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ABSTRACT

Plants are rich andaluable sources of phytochemical constituents that can contribute to a
variety of biological activitiesThe research in discovering novel antimicrobial compounds
from plants has been of increased interest dilee@lobal rise of antibioticesistance. The
present study aims to evaluate i&itro antibacteriglantibiotic synergistipotentialand the
chemical profileof plant extractassociated witkCleistanthusracteosusound in Malaysian
rainforests. The antibacterial activity and synergistic antibacterial activity of chloroform
methanol and hexanerude extracts ofC. bracteosusvere determined against bacterial
pathogens oEscherichia coli Bacillus subtilis Staphylococcus aureu8acillus cereus
Pseudomonas aerugings@almonella typhand Acinetobacter baumannirhe chloroform
stemextractexhibitedthe highesantibacterial activity which indicated a areinhibition zone
diameter(I1ZD) of 10 £ 0.26 mm at itshighestconcentrationagainst the Grarpositive
bacteriumB. cereus The best synergistic activitywas shownfor chloroform wood extract
whencombined with ampicillirmgainstA. baumanniwith a growth inhibitory index GlIs)

of 1.33.A fractional inhibitory concentration index (FICI) of <0.5 was indicated for ampicillin
and penicillin G when combined witkhloroform stem, bark and wood extracts agafst
baumannii Potassium clavulanate profoundiynergizedhloroform stem extract agairist

coli ATCC 10536 [ZD = 27 £ 0.56 mm) and chloroform bark extract agastyphi(1ZD =

28 £ 0.54 mm)C. bracteosusextractsindicatedthe presence afecondary metabolites like
flavonoids, phenolstannins alkaloids, coumaring saponinesand traces of terpenes
Chloroform extracts ofbark stem and wood consist &0 bioactive phytochemical
compounds according s chromatographsnass spectrometignalysis(GC-MS). Further
analysis with higkperformance liquid chromatography (HPL@hplied the presence of
digoxigenin and lauric acid, existing as major compounds contributing to antibacterial and
antibiotic synergismScanning electron microsaep(SEM) observationfurther elucidated

the effects ofC. bracteosushloroform extracts othe morphology of susceptibtgganisms.
The findings of this investigation justifthat chloroformextracts ofC. bracteosuscan

function as a novel antibacteredent with synergistic potential.

Keywords

Antibacterial activity, synergistic activityCleistanthusbracteosus GllIs, FICI, GC-MS,

HPLC,SEM
XVi
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CHAPTER 1: INTRODUCTION AND BACKGROUND

1.1. Summery

For thousands of yearplants have played an important role in traditional systems of
medicine andre constantly providingumankind with novel remedieBraditional or folklore
medicine refers to health care practice based on any ancient and cultural backgrotind whic
differs from modern medicinKarunamoorthiet al, 2012) According tothe World Health
Organization (WHO) aboui5-80% of the populations residing in the developing world rely
on traditional medicine which involves the harnessing of remedies from plants of medicinal
value for their primary health care ned®alharest al, 2015) The research in discovering
new and innovative antimicrobial compounds from ddrés received increased attentioe
to the global outbreak of diseases caused by pathogenssiioat multiple resistanceo
synthetic antimicrobial agenfdnandet al, 2019.

Antibiotic resistance is a major issue affectgigbal public health As such, he focus on
the significance of medicinal plants and traditional therapeutic systems in solving global
primary health care has grown throughout recent yelnsever, he complex nature of issues
related to antibiotic resistance remaimgesolvedOver time, humasihave been redd on the
usage of traditionally prepared herbal remedies for the treatment of various ailkiensslig
et al, 2009) These traditional therapeutic methods have been considered as possibly the safest
alternative sources of antimicrobial ageatsilable(Kumaret al, 2012).Many discoveries
have highlightedthat naturallyexisting compounds from plants are reservoirs of chemical
agents with therapeutic properti€agdigawad, 2010Rlantscontain of anumber of unique
properties that are beneficial to mankind which has motiviiednitiation ofscreening and
testingof their efficacyto exploit their antibacterial potentiaBliardwaj and Laura, 2009).
Hence, investigations based on the understanding of their properties, safety and effieacy ha
widened and efforts have been taken to identify safe phytochemical comppuaris
economical methods for controlling diseadeserestingly, theseaturally existing bioactive
compounds from plantsaveserveal asnovel sourcefor the management of infectious diseases
caused by pathogenic microorganisms as an alteenad synthetic drugs and several
phytochemical compounds have been extracted from whole plants or different parts of plants
like leaves, bark, stem, roots, fruits, fruit rind, seeds and flowrar(deet al., 2010).

CleistanthusbracteosusJabl. is a tropical plantfound in Malaysian rainforests which
b el on g sPhyllamthatehée ffia mi | y(SingHet ap R044) The findings ofrecent



467 investigatios indicate that crude extracts similar species lik€. collinushaveantibacterial

468 activity against multiple bacteria that includés coli (Gobalakrishnanet al, 2013

469 Elangomathavast al, 2015. The present study seeks to explore and assess, for the first time,
470 the antibacterial and synergistic properties of crude exteaudsisolated extract fractions
471 derived fromC. bracteosusFurthermore, e results of this study wilbrovide scientific

472  evidence supporting the clinical application of this plant and can serve as a starting point for
473 noveldrug discoveryrom natural products

474

475 1.2. Problem statement

476 There is an increasingend in the emergence ahtibioticresistantpathogenic bacteria
477  throughout the worldwhich has become a clinical amtonomic burderof substantial
478 propations that has led to the failures in existing antibiotic therapie®nghospitalised
479 patientsand the increase in productive costsl@veloping new antibiotic agents to overcome
480 the infections caused by these pathogdedse such pathogen include baumannihas been
481 addressed for causing prevalent anebceurring infections at nosocomial settings (2019
482  antibiotic resistance threats report, 2021; Acinetobacter in healthcare settings, T2019).
483 overcome this issyepharmaceuticakcompanieswill have to constantlysynthesizenew
484  antibioticsas thecurrently prescribedonesbecome less effectivédowever, hese synthetic
485 agentscan causenultiple sideeffects to consumers leading ether healthrelated problems.
486 Therefore the discoveryof natural remedies from herbs for the treatment of pathogenic
487 infectionsare beingncreasinglyinvestigated.

488

489 1.3 Significance of the study

490 The significance of this study is taghlight the importance oplants with antibiotic

491 potentialfound in Malaysian rainforests. Alsths study will also highlight the potential of the
492  selected plant extracts as a eeective and natural source of antibacterial therapeutic agents
493 Itis anticipated that the findings of this study witjnificantly contributeto modern medicine
494  and natural drug discovefyom medicinal plants found in Malaysi#&/hile other species of
495 Cleistanthushave been reported for antibacterial activity, no study relat€dlicacteosubas

496 beencompletedTherefore, this will be a pioneering study ©nbracteosus

497

498 1.4 Justification of the study

499 There isan increasing need fogsearctnvolving manymedicinal plantef traditional value

2



500 to bridge tle gap betweerraditional and modern medicinewith the enlightenment of
501 harnessing new therapeutic options. Hence, prototypical studies on novel comfsroonds
502  both known and unknown plant species have become paramount.

503

504 1.5.Primary objective

505 This pioneering study aims to evaluatein vitro antibacterial potengysynergistic and

506 phytochemicaproperties ofC. bracteosusoundin rainforests of Malaysia.
507
508 1.6. Specificobjectives

509 x To evaluatein vitro standaloneantibacterial activity and synergisic antibiotic
510 potentiating activity of chloroform hexaneand methanolcrude extracts of C.
511 bracteosus

512

513 x To determine theninimum inhibitory concentrationIC) andminimum bactericidal
514 concentrationNIBC) of chloroformcrudeplant extracts o€. bracteosus.

515

516 x To determine théractional inhibitory concentratior=(C) andfractional bactericidal
517 concentration KBC) of C. bracteosushloroform crude plant extract and antibiotic
518 conjugates.

519

520 x To fractionate and isolate compounflem chloroform stemwood and barkcrude
521 extracts ofC. bracteosus.

522

523 x To evaluatein vitro antibacterial andynergistic antibiotigpotentiating activity of
524 isolated fractionsof chloroform stemwoodand bark extracts @&. bracteosus

525

526 x To qualitatively analyse phytochemicals present in all extracts@fbracteosusand
527 identify compounds present in the isolated fractions of chloroform stem, wood and bark
528 extracts ofC. bracteosusisinggas chromatographyass spectrometryC-MS) and
529 selected fraction/s withigh-performance liquid chromatographyRLC).

530

531 x To investigate theffectsC. bracteosughloroform extract®n bacterial morphology
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X

with field-emission scanning electron microscop¥{SEM).

To signify the selected plant specimasa novelsource of antibacterial arahtibiotic

potentiating agesto combatantibiotic resistance.

1.7.Research questions

To fulfil the primary and specific objectives of this study, the following research questions
were explored:

1)

2)

3)

4)
5)

6)

Which plant extract o€. bracteosu$as the strongeantibacterial activity and which
has the weakest?

Which plant extract o€. bracteosugives the best antibiotic synergistic effect?

Do all plant extracts of. bracteosustave antibacterial and antibiotic synergistic
activities?

Are these plant extracts bactericidabaicteriostatic?
Whatare thecompounds present in these extracts?

What effects do these extracts have on bacteti@aticroscopic level?



578 CHAPTER 2: LITERATURE REVIEW

579

580 2.1 Antimicrobial agents

581 2.1a.The pre-penicillin era

582 The nodernera of antimicrobial agentsegan in théimes of theearly twentieth century
583 when a German sdentis named Paul Ehrlichwas able to introduce a compound of
584 animicrobid potentialcalled arsphenamindss u c h , méwly [discovhréadmmpound

585 was able to successfully treat infections causegdiyogenienicroorganism. Arsphenamine

586 waslatemtenamed as Sal varsan, and popu(Beschlagd knowr
587 Rosich, 2008).
588

589  2.1b. Revolution of antibiotics

590 Infamously, he most important contribution medical historywas made byhe Scottish
591  microbiologistSir Alexander Fleming and hisam ofcolleagues ithe year of 1928l ogether,
592 theyconducted research basaalthe antibacterial properties of a moudgecimerknown as
593  Penicillium chrysogenum(previously known asPenicillium notatun). Intriguingly, their
594  experimental findingshowed that this mouldpeciescan produce a compoundapable of
595 inhibiting the growth of a wide rangd bacterigFigurel). Subsequently, thisiould exreted
596 compound was later purified and nanpeshicillin (Ligon, 2004).

Penicillium

597
598 Figure 1. Shows the antibacterial activity Benicillium chrysogenunfungus.The excretion

599 of penicillin by the fungus inhibitshe growthof bacteriaand pevents the formation of
600 bacterial coloniesloseto its proximity (adgpted fromBauman, 2014)
5
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2.1c. Classes of antibiotics, target sites and mechanisms of antibiotic resistance

All antibiotic agents can belassifiedand characterizelolased ortheir spectrum of activity,
the effect on bacteriachemicalcomposition and mechanism of actig@reenwoodet al,
2012) Theseantibiotics can be primaly categrized into two groupsas bactericidal and
bacteriostatibased on their antibacterial effe&s such, atibiotics thatare capable afirectly
killing bacteria arecalled bactericidal agentsshereasantibiotic agentsthat only inhibit the
growth or multiplication of bacteria but et kill the organisnare @lled bacteriostatic agents
(Engelkirk and Dubeiiengelkirk, 2008) Sarpong and Miller (2015) stat¢hatthese agents
can befurther dividedbased on their versatilitas narrowspectrum and broaspectrum
antibiotics. Antibacterial agents that are capablerdy actingagainst a specific family of
bacteria are called narregpectrum antibioticsln contrastto narrowspectrumartibiotics,
agents classified dmardspectrum antibioticare effective gainst a wide range of bactdria
species

The mechanism of action of antibiotics can be distinguished based on theirtalmlitipit
components associated with cell wall synthesis, protein synthesis, pathways associated with
foliate metabolismandnucleic acid synthesis like DNA or RNiReygaert, 2017Despite the
broadspectrum activity of this antibiotic, bacteria have evolved to counter the action of these
molecules through various resistance mechanisms. @ogitive bacteria have developed
antibiotic resistance mechanisms likee production of enzymes capable of inactivating
antibiotics, modification and mutation of antibiotic molecule bind sites. Meanwhile, -Gram
negative bacteria are armed with eff-d ux
lactamases), suspension of porin activity associatedtiatbacterial cell membrane and the

alteration of bind sites of antibioti€kiu et al, 2019)

2.1d. The ability of phytochemicals to reverse antibiotic resistance

Phytochemicals when combined with antibiotics can have kspadtrum antibacterial activity
against bacteriahich, gudies have shown various mechanisms of antibacterial action of
these combinations that signiheir ability to reverse antibiotic resistance. These mechanisms
include the modification of active sites in the bacterial cell wall and the plasma membrane to
increase the permeability of the antibiotic molecule, inhibition of extracellular enzymes that
catalysehe modification or degradation of antibiotics, inactivation of efflux pumps to facilitate
the intracellular accumulation of antibiotic molecules and disruption of quorum sensing signal

molecules and their corresponding recept@fsgure 2) (Dassanayakeet al, 2021)

pu
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Interestingly, the ynergism between phytochemicals and standard antibiotic agents is an
effective way tocounterthe development of antibiotic resistar(@ocket al, 2017; Wagner

and UlrichMerzenich, 2009) Several studies have shown the significancesyofergistic
interactionof phytochemicals with antibiotiés the discovey of novel antibacterial agents, by
which, thisinteraction has been classified as antagonistic, additive or synegystiefinition,

the term antagonistic is given wherphytochemical compounceduces thestrengthof an
antibiotic agent, whereas the terms additive and synergistic are assigned to compounds that can
enhance th antibacterial activity of synthetamtibioticagens (MoussaouandAlaoui, 2016)
Moreover, he additive effect is generallgonsideredthe baseline effect for determining
synergy in antimicrobial assays, in which saeteffect can be theoretically expected from a
combination of multiple antimicrobial agents when the synergistic effect is absent.
Subsequently, theyrergistic effect can be defined as a combined effect that is significantly
greater than thedalitive effect. A phytochemicalompound fused with an antibiotic agent can

be considered as a synergistic product wheir tombined action is exponentially gredbem

that of their ndividual antibacterial actionFurthermore, he distinctive action of
phytochemicakntibiotic synerggm is the ability to overcome antibiotiesistance. Besides
reducing antibiotic resistance, another advantage of this type of synergism is that it can reduce
the minimum inhibitory concentration of an antibiotic agent, which also ktverdose needed

for its effect to take placand mitigaé of possible adverdeealtheffects(Roell et al, 2017)
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8



655
656
657
658
659
660
661
662
663
664
665
666
667
668
669

670
671

2.2. Cleistanthusbracteosus
2.2a. Origin and Distribution

Cleistanthusbracteosuslabl.is aplart speiesbelongingto the familyof Phyllanthaceag
which is native to the tropical rainforest in Malaysfet present around 148 species of
Cleistanthushave been discovereth tropical regions of the Old Worl¢(Singhet al, 2014)

No common namelsave been assigned @ bracteosusip to date.

2.2b. Agroecology
Cleistanthusspp.thrives in both tropical and subtropical climaéd latitudes ranging from
200 m to 1400 nfSinghetal., 2014)

2.2c. Botanical features
Cleistanthusspp.are deciduoushrubsthat can grow from-%5 m in heightThe kaves of
the plant are alternat€igure 3. These plantsonsist of flowers that are unisexual with each

flower comprisef five sepals and peta{f€handreet al, 2017)

Figure 3. C. bracteosus its natural habitah Malaysia.

9
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2.2d. Chemical constituents

Studies indicate thpresence of phytochemicabnstituentdike phlobatanninstannins,
glycosides flavonoids, saponins, steroids, alkaloids aexpenoids inthe leaf extracts of
Cleistanthusspp.(Figures 4a, 4b, 4i, 4h ang)l4Suman and Elangomathavan, 2013)

Mohanrajet al (2018) stated thatallic acid, chlorogenic acid, 3aihydroxy B-acid,
diadizin, pcoumaric acidepigallocatechimallate ellagic acid, luteolin, hespstin, quercetin
are abundant in the leaf extract€ofcollinus(Figuresac, 4d, 4e, 4f andd). Utanea and Deob
(2018)wereable to isolate purifiedompounds like diphyllingleistanone, cleistanthins C,
D and 40-(30-O-methytRD-glucopyranosybdiphyllin in C. collinusleaf extractgFigures &
and ®). Another investigation revealed that leaf extractsCofcollinus contained major
phytoconstituents like -©-(Methylmannosg b4-C-methyt(Methylthio)acetonitrile 40-
Methylmannose, 1,2;Benzenetriol, Didodecyl phthalate, Silane, Thiophene, 9,12,15

Octadecatrienoic acid and Benzoic a@tthure5c) (Sumanret al, 2013)
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HO HO :’:- . WO o 2 oH b "
o ol pom 8 WO Pog o = e o
o (=] 5 (=% )
o+ ks o (=]
ke HE T J 2 (=) “
a Oy, <
[
HO T oM
Gallic acid Hamamelitannin Pentagalloylglucose GH
Tannic acid
HYDROLYSABLE TANNINS
CONDENSED TANNINS
o Ris OH RZ= = gallocatechin R -
ool oH apigallocatechin e O -
L. 1 o+ MO, o 0. Bt .
O e gy e, OH e e el - U] ‘ o
) ° e 3 -
S ..-u_UH o M o ._,i +n2
& ; e [« 7] oM . fn 1] - "o
epigallocatechin gallate e O -
RISH R22 gy catechin MO D =0

O+ epicatechin

Monomeric condensed tannins Polymeric condensed tannins

Figure 4a. Chemical structures of tanni{edgted fromTheisenet al, 2014)
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OH

HOOC

p-Coumaric acid (2)
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present irCleistanthuspp.(adapted fronClifford et

al., 2017)
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gallate(adapted fronii et al, 2013)
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Figure 4f. Chemicalstructures of chlorogenic acid and ella
acid (adapted fronBouayed and Bohn, 2012).
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Figure 5c. Major phytochemical profile ofC. collinus leaf extracts and their biological
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2.2e. Ethnobotany and Ethnomedicinal applications ofCleistanthus

The leavesnd seedsf Cleistanthugollinushave been utilized by the locals of the Thrissur
forest circle inKerala India to beusedas a powerfulpesticidaland homicidal agent
(Raghunathan, 20175uman and Elangomathavan (20B8tel that aqueouslyprepared
extracts of the crushed leaves were use@n abortifacient and as well afish and cattle
poison in Africa andMalaysia. Certain parts @. collinuslike fruits, leaves and rootsave
been used to treat acute gastrointestinal disorterfslklore medicine(Chrispal, 2012)
Mohanrajet al (2018)reported tha€. collinusextracts were used as a cleaning agent in septic
wounds whereas plant extracts obtained from parts bkek and stem were used as
antisepticagent in treating skin diseasasd in the teatment of hoof sores in cattle.

15
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2.2, Published work and findings of experimental studies

Table 1 Indicates a summary of published work and findings of experimental studi@kefstanthuspp.

antibacterial activity
and phytochemical
analysis offragia

involucratal.

Publication
Reference Title of the study Objective of thestudy Main findings
year
(Chrispal, 2012 Cleistanthusollinus | To determine thepresence 0 The alcoholic extracts of the plant consist
2012) poisoning secondary metabolitesin C. glucosides like cleistanthin A and B whiblas
collinus extractsand their effect the ability to arrest the proliferation
on animal cells. cancerous cells of the human nasopharynx
DNA synthesis inhibition
The acetone extract consistof another
secondary metaboliea |l | ed A Di p
is also antiproliferative against cancer cells y
toxic to other animal cells as well
(Gobalakrishng 2013 Screening of wild | To evaluatein vitro antibacterial The results revealed thatetroleum ether
netal, 2013) plant species for activity of eight wild plant specie: chloroform and acetone leaf and stem extr

including Cleistanthus collinus
(Roxb.) Benth. Collected from
multiple regions of Pudukkottg

district, TamilNadu India.

exhibited antibacterial activity againdt. coli
NCIM 2065. The largest zone of inhibition w
induced by the g@troleum ether extract dhe

stem with a diameter ofi4.9 + 0.3 mm.

However theaqueougxtracts of the plardand

16
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root and flower extracts kanot indicated any

observable antibacterial activity

Table 1 (continued)

Elangomathav
an, 2013)

Cleistanthusollinus
and its antibacterial

activity

Publication | o S
Reference Title of the study Objective of the study Main findings
year
(Suman and 2013 Bio-prospectingf To determine the presence of All  extracs of C. collinus indicated

bioactive compoundand
investigaten vitro antibacterial
potencyof crudeextracts
(Soxhletextraction)and coldeaf
extracts (methanol, ethyl acetat
ethanol and aqueous) Gt
collinus againste. oli (MTCC-
433),S. typhi(MTCC-733),K.
pneumoniadMTCC-432), P.
aeruginosaMTCC-741), S
aureus(MTCC-1430) and..
monocytogene@ITCC-1143).

antibacteriahctivity with methanoleaf extract
being the most potent. The cold ethyl ace
extract was the least potent. The largest zor
inhibition was induced forS. typhi by the
methanoleaf extract with a diameter of 30 m
along with an MIC of 0.27 mg/ml and MBC
0.35mg/ml.

All extracts indicated bactericidal activity
The extracts indicated the presence
phytoconstitutes like phlobatanningannins,
glycosides flavonoids, saponins, steroig
alkaloids and terpenoidsThe methanolig
extract was found positive for the presence

all phytoconstitent tested

17
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Table 1 (continued)

Cleistanthuscollinus
Aqueous Leaf
Extract and
Fractions for its
Antibacterial

Potential

constituents and investigate tine
vitro antibacterial potential of
aqueousethyl acetate, butanol,
hexane, dichloromethane and
dichlorohexane crude extraas
C. wllinusagainste. coli
MTCC-433,P. aeruginosa
MTCC-741,S. aureusMTCC-
1430,S. p e @Celdsi7,S.
typhiMTCC-733,K. pneumoniag
MTCC-432,V. choleraeMTCC-

3940 and_. monocytogenes

MTCC-1143)

Publication
Reference Title of the study Objective of the study Main findings
year
(Elangomathay 2015 Comparative To examine the presence of All extracts of C. collinus leaf demonstrate
anet al, 2015) Analysis of preliminary phytochemical antibacterial activity with/. cholerabeing the

most susceptible organism to the extracts.
hexane extract was the most potent out of
which gave the largest zone of inhibition of
mm in diameter.

The lowest MIC was recorded fds. typhi
which was 36.5 pg/ml by the hexane cry
extract

The extracts indicated the presence
phytoconstitens like phlobatanninstannins,
glycosides flavonoids, saponins, steroic
alkaloids and terpenoids. Thebatanol extrac

found to contain most phytoconsttus tested

18



740

741
742

Table 1 (continued)

and phytochemical
analysis of leaf
extracts from
Cleistanthuscollinus
(Roxb.) Benth.ex
Hook. F.

Publication
Reference Title of the study Objective of the study Main findings
year
(Mohanrajet 2018 Anti HIV -1 activity, | To determine the presence of All extracts of C. collinus leaf indicated
al., 2018) antibacterial activity | bioactive compounds and antibacterial activity with chloroform being tt

investigatan vitro antrHIV
activity andin vitro antibacterial
potency in crude methanol, ethy
acetate, chloroform and hot
aqueous leaf extracts 6f
collinus againss. typhi, K.
pneumoniae, V. chole@ndsS.

paratyphiA.

most potent andfollowed by the methanolig
extract. The largest zone of inhibition w
recorded for the chloform extractagainstS.
typhiwith a diameter o9 + 1.8 mm. None o
the extracts has indicated antibacterial acti
againstK. pneumonia

HPLC assay
phytochemical constituents likgallic acid,
acid, 3,4-Dihydroxy B-acid,
diadizin, p-coumaric acid, epigallocatech
hespetin,

indicated the presence

chlorogenic
gallate ellagic acid, luteolin,
guercetin(Mohanrajet al., 2018)

The leaf extracts also induced antiviral actiy

against HI\(1 by inhibiting the expression o
p24 antigen

19



743

744
745
746
747
748
749
750
751
752

Table 1 (continued)

anticandidal agent
isolated from
Cleistanthuscollinus
leaf extract

Publication
Reference Title of the study Objective of the study Main findings
year

(Utanea and 2018 Isolation of Aryl To identify phytochemical The results of the study indicated the prese

Deob, 2018) Napht hal e]constitertspresentin petroleum of compounds like diphyllin,cleistanone
Cleistanthuscollinus | ether extracts of. collinusleaf cleistanthinsA, C , D and 40-(30-O-methyt
by Column using TLC and column RD-glucopyranosyhdiphyllin.
Chromatography chromatography techniques.

(Sumaret al, 2018 Diphyllin: An To determine thé vitro The pure ethyl acetate extract of Diphyl

2018) effective antimicrobial potential of the obtained fromC. collinus leaves indicated

phytochemical compound knowi
asdiphyllin found inC. collinus
against fungal stains like.
albicans C. tropicalisandC.

glabrata

profound anticandidal activity against the
tested strainsThe largest zone ahhibition
was recorded fo€. glabratawith a diametel
of 17.5+ 0.5 mm
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Table 1 (continued)

patulusMuell. Arg.
(Euphorbiaceae)
Leaf

Extract against
Filarial Vector
Culexquinque
fasciatug(Say 1823)

against the filarial vector
Culexquinqudasciatusand to
qualitatively detect the presence
of preliminaryphytochemicals.

Publication
Reference Jear Title of the study Objective of the study Main findings

(Pandeet al, 2017 Antimicrobial, To examindn vitro antibacterial, All leaf extracts of C. patulus indicated
2017) Anthelmintic, and | antifungal, anthelmintic, and antibacterial, antifungal, anthelmintic, a
Antiviral Activity of | antiviral potential of f[antsused antiviral activity. The aqueous extract was
Plants Traditionally | in folklore Indian medicine most potenout of all. S. aureuswvas highly
Used for Treating | including Cleistanthugpatulus susceptible to the extracts ©f patuluswhich
Infectious Disease if indicated 100% inhibition for the aqueo
the Similipal extract in the microbroth dilution assayhe
Biosphere Reserve, lowest MIC was recorded for the acetone |

Odisha, India extract at 6Qug/ml for S. aureus
(Chandreet 2017 Larvicidal Efficacy | To assess tha vitro larvicidal The ethyl acetate extract @&. patulusleaf
al., 2017) of Cleistanthu activity of C. patuludeaf extract exhibited excellent larvicidal activity with

100% mortality ofCulexquinqudasciatus
Secondarynetabolitedike tanrins, steroids
and flavonoidsvere detected in the leaf
extract ofC. patulusn the phytochemical
assay
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Table 1 (continued)

nanoparticles

from leaf extracts of
Cleistanthus collinug
(Roxb.): its potential
antibacterial and

anticancer activities

Publication
Reference year Title of the study Objective of the study Main findings
(Sumaret al, 2013 Phytochemical To identify phytochemical The following compounds were present in t
2013). profiling of constitierts present in aqueous, leaf extracts o€. collinusagueougxtract
Cleistanthuscollinus | ethyl acetate, ethanol and containe4-O-Methylmannose)ethanol
leaf extracts using | methanolextracts ofC. collinus extract contained-C-methyk(Methylthio)-
GC-MS analysis acetonirile 4-O-Methylmannosgl,2,3
Benzenetriol, Didodecyl phthalgiesthyl
acetate extradontainedSilaneand methanol
extract contained@hiophene9,12,15
Octadecatrienoic aciand Benzoic acid
(Mohantaet 2018 Bio-inspired To assesm vitro antimicrobial The aqueous leaf extract Gf collinus
al., 2018) synthesis of silver | and anticancer activitiesf C. interacted synergistically to mediate enhanc

collinusleaf extract in
conjunction with AgNPs and to
qualitatively detect the presenc
of secondary metabolites

antibacterial activity again§t. aeruginosa
(MTCC 424),B. subtilis(MTCC 736),S.
aureus(MTCC 737),E. coli(MTCC 443),C.
kruseii(MTCC 9215),C. albicangMTCC
227),T. mentagrophyte@MTCC 8476) ancC.
viswanathii(MTCC 1929).
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x Secondary metabolites likekaloids,phenolic
compoundstannins and flavonoigs
glycosidessaponingsteroids, triterpenoids,
andsterolswere found in the aqueous leaf

extract ofC. collinus
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CHAPTER 3: MATERIALS AND METHODS

3.1.Materials required:

3.1.1.Microorganisms

Escherichia colATCC 10536

Escherichia colATCC 8739

Gramnegative bacteri Salmonella typhATCC 6539

Pseudomonas aeruginosd CC 10145

Acinetobacter baumanmiTCC 19606

Staphylococcus auredsTCC 11632

Grampositive bacterig Bacillus subtilisSATCC 6633

Bacillus cereufATCC 10876

3.1.2.Culture media

Manufacturer | City and Country
Mueller-Hinton agar Oxoid Hampshire, UK
Mueller-Hinton broth Oxoid Hampshire, UK
Nutrient agar Oxoid Hampshire, UK

3.1.3.Standard antimic

robial agents

Manufacturer | City and Country
Gentamicin 10 ug Oxoid Hampshire, UK
Ciprofloxacin 5 pg Oxoid Hampshire, UK
Levofloxacin 5 pg Oxoid Hampshire, UK
Penicillin G 10 1U (6 pg) Oxoid Hampshire, UK
Chl oramphen Oxoid Hampshire, UK
Ampicillin Oxoid Hampshire, UK
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3.1.4.Chemicals/reagents

Manufacturer

City and Country

Chloroform

SigmaAldrich

St. Louis, USA

Dimethyl sulfoxide

Sisco Research Laboratori

Mumbai, India

Dichloromethane Merck New Jersey, USA
Isopropy! alcohol SigmaAldrich St. Louis, USA
Methanol SigmaAldrich St. Louis, USA
Ethanol SigmaAldrich St. Louis, USA
Hexane SigmaAldrich St. Louis, USA
Ethyl acetate Merck New Jersey, USA
Sodium hydroxide SigmaAldrich St. Louis, USA
Ferric chloride SigmaAldrich St. Louis, USA
Vanillin SigmaAldrich St. Louis, USA
Sulfuric acid SigmaAldrich St. Louis, USA
Dragendoff's reagent SigmaAldrich St.Louis, USA
Potassium clavulanate Macklin Shanghai, China
Glutaraldehyded5%) SigmaAldrich St. Louis, USA
Hexamethyldisilazane (HMDS SigmaAldrich St. Louis, USA

3.1.5.Equipment/apparatus

Manufacturer City and Country

Autoclave machine Hiclave Tokyo, Japan

Non-CO2incubator Thermo Fisher Scientif Waltham, USA

(Binder)

Rotor beater mill Retsch Dusseldorf, Germany
Ultra centrifugal mill Retsch Dusseldorf, Germany

Ultrasonicator Labline Mumbai, India
Laboratory water bath JISICO Seoul, South Korea
Micropipette 1001000 [L Eppendorf Hamburg, Germany
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Micropipette 26200 L

Eppendorf

Hamburg, Germany

Polystyrenepetri dishes

SigmaAldrich St. Louis, USA
(100 x 15 mm)
Cuvettes Thermo Fisher Scientifig Waltham, USA
Whatman grade 3 filter papdiscs _
GE Healthcare Chicago, USA
(6 mm)
Whatman grade 1 filter paper GE Healthcare Chicago, USA

Mortar and pestle (porcelain)

Kuala Lumpur,

Sterile cotton swabs LTC _
Malaysia
0.22e nPTFE syringe filter Sartorius AG Gottingen, Germany
Kuala Lumpur,
Steel forceps Pearl _
Malaysia
GC-MS machine PerkinElmer Massachusetts, USA

HPLC machine

Agilent 1200 series

Santa Clara, USA

Analytical balance

Precisa Gravimetrics A(

Dietikon, Switzerland

Rotary evaporator with vacuum

BuchiLabortechnik AG

Flawil, Switzerland

Vortex mixer

Stuart

Staffordshire, UK

Micro-centrifugetubes

Eppendorf

Hamburg, Germany

Glass vials with screw cap

Analytical Scientific

San Antonio, USA

Spectrophotometer Biochrom Cambridge, UK
Biosafety cabinet (level 2) with UV _ Petaling Jaya,
Esco Micro _
lamp Malaysia
Electric loop/glass bead sterilizer SigmaAldrich St. Louis, USA
Nichrome wire inoculating loop Jayna Delhi, India
Schottbottles (100500 ml) Duran Mainz, Germany
Refrigerated centrifuge Eppendorf Hamburg, Germany
Silica Gel 60 F254 gladsacked TLC
Merck Darmstadt, Germany

plates (20 x 20 cm)
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50 m centrifuge tubes Thermo Fisher Scientifi Waltham, USA
Sputter coating machine Quorum o
Judges Scientific plc London, UK
Q150R Plus
FEI Quanta 400F model EDX: INCA _
_ Oxford Brno, Czech Republiq
400 with X-Max Detector FESEM
12 mm round coverslips Citotest Scientific Nanjing, China

3.2.Methods
3.2.1.Disinfection and Sterilization

Standard procedurecommended byhe Clinical and Laboratory Standards Institute
(CLSI) were followed to prevent microbial cresgection and crossontamination prior to the
initiation of any bioactivity ass&y(Matuschek, Brown and Kahlmeter, 201A)l glass vials,
micro-centrifugetubes and micropipette tips with boxere sterilizedy autoclaving at 121°C
for 15 minutes.Forceps and inoculating loop weedso sterilized undeanelectric heat
sterilizerof 250°Cduringconsistent usél.he biosafety cabinet (level 2)ench was disinfeet

by spraying 70% isopropyl alcohol (Sigmédrich, St. Louis, USAlnd with UV treatment.

3.2.2.Preparation of broth media and agar plates

Twenty-one grams(31 g) of Mueller-Hinton broth(Oxoid, Hampshire, UKand 38 g of
Mueller-Hinton agar(Oxoid, Hampshire, UKWwere separately suspendedlL of distilled
waterin a beakeand thoroughly mixed using the magnetic stirrer under heat until the solution
becomes completely transluceiihe solutiors werethen transferredto Schott bottlesand
sterilized by autoclaving at 121°C for 15 minufBse autoclavedroth media andduid agar
wereallowed to cool until the temperature dpaglto 45°C The broth media were transferred
to a sterile glass vialvhereadiquid agar wagiently puredinto petri diskesup toa uniform
agar deptlof 4 mm as recommended by Cls$andards for antimicrobial susceptibility testing
(Matuschelet al, 2014) Theagar plates were placed in a level 2 biosafety cahimthe lids

were slightly opened for the fumes to escape allowed to solidifyat room temperature.

3.2.3 Preparation of bacterial isolates

Gramypositive bacteriaBacillus subtilis(ATCC 6633), Staphylococcus aurey®TCC
11632) and Bacillus cereugATCC 10876 and Gramnegative bacterig&scherichia coli
(ATCC 10536),Escherichia coli(ATCC 8739),Pseudomonaaeruginosa(ATCC 10145,

27



796
797
798
799
800
801
802
803
804

805
806
807

808
809
810
811
812
813

814
815
816
817
818
819
820
821
822
823
824
825
826
827
828

Salmonellayphi (ATCC 6539 were collected from the Microbiology laboratptyniversity

of Nottingham Malaysiaand subcultured on nutriet agar (Oxoid, Hampshire, UK).
Acinetobacter baumann(ATCC 19606) waprocuredrrom SPD Scientific (M) SDN BHD.

All sub-cultured bacterial specimens were aseptically transferred using @natiog loop

and prepared in &l suspensions of Muellgtinton Broh (Oxoid, Hampshire, UK) and were

used within 15 minutes after inoculation. A fraction equivalent tol lohthe bacterial
suspension wasansferred to a cuvette and subjected to the spectrophotometer (Biochrom,
Cambridge, UK), where the UV absorbance value was monitored to be in the range of 0.08 to
0.10 at 62%m in order to be adjusted to 0.5 McFarland turbidity statsdenich correspond

to a bacterial cell count of 1.5 X 8 CFU/m (Jainet al, 2016)

3.2.4 Collection and identification of plant material

Parts of tle plant that include leavdsark stem and woodf C. bracteosusverecollected
from Manong primary rain forest in Perak, P
100 A8 1 ffj Eepruamyr2013. A sample of the whole plant was sent to the Forest Research
Institute of Malaysia (FRIM) located in Kepong, Selangor for authentication. A voucher
sample otthewhole authenticated plant Qf. bracteosugNB125) (Figure 4)was deposited

under Forest Research Institute of Malaysia (FRIM).

3.2.5 Preparation of plant extracts

Leavespark stem and woodf C. bracteosusvere cleanedair-driedandfragmented into
pieces using the rotor beater n{lRetsch, Disseldorf, Germanghd followed by theiltra-
centrifugalmill (Retsch, Dusseldorf, Germany)he fragmented pieces weyelverizedto a
coarse powdewith the application of a porcelain mortar and pestle. Sevgatys(70 g)of
the powdered leavedak, stem and woodvere separately dissolved in Hf chloroform
methanol and hexan@&igmaAldrich, St. Louis, USA) The mixture containing powdered
plant material to solvent ratio of 14 (w/v) was macerated undamwater bath at 40°C for
seven days and placed undarorbital shaker for another two dayBhe maceration was
further assisted hyltrasonicatiorat 40°Cfor 30 minutesThe maceratesolution was filteed
using Whatman grade 1 filter paper (GE Healthcare, Chicago, @iS#fhe solvent content
of the macerated mixture was removed using the rotary evaporator under vacuum at 40°C.
Fifty milligrams (50) mg of the dried extract was reconstituted withllofpuredimethyl

sulfoxide PDMSO) (Sisco Research Laboratories, Mumbai, India) and the ctaten of
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the stock solution waat 50 mg/ml

3.2.6.Yield calculation of extracts
Theyield of plant extracted was calculated accogdio the following formulaGosta,et al,
2014)

AA N £ o~ A

9EARP A

TAGGET EDEARDATERT
3.2.7.Preparation of paperdiscs for antibacterial and antibiotic synergisticassays

An aliquot equivalentt?0e L of the reconstitutedwasxtr act
transferred to sterilized filter papdiscs (Whatman Grade 3; GE Healthcare, Chicago, USA)
of6mm( 20 ¢ L mdigneteriandyimpregnated wigthant extractThe impregnated
di scs containing the plant extr acRutharmoree s et
standard antibiotidissofgent ami cin 10 €g, ciprofloxacin 5
G10lU®pg)chl orampheni col 3 0 (@xqgid, damgshira,rddyei | | i n
|l oaded and 1 mpregnated wit h t200syrendgiicadtiviyx he r e
testing(Saquibet al, 2019) Another set of plant exttadiscs were impregnated with 50 mg

of potassium clavulanate (1:1 viNlacklin, Shanghai, China)

3.2.8 Preparation of antibiotics for fractional inhibitory and fractional bactericidal
concentration assag

Standard atibiotic discs of ciprofloxacin 5 pg, chloramphenicol 30 pg, ampicillin 10 pg and
penicillin G 10 IU (6 pgwereseparatelyfully dissolved in sterilized broth and weserially
diluted todifferentconcentrationas elucidated iSupplementary Table 1

Supplementary Table 1. Data for preparing dilutions and concentrations for antibiotic stock

solutions and antibiotic starting point vials.

. Transfer volume| . Volume of
Concentration of o Final concentration of o
o _ from antibiotic o _ antibiotic
antibiotic stock solution ) antibiotic starting _ _
( 1@l ) stock solution _ . (@) starting point
£ oin Vi
J (ml) (V) P vial (ml) (V2)
15 (Threeciprofloxacin 5
pg discs dissolved in 1 m 1 5 3
of broth)
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90(Three
chloramphenicol 30 pg
discs dissolved in 1 ml o ! 30 3
broth)
30 (Threeampicillin 10
pg discs dissolved in 1 m 1 10 3
of broth)
18 (Threepenicillin G 6
pg discs dissolved in 1 m 1 6 3
of broth)

3.2.9 Agar disc diffusion assay forscreening of atibacterial activity

Thein vitro agar papediscdiffusion assay was used to evalu#iie antibacterial activities
of chloroform methanol and hexarmmant extracts. The antibacterial assay was performed on
Muller-Hinton agar (Oxoid, Hampshire, UKA sterile cotton swab was immersed in a
bacterial suspension of 0.5 McFarland turbiditgndards foeach test organism and swabbed
over the entire agar surface for even distribution. All extracts were brought to room temgpera
prior to beng used in the assayhe papediscs were placed otheagar plate using sterilized
forceps. The papeliscs impregnated with pure DMSOexeconsidered as the negative control
andg e nt a mi cstandardla@tibiatigisc serval asthe positive control in the assayhe
plates wee allowed to stand for abo8thous at 4°C for prediffusion of the extract intthe
agar andncubated at 37°C for 24 hours. The assay eswaglucted in triplicates. The diameter
of the zone of inhibition around each pagecwas measuretb the nearest millimetémm),

including the size of paper dig€igure @) (Mostafaet al,, 2018)

3.3.1. Assay forthe screening of synergistic activity using antibiotic discand potassium
clavulanate

Thein vitro agar papediscdiffusion assay was uddo evaluate the antibiotic synergistic
activities of chloroform methanol and hexar@ant extracts. Thessay was performed on
Muller-Hinton agar (Oxoid, Hampshire, UK). A steritton swab was immersed in a
bacterial suspension of 0.5 McFarland turbidity standardsdoin test organism and swabbed
over the entire agar surface for even distribution. All extracts were brought to room temgpera

prior to beng used in the assayhe papediscs were placed otheagar plate using sterilized
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877 forceps. The papeliscs impregated with pure DMSO &reconsidered as the negative control

878 andgentamicin 10 eg, fcligpxadilmxa Gelg lUHBpug)mi, c il lelv
879 chl orampheni col 3 0 stangardaantibiotidiscspvereservallas positile0 ¢ g
880 controlsin the assayor antibiotic synergismin the assay for synergy testing with potassium

881 clavulanatepositive controls used were penicillin G 10 IU (6 pg) combined with potassium
882 clavulanate and standalone penicillin G 10 IU (6 pg), whereas potassium clavulanate with pure
883 DMSO wasused as the negative contfoi potassium clavulanate synergism as3ée plates

884  were allowed to stanfdr about3 hous at 4°C for prediffusion of the extract inttheagar and

885 incubated at 37°C for 24 hours. Alksag wereconducted in triplicates. The diameter of the

886 zone of inhibition around each papdisc was measuredo the nearest millimetefmm),

887 including the size dhepaper dis¢Figure &) (Mostafaet al,, 2018) Theantibiotic synergistic

888 activitiesof plant extract@redetermined by thgrowth inhibitory indicegGlIs), whichare

889 calculated according to the following formula:

) : 1$/&T OE AEDIOAIZMD @A A @ EA EAYA

890 ")) C; ISEl A2 AAADOE AEIT QEADEMTFANT

891 The Glls value = will be considered as synergisticthe inhibition zone of the extract

892 antibiotic combineddisc is greater than the individual agents(Mandal et al, 2012

893 Dassanayaket al, 2021;Sharmeet al, 2016§.

894

895 3.32. Determination of the minimum inhibitory concentration and minimum bactericidal

896  concentration

897 The macrobroth dilution assayas caried out on MullerHinton brothto determine the

898 minimum inhibitory concentration (MIC) of plant extracts with concentrations ranging from

899 567to109¢ g/ ml . The MI Cwa$performeday dilutiex The seconstituted

900 extractwaspassed througha 0.22m pore size PTFE syringe fil
901 aliquot equivalent to 100 ¢ Lwastirdnsfdarraddoarglesso n st i
902 vial containing 4.9 ml of broth and vortexed to mix thoroughly. Thghest extract

903 concentratiorwas set tdl020 € g /, mhich was used to prepare the other extract dilutions

904 Three more glass vials were filled with 4 of broth and the last viaasfilled with 4 ml of

905 broth. An aliquot containing.5 ml from the 180 g/ ml e x t r a ovbstransfeoréedh mi x t
906 to the second vial containing 4.5 ml of broth. The extract concentration of the secomdsvial

907 setto567¢ g/ ml . T h iwascoptnued tél the lasevial and the concentration of the

908 final vialwassettol09¢ g/ ml . Three individual gl ass vi al

909 plant extract and bacteria seeded broth with DMSO were served as controls in the following
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assay. Each vial starting withthe2ZDk g/ ml o f e x t rwasinbculdted withh00O mi x t u
eL of the 0.5 McFarland standard bacterial inoculums and incubated at 37°C for 24 hours. The
turbidity of each vialwas visually observed after incubation and the vial with the least
opaqueness will be considered as the NH{Qure 6b).

An aliquot of 100 &L swastandideradgs therMi@astakdme c | e @
andspreacn fresh agar plates and incubated to check for microbial growth/colonies. The agar
plate free of microbial colonies of the corresponding plant extract concentraisconsidered
as the MBC (Figure 6b).

3.33. Determination of the fractional inhibitory concentration and fractional bactericidal
concentration

The same macrobroth dilution assay will beriear out on MullerHinton brothto determine

the FIC, fractional inhibitory concentration index (FICIFBC and fractional bactericidal
concentration index (FBCHf plant extracantibiotic combinationsTwoef o$ @rdiidlut i ons
of chloramphenicol to obtain a/fmlBafloceorasn
ciprofloxacin to obtain a egf¥ mbB.f occoenreeenmst ca t il o
to obtain a final c¢osgdaemA.f adrda wmagremminigel 6f nl1 G
a final concentr &g/ minA . @maguemeacnin d6 vitpa e@la® % d .
Chl oroform stem, bar k and wo od crude extre
concentration range conditions. | nsdpadrsatmalny
mi xed with the appropriate concentriant ia nl:olf
vol ume hrust iobt ai ning a series of combinations
pl ant .eX'threa ctogod e rctormabti ipeerdgppagedt sorresponded
of the starting mfdheaforemerdgionedeamibiatics tedd o neat ta Gad e
2012)

The FIG and FBCaredetermined by MICa&ind MBCsof the antibiotics that indicated the

most significant synergiesspectively The MIC for each antibiotic and plant extragitibiotic
combinationwas performed bydilutions The dilutions were performed to construct four
concentrations for each agent tested. Four individual glass vials filled with clean broth, broth

with plant extract, bacteria seeded broth with DMSO and bacteria seeded broth with antibiotic
were served as controls in the following assay. ThéFBC and FICIFBCI of the antibiotie

plant extract combination agent can be calculated according to the following formula shown

below:
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) 7 D) W El ANCODAADT 01 A
- ) HEl MO AARDOE AETI QEA AGET 1

944 &) # AT A E R ET AE TR

-)BAlI OEAEI OEA
945 &)YEBT AR@
946 &) # T &) #
947 FI C index O 0.5 will be considered as synerg
948 when = 1, in different wh e(Akinyeleétalp2017;Caet 2 and

949 al., 2007)
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950

Apply bacteria on agar
using sterile cotton swab

agar plate

Standalone Synergy

Antibiotic
disc

Lea

e Space discs equidistant from each other on
the inoculated plate with a sterile torceps.

e Gently touch each disc with a sterile

applicator or forceps.

Zone of inhibition

Confluent bacterial growth

Millimeter ruler

0 Following incubation, measure the diameter of each
zone of inhibition with a millimeter ruler.

Figure 6a.Experimental setup for assay famtibacterial activity and synergistic antibacterial assay
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100 pL of bacterial inoculum (0.5 McFarland turbidity standard)

0.1 ml
.+—1Clear
MIC tube
50 mg/ml
S i —4.9 ml of broth —4.5 ml of broth —4.5 ml of broth —4.5 ml of broth —4 ml of broth
of plant extract)
-/ \ - -/ N\
1020 pg/ml 567 pg/ml 315 pg/ml 175 pg/ml 109 pg/ml
(Diluted) (Diluted) (Diluted) (Diluted)

100 pl of suspension is taken from clear tube/s starting from MIC and spreaded on fresh agar plates and incubated to check for the presence of microbial growth/colonies

\ \ ¥ \ \

No colonies No colonies No colonies Bacterial colonies Bacterial colonies

MBC

951
952  Figure 6b. Experimental setup for assay for minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC).
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3.34. Screening for qualitative phytochemical analysis
About 3 mg/3 ml of hloroform, methanol and hexane extractsf bracteosuswere
qualitatively screened for the presence of bioactive secondary metabolites like flavonoids,

phenols, saponine@nnins coumarins and alkaloids.

3.34a. Testfor flavonoids
Approximately 3ml of the filtrated extract was treated with felops of 10% 2N NaH
(SigmaAldrich, St. Louis, USA)solution. The formation ofellow colourwasan indication

of flavonoids present in the extrgétli et al, 2018)

3.34b. Testfor phenols
Approximately 3ml of the filtrated extract was treated with feiops of 5% ferric chloride
(SigmaAldrich, St. Louis, USA)olution. The formation of dark blue to black colewasan

indication of phenols present in the extrg®i et al, 2018)

3.34c. Froth test for saponines

Approximately 5ml of the filtrated extract was subjected to vigorous shaking for 15 minutes.
A foamy generation of at leastcin in heightwasan indication of saponines present in the
extract(Saqallaket al., 2018)

3.34d. B r a destdortansins

Approximately 3ml of the filtrated extract was t&d with drops of % ferric chloride
solution. The formation of dark bluer greenish blaclcolour was an indication oftannins
present in the extra¢Ali et al, 2018)

3.34e.Test for coumarins

Approximately 3 ml of the filtrated extract was treated with few drops @f M@OHsolution.
The formation of yellow colouwasan indication of coumarins present in the ext(adit et
al., 2018)

3.34f. Test for alkaloids

Approximately 3 ml of the filtrated extract was treated with 1 ml of Dragendoeifigent
(SigmaAldrich, St. Louis, USA) The presence of alkaloidgereindicated by a reddishrown
or brick-red colour appearan¢kancherlaet al, 2019)
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3.35. Thin Layer Chromatography of crude extracts
The chloroform extracts &@. bracteosusvere subjected to Thin Layer ChromatografhyC)
for separation of phytochemical compounds in fractions.

About 100 mg of the driedrudeplant extract was reconstituted withml of ethano[Merck,

New Jersey, United Stateahd filtered through cotton and anhydrous magnesium sulphate
(Merck, New Jersey, United Stated) wo  (L2a)iquots of the filtered plant extract
reconstituted with absolute ethamare consecutiveliransferred t&ilica Gel 60 F2540ated
aluminumbackedTLC plates (5 x 10 cm) (Merck, New Jersey, United States) 1 minute
intervalsusinga  1LOmiccapillary tube. The crude recomsted extracts were spottedh

the TLC plates and allowed to dry. The first esidhe TLC plate at a margin of 1 cmas
dippedin aTLC chambersaturated with 20nl of 70% hexane +@% ethyl acetat@Merck,

New Jersey, United State)at was usea@sthe eluent Measures are taken to prevent the
extract loaded area from touching the meniscus of the eluent. The jar was sealed and allowed
the eluent to absorb and run up to 80% of the TLC plate from mobile phase via capillary action.
The TLC plate was then withdrawn after elutfoom the jar and gently drie@he fully dried

TLC plate was subjected tasible light, UV wavelength 254 nm, UV wavelength 365 nm,
vanillin + sulphuric aciqSigmaAldrich, St. Louis, USAkpray(test for terpenes) 0% ferric
chloride spray (tannirtest) and10% sodium hydroxide (flavonoids test) amtagendoff's
reagent spray (alkaloid test)visualize compound separations in fractitmet were indicated

by spotson the TLC plate (Figure)7The presence of tams in the bands of separated fraction

will be indicated by the colour appaaceof dark bluegreenish blackAli et al, 2018) The
presence of alkaloids will be indicated by a reddistwn or brickred colour appearance
(Ghoshet al, 2014) The Rf value of each bandas calculated by dividing t distance
travelled by the spotlemarcated for the compound bhe distance travelled by band
demarcated for the solvent from point of origin at the mobile phase. A good solvent system has

the ability to move compauls between the Rf value of 0.2 and QL& et al, 2017)
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Pencil mark
P« _TLC plate
J Pencil
|/ mak _ Spot
R - Developing
1..:- \m'n .Il,‘ 4 SOIVCnl
edge of the plate

TLC Chamber

$+——+ Mobile Phase e sl
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S T ) 3 distance moved by the compound
front —
distance moved by the solvent
Compound = L .
spot
Scm
Ccm C cm
Scm
Baseling =——p sl ——t-serFornnnns Y
(Origin) J’ 1inch

Figure 7: Experimental setup for Thin Layer ChromatogragimynpoundAnalysis.

3.36. Isolation of fractions from crude extracts

Isolation of larger quantities dfactions from chloroform crude extraat$é stem, bark and
woodwere separated using preparative Silica Gel 60 F254 coateebglelssd TLC plate (20

x 20 cm)(Merck, New Jersey, United Statag)der the same eluent that composed of 70%

hexane + 30% ethyl acetafehe first end of the preparative TLC plate at a margin of 1 inch
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1024 was dipped in a TLC chamber saturated \@@® ml ofthe aforesaid eluenkor preparative

1025 TL C as s hagliquotsldd crugle plant extract reconstituted with absolute ethanol were
1026  consecutively and timely transferred on to plates and allowed to be fully Ghe@&xperiment

1027 was repeated five timeSimilarly, the Rf value of each bamnwdasrecorded after running

1028 preparative TLCThe silica composed of separated fractions vieea scrapped from TLC

1029 plates anccollected into individual centrifuge tubes (50 mfbsolute ethanol was used to

1030 macerate the compound impregnated silica and sonicated for several houranustre;

1031 sonicator(Labline Mumbai, India)at 40°C. The sonicated mixture was then subjected to
1032  ultracentrifugationusing arefrigerated centrifuge (Eppendorf, Hamburg, Germaty9000

1033 rpm for 10 min for utter separation of compounds from silica in the mixture. The silica
1034 precipitate free supernatant was obtained and filtered@&ke m por e si ze PTFE
1035 filter. The ethanol content present in the filtered supernatant was evaporated using rotary
1036 evaporator undesivacuum at 40°C and dried completélfe dried fractions weneumbered

1037 from baseline (bottombo solvent font {op) of each TLC plate according to their appearance
1038 andlater evaluated for antibacterial, antibiotic synergistic activity and subjected fM&C

1039 and HPLC analysis.

1040

1041 3.37. Assay for the screeningf antibacterial activity and antibiotic synergistic activity

1042  of isolated fractions

1043 The in vitro agar papedisc diffusion assay was used to evaluate the antibacterial and
1044  antibiotic synergistic activities aolated fractions obtained froohloroform plant extracts.

1045 Organisms and antibiotics that responded most effectively for crude chloroforpbar&and

1046  woodextracts ofC. bracteosusvere taken foanalysingantibacterial and antibiotic synergistic

1047 activities of these isolated fractiorihe assay was performed on Mullgéinton agar (Oxoid,

1048 Hampshire, UK). A sterile cotton swab was immersed in a bacterial suspension of 0.5
1049  McFarland turbidity standards for each test organism and swabbed over the entire agar surface
1050 for even distributionThe dried filtrates composed of isolated fractions were reconstituted with
1051 absolute DMSO. Aliquatequivalent o 30 &L of filtlatesweretamsiersed i t ut e
1052 individually to sterilized filter papeadiscs (Whatman Grade 3; GE Healthcare, Chicago, USA)
1053  of 6 mm in diameter. Furthermoge ni ci I 1 in G 10 | U ¢iss(@gid, and a
1054 Hampshire, UK) were | oaded and i mpregnated
1055 synergistic activity testingSaquibet al, 2019) The impregnatediscs were allowed to dry

1056 for few minutes.
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The paperdiscs were placed on the agar plate using sterilized forceps. The gaper
impregnated with pure DMSO was considered as the negative contrpémiedlin G 10 U
G6pg),ampicil lainm D@ n¢ @ mtamarcdhantibi®tiaciscsgserved as positive

controls in the assay. The plates were allowed to stand for about 3 hours at 4°&iffupien

of the extract into the agar and incubated at 37°C for 24 hours. The assay was conducted in

triplicates. The diameter of the zone of inhibition around each pig®ras measuretb the
nearest millimeter(mm), including the size othepaper disc The antibiotic synergistic

activities of isolatedractions aredetermined by Glls.

3.38. Compound analysisand chemical profiling of isolated chloroform extract fractions
using GC-MS and HPLC

3.38a. Gas chromatography mass spectrometry (GEMS)
The isolated fractions of stem, bark, wood extracts were individdadiolvedin absolute
ethanol (Merck, New Jersey, United States) and-MS analyss was performed on a

PerkinElmer Clarus 680, 5Q85 mass spectrometer (Massachusetts, USA) using the Elite 5MS

column (30 mlio.25 mmlioO0.25 Om vyl manionization el ect
energy of 70 eV was used for @IS detectionScan range 3600m/z in mode of 0.5 scans
s The carrier gas applied wHnsn. Ihjectoriandhovewi t h a

temperatures were s&t250°C. The oven temperature was the same as with the GC analysis.

The samples of 1 pL were injected in the 50:1 split mode.

The identification of components was performed by comparison of their RRT relative retention

time, peak area %, percentage abundance and mass spettaage ratio with those of
authentic samples, literature/data and computerisecddtd baniNIST (National Institute of
Standards and Technology) 2.0 (2005) databEse.peak area method was followed for the

guantitative determination of different constituents and the percentage was calculated

relatively.

3.38b. High-Performance Liquid Chromatography (HPLC)

TheTLC isolated fractiomumber 6of C. bracteosushloroformbarkextract whichexhibited
both standalone antibacterial activity and synergistic with ampicillin and penicilliva$
dissolved indichloromethan€éDCM) (Merck, New Jersey, United States) gabsed through
a 0.22 em pore size Pgh&seEHPLGmalysa Brer tadsubjedng r
the sample foHPLC separation, the column was washed alibolute DCM Subsequently,
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the chromatographic fractionation wagrformedusing the PerkinElmer LG00 technology

of C-18 column(Massachusetts, USAgccommodated by the Agilent 1200 seri¢BLC
system( Santa Clara, USA). Sixty (60) OL of t
mL/min to achieve aetention time 20 min per ruAbsolute DCM was used as the standard
and as the solvent of choice during the mobile phase in the analysRT peaks in the HPLC
chromatograms were compared with compound references of digoxigenin, where the UV
wavelength was set at 2P20 nm( J e d étiall 20@3)andlauric acid by setting the UV
wavelength at 23@56 nm(Czauderna and Kowalczyk, 2008y abundancéndicationof the

aforesaid compounds in the isolated fraction.

3.39. Preparation of 3% glutaraldehyde cell fixative

Twelve (12) ml of 25% sterileglutaraldehyde solution, Gradevas added to 50 Inof 0.1 M
sterile phosphate buffer solution (PBS) anduppwith38 m of steriledistilled waterto make
100 ml of the 3% glutaraldehyde solution.

3.4.1. Field emissionscanning electron microscopid FE-SEM) characterization

Both plant extract treated ambntreatedbacterial cellsof B. cereus B. subtilisand A.
baumanniwere examined under FEEM for the comparison and assessment of their external
structuresBacteriawere grownon agar platesand round 12 mm sterilized coverslipgre
placed on their single colonies and pressed gently for cell attachimestprocedure was
carried outfor both nontreated reference samples and plant extract treated samples
SubsequentlyC. bracteosustem bark and wood extratteatedbacteria were directly taken
from the inhibition zones for each organiddoth treated andon-treatedsamples were fixed
overnight with 3% (v/v) glutaraldehyde (Sigmddrich, St. Louis, USA) at 4°C. The fixed
samples wereemoved of glutaraldehyde ameashedthrice for 10 mins each time 0.1 M
phosphate buffer solution (Sigp#ddrich, St. Louis, USA) and dehydrated with ethanol series
30%, 50%, 70%, 80990%,96% for 10 mins each and with absolute ethanol twiceGaonih
each. After dehydration in alcohol, the samples werniéically dried in ethanol and
hexamethyldisilazane (HMDS) (Sigr#ddrich, St. Louis, USA)2:1) for 15mins, ethanol and
HMDS (1:2) for15 mins and finally, HMDS alone fod5 min. The 100% HMDS step was
repeated and the excess HMDS was rempleaving just a layer covering the coverdiip
fully dry under the fume hooadvernight The fully driedsampleson coverslipsveremounted

on metal stubs andputter coated with goltbr 1 min using Quorum Q150R Plydudges
Scientific plc, London, UKandmicroscopically analysedy FEI Quanta 400F model EDX:
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1130
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INCA 400 Oxford instrument with Max DetectorFE-SEM (Brno, Czech Republic) for
exterior morphologicahlterations.

3.4.2. Statistical data analysis

Thedata obtained for antibacterial and synergistic antibiotic assays were statistically evaluated
using Oneway ANOVA f o r | arger s aMarm-Wihitsey (( te<if@r )smaken d
samples (n<3)and postoc tests Dunnett's andukey HSD were used for multiple
comparisons between samples and controls and among samples respé&tiveta analysis

was performed using GraphPad Prism software version 9.4.1 (San Diego, California, USA) to
compare the 1ZD (inhibition zone diameter) means of each group with the 1ZD means of each
other groupTheanalysedlata were considered to be statistically significant whep-tredue

of less than 0.050.05) at a confidence level of 95%he Null (Ho) will be accepted if the
p-valueisO 0 . 0 Bheadternative (H) will be rejectedWhereashe Null (Hb) will be rejected

if the p-value is <0.05 and the alternativeifiill be accepted.

Hypothesebeing testd

1)Nul b) :( HThe means of | ZD distributions unde
and control (g®&ntamb¢i hang) GBaluaeewmadadgu al

Alternati vaeae( Weans of | ZD distributions unde
and control (gBnt ambd¢i han) GBeluaeemudet equal

2)Nul lo) :(HThere are no differences between t|

extraBt ssdtri laing, Baumanaeu $

Alternati We (Hast one of the extracts has a
one other extract.

3)Nul lg) :(HThere are no differences between ¢t}

hexane and metBhansoubteixlaingd.c tBsa coerme u $

Alternati We (Hast one of the extracts has a
one ot her extract

4)Nul b) :( Hrhe means of |1 ZD distributions under
extracts and cont Eol @ p¥.mptaxceHiegunallo Og) fo
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Al ternati Tee(heans of | ZD distributions wunde
extracts and cont Eol @p¥.mptawHihon &aqudlb) for

5)Nul b) :(HThe means of |1 ZD distributions bet we

and control Bpesulti llaingd, Gp a laamen @a g u a |

Al ternti YTee( eans of | ZD distributions betw
and control Bpesuwuliti laingd, G a taammen@mnst equal

6 )Nul lo) :( HThe means of | ZD distributions unec
chl oroform extracts anlf. cO&aolta,dt e pampracini i i |
S. taymhiequal

Al ternati Tee( heans of | ZD distributions wunde
extracts and cont Eol @ p¥.mptawHihon &aqudlh) for

7)Nul lo) :(HThere are no differences between t
synergies of chB.orn®dloia,sr. elkd$ vaare®h s it fyqrh i

Alterngti VAe (Hasytnerngei eosf hahse a di fferent me:
| east one other extract.
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CHAPTER 4: RESULTS

4.1.Yield of plant extracts
The highest yields obtained fd2. bracteosusextracts include leaf methanol (0.26R
chloroform leaf (07/61%) and leaf hexane (0.75%he raw masses and the final y=ld.

bracteosuxtractsare summased in Table 2.

Table 2.The raw masses and the final yieldbfbracteosumethanol, hexane and chloroform

extracts.

Extract type Extract Mass of initial plant Mass of extracted plan'  Yield of plant

material (g) material (g) extract (%)
Methanol Leaf 70 0.534 0.762
Bark 70 0.511 0.73
Hexane Leaf 70 0.531 0.75
Bark 70 0.508 0.725
Chloroform  Leaf 70 0.533 0.761
Bark 70 0.510 0.728
Stem 70 0.498 0.711
Wood 70 0.490 0.70

4.2. Assessment for antibacterial activity and antibiotic synergistic activity

In the present study, the resultstbéantibacterial activity assay indicating the zone of
inhibition for standbnediscs containing leabark stem and woodf C. bracteosugxtracted
in chloroform, methanol and hexane agaBissubtilis,B. cereusS.aureus P. aeruginosa, S.
typhi, E. coli andA. baumanniare summased in Table 3a, 3¢ and 3e anBigures 8a8c, 8e
and 8f.Whereagesults recorded for inhibition zones aroudigics containingC. bracteosus
leaf, bark, stem and wooedxtractscombinedwith standard antibioticsn the assay for
synergistic antibiotic activity againhe above tested bacterial isoladespresented in Tabée
3b, 3d, 3f and3g and Figures B, 8d, 8g and 8hThe antibacterial activities and antibiotic
synergistic activities of isolated fractions from chloroform stedtmaet are summaeased in
Table 9 which showed the highest antibacterial and antibigywergisticpotential in the
experiment.The DMSO negative contralisc did not indicate any observable antibacterial

44



1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243

activity in all assayswhile inhibition zones of significant diameters were detected around
standard antibiotidiscs with the exception of penicillin @gainstE. coli, P. aeruginosa,B.
subtilis, B. cereusand A. baumanniiand ampicillin againsB. subtilis, B. cereusnd A.
baumanniithat severed gsositive contrat. The data obtained in the assays will be elucidated

below.

4.21. Antibacterial and antibiotic synergistic activities of methanol extracts

The methanat leaf extractof C. bracteosusndicated observablbut mild antibacterial
activity aganstB. cereus, B. subtiliandA. baumannij whereas the methanol bark extract did
not exhibit any observablantibacterial activity. The methaniol leaf extract inducd mean
IZDs of 7 + 0.71mm for B. subtilisand7 + 0.70mm for B. cereusand 7 + 0.77mm for A.
baumanniiat itshighestconcentratiorof 1000 pg in disc (Figured. The standalone methanol
extracts of the plant did not indicate any observable antibacterial activity for the other bacterial
strains tested. However, antibiotic synergistic actioitynethanolextracts was observed for
E. coli, S. aureusand A. baumannii The best antibiotic synergism was observed Aor
baumannii

Antibiotic synergism was observed fér coliATCC 8739 wherthe methanoleaf extract
with ciprofloxacindiscexhibited an inhibition zone that was approximately 1 mm larger than
the $andard ciprofloxaciniscwith a Glissynergy index of 1.®(Figure &). In the synergistic
antibacterial activity assay agairg&taureusthe methanoleaf extract withpenicillin G disc
induced a zone of inhibition approximatelys Inm larger than the standard amijtiicidiscin
diameter (Figure I8. Whereaghe methanobark extract exhibited inhibition nes that were
approximately Inmm larger than the standgpdnicillin G disc(Figure &). The methanol leaf
extract with penicillin G combinedischad the highest synergistic activayt of the twawith
a Glissynergy index of D9 for S. aureus

Themethanokextracts ofC. bracteosugxponentially potentiated the antibacterial action of
ampicillin and penicillin G again#. baumannii The methandeafampicillin combinedlisc
andthe chloroform barkampicillin combinediiscinduced an inhibition zone of 7450.57mm
in diameter forA. baumanniiwhereas the standard ampiciltisc did not show any zone of
inhibition for the bacteriunfFigure &). An inhibition zone of 8 0.52mm in diametewas
detected for the methanblark extracipenicillin G combineddisc againstA. baumannii
whereas the standard penicillindgc did not show any zone of inhibition for the bacterium
(Figure &). A Glls synergy index1 was obtained fomethanobark extract ofC. bracteosus

when combined with penicillin G againAt baumannii A remarkable antibiotic potentiating
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effect is also observed when methanblark extracts ofC. bracteosusvere combined with
ampicillin and penicillin G againd®. cereuswhich indicated Glls synergy indices >1. The
methanolbarkampicillin combineddisc induced an inhibition zone of 638 0.44 mm in
diameter foB. cereuswhereas the standard ampicilliiscdid not show any zone of inhibition
for the bacterium(Figure &). The methanol bark extract with penicillin G combirgidc
induced an inhibition zone of 8450.53for B. cereuswhereas the standard penicillindisc

did not show any zone of inhibition for the bacteri(figure &).
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1251 Table 3a. Diameters for the zone of inhibition forethanolextracts ofC. bracteosusagainst bacteria in the disc diffusion antibacterial assay.

Bacterial isolates Zone of inhibition (mm)
Leaf extract Bark extract Gentamicin 10 pg (PC) Pure DMSO (NC)
E. coliATCC 10536 0 22 +0.33 0
B. subtilisATCC 6633 7+0.71 0 23.5£0.25 0
S. aureuATCC 11632 0 0 24 + 0.56 0
B. cereusATCC 10876 7+0.70 0 22.5+0.59 0
P. aeruginosaATCC 10145 0 0 12 + 0.66 0
S. typhiATCC 6539 0 0 18 £ 0.54 0
E. coliATCC 8739 0 0 23+0.13 0
A. baumanniATCC 19606 7+0.77 0 23+0.78 0

1252 PC = positive control, NC = negative control, Extrembcentrations at 1000 pg/disc, Values are represented as the mean of triplicates (n=3) +
1253 S.E.M.
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( Antibacterial activity of methanol extracts
of C. bracteosus against B. cereus. Leat
extract disk (Top-left), Bark extract disk
(Top-right), Pure DMSO disk as the
negative control (Bottom-right),Gentamicin

10 pg disk as the positive control (Bottom-
L left).

(Antibacterial activity of methanol extracts )

of C. bracteosus against B. subtilis. Leat
extract disk (Top-left), Bark extract disk
(Top-right), Pure DMSO disk as the
negative control (Bottom-right),Gentamicin
10 pg disk as the positive control (Bottom-

 left).

( Antibacterial activity of methanol extracts )
of C. bracteosus against A. baumannii. Leat
extract disk (Top-left), Bark extract disk
(Top-right), Pure DMSO disk as the
negative control (Bottom-left), Gentamicin
10 pg disk as the positive control (Bottom-

left).

Figure 8a. Standalone antibacterial activity of methanol leaf and bark extra€sloficteosus
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Table 3b. Diameters for the zone of inhibition forethanokextracts ofC. bracteosu# the disc diffusion synergistic antibacterial assay.

Bacterial isolates

E. coliATCC 10536

E. coliATCC 8739

S. typhiATCC 6539

Standard antibiotic disc

with potency

Zone of inhibition (mm)
Standard

antibiotic disc

Standard antibiotic and

extract combination disc

Levofloxacin 5 pg
Ciprofloxacin 5 ug
Penicillin G 10 IU (6 pg)
Gentamicin 10 ug
Chloramphenicol 30 ug
Ampicillin 10 pg
Levofloxacin 5 pg
Ciprofloxacin 5 pg
Penicillin G 10 IU (6 ug)

Gentamicin 10 ug
Chloramphenicol 30 ug
Ampicillin 10 pg
Levofloxacin 5 ug
Ciprofloxacin 5 ug
Penicillin G 10 1U (6 pg)

Leaf Bark
32+0.58 31+0.59 28 £ 0.88
38 + 0.56 35+0.69 35+0.58
0 0 0
20+ 0.80 17 +£0.77 15+0.40
28 +0.48 25.5 +0.66 27 +0.88
10+ 0.59 9+0.67 9+0.64
33+0.64 32 +0.57 31+0.89
34 +0.22 35+0.16 32 +0.56
0 0 0
21.5+0.57 16 £ 0.55 17+0.78
31 +0.58 27 +0.22 26.5+0.11
15+ 0.55 14 +£0.45 15+0.89
36 + 0.67 35+0.88 35+ 0.67
40 +0.87 38 +£0.32 38.5+0.45
12 £ 0.57 12 +£0.87 11.5+0.16
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Table 3b (continued)
Bacterial isolates

P. aeruginosaATCC 10145

B. subtilisATCC 6633

S. aureuATCC 11632

Zone of inhibition (mm)

Standard antibiotic disc

with potency

GentamicinlO pg
Chloramphenicol 30 pg
Ampicillin 10 pg
Levofloxacin 5 pg
Ciprofloxacin 5 ug
Penicillin G 10 1U (6 pg)
Gentamicin 10 ug
Chloramphenicol 30 pg
Ampicillin 10 pg
Levofloxacin 5 ug
Ciprofloxacin 5 g
Penicillin G 10 1U (6 pg)
GentamicinlO pg
Chloramphenicol 30 pg
Ampicillin 10 pg

Levofloxacin 5 ug

Standard

antibiotic disc

20+ 0.58
30+0.34
25+0.73
22+0.35
31+0.52
0
13+0.54
0
0
28 £ 0.57
31+0.13
0
24.5+0.43
26 £0.43
0
30+0.23

50

Standard antibiotic and

extract combination disc

Leaf
15+ 0.53
29 +0.46
24 + 0.47
20+ 0.22
23 +0.56

0
11.5+0.66
0
0
29 + 0.64
31.5+0.25
0
18 £ 0.57
26 +0.22

29 +£0.45

Bark
15+0.45
30+0.86
23 +0.54
19 £ 0.57
27+0.11

0
10 £ 0.63
0
0
29 +0.37
29+0.43
0
19.5+0.59
26+0.21
0
31 +0.57

Leaf

Glls

Bark
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Table 3b (continued)
Bacterial isolates

Standard antibiotic disc

with potency

Ciprofloxacin 5 ug
Penicillin G 10 IU (6 ug)
GentamicinlO pg
Chloramphenicol 30 ug
Ampicillin 10 pg
B. cereusATCC 10876 Levofloxacin 5 pg

Ciprofloxacin 5 ug

Penicillin G 10 1U (6 pg)
GentamicinlO pg
Chloramphenicol 30 pg
Ampicillin 10 pg
A. baumanniATCC 19606 Levofloxacin 5 ug
Ciprofloxacin 5 g
Penicillin G 10 1U (6 pg)
GentamicinlO pg

Chloramphenicol 30 pg

Standard

antibiotic disc

29+0.24
17 +0.57
25+ 0.59
31+0.50
23+0.51
26 + 0.56
28 £0.58

0
22 +£0.59
22+0.74
0
27 £0.57
29 +£0.16
0
22+ 0.45
22 +£0.55

51

Zone ofinhibition (mm)

Standard antibiotic and

extract combination disc

Leaf
26 + 0.66

18.5 +0.60

21+0.16
28 £0.34
23 +0.57
27 +0.52
26 £ 0.55

0
16 +0.31
23 +0.46
6.1+0.16
26 £0.87
27 +£0.19
6.1+0.58
15+ 0.57
22 +0.23

Bark
29+0.12
18 £0.43
19 £ 0.57
29 +0.58
23 +0.56
26 +0.51
26 + 0.57

8.5+0.53
13 +0.57

23.5+0.26

6.3+0.44
24 +0.28
26 £ 0.57
8 +£0.52

17 +£0.59
23 +£0.97

Leaf

1.09

Bark

1.06
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Table 3b (continued)

Bacterial isolates Zone of inhibition (mm) Glls
Standard antibiotic disc Standard Standard antibiotic and
with potency antibiotic disc extract combination disc
Leaf Bark Leaf Bark
Ampicillin 10 pg 0 7.5+0.54 7.5+0.57 1.07 >1

Extractconcentrations at 1000 pg/disc, Values for the zone of inhibition are represented as the mean of triplicates (n=3) + S.E.M, Glis =

Growth inhibitory indices (synergy index). *Bold font indicates data for antibiotic synergism.
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Synergistic antibacterial activity of methanol Synergistic antibacterial activity of methanol Synergistic antibacterial activity of methanol
extracts of C. bracteosus against E. coli ATCC ||extracts of C. bracteosus against B. cereus. extracts of C. bracteosus against B. cereus.
10536. Leaf extract + ciprofloxacin 5 pg disk Leaf extract + Penicillin G 10 IU (6 pg) disk | | Leaf extract + ampicillin 10 pg disk (Top-
(Top-left), Bark extract + ciprofloxacin 5 pg (Top-left), Bark extract + Penicillin G 10 IU | | left), Bark extract + ampicillin 10 pg disk

disk (Top-right), Pure DMSO disk as the (6 pg) disk (Top-right), Pure DMSO disk as (Top-right), Pure DMSO disk as the negative
negative control (Bottom-right), Ciprofloxacin 5||the negative control (Bottom-right), Penicillin | | control (Bottom-right), Ampicillin 10 pg disk
g disk as the positive control (Bottom-left). G 10 IU (6 pg) disk as the positive control as the positive control (Bottom-left).

(Bottom-left).

Synergistic antibacterial activity of methanol Synergistic antibacterial activity of methanol Synergistic antibacterial activity of methanol
extracts of C. bracteosus against 4. baumannii. ||extracts of C. bracteosus against A. baumannii. ||extracts of C. bracteosus against S. aureus.

Leaf extract + ampicillin 10 pg disk (Top-left), ||Leaf extract + Penicillin G 10 IU (6 pg) disk Leaf extract + Penicillin G 10 IU (6 pg) disk
Bark extract + ampicillin 10 pg disk (Top-right),||(Top-left), Bark extract + Penicillin G 10 IU (6 |[{(Top-left), Bark extract + Penicillin G 10 TU

Pure DMSO disk as the negative control ug) disk (Top-right), Pure DMSO disk as the (6 ng) disk (Top-right), Pure DMSO disk as
(Bottom-right), Ampicillin 10 pg disk as the negative control (Bottom-right), Penicillin G 10 ||the negative control (Bottom-right), Penicillin
positive control (Bottom-left). IU (6 pg) disk as the positive control (Bottom- |(G 10 IU (6 ng) disk as the positive control

1 2 6 8 left). (Bottom-left).
1269 Figure 8b. Synergistic antibacterial activity of methanol leaf and bark extra&s lofacteosus.
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4.2.2. Antibacterial and antibiotic synergistic activities of hexane extracts

Both hexane leaf and bark extracts ©f bracteosusindicated observable yet mild
antibacterial activity againg. cereus, B. subtiliandA. baumanniwith bark extract having
superior antibacterial activity. The hexane leaf extract induced E&sof 6.1 + 0.2 mm
and the hexanleark extract induced medsaDs of 7 + 0.29mm for B. cereusand 8 + 0.45 for
A. baumanniiat their highestoncentratiorof 1000 pg in disc (Fjure. 8¢. The standaloe
hexaneextracts of the plant did not indicate any observable antibacterial activity for the other
bacterial strains tested. However, antibiotic synergistic actigftyjhexaneextracts was
observed for multiple strains tested with the exceptioB.afubtilis P. aeruginosaand A.
baumannii The best antibiotic synergism was observedoroliandS. aureus

In the synergistic antibacterial activity assay agdstoli ATCC 10536 the hexanéeaf
extract with ampicillindiscinduced a zone of inhibittoapproximately 2nm larger than the
standard ampicillimiscin diameter (Figured. Whereaghe hexandark extract exhibitedn
inhibition zonethat were approximately rhm larger than the stdard ampicillindisc (Figure
8d). The highest GllIs synergy index was obtainedandeaf extract ofC. bracteosug/hen
combined with ampicillin againgt. coli ATCC 10536which wasl.2. Both hexandeaf and
bark extracttiprofloxacin combinedliscs exhibited inhibition zones that were approximately
3.5 mm larger than the standard ciprofloxadiscin diameter forE. coli ATCC 8739with a
Glls synergy index of 1®(Figure8d). Similarly, both hexankeaf and bark extra@mpicillin
combineddiscs exhibited inhibition zones that were approximately 3.5 mm larger than the
standard ciprofloxacidiscin diameter forS. typhiwith a Glls synergy index of 17Q(Figure
8d).

In the synergistic antibacterial activity assay agamstureuspenicillin G showed synergy
againstS. aureuswvhen usd in combination with hexankeaf and bark extracts, in which
penicillin G-leaf extractand penicillin Gbark extracttombineddiscs induced annhibition
zone approximately 2/m larger than the standard penicillirdScwith a Glls synergy index
of 1.18 (Figure 8d). Antibiotic synergism was observed fBr cereusvhenthe hexandeaf
extract ofC. bracteosusvith ciprofloxacincombineddiscexhibited inhibition zoes that were
approximately 2nm larger than the standard ciprofloxadiac (Figure &1). The hexandeaf

extract with ciprofloxacin combinediscindicated &Glls synergy index of 1.Dfor B. cereus
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1300 Table 3c. Diameters for the zone of inhibition foexaneextracts ofC. bracteosugagainst bacteria in the disc diffusion antibacterial assay.

Bacterial isolates Zone of inhibition (mm)
Leaf extract Bark extract Gentamicin 10 pg (PC) Pure DMSO (NC)
E. coliATCC 10536 0 0 21+0.34 0
B. subtilisATCC 6633 6.1+0.71 0 22.5+0.25 0
S. aureuATCC 11632 0 0 25+ 0.56 0
B. cereusATCC 10876 0 7+0.29 23.5+0.27 0
P. aeruginosaATCC 10145 0 0 19 + 0.56 0
S. typhiATCC 6539 0 0 20 +0.58 0
E. coliATCC 8739 0 0 26 +0.60 0
A. baumanniATCC 19606 0 8+0.45 22 +0.65 0

1301 PC = positive control, NC = negative control, Extrembcentrations at 1000 pg/disc, Values are represented as the mean of triplicates (n=3) +
1302 S.E.M.
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1303

1304

1305

1306

Antibacterial activity of hexane extracts of i
C. bracteosus against B. subtilis. Leaf
extract disk (Top-left), Bark extract disk
(Top-right), Pure DMSO disk as the

negative control (Bottom-right),
Gentamicin 10 pg disk as the positive

_control (Bottom-left).

( Antibacterial activity of hexane extracts of A

C. bracteosus against B. cereus. Leaf
extract disk (Top-left), Bark extract disk
(Top-right), Pure DMSO disk as the
negative control (Bottom-right),
Gentamicin 10 pg disk as the positive

L control (Bottom-left).

( Antibacterial activity of hexane extracts of )
C. bracteosus against A. baumannii. Leat
extract disk (Top-left), Bark extract disk
(Top-right), Pure DMSO disk as the
negative control (Bottom-right),
Gentamicin 10 pg disk as the positive

\control (Bottom-left).

Figure 8c. Standalone antibacterial activity of hexane leaf and bark extraCtstwhcteosus.

56




1307 Table 3d. Diameters for the zone of inhibition foexaneextracts ofC. bracteosu# the disc diffusion synergistic antibacterial assay.
Bacterial isolates Zone of inhibition (mm) Glls
Standard antibiotic disc Standard Standard antibiotic and
With potency antibiotic disc extract combination disc
Leaf Bark Leaf Bark
E. coliATCC 10536 Levofloxacin 5 pg 31+£0.56 30£0.57 29+ 0.88 - -
Ciprofloxacin 5 ug 36 £0.53 33+0.67 34 +£0.56 - -
Penicillin G 10 IU (6 pg) 0 0 0 - -
Gentamicin 10 ug 20.5+0.87 18 £0.78 15+0.46 - -
Chloramphenicol 30 ug 28 £0.47 26.5 £ 0.69 27 £0.87 - -
Ampicillin 10 pg 10 £ 0.57 12 + 0. 66 11 +0.64 1.2 1.1
E. coliATCC 8739 Levofloxacin 5 pg 36 £+ 0.59 36 +0.51 36 £+ 0.57 - -
Ciprofloxacin 5 pg 40 + 0.57 435+053 435+0.51 1.09 1.09
Penicillin G 10 IU (6 ug) 0 0 0 - -
Gentamicin 10 ug 25+0.54 18 + 0.57 22 £0.78 - -
Chloramphenicol 30 ug 34 +0.34 33+0.23 33.5+0.54 - -
Ampicillin 10 pg 15 + 0.56 14 +0.32 15 + 0.45 - -
S. typhiATCC 6539 Levofloxacin 5 ug 36 £0.57 35+0.37 35+0.57 - -
Ciprofloxacin 5 ug 39+0.76 31.5+0.88 34+0.34 - -
Penicillin G 10 IU (6 pg) 13+0.57  125+037 12+0.89 - -
1308
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1309

Table 3d (continued)
Bacterial isolates

P. aeruginosaATCC 10145

B. subtilisATCC 6633

S. aureuATCC 11632

Zone of inhibition (mm)

Standard antibiotic disc

with potency

GentamicinlO pg
Chloramphenicol 30 pg
Ampicillin 10 pg
Levofloxacin 5 pg
Ciprofloxacin 5 ug
Penicillin G 10 1U (6 pg)
Gentamicin 10 ug
Chloramphenicol 30 pg
Ampicillin 10 pg
Levofloxacin 5 ug
Ciprofloxacin 5 g
Penicillin G 10 1U (6 pg)
GentamicinlO pg
Chloramphenicol 30 pg
Ampicillin 10 pg

Levofloxacin 5 ug

Standard

antibiotic disc

18 £ 0.55
31+0.84
30 £ 0.57
23 +£0.65
31.5+0.45
0
19.5 + 0.57
0
0
26 £ 0.66
28 £ 0.57
0
21 +£0.38
19.5+0.22
0
31+0.64

58

Standard antibiotic and

extract combination disc

Leaf
16 £ 0.52
26 £ 0.45
32+0.12
19 £ 0.57
28 £ 0.29

0
7.5+ 0.56
0
0
26 £ 0.34
24 + 0.54
0
16 £ 0.26
19 +£0.65

29 +0.27

Bark

18 £ 0.57
29 + 0.65
32+0.54
22.5+0.45
30 £ 0.56

0
10+£0.22

0

0
26+0.14
27 +0.87

0
19 +£0.65
22 +0.25

0
30.5+0.93

Leaf

1.07

Glls

Bark

1.07
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Table 3d (continued)
Bacterial isolates

Standard antibiotic disc

with potency

Ciprofloxacin 5 ug
Penicillin G 10 IU (6 ug)
GentamicinlO pg
Chloramphenicol 30 ug
Ampicillin 10 pg
B. cereusATCC 10876 Levofloxacin 5 pg

Ciprofloxacin 5 pg

Penicillin G 10 1U (6 pg)
Gentamicin 10 ug
Chloramphenicol 30 pg
Ampicillin 10 pg
A. baumanniATCC 19606 Levofloxacin 5 ug
Ciprofloxacin 5 g
Penicillin G 10 1U (6 pg)
Gentamicin 10 ug

Chloramphenicol 30 pg

Standard

antibiotic disc

29+0.48
14 + 0.57
24 +0.87
31+0.65
41 + 0.53
30 £ 0.57
30 +£0.59

0
19+0.28
24 +£0.45

0
25+ 0.65
26 £0.96

0

20.5+0.39
20 £ 0.57

59

Zone ofinhibition (mm)
Standard antibiotic and

extract combination disc

Leaf
25+ 0.57
16.5+0.18
20+ 0.35
29 +0.38
40 £ 0.28
26 £0.54
32 +0.66

0
14.5+0.28
24 +0.44
0
25+0.34
24 +0.54
0
19.5+0.20
20 +£ 0.56

Bark
29 +0.54

16.5+0.48
18.5+0.27

28 £0.35
41 +0.29
27 +0.53
31+0.94

0
19+0.49
23 £0.57

0
27 +£0.23
30 +0.57

0
22 +£0.10
18 +0.84

Leaf

1.18

1.07

Bark

1.18
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1312
1313
1314

1315

1316

Table 3d (continued)

Bacterial isolates Zone of inhibition (mm) Glls
Standard antibiotic disc Standard Standard antibiotic and
with potency antibiotic disc extract combination disc
Leaf Bark Leaf Bark
Ampicillin 10 pg 0 0 0 - -

Extractconcentrations at 1000 pg/disc, Values for the zone of inhibition are represented as the mean of triplicates (n=3) £ S.E.M, Glls =
Growth inhibitory indices (synergy index). *Bold font indicates data for antibiotic synergism.
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Synergistic antibacterial activity of hexane Synergistic antibacterial activity of hexane Synergistic antibacterial activity of hexane Synergistic antibacterial activity of hexane Synergistic antibacterial activity of hexane
extracts of C. bracteosus against E. coli ATCC || extracts of C. bracteosus against E. coli ATCC || extracts of C. bracteosus against B. cereus. extracts of C. bracteosus against S. typhi. extracts of C. bracteosus against S. aureus. Leaf
10536. Leaf extract + ampicillin 10 pg disk 8739. Leaf extract + ampicillin 10 pg disk (Top- || Leaf extract + ciprofloxacin 5 pg disk (Top- Leaf extract + ampicillin 10 pg disk (Top- extract + Penicillin G 10 IU (6 pg) disk (Top-
(Top-left), Bark extract + ampicillin 10 pg disk | | left), Bark extract + ampicillin 10 ug disk (Top- || left), Bark extract + ciprofloxacin 5 pg disk left), Bark extract + ampicillin 10 pg disk left), Bark extract + Penicillin G 10 IU (6 pg)
(Top-right), Pure DMSO disk as the negative right), Pure DMSO disk as the negative control || (Top-right), Pure DMSO disk as the negative (Top-right), Pure DMSO disk as the negative| | disk (Top-right), Pure DMSO disk as the negative
control (Bottom-right), Ampicillin 10 pg disk | [ (Bottom-right), Ampicillin 10 pg disk as the control (Bottom-right), ciprofloxacin 5 pg disk | [ control (Bottom-right), Ampicillin 10 pg control (Bottom-right), Penicillin G 10 IU (6 pg)
as the positive control (Bottom-left). positive control (Bottom-left). as the positive control (Bottom-left). disk as the positive control (Bottom-left). disk as the positive control (Bottom-left).

1317

1318 Figure 8d. Synergistic antibacterial activity of hexane leaf and bark extra@s lmfacteosus.
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1326
1327
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1329
1330
1331
1332
1333
1334
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1336
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4.2 3. Antibacterial and antibiotic synergistic activities of chloroform extracts

Chloroform leaf, bark, stem and wood extractofbracteosusndicated observable yet
mild antibacterial activity again®. cereus, B. subtiliand A. baumanniiwith stem extract
having superior antibacterial activity. The chloroform leaf extract induced mean 1ZDs of 7.3
0.72 mm forB. subtilisand 6.2 + 0.56 mm foA. baumanniand the chloroform bark extract
induced mean 1ZDs of 8.6 £ 0.27 mm ®rsubtilis 9 = 0.28 mm foB. cereusand 6.5 + 0.58
mm for A. baumanniiat their highestoncentrationof 1000 pg in disc (Figuree}. The
chloroform stem extract induced mean 1ZDs of 9.5 £ 0.28 mnB faubtilis 10 + 0.26 mm
for B. cereusand 9 + 0.57 mm foA. baumanniand the chloroform wood extract induced mean
IZDs of 9 + 0.28 mm foB. subtilis 9.5 £ 0.29 mm foB. cereusand 7.5 + 0.54 mm foA.
baumanniiat their highesiconcentrationof 1000 pg in disc (Figuref® The standalone
chloroform extracts of the plant did not indicate any observable antibacterial activity for the
other bacterial strains tested. However, antibiotic synergistic activity of chloroform extracts
was observed for multiple strains tested with the excepti@ntyphifor leaf and bark extracts,
B. subtilisandB. cereudor stem and wood extracts. Also, the chloroform stem extract did not
show antibiotic synergism agairdt cereus.

In the synergistic antibacterial activity assay agastoli ATCC 10536, the chloroform
leaf extract with ampicillidiscinduced a zone of inhibition approximately 0.5 mm larger than
the standard ampicillimisc in diameter (Figure . Whereas the chloroform bark extract
exhibited inhibition zones that were approximately 1.5 mm larger than the standard ampicillin
disc (Figure &) and approximately 1 mm larger than the standard ciprofloxdisioin
diameters respectively (Figurg)8The chloroform bark extract with ampicillin combingidc
had the highest synergistic activity with a GlIs synergy index of 1.1B.fooli ATCC 10536.
Antibiotic synergism was observed fér coli ATCC 8739 when the chloroform bark extract
with ampicillin discexhibited an inhibition zone that was approximately 1 mm larger than the
standard ampicilliisc (Figure &)). The highest GllIs synergy index of 1.05 was detected for
ampicillin-bark combinedliscagainst. coliATCC 8739.

In the synergistic antibacterial activity assay agatsiureusthe chloroform leaf extract
with ampicillin discinduced a zone of inhibition approximately 1 mm larger than the standard
ampicillin disc in diameter (Figure @. Whereas the chloroform bark extract exhibited
inhibition zones that were approximately 3 mm larger than the standard amgistl{figure
8g). Penicillin G also showed synergy agaiit aureuswhen used in combination with
chloroform leaf and bark extracts, in which the antibiotic and leaf extract comdised

induced an inhibition zone approximately 3 mm larger than the standard penicdiscG

62



1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386

Meanwhile, the penicillin G and bark extract combirgidc induced an inhibition zone
approximately 4 mm larger than the standard penicillidise (Figure &j). The chloroform

bark extract with penicillin G combinetisc had the highest synergistic activity with a GlIs

synergy index of D9for S. aureus

Excellent antibiotic synergism was observedBorcereusvhen the chloroform leaf and bark

extracts with ciprofloxacin combineatiscs exhibited inhibition zones that were approximately

5 mm and 10 mm larger than the standard ciprofloxdisarespectively. (Figured. The

chloroform extracts of. bracteosualso showed good synergies for chloramphenicol against

B. cereusin which the leaf extraathloramphenicol combinediscinduced an inhibition zone
approximately 3 mm larger than the chloramphenicol standisd (Figure &). The

chloroform bark extract with ciprofloxacin combindsc had thelargest IZD insynergistic

activity with a Glls synergy index of @4 for B. cereusRemarkably, the chloroform extracts

of C. bracteosugxponentially potentiated the antibacterial action of ampicillin and penicillin

G againstA. baumannii The chloroform leampicillin combineddiscinduced an inhibition

zone of 6.5 + 0.58m and the chloroform basmpicillin combinedliscinduced an inhibition

zone of 8 £ 0.92nm in diameter foA. baumanniiwhereas the standard ampicildisc did

not show any zone of inhibition for the bacterium (Figure 8g). An inhibition zone of 8.5 + 0.51

mm in diameter was detected for the chloroform bark expewicillin G combineddisc

againstA. baumannii whereas the standard penicillin disc did not show any zone of

inhibition for the bacterium (Figureg®

Both chloroform bark and wood extracts potentiated the antibacterial action of
chloramphenicol which induced an inhibition zone ot 8.57 mm and 9 + 0.5%5m

respectively in diameter forP. aeruginosawhen combined, whereas the standard
chloramphenicotliscdid not show any zone of inhibition for the bacterium (Figure8t8g A

Glls synergy index >1 was obtained for chlorampheriaok and chloramphenicalood

extract combinediscagainstP. aeruginosaT he c¢chl or of or m wood extrac
zones that were approximately di 6mgluaeg8&h)t k
approximately 2 mm | ar gedi igmh adni atnheet esrtsa nrdeasrpde ¢
t est edE.a gsdoCrs 1 053 6 MeFa gwhhikloB,bjcor m st em and w
i ndi ¢damthedi ti on zones approxi mately 1 mm an
ci profdioxmmcdinameters respecH.i ved§g& 7wh9e n( FRiegsutr e
8hFurthehimorefocm stemexamidbwkhedi etixomazdrmses apfg
2 mm | arger tdasoctHbeamepecs!| teapec3.i vaedrye unsh ¢

(Figure 8h). Both chloroform stem and wood e
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agalSnstawrehbhsinhibition zones 1. 8i@Bi ghae 8 hepg
Chloroform stem and wood extracts also showed good synergies when combined with
ampicillin, which indicated inhibition zones of 11 + 0.&88n and 10 = 0.92nm in diameters
respectivelyfor A. baumanniiFigure 8h). Furthermore, chloroform stem and wood extracts
significantly synergized penicillin @nd ampicillin wherea GlIs synergy index of 1.33 was

indicated forA. baumanniwhen the chloroform wood extract and ampicillin were used in

combination, whiclwasoverallthehighest Gllis in the experime(figure 8h).

64



1396

1397
1398
1399
1400
1401
1402
1403
1404

Table 3e Diameters for the zone of inhibition fohloroformextracts ofC. bracteosusagainst bacteria in the disc diffusion antibacterial assay.

Bacterial isolates

Zone of inhibition (mm)

. COliIATCC 10536

. subtilisATCC 6633

. aureuATCC 11632

. cereuATCC 10876

. aeruginosaATCC 10145
. typhiATCC 6539

. COliIATCC 8739

A. baumanniATCC 19606

m o T W 0w W m

Leaf extract Bark extract Stem extract Wood extract Gentamicin 10 ug Pure DMSO
(PC) (NC)

0 0 0 0 19.5+0.32 0
7.3+£0.72 8.6 +0.27 9.5+ 0.28 9+0.28 26.6 £ 0.24 0

0 0 0 0 24 + 0.56 0

0 9+0.28 10+ 0.26 9.5+0.29 28 + 0.56 0

0 0 0 0 185+0.78 0

0 0 0 0 19+ 0.80 0

0 0 0 0 21 +0.57 0
6.2 + 0.56 6.5+ 0.58 9+0.57 75+0.54 21+0.54 0

PC = positive control, NC = negative control, Extremhcentrations at 1000 pg/disc, Values are represented as the mean of triplicates (n=3) +

S.E.M.
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1406

1407
1408
1409
1410

kpositive control (Bottom-right).

(Antibacterial activity of chloroform extracts of
C. bracteosus against B. subtilis. Leaf extract
disk (Top-left), Bark extract disk (Top-right),
Pure DMSO disk as the negative control
(Bottom-left), Gentamicin 10 pg disk as the

(Antibacterial activity of chloroform extracts
of C. bracteosus against A. baumannii. Leat
extract disk (Top-left), Bark extract disk
(Top-right), Pure DMSO disk as the negative
control (Bottom-right), Gentamicin 10 pg disk

J/

as the positive control (Bottom-left). J

(Antibacterial activity of chloroform extracts)
of C. bracteosus against B. cereus. Leaf
extract disk (Top-left), Bark extract disk
(Top-right), Pure DMSO disk as the negative
control (Bottom-right), Gentamicin 10 pg disk

as the positive control (Bottom-left).
\. J

Figure 8e. Standalone antibacterial activity of chloroform leaf and bark extra€s lafacteosus.
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1412

1413
1414
1415

(Antibacterial activity of chloroform extracts)
of C. bracteosus against B. subtilis. Stem
extract disk (Top-left), Wood extract disk
(Top-right), Pure DMSO disk as the negative
control (Bottom-right),Gentamicin 10 pg disk

as the positive control (Bottom-left).
\. J/

(Antibacterial activity of chloroform extracts]
of C. bracteosus against B. cereus. Stem
extract disk (Top-left), Wood extract disk
(Top-right), Pure DMSO disk as the
negative control (Bottom-right), Gentamicin
10 pg disk as the positive control (Bottom-

left).

J/

(Antibacterial activity of chloroform extracts)
of C. bracteosus against 4. baumannii. Stem
extract disk (Top-left), Wood extract disk
(Top-right), Pure DMSO disk as the negative
control (Bottom-right), Gentamicin 10 pg
disk as the positive control (Bottom-left).

. /

Figure 8f. Standalone antibacterial activity of chloroform stem and wood extraCtshwhcteosus.
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Table 3. Diameters for the zone of inhibition fohloroformleaf and bark extracts @f. bracteosus the disc diffusion synergistic

antibacterial assay.

Bacterial isolates

E. coliATCC 10536

E. coliATCC 8739

S. typhiATCC 6539

Zone of inhibition (mm)

Standard antibiotic disc

with potency

Levofloxacin 5 pg
Ciprofloxacin 5 pg
Penicillin G 10 1U (6 pg)
Gentamicin 10 ug
Chloramphenicol 30 ug
Ampicillin 10 pg
Levofloxacin 5 pg
Ciprofloxacin 5 g
Penicillin G 10 1U (6 pg)

Gentamicin 10 pg
Chloramphenicol 30 ug

Ampicillin 10 pg

Levofloxacin 5 ug

Ciprofloxacin 5 ug

Standard

antibiotic disc

32 +£0.56
31+0.53
0
19.5 + 0.87
28 +0.47
14.5 + 0.57
36 + 0.58
40 £ 0.54
0

25+ 0.57
34 +£0.52
19 + 0.56
34.5+0.55
39+0.23

68

Standard antibiotic and

extract combination disc

Leaf
31+0.57
31+0.67

0
17 +0.78

27.5+0.69

15+ 0.66

36 £0.75

37 £0.58
0

18 + 0.58
33 +£0.67
19 +0.58
24 + 0.57

31.5+0.44

Bark
28 +0.88
32 +0.56

0
15+ 0.46
27 +0.87
16 £ 0.64
36 +0.77
40+ 0.71

0

22 +0.60

33.5+0.89

20 + 0.57
30 £ 0.59
34 +0.53

Leaf

Glis

Bark

1.03



1419

Table 3 (continued)
Bacterial isolates

P. aeruginosaATCC 10145

B. subtilisATCC 6633

Standard antibiotic disc

Zone of inhibition (mm)
Standard
antibiotic disc

Standard antibiotic and

extract combination disc

with potency

Penicillin G 10 IU (6 ug)
GentamicinlO pg
Chloramphenicol 30 ug
Ampicillin 10 pg
Levofloxacin 5 g
Ciprofloxacin 5 ug
Penicillin G 10 IU (6 ug)
Gentamicin 10 pg
Chloramphenicol 30 pg
Ampicillin 10 pg
Levofloxacin 5 pg
Ciprofloxacin 5 ug
Penicillin G 10 IU (6 ug)
Gentamicinl0 pg
Chloramphenicol 30 ug
Ampicillin 10 pg

Leaf Bark
17 +0.58 15+0.51 15+ 0.57
18 + 0.66 16 + 0.59 18 £ 0.54
31+0.57 26 + 0.58 29 £ 0.33
26 +0.88 23+0.23 21 +0.13
23 +0.66 19 £ 0.57 22.5 +0.59
31.5+0.57 28 + 0.88 30+0.34
0 0 0
19.5+0.58 7.5+0.89 10+ 0.45
0 0 8 +0.57
0 0 0
26 + 0.58 26 +0.43 26 + 0.45
28 + 0.57 24 +0.62 27 +0.68
0 0 0
21+0.84 16 £ 0.34 19+0.23
19.5+0.35 19+0.51 22 +0.57
0 0 0

69

Leaf

Glis

Bark



1420 Table 3 (continued)

Bacterial isolates

S. aureu;ATCC 11632

B. cereusATCC 10876

A. baumanniATCC 19606

Standard antibiotic disc

Zone of inhibition (mm)
Standard

antibiotic disc

Standard antibiotic and

extract combination disc

with potency

Levofloxacin 5 pg
Ciprofloxacin 5 ug
Penicillin G 10 1U (6 pug)
GentamicinlO pg
Chloramphenicol 30 pg
Ampicillin 10 pg
Levofloxacin 5 ug
Ciprofloxacin 5 pg
Penicillin G 10 1U (6 pg)
GentamicinlO pg
Chloramphenicol 30 pg
Ampicillin 10 pg
Levofloxacin 5 pg
Ciprofloxacin 5 ug
Penicillin G 10 1U (6 pug)
GentamicinlO pg

Leaf Bark
31+0.46 29 +0.53 30.5+0.77
29 + 0.57 25+0.33 29+0.16
44 + 0.67 47 +£0.51 48 + 0.57
24 +0.76 20+ 0.43 18.5+0.24
31+0.35 29 +0.63 28+0.18
41 + 0.53 42 + 0.58 43 + 0.52
25+ 0.54 26 +0.51 27 +0.57
18 + 0.56 23+0.44 28 +0.23

0 0 0
19 +0.69 145+ 0.54 19 £ 0.57
16 £ 0.55 19 +£0.52 20 £ 0.57
0 0 0
26 + 0.58 25+ 0.52 26 +0.78
28.5+0.47 27 £ 0.57 29+0.94
0 0 8.5+0.51
21.5+0.51 17 £ 0.57 20 +0.58
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Leaf

1.02

128

Glis

1.04



1421  Table 3 (continued)

Bacterial isolates Zone of inhibition (mm) Glls
Standard antibiotic disc Standard Standard antibiotic and
with potency antibiotic disc extract combination disc
Leaf Bark Leaf Bark
Chloramphenicol 30 ug 23 £0.55 20 £0.50 22 £0.42 - -
Ampicillin 10 pg 0 6.5+ 0.58 8+0.92 1.06 1.23

1422  Extractconcentrations at 1000 pg/disc, Values for the zone of inhibition are represented as the mean of triplicates (n=3) + S.E.M, GlIs =

1423  Growth inhibitory indices (synergy index). *Bold font indicates data for antibiotic synergism.
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1424
1425  Figure 8g. Synergistic antibacterial activity of chloroform leaf and bark extradts bfacteosus.
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