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ABSTRACT

Signiﬁcant finding in searching of new drugs from Rutaceae alkaloids has led to an
Important strategy to overcome the problems of resistance and side effects associated
with conventional antibiotics. In this study, the leaves of Ruta angustifolia (L.) Pers.
were extracted and the alkaloidal extracts were fractionated by using column
chromatography. Through bioassay-guided isolation, combined fraction of R3? and
R48, fraction RC-8 and Rd-10 yielded a total of three antimicrobial active alkaloids.
These isolated alkaloids were then identified by means of their Thin Layer
Chromatography profile, melting point and maximum wavelength for UV absorption
in methanol (UVX . MeOH) in comparison with that of authentic alkaloids. The
identification was further confirmed by their 'H NMR and "C NMR spectroscopic
data. The alkaloids were characterized as acridone, furoguinoline and 4-quinolone
with trivial names arborinine, skimmianine and graveoline respectively. The
antimicrobial activity of arborinine and graveoline was tested against Staphylococcits
aureus, Enterococcus fecalis, Helicobacter pylori, Escherichia coli, Pseudomonas
aeruginosa and Candida albicans of ATCC strains. Broth microdilution assay of both
alkaloids gave Minimum Inhibitory Concentration (MIC) values ranging from 250
ug/ml to 1000 pg/ml. Minimum Bactericidal Concentration (MBC) values were
recorded at 1000 ug/ml and more than 1000 ug/ml. Antibacterial combination effects
between graveoline and either erythromycin or vancomycin were studied against S.
aureus. E. fecalis and E. coli by means of Fractional Inhibitory Concentration (FIC)
index. The tested combinations against S. aureus resulted in synergistic and additive
etfects with FIC indices of 0.57 to 0.75, respectively. All tested combinations against
E. fecalis and E. coli resulted in additive effect with FIC indices ranged from 0.5 to
2.0. Antifungal combination between arborinine and ketoconazole against C. albicans
showed additive interaction with FIC index of 0.75. Bacterial DNA-binding
properties of the three alkaloids were investigated against double-stranded DNA with
various restriction enzymes. The investigation revealed that the alkaloids mostly
affect the cleavage activity of the restriction enzymes which contains 5°-TpA
sequence rather than 5°-ApT sequence in their recognition pattern and potential
crosslink sites under UV exposure. These isolated alkaloids were screened to possess
antimicrobial activity through DNA synthesis inbition mechanism and might need to
be combined with other agent to enhance its inhibitory effects.
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CHAPTER 1

INTRODUCTION

1.1 PLANTS AS POTENTIAL SOURCE FOR ANTIMICROBIAL
AGENTS

The emergence of new infectious diseases, the recovery of several infections that
appeared to have been controlled and increasing incidences of drug-resistant
pathogens have accelerated a number of researches and exploitation of drugs
originated from plant of natural sources (Cleidson, et al., 2007). There are great
potentials to discover new bioactive products from tropical forests as it holds many
varieties of plants (Heinrich, et al., 2006). In Peninsular Malaysia for instance there
are over six thousand species of tropical plants spreading among 550 genera and
around 1,300 species are of medicinal value (Muhammad and Mustafa, 1994).

These plants were proven to be a potential new drug source based on the
practically limitless of novel mechanism-based in vitro bioassays. It has been
estimated that 14% to 28% of higher plant species are traditionally used as medicine
and 74% of those plants are pharmacologically active (Ncube, Afolayan and Okoh,
2007). Verification of ethnomedicine theory showed that pure bioactive compounds
isolated from plants which have long-term history of utilization by human are likely to
be safer than those isolated from plants without human use history. In some cases,
plants provided unlimited source of significant and complex chemical structures in
which they would never be the subject of establishment of synthetic programme. Thus,
the patented active compounds derived from plants can be assured (Daniel and

Norman, 2001). Moreover, plant bioactive components showed a signiticant role of



being combined with other antibiotics with the advantages of mitigating many side
effects, better patient tolerance, cheaper and being renewable in nature. In addition,
higher plants also represent a potential source of novel antibiotic prototypes (Iwu,
Duncan and Okunji, 1999; Shariff, 2001; Sumitra and Kalpna, 2011).

The biologically active natural compounds helped in surviving the increasing
number of bacterial resistance towards currently existing antibiotics. Bacteria
developed the resistance mechanisms through drug inactivation or modification,
alteration of target site, alteration in the metabolic pathway or reduced drug
accumulation (Katzung, 2004). In the environment, the bacteria create a biofilm in
which they are protected. This biofilm usually created by nosocomial bacteria that
grow on wounds, scar tissucs and medical implants or devices which consequently
results in infections of the urinary tract, central nervous system, eyes, ears, skin and
musculoskeletal system (Raja, Gajalakshmi and Raja, 2010).

In 2004, more than 70% of pathogenic bacteria were estimated to be resistant
to at least one of the drugs commonly used in anti-infectious therapy (Katz, et al,,
2000). Among Gram-positive organisms, the most important resistant pathogens are
Staphylococcus aureus, Enterococcus and Streptococcus species in which they are
responsible for half of the hospital-associated infections (Balaban and Dell’ Aqua,
2005). On the other hand, Gram-negative pathogens such as Klebsiella, Escherichia,
Enterobacter, Serratia, Salmonella and Pseudomonas species contributed to more than
60% of sepsis cases in hospitals. They represent a serious problem in patients
hospitalized with cancer, cystic fibrosis and burns, which causing death in 50% of the

cases (Raja, et al., 2010).



Bioactive compounds were basically derived through several inter-acting
metabolic pathways, preferably through secondary metabolic pathway which also
depends on both primary processes such as photosynthesis and respiration for basic
carbon compounds (Meena, 2009). They were also probably evolved from plants as
their chemical defense against predation or infection (Satish, Raghavendra and
Raveesha, 2008). The bioactive compounds such as alkaloids, flavanoids, tannins,
phenolics, saponins and glycosides were studied abundantly on their antimicrobial
activity. The efficacy as antimicrobial agents was imparted when they are pathogenic
or symbiotic in human body. Amazingly in either way the bioactive compounds were
able to regulate host-microbe interaction in favour of the host (Meena, 2009).

The efficiency in strategies for drug discovery combined with high-throughput
screening techniques allows screening millions of phytochemicals per year (Gunnar,
2004).  Most of the screening proved that plants arc the potential source of
antimicrobial agents. Around 25% of prescription medicine owes their origin to plant
source (Heinrich, et al., 2006). Another important factor for the interest in plant
antimicrobials is the rapid rate of plant species extinction. There is a feeling among
natural product chemists and microbiologists alike that the multitude of potentially
useful phytochemical structures which could be synthesized chemically is at risk of
being lost permanently (Das, Tiwari and Shrivastava, 2009). Therefore, the
identification of bioactive compounds in plants, their isolation, purification and
characterization of active ingredients from crude extracts by various analytical

methods are crucially important.



1.2 DESCRIPTIONS OF RUTA ANGUSTIFOLIA (L.) PERS.

Ruta angustifolia is belongs to the family of Rutaceae and the genus of Ruta (rue). It is
oniginated from southern, Mediterranean Europe and Eurasia. The species was initially
identified by Swedish biologist, Carolus Linnaeus in 1805 and later by Christiaan

Hendrik Persoon (Wikipedia, 2010).

Figure 1.1: Ruta angustifolia (L.) Pers. (a) The whole plant (b) The leaves
(http://www.mrkumai.blogspot.com)

R. angustifolia (Figure 1.1) is an erect, small shrub reaching 1.5 m in heights.
The whole plant has a strong, heavy, unpleasant smell and bitter, acrid, pungent taste
owing to its volatile oil. The leaves are tripinnate and alternately arranged; leaflets
lanceolate to obovate-lanceolate, tip blunt, base tapered, 8-20 mm long, 2-6 mm wide
with entire margin, veins are not obvious and light-green in colour. It is important that
the plant has ample moisture and well-drained soil. In Malay, it is called “aruda’ or
‘garuda’ (Najihah, et al., 2009).

Traditional used of this plant includes paralysis, coughs and stomachache
treatments. The leaves are heated and placed inside the ear to treat earache. It was also
considered to be an important means of protection against supernatural evil in many

parts of the world. Study also shows a high correspondence of the main medicinal uses



to the pharmaceutically demonstrated properties of the plant Qith the ability to
improve circulation, treat rheumatism, treat infections and inflammation, to relieve
pain, and remove parasites among others (Elia, 2003).

The Rutaceae plant is a rich source of several acridones, quinoline alkaloids,
coumarins and immidazole alkaloids (Khalid, et al., 2000). Reported phytoconstituents
of this plant include rutoside, rutaverine, arborinine, rutin, elemol, pregeijerene,
geijerene, furocoumarins, bergapten, xanthotoxin, fagarine, graveolinine and
skimmianine (Koh, Chua and Tan, 2002). The presence of quinoline nucleus in this
plant promotes a pharmacologically active compounds with antiasthmatic,

antibacterial and antifungal activities (Nadaraj, Selvi and Raju, 2006).

1.3 THE ALKALOIDS OF RUTA SPECIES
Alkaloids in the Ruta species are completely to be anthranillic acid derived alkaloids

particularly which possess quinoline and acridine skeletons (Figure 1.2)

CO.H X N
) ,
NHz N N
Anthranillic acid (1) Quinoline (2) Acridine (3)

Figure 1.2: Amino acid precursor of Ruta alkaloid, anthranillic acid (1) which give
rise to quinoline (2) and acridine (3) type of alkaloids (Alessandra, et al., 2005).

These include 2- and 4-quinolones, furoquinolines, acridones and related heterocyclic
systems. The high chemical diversity of quinolone alkaloids contributes to the

isolation of pharmacologically active new alkyl-, aryl-, and alkylarylquinoline/ones.



