootinghalonghitshstemshandhalsohp

roduceshseeds.hhStemhfragmentshandhseedsharehoftenhdispersedhinhdumpe

dhgardenhwastehandhcanhalsohbehspreadhbyhwater.hIthcanhbehplantedhinh

gardens,hinhhedgeshonhwalls,hmainlyhforhornamentalhpurpose.hFruitinghho

weverhishrarehandhseedsharehoftenhnothwellhdeveloped.hThishexplainshwh

yhpropagationhishmostlyhbyhvegetativehmethodh(Kishorehethal.,h2014). 

2.3hhhEthnobotanicalhuseshofhIpomoeahspecies 

HumanshusehIpomoeahforhtheirhcontentshofhmedicinalhandhpsychoactivehc

ompoundshmainlyhthehalkaloidshtohtreathvarioushdiseaseshandhotherhdisord

ershsuchhashgynecologicalhdisorders,hliverhcomplaints,hfever,hantioxidant,h

anti-inflammatory,hantimicrobialhandhanti-

allergich(Londhehethal.,h2017).hIthcanhalsohbehusedhashfoodhforhexample,

htubershofhsweethpotatoeshandhleaveshofhwaterhspinachhareh(Mohanrajh&

hSivasankar,h2014).hThehvarioushspecieshofhIpomoeahhavehwidehmedicalh

applications.hTheyharehusedhtohtreathvarioushdiseaseshincluding;hbloodhdis
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ease,hsterilityhinhwomen,hurinaryhtracthinfectionhandhconstipationh(Hossan

hethal.,h2010;hShahhethal.,h2013).hThehethanolichextracthofhthishplanthpre

sentshanhantinociceptiveheffecthi.e.,hactshashahveryhstronghpainhkillerh(Ho

ssanhethal.,h2010).hInhBrazilianhfolkhmedicinehI.hcairicahL.hSweeth(Conv

olvulaceae)hishusedhforhthehtreatmenthofhrheumatismhandhinflammationsh(

Johnhethal.,h2021).hThehaqueoushextracthfromhI.hcairicahflowerhishreporte

dhtohshowhanti-

RSVh(respiratoryhsyncytialhvirus)hactivityhinhvitroh(Odimegwuhethal.,h201

1).hThehessentialhoilhofhI.hcairicahpossesseshremarkablehlarvicidalhpropert

ieshwhichhcanhinduceh100%hmortalityhinhthehlarvaehofhCulexhtritaeniorhy

nchush(100hppm),hAedeshaegyptih(120hppm),hAnopheleshstephensih(120hp

pm)handhCulexhquinquefasciatush(170hppm)h(Govindarajanhethal.,h2013).h

Phytochemicalhcomposition,hantioxidanthandhotherhbiologicalhactivitieshvar

yhwithhdifferenthenvironmentalhconditionshandhclimatichconditionsh(Bollin

ghethal.,h2011). 

2.3.1hAnti-microbialhactivity 

MethanolichextracthofhleaveshofhI.hcairicahpossesseshgoodhanti-

microbialhpotentialhpresumablyhbecausehofhitshphytochemicalhconstituent’s

hcorrelationhwithhitshreductivehpotentials.hhThehIpomoeahcairicahleaveshar

ehthereforehanheffectivehantimicrobialhandhantioxidanthagentshthatharehuse

dhashfolkhmedicinehtohtreathandhcontrolhmanyhdiseases;hcancer,hcardiovas

cularhdisorders,hdiabetes,hasthma,handhskinhinfectionsh(Darhethal.,h2015;hJ

abborovahethal.,h2019;hShyamhKishoreh&hUpadhyay,h2015). 
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2.3.2hAnti-inflammatoryhactivity 

ThehaqueoushmethanolhextracthofhIpomoeahpalmatehprovedhahremarkableh

andhsignificanthanti-

inflammatoryhactivity.hPhytochemicalhandhchromatographichscreeninghofht

hishbioactivehextracthbyhdifferenthchromatographichtoolsh(TLC,hCChandh

HighhPressurehLiquidhChromatography,hHPLC)hrevealedhthehpresencehofh

flavonoidshandhotherhcompoundsh(Srivastavah&hRauniyar,h2020).hThehacti

vehcomponentshwerehidentifiedhashthehisoprenoidshP-damascenonehandhE-

phytolhwhichhshowedhcomparablehinhibitoryheffectshtohthehalkaloidhpapav

erine,hahgeneralhspasmolytichagenth(Pongprayoonhethal.,h1991). 

O

OH O

CH3

1

O

OCH3

H

H

H

2

CH3CH3

CH3

CH3

O

3

OH

CH3

CH3

CH3

CH3

H3C

4

 

Melleinh(1),h4-vinylguaiacolh(2),hPdamascenoneh(3)handhE-

phytolh(4)harehusedhashanti-

inflammatoryhhsincehtheyhcanhinhibiththehenzymeshcyclooxygenasehandh5-

lipoxygenasehwhichharehinvolvedhinhthehsynthesishofhprostaglandinshandhl

eukotrieneshrespectivelyh(Paulahethal.,h2003).h 



15 

 

2.3.3hAntioxidanthactivity 

ThehmethanolhextracthofhIpomoeahpalmateh(MEIP)hfloweringhtopshshowe

dhantioxidanthactivityhbyhinhibitinghDPPHhandhhydroxylhradical,hnitrichox

idehandhsuperhoxidehanionhscavenging,hhydrogenhperoxidehscavenging,han

dhreducinghpowerhactivities.hInhaddition,hthehMEIPhalsohcontainshahnotic

eablehamounthofhtotalhphenols,hwhichhplayshahmajorhrolehinhcontrollingha

ntioxidantsh(hKishorehethal.,h2014). 

2.3.4hMosquitoeshLarvicidalhactivity 

ThehessentialhoilhofhIpomoeahpalmatahhashremarkablehlarvicidalhpropertie

shandhitshusehashlarvicidehagainsthmosquitoeshshouldhbehexploredhashthis

hplanthgrowshabundantlyhinhthehwild.hIthishworthwhilehtohstudyhextensive

lyhthehlarvicidalhpropertieshofhthehplantshessentialhoilhbyhisolatinghandhid

entifyinghthehactivehcomponentshthathcausehlarvalhmortalityhandhthenhuse

hthemhtohassesshtheirhpotentialhashanhalternativehtohchemicalhlarvicidesh(

Kishoreh&hUpadhyay,h2015).hPlantshofhthehgenushIpomoeaharehwidelyhus

edhashmedicinalhplantshforhthehtreatmenthofhvarioushdiseaseshashshownhin

hthehTableh2.3.4.1 
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Tableh2.3.4.1.hSummaryhofhthehethnobotanicalhuseshofhthehIpomoeah

species 

Spec

ies 

Planthpart Use Referenc

e 

I.hca

irica 

Leaves,hFlo

wer,hWhole

hplanth 

 

Anti-microbial,hanti-inflammatory,hanti-

allergic,hcytostatichandhanti-oxidant.h 

 

(Singhhe

thal.,h20

20) 

I.haq

uatic 

Leaves,hFlo

wer,hWhole

hplanth 

 

Treatmenthofhdiabetes,hscorpionhvenomhantid

ote,hringhworm,hleprosy,hfever,hnosehbleedin

g 

(Kishore

hethal.,h

2014) 

I.has

arifo

lia 

Wholehplant -Itches 

-antiaging 

(Pruenw

ald,h200

6) 

I.hbo

tata 

Wholehplant -Treatmenthofhtumourshofhmouthhandhthorat 

-

Eatenhrawhtohtreathhypertension,hanemiahand

hdiabetes. 

(Ludvikh

ethal.,h2

004) 

I.hca

rnea 

Leaves,hmil

kyhjuice. 

h 

Wholehplant 

 

Treathmusclehstrain.h 

Anti-inflammatory,anti-arthritic,hanti-

diabetic.hhFolkhmedicinehonhulcer,hfeverhand

hrheumatism.hTreathimmunodeficiencyhsyndr

ome(AIDS) 

(Singhhe

thal.,h20

20). 

 

 

I.hca

mpa

nulat

a 

Wholehplant Antidotehtohsnakehpoison (Singhhe

thal.,h20

03) 

I.hdi

gitat

e 

Rootsh Decoctionshagainsthconstipation (Singhhe

thal.,h20

04) 

I.hin

dica 

Leaveshandh

stems 

Usedhahpurgativehandhtreatmenthofhbrokenhb

ones 

(Srivasta

vah&hSh

ukla,h20

15) 

I.hm

urica

ta 

Wholehplant Treatmenthofhallhkindshofhskinhailments,hwo

unds,hcutshandhblistershduehburns 

(Ysrael,h

2003) 

I.hpe

s-

carp

aehh 

 

Leavesh -

usefulhinhfatigue,hstrain,harthritis,rheumatism,

hmenorrhagia,hanti-inflammatory,hanti-

heamolytic,hantispasmodic,hanticancerhactiviti

eshandhskinhdiseases.h 

-

inhibitionhofhplatelethaggregation,hdiarrhea,hv

omitinghandhpiles.h 

(Kohetha

l.,h2004) 
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I.hnil

hh 

 

 Seedsharehusefulhinhanti-

inflammatory,hcarminative,hdepurative,hpurgat

ive,hvermifuge,hinflammations,hconstipation,h

dyspepsiahbronchitis,hfever,hskinhdiseases,hsc

abieshandh 

 

(Paulahet

hal.,h200

3) 

I.hpu

rpur

ea 

Wholehplant -stophhemorrhage 

-treathsyphilis 

(Camarg

o,h1998) 

I.hst

oloni

fera 

Leaves,hste

ms,hroots 

-

treathpainhafterhchildhbirth,hstomachhproblem

s,hinflammations,swellinghandhwounds 

(Paulahet

hal.,hh20

03) 

I.hst

an 

Leaves,hflo

wershandhst

ems 

-Treathepilepticseizures 

-opthalmichdiseases 

-paralysis 

(Pongpra

yoonheth

al.,h1992

) 

I.hm

uruc

oides 

Wholehplant 

Leaveshandh

flowers 

Burnhagainsthmosquitoeshinhmexico 

Treatmenthofhinflamation 

(Leonhet

hal.,h200

5) 

I.hpe

s-

tigri

dish 

 

Leaves,hRoo

ts,hWholehp

lanth 

 

-

hLeafhpastehappliedhtwicehinhahdayhwithhco

conuthoilhtohcurehpimples.h 

-

hRootsharehusedhashanhantidotehtohsnakebite

handhheadache.h 

-

hWholehplanthishusedhinhhemiplegiahandhuse

dhtohtreathgripehandhmalarialhfever.h 

(Zhangh

ethal.,h2

014; 

ClinhRes

,h2015) 

I.hqu

amo

clith

L.h 

 

Wholehplant

h 

 

-

hWholehplanthishappliedhexternallyhonhcarbu

ncles.h 

.hJuicehofhwholehplanthusedhalonghwithhothe

rhingredientshinhcasehofhbloodhdysentery,hpil

eshandhbodyhweakness.h 

(Pratyuh

ethal.,h2

011) 

I.hvi

olac

eaeh 

 

Seedsh 

 

-hSeedsharehusedhinhcreationhofhD-

Lysergamidehforhmakinghpsychoactivehdrugs.

h 

 

Panhetha

l.,h2014 

I.hob

scur

ah 

 

Leaves,hSee

dsh 

 

-

LeafhjuicehishadministeredhforhSnakehbitehan

dhdysentery.h 

-

hSeedsharehusedhashcleaninghagent,htohimpro

vehdifficulthbreathing,hrelivehpainhandhtohim

provehvision.h 

(Lovikhe

thal.,h20

04) 
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I.hal

bah 

 

Leaves,hRoo

thbark,hSeed

,hWholehpla

nth 

 

-Roothbarkhishusedhashahpurgative.h 

-hWholehherbhishusedhinhsnakebite.hh 

-Leaveshusedhtohtreathheadache.h 

(Uawang

ulhethal,.

h2006) 

(Singhhe

thal.,h20

03) 

2.4hPhotochemistryhofhthehgenushIpomoea 

Ahvarietyhofhphytochemicalshhavehbeenhreportedhfromhthehgenushipomoe

ahincludinghalkaloids,hterpenoidshandhphenolichcompoundsh(Pongprayoonh

ethal.,h1992;hSinghhethal.,h2020;hSrivastavah&hShukla,h2015).hThesehclas

seshofhcompoundsharehpresentedhinhthehsub-sectionshbelow. 

Tableh2.4.h1:hAlkaloidshofhthehgenushIpomoea 

Alkoloidsh Species Activitiesh Referenceh 

Agroclavineh(5

) 

Ipomoe

ahfistul

osa 

Ipomoe

ahmuell

eri 

Ipomoe

ahviolac

ea 

Antimicrobial 

Cystotatic 

(Srivastavah&hShuk

la,h2015) 

Hanoclavineh(6

) 

I.hasarif

olia 

I.hedera

cea 

Psychotropic 

psychotomimetic 

(Singhhethal.,h2020

) 
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I.violac

ea 

Elyamoclavine

h(7) 

Ipomoe

ahmuell

eri 

Ipomoe

ahviolac

ea 

I.parasit

ica 

Psychotropic 

Psychotomimetic 

(Mohanrajh&hSivas

ankar,h2014). 

Ergineh(8) I.hasarif

olia 

I.hhcory

mbasa 

I.htricol

or 

Psychotropic 

Psychotomimetic 

(Pongprayoonhethal

.,h1992) 

Erginineh(9) I.hcory

mbasa 

I.hmuell

eri 

I.hviola

cea 

Psychotropic 

Psychotomimetic 

(Meirah.Mh2008) 

Ergocrytineh(1

0) 

I.htricol

or 

 

Psychotropic 

psychotomimetic 

(Guanhethal.,h2006) 
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Ergotamineh(11

) 

Ergometrinehor

hergonovineh(1

2)h 

hI.hmue

lleri 

I.hcory

mbosa 

I.htricol

or 

I.hviola

cea 

 

 

Psychotropic 

Psychotomimetic 

Vasoconstrictor 

Hemostatic 

Uterotonic 

(Hossanhethal.,h201

0;hShahhethal.,h201

3) 

Ergosinineh(13) I.hpalm

ate 

Uterotonic (Kanohethal.,h2005) 

Festuclavineh(1

4) 

I.hmuell

eri 

Antimicrobial (Singhhethal.,h2020

) 

Lysergolh(15) I.hheder

acea 

I.hmuell

eri 

I.hparas

itica 

I.hpetal

oidea 

I.hcory

mbosa 

Psychotropic 

Psychotomimetic 

(Rabahhethal.,h200

4). 
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I.hviola

cea 

Penniclavineh(1

6) 

I.hheder

acea 

I.hmuell

eri 

I.hcory

mbosa 

I.hviola

cea 

Psychotropic (Zhaohet 

al.,h2005) 

Ipalbidineh(17) I.halba 

I.hmuric

ata 

I.hhard

wickki 

Analgesic 

Antioxidant 

(Shaw 

ethal.,h2003) 

2-epi-

lentiginosineh(1

8) 

I.hcarne

a 

Potenthinhibitoryhactiv

ityhtowardhrathα-

mannosidase 

(LudvikhB,hethal.,h

2004) 

Swainsonineh(1

9) 

I.hcarne

a 

ImmunomodulatoryhA

ntimetastatic 

Potenthinhibitoryhactiv

ityhtowardhrathα-

mannosidase 

(Kaneshiro,hethal.,h

2005). 
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CalysteginehB1

h(20) 

CalysteginehB2

h(21) 

CalysteginehC1

h(22) 

I.haquat

ic 

I.hbatat

as 

I.hheder

ifolia 

I.herem

nobroch

a 

I.hobscu

ra 

I.hpes-

caprae 

I.hsetife

ra 

Potenthinhibitoryhactiv

ityhtowardhratlysosom

alhβ-glucosidase. 

h(Hossanhethal.,h20

10;hShahhethal.,h20

13) 

CalysteginehB3

h(23) 

I.haquat

ic 

I.hbatat

as 

I.hcarne

a 

I.hheder

ifolia 

Moderatehinhibitoryha

ctivityhtowardhrathα-

handhβ-mannosidases 

(Pongprayoonhethal

.,h1992) 
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I.herem

nobroch

a 
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2.4.1hPhenolichcompoundshofhthehgenushIpomoea 

ThehfollowinghPhenolichcompoundshhavehbeenhreportedhfromhgenushIpom

oeahashshownhinhthehtableh2.4.2hbelow. 
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Tableh2.4.h2:hPhenolichcompoundshofhthehgenushIpomoea 

Phenolichcom

pounds 

Speci

esh 

Activitiesh Referenceh 

N-cis-

feruloylhtyrami

neh(24) 

N-trans-

feruloylhtyrami

neh(25) 

I.haq

uatic 

Inhibitionhofhprostaglandinhsynt

hesis 

(Singhhethal.

,h2020) 

Cafeichacidh(2

6) 

I.hbat

atas 

I.hmu

ricat

a 

Antioxidant 

Antimutagenic 

(Islamhethal.

,h2003) 

3-O-caffeoyl-

quinichacid 

(clorogenichaci

d)h(27) 

I.hbat

atas 

I.hfist

ulosa 

Hypoglycemic,hantimutagenic 

antioxidanthandhinhibitionhofhHI

V 

replication 

(Okudairahet

hal.,h2005). 

3,5-di-O-

caffeoyl-

quinichacidh(2

8) 

(isoclorogenich

acidha) 

I.haq

uatic 

I.hbat

atas 

I.hpe

s-

capra

e 

I.hfist

ulosa 

Hypoglycemic,hantimutagenic 

antioxidanthandhinhibitionhofhHI

V 

replication. 

Antifungal,hantispasmodic 

Collagenasehinhibitory 

(Meirahethal.

,h2012) 

3,4-di-O-

caffeoyl-

quinichacidh(2

9) 

I.haq

uatic 

I.hbat

atas 

Hypoglycemic,hantimutagenic 

antioxidanthandhinhibitionhofhHI

V 

replication. 

Collagenasehinhibitory 

(Choudhary,

h2022) 
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(isoclorogenich

acidhb) 

I.hpe

s-

capra

e 

4,5-di-O-

caffeoyl-

quinichacidh(3

0) 

(isoclorogenich

acidhc) 

I.haq

uatic 

I.hbat

atas 

I.hpe

s-

capra

e 

I.hfist

ulosa 

Hypoglycemic,hantimutagenichan

tioxidanthandhinhibitionhofhHIV 

replication. 

Collagenasehinhibitory 

(RajhNaraya

nhRoy,h2020

) 

3,4,5-tri-O-

caffeoyl-

quinichacidh(3

1) 

I.hbat

atas 

Hypoglycemic,hantimutagenic 

AntioxidanthandhinhibitionhofhH

IV 

Replication 

(Mahmoodhe

thal.,h1993) 

3,5-di-O-

caffeoyl-4-O-

coumaroyl-

quinichacidh(3

2) 

I.hpe

s-

capra

e 

Collagenasehinhibitory (Zhengh& 

Clifford,h200

8). 

 

4,5-di-O-

caffeoyl-1,3-di-

O-

coumaroylquin

ichacidh(33) 

I.hpe

s-

capra

e 

InhibitionhofhHIV 

replication. 

(Kusanoh&h

Abe,h2000). 

 

4,5-di-O-

caffeoyl-

quinichacidhm

ethylhesterh(34

) 

I.hpe

s-

capra

e 

Collagenasehinhibitory (Mamunheth

al.,h2003). 
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3,4-di-O-

caffeoyl-

quinichacidhm

ethylhesterh(35

) 

I.hpe

s-

capra

e 

Collagenasehinhibitory (Miyazakihet

hal.,h2005). 

3,5-di-O-

caffeoyl-

quinichacidhm

ethyl 

esterh(36) 

I.hpe

s-

capra

e 

Collagenasehinhibitory (Okudairahet

hal.,h2005) 
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2.4.2hTriterpenes. 

AhgoodhnumberhofhtriterpeneshhavehbeenhreportedhfromhgenushIpomoeah

ashshownhinhthehtableh2.4.3hbelow. 

 

 

 

 

 

Tableh2.4.h3:Triterpenes 

Triterpenesh Speci

esh 

Activitiesh Referenceh 

β-

amirinhaceta

teh(37) 

I.hbat

atas 

I.hpes

-

capra

e 

Antinociceptive (Luoh&hKo

ng, 

2005) 

α-

amirinhaceta

teh(38) 

I.hpes

-

capra

e 

Antinociceptive Souzahethal.

,h2005) 

Boehmerylha

cetateh(39) 

I.hbat

atas 

OvopositionalhstimulanthforhCylas

hformicariushelegantulus 

(Fatimaheth

al.,h2014) 

Betulinichaci

dh(40) 

Glochidoneh

(41) 

I.hpes

-

capra

e 

Antinociceptive (Luoh&hKo

ng, 

2005) 
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Friedelinh(4

2) 

I.hbat

atas 

AntibacterialhagainsthS.haureushan

dhantifungalhagainst 

P.hboydii 

(Meirahethal

.,h2012) 

Taraxerolh(4

3) 

I.hdig

itate 

Acetylcholinesterasehinhibitory (Choudhary,

h2022) 

Betulinh(44)

hahandhb 

 Antiviral,hantiplasmodial,hantibacte

rialhashwellhashantidepressant 

(Philpottheth

al.,h2009). 

Hederagenin 

(dihydrotriter

pene) 

(45) 

I.hbol

usina 

Antioxidant (Meirahethal

.,h2012) 
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2.4.3hCoumarinshisolatedhfromhIpomoeahspecies 

Coumarinsharehoxygenhcontaininghheterocyclichphytochemicalshthathoccur

hnaturallyhinhseveralhplanthspecies.hSomehcoumarinshhavehbeenhisolatedhf

romhsomehspecieshofhipomoea.hCoumarinh(46)hhashbeenhisolatedhfromhI.

hturpethumh(Meirahethal.,h2012).hThehcompoundhhashcytotoxic,hantibacter

ialhh(Ojalahethal.,h2000),hashwellhashantifungalhpropertiesh(Souzahethal.,h

2011;h&hSouzahethal.,h2005).hCoumarinh(47),hscopoletinhhashbeenhisolate

dhfromhahnumberhofhspecieshofhIpomoeahincludinghI.hbatatas,hI.hcairica,

hI.hdigitata,hI.hstanshandhI.hturpethumh(Meirahethal.,h2012).hThehCoumari

nhexhibitshahnumberhofhpropertieshthathincludehinhibitionhofhprostatehcan

cerhproliferation,hacetylhcholinesterasehinhibition,hantioxidant,hanticoagulan

thandhanti-

HIVhactivitiesh(Meirahethal.,h2012).hEsculetinh(48)hhashbeenhisolatedhrom

hI.hbatatash(Meirahethal.,h2012).hThehcompoundhhashantioxidant,hanticoag

ulanthashwellhashanti-

HIVhpropertiesh(Meirahethal.,h2012).hUmbelliferoneh(49)hisolatedhfromhI.

hbatatas,hI.hcairicahandhI.hdigitatahishknownhforhitshanticoagulanthashwel

lhashanti-HIVhpropertiesh(Meirahethal.,h2012).h 
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OR1

R2

O

46

47 R1 = OH; R2 = OMe

48 R1 = R2 = OH

49 R1 = OH; R2 = H

R1 = R2 = H

 

2.4.4.hThehphthalateshisolatedhfromhthehgenushIpomoea 

Diestershofh1,h2-

benzenedicarboxylichacidh(phthalichacid),hcommonlyhknownhashphthalates,

harehahgrouphofhman-

madehchemicalshwithhahwidehspectrumhofhindustrialhapplications.hHighhm

olecularhweighthphthalatesh(forhexample,hdi(2-

ethylhexyl)hphthalateh[DEHP],hdi-isononylhphthalateh[DiNP],hdi-n-

octylhphthalateh[DnOP]),harehprimarilyhusedhashplasticizershinhthehmanufa

cturehofhflexiblehvinylhwhich,hinhturn,hishusedhinhconsumerhproducts,hflo

oringhandhwallhcoverings,hfoodhcontacthapplications,handhmedicalhdevices.

hhManufacturershusehlowhmolecularhweighthphthalatesh(forhexample,hdieth

ylhphthalateh[DEP]handhdibutylhphthalateh[DBP])hinhpersonal-

carehproductsh(forhexample,hperfumes,hlotions,hcosmetics),hashsolventshan

dhplasticizershforhcellulosehacetate,handhinhmakinghlacquers,hvarnishes,han

dhcoatings,hincludinghthosehusedhtohprovidehtimedhreleaseshinhsomehphar

maceuticalsh(Fatimahethal.,h2014;hRajhNarayanhRoy,h2020). 

Tableh2.4.h4:Phthalatesh 

Phthalates Species

h 

Activityh Referenceh 



34 

 

DibutylhPhthalate

h(50) 

I.hcarne

ahstem 

Antibacterial,hinkhandhton

erhproducts 

(Islamhethal., 

2002) 

Butylhbenzylhpht

halate 

(BBzP)hhh(51) 

I.hbarta

ta 

Adhesivehandhsealants, 

Paintshandhcoatings. 

(hRajhNarayan

hRoy,h2020) 

Dimthylhphthalat

eh(DMP)hh(52) 

I.hcarne

a 

Safetyhglasses,hlaquers,sol

andhrockethpropellants 

(Fatimahethal.,

h2014) 

 

hhhh

O

O

O

O

1'

2'
3'

4'
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O

O

O

O
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hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

O

O

O

O
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2.5hAnalyticalhtechniqueshutilizedhinhnaturalhproducthresearchharehr

eviewed. 

Thehchoicehofhappropriatehmethodologieshishfundamentalhtohbothhqualitati

vehandhquantitativehresearchhofhplant-
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derivedhbioactivehchemicals.hThishsectionhdiscusseshahfewhofhthehmethod

ologieshthatharehfrequentlyhemployedhinhstudieshonhnaturalhproducts. 

2.5.1hExtractionh 

Anyhstudyhusinghmedicinalhplantshmusthbeginhwithhextraction,hwhichhhas

hahbighimpacthonhthehstudy'shresults.hInhsomehcases,h"samplehpreparation

htechniques"harehusedhtohdescribehextractionhmethods.hIthishtruehthaththeh

developmenthofhcurrenthchromatographichandhspectrometrichtechniqueshhas

hmadehbioactivehcompoundhanalysishsimplerhthanhever,hbuththehsuccesshs

tillhdependshonhthehextractionhprocesses,hinputhvariables,handhthehactualh

planthpartshemployed.hThehmatrixhcharacteristicshofhthehplanthpart,hthehso

lventshemployed,htemperature,handhextractionhtimeharehthehmosthfrequenth

variableshimpactinghextractionhprocedures.hTherefore,hifhthehextractionhpro

cesshishcarriedhouthproperly,hithishpossiblehtohconducthadditionalhseparatio

n,hidentification,handhcharacterizationhofhbioactivehchemicals.hSeveralhtrad

itionalhextractionhprocedureshcanhbehusedhtohseparatehbioactivehchemicals

hfromhplanthsources.hThehmajorityhofhthesehapproacheshrelyhonhthehabilit

yhofhthehvarioushsolventshtohremovehmaterialhwhilehalsohapplyinghheatha

nd/orhmixing.hTraditionalhmethodshthatharehfrequentlyhemployedhincludeh

soxhlethextraction,hmaceration,hhydrohdistillation,handhcoldhpercolationhto

hproducehahcrudehextracththathishthenhconcentratedhusinghahrotaryhevapor

atorhunderhlowhpressureh(Azmirhethal.,h2013). 

2.5.2hColumnhChromatographyh 

Inhcolumnhchromatography,hthereharehtwohphases;hthehstationaryhphaseh(a

hsolidhadsorbent)hishplacedhinhahverticalhglasshcolumnhandhthehmobilehph

aseh(ahliquid)hishaddedhtohthehtophandhflowshdownhthroughhthehcolumnh(
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byheitherhgravityhorhexternalhpressure).hColumnhChromatographyhishgener

allyhusedhashahpurificationhtechniquehtohisolatehdesiredhcompoundshfromh

ahmixtureh(Kenkel,h2002).hThehcrudehextracthtohbehpurifiedhbyhcolumnhc

hromatographyhishappliedhaththehtophofhthehcolumn.hThehliquidhsolventh(

theheluent)hishpassedhthroughhthehcolumnhbyhgravityhorhbyhthehapplicatio

nhofhairhpressure.hEquilibriumhishestablishedhbetweenhthehsolutehadsorbed

honhthehadsorbenthandhthehelutinghsolventhflowinghdownhthroughhthehcol

umn.hBecausehthehdifferenthcomponentshinhthehmixturehhavehdifferenthint

eractionshwithhthehstationaryhandhmobilehphases,htheyhwillhbehcarriedhalo

nghwithhthehmobilehphasehtohvaryinghdegreeshandhahseparationhwillhbeha

chieved.hThehindividualhcomponents,horhelutants,harehcollectedhashthehsol

venthdripshfromhthehbottomhofhthehcolumnh(Harvey,h2007).hSilicahgelh(Si

O2)handhaluminah(Al2O3)harehthehtwohadsorbentshcommonlyhusedhforhcol

umnhchromatography.hThesehadsorbentsharehsoldhinhdifferenthmeshhsizes,

hindicatedhbyhahnumberhonhthehbottlehlabel.hThehpolarityhofhthehsolventh

whichhishpassedhthroughhthehcolumnhaffectshthehrelativehrateshathwhichhc

ompoundshmovehthroughhthehcolumnh(Harvey,h2008).hPolarhsolventshcanh

competehmoreheffectivelyhwithhthehpolarhmoleculeshofhahmixturehforhtheh

polarhsiteshonhthehadsorbenthsurfacehandhwillhalsohsolvatehthehpolarhcons

tituentshbetter.hAshahresult,hahhighlyhpolarhsolventhwillhmovehevenhhighl

yhpolarhmoleculeshrapidlyhthroughhthehcolumn.hIfhahsolventhishtoohpolar,

hmovementhbecomeshtoohrapid,handhlittlehorhnohseparationhofhthehcompo

nentshofhahmixturehwillhbehachieved.hIfhahsolventhishnothpolarhenough,hn

ohcompoundshwillhelutehfromhthehcolumn.hProperhchoicehofhanhelutinghs

olventhishthereforehparamounthforhthehsuccessfulhapplicationhofhcolumnhc
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hromatographyhashahseparationhtechnique.hOftenhahserieshofhincreasinglyh

polarhsolventhsystemsharehusedhtohelutehahcolumn.hAhnon-

polarhorhlesshpolarhsolventhexamplehhexanehishfirsthusedhtohelutehthehless

-polarhcompounds.hOncehthehless-

polarhcompoundsharehouthofhthehcolumn,hahmore-

polarhsolventh(ethylhacetate)hishaddedhtohthehcolumnhtohelutehthehmore-

polarhcompoundsh(Kenkel,h2002). 

2.5.3hThinhlayerhChromatographyh 

Thinhlayerhchromatographyh(TLC)hishoftenhusedhtohanalyzehthehfractionsh

obtainedhfromhcolumnhchromatographyhtohestablishhwhetherhthehfractionh

collectedhcontainshmorehthanhonehcomponenthandhifhfractionshcanhbehco

mbinedhwithouthaffectinghtheirhpuritiesh(Kenkel,h2002).hThehseparationhb

yhTLChbasicallyhdependshonhthehrelativehaffinityhofhcompoundshtowardsh

stationaryhandhmobilehphases.hThehcompoundhwhichhishunderhthehinfluen

cehofhmobilehphaseh(drivenhbyhcapillaryhaction)htravelshoverhthehsurfaceh

ofhthehstationaryhphase.hDuringhthishmovement,hthehcompoundhwithhahhi

gherhaffinityhtohthehstationaryhphasehtravelshslowlyhwhilehthathwithhahlo

werhaffinityhtohthehstationaryhphasehtravelshfaster.hThushseparationhofhco

mponentshinhthehmixturehishthushachieved.hOncehseparationhishdone,htheh

individualhcomponentsharehthenhseenh(visualized)hashspotshonhthehplateha

fterhstaininghwithhiodinehvapourhunderhUVhlighth(Harvey,h2007). 

2.5.4hNuclearhmagnetichresonanceh(NMR)hspectroscopyh 

Nuclearhmagnetichresonancehspectroscopyhdependshonhthehabsorptionhofhe

nergyhwhenhthehnucleushofhanhatomhishexcitedhfromhitshlowesthenergyhs

pinhstatehtohthehnexthhigherhone.hManyhelementsharehdifficulthtohstudyhb
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yhNMR,handhsomehcannothbehstudiedhathall.hHowever,hthehtwohelements

hthatharehthehmosthcommonhinhorganichmoleculesh(carbonhandhhydrogen)

hhavehisotopesh(1Hhandh13C)hcapablehofhgivinghNMRhspectrahthatharehric

hhinhstructuralhinformation.hAhprotonhnuclearhmagnetichresonanceh(1HhN

MR)hspectrumhtellshushabouththehenvironmentshofhthehvarioushhydrogenh

atomshinhahmoleculehwhilehahcarbon-

13hnuclearhmagnetichresonanceh(13ChNMR)hspectrumhdoeshthehsamehforht

hehcarbonhatomsh(Carey,h2000).hTherefore,htohdeterminehahsubstance’shm

olecularhstructure,hbothh1Hhandh13ChNMRharehused.hIthishoftenhusedhinhc

onjunctionhwithhotherhspectrometrichtechniqueshsuchhashFTIRhandhMassh

Spectrometryhforhbetterhresults.hThehmainhdifferenceshbetweenh1Hh&h13C

hNMRhinclude:hThehoperatinghfrequencyh(thehgyromagnetichratio)hforh13C

hishabouthone-

fourthhthathofhproton,hsohthehresonancehfrequencyhofh13Chishabouthone-

fourth.hThus,hahspectrometerhrequiringhah300hMHzhtransmitterhforh1Hhwil

lhrequirehahfrequencyhofh75.6hMHzhforh13Chresonanceh(300/75.6h=hcah4).

hThehscalehforhchemicalhshift,hδ,hinh13ChNMRhishfromh0htoharoundh240

hppmhwhereashthehrangeshforhδhishfromh0htohca.h15hppmhinh1HhNMRhs

pectra.hInhthehC-

ChCouplinghonlyh1%hofhthehcarbonhatomsharehmagnetic,hsohtherehishonl

yhahsmallhprobabilityhthathanhobservedh13Chnucleushishadjacenthtohanothe

rh13Chnucleus.hTherefore,hcarbon-

carbonhsplitting/couplinghishignoredhinh13ChNMR.hInhtheh13ChNMRhthehs

pectrometersharehlesshsensitivehcomparedhtohwhenhcarryinghouth1HhNMR

hexperiment.hThehpeakhareas/Integrationshorhareashunderhtheh13ChNMRhp



39 

 

eaksharehnothproportionalhtohthehnumberhofhcarbonhatomshgivinghrisehtoh

thehpeaks.hUsuallyhmethylhcarbonsh(CH3)handhmethylenehcarbonsh(CH2)ht

endhtohgivehstrongesthabsorptionsh(duehtohNOEheffect),handhquaternaryhc

arbonshtendhtohgivehweakhsignalsh(duehtohabsencehofhNOEheffect)handht

herefore,h13ChNMRhspectralhpeaksharehnothintegrated.h 

ThehHMBChlocateshsetterlitehpeaksh(longhrangehprotons)hi.e.,hprotonshwh

ichhareh2-

3hbondshaway.hIthgiveshconnectivityhinformationhbyhshowinghthehcorrelati

onshbetweenhprotonshandhcarbonshthatharehseparatedhbyhmultiplehbonds.h

ThehHSQChonhthehotherhhandhdetermineshproton-

carbonhsinglehbondhcorrelations.hThehprotonshliehalonghthehx-

axishandhthehcarbonharehalonghthehy-axis.hThehH-

HhCOSYhgiveshthehcorrelationhbetweenhprotonshwhichharehcoupledhtohea

chhotherhinhtheh1HhNMRhspectrum.hIthish2Dhspectrumhthathshowshscalar

hcouplinghbetweenhvicinalhH-

atomshandhcanhbehusedhtohdeterminehthehsignalsharisinghfromhthehneighb

ouringhprotons. 
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hhhhhhhhhhhhhhCHAPTERhTHREE:hMATERIALShANDhMETHOD

S 

3.1hGeneral 

Thehsolventsh(n-

HexanehandhEthylhacetate)husedhinhthehextractionhandhchromatographichs

eparationshwerehdoublehglasshdistilled,hmethanol,hdichloromethanehandhac

etonehwerehAnalyticalhgradehreagents.hThehprotonhandhcarbonhspectrahwe

rehobtainedhonhahBrukerhAvanceh500hMHzhspectrometerhusinghChlorofor

mh(CDCl3)hsignalshashthehreference.hThehspectrahwerehprocessedhusinghst

andardhsofthwear,hMestReNovahversionh10.hStructuralhelucidationhandhN

MRhassignmentshwerehbasedhonhtwo-dimensionalhH-

HhCOSY,hHSQChandhHMBC.hAnalyticalhTLChwashdonehonhsilicahgelh6

0h(F254hMerck)hpre-

coatedhAluminiumhplates.hThehvisualizationhofhthehspotshonhthehTLChwa

shcarriedhouthusinghthehUVhlighth(254horh366hnm),hiodinehvapourhand/or

hDraggendroff’shreagenthsprayedhtohviewhunclearhorhfainthspotshclearly. 

3.2hCollectionhofhPlanthmaterials 

Thehplanthmaterialh(aerialhparts)hwashcollectedhfromhKyambogohUniversit

yhward,hNakawahdivision,hKampalahdistricth–

hCentralhUgandahinhAprilh2019handhdriedhunderhshadehforhonehmonth.h.

hThehplanthmaterialshwerehthoroughlyhcleanedhunderhwaterhashdescribedh

byhOgwal-

Okenghethal.(2003)handhLamordehethal.h(2010).Thehsamplehspecimenhwas

htakenhtohMakererehUniversityhforhproperhidentificationhandhauthenticatio

nhinhthehHerbarium.hThehidentificationhwashdonehbyhDr.hPaulhSsegawaho
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fhthehdepartmenthofhBotany,hMakererehUniversityhwherehahvoucherhspeci

menhNumberh(IG005)hwashdeposited.h 

h3.3hExtraction 

Extractionhwashdonehinhthehlaboratory,haththehDepartmenthofhChemistry,h

KyambogohUniversity.hThehair-

driedhmaterialh(aerialhparts),hwerehcrushedhintohpowderedhformhbyhusingh

ahblenderhandh700hgramshwerehobtained.hThehmaterial'shpowderedhformh

washkepthinhanhairtighthglasshashadvisedhbyhSofowora,h(1993).hGrounded

hsampleh(620hg)hofhthehplanthwashsoakedhinhahmixturehofhdichlorometha

neh(DCM)handhMethanolh(MeOH)hinhthehratiohofh1:1.hThehinitialhextract

ionhrequiredh1.3hlitreshofheachhsolvent,handhithwashcarriedhouthafterhah24

-

hourhsoakinghperiod.hThehcrudehextracthwashfilteredhtwicehusinghahfilterh

funnelhpackedhwithhcottonhwoolhashrecommendedhbyhYenesewhethal.,h(2

012).hSecondhandhthirdhextractionshwerehdonehtohensurehexhaustivehremo

valhofhthehbioactivehcompoundshpresenthashdescribedhbyhAzmirhethal.,h(2

013).hConcentrationhofhthehcrudehextracthwashcarriedhouthunderhlowhpres

surehusinghahrotaryhevaporatorhandhyieldedhthehcrudeh(52.6082hg)h(Appe

ndixh1).h 

h3.4hIsolation 

Thehcrudehextracthwashsubjectedhtohfractionationhforhisolationhusing;hCol

umnhChromatography,h(CC),hthinhlayerhchromatography,h(TLC)handhUltra

hvioleth(UV)hlamphtohviewhthehTLChplates.hAbouth200hghofhsilicahgelh(

70-

230hmeshhASTM)hwashpackedhinhahcolumn,handh35hghofhthehcrudehextr
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acthwashadsorbedhinh35hghofhsilicahgelhelutedhwithhhexanehwithhincreasi

nghpolarityhofhethylhacetate.hThehcolumnhwashrunhwithhdifferenthsolventh

gradientshofhhexanehandhethylhacetatehmixturehstartinghwithh100h%hhexa

nehtoh100h%hEthylhacetate.hThinhlayerhchromatographyhwashconductedho

nheachhfractionhandhthosehwithhsimilarhspot-

movement;hretentionhfactorh(RF)hwerehcombined.hPurificationhandhwashin

ghofhthehfractionshobtainedhwashconductedhusinghmethanol,handhdichloro

methanehsolventhwashusedhforhdissolvinghthehsamples,hsmallhcolumnshwe

rehalsohpackedhtohfurtherhisolatehthehfractionshwithhmultiplehspotshashgui

dedhbyhTLChresultsh(Minorhethal.,h2014).hRepeatedhfractionationhresulted

hinhtoh52hfractionshbasedhonhtheirhTLChprofilehandhahtotalhofh12hcompo

undshwerehisolatedhafterhpurificationhbyhwashinghusinghmethanolhandhuse

hofhcolumnshofhveryhsmallhdiametersh(packinghofhsmallhcolumns). 

3.5hQualitativehPhytochemicalhtest 

Qualitativehdeterminationshofhthehphytochemicalhconstituentshwashcarriedh

outhonhthehmethanolhextractshofhI.hcairicahashdescribedhbyhPrashanthetha

l.,h(2011).hThehdifferenthextractshofhthehaerialhpartshofhI.hcairicahwerehte

stedhforhvarioushcomponentshbyhtheirhspecifichtestshsuchhas;hMayer'shtest,

hDragendroff'shtest,hforhalkaloids;hhFerrichchloridehtest,hLeadhacetatehtest

hforhphenolichcompounds,hAcetichanhydridehandhconcentratedhsulphuricha

cidhtesthforhterpenoids;hhBenedict'shtest,hhFehling’shsolutionhtesthforhredu

cinghsugarshandhNinhydrinehtesthforhaminohacids. 
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3.5.1hTesthforhPhenolichCompounds 

a) Thehextracth(50hmg)hwashdissolvedhinhdistilledhwaterh(5hmL).hAh

fewhdropshofhneutralhferrichchloridehsolutionh(5%)hwashadded.hAh

darkhgreenhcolourhindicatedhthehpresencehofhphenolichcompoundsh

(Banuh&hCathrine,h2015).h 

b) LeadhAcetatehTest:hThehcrudehextracthwashdissolvedhinhdistilledhw

aterhandhleadhacetatehsolutionh(3hmL,10%)hwashadded.hAhbulkyh

whitehprecipitatehindicatedhthehpresencehofhphenolichcompoundsh(

Ramosh&hBandiola,h2017). 

3.5.2hTesthforhflavonoidsh(Alkalinehreagenthtest) 

hAnhaqueoushsolutionhofhthehextracthwashtreatedhwithhammoniumhhydrox

idehsolutionh(10%).hYellowhfluorescencehwashseenhashahsignhofhflavonoi

ds.h(Saeedhethal.,h2012). 

3.5.3hTesthforhAlkaloidsh 

Thehcrudehextracthwashdissolvedhinhdilutehhydrochlorichacidhandhfiltered.

hThehfiltratehwashfurtherhtestedhwithhfollowinghreagentshforhthehpresence

hofhalkaloids. 

a) Dragendroff’shtest 

Thehfiltratehwashtreatedhwithhpotassiumhbismuthhiodidehsolutionhfollowed

hbyhheating.hThehdevelopmenthofhanhorange-

redhprecipitatehservedhashevidencehthathalkaloidshwerehpresenth(Jasimheth

al.,h2015). 

b) Mayer’shtesthh 
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Thehextracthwashtreatedhwithhpotassiumhmercurichiodidehsolution.hFormati

onhofhahwhitishhyellowhorhcreamhcolouredhprecipitatehindicatedhthehprese

ncehofhalkaloidsh(Culvenorh&hFitzgerald,h1963;hVatshethal.,h2011). 

3.5.4hTesthforhquinonesh 

Thehextracth(0.5hg)hwashmixedhwithhtolueneh(10hmL)hbeforehfiltering.hT

hehfiltratehwashthenhmixedhwithhammoniahsolutionh(5hmL,10%).hAfterhsh

akinghthehmixture,hpink,hcrimson,horhviolethcolorationshappeared,hindicati

nghthehpresencehofhquinonesh(McIntosh,h1976).h 

3.5.5hTesthforhSaponins 

Thehsolidhextracth(1.0hg)hwashboiledhwithhdistilhledhwaterh(5hmL),hfiltere

d.hTohthehfiltrate,hdistilledhwaterh(3hmL)hwashaddedhandhshakenhvigorou

slyhforhabouth5hminutes.hFrothinghwhichhpersistshonhwarminghshowedhth

ehpresencehofhsaponinsh(Kareruhethal.,h2008). 

3.5.6 Testhforhterpenoids 

Ahlittlehofhthehcrudehextracthwashdissolvedhinhethanol.hTohit,hacetichanhy

drideh(1ml)hwashaddedhfollowedhbyhthehadditionhofhconcentratedhsulphuri

chacidh(conchH2SO4).hAhchangehinhcolourhfromhpinkhtohviolethwashanhin

dicationhofhthehpresencehofhterpenoidsh(Sofowora,h1993). 

3.5.7hTesthforhAminohacidsh 

hNinhydrinhTesthwashusedhtohcarryhouththishtesthwherehextracthsolutionh

washtreatedhwithhNinhydrinh(Tri-ketohydrindenehhy-

drate)haththehpHhrangehofh4h-

h8.hDevelopmenthofhpurplehcolourhindicatedhthehpositivehresponsehforham

inohacidsh(Friedman,h2004). 
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3.5.8hTesthforhreducinghsugars 

a)hFehling'shtesthforhfreehreducinghsugar: 

hExtracth(0.5hg)hwashdissolvedhinhdistilledhwaterhandhfiltered.hThehfiltrat

ehwashheatedhwithhequalhvolumeshofhFehling'shsolutionhAhandhBh(5hmL)

. 

Formationhofhahredhprecipitatehofhcuproushoxidehwashanhindicationhofhth

ehpresencehofhreducinghsugarsh(Wadoodhethal.,h2013).h 

b)hBenedict’shTest:h 

Tohthehextracthsolutionh(5hmL)hofhBenedict’shsolutionh(5hmL)hwashadde

dhinhahtesthtubehandhboiledhforhfewhminutes.hDevelopmenthofhbrickhredh

precipitatehconfirmedhthehpresencehofhreducinghsugarsh(Faizyhethal.,h2021

). 

3.6hAntimicrobialhActivityhTests 

Usinghthehagarhwellhdiffusionhmethod,hthehantibacterialhactivityhofhcrude

hextracthandhisolatedhcompoundshwashevaluatedhagainsthahfewhselectedhs

pecieshofhgramhpositivehandhgramhnegativehbacteriahandhfungi.h 

3.6.1hAnti-hbacterialhActivityhTest 

ThehantibacterialhassayhofhthehcrudehextracthwashcarriedhinhthehBiologyhl

aboratory,hdepartmenthofhBiology,hKyambogohUniversity.hThehbacterialhc

ultureshusedhinhthehstudyhwerehobtainedhfromhthehDepartmenthofhBiology

handhNaturalhSciences,hKyambogohUniversity.hThehantibacterialhactivityh

washdeterminedhafterhincubationhbyhmeasuringhthehinhibitionhzonehonhthe

hselectedhcommonhhumanhpathogenichbacterialhstrains.hThehantibacterialha

ssayhinvolveshgrowinghofhthehorganismsh(culturing),hpreparationhofhthehe
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xtracthtohbehusedhandhcarryinghouththehtesthonhthehselectedhmicro-

organismsh(bacterialhstains) 

hCulturing,hthehstockhorganismshwerehculturedhinhbrothhbacteriologicalhw

ater.hSub-

culturinghwashdonehinhNutrienthAgarhbyhstreakhplatehtechniquehandhincub

atedhath37h0Chforh24hhours. 

hPreparationhofhthehextract,hthehcrudehextracth(1hg)hwashweighedhandhdis

solvedhinhDimethylhsulphoxideh(DMSO)h(2hmL). 

Testhmethod,hAgarhwellhDiffusionhmethodhwashused.hMullerhHintonhAga

rh(MHA)h(15hmLs)hwashdispensedhonhahcleanhpetri-

dishhandhlefthtohcoolhbeforehthehtesthorganismshwerehinoculated.hFourhw

ellshofhabouth5hmmhwerehmadehusinghsterilehcorkhborer.hApproximatelyh

1hmLhofheach;hcrudehextracthandhthehpurehisolatedhsamplehwashdispense

dhinhwells,htetracyclinehandhDMSOhashpositivehandhnegativehcontrolhforh

antimicrobialhactivityhrespectively.hAfterh24hhourshofhincubationhath37h0C

,hthehsensitivityhwashdeterminedhbyhmeasuringhthehzoneshofhinhibition.h(

Khatiworahethal.,h2012).h 

3.6.2hAntifungalhactivityhofhleaveshandhflowerh(aerialhparts)hextracts 

Inhthishstudy,hthehantifungalhactivityhwashstudiedhagainsththehmicroorgani

smhviz.hAspergillushniger,hPenicillumhchrysogenumhandhCandidahalbicans

.hThehcultureshwerehobtainedhfromhthehstandardhcultureshmaintainedhinhth

ehMicrobiologyhDepartmenthofhBiology,hKyambogohUniversity.hThesehcul

tureshwerehmaintainedhonhSabouraudhDextrosehAgarh(SDA)hathfirsthbeing

hincubatedhath25h0Chforhabouth72-
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96hhourshandhthenhstoredhath4h0Chashstockhcultureshforhfurtherhantifungal

hactivity.hFreshhcultureshwerehobtainedhbyhtransferringhahloophfullhofhcul

tureshintohsabouraudhdextrosehbrothhandhthenhincubatedhath25h0Chforh72h

hrs. 

hTohtesthantifungalhactivity,hthehwellhdiffusionhmethodhwashused.hHerehc

ulturehmediahwashpreparedhinhsabouraudhdextrosehagarh(SDA)handhincuba

tedhforhahperiodhish72hhourshath25h0C.hThehresthofhthehmethodhishthehsa

mehashthathofhantibacterialhactivity.hThehconcentrationhusedhforhantifunga

lhactivityhwash200hmg/mlh(Agarryh&hOsho,h2005). 

3.6.3hMinimumhinhibitoryhconcentrationh(MIC)h 

Thehminimumhinhibitoryhconcentrationhishahtesthaimedhathdetermininghlo

westhconcentrationhofhthehdrughcompoundhthathwillhinhibiththehgrowthhan

dhactivityhofhthehmicroorganisms.hThishwashcarriedhouthwithinhah24hhr,h

period.hThehconcentrationhforhMIChwashdonehbyhserialhdilutingheachhisol

atedhcompoundshusinghah2-

hfoldhmethod;h1/2,h1/4,h1/8,h1//16,h1/32,h1/h64,h1/128handh1/256hbyhfoll

owinghahprocedurehpreviouslyhdescribedhbyhRabehethal.h(2002),hwithhso

mehmodifications.hAnhinoculumhofh100μlh(0.5hMcFarlandhstandard)hofho

vernighthmicrobialhcultureshofheachhtypehbacteria;hE.hcoli,hS.htyphi,hS.hau

reus,handhP.haeruginosahwerehaddedhinheachhofhthehvails.hTriplicatehofhe

achhvailshwashmadehandhthehprocedurehrepeatedhforheachhofhthehtesthorg

anisms.hThehvaluehofheachhdilutionhinh𝜇𝑔/

𝑚𝑙hwashobtained,hahvolumehofheachhwashtakenhandhmadehuphtoh20hmLh

withhahcorrespondinghvolumehofhnutrienthagar,hwhichhtogetherhwashpoure

dhasepticallyhintohPetrihdishhandhallowedhtohsethafterhswirling.hThehagarh
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plateshwerehthenhtakenhtohthehovenhforhdrynesshath60h℃hforh20hminutes.

hThenhthehmicroorganismshpresenthinhthehbrothhmediahwerehthenhsubhcul

turedhtohreducehtheirhviablehcounthtohabouth1hinh106.hToheachhvailhwash

thenhaddedh10h𝜇𝑙hofheachhorganism.hThenhthehvailshwerehincubatedhforh

24hhours.hThehMIChwashtakenhbasedhonhthehinhibitionhofhorganismshadd

edh(Rabehethal.,h2002). 

3.6hStructurehDetermination 

Thehrespectivehchemicalhstructureshofhthehisolatedhcompoundshwashdeter

minedhbyhahcombinationhofhspectroscopich&hspectrometrichtechniques;hM

asshspectrometerh(MS),hInfra-

hredh(IR),hUltraviolethVisiblehh(UVhVis)handhhNuclearhmagnetichresonan

ceh(NMR)h)h(Andersonhethal.,h2004;hBoughendjiouah&hBoughendjioua,h2

017;hMinorhethal.,h2014).hThehprotonhandhcarbonhspectrahwerehobtainedh

onhahBrukerhAvanceh500hMHzhspectrometerhusinghahresidualhsolventhsig

nalhofhChloroformh(CDCl3)hashthehreference.hThehspectrahwerehprocessed

husinghstandardhsofthwear,hMestReNova.hStructuralhelucidationhandhNMR

hassignmentshwerehbasedhonhtwo-dimensionalhH-

HhCOSY,hHSQChandhHMBC. 

 

CHAPTERhFOUR:hRESULTShANDhDISCUSSION 

4.0hIntroductionh 

Thehpulverizedhaerialhpartsh(620hg)hofhIpomoeahcairicahyieldedhsizeableh

amounthofhthehcrudehextracth(52.6082hg).hTherefore,hthehPercentagehyield

hofhthehextracth=h52.6082/620hxh100%h=h8.4852h%hperhthehfirsththreehe
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xtractions.hThehextracthwashanalyzedhbyhTLChwhichhshowedhthehpresenc

ehofhseveralhcompoundshashjudgedhfromhthehmanyhspotshonhthehTLChpla

tehvisualizedhunderhUVhlighth(254handh366hnm). 

4.1hResultshofhQualitativehPhytochemicalhTest 

Thehtableh4.1hshowshthehresultshofhthehphytochemicalhtestshofhthehvario

ushbioactivehcompoundshofhIpomoeahcairicahmethanol/DCMhextract.h 

Tableh4.1.hPhytochemicalhTestshofhthehBioactivehCompounds. 

PlanthCo

nstituents 

Test/Reagents Presenth/

hAbsent 

Alkaloids Dragendorff’s ++ 

 Mayer’s + 

Sterols Sulphurichacid + 

Flavanoid

s 

NaOHhSolution + 

 H2SO4 + 

Reducing

hSugars 

Fehlinghsolution - 

 BenedictshSolution - 

Tannins Dichromate + 

 LeadhAcetate + 

 FeCl3 + 

Saponins Distilledhwater + 

Terpenoi

ds 

Acetichacidh+hH2SO4 + 

Phenols FCl3hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh 

+ 

 LeadhAcetate + 

AminohA

cids 

Ninhydrin - 
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Thehphytochemicalhcompoundshobservedhinhthehextractshofhthehplantshare

hknownhtohplayhimportanthroleshinhbioactivityhofhmedicinalhplantshandhth

esehsecondaryhmetaboliteshexerthantimicrobialhactivityhthroughhdifferenthm

echanisms.hThehmedicinalhvalueshofhmedicinalhplantshliehinhthesehphytoc

hemicalhcompounds,handhashsuch,hproducehdefinitehphysiologicalhactionsh

onhthehhumanhbody.hhTannins,hwhichharehparthofhthehphytochemicalhcon

stituents,hhavehbeenhfoundhtohformhirreversiblehcomplexeshwithhprolinehri

chhproteinhresultinghinhthehinhibitionhofhcellhproteinhsynthesis.hParekhhan

dhChandah(2007)hreportedhthathtanninsharehknownhtohreacthwithhproteinsh

tohprovidehtypicalhtanningheffecthwhichhishimportanthforhthehtreatmenthof

hinflamedhorhulceratedhtissues.hHerbshthathhavehtanninshashtheirhmainhco

mponentsharehastringenthinhnaturehandharehusedhforhtreatinghintestinalhdis

ordershsuchhashdiarrheahandhdysentery.hHencehsupportivehofhthehusehofhI.

hcairicahashherbalhmedicineh(Choudhary,h2022)h.hLihandhWangh(2003)hre

viewedhthehbiologicalhactivitieshofhtanninshandhobservedhthathtanninshhav

ehanticancerhactivityhandhcanhbehusedhinhcancerhprevention,hthushsuggesti

nghthathI.hcairicahhashpotentialhashahsourcehofhimportanthbio-

activehmoleculeshforhthehtreatmenthandhpreventionhofhcancer.hAnotherhsec

ondaryhmetabolitehcompoundhobservedhwerehalkaloidshwhichharehonehofht

hehlargesthgroupshofhphytochemicalshinhI.hcairicahwithhamazingheffectsho

nhhumanshandhthishhashledhtohthehdevelopmenthofhpowerfulhantinocicepti

vehagents.hOnehofhthehmosthcommonhbiologicalhpropertieshofhalkaloidshis

htheirhtoxicityhagainsthcellshofhforeignhorganisms.hThesehactivitieshhavehb

eenhwidelyhstudiedhforhtheirhpotentialhusehinhtheheliminationhandhreductio

nhofhhumanhcancerhcellhlines.hIthishdocumentedhthaththehpresencehofhSap



51 

 

oninshcanhcontrolhhumanhcardiovascularhdiseasehandhreducehcholesterol,ha

lsohtanninshmayhprovidehprotectionhagainsthmicrobiologicalhdegradationhof

hdietaryhproteinshinhthehsemenh(Justhethal.,1998)hrevealedhthehinhibitoryh

effecthofhsaponinshonhinflamedhcells.hSaponinhwashfoundhtohbehpresenthi

nhMeOH/DCMhextracthofhthehaerialhpartshofhI.hcairicahandhhashsupporte

dhthehusefulnesshofhthishplanthinhmanaginghinflammationh(Hammuelhethal

.,h2011;hRalte,h2014).hSteroidalhcompoundshpresenthinhthehextractsharehof

himportancehandhinteresthduehtohtheirhrelationshiphwithhvarioushanabolich

hormoneshincludinghsexhhormonesh(Quinlanhethal.,h2000),hworkedhonhster

oidalhextractshfromhsomehmedicinalhplantshwhichhexhibitedhantibacterialha

ctivitieshonhsomehbacterialhisolatesh(Neumannhethal.,h2004),halsohconfirm

edhthehantiviralhpropertyhofhsteroids.hFlavonoids,hanotherhconstituenthofhI.

hcairicahleaveshandhflowerhextractshexhibitedhahwidehrangehofhbiological

hactivitieshlikehantimicrobial,hanti-inflammatory,hanti-

angionic,hanalgesic,hantiallergic,hcytostatichandhantioxidanthproperties.hOne

hofhthehabilityhofhflavonoidshishtheirhabilityhtohscavengehforhhydroxylhra

dicals,handhsuperoxidehanionhradicalshandhthushhealthhpromotinghinhactio

n.h 

4.2hCharacterizationhofhthehcompoundshisolatedhfromhIpomoeahcairic

a 

Thehcrudehextracth(35hg)hwashfractionatedhbyhcolumnhchromatographyhov

erhsilicahgelhusinghincreasinghamountshofhEtOAchinhn-

hexanehashthehsolvent,hresultinghintohisolationhofhtwohcompoundshafterhre

peatedhcolumnhchromatography.hDiisobutylhphthalateh(27.9hmg),hwhichhw

ashobtainedhashahyellowhamorphoushsolidhfromhthehfractionhelutedhwithh
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hEtOAch(2%)hinhn-

hexane.hFromhthehcombinedhfractionshelutedhwithhEtOAch(1%)hinhn-

hexanehyieldedh58.4hmghofhFriedelinh(58.4hg)hwhichhprecipitatedhashahw

hitehamorphoushsolid. 

4.2.1hDiisobutylhphthalateh(53) 

Compoundh53hwashisolatedhashahyellowhamorphoushsolidhfromhthehfracti

onhelutedhwithhhEtOAch(2%)hinhn-

hexanehandhithwashactivehonhTLChvisualizedhunderhUVhlighth(254hnm).h

ThehESI-

MShanalysishshowedhanh[M+H]+hpeakhathm/zh279hcorrespondinghtohtheh

molecularhformulahC16H22O4.h 

Theh1HhNMRhanalysishinh500hMHZhspectrometerhwithhCDCl3hashthehsol

venthsystemh(Appendixh7)hgavehahmultiplethathhδHh7.56hwhichhexhibitedh

ahcorrelation,hinhtheh1H-

1HhCOSY,hwithhahpairhofhprotonshresonatinghathδHh7.73h(h2H,hhm,hH-

2/5)htypicalhofhanhAA′XX′hspinhsystem,hthus,hsuggestivehofhahsymmetric

allyhhdihortho-

substitutedharomatichring.hFurthermore,hthehpresencehofhahphthalatehmoiet

yhwashdeducedhfromhhtheh13ChNMRhspectrumh(Tableh4.2.1)hwhichhgaveh

ahcarbonylhpeakhath𝛿Ch167.7hhshowinghhcrosshpeaks,hinhthehHMBChspec

trum,hwithhprotonshathh𝛿Hh7.73h(H-2/5)handh4.23h(2H,hm,hH-

3/3′).hInhaddition,hthehESI-

MShspectrumhgavehfragmentationhpeakshathm/zh43,h57,h69,h71,handh(167)

hwhichhcouldhbehattributedhtohionshsuchhashCH3CH+CH3
h(43),hCH3CH2C

H2CH2
+,hCH3CH2CH=CHCH2+h,hCH3CH2CH2CO+h(71)handhhC6H4COOHC
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(OH)2hh(167),hrespectively.hThehfacththaththehbasehpeakhwashathm/zh43his

hsuggestivehofhthehpresencehofhanhisobutylhgrouphresponsiblehforhahstable

hsecondaryhcarbocationh(CH3CH+CH3).h 

 

O

O

O

O

CH3H3C
m/z = 43 (base peak)

(secondary carbocation, hence 
very stable)

CH2

CH3H3C
m/z = 57

(M+H) = 279

OH

OH

O

O
+ m/z = 167

 

Figureh2:ESI-

MShFragmentationhpatternhofhcompoundh53h(Appendixh7hpageh87). 

Thehsignalshath4.26hppmh(inhtheh1HhNMRhspectrum)hduehtohoxymethele

nehprotonshshowedhanhinteraction,hinh1H-

1HhCOSY,hwithhahmethinehprotonhath1.28hppmhfurtherhsupportedhthehpre

sencehofhanhisobutylhgroup.hThehsplittinghinhHhNMRhfromhthehCH2Ohca

nhbehattributedhtohanhABXhsystemhinhwhichhABharehthehtwohprotonshon

hCH2Oh(H-2′/H-

2′′)handhXhishthehprotonhinhthehneighbouringhCHhgrouph(H-3′/H-

3′′).hEachhprotonhinhanhABXhsystemhcoupleshwithhthehotherhtwohprotons

hduehtohahlockinghbroughthabouthbyhthehsterichhindrancehfromhthehtwohi

sobutylharms.h 
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Thehconnectivityhinhthehmoleculehwashfullyhdeterminedhusingh2DhNMRh(

H-HhCOSY,hHSQChandhHMBC)htechniquesh(seehTableh4.2.1).h 

 

 

Tableh4.2.h1:h13CNMR,h1HNMR,hH-

HhCOSY,handhHMBChspectralhdatahforhcompoundh53h(CDCl3)h(500

hMHz);hδhinhppm 

ChN

o 

δ13Chah(pp

m) 

δ13Ch

b 

δ1Hh(ppm) Mult.h(Jhinh

Hz) 

1H-

1HhCO

SY 

HMB

C 

1’/1’’ 167.9 167.7 - - - 2’,4 

1/6 132.6 132.4 - - - 3 

3/5 131.0 131.6 7.56h(2H) (m) 4  

2/4 129.0 128.8 7.73h(2H) (m) 3  

2’/2’’ 68.3 65.5 4.23h(2H) (m) 3’  

3’/3’’ 32.1 30.6 1.28h(H) (m) 4’,2’ 
 

4’/4’’ 23.9 19.18 1.45h(3H) (m) 4’,5’ 2’ 

5’/5’

’ 

11.1 13.7 0.93(3H) (m) 4’ 3’h4’ 

13Cha:hDiisobutylhdatahfromhliteratureh(Ruikarhethal.,h2011) 

δ13Chb:hdatahfromhthehisolatedhcompound. 
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UsinghthehabovehNMRhdatahandhliteratureh(Ruikarhethal.,h2011),hcompou

ndh53hwashidentifiedhashDiisobutylhphthalate.hIthhashpreviouslyhbeenhisol

atedhfromhsomehplantsh(Egorovhethal.,h1981;hRuikarhethal.,h2011;hShobih

&hViswanathan,h2018),hsomehbacteriah(Daharihethal.,h2016;hhRoyhethal.,h

2006),hsomehfungihandhmarinehalgaeh(Adsulhethal.,h2012).hDiisobutylhpht

halatehwashfoundhtohbehbiologicallyhactivehagainsthbacteriah(Khatiworahet

hal.,h2012).h 

4.2.2hhhFriedelinh(54) 

FromhthehcombinedhfractionshelutedhwithhEtOAch(1%)hinhn-

hexanehyieldedhcompoundh54h(58.4hmg)hobtainedhashahwhitehamorphous

hsolidh[activehonhTLC,hvisualizedhunderhUVhlighth(254hnm].hThehNMRh

spectralhfeaturesh(Tableh4.2.2)hshowshthaththehcompoundhishhighlyhsaturat

edhandhbyhcomparisonhwithhdatahpublishedhinhliterature,hthehcompoundh

washidentifiedhashFriedelinh(Akihisahethal.,h1992;hGaysinskihethal.,h2015;

hHabibhethal.,h2020;hMannhethal.,h2011.hTheh13ChNMRhspectrumhdisplay

edhahpeakhathδCh213.4h(C-

1)hassignablehtohahcarbonylhcarbon,hwhichhshowedhahcorrelation,hinhtheh

HMBC,hwithhahsethofhprotons,hathδHh2.27h(1H,hm,hH-

3)handhδHh2.38h(1H,hm,hH-

7).hFurthermore,hcarbonhsignalshathδCh59.6h(C-2),hδh58.3h(C-

3),hδCh53.3h(C-4)handhδCh42.9h(C-

5)hwerehattributedhtohthehpresencehofhmethineh(CH)hcarbonshhavinghcorre

lations,hinhthehHSQC,hwithhprotons,hath(δHh1.53,h2.27,h1.40,hand1.53,hres

pectively.hCarbonshathδCh42.2h(C-6),hδCh39.8h(C-9),hδCh38.4h(C-

11),hδChh37.4h(C-12),hδChh30.1h(C-22)handhδChh28.1h(C-
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23)hassignedhtohquaternaryhcarbons,hcarbonshathδChh41.6h(C-

7),hδChh41.4h(C-8),hδCh39.4h(C-10),hδCh36.1h(C-13),hδChh35.7h(C-

14),hδChh35.4h(C-15),hδChh32.1h(C-17),hδChh32.0h(C-18),hδChh30.5h(C-

21),hδCh22.4h(C-24)handhδChh18.3h(C-

27)hassignedhtohCH2hhcarbons.hEighthmethylhgroupshcouldhbehidentifiedhf

romhtheh1HhNMRhspectrum;h[δHh1.00h(3H,hH-25),hhδHhh1.18h(3H,hH-

19),hδHhh0.99h(3H,hH-16),hδHhh1.50h(3H,hH-20),hhδHhh1.05h(3H,hH-

26),hδHhh0.72h(3H,hH-28),hδHhh0.91h(3H,hH-29)handhδHhh0.88h(3H,hH-

30)h]hassignedhtohthehfollowinghcarbons;hδChh20.4h(C-25),hδChh31.9h(C-

19),hδChh35.1h(C-16),hδChh30.6h(C-20),hhδChh18.8h(C-26),hhδChh18.1h(C-

28),hhδChh14.8h(C-29)handhδChh6.9h(C-30)hrespectively.hh 

Thehh1HhNMRhhdisplayedhthehfollowinghpeaks;hhmultipletshhathδHhh1.53

h(3H,hH-2,hH-5,hHa-10),hδHhh2.27h(1H,hH-3),hδHhh1.40h(1H,hH-

4),hhδHhh2.38h(1H,hHa-7),hδHhh2.31(1H,hHb-7),hδHhh1.28(3H,hHa-8,hHa-

14,hHa-17),hδHhh1.76h(1H,hHb-8),hδHhh0.93h(1H,hHb-

10),hδHhh1.38h(1H,hHa-13),hδHhh1.57h(1H,hHb-13),hδHhh1.46h(1H,hHb-

14),hδHhh1.39h(1H,hHa-15),hδHhh1.20h(1H,hHb-15),hδHhh1.43h(1H,hHb-

17),hδHhh1.31h(1H,hHa-18),hδHhh1.50h(1H,hHb-18,h),hδHh1.38h(2H,hH-

21),hδHhh1.95h(1H,hHa-24),hδHhh1.68h(1H,hHb-24),hδHh1.46h(1H,hHa-

27)handhδHhh1.36h(1H,hHb-

27),handhahdoublethathδHhh0.88h(3H,hJh=h6.8hHz,hH-

30hashshownhinhthehtableh4.2.2hbelow. 

Tableh4.2.h2:13CNMR,h1HNMR,hH-

HhCOSYhandhHMBChspectralhdatahforhcompoundh54,h(CDCl3)h(500

hMHz);hδhinhppm 
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Pea

k 

δhhh13CNM

R* 

δ13CNM

R# 
δhh1HNMR[ppm]hhh(Jh[Hz]) H-

HhCOS

Y 

HMBC 

1 213.4 213.2   7,3 

2 59.6 59.5 1.53hhhhhhhhhhhhhhhhh(1H,hm

) 

24 24,7,3,8,4 

3 58.3 58.2 2.27hhhhhhhhhhhhhhhhh(1H,hm

) 

30 7,8,29 

4 53.3 53.1 1.40hhhhhhhhhhhhhhhhh(1H,hm

) 

27 25,8,14,2,28 

5 42.9 42.8 1.53hhhhhhhhhhhhhhhhh(1H,hm

) 

15 26,19,10,13 

6 42.2 42.1   24,2,3,30,29,2

7 

7 41.6 41.5 2.38hhhhhhhhhhhhhhhhh(1H,hm

) 

2.31hhhhhhhhhhhhhhhhhh(1H,h

m) 

24 2,3 

8 41.4 41.3 1.28hhhhhhhhhhhhhhhhhh(1H,h

m) 

1.76hhhhhhhhhhhhhhhhhh(1H,h

m) 

27 4,29 

9 39.8 39.7   21,26,5,25,4 

10 39.4 39.2 1.53hhhhhhhhhhhhhhhhhhhh(1H

,hm) 

0.93hhhhhhhhhhhhhhhhhhhh(1H

,hm) 

17 19,5 

11 38.4 38.3   25,18,13,4,26 

12 37.4 37.4   2,14,28,4,21 

13 36.1 36.0 1.38hhhhhhhhhhhhhhhhhhhh(1H

,hm) 

1.57hhhhhhhhhhhhhhhhhhhh(1H

,hm) 

18 19,10,5 

14 35.7 35.6 1.28hhhhhhhhhhhhhhhhhhhh(1H

,hm) 

1.46hhhhhhhhhhhhhhhhhhhh(1H

,hm) 

21 28,4,2 

15 35.4 35.3 1.39hhhhhhhhhhhhhhhhhhhh(1H

,hm) 

1.20hhhhhhhhhhhhhhhhhhhh(1H

,hm) 

5 16,20,17 

16 35.1 35.0 0.99hhhhhhhhhhhhhhhhhhhhh(s)  15,17,20 

17 32.2 32.8 1.28hhhhhhhhhhhhhhhhhhhh(1H

,hm) 

1.43hhhhhhhhhhhhhhhhhhhh(1H

,hm) 

10 20,16,15 

18 32.0 32.4 1.31hhhhhhhhhhhhhhhhhhhhh(1

H,hm) 

 

13 4,25 

19 31.9 32.1 1.18hhhhhhhhhhhhhhhhhhhhhh(

s) 

 5,10,13 

20 30.6 31.8 1.50hhhhhhhhhhhhhhhhhhhhhh(

s) 

 16,17,15 

21 30.5 30.5 1.38hhhhhhhhhhhhhhhhhhhh(2H

,hm) 

14 26,5 

22 30.1 30.0   19,17,18,13,1

0,5 

23 28.1 28.2   20,16,15,17,5,

10 
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24 22.4 22.3 1.95hhhhhhhhhhhhhhhhhhhh(1H

,hm) 

1.68hhhhhhhhhhhhhhhhhhhhh(1

H,hm) 

7,2 7 

25 20.4 20.2 1.00hhhhhhhhhhhhhhhhhhhhh(s)  4,18 

26 18.8 18.6 1.05hhhhhhhhhhhhhhhhhhhhh(s)  21,5 

27 18.3 18.2 1.46hhhhhhhhhhhhhhhhhhh(1H,

hm) 

1.36hhhhhhhhhhhhhhhhhh(1H,h

m) 

8,4 4 

28 18.1 17.9 0.72hhhhhhhhhhhhhhhhhhh(s)  14,4,24,2 

29 14.8 14.6 0.91hhhhhhhhhhhhhhhhhhh(s)  2,8,3 

30 6.9 7.0 0.88hhhhhhhhhhhhhhhhhhh(d,h6

.8) 

3 3 

 

ahandhbhrepresenthHhbondedhtohsamehcarbonhinhahspecifiedhposition. 

*→hdatahfromhthehisolatedhcompound, 

h#h→Friedelinhdatahfromhliteraturehh(Meirahethal.,h2012) 

O
1
7

24
2

28

12

4

27
8

29
30

3
25

11
9

26
21

14
5

15

10

19
22

13

17

20
16

6

18

23

54

 

UsinghthehNMRhdatahfromhthehspectrahabovehandhliteratureh(Akihisaheth

al.,h1992;hGaysinskihethal.,h2015;hHabibhethal.,h2020;hMannhethal.,h2011

),hthehcompoundhwashidentifiedhtohbehfriedelinh(54).hFriedelinh(54)hwashf

irsthisolatedhfromhI.hbatatashandhishknownhtohexhibithantibacterialhactivit

yhagainsthStaphylococcushaureushandhithishalsohantifungalhagainsthPsedall

escheriahboydiihh(Meirahethal.,h2012).hAccordinghtohliterature,hFriedelinhi

solatedhfromhAzimahtetracanthahlamhwashfoundhtohhavehanti-
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diahorealheffecth(Kumarhethal.,h2020;hTabassumhethal.,h2019)hwhenhused

honhwistarhrats.hIthalsohanti-

diabeticheffectsh(Mohsinahethal.,h2018;hSunilhethal.,h2021)handhanti-

bacterialheffectsh(Ogunnusihethal.,h2010). 

4.3hResultshofhthehantimicrobialhtesthofhthehcrudehextract. 

ThehTableh4.3.1hshowshthehresultshofhthehbioassayhofhthehmethanolh/DC

MhcrudehextracthofhI.hcairicahonhfourhdifferenthstrainshofhbacteria.hThehc

rudehextracth(1hmL)hwashdispensedhinhwellshforhantimicrobialhactivity,hfo

llowedhbyhahpositivehcontrolhusinghtetracyclinehandhahnegativehcontrolhus

inghDMSO.hhhThehaveragehdiameterhofhzoneshofhinhibitionhwerehmeasur

edhinhmillimeterh(mm). 

Tableh4.3.h1:hAntibacterialhactivityhofhthehcrudehextracthonhselected

hstrainshofhbacteria. 

Testhorgani

sms 

Diameterhofhzonehofhinhibitionh(mm) 

Crudehext

ract 

Positivehcontrolh(Tetrac

ycline) 

Negativehcontrolh(D

MSO) 

S.htyphi 20h

±h0.25 

30h±h0.10 0.00 

E.hColi 26h

±h0.10 

45h±h0.32 0.00 

P.haerugin

osa 

24h

±h0.12 

35h±h0.45 0.00 

S.haureus 14hh

±h0.05 

40h±h0.00 0.00 

 

Allhthehbacterialhstrainshwerehfoundhtohbehsusceptiblehtohthehmethanol/D

CMhextracthashthehzonehofhinhibitionhdiametersh(20hmm,h26hmm,h23hm

mh13hmmhhforhhS.htyphi,hE.colihh,hP.aeruginosahandhS.haureushhrespecti
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vely,(Tableh4.2.1)hwerehwithinhthehrangehforhstandardhantibioticshsuchhas

hampicillinh(inhibitionhdiameterh16-

22hmm),hdoxycyclineh(inhibitionhdiameterh18-

24hmm)handhtetracyclineh(inhibitionhdiameterh18-

45hmm),hashreportedhbyhthehClinicalhandhLaboratoryhStandardshInstituteh

(Wayne,h2010).h 

4.3.1hAntifungalhactivityhofhthehcrudehextract 

Thehtablehbelowhshowshthehresultshofhthehbioassayhofhthehmethanol/DCM

hcrudehextracthofhI.hcairicahonhthreehdifferenthstrainshofhfungih(Tableh4.

3.2).hThehextracth(1hml)hofhconcentrationh200h𝜇𝑔/

𝑚𝑙hwashdispensedhinhwellshforhantifungalhactivity,hfollowedhbyhahpositiv

ehcontrolhusinghketoconazolehandhahnegativehcontrolhusinghDMSO.hTheh

averagehdiameterhofhzoneshofhinhibitionshwerehmeasuredhinhmillimeterh(

mm). 

Tableh4.3.h2:hAntifungalhactivityhofhthehcrudehextract 

Fungalhstra

ins 

Diameterhofhzonehofhinhibitionh(mm) 

DCM:MeOHhe

xtract 

 

Ketoconazole/positive

hcontrol 

DMSOhNegativeh

control 

A.nigar 16h±h0.50 21h±h0.10 0.00 

C.halbicans 24h±h0.00 18h±h0.00 0.00h 

P.hchrysog

enum 

20h±h0.41 28h±h0.50hhhhhhhh

hhh 

0.00h 

 

ThehextracthshowedhahstronghUVhabsorptionh(298-

380hnm),hahtypicalhofhthehoccurrencehofharomatichcompounds.hThehresult

sharehinhagreementhwithhConvolvulaceaehchemistryhthaththehmetabolitesha
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rehwellhknownhforhtheirhbiologicalhandhpharmacologicalhpotentials.hThishi

shduehtohthehpresencehofh;halkaloids,hterpenoids,hflavonoids,hsaponins,hta

nninshandhotherhbioactivehmolecules. 

Thehantibacterialhstudieshofhthehmethanol/DCMhextracthofhthehaerialhparts

hofh1.CairacahshowedhinhibitionhzonehagainsthbacterialhstrainshE.hcolih(2

6hmm),hS.htyphih(20hmm),hP.haeruginosah(24hmm)handhS.haureush(13hm

m)hinhcomparisonhwithhthehstandardhdrughtetracyclinehwithhinhibitionhzon

ehagainsthE.hcolih(30hmm),hS.htyphih(45hmm),hP.haeruginosah(35hmm)ha

ndhShaureush(40hmm)hashgivenhinhtableh4.3.1. 

ThehantifungalhresultshofhthehcrudehextracthofhthehaerialhpartshofhI.Cairac

ahrevealedhthehinhibitionhzonehofhthreehdifferenthstrainshofhfungus,hi.e.,hA

.hnigarh(16hmm),hC.halbicansh(22hmm)handhP.hchrysogenumh(20hmm)hin

hcomparisonhwithhthehstandardhdrug,hketoconazolehwhichhshowedhthehinh

ibitionhzonehagainst;hA.hnigarh(21hmm),hC.halbicansh(18hmm)handhP.hch

rysogenumh(28hmm)hashgivenhinhtableh4.3.2.hThehbioassayhofhthehcrude

hextracthofhI.Cairacahprovideshevidencehofhthehoccurrencehofhthehanti-

pathogenichnaturalhproductshagainsthbothhbacteriahandhfungi.h 

Tableh4.4.1:hAntibacterialhactivityhofhcompoundh53hagainsthselectedh

strainshofhbacteria. 

Bacterialhstr

ains 

Diameterhofhzonehofhinhibitionh(mm) 

Compound

h53 

Positivehcontrolh(chloramph

enicol) 

Negativehcontrolh(D

MSO) 

E.hcoli 8.0h

±h0.22 

25h±h0.23 0.00h 

P.haeruginos

a 

4.0h

±h0.32 

34h±h0.65 0.00h 

S.haureus 6.0h

±h0.00 

35h±h0.18 0.00h 

S.htyphi 6.0h

±h0.55 

36h±h0.35 0.00h 
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Tableh4.4.2.hAntibacterialhactivityhofhcompoundh54hagainsthselectedh

strainshofhbacteria. 

Bacterialhstr

ains 

Diameterhofhzonehofhinhibitionh(mm) 

 

Compound

h54 

Positivehcontrolh(chloramph

enicol) 

Negativehcontrolh(D

MSO) 

E.hcoli 8.0h

±h0.05 

38±h0.00h 0.00h 

P.haeruginos

a 

5.0h

±h0.50 

14h±h0.25 0.00h 

S.haureus 8.0h

±h0.12 

30h±h0.04 0.00h 

    

S.htyphi 10h

±h0.50 

32h±h0.85 0.00h 

 

Antibacterialhactivityhofhthehisolatedhcompoundsh(1000h𝜇𝑔/

𝑚𝑙)heachhinhdimethylhsulphoxidehwerehtestedhagainsththehfourhdifferenthstrainsho

fhbacteria.hThehdiametershofhzonehofhinhibitionhshowedhthaththehorganismshwere

hsusceptiblehtohthehisolatedhcompoundshwhilehbothhresultshindicatedhthathP.haeru

ginosahwashresistanthtohthehcompoundshsincehithgavehthehlowesthzoneshofhinhibit

ionh(5.0hmm)hashcomparedhtohthehotherhstrains.hAllhthehaveragehzoneshofhinhibit

ionshformedhbyhthehisolatedhcompoundshwerehsignificantlyhdifferenthtohthosehfor

medhbyhchloramphenicol,hthehstandardhantibiotichusedhashahpositivehcontrol.hDim

ethylhsulphoxideh(DMSO)hwashusedhashahnegativehcontrolh(Appendixh2). 

4.4hMinimumhinhibitoryhconcentrationh(MIC)h 

Inhthehcasehwherehtherehwashnohbacterialhgrowthhandhalsohnothgreaterhth

anhthehminimumhinhibitoryhconcentrationhwashtakenhashthehminimumhbac

terialhconcentration. 

Tableh4.5.1:hMinimumhInhibitoryhConcentrationh(MIC)hofhisolatedhc

ompoundh53 
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Concentration 

(𝜇𝑔/𝑚𝑙) 

500.00 250.00 125.00 62.50 31.25 15.63 7.82 3.91 

E.hcoli - - - + + + + + 

P.haeruginosa - - + + + + + + 

S.htyphi - - + + + + + + 

S.haureus - - - + + + + + 

 

Where:hThehminushsignh(-

)hshowedhnohgrowthhofhorganismshoccurredh(colourless). 

hhhhhhhhhhhhhhhThehpositivehsignh(+)hindicatedhgrowthhoccurredh(turbid

ity) 

Thehpurehisolatedhcompoundh53hshowedhahminimumhinhibitoryhconcentra

tionh(MIC)hofh125h𝜇𝑔/𝑚𝑙honhE.hcoli,h250h𝜇𝑔/

𝑚𝑙honhP.haeruginosa,h250h𝜇𝑔/𝑚𝑙honhS.htyphihandh125h𝜇𝑔/

𝑚𝑙honhS.haureus.hThishshowedhthathcompoundh49hwashmoreheffectivehag

ainsthE.hcolihandhS.haureushashcomparedhtohP.haeruginosahandhS.htyphih(

Appendixh4).h 

Tableh4.5.2:hMinimumhInhibitoryhConcentrationh(MIC)hofhisolatedhc

ompoundh54 

Concentratio

n 

(𝜇𝑔/𝑚𝑙) 

500.0

0 

250.0

0 

125.0

0 

62.5

0 

31.2

5 

15.6

3 

7.8

2 

3.9

1 

E.hcoli - - - + + + + + 

P.haeruginos

a 

- - + + + + + + 

S.htyphi - - + + + + + + 

S.haureus - - + + + + + + 

 

Where:hhThehminushsignh(-)hshowedhnohgrowthhofhorganismshoccurred. 
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hhhhhhhhhhhhhhhThehpositivehsignh(+)hindicatedhgrowthhoccurred. 

Thehresultshindicatedhthat,hthehE.hcolihwithhMIChvaluehofh125h𝜇𝑔/

𝑚𝑙hishmorehsusceptiblehtohthehcompoundh54hashcomparedhtohP.haerugino

sa,hS.htyphihandhS.haureushwithheachhhavinghMIChvaluehofh250h𝜇𝑔/

𝑚𝑙h(Appendixh5)
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4.5hPhysicalhandhSpectroscopichPropertieshofhCompoundshIsolated/Di

scussed 

4.5.1hDi-isobutylhphthalateh(53) 

Yellowhamorphoushpowder,hvisiblehunderhUV𝜆h𝑚𝑎𝑥h254hnm,h1HhNMRh

andh13ChNMRh(Tableh4.2.1),hESI-

MShathm/zh279h[M+H]+h(29),h262h(35),h183h(20),h167h(54),h71h(25),h69

h(30),h57h(70),andh43h(100)hashthehbasehpeak.hUsinghthehabovehdatahand

hliteraturehh(Ruikarhethal.,h2011),hthehcompoundhwashidentifiedhashDiisob

utylhphthalatehwithhahgeneralhmolecularhformulahC16H22O4.hThehNMRhsp

ectrahforhcompoundh53harehshownhinhappendixh7. 

4.5.2hFriedelinh(54) 

Isolatedhashanhamorphoushwhitehsolid,hUV𝜆h𝑚𝑎𝑥h254hnm,h1HhNMRhand

h13ChNMRh(Tableh4.2.2).hUponhcomparinghthehdatahwithhwhathishreporte

dhinhliteraturesh[Akihisahethalh(1992),handhHabibhethalh(2020)],hthehcom

poundhwashidentifiedhashFriedelinhwithhm/zh426hwithhahgeneralhformulah

C30H50Oh(Appendixh8). 
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CHAPTERhFIVE:hCONCLUSIONShANDhRECOMMENDATIONS 

5.1hConclusion 

Twohpurehcompoundshwerehisolatedhandhcharacterizedhfromhthehaerialhpa

rtshofhI.hcairicahnamely;hDiisobutylhphthalateh(53)handhFriedelinh(54).hTh

ehcrudehextracthfromhthehaerialhpartshofhI.hcairicahshowedhgoodhantimicr

obialhactivitieshagainsthallhthehselectedhmicrobialhstrainshforhbothhbacteria

handhfungi.hThehisolatedhcompoundshshowedhlesshantimicrobialhactivityha

shcomparedhtohthehcrudehextract,hwhichhmeanshthaththehisolatedhcompoun

dshwouldhgivehbetterhresultshwhenhsubjectedhsynergisticallyh(Egorovhethal

.,h1981).h 

5.2hRecommendations 

1. ThehaerialshpartshofhI.hcairicahshouldhbehinvestigatedhfurtherhusin

ghthehdifferenthmodernhseparationhtechniqueshsuchhashMPLChorhH

PLChtohexhaustivelyhisolatehmosthofhphytoconstituents. 

2. Thesehisolatedhcompoundshshouldhthenhbehevaluatedhforhtheirhanti-

microbialhpotentialhagainsthsomehotherhpathogenichstrainshwhichhar

ehpurposivelyhrelevanthinhthehclinicalhinvestigations. 

3. Structuralhmodificationhofhthehtwohisolatedhcompounds;hDiisobutyl

hphthalateh(53)handhFriedelinh(54)hleadinghtohanalogues,hsignifican

tlyhwithhimprovedhantimicrobialhactivitieshshouldhbehconsidered. 

4. Morehsafety/cytotoxicityhstudieshshouldhbehcarriedhouthabouthextra

ctshandhthehisolatedhcompounds.h 
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APPENDIXh2:hRESULTShOFhBIOACTIVITYhOFhTHEhMETHANO
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APPENDIXh7:hSPECTRAhFORhCOMPOUNDh53 

1HhNMRhFORhCOMPOUNDh53h(CDCl3,h500Hz) 
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13ChNMRhSPECTRUMhFORhCOMPOUNDh53h(CDCl3,h500hHz) 
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