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The discovery and introduction of antibiotics to treat bacterial infections have
almost successfully eradicated the threats posed by infectious bacteria.
However, the misuse of antibiotics such as over-prescription of antibiotics and
patient’s non-compliance in completing the antibiotic course have led to the
development of resistance in microorganisms due to the natural selection
process. Consequently, novel antibiotics or alternatives have to be developed
and discovered in order to mitigate this resistance. In this study, two compounds,
beta-caryophyllene (BCP) and 1,8-cineol (CN), were first screened against
several bacteria such as Bacillus cereus, Escherichia coli as well as multidrug-
resistant strains Klebsiella pneumoniae to assess the antibacterial effects,
followed by a few assays to evaluate the modes of action of the two mentioned
compounds. We found that BCP and CN exhibited antibacterial effect against
B. cereus and Kilebsiella pneumoniae carbapenemase-producing K.
pneumoniae (KPC-KP) with the minimum inhibitory concentration (MIC) of 2.50
% (v/v) and 3.13 % (v/v) respectively. Time-kill analysis was performed to
evaluate the killing kinetics of the compounds. Results show that BCP and CN
was bactericidal against B. cereus and KPC-KP based on the reduction number
of 2 3 log10 in CFU/mL. Subsequently, zeta-potential measurement,
measurement of UV-absorbing materials, ethidium bromide influx/efflux assay,
outer membrane permeability assay, scanning and transmission electron
microscopies, oxidative stress evaluation and lipid peroxidation were performed
to evaluate the modes of action of the compounds. The results obtained from
various assays showed increased in membrane permeability and leakage of UV-
absorbing materials (protein and nucleic acid) in BCP and CN-treated cultures,
showing that both BCP and CN played a role in disrupting the bacterial
membrane. Ethidium bromide influx/efflux assay showed that the influx of
compounds into the bacterial cells was due to damaged membrane caused by
BCP and CN. In addition, measurement of reactive oxygen species (ROS) and
lipid peroxidation in CN-treated KPC-KP cells revealed that CN caused increase
in ROS and malondialdehyde levels. The morphology of KPC-KP cells treated



with CN showed corrugated surfaces and irregular rod-shaped forms under
scanning electron microscopic analysis, as well as cytoplasmic clear zones due
to intracellular leakage and damaged membrane in transmission electron
microscopic analysis. In conclusion, BCP causes increase in membrane
permeability, intracellular leakage and membrane disruption. CN induced
oxidative stress which leads to lipid oxidation, affecting the membrane
permeability, intracellular leakage and eventually disruption in the bacterial
membrane, resulting in cell death. This study investigated the mechanisms of
action of BCP and CN in bacterial membrane disruptions. The findings of this
study could be helpful in the future employment of BCP and CN as novel
alternatives for existing antibacterial agents in the clinical setting.
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Penemuan dan pengenalan antibiotik untuk merawat jangkitan bakteria hampir
berjaya membasmi ancaman yang ditimbulkan oleh bakteria berjangkit. Walau
bagaimanapun, penyalahgunaan antibiotik seperti preskripsi antibiotik yang
berlebihan dan ketidakpatuhan pesakit dalam menyelesaikan kursus antibiotik
telah menyebabkan perkembangan daya tahan dalam mikroorganisma kerana
proses pemilihan semula jadi. Oleh itu, antibiotik atau alternatif baru perlu
dikembangkan untuk mengurangkan daya tahan ini. Dalam kajian ini, dua
sebatian, beta-caryophyllene (BCP) dan 1,8-cineol (CN), dinilai terhadap
beberapa bakteria seperti Bacillus cereus, Escherichia coli serta strain daya
tahan terhadap pelbagai ubat Klebsiella pneumoniae untuk menilai kesan
antibakteria, diikuti oleh beberapa ujian untuk menilai kaedah tindakan kedua
sebatian tersebut. Kami mendapati bahawa BCP menunjukkan kesan
antibakteria terhadap B. cereus sedangkan CN berkesan terhadap K
pneumoniae strain daya tahan pelbagai ubat penghasil karbapenemase (KPC-
KP) dengan kepekatan perencatan minimum 2.50 % dan 3.13 % (v/v) masing-
masing. Analisis pembunuhan masa dilakukan untuk menilai kinetik membunuh
sebatian. Hasil kajian menunjukkan bahawa BCP dan CN dapat membunuh
bakteria B. cereus dan KPC-KP berdasarkan pengurangan bilangan = 3 log10
dalam CFU/mL. Selepas itu, ujian pengukuran potensi zeta, pengukuran bahan
penyerap UV, pengujian influx/efflux etidium bromida, ujian kebolehtelapan
membran luar, mikroskop elektron imbasan dan transmisi, penilaian tekanan
oksidatif dan peroksidasi lipid dilakukan untuk menilai mod tindakan sebatian.
Hasil yang diperoleh dari pelbagai pengujian menunjukkan peningkatan
kebolehtelapan membran dan kebocoran bahan penyerap UV pada kultur yang
dirawat dengan BCP dan CN, menunjukkan bahawa kedua BCP dan CN
berperanan dalam mengganggu membran bakteria. Uji influx/efflux etidium
bromida menunjukkan bahawa kemasukan sebatian ke dalam sel bakteria
disebabkan oleh membran yang rosak, disebabkan oleh BCP dan CN. Selain itu,
pengukuran spesies oksigen reaktif dan peroksidasi lipid pada sel KPC-KP yang
dirawat dengan CN menunjukkan bahawa CN menyebabkan peningkatan kadar



spesies oksigen reaktif dan malondialdehid. Morfologi sel KPC-KP yang dirawat
dengan CN menunjukkan permukaan bergelombang di bawah analisis
mikroskopik elektron imbasan, manakala mikroskopik elektron transmisi
menunjukkan zon jelas sitoplasma kerana kebocoran intraselular dan membran
yang rosak. Secara ringkas, BCP menyebabkan peningkatan kebolehtelapan
membran, kebocoran intraselular dan gangguan membran. CN menyebabkan
tekanan oksidatif yang membawa kepada pengoksidaan lipid, mempengaruhi
kebolehtelapan membran, kebocoran intraselular dan akhirnya gangguan pada
membran bakteria, mengakibatkan kematian sel. Kajian ini meneliti mekanisme
tindakan BCP dan CN dalam gangguan membran bakteria. Penemuan kajian ini
dapat membantu dalam penggunaan BCP dan CN di masa depan sebagai
alternatif baru agen antibakteria yang ada dalam keadaan klinikal.
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CHAPTER 1

INTRODUCTION

1.1 Background of study

Antibiotics have saved millions of lives over the last century. However, the
efficacy of existing antibiotics has been compromised due to the progressive
emergence and spread of multidrug resistant (MDR) bacteria. The overdosing
and non-judicious use of antibiotics are believed to be the main factors causing
the rise in MDR detection. The current focus bacteria are ESKAPE
(Enterococcus faecium, Staphylococcus aureus, Klebsiella pnemoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, Enterobactor species)
which are responsible for a wide range of infections. Moreover, the emergence
of extended-spectrum B-lactamase-producing bacteria has caused the treatment
of infections to become challenging, leading to substantial increased illnesses
and death rate.

The development of novel antimicrobials is a daunting task and takes
considerable amount of time, hence, the shift in research towards alternative
therapies to lower the resistance of pathogenic organisms towards existing
antimicrobial agents is a crucial aspect. There has been a resurgence in the use
of natural products worldwide (Moo et al., 2019). Natural products are
compounds that can be obtained from different natural sources such as plants,
animals, and microbes. These compounds are secondary metabolites, derived
from primary metabolism (Perveen, 2012). Terpenes, the largest class of
secondary metabolites fundamentally consists of five carbon isoprene units
linked to each other in many different ways, made up of simple hydrocarbons.
The modified version of terpenes, termed terpenoids, carry the difference in
functional groups, either oxidized methyl group removed or changed at different
positions (Du Fall et al., 2011; Perveen, 2012; Mahizan et al., 2019). The number
of carbon units categorises terpenoids into hemiterpenes, monoterpenes,
diterpenes, sesquiterpenes, sesterpenes and triterpenes (Yazaki et al., 2017).

Terpenoids are used globally as antibacterial agents. Most of the monoterpenes
exhibit strong antibacterial activities (Perveen, 2012). Zacchino et al. (2017) has
reported that among the potentiators of antibacterial drugs streptomycin,
gentamicin, nafcillin, tobramycin and amikacin, 75 % were monoterpenes and
diterpenes (Zacchino et al., 2017). Besides that, a-terpineol, a-pinene and
linalool were claimed to have antibacterial activities in E. coli O157:H7 (Zengin
& Baysal 2014). Another study by Silva et al. (2015) demonstrated linalool
possessed antibacterial activity against S. aureus and P.aeruginosa with the MIC
of 1024 pug/mL (Silva et al., 2015). The sensitivity of bacteria towards terpenoids
are determined by the composition, charge of the outer structures and
membrane permeability of the bacteria. Monoterpenes alter the bacterial
membrane permeability and increase membrane fluidity which causes the

1



change in the topology of membrane proteins, giving rise to the interruption in
the respiratory process. Besides that, it is most likely that the lipophilicity and/or
hydrophobicity together with the presence of hydroxyl group in the terpenes
affect the antibacterial mechanism (Zengin & Baysal 2014).

Beta-caryophyllene (BCP) is a sesquiterpene with two fused rings, and a
cyclobutane ring, normally found in essential oils (EOs) of oregano, cinnamon
and black pepper (Gertsch et al. 2008). Studies shown that BCP has significant
potential as an antimicrobial agent in food industry because of its low toxicity
(Pieri et al., 2016). BCP is known for its anti-inflammatory, antioxidant and
anticancer attributes (Dahham et al., 2015). Earlier on, a study conducted using
plant extracts consisting BCP have identified antimicrobial activity against
pathogens such as Spiranthera odoratissima, Lantana sp., Lippia gracillis
Thymus kotschyanus, Vernonia remotiflorae, V. brasiliana and Syzygium cumini
(Pieri et al., 2016).

1,8-cineol (CN), commonly known as eucalyptol, is a bicyclic monoterpene that
can be found in various EOs such as the eucalyptus oil, rosemary oil, C.
longepaniculatum leaf essential oil, just to name a few (Brown et al., 2017; Li et
al., 2014). CNis used in the treatment of inflammatory diseases of the respiratory
system such as sinusitis, chronic obstructive pulmonary disease and bronchial
asthma due to its anti-inflammatory property (Sudhoff et al., 2015). Other than
anti-inflammatory property, several studies reported that CN also exhibits
antibacterial activity against E. coli, Salmonella enteritidis, S. aureus with MIC
ranging from 0.781-6.25 pL/mL (Li et al., 2014). Besides that, according to
Sokovi¢ et al. 2010, CN was effective against human pathogenic bacteria strains,
namely Bacillus subtilis, E. coli O157:H7, Enterobacter cloacae, Micrococcus
flavus, P. aeruginosa, Proteus mirabilis, S. aureus, S. enteritidis, Staphylococcus
epidermidis, and Salmonella typhimurium with the MIC value ranging from 4.0-
7.0 pg/mL (Sokovicx et al., 2010). Despite the known anti-inflammatory property
and antibacterial activity of CN against a few types of these bacteria, scientific
data regarding the antibacterial mechanism of CN against bacteria is limited,
especially with reference to antibiotic resistant bacteria.

Hence, this study investigates the use of BCP and CN, as an antibacterial agent
by assessing the antibacterial activity and its mechanism of action, aiming to
provide information in potential alternative therapy to combat antimicrobial
resistance (AMR) by the exploitation of plant secondary metabolites.



1.2 Objectives of the research

The objectives of this study were to:

1) Assess the potential of BCP and CN as an antimicrobial agent.

2) Determine the antimicrobial mechanisms of BCP and CN against Gram-
positive and Gram-negative bacteria.
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