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ABSTRACT

This study examined the antibacterial effects of some compounds present in the

medicinal plant Mirabilis jalapa. Extracts of the aerial parts were obtained by soxhlet

extraction using organic solvents in increasing order of polarity. Each extract was

subsequently screened for bactericidal activity against clinical isolates of selected

entero-pathogenic bacteria. Active fractions were subjected to several steps of

chromatography techniques resulting in isolation of four compounds. The structure of

each compound was elucidated using data obtained from 1D and 2D Nuclear Magnetic

Resonance (NMR), Fourier Transform Infra Red (FTIR) and Ultraviolet (UV)

spectroscopic techniques. Molecular masses of the compounds were also determined by

Electron Impact ionization-Mass Spectrometry (EI-MS) and Electrospray Ionization-

Mass Spectrometry (ESI-MS). Administration, Distribution, Metabolism and Toxic

(ADMETox) properties of each isolated compound was evaluated by in silico methods

while in-vitro antimicrobial assay was conducted on compounds predicted to possess

drug-like properties suitable for oral route administration. The methanol extract showed

Minimum Inhibitory Concentration (MIC) values of 2.5 mg/ml against Bacillus cereus,

Eschericia coli, Salmonella typhi and Shigella dysentariea while 10 mg/ml was the

Minimum Bactericidal Concentration (MBC) required to completely kill the organisms.

Trolline (compound 1), isorhamnetin (compound 2), and tryptophan (compound 3) were

isolated from methanol extract while β-sitosterol (compound 4) was isolated from

dichloromethane extract. Compound 1 was selected for bioassay based on cumulated

results on in silico evaluation and ADMET risk-codes generated from Admet predictor

software used. Antimicrobial screening of compound 1 against selected

enteropathogenic bacterial cells described showed MIC values in the range 57 µM - 114

µM while MBC values recorded were within the range 114 µM – 228 µM. The findings
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of this research identified trolline, isolated for the first time from M. jalapa as bioactive

chemical entity present in methanol extract of aerial parts of M. jalapa.
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CHAPTER ONE

1.0 INTRODUCTION

Diseases related to the gastrointestinal tract are a major cause of morbidity or stunted

growth amongst children especially in developing countries. It is estimated that more

than 10 million children below the age of five years die each year worldwide with

pneumonia and diarrhea as predominant causes (Petri et al., 2008). Of this figure, more

than half of these deaths occur in six countries including Nigeria (Black et al., 2003).

The Child Health Epidemiology Research Group (CHERG) created by WHO in 2001

estimated that the syndrome of diarrhea accounted for 18% of deaths in children less

than five years, with malnutrition as a comorbid condition in 53% of all deaths (Petri et

al., 2008).

Most diarrhoeal related diseases in developing countries have an infectious origin. A

wide array of microbes is responsible for the cycle of bouts that may be experienced by

immunocompetent and immunocompromised individuals. Commonly encountered

entero-pathogenic organisms include parasites like Ascaris lumbricoides,

Cryptosporidium spp., Giardia lamblia, Entamoeba histolytica and Trichuris trichiura;

and bacteria like Vibrio cholera, Shigella spp., Salmonella spp., and Enteropathogenic

E. coli (EPEC). Viruses like the rotavirus are also known to cause enteric disturbances.

The pathophysiologic mechanism associated with these enterpathogens are diverse,

however, a common symptom exhibited in most cases involve loss of body fluids

causing an imbalance of body water and electrolytes (Hodges and Gill 2010).

A growing concern in recent times with respect to enteropathogenic diseases is the

emergence of drug resistant microbes. The widespread use of antimicrobial agents in

animal husbandry and the food chain constitute an important source of microbial

resistance thus the threat of zoonotic complications become imminent. Resistance
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against drugs which were previously efficacious like the cephalosporins have been

reported to be related to acquired resistance among eneterobactericeae. Surveillance

studies relating antimicrobial resistance and antibiotic consumption have drawn

attention to the development and spread of drug resistant infectious organisms (Okeke et

al., 2007).The threat of exposures to these organisms poses a risk to proper growth and

development in the formative years of a child thus a lasting impact may be experienced

due to poor nutrient absorption, frequent diarrhea and malnutrition.

Substances that are taken for their intended pharmacologic properties either as drugs,

stimulants, etc usually undergo biotransformation. The transformation of chemical

substances in the body may result in metabolites that are more biologically active than

the parent compound or are made less biologically active in the process of making the

compound more hydrophilic for easy elimination from the body (Lin and Lu, 1997). An

understanding of the metabolic fate of a compound provides insights to predicting its

therapeutic outcome, toxicity effects and its suitability for use in the treatment of

diseases.

Many studies have reported the therapeutic potentials of compounds present in crude

plant extracts in the treatment of diseases. The primary health care needs of many rural

populations, especially in the developing world, largely depend on medicinal herbs. The

therapeutic potential of these herbs probably depends on several constituents of

unpurified plant extracts. Interactions between these various compounds that constitute

the mixture as well as the possibility of a multi-target outcome among others, are

evidences put forward supporting the use of crude plant extracts (WHO, 2002; Ahmad

et al., 2013). Indeed certain compounds improve the absorption and subsequent

bioavailability of other compounds which may or may not necessarily result in an

increased therapeutic effect.
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Mixtures of many constituents of medicinal plant extracts are very variable and difficult

to characterize. Botanical extracts made directly from crude plant material may also

show substantial variation in composition, quality, and therapeutic effects (Kunle et al.,

2012). It is also very tasking to maintain standardized extracts of high-quality with

consistent levels of specified compounds. There are also problems associated with

microbiological contamination, presence of foreign materials, such as heavy metals,

pesticide residues and phytotoxins (Bent, 2008; Kunle et al., 2012). Other major

drawbacks in the use of crude extracts include the lack of specificity in drug target and

difficulty in associating therapeutic property to particular compound(s) in the mixture

(EMEA, 2005).

Individuals exposed to the frequent use of herbal mixtures run the risk of developing

highly sensitized and activated cytochrome P-450 enzyme systems, a phenomenon

known as enzyme induction (Zhang et al., 2003; Leucuta and Vlase, 2006). These

enzymes known for their broad substrate specificities transform drugs and other

compounds to their more soluble forms thus are easily eliminated from the body. This

may result in a shortened half life (t1/2) of expected therapeutic response of drugs

metabolized by similar routes and the possibilities of having several metabolites for a

single drug compound due to the versatilities of cytochrome P-450s (Gupta and Atul,

2000) and other drug metabolizing enzymes (Qiao et al., 2012). Research findings in

drug metabolism have shown species-related drug toxicities resulting from differences

in enzyme systems and metabolic pathways (Lin, 1995; Lin et al., 1996; Mehrotra et al.,

2007; Berry et al., 2011). Similarly, evidences from pharmacogenetics and

pharmacogenomics (Kim et al., 2008; Holstein et al., 2012; Kadiyala and Tan, 2013)

show that humans have the tendency to react differently to the same drug component. It

is important therefore, to know the composition and possibly the structures of the
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constituents of drugs and other formulations. This would guarantee relevant criteria for

uniformity and safety of chemical substances relevant to healthcare delivery (EMEA,

2005).

Modern equipment and techniques have encouraged rapid advancements in natural

products research development. Various in-vitro methods have been developed for

elucidating  pathways, enzymes involved and major metabolites (Zhang et al., 2003) in

drug development strategies (Brandon et al., 2003; Brennan, 2012; Holstein et al., 2012;

Kim et al., 2012). Available in-vitro metabolism technologies that utilize microsomes,

liver slices (Brandon et al., 2003), tissue banks, CYP enzyme expression systems, and

recently, the use of computer softwares in silico simulations and predictions among

others have allowed for high throughput metabolism assessments, reduced cost and time

expended and complete avoidance or reduction in number of animal models normally

required in traditional in-vivo methods (Brunner and Langer, 2006). For example,

precision-cut liver slices have been shown to reflect a complete in-vitro metabolite

profile of a compound since this system retains the physiological conditions of enzymes

and co-factors of both phase I and phase II reactions, therefore simulates the in-vivo

situation (van de Kerkhof et al., 2006). However, in-vitro and in-silico bioassays

generally serve as a link or a means to predict the outcomes of, or reject completely, a

given drug candidate before being subjected to in-vivo studies (Jacob and Ahmad, 2003;

Eikel et al., 2011; Solon, 2012). Thus a balanced in-vitro/in-vivo approach coupled with

high sensitive quantitation techniques (Krajcsi et al., 2012) contribute significantly in

the quality and reliability of data obtained within a given time frame on the fate of

bioactive compounds in biological systems.
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1.1 STATEMENT OF RESEARCH PROBLEM

Many plants indigenous to the West African sub region have been studied and shown to

have various therapeutic properties. A significant proportion of these researches

unfortunately terminate at the level of whole crude plant extracts. A major limiting

factor is poor access to standard research environment or underfunded projects.

Medicinal plants with promising economic importance as a result become underutilized

thus poorly harnessed in meeting the health care needs of the populace. Elswhere like

China, India and other Asian countries, progress have been recorded in the development

of local traditional medicinal practice refined to promote safe, acceptable and

marketable products.

Child mortality resulting from preventable diseases in developing nations like Nigeria is

a major source of concern. An estimated 1.87 million deaths from diarrhoea of children

aged less than 5 years was observed globally. WHO African and South-East Asia

Regions combined accounted for 78% (1.46 million) of all diarrhoea deaths occurring

among children in the developing world while 73% of these deaths are concentrated in

just 15 developing countries including Nigeria (Boschi-Pinto et al., 2008). Poverty, lack

of access to quality health facilities and good portable drinking water further worsens

the situation in a region where climatic factors favours growth and proliferation of

pathogens. Treatment of recurrent cases of infections and exposure of infectious

organisms to antimicrobial agents has led to emergence of organisms resistant to cheap

available drugs. The need to search for new lead compounds to augment or totally

replace drugs that are losing their potency and effectiveness as a result of emergence of

evidences linking such to severe adverse effects or microbial resistance becomes

imperative.
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1.2 JUSTIFICATION OF THE STUDY

A reservoir of knowledge on medicinal plants exists in many African societies. The

plant Mirabilis jalapa selected for this study is based on its trado-medicinal uses (Singh

et al., 2010) and antimicrobial activities especially those relating to enteric infections

(Oladunmoye, 2007; Muthumani et al., 2010; Nath et al., 2010; Eneji et al., 2011, Shaik

et al., 2012).

1.3 AIM OF THE RESEARCH

The aim of this research is to isolate and characterize compounds from aerial parts of M.

jalapa against some enterobacteria.

1.4 OBJECTIVES

The objectives of this research are as follows:

1. Anti-bacterial screening of extracts of aerial parts of M. jalapa

2. Isolation of pure compounds from selected extracts with potential activity.

3. Characterization and structural elucidation of isolated compounds

4. in-silico physico-chemical evaluation of isolated compounds

5. Antibacterial screening of characterized compounds
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Natural Products and Drug Discovery

Natural products are chemical compounds or substances produced by living organisms

possessing bioactive properties that are pharmacologically useful in drug discovery

(Lahlou, 2013).  Medicinal plants over the years have been recognized as major sources

of natural products especially in the treatment of various diseases. The attractiveness of

natural products as varied source of lead compounds with drug-like properties has

historical roots. For example, about 60% of cancer drugs and 75% of infectious disease

drugs are derived from natural products (Boldi, 2004). The stereochemical architecture,

chirality and unique carbon skeletons of natural products traverse a large expanse of

diversity yet to be explored. Thus screening natural products have so far been a

successful strategy for the discovery of medicines.

The decline in the interest on natural products in the past 20 years has not led to a

significant improvement in the discovery of new drug components by synthetic means

which gained in popularity within this period (Harvey, 2008). From an economic

perspective, natural products constitute the best selling non-protein drugs. The

combined proceeds from sales of natural products derived drugs – sinvastatin,

lovastatin, enalapril, pravastatin, atorvastatin, augmentin, ciprofloxacin, clarithromycin

and cyclosporine – amount to over $16 billion (Harvey, 2000; Bendseil et al., 2001).

More recent natural product based developed drugs include the anti malarial drug

artemisinin and the anticancer drugs taxol, docitaxel and camptothecin.

Advancements in chromatography purification and spectroscopy techniques (NMR, MS

FTIR) and the more recent computer in silico techniques have led to a more efficient
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approach in natural products isolation and characterization, eliminating much of the

technical difficulties in traditional isolation and screening methods.

2.2 Mirabilis Jalapa Plant

Taxonomy

Kingdom: Plantae

Sub kingdom: Tracheobionta

Division: Angiosperms

Class: Dicotyledons

Sub class: Caryophylidae

Order: Caryophyllales

Family: Nyctaginaceae

Genus: Mirabilis

Species: M. jalapa L

The plant M. jalapa belongs to the Nyctaginaceae family. It is a perennial herbaceous

plant that grows to a height of 50cm to 100cm (Lim, 2014). It has an extensive network

of branches with pointed leaves stemming from a tuberous root. The yellow, pink or

purple coloured flowers are funneled shaped while the seeds are usually spherical,

wrinkled and appear black upon maturity (Eneji et. al., 2011). Phytochemical

constituents of the roots, leaves, stem and seeds reveal the plant to contain alkaloids,

flavonoids, phenols, steroids, triterpenes, glycosides, amino acids, tannins and saponins.

Quite a number of these phytoconstituents have been demonstrated to possess

pharmacologic effects useful in diseases like diabetes, oxidative stress, bacterial

infection and inflammation (Nath et al., 2010). As a major constituent of Chinese

medicine, some Chinese products include extractive of this plant as part of product

formulation for example, the Chinese medicine for treating oesophageal cancer (Tao et

al., 2010). The plant has been shown to be effective in phytoremediation by promoting
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degradation of total petroleum hydrocarbons (TPH) at a tolerance level of

≤10,000mg/Kg (Peng et al., 2009).

Plate 2.1: Mirabilis jalapa plant

2.2.1 Antibacterial Properties of Mirabilis jalapa

Extractives of various plant parts of the plant Mirabilis jalapa have been in folk

medicine across different cultures of the world especially in treatment of diseases that

are of bacterial origin (Holdsworth, 1992; Comeford, 1996; Encanacion et al., 1998).

Several reports have identified the bactericidal effects of organic solvent extracts of

aerial parts (leaves, flowers, seeds stem) and roots of the plant. Meera et al., (2012)

reported a broad spectrum antibacterial activity of several organic solvent extracts of the

leaves of the plant. Disc diffusion and micro dilution assay methods were used to

demonstrate inhibitory and bactericidal effects on selected gram positive (S. aureus, S.

epidermis and B. subtilis) and gram negative (E. coli, P auringanosa and K. pneumonia)
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bacteria. Their findings identified methanol extract to be most effective as an

antibacterial. Similar works on aerial parts of the plant reported by Zachariah et al.,

(2012) identified the methanol extract to be most effective against tested

microorganisms S. aureus, Psuedomonas spp., Bacillus spp. at MIC values of 1.0mg/ml.

They also demonstrated antioxidant activity of the methanol plant extract. Other polar

organic solvents used for extraction of the plant parts have been reported. The ethanol

extract (70%) was shown to have bactericidal effects against the tested organisms S.

aureus, B. cereus, K. pneumonia and E. coli as well as antioxidant properties

(Oladunmoye, 2012). Eneji et al., (2011) in their findings reported ethanol extracts to

have bactericidal effects on S. typhi and B. cereus at MBC of 2mg/ml. The organisms

screened using various extracts cut across different species known to cause different

diseases ranging from enteric (e.g. S. typhi, E. coli) to opportunistic skin infections

commonly caused by S. aureus. Importantly, claims on the effectiveness of the plant as

a treatment for dysentery and diarrhea would best be assessed by screening organisms

that are associated with food borne and gastro intestinal tract diseases.

2.2.2 Anti Inflammatory Properties of Mirabilis jalapa

Extracts of Mirabilis jalapa were experimentally demonstrated by Nath et al., (2010) to

have anti inflammatory effects. Carrageenan induced rat paw oedema and cotton pellet

granuloma models were used to evaluate the acute and chronic anti inflammatory effects

of alcoholic and pet ether extracts of the leaves of the plant. Another study by Singh et

al., (2010) suggested the efficacy of the aqueous extract of the plant as having anti

inflammatory properties. Carrageenan and formalin induced rat paw oedema were also

used to evaluate anti inflammatory properties of the extracts. Such methods as reported

normally exhibit their inflammatory response via COX-2 mediated increase in

prostaglandin production thus contributing to severity of inflammation and pain (Guay
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et al., 2004). These methods however, may be limited in application in relation to

inflammatory response triggered by bacterial infection especially those related to

diarrhoeal diseases. Central to inflammation mechanisms in diarrhoeal infectious

diseases is production of cytokines resulting in stimulation of intestinal mucosa to

induce inflammatory reaction involving release of proinflammatory agents like IL-6,

IL-8 TNF-α (Navaneethan and Giannella, 2008; Hodges and Gill, 2010). Increased

production of proinflammatory agents may result in increase in reactive oxygen species.

It is however not clear whether the observed anti inflammatory effects of the extracts is

by way of enzyme inhibition or as a free radical scavenger.

2.2.3 Isolated Phytochemicals from Mirabilis jalapa

Several literatures have reported the isolation of bioactive compounds from M. jalapa.

Briefly discussed below are some characterized bioactive phytochemcials from the

plant.

2.2.3.1 Trigonelline

Trigonelline is a major constituent of Mirabilis jalapa roots. This compound has been

shown to have anti-diabetic properties as reported in the findings of Zhou et al., (2012).

They reported trigonelline, has hypoglycemic effects in rats and humans alike. They

were able to show the beneficial effects of the compound as a diabetic in decrease in

N+

O

O-

CH3
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blood glucose and lipid levels as well as up regulating anti-oxidant enzyme activity

(Zhou et al., 2013). They also demonstrated the increased serum endogenous glucagon-

like peptide-1 (GLP-1) levels and GLP-1R (in rodents) expression which may be

attributed to the effects of trigonelline on diabetic peripheral neuropathy (DPN)

regulation of GLP-1R/p38  mitogen-activated protein kinases (MAPK) signaling

pathways (Zhou et al., 2012).

2.2.3.2 Cytotoxic Rotenoids

The ethanolic extract of Mirabilis jalapa roots subjected to several chromatographic

steps (silica gel 200-300 mesh size, sephadex LH-20) led to the isolation of rotenoid

type compounds boeravinone B (1) boeravinone E (2), 9-O-methyl-1-4-

hydroxyboeravinone B (3) and mirabijalone B (4) (Xu et al., 2010). Compounds 1-4

basically have same flavonoid skeleton but with differences in side chain substituent.

Boeravinone B (1) Boeravinone E (2)

9-O-methyl-1-4-hydroxyboeravinone B (3) Mirabijalone B (4)
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Compounds 3 and 4 were previously isolated and reported in a different study (Yang et

al., 2001; Wang et al., 2002) while compounds 1 and 2 were isolated by the authors for

the first time from this plant. The microculture tetrazolium (MTT) assay for these

compounds 1-4 displayed cytotoxicity against human leukemia cell lines (K562 and

HL-60), human lung adenocarcinoma (A549), human hepatoma (BEL-7402) and human

stomach cancer (SGC-7901) cell lines.

2.2.3.3 5, 7-Dihidroxy-2’-methoxy-6-methylisoflavone

This compound was isolated from a manipulated cell culture of Mirabiis jalapa and

from roots of Boerheavia diffusa both belonging to the Nyctaginaceae family. The

compound is an amorphous solid with monoisotopic mass of 298.084125. The

compound was demonstrated to exhibit muscle relaxing spasmolytic effects (Borelli et

al., 2006).

2.2.3.4 Mirabijalone A

O
O

O
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CH3

OH
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This compound has a yellow like appearance isolated from the roots of Mirabilis jalapa

(Yi-Fen et al., 2002). The molecular weight is 358.347 with optical rotation [α] 16D of -

203.9 (in methanol). It has the basic rotenoid structure with presence of a methoxy

group.

2.2.3.5 N-trans-feruloyl-4-O-methyldopamine

This alkaloid compound was isolated from Achyranthes ferruginea, Mirabilis jalapa

and Chenopodium album. The molecular weight is 343.379 with C, H, N and O

composition of 66.46%, 6.16% 4.08% and 23.30% respectively. Physically, this

compound appears oily and has been shown biologically to have bacterial efflux pump

emitter properties (Pedersen et al., 2010).

2.2.3.6 Mirabilis Antimicrobial Peptides (Mj-AMP)

Mj-AMP I and II were purified from the seeds of Mirabilis jalapa (Cammue et al.,

1992). The authors observed Mj-AMPs sequence was unique from all other known plant

proteins but showed homology to µ-agatoxins, a neurotoxic peptide isolated from spider

venom. The nitrocellulose blots of SDS-PAGE electrophoresis of Mj-AMP I and II

suggested molecular masses of 8000Da and 7000Da respectively and a pI value of about

10.5. The cysteine residues in the peptides were involved in disulphide bridges. The

peptides were also shown to be non-glycosylated, stable at pH2-11 and not affected by

OCH3

OH

N
H

O

OH

O
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heat treatment of up to 100oC for 10 minutes. Bioactivity screening of both peptides

revealed 50% (IC50) of fungal growth inhibition after 48hours incubation varied from 6

to 300µg/ml for Mj-AMPI and 0.5 to 20 µg/ml for Mj-AMPII. The Mj-AMPs were also

demonstrated to inhibit gram positive bacteria B. megaterium and S. lutea but had no

effect on gram-negative E. coli and E. carotovora. The proteins also did not show any

effect on cultured human umbilical vein endothelia cells or human skin muscle

fibroblasts even at concentrations of 500 µg/ml. The sequence data shows both peptides

to be highly homologous however, their antifungal activity differ markedly.

2.2.3.7 Trypsin Inhibitors

Two trypsin inhibitors mirabilis jalapa trypsin inhibitors (MJTI I and II) were isolated

by Kowalska and co-workers (2007) from 1Kg Mirabilis jalapa seed material. Several

chromatographic steps including affinity, ion-exchange as well as preparative gel

electrophoresis and reverse phase HPLC on C-18 column were used in obtaining about

20mg of the purified proteins. The authors reported that the isolated inhibitors showed

no sequence relationship with any other inhibitor but were homologous to the

antimicrobial Mj-AMP peptides isolated from the same plant. Cold ethanol (96%) was

used to precipitate the acidic extract (pH4) of M. jalapa seeds, followed by affinity

chromatography on immobilized catalytically inactive methyl chymotrypsin in presence

of 5M NaCl.

2.2.3.8 Ribosome Inactivating Protein (RIP)-Like Protein

RIPs are a group of plant enzymes with N-glycosidase activity capable of inactivating

ribosomes by modifying 28S rRNA. Also, the ability of the RIPs to cleave supercoiled

DNA when incubated together is indicative of its RIP activity. A 30kDa protein with

RIP-like properties designated Mj-30 was isolated by Ikawatip (2006). The peptide was
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isolated by cationic exchange chromatography on CM sepharose CL-6B column. Mj-30

was shown to have cytotoxic activity against T47D and siHa cell lines but was less toxic

(in comparison) to human mononuclear cells.

2.3 In Silico ADME Predictions

In-silico predictions on administration, distribution, metabolism and elimination

(ADME) of drugs in modern day research have helped to limit time and reduce cost of

searching for NCEs with drug-like potentials (Butina, et. al., 2002; Kapetanovic, 2008).

There are different approaches in in-silico modeling of ADME properties. The methods

are either data-based such as QSAR, similarity searches, 3D QSAR, structure based

methods such as ligand-protein docking and pharmacophore modeling (Yamashita and

Hashida, 2004).

Models for in-silico prediction of ADME properties based on the quantitative structure

activity relationship (QSAR) approach can be applied to a large number of molecules.

The large database of molecular descriptors used in the training of models relies on high

quality experimental data relating to the activity which is being predicted. The outcomes

of in-silico predictions have been demonstrated to compare favourably with in vitro

experimental methods in understanding the pharmacokinetics and dynamics of

compounds (Boobis et al., 2002). There are different approaches used in the design of

models to predict molecular properties at different pharmacokinetic stages i.e.

absorption, distribution, metabolism, excretion and toxicity (ADMET). Examples of

such approaches used in model designing include:

 Pattern recognition
 Statistical regression

 Classification
 Artificial neural networks (ANN)
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 Genetic algorithms
 Kernel partial Least squares (KPLS)

 Molecular and quantum mechanics
 Support vector machines, etc (Butina et al., 2002).

The Moriguchi model for example is a regression model that describes molecular

hydrophobicity (MlogP) based on octanol-water partitioning (Moriguchi et al., 1992).

The model was built on a training set of 1230 compounds with a correlation of 0.952.

The partial least square (PLS) regression approach published by Crivori et al., (2000)

correctly predicted more than 90% of blood-brain-barrier (BBB) data on permeability.

Commercially available computer softwares that integrate several of these prediction

models include Simulations plus Inc. Lancaster, (USA,) Accelrys Cambridge (UK),

Lhasa Ltd Leeds (UK), Comgenex, Budapest (Hungary), etc (Boobis et al., 2002;

Butina et al., 2002). The solubility model created by Simulations plus Inc was based on

ensembles of artificial neural networks constructed using the ADMET modeler

software, with a data set consisting of 3,596 organic compounds (Admet predictor

Manual, 2015). Quite a number of software vendors provide the platform for creating

compound libraries. Such approach help identify early in time compounds that may

satisfy ADMET requirements in drug discovery (Van De Waterbeemd and Gifford,

2003).

The use of computer models in this study serves to provide pharmacokinetic data to

complement expectations of compounds as possible lead candidates that may be present

in extracts of the plant with potential bioactive properties. It must however be noted that

there is no substitute for the actual clinical trials of compounds for their intended use.

The dynamics of drug interaction with biological system of diverse complexity can only

be well understood when all factors that influence the final outcome are put under

thorough investigation. Development or modification of experimental protocols by
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combination of techniques in recent times only goes further to revolutionize natural

products/medicinal chemistry research in the quest for better health care delivery.
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CHAPTER THREE

3.0 MATERIALS AND METHOD

3.1 Materials

3.1.1 Solvents, Chromatography and Bioassay Materials

Solvents used for experimentation included methanol (MeOH), dichloromethane

(DCM), ethylacetate (EtAc), hexane (Hex), acetone, butanol (But), and double distilled

water (ddH2O). High Performance Liquid Chromatography (HPLC) grade solvents

(Sigma Aldrich, Germany) were used for HPLC purification steps. Chromatography

materials included precoated alkylamine (normal phase) and R-18 (reverse phase) TLC

plates, silica gel (60-120, 120-230 mesh size), sephadex LH-20 and MCI gels (Sigma

Aldrich, USA).

Materials used for antibacterial studies included petri-dishes, micropipette (Ependorff

1-5 µL; 10-100 µL), nutrient agar (Sigma Aldrich, USA). Standard antibiotic drugs used

included sparfloxacin, erythromycin and ciprofloxacin supplied by Department of

Microbiology, Faculty of Science, Usmanu Danfodiyo University, Sokoto.

3.1.2 Equipment

The following were some equipment used which included Avance AV-600 Cryoporbe,

AvanceAV-500 NMR, Electron Ionization Mass spectrometer (EI model no. MAT312

centroid type display), QSTAR Elite ESI-ToF mass spectrometer, Fourier Transform

Infra Red (FTIR FTS-65, Biorad), ultraviolet (UV) spectrophotometer (Shimadzu UV-

240; Hitachi U3200), Recycling Preparatory HPLC (Reverse phase ODS-H-80, ODS

M-80 columns; normal phase ODS-SIL D-60-10 column, Japan Analytical Industries).
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3.2 Methodology

3.2.1 Collection, Identification and Processing of Plant Material

The plant material was collected during the rainy season (October 2014) from Rigasa,

Igabi Local Government Area of Kaduna State. The plant was identified at the

Herbarium unit of the Biological Science Department, Ahmadu Bello University, Zaria

with the voucher number 2441deposited. The aerial parts (including leaves, flowers and

stems) were carefully collected and air dried under shade. The dried plant material was

pulverized, weighed and stored under cool and dry conditions until needed.

3.2.2 Extraction of Plant Material

The pulverized plant material (950 g) was extracted using soxhlet apparatus. Organic

solvents were used in increasing order of polarity starting with hexane, dichloromethane

and methanol. All extracts were concentrated and weighed. The methanol extract was

re-extracted with butanol saturated with water, concentrated and re-dissolved in

methanol.

3.2.3 Screening of Extracts for Antibacterial Activity

Standard methods as described by European Committee on Antimicrobial Susceptibility

Testing (EUCAST, 2000; 2003) were adopted for all microbiological investigations in

this study. Clinical isolates of selected enterobacteria obtained from the Department of

Medical Microbiology, Ahmadu Bello University Teaching Hospital, Zaria were

screened for susceptibility to the various extracts. The test bacteria used for this

screening included Streptococcus feacalis, Shigella dysenteriae, Salmonella typhi,

Salmonella paratyphi, Bacillus cereus, Eschericia coli and Vibrio cholera.
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3.2.3.1 Preparation of Nutrient Agar

To exactly 23 g nutrient agar in a conical flask, 1000 ml of distilled water was added.

The conical flask was then heated with continuous agitation. This was allowed to boil

for 1 minute to ensure complete dissolution of the agar powder and subsequently

autoclaved at 121 ºC for 20 minutes. The dissolved sterilized agar was allowed to cool

to 45 ºC. This was finally poured into petri dishes and allowed to solidify under sterile

conditions.

3.2.3.2 Nutrient Broth Preparation

To 1000 ml of distilled water in a conical flask, 25 g of nutrient broth was added and

then thoroughly mixed. The mixture was sterilized by autoclaving at 121 ºC for 20

minutes.

3.2.3.3 Well Diffusion Susceptibility Test

For each sample, 0.2 g was weighed and dissolved in 10 ml Dimethylsulhoxide

(DMSO) to obtain stock concentration of 20 mg/ml. Sterilized media in petri-dishes

were then seeded with test bacterial cells. Inoculums were spread by streaking using

sterile swab. Seeded plates were allowed to dry after which a cork borer of 5 mm in

diameter was used to make wells. Dissolved samples were introduced into the wells of

appropriately labeled plates. The plates were then incubated at 37ºC for 24 hours after

which the plates were examined for zones of growth inhibition. The diameter of widest

points was measured in millimeters using a caliper. Similar preparations were made for

positive control (ciprofloxacin, erythromycin and sparfloxacin 20 mg/ml) and negative

control containing only solvent of extraction added in the wells (EUCAST, 2000; 2003).
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3.2.3.4 Minimum Inhibitory Concentration (MIC) Determination

The MICs of the samples were determined using the broth dilution method. Exactly 1.0

ml of prepared nutrient broth was dispensed into 5ml test tubes (pyrex glass) and

autoclaved at 121 ºC for 15 minutes. Turbid solutions for each bacterial cell were

prepared by dissolving in 0.8 % normal saline. Serial dilutions were made and

compared to Mc-Farland’s turbidity standard scale of 0.5 with cell concentration of

1.5x108 cfu/ml. Serial dilutions of 10 mg/ml, 5 mg/ml, 2.5 mg/ml and 1.25 mg/ml was

done also for each extract from a stock of 20 mg/ml. Cell suspensions were then

transferred into the test tubes and incubated at 37 oC for 24 hours after which the tubes

were inspected for turbidity. Test tube with lowest concentration of sample with

turbidity closest to standard represents the MIC for that concentration (EUCAST, 2000;

2003).

3.2.3.5 Minimum bactericidal concentration (MBC) determination

The MBC of each sample was determined by using sterilized agar-containing

petridishes. The contents of the MIC test tubes were sub-cultured onto the agar plates by

dipping a sterile wire loop into each test tube and streaking on the surface of the agar

plates. The plates were then incubated at 37 ºC for 24 hours and observed for bacterial

growth. The MBC was the plate with lowest sample concentration without any observed

growth (EUCAST, 2000; 2003).

3.2.4 Solvent – Solvent Partitioning of DCM and Methanol Crude Extracts

3.2.4.1 Column Chromatography

Pyrex glass columns 90 cm by 15 cm, 50 cm by 9 cm and 30 cm by 3 cm columns were

variously packed with silica gel (60-120 mesh size). Flash column set up was run using

silica gel of mesh size 230-400. Wet packing was done using hexane for all columns.
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Crude dichloromethane and methanol extracts were immobilized on silica using solvent

of extraction, stirred until a uniformly fine and loose particles were obtained.

Progress of elution was monitored using normal phase silica coated aluminium TLC

plates (for non-polar to moderately polar fractions) and reverse phase R-18 ODS glass

coated plates (for polar fractions). Developed TLC plates were visualized by spraying

with cerric sulphate then heated using a hand held heating gun.

Solvent Partitioning and Column Chromatography of Methanol Extract

The methanol extract (29 g) was first partitioned in a separating funnel with butanol

saturated with water. The mixture was allowed to partition and the lower aqueous phase

was decanted out to remove extremely polar components. The butanol phase was

concentrated using a vacuum rotavapour and subsequently freeze-dried to recover 9g of

dry fraction.

The butanol fraction was then introduced into column packed with silica (mesh size 60-

120) in the sample : silica ratio of 1 g : 30 g. The column was initially stabilized using

hexane. Polarity of the column was gradually increased by eluting with isocratic

mixture of 10% methanol : 90% dichloromethane. Fractions F50 to F80 collected using

this solvent system were pooled together based on their TLC profiles. Fractions F85 to

F98 were eluted using 20 % methanol: 80 % dichloromethane, which were also pooled

together.

Fractions F50-80 were subjected to flash column (silica mesh size 230-400) and eluted

with 40% acetone : 60% hexane. Fractions F33 to F45 obtained were pooled together

and subsequently run on MCI gel column eluted with 60% water : 40% methanol.

Fraction F23 was collected while fraction F39 from the same column was eluted using

25% water: 75% methanol.
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The fractions F85-98 eluted with 20% methanol : 80% dicholoromethane were also

subjected to further chromatography purification steps. Gel filtration using sephadex

LH20 was carried out and the column eluted with 40% dichloromethane : 60%

methanol to obtain F7.

Column Chromatography of DCM extract

Exactly 46 g of the DCM extract was introduced into the column and stabilized initially

with hexane. Isocratic preparation constituting hexane and DCM in the ratio 4:1

respectively was used to elute the column after which polarity of this system was

increased to 60% hexane : 40% DCM. Fractions F28-32 obtained were pooled together

on the basis of TLC profiles.

Further purification steps on pooled fractions F28-32 involved the use of sephadex

LH20 for size exclusion chromatography (gel chromatography). The mobile phase was

50% DCM and 50% MeOH.

3.2.4.2 High Performance Liquid Chromatography (HPLC)

A recycling HPLC instrument (Reverse phase ODS-H-80, ODS M-80 columns; normal

phase ODS-SIL D-60-10 column, Japan Analytical Industries) was used to further

purify fractions described earlier for the dichloromethane and methanol extracts.

Fractions F23 and F29 obtained from acetone : hexane eluted flash column were run

separately on HPLC (Reverse phase ODS-H-80 column). The solvent system used for

F23 was 60% water : 40% methanol. This was initially sonicated to remove air bubbles

and ensure uniform mixture of the solvents. The flow rate was 3 ml/min and 3 mls of

1.5 mg/ml concentration of sample was injected into the machine after base line

stabilization of the recorder and refractive index (RI) and UV detectors were set to zero.

The retention time observed for the compound 1 (10 mg) obtained was 8 minutes.
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Similarly, F29 was eluted using 25% water : 75% methanol and a retention time of 23

minutes was recorded for the compound 2 (7 mg). Reverse phase chromatography

(Reverse phase ODS M-80 column) was also carried out on F7 recovered from

sephadex LH20 column separation for the fraction F85-98. The flow rate was set at

2.5 ml/minute and sample injection was 1ml of 3 mg/ml. Retention time observed was

20 minutes for the compound 3 (12 mg).

Fraction F28-32 obtained from gel filtration column of the dichloromethane extract

(starting material) was subjected to HPLC purification using normal phase ODS-SIL D-

60-10 column. The isocratic solvent system used was 30% ethylacetate : 70% hexane.

The flow rate was set at 3 ml/min and sample injection volume was 3ml at

concentration 5mg/ml. Retention time of 12 minutes was recorded for the compound 4

(9 mg).

Structures of the isolated compounds 1-4 were elucidated by conducting different

spectroscopic techniques – NMR, MS, FTIR and UV-Vis.

3.2.5 In Silico Predictions on Physico-Chemical, Metabolic and Toxic Properties
of Isolated Compounds

The physico-chemical, metabolic and toxic properties of proposed chemical structures

of compounds isolated were predicted using the Admet predictor software, a licensed

property of Simulations plus Inc, Lancaster, USA. The programme was used according

to license provider guidelines. Simplified Molecular Input Line Entry System

(SMILES) notation (Figure 3.1) was generated for each compound which was used to

create the input file system for the software. Predictions were calculated using generated

two dimensional (2D) structures of the compounds. Risk codes were also generated to

assess the drug-like properties for each compound. Compounds with known properties
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in literature were also included as test sets to compare prediction output with existing

data.

Table 3.1: Input file system for 2D structure generation of compounds

Default S+Peff permeability [cm/s x 104] model
Default Meylan solubility [mg/mL] model
pH for ionization descriptors = 7.4
pH for pH-sensitive models = 7.4
Generic SMILES
Cimetidine CNC(NCCSCc1nc[nH]c1C)=NC#N
Ethanol OCC
Warfarin c1ccc2C(O)=C(C(c3ccccc3)CC(=O)C)C(=O)Oc2c1
F4 (1) Oc1cc2C3CCC(=O)N3CCc2cc1O
F5 (2) Oc1ccc(cc1OC)C=3Oc4cc(O)cc(O)c4C(=O)C=3OC2OC(CO)C(O)C(O)C2O
F7 (3) O=C(O)C(N)Cc2cnc1ccccc12
F2 (4) CC(C)C(CC)CCC(C)C1CCC2C3CC=C4CC(O)CCC4(C)C3CCC12C
Ibuprofan CC(C)CC1=CC=C(C=C1)C(C)C(=O)O

3.2.6 Antimicrobial Susceptibility Test for Isolated Compounds

For pure compounds tested, 1.0 mg of the compound was weighed and dissolved in

10 mls of dimethyl sulphoxide (DMSO) to obtain 100 µg/ml concentration which

served as the stock. Serial dilutions of the stock was done to obtain concentrations of

50 µg/ml, 25 µg/ml, 12.5 µg/ml and 6.25 µg/ml. Exactly 0.1 ml of prepared solutions

were added to wells, 6 mm in diameter in sterilized Mueller Hinton growth medium

seeded with microbes previously described. This was incubated at 37 ºC for 24 hours

and zones of inhibition were measured in millimetres using a caliper.

3.2.7 Determination of MIC of Isolated Compounds

Dilution of organisms in nutrient broth media described earlier was carried out until, by

visual inspection compares favourably to Mc-Farlands turbidity standard scale number

0.5 and at this point the microbial concentration was 1.5 x 108 cfu/ml. To each of the
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prepared concentration, 0.1 ml of organism was introduced and subsequently incubated

at 37 ºC for 24 hours. Concentration of the compound with no turbidity was recorded as

the minimum inhibitory concentration (MIC).

3.2.8 Determination of MBC of Isolated Compounds

This assay was carried out to assess bactericidal property of the test compound(s). The

contents of each tube from the MIC experiment was sub-cultured on prepared sterile

agar and incubated for 24 hours at 37 ºC. Culture plates with lowest concentration of

test compound where no growth was observed was recorded as the minimum

bactericidal concentration (MBC).

Methods applied for the screening of isolated compounds were as described earlier for

the crude extracts.

3.3 Statistics

Results of zones of inhibition of antimicrobial assays were presented as mean ±

standard deviations of triplicate determinations while MIC and MBC results were

presented as charts and in tabular forms. In silico predictions were also presented as

charts and in tabular forms.



28

CHAPTER FOUR

4.0 RESULTS

4.1 Effect of Plant Extracts on Test Organisms

The Percentage yield of each extract recovered from the plant material was calculated as

follows: hexane extract, 3.37%, DCM extract, 4.84% and methanol extract 3.05%.

Figure 4.1 presents results on the zones of inhibition of extract against selected

enteropathogenic bacteria. The methanol extract had highest zones of inhibition against

susceptible organisms when compared to other extracts. S. dysenteriae was observed to

be the most susceptible organism for all extracts tested (32mm). S. feacalis and

V. cholera were both resistant to all extracts at 20mg/ml. The control drug ciprofloxacin

was most active at 5mg/ml concentration but showed no inhibitory effects on

S. feacalis. Similarly, S. typhi, S. paratyphi and V. cholera were observed to be resistant

to erythromycin while sparfloxacin inhibited growth of all organisms tested.

4.2 Minimum Inhibitory and Minimum Bactericidal Concentrations for Test
Organisms

The MIC values in Table 4.1 showed the organisms B. cereus, E. coli S. typhi and S.

dysenteriae were susceptible to the methanol extract at MIC of 2.5 mg/ml. The least

active extract was hexane where 10 mg/ml was required to inhibit growth of B. cereus,

E. coli and S. typhi.

The minimum bactericidal concentration (MBC) as shown in Table 4.2 was 10 mg/ml as

observed for the methanol extract. The methanol extract also appeared to be most active

against S. dysenteriae where no bacterial growth was observed at 5 mg/ml.
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Figure 4.1 Zones of Inhibition of Extracts of Aerial Parts of M. jalapa on Test Organisms

Zones of inhibition are presented as mean±standard deviation of triplicate determinations; DCM=Dichloromethane extract; Met=Methanol extract; Hex= Hexane extract;
CPFX=ciprofloxacin; SPFX=sparfloxacin; ERTY=erythromycin
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Table 4.1: Minimum Inhibitory Concentration (MIC) of Extracts of M. jalapa
Aerial Parts on Test Organisms

DCM=Dichloromethane extract; Met=Methanol extract; Hex= Hexane extract. Sample concentrations
are serial dilutions of 20mg/ml stock solution.

Organism

MIC (mg/ml)

Hex Met DCM

B. cereus 10.00 2.50 5.00

E.coli 10.00 2.50 5.00

S. typhi 10.00 2.50 5.00

S. dysenteriae 5.00 2.50 5.00
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Table 4.2: Minimum Bactericidal Concentration (MBC) of Extracts of
M. jalapa Aerial Parts on Test Organisms

DCM=Dichloromethane extract; Met=Methanol extract; Hex= Hexane extract

Organism

MBC (mg/ml)

Hex Met DCM

B. cereus 20.00 10.00 20.00

E.coli 20.00 10.00 20.00

S. typhi 20.00 10.00 20.00

S. dysenterea 20.00 5.00 10.00
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4.3 Compounds Isolated From Methanol and DCM Extracts

The methanol and dichloromethane (DCM) extracts which were more active compared

to hexane extract against test bacterial organisms were selected for further

chromatography purification steps.

Three compounds were isolated from 29 g of methanol extract: compounds 1 (10 mg), 2

(7 mg), and 3 (12 mg). Compound 4 (9 mg) was isolated from 46 g of dichloromethane

fraction.

4.4 UV-Visible AND FTIR Spectral Analyses of Compound 1

The UV-visible spectrum showed intense absorbance in the region 229 nm and medium

range absorbance at 287 nm which is characteristic of aromatic ring system

(Figure 4.2). The FTIR spectrum showed a strong narrow peak at 3425 cm-1 in the

functional group regions with overtones at 2925 cm-1 characteristic of a tertiary amine.

The absorbance observed at 1649 cm-1 in the finger print region strongly suggests

presence of carbonyl group in the compound. The observed peaks are indicative of the

presence of an amide type functional group (Figure 4.3).
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Figure 4.2: UV-vis Spectrum of Compound 1
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Figure 4.3: FTIR Spectrum of Compound 1
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4.5 Nuclear Magnetic Resonance (NMR) Spectral Analyses of Compound 1

4.5.1 Proton (1H) Nuclear Magnetic Resonance of Compound 1

The proton (1H) NMR spectrum of compound 1 revealed signals at chemical shifts 1.76,

2.38, 2.56, 2.63, 2.73, 3.04, 4.08, 4.72 and 6.55 in the aromatic region (Figures 4.4 and

4.5).

Figure 4.4: 1H NMR (600 MHz, MeOD) of Compound 1

The thick line (    ) indicates the referenced protons
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Figure 4.5: Expanded Proton NMR Spectra Showing Regions 2.4-3.10 ppm (A)
and 4.05-4.80 ppm (B) for Compound 1

A

B
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4.5.2 Carbon-13 and DEPT Spectral Analyses of Compound 1

The C-13 broadband spectrum (Figure 4.6) revealed a total of 12 carbons with the

following chemical shifts: 28.75 (C-1), 28.82(C-6), 32.70(C-2), 38.64(C-5), 58.30

(C-10b), 112.39(C-10), 116.24(C-7), 125.53 (C-6a), 129.79(C-10a), 145.46(C-8),

145.61(C-9) and 175.86(C-3).

Figure 4.6: C-13 NMR Spectrum for Compound 1

Inserts show expanded regions 28.4-29.2 ppm (C-1 and C-6) and 145.4-145.7 ppm (C-8 and C-9).

8

9
16
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DEPT 90 spectral analysis (Figure 4.7) identified three methine carbons: two in the

aromatic region and one aliphatic as follows: aliphatic, 58.30(C-10b) and aromatic

112.39(C-10) and 116.24(C-7).

Figure 4.7: DEPT 90 NMR Spectrum for Compound 1
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The DEPT 135 spectrum (Figure 4.8) identified methylene carbons (appearing as

negative peaks): 28.75 (C-1), 28.82 (C-6), 32.70(C-2), and 38.64(C-5). The aromatic

quaternary carbons included those with chemical shifts: 125.53 (C-6a), 129.79(C-10a),

while 145.46(C-8) and 145.61(C-9) have hydroxyl (OH) attached. The chemical shifts

appearing at 175.86(C-3) is characteristic of carbonyl carbon shift on the C-13 chemical

shift scale.

Figure 4.8: DEPT 135 NMR Spectrum of Compound 1

The expanded region 29-39ppm (B) emphasizes the methylene carbons C-1, C-6, C-2 and C-5.
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4.6 Two Dimensional (2D) NMR Spectral Analyses of Compound 1

4.6.1 1H-1H Correlation Spectroscopy (COSY) of compound 1

1H-1H COSY presented in Figures 4.9 and 4.10 revealed correlations between the

following protons: H3(4.72)-#H8 (2.66) and #H11 (1.73); H4(4.08)-#H5 (3.04) H6 and

H7 (2.66); H9 (2.56)-#10 (2.41) and #H11(1.73); H10 (2.41)-#H11 (1.73).

Figure 4.9: 1H-1H COSY Spectrum for Compound 1
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Figure 4.10: Expanded Regions 1.8-2.8 ppm (A) and 2.0-4.5 ppm (B) Showing
1H-1H COSY for Compound 1

A

B
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4.6.2 HSQC Spectral Analysis for Compound 1

The HSQC analysis identified carbons and the respective attached protons. Two protons

appeared in the aromatic region (aromatic protons) while 4 methylene and one methine

carbon were observed as follows: C(112) - Hδ 6.55; C(116) - Hδ 6.55; C(58.3) - Hδ 4.72;

C(38.64) - Hδ 4.08 and 3.04; C(32.69) - Hδ 2.41 and 2.56; C(28.75) - Hδ 1.73 and 2.66;

C(28.82) - Hδ 2.66 and 2.76 (Figures 4.11 and 4.12).

Figure 4.11: HSQC Spectrum for Compound 1

The arrow (        ) shows proton-carbon correlations.
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Figure 4.12: Expanded Regions (proton chemical shift) 1.7-1.3 ppm (A) and
4.05-4.75 ppm (B) Showing Proton-Carbon HSQC Correlations for
Compound 1

The arrow (        ) shows proton-carbon correlations.

A

B
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4.6.3 HMBC Spectral Analysis of Compound 1

HMBC spectral analysis in Figures 4.13 and 4.14 showed 2-3 bond long range proton-

carbon correlations described as follows: Hδ 6.55 correlated with C-28.82, C-58.30,

C-125.53, C-129.79 and C-145; Hδ 4.72 correlated with C-28.75, C-125.53, C-129.79;

Hδ 4.08 correlated with C-28.82, C-58.30, C-125.53, C-175.86; Hδ3.04 correlated with

C-28.82, C-125.53, C-175.86; Hδ2.76 correlated with C-38.64, C-116.24, C-125.53,

C-129.79, C-145.46; H7δ2.66 correlated with, C-116, C-125.53, C-129.79; H8δ2.66

C-32.69, C-58.30 C-175.86; Hδ 2.56 correlated with C-28.75, C-175.86; Hδ 2.41 showed

correlation with C-28.75, C-58.30, C-175.86; Hδ 1.73 correlated with C-32.69, C-58.30

and C-129.79.

Figure 4.13: HMBC of Compound 1

The arrow ( ) shows the 2-3 (long range) bond proton-carbon coherence.
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Figure 4.14: Expanded Regions (proton chemical shift) 1.6-3.4 ppm (A) and
2.35-3.05 ppm (B) Showing 2-3 Bond Correlations of Compound 1

The arrow ( ) shows the 2-3 (long range) bond proton-carbon coherence

A

B
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4.7 Mass Spectral Analysis of Compound 1

The molecular ion peak (positive mode ESI) was observed as an intense peak appearing

at m/z 220 (Figure 4.15). The high resolution EI-MS of the compound (Figure 4.16)

also showed a molecular ion peak at m/z 219 with a base peak at m/z 218 probably due

to loss of a single proton and relative stability of the compound within the time frame of

fragmentation. The elemental composition from the high resolution EI-MS elemental

analysis suggested the molecular formula C12H13O3N with calculated degree of

unsaturation (ring plus double bond, RDB) of 7.

Figure 4.15: ESI-MS Spectrum of Compound 1
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Figure 4.16: High Resolution EI-MS Spectrum (A) and Resulting Elemental
Analysis (B) of Compound 1
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B
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Figure 4.16: High Resolution EI-MS Spectrum (A) and Resulting Elemental
Analysis (B) of Compound 1
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Figure 4.16: High Resolution EI-MS Spectrum (A) and Resulting Elemental
Analysis (B) of Compound 1
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4.8 Summary of Characteristics and Spectroscopy Data of Compound 1

Physical appearance: brownish powder, test positive to dragendorff reagent

UV-Vis: 229 nm, 287 nm

FTIR spectrum: 3425 cm-1(s), 1649 (s), 2925(m) 1527 (w), 1452(m)

ESI-MS: positive mode (M+H*) m/z 220.1 appearing also as base peak

HREI-MS: (M-H) pseudo M* ion peak at 218 (base peak). Elemental analysis suggests
a molecular mass of 219.0882

Molecular formular: C12H13O3N

Degree of unsaturation (RDB): 7

Table 4.3: Summary of 1D and 2D NMR Spectral Analyses of compound 1

δC= carbon chemical shift in ppm; δH = proton chemical shift in ppmm.= multiplets; J = coupling
constant;; s= singlet; d= doublets; dd=doublet of doublets; m=multiplets; td= triplet of doublets

Carbon position δC type Type δH (J in Hz) HMBC

1 28.75 CH2 2.66, 1.73 (9.6, 20) m 2, 10a, 10b

2 32.69 CH2 2.41, 2.56 (6, 16) 1, 3, 10b

3 175.9 C

5 38.64 CH 4.08, (2.4, 4.2,6) ddd;
3.04 (4.2, 12) td

3, 6, 6a, 10b

6 28.82 CH2 2.76 (10.8); 2.66 m 5, 6a, 7, 8, 10a,

6a 125.53 C

7 116.24 CH 6.55 s 6, 6a, 8, 10a

8 145.46 C

9 145.61 C

10 112.39 CH 6.55 s 6a, 9, 10a, 10b,

10a 129.79 C

10b 58.30 CH 4.72 (7.8, 16.2) 1, 3, 6a
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Proposed structure of compound 1

The arrows show HMBC
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4.9 Nuclear Magnetic Resonance (NMR) Spectral Analyses of Compound 2

4.9.1 Proton (1H) Nuclear Magnetic Resonance for Compound 2

The proton (1H) NMR spectrum revealed signals as follows: 3.42, 3.44, 3.55, 3.72, 3.94,

5.38, 6.18, 6.37, 6.91, 7.57-7.59 and 7.92 (Figures 4.17 and 4.18).

Figure 4.17: 1H NMR (600MHz, MeOD) of Compound 2

The thick line (    ) indicates the referenced protons
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Figure 4.18: Expanded Regions 3.3-3.9 ppm (A) and 5.5-7.9 ppm (B) Proton
NMR Spectra for Compound 2

The thick line (    ) indicates the referenced protons

A

B
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4.9.2 Carbon-13 and DEPT Spectral Analyses of Compound 2

Figures 4.19 and 4.20 present signals observed on the C-13 spectrum of compound 2:

56.76 (C-9), 62.51 (C-6”), 71.46 (C-4”), 75.91 (C-2”), 78.08 (C-5”), 78.55 (C-3”),

94.97 (C-8), 100.30 (C-6), 103.66 (C-1”), 114.31 (C-2’), 116.08 (C-5’), 123.79 (C-6’),

105.47 (C-4a), 123.10 (C-1’), 135.36 (C-3), 148.42 (C-4’), 150.86 (C-3’), 158.51 (C-2),

158.57 (C-8a), 163.05 (C-5), 167.16 (C-7) and 179.29 (C-4).

Figure 4.19: C-13 NMR Spectrum for Compound 2
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Figure 4.20: Expanded C-13 Spectrum of Compound 2
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Figure 4.20: Expanded C-13 Spectrum of Compound 2
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Figure 4.20: Expanded C-13 Spectrum of Compound 2
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The DEPT 90 spectrum (Figure 4.21) revealed 10 methine carbon signals as follows:

71.46 (C-4”), 75.91 (C-2”), 78.08 (C-5”), 78.55 (C-3”), 94.97 (C-8), 100.30 (C-6),

103.66 (C-1”), 114.31 (C-2’), 116.08 (C-5’) and 123.79 (C-6’).

Figure 4.21: DEPT 90 Spectrum of Compound 2
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The DEPT 135 spectrum (Figure 4.22) revealed one methylene carbons (appearing as

negative peak) and methyl (methoxy) carbon as follows: 62.51 (C-6”) and 56.76 (C-9)

respectively. Eight quaternary carbons identified included 105.47 (C-4a), 135.36 (C-3),

148.42 (C-4’), 150.86 (C-3’), 158.51 (C-2), 158.57 (C-8a), 163.05 (C-5), 167.16 (C-7)

while the carbonyl chemical shift appeared at 179.29 (C-4).

Figure 4.22: DEPT 135 Spectrum of Compound 2
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4.10 Two Dimensional (2D) Spectral Analyses of Compound 2

4.10.1 1H-1H Correlation Spectroscopy (COSY) of Compound 2

The 1H-1H COSY of compound 2 revealed correlation (Figure 4.23-Figure 4.25)

between the following protons: H1 (7.92) #H2 (7.57); (3.94); H2 (7.57) #H3 (6.91), H4

(6.37) #H5 (6.18) and #H6” (3.53); H1” (5.38) #H2” (3.55).

Figure 4.23: 1H-1H COSY Spectrum for Compound 2
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Figure 4.24: 1H-1H COSY Expanded Regions (6.9-8.0 ppm) of Compound 2
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Figure 4.25: 1H-1H COSY Expanded Regions 3.5-6.0 ppm (A) and 3.2-3.8 ppm
(B) of Compound 2

A

B
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4.10.2 HSQC Spectral Analysis of Compound 2

Protons attached to carbons are shown on the HSQC as follows: C (123.79)#7.57,

C(114.31)#7.92, C(116)#6.91, C(100)#6.18, C(94)#6.37, C(103)#5.38, C(56.76)#3.94,

C(62.51)#3.70-3.74 (Figures 4.26 and 4.27).

Figure 4.26: HSQC Spectrum of Compound 2
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Figure 4.27: HSQC Expanded Spectrum of Compound 2 Showing Regions
5.4-7.8 ppm (A) and 3.2-3.9 ppm (B)

The arrow ( ) shows the proton-carbon correlations

A

B



61

4.10.3 HMBC Spectral Analysis of Compound 2

The following HMBC proton-carbon 2-3 bond correlations as presented in Figures 4.28

and 4.29 were observed in the spectrum for compound 2 as follows: Hδ 7.92 correlated

with C-158.51, C-148.42, C-123.79; Hδ 7.57 correlated with C-158.51, C-150.86,

C-114.31, Hδ 6.91 correlated with C-150.86, C-148.42, C-123.79; Hδ 6.37 correlated

with C-179.29, C-167.16, C-158.51, C-105.47, C-100.30; Hδ 6.1 showed correlation

with C-135 while Hδ 3.94 correlated with 150.86.

Figure 4.28: HMBC Spectrum Expanded Regions 6.8-8.1 ppm of Compound 2

The arrow ( ) shows the proton-carbon 2-3 bond (long range) coherence
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Figure 4.29: HMBC Spectrum of Compound 2 showing Expanded Regions
3.2-4.0 ppm (A) ppm and 5.2-6.5 ppm (B)

The arrow ( ) shows the proton-carbon 2-3 bond (long range) coherence

A

B
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4.11 Mass Spectral Analysis of Compound 2

The ESI-MS (positive mode) molecular ion for the compound appeared at m/z 479 with

isotopic peaks appearing at m/z 480.1 and m/z 481.1 (Figure 4.30). The molecular mass

of compound 2 is 478 (nominal mass) as indicated.

Figure 4.30: ESI-MS Spectrum of Compound 2
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4.12 Summary of Characteristics and Spectroscopy Data of Compound 2

Physical appearance: yellow amorphous solid

ToF ESI-MS (positive mode): Moleuclar ion peak (M+H) m/z 479.1 with intense
isotopic peaks appearing at m/z 480 and m/z 481.

Exact mass 478.1111; Molecular formula: C22H22O12

Degree of unsaturation (RDB): 12

Table 4.4: Summary of 1D and 2D NMR Spectral Analyses of Compound 2

Position δC Type δH (J in Hz) HMBC

2 158.51 C

3 135.36 C

4 179.29 C=O

4a 105.47 C

5 163.05 C

6 100.30 CH 6.18 (1.6) d 4a

7 167.16 C

8 94.97 CH 6.37 (1.6) d 4a, 6, 7, 8a

8a 158.57 C

9 56.76 CH3 3.94 (s) 3΄

1΄ 123.10 C

2΄ 114.31 CH 7.92 (1.6) d 2, 4΄, 6΄

3΄ 150.86 C

4΄ 148.42 C

5΄ 116.08 CH 6.91 (12.6) 3΄, 4΄, 6΄

6΄ 123.79 CH 7.58 (2, 12.6) dd 2, 2΄, 3΄

1΄΄ 103.66 CH 5.38 (10.8) d 3

2΄΄ 75.91 CH m 1΄΄

3΄΄ 78.55 CH m 2΄΄, 5΄΄

4΄΄ 71.46 CH m 3΄΄, 6΄΄

5΄΄ 78.08 CH 3.26 (4.8) d 4΄

6΄΄ 62.51 CH2 3.70-3.74 (2, 12) dd 4΄΄, 5΄΄
δC= carbon chemical shift in ppm; δH = proton chemical shift in ppm; J = coupling constant; s= singlet;
d= doublets; dd=doublet of doublets; m=multiplets
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Proposed structure of compound 2
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4.13 UV-Visible and FTIR Spectral Analyses of Compound 3

The UV-visible spectrum of compound 3 showed intense absorbance at 229 nm and a

medium absorbance at 282 nm characteristic of conjugated aromatic pi electron system

(Figure 4.31).

The characteristic functional group probably present in this compound was analysed by

FTIR (Figure 4.32). The spectrum revealed absorbance in the region1664-1591 cm-1

typical of carbonyl group absorbance. The strong absorbance observed at 3404.1 cm-1

indicates presence of an amine group. The FTIR spectrum generally suggests presence

of an amide linkage in the proposed structure of the compound.

Figure 4.31: UV-visible Spectrum of Compound 3
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Figure 4.32: FTIR Spectrum of Compound 3
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4.14 Nuclear Magnetic Resonance (NMR) Spectral Analyses of Compound 3

4.14.1 Proton (1H) Nuclear Magnetic Resonance for Compound 3

The proton (1H) NMR spectrum for compound 3 revealed signals in following regions:

3.14, 3.52, 3.84, 7.04, 7.11, 7.18, 7.36 and 7.70 (Figures 4.33 and 4.34).

Figure 4.33: 1H NMR (600MHz, MeOD) of Compound 3
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Figure 4.34: Expanded Regions 3.15-3.85ppm (A) and 7.05-7.70 ppm (B) Proton
NMR Spectra for Compound 3

The thick line (    ) indicates the referenced protons

A

B
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4.14.2 Carbon-13 and DEPT Spectral Analyses of Compound 3

The C-13 chemical shifts for the compound 3 (Figure 4.35) observed included: 28.50

(C-8), 56.69 (C-9), 112.43 (C-7), 119.36 (C-4), 120.11 (C-5), 122.75 (C-6), 125.16

(C-2), 109.53 (C-3), 128.45 (C-3a), 138.38 (C-7a) and 174.55 (C-10).

Figure 4.35: C-13 Spectrum of Compound 3 (A) and Expanded Regions
110-138 ppm (B)

A

B
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Presented in Figure 4.36 is the DEPT 90 spectral analysis which revealed the following

methine carbons: 56.69 (C-9), 112.43 (C-7), 119.36 (C-4), 120.11 (C-5), 122.75 (C-6)

and 125.16 (C-2).

Figure 4.36: DEPT 90 Spectrum of Compound 3
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DEPT 135 spectral analysis as shown in Figure 4.37 included the only methylene

carbon appearing at 28.50 (C-8). Other proton bearing carbons included 56.69 (C-9),

112.43 (C-7), 119.36 (C-4), 120.11 (C-5), 122.75 (C-6) and 125.16 (C-2). Quartenary

carbons identified are the following: 109.53 (C-3), 128.45 (C-3a), 138.38 (C-7a) and

174.55 (C-10).

Figure 4.37: DEPT 135 Spectrum of Compound 3
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4.15 Two Dimensional (2D) Spectral Analyses of Compound 3

4.15.1 1H-1H Correlation Spectroscopy (COSY) of Compound 3

Figure 4.38 presents the 1H-1H COSY correlations for compound 3. The spectrum

revealed the following correlations: H1 (7.19) correlated with #H5 (7.03); H2 (7.36)

correlated with #H4 (7.11); H4 (7.11) correlated with #H5 (7.04); H6 correlated with

#H7 (3.52) and H8 (3.14); H7 (3.52) correlated with #H8 (3.14).

Figure 4.38: 1H-1H COSY Spectrum for Compound 3 Showing Expanded
Regions 3.1-3.9 ppm (A) and 7.0-7.7 ppm (B)

The thick line (    ) indicates the referenced protons

A

B



74

4.15.2 HSQC Spectral Analysis of Compound 3

The HSQC spectra (Figures 4.39 and 4.40) identified proton bearing carbons as follows:

C(119.36)# 7.69, C(112.43)#7.36, C(125.15)#7.18, C(122.75)#7.11, C(120.11)#7.04,

C(55.69)#3.84, C(28.50)#3.52 and 3.14.

Figure 4.39: HSQC of Compound 3 Showing Expanded Regions 3.15-3.90 ppm

The arrow ( ) shows the proton-carbon correlations
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Figure 4.40: HSQC of Compound 3 Showing Expanded Regions 7.00-7.70 ppm

The arrow ( ) shows the proton-carbon correlations
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4.15.3 HMBC Spectral Analysis of Compound 3

The HMBC spectrum of compound 3 revealed long range proton - carbon correlations

as shown Figures 4.41 and 4.42: δH 7.69 correlated with C-109.53, C-112.43, C-122.75,

C-128.45 and C-138.38; δH 7.34 correlated with C-120.11, C-125.15 and 128.45;

δH 7.18 correlated with C-28.50, C-109.53, C-128.45 and C-138.38; δH 7.11 correlated

with C-120.11, C-119.36 and C-138.38 δH 7.04 correlated with C-112.43 and C-128.45;

δH 3.84 correlated with C-109.53 and C-174.55; δH 3.52 showed correlation with C-

109.53, C-121.15, C-128.45 and C-174.55; δH 3.14 correlated with C-109.53, C-125.15,

C-128.45 and C-174.55.

Figure 4.41: HMBC Spectrum of Compound 3 Showing Expanded Region
3.15-3.85 ppm

The arrow ( ) shows the 2-3 bond long range proton-carbon correlations
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Figure 4.42: HMBC Spectrum of Compound 3 Showing Expanded Region
7.0-7.8 ppm

The arrow ( ) shows the 2-3 bond long range proton-carbon correlations
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4.16 Mass Spectral Analysis of Compound 3

The EI-MS spectrum of compound 3 revealed a molecular ion peak with m/z 204.1 and

a base peak with m/z 130 (Figure 4.43 A). the molecular mass for the compound was

also determined using ESI-MS ToF (positive mode) technique and a molecular ion at

m/z 205 with an intense peak also appearing at m/z 188 (Figure 4.43 B)

Figure 4.43: EI-MS (A) and ESI-MS (B) Spectra of Compound 3

A

B
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4.17 Summary of Characteristics and Spectroscopy Data of Compound 3

Physical appearance: pale whitish-yellow, amorphous.

UV-Vis: 229 nm, 273 nm, 290 nm

FTIR: 3404.1 cm-1 (s), 3041.5 cm-1 (m), 1664.5-1591 cm-1 (m, doublet), 1411 cm-1 (m)
1352 cm-1 (m).

EI-MS: M* m/z 204.1;

ESI-MS (ToF positive mode): M-H* m/z 205.1

Exact mass: 204.0899

Molecular formula: C11H12N2O2

Degree of unsaturation (RDB): 7

Table 4.5: 1H and 13C NMR Chemical Shifts and Proton Integration for 3

Position δC Type δH (J in Hz) HMBC

2 125.16 CH 7.18 (s) 3, 3a, 7a, 8

3 109.53 C

3a 128.45 C

4 119.36 CH 7.69 (7.8) d 3, 3a, 6, 7, 7a

5 120.11 CH 7.04 (0.6, 7.8) td 3a, 7,

6 122.75 CH 7.11 (0.6, 7.8) d 4, 5, 7a

7 112.43 CH 7.36 (7.8) d 2, 3a, 5

7a 138.38 C

8 28.50 CH2 3.52, 3.14 (4.2, 15.6;  9.6, 15.6) dd, dd 2, 3, 3a, 5, 10

9 55.69 CH 3.84 (4.2, 9.6) dd 3, 10

10 174.55 C=O
δC= carbon chemical shift in ppm; δH = proton chemical shift in ppm; J = coupling constant; s= singlet;
d= doublets; dd=doublet of doublets; td = triplet of doublets
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Proposed Structure of Compound 3
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4.18 Nuclear Magnetic Resonance (NMR) Spectral Analyses of Compound 4

4.18.1 Proton (1H) Nuclear Magnetic Resonance for compound 4

The proton (1H) NMR spectrum of compound 4 revealed characteristic proton chemical

shifts: 5.33, 3.49, 2.27, 2.21, 1.96, 0.98, 0.88 and 0.78 (Figure 4.44).

Figure 4.44: 1H NMR (600 MHz, CDCl3) of Compound 4



82

4.18.2 Carbon-13 and DEPT Spectral Analyses of Compound 4

The  C-13 chemical shifts (Figures 4.45 and 4.46) observed for compound 4 are

presented as follows: 11.83 (C-29), 11.95 (C-24), 18.74 (C-28), 18.97 (C-19), 19.38

(C-26), 19.82 (C-27), 21.04 (C-11), 22.99 (C-23), 24.27 (C-16), 25.92 (C-15), 28.23

(C-21), 29.08 (C-25), 31.62 (C-2), 31.85 (C-7), 31.88 (C-8), 33.87 (C-20), 36.11 (C-18),

37.19 (C-10), 37.21 (C-1), 39.70 (C-12), 42.23 (C-13), 42.26 (C-4), 45.74 (C-22), 50.04

(C-9), 55.96 (C-17), 56.71 (C-14), 71.78 (C-3), 121.72 (C-6) and 140.70 (C-5).

Figure 4.45: C-13 Spectrum of Compound 4
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Figure 4.46: Expanded C-13 Spectrum of Compound 4 Showing Regions
13-32 ppm (A) and 35-70 ppm (B)

A

B
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The DEPT 90 spectrum (Figure 4.47) identified methine carbons as follows: 29.08

(C-25), 31.88 (C-8), 36.11 (C-18), 45.74 (C-22), 50.04 (C-9), 55.96 (C-17), 56.71

(C-14), 71.78 (C-3), and 121.72 (C-6).

Figure 4.47: DEPT 90 Spectrum of Compound 4
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The DEPT 135 spectrum presented in Figures 4.48 and 4.49 identified methyl carbons,

methylene carbons which appeared as negative peaks and other proton bearing carbons.

Methyl carbons: 11.83 (C-29), 11.95 (C-24), 18.74 (C-28), 18.97 (C-19), 19.38 (C-26),

19.82 (C-27); methylene carbons: 21.04 (C-11), 22.99 (C-23), 24.27 (C-16), 25.92

(C-15), 28.23 (C-21), 31.62 (C-2), 31.85 (C-7), 33.87 (C-20), 37.21 (C-1), 39.70 (C-12)

and 42.26 (C-4).

Figure 4.48: DEPT 135 Spectrum of Compound 4
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Figure 4.49: DEPT 135 Spectrum of Compound 4 Expanded Regions 13-32 ppm
(A) and 35-57 ppm (B)

A

B
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4.19 Two Dimensional (2D) NMR Spectral Analyses of Compound 4

4.19.1 1H-1H Correlation Spectroscopy (COSY) of Compound 4

1H-1H COSY was observed for the following selected protons H1 (5.30) correlated with

#H-4 (2.18); H-2 (3.46) correlated with #H-3 (2.25) and H-6 (1.76) correlated with

#H-28 (0.80) (Figures 4.50 and 4.51).

Figure 4.50: 1H-1H COSY Spectrum for Compound 4
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Figure 4.51: 1H-1H COSY Spectrum of Compound 4 Showing Expanded Regions
1.0-5.5 ppm

The thick line (    ) indicates the referenced protons



89

4.19.2 HSQC Spectral Analysis of Compound 4

In HSQC spectrum of compound 4, the following correlations were observed :

C(121.72)#5.30 C(71.78)#3.46, C( 42.26)# 2.25 and 2.18; C(39.70)#1.92 and

C(37.21)#1.76 (Figures 4.52 and 4.53).

Figure 4.52: HSQC Spectrum of Compound 4
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Figure 4.53: HSQC Spectrum of Compound 4 Showing Expanded Regions
1.75-2.30 ppm

The arrow ( ) shows proton-carbon correlations



91

4.19.3 HMBC Spectral Analysis of Compound 4

The HMBC 2-3 bond long range correlations for compound 4 (Figures 4.54 and 4.55)

were observed as follows: δH 2.25 and 2.18 correlated with C-2, C-3, C-6 and C-5;

δH 1.92 correlated with C-9 and C-14; δH 1.76 correlated with C-3 and C-5.

Figure 4.54: HMBC Spectrum for Compound 4
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Figure 4.55: Expanded Spectra Showing HMBC in the Regions 1.75 - 2.30 ppm of
Compound 4

The arrow ( ) shows the 2-3 bond long range proton-carbon correlations
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4.20 Mass Spectral Analysis of Compound 4

The EI-MS mass spectrum for compound 4 (Figure 4.56) showed a characteristic

molecular ion peak at m/z of 414 and base peak of m/z 55. The peak appearing at m/z

381 is typical of loss of HO-CH3 (M-32). The peak appearing at m/z 273 may also be

due to loss of C10H21 (M-141).

Figure 4.56: EI-MS of Compound 4

93

4.20 Mass Spectral Analysis of Compound 4

The EI-MS mass spectrum for compound 4 (Figure 4.56) showed a characteristic

molecular ion peak at m/z of 414 and base peak of m/z 55. The peak appearing at m/z

381 is typical of loss of HO-CH3 (M-32). The peak appearing at m/z 273 may also be

due to loss of C10H21 (M-141).

Figure 4.56: EI-MS of Compound 4

93

4.20 Mass Spectral Analysis of Compound 4

The EI-MS mass spectrum for compound 4 (Figure 4.56) showed a characteristic

molecular ion peak at m/z of 414 and base peak of m/z 55. The peak appearing at m/z

381 is typical of loss of HO-CH3 (M-32). The peak appearing at m/z 273 may also be

due to loss of C10H21 (M-141).

Figure 4.56: EI-MS of Compound 4



94

4.21 Summary of Characteristics and Spectroscopy Data of Compound 4

Physical appearance: white crystal-like solid

EI-MS: major fragments m/z 55 (base peak), 213.2, 255.2, 273.2, 303.3, 329.3, 381.4,

Molecular ion peak (M+) m/z 414; Exact mass: 414.3862

Molecular formula: C29H50O; Degree of unsaturation (RDB): 5

Proposed structure of compound 4
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Table 4.6: Summary of 1D and 2D NMR Spectral Analyses of Compound 4

Position δC Type δH (J in Hz) HMBC

1 37.21 CH2 1.76 3, 5

2 31.62 CH2

3 71.78 CH 3.46

4 42.26 CH2 2.25, 2.18 2, 3, 5, 6

5 140.70 CH

6 121.72 CH 5.30

7 31.85 CH2

8 31.88 CH

9 50.04 CH

10 37.19 C

11 21.04 CH2

12 39.70 CH2 1.92 9, 14

13 42.23 C

14 56.71 CH

15 25.92 CH2

16 24.27 CH2

17 55.96 CH

18 30.11 CH

19 18.97 CH3

20 33.87 CH2

21 28.23 CH2

22 45.74 CH

23 22.99 CH2

24 11.95 CH3

25 29.08 CH

26 19.38 CH3

27 19.82 CH3

28 18.74 CH3

29 11.83 CH3

δC= carbon chemical shift in ppm; δH = proton chemical shift in ppm.= multiplets; J = coupling constant;
s= singlet; d= doublets; dd=doublet of doublets; m=multiplets
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4.22 Prediction on Solubility of Isolated Compounds

Presented in Figure 4.57 are models used to predict solubility of the isolated

compounds. Solubility of compound 1 was shown to be more in fasted state gastric fluid

(FaSGF) i.e. 0.47 mg/ml followed by water (0.37 mg/ml). Compound 3 had highest

solubility in FaSGF (0.92 mg/ml) of all solubilities predicted. The models showed

compound 2 to be most soluble in fed state intestinal fluid (FeSIF) at 0.33 mg/ml then

its solubility in water (0.23 mg/ml). The least soluble compound observed was

compound 4 in all fluids simulated.

4.23 Prediction on Permeability Properties of Isolated Compounds

Prediction models on MDCK and jejunal permeability were used to predict the

permeability properties of the isolated compounds as presented in Figure 4.58.

Compound 1 was predicted to have high jejunal permeability (5.61 x 104 cm/sec) and

MDCK  permeabililty predicted to be 224 x107 cm/sec. Compound 4 was shown to have

highest jejunal permeability (8.1 x 104 cm/sec) while compound 2 had least tendency to

permeate the jejunum as predicted (0.28 x 104 cm/sec). The models generally indicate

compounds with MDCK values < 25 x 10-7 cm/s and Peff < 0.1 cm/s x 10-4 have low

permeability properties.
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Figure 4.57: Prediction Models for Solubility of Compounds

FaSGF= solubility in simulated fasted state gastric fluid; FaSIF=solubility in simulated fasted state intestinal fluid; FeSIF=solubility in simulated fed state intestinal fluid;
Simulations Plus; Sw=native solubility in water
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Figure 4.58: Permeability Prediction Models

Peff=human jejunal effective permeability; MDCK=apparent Mardin Darby Canine Kidney cells permeability
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4.24 Predictions on Volume of Distribution and Plasma Protein Binding of
Isolated Compounds

Predictions on volume of distribution of the compound as presented in Table 4.59

indicated compound 4 has the likelihood to be distributed within tissues (2.13 L/Kg).

The compound was also predicted to be >95% bound to plasma proteins. Plasma protein

binding predicted for compounds 1 and 3 were shown to be less likely as the values

indicated 60.23% and 98% unbound to proteins in blood respectively. Tissue

distribution for compounds 1 and 3 was in the range 0.92-0.95 L/Kg. Compound 2 was

however predicted to most likely interact with plasma proteins (80.22% bound to

plasma proteins) with tissue distribution of 0.62 L/Kg. The models predictions generally

suggest compounds with Prunbound < 0.6-1.2 have high plasma protein interaction and

Vd > 3.7-5.7 L/kg have high steady state volume of distribution.

4.25 Predictions on Qualitative Assessment of Liver Toxicity of Isolated
Compounds

Presented in Table 4.7 are the predictions on enzyme biomarkers for assessing liver

toxicity effects of the isolated compounds. Compound 1 was shown to have no related

adverse effects that may result in elevated levels of the enzymes predicted. Compound 3

may cause an increase in levels of alkaline phosphatase (60% confidence on prediction)

and aspartate amino transferase (AST) (at about 62% confidence levels of predictions).

The propensity for compound 4 to cause elevated levels of lactate dehydrogenase

enzyme (LDH) was predicted to high (93% prediction confidence).
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Figure 4.59: Prediction Models for Volume of Distribution and Plasma Protein Binding of Compounds

PrUnbnd=percent unbound to blood plasma proteins; Vd (L/Kg)=pharmacokinetic volume of distribution in human; RBP=blood-to-plasma concentration
ratio in human; fumic=fraction unbound in human liver microsomes;
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Table 4.7: Predictions for Likelihood for Liver Toxicity

Cpd AlkPhos GGT LDH AST ALT

Cimetidine Normal (70%) Normal (99%) Elevated (69%) Normal (89%) Elevated (51%)

Warfarin Normal (57%) Elevated (57%) Normal (83%) Normal (78%) Elevated (63%)

1 Normal (84%) Normal (88%) Normal (69%) Normal (65%) Normal (70%)

2 Normal (95%) Normal (81%) Elevated (76%) Normal Elevated

3 Elevated (60%) Normal (99%) Normal (96%) Elevated (62%) Normal (99%)

4 Normal (95%) Elevated (54%) Elevated (93%) Normal (89%) Normal (99%)

Ibuprofan Normal (95%) Normal (99%) Normal (96%) Normal (89%) Normal (70%)

Numbers in parenthesis indicate confidence in predictions

AlkPhos=human liver adverse effect as the likelihood of causing elevation in the levels of Alkaline Phosphatase enzyme; GGT= likelihood of causing elevation in the levels
of GGT enzyme; LDH= likelihood of causing elevation in the levels of LDH enzyme; AST= likelihood of causing elevation in the levels of AST enzyme; ALT= likelihood of
causing elevation in the levels of ALT enzyme
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4.26 Prediction on Qualitative Assessment of Isoforms of CYP Metabolism of
Isolated Compounds

Predictions on liver CYP 450 isoforms metabolism of the compounds are presented in

Tables 4.8 to 4.12. Predictions on CYP2C9 (Table 4.9) indicated compound 1 to be a

substrate of the enzyme with a Km value of 1.74 x 102 µM. ibuprofen, warfarin and

cimetidine were also predicted to be substrates for the enzyme. However, compound 2

was predicted to likely be an inhibitor of the enzyme. The enzymes CYP2C19 and

CYP2D6 were predicted not to metabolize any of the isolated compounds (Tables 4.10

and 4.11). Activity of the isoform CYP3A4 as shown in Table 4.12 may be inhibited by

compounds 2 and 3 while compound 4 was shown to be a substrate with more than one

catalytic site for the enzyme. The Km was predicted to be 23.1 µM for compound 4.

Predictions by the software do not compare kinetic values but present them independent

of compounds metabolized by same enzyme. Similarly, two or more enzyme

metabolizing same substrate does not relate to substrate-enzyme affinity.

4.27 Qualitative Assessment on Glucuronidation of Isolated Compounds

Glucuronidation by isoforms of UDP glucuronosyltransferases is presented in Table

4.13. Except for compound 4 which was predicted not be a substrate for glucuronidation

reaction by any of the enzyme isoforms, the other isolates were shown to be substrates

to more than 2 isoforms. Compound 1 was predicted to be a substrate to all isoforms

predicted except for UGT1A1 and UGT1A4. Compound 2 is most likely to be a

substrate for UGT1A3 and UGT1A1 with prediction confidence levels given as 87%

and 61% respectively.
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Table 4.8: Predictions on Kinetics of CYP1A2 Mediated Catalysis

Compound Inh Substr Sites Km (µM) Vmax (nmol/min/nmol enzyme)

Cimetidine No (80%) Yes (80%) C1(956); S7(886); C14(646); C11(596) 6.78x102 9.97

Warfarin Yes (66%) No (57%) NS NS NS

1 No (86%) No (58%) NS NS NS

2 Yes (73%) No (96%) NS NS NS

3 No (97%) No (74%) NS NS NS

4 No (91%) No (96%) NS NS NS

Ibuprofan No (86%) No (62%) NS NS NS

NS =Non substrate.  Percentages in parenthesis indicate confidence in prediction. Numbers in parenthesis under “sites” compares propensities for
identified atoms as likely active sites in the 2D structures. A “yes” output suggests likelihood of being a substrate or inhibitor

Inh= qualitative estimation of general inhibitory action against CYP 1A2; Substr= qualitative assessment of a molecule being the substrate of CYP 1A2; Sites= specific sites
of human CYP 1A2 mediated oxidation; Km= Michaelis-Menten Km constants for predicted sites of CYP 1A2; Vmax= Michaelis-Menten Vmax constants for predicted sites
of CYP 1A2
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Table 4.9: Predictions on Kinetics of CYP2C9 Mediated Catalysis

Compound Inh Substr Sites Km (µM) Vmax (nmol/min/nmol enzyme)
Cimetidine No (98%) Yes (75%) C1(972); S7(940); N15(904); C14(859); C11(821) 4.67x101 2.24x101

Warfarin Yes (72%) Yes (75%) C1(945); C12(855); C2(689); C23(604) 4.43 2.34x10-1

1 No (60%) Yes (53%) C11(497) 1.74x102 8.05x10-1

2 Yes (56%) No (98%) NS NS NS

3 No (98%) No (90%) NS NS NS

4 No (74%) No (61%) NS NS NS

Ibuprofan Yes (56%) Yes (58%) C4(830); C2(814); C1(768); C3(768) 9.08x101 1.36x101

NS =Non substrate.  Percentages in parenthesis indicate confidence in prediction. Numbers in parenthesis under “sites” compares propensities for
identified atoms as likely active sites in the 2D structures. A “yes” output suggests likelihood of being a substrate or inhibitor

Inh= qualitative estimation of general inhibitory action against CYP2C9; Substr= qualitative assessment of a molecule being the substrate of CYP2C9; Sites= specific sites of
human CYP2C9 mediated oxidation; Km= Michaelis-Menten Km constants for predicted sites of CYP2C9; Vmax= Michaelis-Menten Vmax constants for predicted sites of
CYP2C9
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Table 4.10: Predictions on Kinetics of CYP2C19 Mediated Catalysis

Compound Inh Substr Sites Km (µM) Vmax (nmol/min/nmol enzyme)

Cimetidine Yes Yes (54%) C1(993); S7(984); C14(819); C11(748) 92.30 7.51x102

Warfarin No Yes (78%) C1(984); C12(843); C2(822) 1.39x102 5.29x10-1

1 No No (61%) NS NS NS

2 No No (95%) NS NS NS

3 No No (99%) NS NS NS

4 No No (53%) NS NS NS

Ibuprofan No Yes (50%) C2(731); C4(721); C3(503); C1(503) 1.43x102 8.42
NS =Non substrate.  Percentages in parenthesis indicate confidence in prediction. Numbers in parenthesis under “sites” compares propensities for
identified atoms as likely active sites in the 2D structures. A “yes” output suggests likelihood of being a substrate or inhibitor

Inh= qualitative estimation of general inhibitory action against CYP2C19; Substr= qualitative assessment of a molecule being the substrate of CYP2C19; Sites= specific sites
of human CYP2C19 mediated oxidation; Km= Michaelis-Menten Km constants for predicted sites of CYP2C19; Vmax= Michaelis-Menten Vmax constants for predicted
sites of CYP2C19
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Table 4.11: Predictions on Kinetics of CYP2D6 Mediated Catalysis

NS =Non substrate.  Percentages in parenthesis indicate confidence in prediction. Numbers in parenthesis under “sites” compares propensities for
identified atoms as likely active sites in the 2D structures. A “yes” output suggests likelihood of being a substrate or inhibitor

Inh= qualitative estimation of general inhibitory action against CYP2D6; Substr= qualitative assessment of a molecule being the substrate of CYP2D6; Sites= specific sites of
human CYP2D6 mediated oxidation; Km= Michaelis-Menten Km constants for predicted sites of CYP2D6; Vmax= Michaelis-Menten Vmax constants for predicted sites of
CYP2D6

Compound Inh Substr Sites
Km (µM) Vmax (nmol/min/nmol enzyme)

Cimetidine No (95%) Yes (57%) C1(980); S7(916); C14(869); 15(830); C11(771) 7.20 2.96x101

Warfarin No (57%) No (96%) NS NS NS

1 No (95%) No (71%) NS NS NS

2 No (59%) No (96%) NS NS NS

3 No (95%) No (96%) NS NS NS

4 No (95%) No (96%) NS NS NS

Ibuprofan No (95%) Yes (58%) C4(548); C2(539); C11(352) 6.66x101 6.95
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Table 4.12: Predictions on Kinetics of CYP3A4 Mediated Catalysis

Compound Inh Substr Sites Km (µM) Vmax (nmol/min/nmol enzyme)

Cimetidine Yes Yes S7(996); C1(975); C14(873);
C11(649)

2.37x102 5.81

Warfarin Yes Yes C1(703); C2(639); C12(410) 1.79x102 2.19

1 No No NS NS NS

2 Yes No NS NS NS

3 Yes No NS NS NS

4 No Yes C20(816); C19(691); C2(690);
C16(613); C23(556); C5(540)

23.1 75.7

Ibuprofan No No NS NS NS

NS =Non substrate. Percentages in parenthesis indicate confidence in prediction. Numbers in parenthesis under “sites” compares propensities for
identified atoms as likely active sites in the 2D structures. A “yes” output suggests likelihood of being a substrate or inhibitor

Inh= qualitative estimation of general inhibitory action against CYP3A4; Substr= qualitative assessment of a molecule being the substrate of CYP3A4; Sites= specific sites of
human CYP3A4 mediated oxidation; Km= Michaelis-Menten Km constants for predicted sites of CYP3A4; Vmax= Michaelis-Menten Vmax constants for predicted sites of
CYP3A4
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Table 4.13 Predictions on Phase II Conjugation with Isoforms of UDP-Glucoronosyl Transferases

Generic UGT1A1 UGT1A3 UGT1A4 UGT1A6 UGT1A8 UGT1A9 UGT1A10 UGT2B7 UGT2B15

Cimetidine No (62%) No (96%) No (67%) No (98%) No Yes (69%) No (98%) No (53%) No (99%)

Warfarin Yes (58%) Yes (47%) No (98%) No (98%) No (59%) Yes (80%) Yes (90%) Yes (65%) Yes (72%)

1 No (92%) Yes (97%) No (90%) Yes (53%) Yes (83%) Yes (93%) Yes (48%) Yes (63%) Yes (91%)

2 Yes (61%) Yes (87%) No No (98%) Yes No No (91%) No (57%) No (95%)

3 No (92%) Yes (87%) No (98%) Yes (58%) No (96%) No (78%) No (91%) Yes (82%) No (95%)

4 No (88%) No (96%) No (84%) No (98%) No (62%) No (91%) No (91%) No (95%) No (68%)

Ibuprofan No (92%) Yes (97%) No (80%) Yes (58%) No (96%) Yes (93%) No (98%) Yes (97%) No (99%)

Percentages in parenthesis indicate confidence in prediction. A “yes” output suggests likelihood of being a substrate for phase II conjugation.

UGT1A1- UGT2B15= qualitative model of a glucuronidation by UDP glucoronosyltransferase enzymes
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4.28 Cumulative Risk Codes for Predicted ADME Properties

Table 4.14 is a summary of risks associated with all predicted physico-chemical,

metabolism and toxicity models for drug-like properties of compounds. The Lipinsky

rule of five and scores developed by software providers (ADMET) are used to identify

compounds that are least likely to possess desired properties. Compound 1 was

predicted not to have any associated risks. Compounds with risks codes on solubility

(Sw) and lipophilicity (ow) were generally not considered for bioactivity (compound 4)

as these compounds are likely to present permeability concerns and/or high lipid

absorption.
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Table 4.14 Compound Risks Codes Predictions for Drug-Like Properties
Qualification

Generic RuleOf5 Absn ADMET

Cimetidine Xr,Hp,C9,19,D6,

Warfarin fu,ra,Hp,

1

2 Hb,NO Sz,HD,HA,ch,Pf Sz,HD,HA,ch,Pf,Hp,

3 Pf Pf,Xr,Hp

4 LP Sz,ch,ow,Sw Sz,ch,ow,Sw,fu,3A,

Ibuprofan C9

RuleOf5 original Lipinski rule of 5 (Lipinski, et al., 1997) Absn= risks associated with absorption
(simulations plus); ADMET= overall risks assessment from prediction of modules in simulations plus
ADMET Predictor licensed software. Codes are defined as follows;

HD(b) = Hydrogen bond donors; HA or NO = hydrogen bond acceptors; ch= charge; ow= lipophilicity;
pf= permeability, C9= high CYP2C9 clearance; C19= high CYP2C19 clearance; D6 = high CYP2D6
clearance; 3A= high CYP3A4 clearance; ra= acute toxicity in rat; Xr= carcinogenicity in rat; Hp =
hepatotoxicity; Sz= size; fu= fraction unbound in human liver microsomes at 1mg/ml microsomal
concentration; sw= native solubility; LP = logP
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4.29 Antibacterial Activity of Selected Compound 1

Results presented in Figure 4.60 on the susceptibility screening of clinical isolates of

selected bacteria revealed compound 1 to be active against the enteropathogenic

bacteria previously screened using the crude methanol extract (see Figure 4.1). The

zones of inhibition ranged from 25 mm-34 mm, with S. dysenteriae being the most

susceptible enterobacteria. Compound 1 was also active against B. cereus, S. typhi and

E. coli. All screenings were carried out at 100 µg/ml (456 µM) stock concentration.

The minimum inhibition (MIC) and bactericidal (MBC) concentrations presented in

Figure 4.61 showed MIC of 57 µM for B cereus, S. typhi and S. dysenteriae while the

MIC for E. coli was 114 µM. Bactericidal property of compound 1 observed for the

pathogenic enterobacteria S. dysenteriae was 114 µM. The other susceptible

enterobacteria were killed at 228 µM concentration of the test compound.
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Figure 4.60: Zones of Inhibition of Organisms Susceptible to Compound 1

CPFX=ciprofloxacin; SPFX=sparfloxacin

0

5

10

15

20

25

30

35

40

45

Compound1 SPFX CPFX

Z
on

es
 o

f 
in

hi
bi

tio
n 

(m
m

)

Vibrio cholera

Streptococcus feacalis

Bacillus cereus

Eschericia coli

Salmonella typhi

Shigella dysenteriae



113

Figure 4.61: Minimum Inhibition and Bactericidal Concentrations of Compound 1
on Susceptible Organisms
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CHAPTER FIVE

5.0 DISCUSSION

Application of modern techniques in traditional medicinal plants research have

promoted and facilitated the ease of discovery of natural products based new chemical

entities. Although research in natural products experienced a down turn for more than

20 years, however, of the 520 new drugs approved between 1983 and 1994, 39% were

natural products or derived from natural products; between 60-80% of antibacterial and

anticancer drugs were natural products derived (Harvey, 2000). The 2015 Nobel Prize

for Physiology or medicine awarded for discoveries in natural products research

(development of avermectin / ivermectin complexes and artemisinin) clearly shows the

significance of natural products based drug discovery in modern day science (Newman,

and Cragg, 2016).

Extracts of aerial parts of Mirabilis jalapa demonstrated antibacterial effects on the

selected enterobacteria S. typhi, E. coli, S. dysenteriae and B. cereus (Figure 4.1). The

methanol extract proved to be more active probably due to presence of increased

amounts of active substances in the mixture. This suggests polar substances may be

responsible for the antibacterial activities. As presented in Tables 4.1 and 4.2, the MIC

and MBC recorded for the methanol extract was 2.5 mg/ml and 10 mg/ml respectively

against susceptible organisms except for S. dysenteriae where no growth was observed

at 5 mg/ml (MBC values). The growth of the organisms was also inhibited by the DCM

extract but at higher concentrations when compared to the methanol extract.

Interestingly, the extracts appeared to have more effect on the bacterium S. dysenteriae

which is the causative agent of dysentery. Traditional claims for treatment of dysentery

using macerations from aerial parts of M. jalapa have been reported (Rozina, 2016).
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The findings of this research also corroborated earlier studies reported by Eneji et al.,

(2011) which showed the ethanolic extracts of M. jalapa leaves inhibited growth of S.

typhi and B. cereus. Similar results were reported by Zachariah et al., (2012) who

identified polar methanol fraction to be most effective amongst several extracts of

M. jalapa tested for antibacterial properties. Gujjiah (2012) however reported petroleum

ether and chloroform extracts to be active against selected bacterial and fungal

organisms which are less implicated in diarrhoeal related enteric diseases.

Chromatography of the methanol and DCM extracts led to isolation of four compounds.

Structures of the isolated compounds 1, 2 and 3 from the methanol extract and

compound 4 isolated from the DCM extract were elucidated using several spectroscopic

techniques.

The UV-Vis (Figure 4.2) and FTIR (Figure 4.3) spectra for compound 1 were consistent

in terms of the likely existence of an aromatic ring and presence of tertiary amide type

linkage functional group respectively in the structure of the compound. As presented in

Figures 4.6-4.8, the 13C and DEPT NMR spectra identified four methylenes, three

methines and five quaternary carbons in compound 1. The HSQC analysis reveals the

proton bearing carbons and their chemical shifts (Figures 4.11 and 4.12). Protons with

chemical shifts 6.55 ppm appearing as a tall singlet in 1H NMR (Figures 4.4) and

integrating for 2H (H1 and H2) are attached to carbons 112.39 ppm (C10) and 116.24

ppm (C7), both of which appear in the aromatic region. The tall singlet may probably

be due to existence of both protons in similar chemical environment and are neither in

ortho or meta positions on the aromatic ring. Carbons C-10 and C-7 were also revealed

as methine carbons in DEPT 90 (Figure 4.7). The third aliphatic methine carbon with Cδ

58.30 ppm (C10b) is shown to have proton with Hδ 4.72 (H3) appearing as a triplet. The

splitting pattern is consistent for a proton neighbouring 2 germinal methylene protons
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with J couplings 7.8Hz. The methylene carbons with Cδ (in ppm) 28.75 (C-1), 32.69 (C-

2), 38.64 (C5) and 28.82 (C-6) all appeared as negative peaks in DEPT 135 spectrum

(Figure 4.8) and showed large J couplings in the range 10.8-20 Hz which is consistent

with couplings observed for germinal protons. The protons attached to carbons

presented in the HSQC spectrum (Figures 4.11 and 4.12) were in agreement with the

observed COSY for these protons (Figures 4.9 and 4.10). The 2-3 bond HMBC

spectrum (Figures 4.13 and 4.14) showed the long range proton carbon correlations

existing within same nuclear spin. Mass spectroscopic analysis also suggested the

presence of nitrogen atom in the proposed structure of compound 1. The high resolution

EI-MS elemental analysis (Figure 4.16) gave the composition C12H13O3N with

molecular mass of 219 which was validated on ESI-MS (positive mode) which gave a

molecular ion peak at m/z 220 (Figure 4.15). Indeed, the Cδ 175ppm is characteristic of

carbonyl shift and the odd numbered mass in both mass spectral analyses is evidence for

the presence of odd numbered nitrogen atoms in the structure of the compound. The

elucidated structure with degree of unsaturation 7 is consistent with the carbon and

proton assignments deduced from 1H, 13C and 2D spectral analyses as described. The

IUPAC name for the compound is 8,9-dihydroxy-1,5,6,10b-tetrahydropyrrolo[2,1-

a]isoquinolin-3(2H)-one. The isomer of this compound was previously isolated from

Portulaca oleracea and reported as oleracein E by Yang et al., (2009). Another

common name is trolline (PubChem open chemistry database:

https://pubchem.ncbi.nlm.nih.gov). There are no reports however, documenting the

isolation of this compound from the aerial parts of Mirabilis jalapa.

The spectroscopic data of compound 2 showed characteristic features of a sugar moiety

present in the structure of the compound due to observed signals appearing in the

regions 62.51 - 78.55 ppm in C-13 spectrum (Figures 4.19 and 4.20). Analyses on the
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proton (Figures 4.17 and 4.18) and HSQC (Figures 4.26 and 4.27) spectra revealed the

anomeric proton which appeared at Hδ 5.38 ppm, a doublet and integrating for 1H is

attached to carbon C-1ʹʹ (Cδ 103.66 ppm). The protons of CH2-OH (Hδ 3.72; 3.55 ppm)

system of the sugar moiety appeared upfield of the anomeric proton and correlates with

C-6ʹʹ (Cδ 62.51 ppm), seen as a methylene pair in HSQC. The assignment is consistent

with DEPT 135 spectrum indicating this carbon (C-6ʹʹ) as a methylene (negative peak).

HMBC spectrum showed protons with Hδ 7.92 correlated with C-4ʹ and C-6ʹ; Hδ 6.91

correlated with C-3΄, C-4΄ and C-6΄ while Hδ 7.58 correlated with C-2, C-2ʹ and C-3ʹ.

These correlations suggest the protons belonged to same spin system hence were

assigned to the B ring of the flavonoid skeleton. The J coupling 1.6Hz observed for

proton Hδ 7.92 is consistent for meta coupling with neighbouring protons. This pattern

was also observed in the 1H splitting pattern which appeared as a doublet. The proton

with Hδ 7.58 showed doublet of doublet (dd) splitting pattern, which was assigned ortho

to proton with Hδ 6.91 (J 12.6Hz) and meta to proton with Hδ 7.92 (J 2Hz). Similar

coupling was observed for protons on the A ring of the structure and were assigned in

meta positions to each other with J coupling constant 1.6Hz, (doublet). This relationship

clearly demonstrated in the COSY spectrum presented in Figures 4.23-4.25 showed

Hδ 7.57 correlated with protons with Hδ 7.92 and Hδ 6.91 (ring B) while proton with

Hδ 6.37 correlated with proton with Hδ 6.18 (A ring). Observations made on HMBC

spectrum (Figures 4.28-4.29) revealed the anomeric proton correlated with C-3 (Cδ 135

ppm) on the C ring of the aglycone moiety of the compound which most probably is

point of attachment between the sugar and the aglycone of the compound (Zhang et al.,

2014). The methoxy protons (Hδ 3.94, s) correlated with C-3ʹ position (B ring). The

chemical shifts observed for compound 2 were consistent with flavonoid carbon

skeleton reported in literature (Zhang et al., 2014; Salah et al., 2015). The molecular ion
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peak with m/z 479 (Figure 4.30) obtained from ESI-MS (positive mode) suggested a

molecular mass of 478 for compound 2. Based on spectroscopic analyses and data in

literature, the name for compound 2 was proposed to be 5,7-dihydroxy-2-(4-hydroxy-3-

methoxyphenyl)-3-[3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]oxychromen-4-one,

commonly known as Isorhamnetin. The compound isorhamnetin isolated from various

plants have been reported notably from Oenanthe javanica (water dropwort) (Kim et al.,

2013).

UV/Vis and FTIR of compound 3 showed absorbance in the region 229 nm, 282 nm

which are characteristic of benzene ring and 1600 cm-1 and 3400 cm-1 peaks which are

finger prints for presence of carbonyl and amino group in the structure respectively

(Figures 4.31 and 4.32). The proton NMR of compound 3 (Figures 4.33 and 4.34)

revealed four protons in the aromatic region. Exactly 12 signals were observed in the

C-13 NMR (Figure 4.35) comprising 6 methine carbons in DEPT 90 (Figure 4.36) and 1

methylene carbon observed in DEPT 135 (Figure 4.37). HSQC analysis (Figures 4.39

and 4.40) showed the proton bearing carbons in the aromatic region were in agreement

with the COSY (Figure 4.38) correlations as assigned for the protons suggesting their

existence in same spin system. Proton with chemical shift Hδ 7.11 correlated with

Hδ 7.36 and Hδ7.04. Similarly, proton with Hδ 7.19 correlated with Hδ 7.04. These

protons were assigned to the benzene moiety of the structure. Protons in the aliphatic

region also showed COSY correlation as described in Figure 4.38. The HMBC analysis

(Figures 4.41 and 4.42) of the proposed structure showed long range proton-carbon

correlations. The protons with Hδ 3.14, 3.52, 3.84 correlated with the carbonyl carbon

Cδ 174.55 all of which appear in the aliphatic region suggesting the carbonyl associates

with the aliphatic moiety of the structure. The mass of the compound as determined by

EI-MS gave a m/z molecular ion peak of 204 and this was validated using ESI-MS
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(positive mode) with molecular ion peak appearing at 205 (Figure 4.43). The elucidated

structure is the amino acid tryptophan with α[D] optical rotation experiments indicating

this compound to be the naturally occurring L-amino acid (see appendix III). The

signals observed for this compound were consistent with reported spectral data

(Saeidnia et al., 2011; Xu et al., 2015).

Spectroscopic analyses of compound 4 suggest strongly the compound to be common

isolates of plant extracts β-sitosterol. Characteristic 1H NMR signals 5.33 and 3.49

(Figure 4.44) attached to carbon with Cδ 121.72 and 71.77 respectively as seen in HSQC

(Figures 4.52 and 4.53 ) are commonly observed signals in β-sitosterol and the closely

related β-stigmasterol which is often co-isolated alongside β-sitosterol (Pateh et al.,

2009). β-sitosterol is difficult to obtain in pure form thus weak peaks belonging to trace

β-stigmasterol contaminants may appear in spectral data (Pateh et al., 2009; Pierre and

Moses, 2015). The molecular mass (Figure 4.56) observed was 414 with characteristic

fragment peaks appearing at m/z 381 and m/z 273 (Pateh et al., 2009). Compound 4 is a

common isolate from many plant species including Mirabilis jalapa while tryptophan

(compound 3) an amino acid is reported to be isolated from the aerial parts of this plant

(Singh and Mittal, 2012).

SMILES notation of elucidated structures of isolated compounds trolline (compound 1),

isorhamnetin (compound 2) tryptophan (compound 3) and β-sitosterol (compound 4)

was used to create input file for Admet Predictor software which was used to generate

descriptors for in silico prediction of some possible physico-chemical, metabolic and

toxicity related properties useful in determining drug-like properties for chemical

entities intended for oral route administration. The use of 2 and 3 dimensional (2D and

3D) display of chemical structures in predicting quantitative structure-activity

relationships with the help of in silico models is fast gaining popularity and
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acceptability in pharmaceutical and combinatorial chemistry research. The European

cooperation in the Field of Scientific and Technical research (COST) action B15

launched in 1998 sought to address issues on the possibilities offered by computer

assisted modeling in predicting the administration, distribution, metabolism, elimination

and toxic (ADME-tox) properties of existing and new chemical entities (Boobis et al.,

2002). This approach was adopted in this study as a screening method to initially predict

and then screen out compounds with predicted properties that indicate the compounds to

least likely possess drug-like properties.

Predictions on solubility (Figure 4.57) and permeability (Figure 4.58) properties of the

compounds revealed both compounds 1 and 3 were soluble in simulated fasted state

gastric fluid (FaSGF); compound 1 was also predicted to be soluble in water while

compound 3 was soluble also in fasted state intestinal fluid. Predictions on compound 2

indicated the likelihood for this compound to be more soluble in simulated Fed state

intestinal fluid. The differences in the simulated fluids lie in the pH of the

compartmentalized body fluid system and the degree to which the compounds would be

ionized. This physical property is an important determinant in the degree of

permeability of these compounds across cell membranes. Predicted pKa values for the

compounds (see appendix I) further explains the observed solubility properties of the

compound. Compound 1 predicted to have two ionizable groups with pKa 11.69 and

8.77 most likely would acquire protons and be ionized thus increasing solubility

properties. A similar tendency was observed for compound 2 since pH of the gut

decreases minimally in the fed state compared to the fasted state. This situation may

enhance solubility properties of the compound (Avdeef, 2001). Conversely,

permeability properties decreases with increased ionization thus increased solubility of

the compounds. Prediction on permeability suggested compound 1 to have high jejunal
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and MDCK permeabilities probably due to the existence of this compound in the less

ionized state in the intestine since pH increases slightly compared to pH of the gastric

fluid. Findings on solubility and permeability of compound 1 using Caco-2 cell

monolayer showed this compound to be moderately permeable across biological

membranes (Li-jia et al., 2014). Compound 4 was predicted to have least solubility

properties however, it was predicted to have highest jejunal permeability. Compound 2

with pKa values 13.66 and 7.99 as predicted correlated with observed low jejunal

permeability. The Biopharmaceutics Classification System (BCS) developed by

Amidon et al., (1995) observed that drugs intended for administration orally,

permeability of the drug through the gastrointestinal membrane and solubility of the

target drug dose around site of absorption are key parameters for drug bioavailability

(Savjani et al., 2012). About 40% of problems encountered in drug discovery are

associated with low solubility drug candidates (Dahan and Miller, 2012). Observations

on predicted properties for compound 1 suggested the compound may not be absorbed

through the stomach, it could however be absorbed favourably in the jejunum.

Interactions of drugs with plasma proteins play critical role in the overall therapeutic

outcome of drugs. Alterations in plasma proteins inevitably affect dose formulations,

clearance time and systemic distribution of drugs (Scheife, 1989; Roberts et al., 2013).

Compound 4 predicted to have high permeability was shown to interact with blood

proteins at greater than 95% interaction. The compound also distribute in tissues (Figure

4.59). The propensity for compound 1 to have a reduced interaction with plasma

proteins as predicted could be viewed as availability of the compound to interact with

target sites. Compound 2 though predicted to have low tissue distribution is however

about 80% bound to plasma proteins. Predictions on warfarin and ibuprofen were

consistent with reported data in literature which are highly bound to plasma proteins
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(Aarons, et al., 1983; Mullakandov et al., 2014; www. Drugbank.ca). Correlations

between predicted and laboratory data on compounds provides some degree of

reliability of descriptors developed for compounds which are test sets for models used

in predicting physicochemical and biopharmaceutical properties of compounds. From

the forgoing, it could be construed that observed physicochemical properties of

compound 1 (trolline) favours its bioavailability and an increased tendency to interact

with target sites. Compound 2 which may be retained within the gastrointestinal tract

may however have an increased clearance time.

Drugs taken through the oral route are generally subjected to first pass effects which

involves the liver, the major organ for drug biotransformation. This overtly places the

liver as a potential indicator of toxicity and other adverse reactions associated with drug

metabolism. Changes in body fluid concentrations of enzyme biomarkers and other

indicators of liver damage provide information (in the short and long term) on toxicity

related effects of administration of a chemical substance. Qualitative assessment on the

possible toxic effects of isolated compounds on the liver suggested compound 2 possess

the potential to be toxic as predictions indicate elevated levels of lactate dehydrogenase

(LDH) and alanine amino trnasferase (ALT) enzymes. Compound 4 was also predicted

to have the likelihood to cause an elevation in LDH and gamma glutamyl transferase

(GGT) enzymes. Elevated levels of LDH enzyme indicates tissue cellular injury not

necessarily restricted to the liver. However, elevations in other enzyme biomarkers like

GGT and ALT could be linked to damage in hepatic cells. Compound 2 was also

predicted to be a potential inhibitor of CYP1A2, CYP1C9 and CYP3A4 enzymes

(Tables 4.8, 4.9, 4.12). Flavonoids have been reported to have high potency and

selectivity in terms of CYP450 1A enzymes (Breinholt et al., 2012; Liu et al., 2013).

QSAR methods show model prediction on flavones (a subclass of flavonoids) to be
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CYP2C9 inhibitors (Jonsdoltir et al., 2012). The enzyme CYP3A4 responsible for over

50% of xenobiotic metabolim has active sites considerably larger than other CYP

isoforms thus increasing the versatility of this enzyme (Sevrioukova and Poulos, 2013).

According to GALAS (Globally Adjusted According to similarity) model, potential

CYP3A4 inhibitors are likely to have an increase in molecular size and incorporation of

hydrophobic aliphatic or aromatic residues in their structure (Didziapetris et al., 2010).

The features of compound 2 in terms of structure may well define its property as a

potential inhibitor of CYP3A4. Compound 1 was predicted to be a substrate of

CYP2C9. This enzyme is the second highly expressed after CYP3A4 and is responsible

for metabolic clearance of 15-20% of all drugs undergoing phase I metabolism (van

Booven et al., 2010). This enzyme is involved in the metabolism of polar acidic drugs

and have been shown to be competitively inhibited by NSAIDS (Sridhar et al., 2012) as

demonstrated by predictions on ibuprofen molecule (with 58% confidence levels).

Similar pathways for phase II glucuronidation reaction were predicted for compounds 1

and 2 involving the isoforms UGT1A3 and UGT1A8, however compound 1 was shown

to be more of a substrate for several isoforms of UGT enzymes (Table 4.13). In humans

about 40-70% of drugs used clinically undergo glucuronidation (Wells et al., 2004). The

rapidity with which this reaction occurs by way of exposure to several CYP isoforms

may compromise bioavailability of the compounds, drugs or their metabolites. Newly

formed β-D-glucuronides exhibit increased water solubility and are easily eliminated in

the urine or bile (Mckenzie et al., 2008; Rowland, 2013). Predicted outcomes of

metabolism of the compounds clearly indicated compound 4 a substrate of CYP3A4 but

not glucuronidated thus a delayed clearance may be experienced as earlier suggested. It

is also assumed compound 1 may easily be removed from circulation compared to

compound 2.
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Compound 1 selected for antibacterial studies was based on summation of all predicted

variables on ADME properties presented in Table 4.14. Compounds having the

combined associated risk codes on molecular weight (mw), permeability (peff),

solubility (sw), and lipophililcity (ow) were screened out while the amino acid

tryptophan was ruled out for bioassay studies. Modeling ADME-Tox properties

provides a gateway for high throughput screening of lead compounds which previously,

were selected on the basis of potency (only). Assessing information on likely

pharmacokinetic outcome of a lead compound fine tunes the chances of emergence of

lead compounds that may scale through several stages of clinical trials. Compound 1

demonstrated antibacterial effects against B. cereus, S. typhi E. coli and S. dysenteriae.

The MIC of 57 µM and MBC of 114 µM against S. dysenteriae showed compound 1 to

be most effective against this organism. Compounds containing the pyrrolo [2, 1-a]

isoquinoline skeleton as seen in the structure of compound 1 have been reported to have

antibacterial properties. Compound 1 previously isolated from Trollius chinensis (Wang

et al., 2004) was reported to exhibit antibacterial activity against Staphylococcus

aureus, Staphylococcus pneumonia and Klebsiella pneumonia. Earlier studies by Eneji

et al., (2011) suggested isoquinolines as possible active constituents of ethanol extracts

tested to have antibacterial effects on S. typhi and B. cereus. The observed antibacterial

activity of compound 1 may substantiate claims attributing Mirabilis jalapa to having

dysentery and diarrhoeal healing properties (Shaik et al., 2012; Zachariah et al., 2012).

This property may not be limited to presence of compound 1 in the selected extract. The

observed increased activity of the compound when compared with tested crude extract

concentrations on same organisms supports the argument that this compound is a

significant bioactive constituent of the extract with respect to antibacterial properties of

Mirabilis jalapa.
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CHAPTER SIX

6.0 CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

The trado-medicinal properties of extractives of Mirabilis jalapa are known to many

cultures across the world for the treatment of various ailments. In silico method used to

evaluate pharmacokinetics and metabolism of the compounds selected for antibacterial

experiments were based on solubility, permeability and non-carcinogenic related

properties predicted for the compounds isolated from the plant. The selected compound

trolline was demonstrated to be antibacterial activity against B.cereus, E. coli, S.

dysenteriae and S. typhi (in vitro) at concentrations between 0.11-0.23 mM.

The findings of this research leans support strongly, to suggest the presence of bioactive

compounds in the plant Mirabilis jalapa with potential antibacterial properties.

6.2 Recommendations

Based on the findings of this research, the following recommendations are made:

1. Cultivation of medicinal plants to preserve biodiversity and encourage
availability of source material for isolation and characterization of molecules
with novel carbon scaffolds.

2. Conduct experiments to assess mechanism of growth inhibition using bioactive
compounds identified as well as possible toxicity effects on eukaryotic cell lines.

3. 3D QSAR and ligand-protein docking experiments to understand the
relationship of the bioactive compounds with binding and/or receptor sites.
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APPENDICES

Appendix I: Predicted pKa Values and Lipophilicity of Isolated Compounds

pKa = (ionization constants of mainly acidic nature; Simulations Plus model)
MlogP = (Moriguchi model of octanol-water partition coefficient, log P (Moriguchi et al; 1992))
SlogP = (octanol-water partition coefficient, log P; Simulations Plus model)

Compound pKa MlogP SlogP
Cimetidine 13.23; 11.16; 10.75 -0.4 0.57
Warfarin 5.06 2.33 3.28
Compound 1 11.69;  8.77 1.56 0.53
Compound 2 13.66; 13.14; 12.73; 12.20;  9.76;  9.05;  7.90 -1.86 -0.23
Compound 3 13.97;  2.56 -2.15 -1.4
Compound 4 13.41 6.79 9.49
Ibuprofan 4.54 2.82 3.65
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Appendix II: Culture Plates Showing Zones of Inhibition for Compound 2(trolline) Against Susceptible Bacterial Cells
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Appendix III: α[D] Optical Rotation Results for Compound 3


