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SUMMARY

Evidence suggests that Buddlja Madagascariensis extracts have antibacterial activity
and the leaves can be used to cure asthma, coughs and bronchitis.

The present investigation is aimed at finding the activity present in Buddlja
Madagascariensis against Tuberculosis and identifying the active compounds.
Experiments were initiated to assess this possibility using E. coli (DC2), S. aureus
(NCTC 6571) and M. fortuitum (NCTC 10394), a model for tuberculosis. The methanol
extracts showed some activity against M. fortuitum.

The compounds in extraction were separated and purified by HPLC. A series of
fractions was achieved. Some of them again showed activity. The fractions then were
characterised by mass spectrometry.

On the other hand, column purification in a molecular imprinting approach was taken
in parallel with the separation of the components in the extraction. The effect was
assessed by comparing groups of peaks from HPLC, one of which was for the crude
extracts while the rest were for the fractions from column purification.
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INTRODUCTION

Aims and Objects

Tuberculosis, caused by the intracellular pathogen Mycobacterium Tuberculosis, is
becoming a major health problem in industrialized countries. It kills approximately 2
million people each year. The global epidemic is growing and becoming more
dangerous. The serious situation of this illness makes it important to find a relatively
cheap and effective source of treatment against, especially in the countries with

financial difficulties. (1)

Plants have been used as the source of medicine since ancient times and many of the
currently available drugs have been derived directly or indirectly from them. Today
25% of prescription drugs contain a plant-derived chemical or a derivative and interest
in developing plants as a likely source of new commercial drugs is resurging. In this
study, the possibility of using the chemicals in Buddlja Madagascariensis as a way to

treat tuberculosis was discussed.

Evidence has suggested that the leaves of Buddlja Madagascariensis Lamk.
(Loganiaceae), a shrub indigenous to Madagascar, are used in traditional medicine for
asthma, coughs and bronchitis. Seeing these facts, there could be compounds with the
ability to treat illness of respiration system present in Buddleja madagascariensis. The
present investigation is aimed at finding an efficient but comparative cheap way to cure
tuberculosis by searching for the antibacterial activity in Buddlja Madagascariensis
against Mycobacterium Tuberculosis. Each part of the plant was extracted by a series of
solvents. The extractions were assayed and the components in the extraction with
antibacterial activity were separated and fractionated. And finally, attempts were made

to identify these components by mass spectrometry.



Tuberculosis
An Overview

Tuberculosis, a chronic infectious and zoonotic disease, caused by Mycobacterium
Tuberculosis, is becoming a global health problem of escalating proportions. According
to the report of WHO (World Health Organisation) in 2002, TB kills about 2 million
people each year (including persons infected with HIV). More than 8 million people
become sick with TB each year. Around 3 million TB cases per year occur in Southeast
Asia. Over a quarter of a million TB cases per year occur in Eastern Europe. It is
estimated that between 2002 and 2020, approximately 1000 million people will be
newly infected, over 150 million people will get sick, and 36 million will die of TB - if

control is not further strengthened. (2)

Ninety percent of tuberculosis cases occur in developing countries, where few
resources are available to ensure proper treatment and where human immunodeficiency
virus (HIV) infection may be common. The concentration of deaths due to tuberculosis
in demographically developing nations and mortality rate in the most economically
fruitful years of life from 25 to 54 causes substantial losses in productivity and
contributes to the impoverishment of third-world countries. (3) The incidence of TB has
also increased in developed countries mainly involving HIV-positive individuals,
immigrants/expatriate workers from countries in which TB is endemic, the homeless
and prison inmates. (4) Mycobacterium tuberculosis (M. tb.) infection is endemic in
Zimbabwe. Since the beginning of the human immunodeficiency virus (HIV-1)
epidemic in the late 1980s, the number of tuberculosis (TB) cases significantly
increased in the country. In Zimbabwe, and other countries in sub-Saharan Africa, TB is

the leading cause of morbidity and mortality among HIV-1 infected individuals. (2)

Almost two thirds of the world's known TB cases are in Asia. In the last 2 years,
prevalence of TB increased by 25% in Asia. In Delhi, India, for example, 13% of all TB
patients are ill with MDR-TB. The enormous public health and economic ramifications
of MDR-TB has lead some international health authorities to refer to this fatal disease
as "Ebola with wings'. One-third of the world population suspected to be exposed to this

transmittable disease and 10 million new cases per year is expected in this century. (5)



The reemergence and the global epidemic of TB could attribute to the various factors
such as the coincidence of tuberculosis and HIV infection, development of multi-drug
resistant strains of Mycobacterium tuberculosis, (6) and the decline in health care

structures and national surveillance. (7)

Because of its association with acquired immune deficiency syndrome (AIDS),
tuberculosis now becomes one of the most important infectious diseases in humans.
Evidence suggests that HIV-1-infected individuals in Europe and the USA may be more

susceptible to new tuberculosis infection to progress to AIDS rapidly. (8)

Mycobacterium tuberculosis

Mycobacterium tuberculosis that leads to tuberculosis is an intracellular pathogen,
gram-positive bacterium. The doubling time for M. tuberculosis is 12-18 hours, which is
unusually slow. There are almost 100 different recognized mycobacterial species and
many of them are non-pathogenic to humans. Mycobacterium tuberculosis complex
(MTC) strains are the majority that are responsible for the mycobacterium infections
worldwide. (9)

Spread

TB bacteria are contained in the tiny droplets formed when an infected person with
pulmonary or laryngeal TB coughs, laughs, talks or sneezes. These particles can remain
suspended in the air for several hours. When another person inhales air containing
infectious TB particles, most of the larger particles become lodged in the upper
respiratory tract where infection is unlikely to develop. However, some droplets
containing tubercle bacilli may reach the lower parts of the lungs where infection

begins. (10)

Throughout history, the movement of human populations has spread tuberculosis.
Nowadays, modern travel continues to contribute to tuberculosis infection and disease.

TB transmission has been found on commercial aircraft, from personnel or passengers
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to other personnel and passengers, but the risk of is low. As in other settings, the
possibility of transmission is proportional to duration and proximity of contact.
Travellers from low incidence to high incidence countries have the risk of acquiring TB
infection similar to that of the general populations in the countries they visit, but the risk
is higher if they work in health care. Passive diagnosis of symptomatic cases should be
facilitated and this can be achieved by placing emphasis on public awareness and
education campaigns. For the global traveller Mycobacterium tuberculosis (MTB)

continues to be a common concern. (11)

Symptoms

General symptoms of active TB infection include weight loss, sweats, fever, chills,
fatigue, coughing and loss of appetite. Other symptoms of active TB depend on the site
of the infection. The lungs are the most common sites of TB disease and approximately
85% of the TB cases are related to this organism. Patients with TB in lung usually have
a productive, prolonged cough and sometimes have chest pain or may cough-up blood.
Patients with chest radiographic evidence of TB are considered contagious. Central
nervous system and bones and joints are also the parts that can be invaded by the

bacterium. (15)

Treatment

Seeing the serious situation of this illness, it’s important to find a relatively cheap and
effective source of treatment against TB, especially in the countries with financial

difficulties.

The most common anti-TB drugs are isoniazid, rifampicin, pyrazinamide,
streptomycin and ethambutol. The formulation of the essential anti-TB drugs are as
followed: Separate drugs: isoniazid, pyrazinamide, ethambutol, streptomycin; Fix-dose
combinations: thioacetazone + isoniazid, ethambutol + isoniazid, rifampicin + isoniazid,
rifampicin + isoniazid + pyrazinamide. But in the past decade the increasing incidence

of tuberculosis worldwide has been facing many challenges. Besides the lack of novel
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therapeutics against this pathogen, one of the alarming trends is the growing resistance
to current antimycobacterial therapies. Not only strains that are resistant to a single drug
have been documented in every country surveyed but also the strains of TB resistant to
all major anti-TB drugs has emerged. (17) Much scientific interest has been created in
developing new anti-mycobacterial agents to both treat existing drug-resistant strains

and shorten the duration of short-course treatment to benefit the patients. (18)

In 1991, an effective but economic TB control method was introduced on a global
scale. It’s called DOTS (Directly Observed Treatment, Short-course), which is

recommended by WHO as the treatment strategy for detection and cure of TB.

Once patients with infectious TB start using microscopy services, health and
community workers and trained volunteers will observe patients swallowing the full

course of the correct dosage of anti-TB medicines (treatment lasts six to eight months).

By the end of 2000, all 22 of the countries with highest burden with 80% of the
world’s TB cases had adopted DOTS. Fifty-five percent of the global population had
access to DOTS, twice the fraction reported in 1995. In the same year, it is estimated
that 27% of TB patients received treatment under DOTS, two and a half times the
fraction reported in 1995.

Microbiology
The genus Mycobacterium

The content of this section is about this organism and the ones related to it or applied in

this study.

Mycobacterium is a widely distributed bacterium. There are over 80 named species of
mycobacterium and two main pathogenic species: (1) Mycobacterium tuberculosis
which is associated with affecting humans and certain mammals. (2) M. Leprae, the
cause of leprosy, a chronic disease of humans. (19) According to World Health
Organisation (WHO), these two diseases are among the main public health problems of

many of the developing countries of the world. (20)
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The other species that cause disease in man and other animals include: M. bovis, M.
avium intracellulare, M. kansasii, M. fortuitum complex (including M. chelonei), M.

marinum, and M. ulcerans. (20) Most pathogenic mycobacteria grow unusually slowly.
(21)

In microscopy, Mycobacteria are seen as slender rod-shaped organisms, which are
seen as 2-4 um long, red, acid-alcohol-fast bacilli in a Ziehl-Neelsen stain. In electron
microscopy, a thick cell wall, mesosomes and lipid inclusions can be examined.
Mycobacterium has an unusually high lipid content, which is responsible for their

characteristic resistance to drying in alcohol, acids, alkali, and certain germicides. (21)

The main diseases caused by Mycobacteria are tuberculosis (Mycobacterium
tuberculosis), leprosy (M. leprae), systemic infections in AIDS patients (M. avium), and
nosocomial and opportunistic infections (M. fortuitum). 1t is often difficult to treat
mycobacterial infections because of these bacterias’ intrinsic resistant ability to most
common antibiotics and chemotherapeutic agents. Furthermore, the emergence of
multidrug-resistant strains has also become an additional challenge in the control of

tuberculosis. (22)

The species Mycobacterium fortuitum

In this study, Mycobacterium fortuitum (NCTC 10394) was used as a model substitute
for Mycobacterium tuberculosis because of its fast growth cycle (3-4 days) and

relatively rare human infection. (23)

Micobacterium fortuitum was originally found as an organism, which leads to
disseminate skin infection (24). It is one of the rapidly growing species. Mycobacteria
Jortuitum is non-chromogenic. It occasionally causes pulmonary or disseminated
disease but is principally responsible for post-injection abscesses and wound infections.
(25)
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Biological Materials and Methods Applied in This Study

Liquid and solid media:

There are two broad groups of media: liquid and solid. Many liquid media containing
different nutrients have been devised and most bacteria can be grown at least one of
them. However, liquid media have two disadvantages. In them, the characteristic
appearance of growth usually does not exhibit especially and, except when they are
designed for a particular biochemical test, they are only limitedly used in identifying
species. Also, organisms can’t be separated with certainty from mixtures if they are
grown in liquid media. These disadvantages can be overcome by using solid media. On
solid media the appearances exhibited by the colonies of different bacteria are useful in
identification; and solid media are almost necessary in isolation of pure cultures.
Organisms can only be grown directly from the body in pure culture occasionally so
that solid media are almost always needed for the examination of pathological

specimens. (26)

The culture media applied in this study:

Nutrient broth: This is the basis of most media used in the study of the common
pathogenic bacteria. Good quality is very important for this media and a poor basal

medium cannot be compensated by enrichment. (26)

Nutrient Agar: Nutrient agar is nutrient broth solidified by the addition of agar.

Blood agar: Blood agar is an enrichment media and is widely used in medical
bacteriology. During the preparation of the medium, sterile blood is added to sterile
nutrient agar that has been melt and cooled to 50°C. The concentration of blood may be
varied from 5 per cent up to 50 per cent for special purposes. The concentration of ten
per cent is most usually used. Either human or animal blood may be used; horse blood

is the commonest one. (26)
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Serial dilution methods:

In this method, a series of dilutions of both the standard antibiotic preparation and the
test sample are prepared in a fluid nutrient medium. The tubes that contain sample with
a serial of dilution concentrations are inoculated with a standard suspension of the test
organism with and then incubated. The greatest dilution of the standard and of the
sample, by which the growth of organisms is completely inhibited, is noted and from
these the potency of the test sample is estimated. The bactericidal level in these tubes
may be determined by sub-culturing from each tube and determining which
concentration of the drug kills the test organism. The main drawback of the test is that it
is laborious, requires strictly aseptic conditions (a chance contamination may
completely invalidate the results) and is liable to be influenced by the growth of
resistant mutants, which have an advantage in the presence of the antibiotic. Serial
dilutions are now mainly used for the assay of antibiotics because the agar diffusion

methods are too slow to be applicable. (27)

Agar diffusion methods:

In the bioassay the sample diffuses from a confined source through nutrient agar
seeded with the test organism during the incubation. A concentration gradient of the
antibiotic is thus set up and this results in a zone of inhibition being formed around the
well containing the samples. Once the conditions of temperature, medium, and
inoculum size are settled, the size of the zone of inhibition is proportional to the
concentration of the antibiotic in the sample at the source. At the end of this bioassay
the size of zones produced by a range of dilutions of a standard preparation are plotted
and the concentration of antibiotic in various dilutions of the sample that give zones of
comparable size are read from the graph. It has been found that the relationship between
the square of the zone diameter and the logarithm of the antibiotic with antibiotics of

small molecular size concentration is strictly linear. (27)
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Medicinal Plants

Introduction to Natural medicine

Since ancient times, natural sources such as vegetable, animal, and mineral substances
have been used for health care by ‘witch-doctors’. The methods used are not only based
on the knowledge and attitudes regarding physical, mental, and social well-being but
also on the causes of disease and disability on social, cultural, and religious beliefs as
well. Currently, these approaches, which are referred to ‘traditional medicine’, are still
used in allopathic medicine as a major source of some of the useful drugs. Modern
research into natural medicines is mainly concentrating on discovering new therapeutic

agents and novel and richer sources of traditional natural drugs. (28)

Traditional medicine is cheaper than modern medicine. The high cost of the modern
technology increased the cost of modern medicine and due to the higher cost of basic
commodities the cost of modern health care has also recently increased. For most of the
population in the third world, traditional medicine is more accessible. This is mainly
because of a shortage of hospitals and health centres, and the unavailability of the
medical and paramedical staff needed to man modemn health delivery systems.
Traditional medicine is also more acceptable for the people of developing countries than
modern medicine. This could be due partly to the inaccessibility of modern medicine
but the major reason contribute to the fact that it conflicts with the culture of those

regions where the culture has been deeply rooted in people’s social lives. (28)

One of the greatest arguments against traditional medicine today is that its efficacy is
lack of scientific proof. Most of the claims about the efficacy of traditional medicine are
made by the traditional medicine practitioners themselves and many have not been
thoroughly investigated through scientific method. Another shortcoming of traditional
medicine is the inaccurate diagnosis often given by the practitioners. In the description
in the diagnosis of a traditional medicine practitioner, ‘stomach trouble’ could mean
indigestion, an ulcer, or cancer of the stomach. Such imprecision is because the fact that
the traditional medical practitioner does not know the pathology of certain diseases. As
a result, therefore, he tends to treat the symptom rather than the disease, which can

sometimes lead to further complications. Furthermore, their prescriptions lack precise
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dosage. Even nowadays, some practitioners are still using such terms as teaspoonfuls
while measuring specific dosage. Comparing to modern medical practice, the
practitioner of traditional medicine is not hygienic enough in their methods. Traditional
medicine has always been regarded with suspicion by modern doctors because there are
some intangible aspects or occult practices that cannot be verified scientifically
contained in the theory and method of traditional medicine such as witcheraft and the

evil aspects which have made traditional medicine discredited. (28)

Medicinal plants

Since ancient times, plants have been one of the main sources of medicine and many
of the currently available drugs have been derived directly or indirectly from them. In
spite the rise of the pharmaceutical industry and the dominance of the synthetic drugs in
western market, over 10,000 species of higher plants have been used in a medical way
and over 70% of the world’s population still relief from illness depending through this
way. Today 25% of prescription drugs contain a plant-derived chemical or a derivative
and interest in developing plants as a likely source of new commercial drugs is

resurging. (29)

A medicinal plant is any plant with substances that can be used for therapeutic purpose
in one or more of its organs or the ones that are precursors for the synthesis of useful

drugs.

Traditionally, the plant material is taken by drinking an infusion made with hot water.
The availability of material of the species enables hot water extracts to be made with a

composition that is similar to the medicine. (30)

An example of a medicinal plant:

GINSENG- Panax ginseng

In Chinese, the word ginseng is directly translated as the “essence of man”. It is the
most valued herb used in China, and is also widely used in other Asian countries such as

Japan and Korea. For thousands of years, ginseng has been used by the common people
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as a tonic and emergency medicine to rescue dying patients and used by the rich as a

rejuvenating and revitalizing agent. (31)

Although the seeds, flowers, leave, and stems of ginseng are available for use,
common references to the herb allude to its root or rhizome. In the apothecary or the

market, only the root or the rhizome is generally seen. (31)

The main therapeutic usage of ginseng is for revival of dying patients. It is reputed to
be effective in treatment of shock, collapse of the cardiovascular system,
haemorrhaging, and heart failure. Clinical trials on volunteers showed that ginseng
extract can slow down the heart rate and reduce oxygen demand but the mechanism of

action is very debatable. (31)

Ginseng is also can be used to treat the mild hyperglycaemia, reinforce sexual desire,
reduce the effects of oxygen deprivation of brain tissue to improve mental and

neurological performance, treat coughs, headaches, and fevers, etc. 31

Medicinal plants and modern medicine

Currently, medicinal plants have become a field that is a curious mixture of ancient
tradition applied to modern conditions without, in many cases, the benefit of modern
science and technology. To be totally effective, it is important for the traditional

practices to eventually be coupled with up-to-date scientific method. (32)

A German physician, B. Lehmann, drew a conclusion on the subject of cooperation
between empiricism and science: ‘Phytomedicines, exactly like other medicines, must
stand up to the challenge of modern scientific evaluation. They need no special
consideration when it comes to the planning and conduct of the clinical trials intended
to prove their safety and efficacy. The distinctive feature of phytotherapy is its origin,
namely, the many years of empirical use of plant drugs. Experience gained during this
period should be taken into account along with clinical testing, in evaluating the

effectiveness of phytomedicines.” (32)
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Active substance in medical plants

Active substances refer to the various materials that are contained in medicinal plants
and possess a number of activities. The discovery of naturally occurring chemical
compounds was initiated by the chemical analyses of medical plants performed in the
nineteenth century. It has been revealed that not only do medicinal plants contain
compounds with special structures and pronounced properties, but also almost any plant

contains some kind of special material. (33)

Currently, much research has been performed on the extraction and purification of the
active compounds present in medical plants. For example, the flavonoid and
phenylpropide constituents present in the aqueous extraction from Buddleja species
have been found to have the anti-hepatotoxic activity through testing the isolated
compounds. Fourteen extracts from Brazilian traditional medicinal plants applied to
treat infectious diseases have also be found and can be potentially used as new effective

strategies to treat methicillin-resistant infections. (33)

Some chemical constituents of plants:

Flavonoids

The flavonoids are all structural derivatives from the parent substance flavone, which

occurs as a white mealy farina on Primula plants. (33)

Some flavonoid classes are more widely distributed than others such as flavones and
flavonols which are more universal while some flavonoid such as isoflavones and

biflavonyls are found in only a few plant families. (33)
Generally, flavonoids are present in the plants as mixtures and it is very rare to find a

single flavonoid component in a plant tissue. In addition, the mixtures often are made

up with different flavonoid classes. (33)
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Alkaloids:

The alkaloids are the largest single class of secondary plant substances. The most
common precursors of alkaloids are amino acids. About 5,500 alkaloid structures are
known. There are always one or more nitrogen atoms, usually in combination as part of
a cyclic system. Alkaloids are often toxic to man and many have dramatic physiological
activities that make them widely used in medicine. They are usually colourless and
optically active substances. Most of them present in the plants in the phase of crystalline
but in fresh leaf or fruit material there a few of them (e.g. nicotine) present as liquids

which often impact to the tongue as bitter taste. (33)

Strategies in the search for new active substance in medical plants

The approach adopted to obtain an exploitable pure constituent involves
interdisciplinary work in botany, pharmacognosy, pharmacology, chemistry and

toxicology. The procedure can be formulated as follows:

(1) Plant material is selected, collected, and botanical identified and prepared.

(2) The prepared materials are extracted with suitable solvents and are preliminarily
analysed.

(3) The bioactivity in the extraction is preliminarily analysed by biological and
pharmacological screening.

(4) Pure bioactive constituents are separated by chromatographic means.

(5) The structures of the constituents are determined.

(6) The pure compounds are analysed and pharmacological profiled.

(7) Toxicological testing.

(8) Partial or total synthesis.

(9) Derivatives of the constituent are prepared for studying structure-activity

relationships.

In this project, the research was concentrated on the steps (1)-(5).
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Processing medicinal plants to obtain active substances

Selection of plant material:

The collection of the plant materials can be random but it is more judicious to select
the plant materials with certain criteria. By way of illustration, plants used in traditional
medicine are more likely to provide pharmacologically compounds, which can be taken
as criteria of plant material selection. Ideally, in phytochemical analysis, plant tissues
used should be fresh and the material should be plunged into boiling solution within
minutes after its collection. Sometimes, the plant under study is not at hand and material
may have to be collected from another continent. In such cases, it is important for the
freshly picked tissue being stored dry in a plastic bag to remain in good condition for
analysis during the several days transport by airmail. Alternatively, plants may be dried
before extraction. In this kind of operation, it is essential that the conditions of drying
operation are carried out under controlled to avoid too many chemical changes
occurring. Drying should be carried out as soon as possible in a good air draft without
using high temperatures. After being thoroughly dried, plant can be stored for long
periods of time before analysis. It has been proved that the analysis for flavonoids,
alkaloids, quinines and terpenoids in the plant tissue that has been kept for many years

still can be successfully carried out. (33)

At the stage of plant material selection, there is a very important point that
contaminating material from other plants should be get rid of from the plant tissue under
study. For example, it is essential to employ plants which are free from disease, i.e., the
plants not affected by viral, bacterial or fungal infection. It is very likely for plant
materials with contamination to lead to a poor result. Not only may products of
microbial synthesis be detected in such plants, but also plant metabolism may be
seriously altered by infection and unexpected products could be formed, possibly in

large amounts. (33)

Extraction and isolation:

The precise method of extraction naturally depends on the texture and water content of

the plant material to be extracted and on the type of substance that is to be isolated. In
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general, to achieve a more effective extraction, the plant should be dried and ground

first to enlarge the contact surface. (34)

The extraction is always taken using a series of solvents with of gradually increasing
polarity in turn to obtain the active compounds with different polarities. Chloroform and
ethyl ether are often used for terpenes and steroids while water and ethanol are always
for glycosides and amino acid. (34) Alcohol, in any case, is a good all-purpose solvent

for preliminary extraction. (33)

Subsequently, if exhaustive extraction is being attempted, it is really necessary for the
material to be macerated in a blender and filtered. When isolating substances from
green tissue, a successful extraction with alcohol should remove the extra chlorophyll
into the solvent. When the tissue debris is completely free of green colour after repeated
extraction, it can be assumed that the low molecular weight compounds have been

extracted. (33)

The classical chemical procedure for obtaining organic constituents from dried plant
tissue (heartwood, dried seeds, root, leaf) is to continuously extract the power of
material in a soxhlet apparatus with a range of solvents, starting with ether, petroleum
and chloroform (to separate lipids and terpenoids) and then using alcohol and ethyl
acetate (for more polar compounds) in turn. This method is useful working on the gram
scale. However, separation of the constituents can rarely be completed just in one
solvent and the same compounds may be contained in several fractions in varying

proportions. (33)

The extract obtained is usually evaporated in a rotary evaporator, which will
concentrate bulky solutions down to small volumes under vacuum, at temperatures

between 30 and 40°C. (33)

If a single crystalline substance is present, the crystals can be purified by
recrystallization and then the material is available for further analysis. In most cases,
mixtures of substances will be present in the crystals and it will be then be necessary to

redissolve them up in a suitable solvent and separate the constituents by
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chromatography. Many compounds also remain in the mother liquor and these will also
be subjected to chromatographic fraction. As a standard precaution against degradation

of material, concentrated extracts should be stored in the refrigerator. (33)

Separation:

The most important point for any successful programme involving the investigation of
plant constituents with biologically active is the availability and choice of

chromatographic techniques for the separation of pure substances. (35)

The most important preparative separation techniques employed in the isolation and
purification of plant constituents are divided into two groups: solid phase
chromatography and liquid-liquid chromatography, according to whether a solid
stationary phase (or liquid fixed on a solid support) or an all-liquid partition procedure
is used. Among the methods in the former category, column chromatography is very
popular and used extensively. This method includes ion-exchange resins, polymeric
columns, gel filtration, and chromatography over silica gel or chemically modified silica
gel. (35)

Buddleja madagascariensis

Introduction

The genus Buddleja L. includes approximately 100 species, which include B. asiatica
Lour, B.officinal Maxim, B. curviflora Hook. and Am, B. davidii Franchett, B.
madagascarensis Lam, B. amaricana L, B.globosa Lam, B. incana Ruiz and Pav.
Buddleja species play a minor role in the ethnopharmacology of several areas of the

world where they are indigenous. (36)
Buddleja species are widespread and there are some remarkable similarities in their

medical uses including the treatment of skin complaints and particular as eye lotions

and the treatment to catarrh and coughs. They are also used as fish poisons and as
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diuretics. They can benefit the liver by either increasing biliary flow or by treating

cirrhosis.

Flavonoid and iridoid glycosides appear to be the active secondary metabolites so far

isolated which are contained in all the species of this genus. (36)

Phytochemistry of Buddleja

Phytochemical investigation of the genus has been somewhat neglected but some
constituents which are present in reasonable quantities, namely iridoid and flavonoid
glycosides have been looked into. The leaves and flowers of Buddleja species have been
found to contain large amounts of flavonoids, iridoids, and phenylpropide glycosides.
Fractionation from aqueous extracts of leaves of one of Buddleja species (B. globosa)
that is used in the traditional medicine for the treatment of liver ailments has been found
to contain five iridoids, two phenylpropide glycosides, and a flavonoid glycoside. A
number of bioactive flavonoids, sesquiterpenoids, iridoids, and steroids have been found

in another buddleja specie-B. cordata subsp. cordata. (38)
Medical usage of Buddleja madagascariensis

Many of the medical usages of Buddleja in folk medicine such as a topical antiseptic
and as diuretics are due to the compounds that are known to have biological activity and

identical or similar to those found in the genus. (39)

The leaves are used in traditional medicine for asthma, coughs and bronchitis. This is
probably due to an expectorant action caused by stimulation of secretion in the
respiratory tract. It is known that several terpene and saponins have this effect, while
mimengoside B (structure sees Figurel) has been found in the methanol extract of the

leaves, which might account for its therapeutic activity. (40)
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Figure 1: Structure of mimengoside B (adapted from A.M. Emam, A.M. Moussa, R.
Faure, R. Elias, G. Balansard, Isolation of B, a trierpenoid saponin from Buddleja

madagascariensis. Ethnopharmacology) (40)

Seeing the facts mentioned above, there could be compounds with the ability to treat
illness of respiration system present in Buddleja madagascariensis. Current research is
trying to discover the bioactive compounds of anti Mycobacteria fortuitum in
madagascariensis. The same activity has been found in the stem bark of one of the

Buddleja species-B. cordata subsp. cordata. (41)

Molecularly Imprinted Polymers (MIPs)

Introduction

Molecular imprinting is an emerging technique for the preparing polymeric materials
with highly selective and affinitive properties. The method involves complexation in
solution of a target compound (template) with functional monomers, through either
covalent or non-covalent bonds followed by a polymerisation reaction with an excess of
cross-linkers. (42) After the highly crosslinked polymer has formed, the template
molecules are removed from the polymer matrix leaving selective binding sites that are

complementary to the template in terms of its shape, size and functionality in the
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polymer template. Because of these binding sites, MIPs can selectively rebind the
template in preference to other closely related structures. So ideally, the molecularly
imprinted polymer is able to selectively recognize the template molecule from other

components in a complex sample. (43)

In terms of the relationship between the template molecule and the polymerisable sub-
units, the methodology for preparing the MIP can be categorized mainly into two

methods- covalent imprinting and non-covalent imprinting. (42)

The pre-organized approach (covalent imprinting) involves the formation of covalent
bonds between the functional monomers and the template molecules prior to
polymerisation. Thus the template molecules need to be chemically modified with the
functional monomers, and after polymerisation the template molecule is removed by
cleavage of the covalent bonds via which it is attached to the polymer. Upon rebinding
of the template to the polymer, the covalent bonds are re-formed. (42) Another
methodology is the self-assembly approach (non-covalent imprinting) where relatively
weak non-covalent intermolecular interactions, such as electrostatic interactions,
hydrogen bonding, - bonding and hydrophobic interactions, between the template and
the functional monomers serve to get molecular assemblies. Hence the selection of

functional monomers is crucial to form high affinity binding sites. (44, 45)

In the majority of recent works, the non-covalent has become the method of choice
because of its advantages over covalent method. The most obvious one is that no
specific covalent modification of the template molecule is required. In terms of the
binding sites that can be exploited, non-covalent imprinting is much more flexible for
the range of templates which can be targeted. Additionally, non-covalent imprinting
appears to offer significant improved rebinding kinetics and practical flexibility over the
covalent imprinting. Furthermore, the non-covalent approach is experimentally simpler
to realize than covalent imprinting methods because the complexation step is achieved
simply by mixing the template with the functional monomer(s) in a suitable solvent.
The template can be removed by being simply washed repeatedly with a suitable solvent
or solvent mixture. Seeing these advantages, in this project, non-covalent imprinting

was taken as the approach of preparing the MIP. (42)
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On the other side, a major drawback of non-covalent systems is the unavoidable
heterogeneity of the binding sites obtained from the multitude of complexes formed
between the template and the functional monomers. The non-covalent bonding is
generally not strong and thus an excess of functional monomer is usually required to
favour template-functional monomer complex formation and to maintain its integrity
during the polymerisation. As a result, a fraction of the functional monomers are
randomly incorporated in the polymer matrix resulting in the formation of non-selective

binding sites. (46)

Non-covalent molecular imprinted polymers

A stable pre-polymerisation complex between the template molecule and functional
polymerisable units is the foundation of all imprinted polymers formation. In the non-
covalent approach, the bond between the template and polymerisable moiety is non-
covalent. In the complex, non-covalent interactions, typically, proton transfer events
and hydrogen bonds, are the force to the formation of the complex and to maintain the
integrity. Figure 2 shows the pre-polymerisation complex stabilised by hydrogen bonds
and ionic forces and formed between an amphiphilic template and two monomers. (44,
45)

Figure 2: pre-polymerisation complex between an amphiphilic template and two

monomers (adapted from C. J. Allender, K. R. Brain, C. M. Heard, Molecularly

Imprinted Polymers-Preparation, Biomedical Application and Technical Challenges.)
(42)
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Figure 3: the process of preparing the non-covalent imprinted polymers is summarized

below:

Template molecule, monomers,

cross-linkers and initiator dissolved

Pre-polymerisation complexation

The vial is sealed after degassing and flushing with nitrogen.

Polymerisation | po oo ciion is carried on under certain conditions.

The solid polymer formed in the vial is removed and coarsely ground.

The template is removed by washing the MIP particles.

Polymer dried under vacuum for 12 hours.

The chemistry of non-covalent molecular imprinting:

Template: The template is a molecule that contains a certain level of functionality
that can be paired with reciprocating moieties. It has been observed that small, multi-
functional templates produce imprinted sites that are less specific. In addition, a
complex molecule with a more specific three-dimensional structure leads to a more
highly specific imprint than a simple linear geometry.

Generally, non-polar solvents favour the stability of the pre-polymerisation complex.

Therefore, the choosing of solvent for a polar template molecule, both imprint
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specificity and solubility for the template are considered. If a polar solvent is required to
match the solubility of the template, then the complex will be less stable and the imprint

less specific. (47)

Cross-linker: The crosslinker provides imprinted polymers with high mechanical
stability and chemical inertness. A very high degree of crosslinking (70-90%) is
required since the polymer matrix needs a certain rigidity to retain the shape of the
specific cavities and preserve the imprinted memory. (48)

In polymer matrix, rigid structure is good for selectivity while flexible structure
favours accessibility. Thus the choice of cross-linker is a compromise between rigidity
and accessibility. (47, 48, 49) After many different cross-linkers were evaluated, EGMA
(ethylene glycol dimethacrylate) has been proved to be the most suitable one for most

imprinting process. (48)

Functional monomers: A functional monomer is a twofold molecule which contains
the units which undergo the interaction with the template molecule and the
polymerisable ones. Methacrylic acid (MAA) has been used extensively as it fulfils the

essential criteria for a functional monomer. (42)

Factors that affect the function of molecularly imprinted polymer:
The structure of the polymer matrix is fundamental to MIP function. A high degree of

cross-linking, good accessibility and flexibility, sufficient mechanical strength and a

degree of thermal stability are all important aspects of MIP function. (47, 48)
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Cross-linker: In general, the higher the proportion of cross-linker the greater the
selectivity. (49) It is considered that at higher degrees of cross-linking, the polymer
chain is less mobile and thus helps to retain the recognition site integrity. (49) 80-85%

of cross-linker is used in the majority of studies. (42)

Solvent: In the pre-polymerisation complex, the significant interactions are polar. So
the complex is more stable in apolar solvents. (45, 50, 51). Generally, the more polar
the porogen, the weaker the resulting recognition effect. (45) Seeing the fact that
relatively non-polar organic solvents favour the formation of the non-covalent
interactions between the template molecule and the functional monomer, polymerisation
has generally been carried out in non-polar solvents such as chloroform, toluene,
dichloromethane and benzene. In practical terms, the solubilising power of the solvent
must be considered. The final aim is to find a solvent that is as non-polar as possible yet
still provides a system in which monomers and template dissolve well. (42) Research
has shown that the ideal rebinding condition for a given template should include the
solvent used as porogen. (46) The solvents that are most often used to prepare MIPs for

SPE applications are chloroform, acetonitrile, dichloromethane and toluene. (45)

Proportion of chemicals: The relative proportion of the constituents of a MIP affects
both the morphology and the function of the polymer. It has been concluded that the
radio of 1:1(mL:g) of porogen to monomer favours the optimal selectivity and affinity
(52).

It has been shown that the internal surface area of the polymer was proportional to the
percentage of cross-linker so the quantity of cross-linker is fundamentally important for
high selectivity. As the proportion was increased from 10% to 95%, a corresponding
increase in selectivity is observed. Below 10% cross-linker, the selectivity was not
observed. (53)

As to the ratio of functional monomer to template, subsequent studies have generally

used approximately twice the stoichiometric ratio to one. (42)
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The forces and interactions in non-covalent imprinted polymers:

Directional, induction and dispersion forces: these forces exist between a dipole and a
system containing an opposite charge. The dipoles can be permanent, induced or

temporary. (54)

Hydrogen bonding and charge transfer forces: A hydrogen bond is the bond between a
covalently bound hydrogen atom and another atom. The bond consists of a hydrogen
bond donating moiety (electron acceptor) and a hydrogen bond accepting group (electro
donor). (Figure 4) (55)

Figure 4: Hydrogen bond (adapted from C. J. Allender, K. R. Brain, C. M. Heard,
Molecularly Imprinted Polymers-Preparation, Biomedical Application and Technical
Challenges.) (42)
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Charge transfer forces are from the movement of electron pairs and protons from one
molecule to another. In these forces, both bonding electrons are derived from the same
molecule. The - and 7-c are the most important charge transfer forces at the pre-
polymerisation stage of molecular imprinting. Figure 5 shows an example of these

interactions. (55)
Figure 5: n-EPD-n-EPA complex formation (adapted from C. J. Allender, K. R. Brain,

C. M. Heard, Molecularly Imprinted Polymers-Preparation, Biomedical Application and
Technical Challenges.)(42)
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