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1. INTRODUCTION

TB, an acronym of tuberculosis, is the most common contagious disease
caused by one of the oldest known human pathogen Mycobacterium tuberculosis
(MTB). It stands ninth in the mortality rate of a disease caused by single
etiological agent worldwide. Two million people die each year from its aliment.
Researchers are on the verge of finding new anti-tubercular agents by utilizing the
information obtained from the complete genome of M. tuberculosis. Identification
of novel vaccines and drugs and more specific and rapid diagnostics are the major
requirements for TB. According to WHO Global Tuberculosis Report (2017), an
estimated 10.4 million people developed active TB in 2016. An increased threat is
represented by multidrug resistant (MDR) and extensively drug-resistant (XDR)
strains of MTB that are not susceptible to first-line (isoniazid and rifampicin) and
second-line injectable drugs (kanamycin, amikacin, capreomycin, and any
fluoroquinolone). Typically, the spontaneous development of such strains is
attributed to a poor adherence to the treatment protocols, causing the bacteria to
build a resistance towards the first-line and second-line drugs. The genus of
Mycobacterium has originated 150 million years ago (Daniel 2006). It was
believed that, three million years ago, both the early progenitor of M. tuberculosis
and the early hominids in East Africa were co-evolved at the same time. A
common progenitor was shared by the modern members of M. ruberculosis
complex and was originated 15,000 — 35,000 years ago (Gutierrz 2005). TB was
first identified 4,000 years ago during the Egyptian civilization and the disease
was common among the populations of Neolithic sites such as Italy, Denmark,
and countries in the Middle East. The Genus Mycobacterium was initially found
in soil and that some species evolved to live in mammals. The domestication of
cattle, thought to have occurred between 10,000 and 25,000 years ago, would
have allowed the passage of a mycobacterial pathogen from domesticated
livestock to humans, and in this adaptation to a new host, the bacterium would
have evolved to the closely related M. tuberculosis. Most of the anti-tubercular
drugs target essential enzymes involved in cell wall synthesis, energy metabolism,

protein synthesis, phosphate transport, and the metabolism of key molecules and



cofactors. A number of experimental approaches have been utilised for the
identification of the MTB genes over a period of time. The technique such as
high-throughput and big data analysis has been emerged as a powerful tool for the
identification of MTB genes later in 1990s.

Chemical and genetic target validation in animals is performed usually by
exorbitant and time consuming in-vitro analysis and gene silencing respectively.
An alternative practical approach is by incorporating bioinformatics and
computational modelling of biological pathways there by predicting potential
candidate targets which can then experimentally validated. Although these
methods are effective, the current scenario has changed with the introduction of
high throughput technology where screening off potential targets is hectic because
of the sheer amount of data size. Big data has stepped in to the world of genomics
and the basic screening or reductionist approach will not be practical anymore.
More robust and efficient computing tools are necessary to get the job done. The
precise aid in interpreting the results from such comprehensive analysis of big
genomic data files or more precisely networks. Although we have advanced
computational power, the integration step still needs the human touch along with
bioinformatics and computational tools for collecting experimental and literature
data for the construction and analysis of biological network models. In drug
discovery many new computational methodologies have developed to aid various
stages of drug development which includes target identification, drug design and

optimization of lead.

Traditional healers always use natural materials particularly plants to cure
diseases since the beginning of human existence. Soon it found its way to
industrial purposes too. The medicinal plants so paved the way to a majority of
life saving drugs which saved millions of people worldwide. The World Health
Organization (WHO) has estimated that 80% of the world’s population in
developing countries depend on plant derived medicines for basic health care.
May it be in Ayurveda or Chinese Medicine; it has always marked as a key aspect
in a civilization. Even today we rely on plants more than synthetic drugs as they

are safe to use and cost effective. There are no adverse effects if used correctly.



There is a trending shift from synthetic to natural medicine recently. Discover
candidate molecule of drugs from active principle of medicinal herbs is a modern
approach by pharmaceutical industries but it started since the beginning of 19"
century. The first pharmacologically active compound morphine was isolated
from the opium plant. Subsequently, countless active compounds have been
separated from plants and are not replaced even now. According to WHO, eleven
percent of 252 basic and essential drugs are exclusively derived from flowering
plants. In this scenario developing an effective stable medicine from plants for TB
would recognised as a suitable research problem. In the present study, three
indigenous vegetable crops viz. Allium cepa, Allium sativum and Moringa oleifera
which are traditionally been using for the treatment of pulmonary diseases in
India, were selected for the phytochemical screening to sought out suitable drug

candidates through in silico analysis.
Objectives of the study

To evaluate the anti-tuberculosis activity in selected vegetable crops: Garlic,

Onion and Drumstick using bioinformatics tools.
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2. REVIEW OF LITERATURE
2.1 TUBERCULOSIS

Tuberculosis (TB) is a primordial infectious disease caused by
Mycobacterium tuberculosis that mainly affects the lungs. The bacteria often
transfer from person to person through the release of droplet nuclei of 1- 5
microns in diameter in to air via coughs and sneezes. The favourable
environmental conditions allow the tiny droplets to remain suspended in the air
for several hours. Transmission occurs when the person inhales the droplet
containing M. tuberculosis. Through the mouth and the nasal passages it
transverses upper respiratory tract and bronchi to reach the alveoli of the lungs.
Coughing, fever, night sweats, weight loss are the major symptoms of TB and it
will be mild for months. Those who are having close contact with the infected
ones can also affect TB over the course of a year. Compared with other diseases
caused by a single infectious agent, tuberculosis is the second biggest killer,
globally (WHO, 2013). The historical background of TB, and its impacts in global
and national level are well reviewed by several authors (Chakraborty, 2004;
Sandhu, 2011). During the 18" and 19" centuries TB has widespread affected
throughout Europe and North America. Later Robert Koch, the German
microbiologist identified the causative agent of TB in 1882. There was a time
people believed that the disease was almost defeated by the invention of new
vaccines and rapid diagnosis. Indeed, US predicted that TB would be eliminated
by 2025. However, the worldwide rise of TB again began in the mid-1980s. Thus
for the first time a disease has been declared as a global emergency by World
Health Organisation in 1993. According to them over 9 million are susceptible to
TB every year, out of these 3 million are missed by health systems. TB is among
the top three causes of death for women aged 15 to 44. One-quarter of the world's
population is with latent TB, which means people have been infected by TB
bacteria but are not ill with the disease and cannot transmit the disease. People
infected with TB bacteria have a 5-15% lifetime risk of falling ill with TB.

However, persons with compromised immune systems, such as people living with



HIV, malnutrition or diabetes, or people who use tobacco, have a much higher
risk of falling ill. One third of the HIV persons are infected with latent TB.
Without proper treatment, 45% of HIV-negative people with TB on average and
nearly all HIV-positive people with TB will die. India is the highest TB burden
country with World Health Organization (WHO) statistics for 2011 giving an
estimated incidence figure of 2.2 million cases of TB for India out of a global
incidence of 9.6 million cases. Between 2006 and 2014, the disease cost Indian
economy USD 340 billion.

22 TREATMENT SYSTEM

The inability of immune system to stop bacteria from growing when the
bacteria were active is called TB disease. People who are infected with TB are to
be treated with the prescribed drugs within the course period. Discontinuance of
the drugs can make the person sick again; and an incorrect intake of the drug will
make the TB bacteria resistant to those drugs. TB that is resistant to drugs is
harder and more expensive to treat. The World Health Organization (WHO) has
recently promoted the DOTS strategy as an effective intervention that will lead to
reduce tuberculosis transmission and decreasing numbers of tuberculosis cases
(Raviglione and Pio, 2002). This strategy has been shown to be among the most
cost-effective global health interventions available today (Murray ef al., 1990).
Duration of the course period is 6-9 months. A good percentage of TB cases can
be cured when the medicines are provided and taken properly. 54 million peoples
were saved through the proper diagnosis and treatment between 2000 and 2017.
U.S. Food and Drug Administration (FDA) had approved 10 drugs that were
treating for TB. Among them the first-line anti-TB agents that form the core of
treatment regimens are isoniazid (INH), rifampin (RIF), ethambutol (EMB) and
pyrazinamide (PZA). The only vaccine developed against TB was Live Bacille
Calmette-Guerin (BCG) in the year 1921.



2.3 PROBLEMS RELATED TO PRESENT TREATMENT SYSTEM

Conventional TB treatment has several problems and is well reviewed on
new Drugs against Tuberculosis: problems, progress, and evaluation of agents in
clinical development (Jossy van den Boogaard, 2009). The duration and
complexity will result in non-adherence to treatment. This leads to suboptimal
response, the emergence of resistance, and continuous spread of the disease. M.
tuberculosis can persists in the host for decades after infection even when
confronted with an intact immune response and most anti-tuberculosis drugs
efficiently kill actively growing tuberculosis bacilli but are less effective
against slow replicating or non-replicating bacilli (Betts er al, 2002; Hu et
al., 2000). Second, adverse events in response to anti-TB drugs are common and
contribute to the problem of non-adherence. Third, the increasing incidence of
multidrug-resistant (MDR; resistance to at least rifampin and isoniazid) and
extensively drug-resistant (XDR; MDR resistance plus resistance to a
fluoroquinolone and an aminoglycoside) TB is a serious concern. Resistant TB
occurs in the presence of partially suppressive drug concentrations that enable
replication of bacteria, the formation of mutants, and overgrowth of wild-type
strains by mutants (selective pressure). The prevalence of MDR TB in new TB
cases ranged from 0% in some Western European countries to more than 22% in
some other parts of the world (WHO, 2008); 14 of 72 participating countries
reported an MDR TB prevalence of more than 5%. Second-line drugs for drug-
resistant TB are not available everywhere and are less effective, more toxic, and
require longer use than first-line drugs. Fourth, co-infection of TB and HIV is a
problem by itself. Collective management of TB and HIV encompasses a high
medication with related problems (Narita et al., 1998). Fifth, prophylactic therapy
of latent TB (TB infection without symptoms) with isoniazid is also associated
with problems of non-adherence. Attempts to shorten treatment with alternative

drugs resulted in severe adverse events.

Directly Observed Therapy Short course (DOTS) strategy to optimize
response and adherence to TB treatment introduced by WHO is labor-intensive



and expensive. TB diagnosis in the DOTS strategy is based on sputum
microscopy, rather than sputum culture. Only advanced pulmonary TB can be
detected by sputum microscopy, and it requires qualified technicians.
Consequently, TB detection rates are suboptimal and resistant M
tuberculosis strains are not detected (Iseman, 2002). Obviously, the development
of new drugs and improve treatment strategies are essential. Potential new agents
should reduce treatment duration, have an acceptable tolerability profile, be active
against MDR/XDR TB, be of use in HIV-infected patients with TB, and be active
against latent TB.

2.4 CHANLLELNGES FOR DEVELOPING NEW ANTI-TB DRUGS

The development of new anti-TB drugs has been affected by several
problems. The first and the main challenge is regarding the profit and return of
investment in the TB market. 115 to 240 million dollar is required to develop a
new drug against TB. To make it profitable, market prices of new drugs should be
relatively high, whereas the cost of the standard drug is only about $11 per
patient. Governments and other NGOs have started to invest in TB drug research
and development prior to the pharmaceutical industries. In the 1990s, the United
States Centres for Disease Control and Prevention (CDC) established the
Tuberculosis Trials Consortium (TBTC). Private and public sector partnerships
formed the Global Alliance for TB Drug Development (GATB) in 2000. It is a
non-profit venture that helps in the development of cost-effective new drugs.
Various other research consortia are testing new drugs in preclinical and clinical
trials. Large funding agencies, such as the European & Developing Countries
Clinical Trials Partnership (EDCTP) and the Bill & Melinda Gates foundation are

supporting these initiatives.

Another challenge is with the identification of new compounds having
activity against M. tuberculosis. The compound must have both bactericidal
activity and sterilizing activity. The molecular mechanisms responsible for
mycobacterial dormancy (Mycobacteria in a state of low metabolic activity and

not forming colonies), persistence (drug-susceptible mycobacteria that manage to



survive despite continuous exposure to TB drugs), and drug resistance are not yet
fully understood. The deciphering of the mycobacterial genome in 1998 has been
of help in elucidating regulatory mechanisms of metabolic pathways and thereby
revealing new drug targets. Next challenge is associated with the clinical trials.
There are currently no animal models available to determine the accuracy of the
newly identified compounds. The guinea pig model is being used as an alternative

for the mouse model since it resembles TB pathology in humans more closely.

Time consumption and the scarcity of trial sites are the other challenge
with the drug development. In phase Il clinical trials, the sputum culture
conversion rate after three months of treatment is used as a surrogate marker for
relapse rate, but the value of this surrogate marker is controversial. Several other
surrogate markers are under evaluation. Large sample sizes are needed in phase
III clinical trials to compare the effective standard regimen to a new regimen,
even in trials that use a non-inferiority design. This contributes to the length of the
TB drug development process. Trials should be performed in countries where the
TB burden is highest, but the human and infrastructural capacity for performing
large, high-quality phase III clinical trials is usually limited in these settings.
Despite the challenges of TB drug development, studies are being conducted with
higher doses of the rifamycins and several new drug candidates have reached the

phase of clinical testing.
2.5 NEW DRUG DEVELOPMENT CURRENT STATUS

New TB drugs are needed because of the complexity and toxicity of the
current TB drug regimes. There is also the major problem of TB drug resistance.
This together with the problem of the interactions of the current TB drugs with the
ARVs taken by HIV positive people, means that there is an urgent need for new
TB drugs. The following questions should be asked about new medications. Can
they replace medications lost to resistance? Can they improve the performance of
conventional regimens versus drug-susceptible disease? New TB drugs need to
provide shorter and simpler, but still affordable, multi drug regimens for drug

sensitive TB. It should be Shorter, more effective, less toxic, and less expensive



regimens for drug resistant TB, also short, simple, easily tolerable and safe
regimes for latent TB. Drugs with few drug-drug interactions can be safely
provided for people with HIV. Over 480000 cases of multidrug-resistant (MDR)
tuberculosis (TB) occur every year globally, 9% of them being affected by
extensively drug-resistant (XDR) strains of Mycobacterium tuberculosis. The
treatment of MDR/XDR-TB is unfortunately long, toxic and expensive, and the
success rate largely unsatisfactory (<20% among cases with resistance patterns
beyond XDR).

Several small scale biotech companies and many large pharmaceutical
companies, such as Glaxo Smith Kline (Brentford, United Kingdom), Astra
Zeneca (London, United Kingdom), and Novartis (Basel, Switzerland), have
launched programs that direct to the discovery and development of new
tuberculosis drugs. At the same time, the clinical trials infrastructure, which had
been greatly eroded in the early 1980s, was being re-established with the
formation of groups such as the United States Tuberculosis Trials Consortium
(TBTC) (Tuberculosis Trials Consortium, 2001). The Global Alliance for TB
Drug Development (TB Alliance), a recently established organization that is
forging public-private partnerships with the objective of building a portfolio
of new tuberculosis drugs and bringing a major new tuberculosis drug to
market in the next decade (TB Alliance). The already available drugs for TB
and their approval dates are as follows, BCG (1921), Gold Therapy (1925,
abandoned 1934), Actinomycin, Streptothricin (1940), Streptomycin (1943), p-
aminosalicyclic acid (1949), Isoniazid (1952), Pyrazinamide (1954), Cycloserine
(1955), Ethambutol  (1962), Rifampin (1963), Rifapentine (1998), TMC207
(2012), PA8B24, OPC67683, PNU100480, SQ109, AZDS587 (2013) (Susan,
2012).

Non-systematic review based on historical trial results as well as on recent
literature and World Health Organization (WHO) guidelines has been performed,
with special focus on the approach to managing MDR/XDR-TB.The new,
innovative global public health interventions, recently approved by WHO and
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known as the “End TB Strategy”, support the vision of a TB-free world with zero
death, disease and suffering due to TB. Adequate, universally accessed treatment
is a pre-requisite to reach TB elimination. New shorter, cheap, safe and effective

anti-TB regimens are necessary to boost TB elimination.
2.6 PLANTS AS A SOURCE OF MEDICINE

Plants are major segment of biodiversity. Change in the environmental
conditions and the genetic variability makes the plants different from each other.
In deferent climatic environment plants shows a remarkable adaptability, which
helps them to register their presence in different ecological zones. Human had
been using plants for its therapeutic values from the ancient civilisation itself and
for a long period minerals, plants and animal products were the sources of drugs
(Pasquale, 1984). Other characteristics such as growth phase, seed dormancy and
diversity, viability and germination potential make plant a different species. It
may be also variable in two individuals of the same species affected by several
biotic and abiotic factors in natural habitat. About 250,000-300,000 species can be
seen in a hugely diverse plant kingdom. It continues to evolve and adapt to a
multiplicity of environmental conditions and to protect from pathogens and
predators. Many plant derived chemicals such as the opioid and the more recently
discovered cannabinoid receptors has the ability to activate human endogenous
receptors and can took part in many physiological functions. A number of plant
molecules yet to be characterised which are having pharmacological and
physiological significance. Currently about twenty five percent of the prescribe
drugs across the world are derived from plants, 121 such active compounds being
in current use. There are 252 drugs are considered to be basic and essential by
WHO, among them 11 percent are exclusively from plant sources and some
significant figures are synthetic drugs obtained from natural precursors. Recently
there has been growing interest in alternative therapies and the therapeutic use of
natural products, especially those derived from plants (Goldfrank er al., 1982;
Vulto and Smet, 1988; Mentz and Schenkel, 1989).
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Natural products will definitely continue to be important as sources of
medicinal agents. Other than natural products many few molecules can serve as
chemical models for the synthesis and semi synthesis of novel substances for
treating diseases. Combinatorial chemistry and computer-based molecular
modelling design are some new approaches to drug discovery. Most drugs are
made by synthetic chemistry and none of them can replace importance of natural
products in drug discovery. Plant as a source of medicines has a long history in
the treatment of various ailments and the plant-derived compounds have a long
clinical use history, better patient tolerance and also acceptance. Payne er al.,
1991 states that about 5000 species have been studied for its medical use. Plants
which are having ethno-pharmacological uses are the primary sources of medicine
for early drug discovery. Fabricant and Farnsworth, (2001) reported that, 80% of
122 plant derived drugs were related to their original ethno-pharmacological
purposes. An estimation of 60% anti-tumour and anti-infectious drugs available
on the market or under clinical trial is of natural origin (Yue-Zhong Shu,
1998).Natural compounds can be lead compounds, allowing the design and
rational planning of new drugs, biomimetic synthesis development and the
discovery of new therapeutic properties not yet attributed to known compounds
(Hamburger and Hostettmann, 1991). In addition, compounds such as yohimbine,
physostigmine, forskolin, colchicines, cannabinoids, muscarine and phorbol esters
all obtained from plants, are important tools used in physiological,
pharmacological and biochemical studies (Williamson et al., 1996). Present drug
discovery from plants have mostly relied on bioactivity guided fractionation and
led to isolation of many important anticancer drugs such as camptothecin,

paclitaxel etc.

India has been known to be rich repository of medicinal plants among
ancient civilisations. The forests in India are the major repository of large number
of aromatic and medicinal and, which are largely collected as raw materials for
perfumery products and manufacture of drugs. An estimated number of 8,000
herbal remedies have been codified in AYUSH systems in India. Ayurveda,

Unani, Siddha and Folk medicines are the major systems of indigenous medicines.
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Among them, Ayurveda and Unani Medicine are the most developed and widely
practised systems in India. Recently, WHO estimated that 80 percent of people
worldwide rely on herbal medicines for some aspect of their primary health care
needs. According to WHO, about 21,000 plant species have the potential for
being used as medicinal plants. The National Cancer Institute, USA (NCI) has
tested more than 50,000 plant samples for anti-HIV activity and 33,000 samples
for anti-tumour activity. In 1993, the International Program of Co-operation for
Biodiversity (IPCB) was launched in order to promote natural products in Latin
America and Africa, linking universities, industries and Governments in a
multidisciplinary programme for the sustainable development and preservation of
the environment (Rouhi, 1997). Large pharmaceutical companies, such as Merck,
CIBA, Glaxo, Boehringer and Syntex, now have specific departments dedicated to
the study of new drugs from natural sources (Reid er al., 1993). However, the

potential use of higher plants as a source of new drugs is still poorly explored.

Secondary metabolites of the plants are performing role to treat disorders
such as alkaloids, flavonoids, saponins, steroids, and terpenoids etc. Plants are
also a source of aroma due to presence of some essential compounds in their
body. Its types and concentration is variable among the plants and are useful in
preparation of perfume. This aroma is also used in the treatment of many

disorders based on their effectiveness and potential application.

Plants are a major source of timber, fuel, medicines for human beings. Due
to above utility plants should be utilized in sustainable manner following better
conservation strategies for their long term presence in nature. As our lifestyle is
now getting techno savvy, we are moving away from nature. We cannot escape
from nature because we are part of nature. As herbs are natural products they are
free from side effects, they are comparatively safe, eco-friendly and locally
available. Traditionally there are lot of herbs used for the ailments related to

different seasons. There is a need to promote them to save the human lives.

There are about 250,000 to 500,000 species of plants on earth (Borris,
1996). Less than 10 percent are explored as food and fodder. There will be even
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more plants are used for medicinal purposes (Moerman, 1996.). In the late 5™
century, Hippocrates summed up 300 to 400 medicinal plants (Schultes, R. E.
1978). De Materia Medica (Dioscorides in the 1%centuary), the prototype for
modern pharmacopoeias catalogued and described approximately 30 healing
plants. A large share of the documentation of the medicinal plant details being
destroyed or lost with the intervention of Western advances in the understanding
of medicinal plants during the ancient civilisations (Stockwell, C. 1988). The
history of medicinal plant use by North America bifurcated into two, first
indicates the use of plants by indigenous cultures in the pre-historical period
(Weiner, 1980.) and the other signifies the use by Americans of European origin
as alternative medicine in the 19" century. The use of plants as medicine by the
native Americans were extensively reviewed and documented that 1625 species
are used as food while 2564 plants have found use as drug (Moerman, D. E.
1996.). Marjorie Murphy Cowan, (1999) revised the use of plants and their
products used as antimicrobial activities. The rapid rate of species extinction in
the past two decades (Lewis, W. H., and M. P. Elvin-Lewis. 1995) demands the
exploration of their medicinal value and development of conservative measures to
protect them before extinction. Natural-products chemists and microbiologists
believed that the multitude of potentially useful phytochemical structures which
could be synthesized chemically is at risk of being lost irretrievably (Borris, R. P.
1996). Ethnobotany is the scientific discipline developed with the goal to utilise
the knowledge assembled by ethnic people regarding the natural product used for
their health care management in various level (Georges, M., and K. M. Pandelai.
1949, Rojas, A et al,. 1992, Silva, O et al,. 1996, Vanden Berghe, D. A., et al.
1986).

2.7 MEDICINAL PLANTS AND TRADITIONAL SYSTEM OF TREATMENT
IN INDIA

Traditional healthcare system in India co evolved with the evolution of
human being. Ayurveda have developed and slowly in practice between 2500 and
500 BC. The Ayurveda concept appeared and developed between 2500 and
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500 BC in India (Subhose et al. 2005). It is based on the concept that balanced
diets through the balanced food which is the major source for serving the
nutritional needs. Modern life style gives up some traditional methods and adopts
different food habit that affects the balanced nutrition. About 60 % of the global
population are being using the alternative traditional medicine. It is not only
prevalent in rural masses for their primary health care but also in developed
countries where modern medicines dominate (B. Ballabh and O. P. Chaurasia,
2007). India is known for its vast diversity of life forms especially plants that are
used in traditional medical treatments. Alternative health care systems are
evolved from plants, minerals, organic matter, materials derived from animals and
so on. Rural people of the country largely depend, about 70 percent on the
traditional Ayurveda system of medicine. Different traditional healers prepare
their own formulations and dispense to the ailing aspirants. The traditional
medication is being popularised due to the attention of governmental agencies and
NGO’s with the intention that medicine derived from natural products are less
harmful, not produce adverse drug reactions, cost effective, etc. that are the draw

backs of modern medicines.

India is the largest producer of medicinal plants. There are currently about
250,000 registered medical practitioners of the Ayurveda system, as compared to
about 700,000 of the modern medicine. In India, around 20,000 medicinal plants
have been recorded; however, traditional practitioners use only 7,000-7.500
plants for curing different diseases. The proportion of use of plants in the different
Indian systems of medicine is Ayurveda 2000, Siddha 1300, Unani 1000,
Homeopathy 800, Tibetan 500, Modern 200, and folk 4500. In India, around
25.000 effective plant-based formulations are used in traditional and folk
medicine. More than 1.5 million practitioners are using the traditional medicinal
system for health care in India. It is estimated that more than 7800 manufacturing
units are involved in the production of natural health products and traditional
plant-based formulations in India, which requires more than 2000 tons of
medicinal plant raw material annually (Pandey er al, 2008). More than 1500
herbals are sold as dietary supplements or ethnic traditional medicines.
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2.8 VALIDATION OF TRADITIONAL KNOWLEDGE

Traditional knowledge is an important element of the intellectual and
cultural heritage of indigenous peoples. Many cultures throughout the world still
rely on indigenous medicinal plants for their primary health care needs
(Farnsworth er al, 1985). Harshberger in 1895 coined the term ethno-botany to
indicate plants used by the aboriginals. It included the study and evaluation of
plant-human relations in all phases and the effect of plant environment on human
society. Subsequently Schultes (1962) defined ethno-botany as “the study of the
relationship which exists between people of primitive societies and their plant
environment”™. Developing countries have long advocated for international
protection of traditional knowledge while developed countries have resisted
movement on the issues. Most of the international dialogue about the traditional
knowledge has been taken place within the concept of intellectual property
framework. As most of the diseases of modern society are life style disease and
the use of herbal medicines can overcome such problems (Kumar er al., 2008).
Protections of the Traditional Knowledge of the local and indigenous groups
appear to be a standout amongst the most argumentative and muddled issue. The
chronicled advancement of the protection of intellectual property in the wake of
individual private property rights, nudged, the traditional knowledge and the
innovative practice focused around it outside the domain of the formal intellectual
property protection system. Importance of the integration of modern medicine
with the best of indigenous medicine is supported and advocated by the great
visionaries, Jawaharlal Nehru (1950) and Indira Ghandhi (1973) when they were
the Prime ministers of the India. For ensuring the standards of education and
practice in the traditional systems of health care the government established a

statutory body, Central Council of Indian Medicine in 1971.

The Arab physicians were influenced by the Ayurveda System and local
Indian practitioners (Borins, 1987). As in other countries, the Arab physicians
absorbed the best from the natural healing practices of the country. They learned

about the various herbs and naturally occurring substances, and subjected them to
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their own experiments and tests. It is striking to note that the Indian traditional
knowledge especially related to indigenous treatment system is still not properly
documented and scientifically evaluated. Most of this knowledge is conformed
among local traditional levels and transferred only through mouth-to-mouth
conversation. Due to the lack of proper documentation multinational companies
in technically advanced developed countries are making profit by the way of
introducing novel drugs, which have been developed based on our traditional
knowledge. The story of neem is the best example for the bio-piracy. Three-
fourths of the biologically active plant-derived compounds currently in use have
been discovered through follow-up research to verify authenticity of data derived
from traditional sources (Farnsworth, er al., 1985). Current research continues to
validate the importance of an ethno-botanically targeted approach to the initial
discovery of therapeutics (Lewis ef al., 1999; Schuster, 2001). As many as three-
quarters of plant-derived drugs used today are of traditional origin; such
discoveries could generate a total value of $110 billion (Mendelsohn and Balick,
1995).

2.9 METHODS FOR SCREENING DRUG ACTIVITIES IN PLANT

Medicines derived from plants have played a pivotal role in the health care
of many cultures, both ancient and modern (Newman er al., 2003; Butler 2004;
Balunas and Kinghorn 2005; Gurib-Fakim 2006; Newman and Cragg 2007).
Different screening techniques have to be carried out to scientifically validate

drug activities of medicinal plants.
2.9.1 High throughput screening

High-throughput screening has as its first objective the identification of a
few *Validated hits” within large compound libraries. The decision as to whether a
particular hit is worth pursuing as a chemical lead in a drug discovery project
depends on several factors, important ones being its chemical characteristics and
its pharmacodynamic and pharmacokinetic properties. High-throughput screening

(HTS) is a well-established process in lead discovery for pharma and biotech
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companies and is now also being set up for basic and applied research in academia
and some research hospitals (Mayr and Fuerst, 2008). The technology involved in
miniaturization, automation and assay readouts required for HTS has developed
rapidly and continues to do so. As this technology evolves, the laboratory set-ups
installed in HTS facilities are steadily broadening their capabilities beyond their
primary function of identifying hits to apply HTS techniques to more diverse
compound profiling assays relating not only to the target selectivity of compound
libraries, but also to their pharmacokinetic characteristics. HTS was first
introduced by pharmaceutical companies in the 1990s and is now a routine
process for identifying chemistry starting point for drug discovery programmes
(Hill and Rang, 2009). Increasingly, therefore, early compound profiling tasks on
*hit" compounds are being carried out in HTS laboratories where the necessary
technological expertise is concentrated. Such assays are also very helpful in the
‘lead identification’ stage of a project, where focused synthetic compound
libraries based on the initial hits need to be assessed. As this work generally
involves testing small compound libraries, usually fewer than 1000 compounds at
a time, in several different assays, small dedicated robotic workstations are
needed, rather than the fast but inflexible factory-style robotic assemblies used for
large-scale HTS.

In addition, HTS laboratories are continually evaluating new technologies
as they struggle to increase their success rate for finding drug candidates (Sandra
et al., 2006). This extension of the work of HTS laboratories beyond the primary
task of finding hits is a clear and continuing trend, for which the term ‘high-
throughput profiling" (HTP) has been coined. It brings the work of HTS
laboratories into a close and healthy relationship with drug discovery teams. The
highly disciplined approach to assay formats and data logging that is essential for
HTS, but not second nature to many laboratory scientists, brings the advantage
that profiling data collected over a wide range of projects and drug targets is
logged in standard database formats, and is therefore a valuable company-wide
tool for analysing structure—activity relationships. This is necessity to handle and

visualize such data has driven the development software packages such as
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Spotfire (spotfire.tibco.com).In summary, it is clear that pharmacological profiling
will be an increasing activity of HTS units in the future, and will help to add
further value in the drug discovery chain.

2.9.2 In silico screening

Imagine evaluating the efficacy and safety of new drugs without having to
lift a pipette. Advances in in silico drug development are beginning to make this
possible. In silico drug design can play a significant role in all stages of drug
development from the preclinical discovery stage to late stage clinical
development. It helps in selecting only a potent lead molecule and may thus
prevent the late stage clinical failures; thereby a significant reduction in cost can
be achieved (Bharather al., 2011). Ekins ef al. (2006) has briefly described the
history and development of in silico pharmacology. The applicability of
computational approaches to ligand and target space in which a lead molecule
against one gene family member is used for another similar target (termed
chemogenomics) has been reviewed by Morphy er al. (2004) and Sharom er al.
(2004). Briefly the types of proteins that have been modelled and the methods
used were reviewed by Ekins ef al. (2006). The selection process on the virtual
(in silico) screening was well reviewed by Hill and Rang, (2009). They can also
be used to analyze the target structures for possible binding or active sites,
generate candidate molecules, and check for their drug likeness. The advantages
and disadvantages of in silico methods with respect to in vitro and in vivo methods
for pharmacology research have already reported by Ekins ef al. (2006). A new
advanced protein-modelling module predicts the structure of proteins of unknown
structure using related proteins of known structure as the models. “It rapidly and
accurately provides a valuable protein structure to be used for in silico docking
experiments,” says Kathleen Mensler, vice-president of marketing and corporate
development at Tripos. Another new product, Surflex-Sim, helps find new classes
of compounds that are structurally similar to already known, suboptimal, lead

compounds, but that may be more active or safer.
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A pioneer of in silico modelling, De Novo Pharmaceuticals in Cambridge,
UK, recently announced a new focus for its drug-discovery programme - finding
drug targets in various metabolic diseases. De Novo has upgraded SkelGen, its
proprietary in silico drug-design platform, with the addition of Reflex, which
takes into account the rotational flexibility of amino acids in the target's active
site. This better evaluates the shape of the active site and its interaction with
small-molecule ligands, so that the modelling more closely resembles the

dynamics of real protein -ligand interactions.
2.9.3 In vitro screening

In vitro screening systems and high-throughput screening are critical aspects
of the modern drug discovery process. In order to make a safety assessment in
the early stage of drug discovery, there is a hurdle to jump over the existing
traditional toxicological studies (Horii and Yamada, 2007). Prior to the advent of
these technologies, screening candidate compounds for biological activity was a
major bottleneck in the identification of novel therapeutics. By the turn of the
twenty-first century, however, /n vitro screening methods had become capable of
generating data on hundreds to thousands of compounds per day, greatly
enhancing the acquisition of biological data. Detecting the presence of radiolabel
material, as we are monitoring changes in fluorescence or absorbance can be used
in conjunction with microtiter plates, advanced robotics, and sophisticated
software to determine the biological activity of a candidate compound. “Label-
free” systems have also been developed as a means of identifying potential useful

therapeutic agents without the need to perturb the biological systems of interest.
2.9.4 In vivo screening

In in vivo studies the effects of various biological entities are tested on
whole, living organisms. /n vivo screening in drug discovery was well reviewed
by (Wienkers and Heath' 2005) In vivo screening of crude extract of plants and
pure secondary metabolites/constituent chemical molecules is essential for the

validation of the efficacy of the medicinal property of a herb or its preparations.
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2.10 VIRTUAL SCREENING

Virtual screening (VS) is a computational technique used to identify from
a large library of compounds those that bind to a specific target, usually an
enzyme or receptor. It uses computer-based methods to discover new ligands on
the basis of biological structures. Virtual screening is usually approached
hierarchically in the form of a workflow, sequentially incorporating different
methods, which act as filters that discard undesirable compounds. This makes it
possible to take advantage of strengths and avoid limitations of the individual
methods. In virtual screening, compounds are docked into a 3D model of
structurally defined biological target and the binding energy of the resulting
complex is estimated, allowing compounds to be rank-ordered. This technique
has provided most successful where the target structure has been determined at
high resolution (e.g. By X-ray crystallography). Virtual screening does not, need
physical test samples, or even previously synthesised compounds. Information
about the phytochemicals (chemical libraries) and their structural &
pharmacological details are well documented in various online databases such as
PubChem, Chemspider, Dictionary of Natural Products etc. Various
bioinformatics tools for creating, editing and analysing the structure of chemical
molecules viz. ChemSketch, CORINA etc. are also freely available on net.
Structure based and Ligand based Virtual screening approaches are in practice.
Virtual screening strategies in drug discovery was well described by Jain
(2004);Walters et al, (1998); Kitchen ef al. (2004); Reddy et al. (2007); Schneider
(2010); Lavecchia.

2.10.1 Docking

Docking is a term used for computational schemes that attempt to predict
the structure of the intermolecular complex formed between two or more
constituent molecules: a receptor and a ligand (Sousa et al., 2013). According to
Kitchen et al., (2004) docking is frequently used to predict the binding orientation
of small molecule drug candidates to their protein targets in order to in turn

predict the affinity and activity of the small molecule. A protein molecule from
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Mycobacterium tuberculosis is selected here as the target and phytochemicals
obtained from the selected plants were used as ligands in the present study.
Docking of receptor with ligand and the formation of its complex was well
explained by Mihasan, (2012). The protein structure and a database of potential
small molecules of drug value (ligands) serve as inputs to a docking program. The
success of a docking program depends on two components: the search
algorithm and the scoring function. The first docking program was developed by
the Kuntz group and named DOCK (Kuntz ef al., 1982). The commonly used
docking software are AutoDock, DOCK, Gold, V Life MDS and Flex X (Mukesh
and Rakesh, 2011). Citations towards different docking software were explained
by Mihasan (2012).

2.10.2 PubChem

PubChem is an open chemistry database at the National Institutes of
Health (NIH) and was first released in 2004 as a large repository of three
interlinked databases Substance, Compound and BioAssay. The Substance
database contains chemical information (more than 200 million entries, while
Compound contains the actual chemical structure data (more than 90 million
entries) derived from the Substance database. BioAssay contains all of the
biological activity data that has been deposited with PubChem, currently over 1
million entries, with more than 230 million bioactivities. The data is provided to
PubChem by well over 500 contributors. PubChem mostly contains small
molecules, but also larger molecules such as nucleotides, carbohydrates, lipids,
peptides, and chemically-modified macromolecules. PumChem collect
information on chemical structures, identifiers, chemical and physical properties,
biological activities, patents, health, safety, toxicity data, and many others.
PubChem is available in the URL: https://pubchem.ncbi.nlm.nih.gov

2.10.3 ChemSpider

ChemSpider is a free chemical structure database providing fast text and

structure search access to over 67 million structures from hundreds of data
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sources. By integrating and linking compounds from hundreds of high-quality
data sources, ChemSpider enables researchers to discover the most comprehensive
view of freely available chemical data from a single online search. It is owned by
the Royal Society of Chemistry. ChemSpider builds on the collected sources by
adding additional properties, related information, and links back to original data
sources. ChemSpider offers text and structure searching to find compounds of
interest and provides unique services to improve this data by curation and
annotation, and to integrate it with users” applications. ChemSpider is available on

the URL: www.chemspider.com
2.10.4 Dictionary of Natural Products

The Dictionary of Natural Products is a comprehensive source of chemical
data on natural products. It provides the busy scientist with fast access to
chemical, physical, bibliographic, and structural data on over 139,000 natural
products organized into more than 43,000 -virtually every natural product isolated
and reported in the literature. Dictionary of Natural Products is available on the
URL: https://dnp.chemnetbase.com

2.10.5 ChemSketch

ACD/ChemSketch Freeware is a drawing package that allows you to draw
chemical structures including organics, organo-metallics, polymers, and Markush
structures. It also includes features such as calculation of molecular properties
(e.g., molecular weight, density, molar refractivity etc.), 2D and 3D structure
cleaning and viewing, functionality for naming structures (fewer than 50 atoms
and 3 rings), and prediction of logP. The freeware version of ChemSketch does
not include all of the functionality of the commercial version. ChemSketch is

available for download from the URL: https://chemsketch.xtremedownload.com
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2.10.6 CORINA

Pro. Johann Gasteiger and his research group at the University of
Erlangen, Germany developed a computer program for generating three-
dimensional structures of molecules by certain coordinates called CORINA. It is a
powerful and reliable tool for the conversion of 2D structures to 3D compounds.
CORINA is available on the URL: www.molecular-networks.com/onlinedemos/

corinademo.

2.11 POST DOCKING ANALYSIS

Post docking analysis is the critical part in the hit/lead identification
process. Dampster-Shafer Theory (DST) was used to select the high top ranked
compounds (molecules with least free energy of binding) from different docking.
The use of DST to select the high ranking top compounds for further analysis and
consideration was well reviewed by Rao er al. (2013). DST is a mathematical
theory of evidence. The theory was first developed by Arthur P. Dempster and
Glenn Shafer (Fine, 1977).

2.12 SELECTED PLANTS

Kerala is blessed with a number of globally accepted unique vegetables
which have been used in the traditional systems of medicine for curing

many ailments particularly diseases affecting human respiratory system.
2.12.1 Allium cepa L.

Onion (Allium cepa 1..) has been valued as a food and a medicinal plant
since ancient times. It is a widely cultivated plant second to tomato, and is a
vegetable bulb crop known to most cultures and consumed worldwide (FAO,
2012). Onion is a short duration horticultural crop (Brewster, 1990) grown at low
latitudes. It is known as “Queen of the kitchen™, due to its highly valued flavor,
aroma, and unique taste, and the medicinal properties of its flavour compounds
(Selvaraj, 1976: Griffiths et al., 2002). Onion is used throughout the year in every

home especially in curries in the form of spices, in salads, as a condiment, or
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cooked with other vegetables, such as boiled or baked. It is also used in different
forms of processed food, e.g. pickles, powder, paste, and flakes, and it is known
for its medicinal values. Onion was considered to be the main cuisine in India
long centuries ago. Both Ayurveda and Greek system of medicine were
demonstrated onion as a promising medicinal plant. Allium cepa shows effective
results against various antimicrobial, anti-cancer, anti-oxident, antidiabetic, anti-

cardiovascular and anti-mutagenic studies (Upadhyay, 2016).
2.12.2 Allium sativum L.

Garlic, Allium sativum L. is a member of the Alliaceae family, has been
widely recognized as a valuable spice and a popular remedy for various ailments
and physiological disorders. The name garlic may have originated from the Celtic
word 'all' meaning pungent. Cultivated practically throughout the world, garlic
appears to have originated in central Asia and then spread to China, the Near East,
and the Mediterranean region before moving west to Central and Southern
Europe, Northern Africa and Mexico (Singh and Singh 2008). Interest in garlic
among researchers, particularly those in medical profession, has stemmed from
the search for a drug that has a broad-spectrum therapeutic effect with minimal
toxicity. Recent studies indicate that garlic extract has antimicrobial activity
against many genera of bacteria, fungi and viruses. Antimicrobial activity of
garlic is due to the activity of allicin (allyl 2-propene thiosulfinate); a notable
flavonoid in garlic is formed when garlic cloves are crushed (Garbaert al., 2013).
The role of garlic in preventing cardiovascular disease has been acclaimed by
several authors. Chemical constituents of garlic have been investigated for
treatment of hyperlipidemia, hypertension, platelet aggregation and blood
fibrinolytic activity. Experimental data indicate that garlic may have anti-
carcinogenic effect. Recent researches in the area of pest control show that garlic
has strong insecticidal, nematicidal, rodenticidal and molluscicidal activity.
Despite field trials and laboratory experiments on the pesticidal activity of garlic
have been conducted, more studies on the way of delivery in environment and

mode of action are still recommended for effective control of pest. Adverse
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effects of oral ingestion and topical exposure of garlic include body odor, allergic
reactions and acceleration in the effects of anticoagulants and reduction in the

efficacy of anti-AIDS drug Saquinavir.
2.12.3 Moringa oleifera L.am.

Moringa oleifera is a medium-size fast-growing draught resistant, graceful,
deciduous tree. It belongs to the family Moringaceae with the lone genera
Moringa. It is commonly known as drumstick tree, horseradish tree or benzoil
tree in English. Moringa is the only genus in the family. This plant is native to
sub Himalayan regions of India, Pakistan, Bangladesh and Afghanistan (Amit
Kumar Dutta, 2017). Moringa is very common in Kerala and is widely cultivated
in various subtropical and tropical areas of the world. Moringa is a rich source of
vitamins, minerals, and amino acids. It contains significant amounts of vitamin A,
C and E; Calcium; Potassium and Protein (Amit Kumar Dutta, 2017). The plant is
a rich source of unique secondary metabolites like glucosinolates, flavonoids,
phenolic acids, carotenoids, polyunsaturated fatty acids etc. The potent
antioxidant activity the plant is attributed to the high concentration of these
polyphenols. (Ramesh Kumar Saini et al., 2016). Moringa is used for different
purposes as food, fodder, medicine, coagulant and gum, etc. It is also used for
fencing and firewood (K. Gandji ef al. 2018).

2.13 MYCOBACTERIUM TUBERCULOSIS

Mycobacterium tuberculosis (Mtb), an etiologic agent of tuberculosis
(TB), infects around one-third of world population and kills millions of people
annually (WHO, 2011). MTB was first described on 24 March 1882 by Robert
Koch, who subsequently received the Nobel Prize in physiology or medicine for
this discovery in 1905 (Nobel Foundation, 2008). The high lipid content of this
pathogen accounts for many of its unique clinical characteristics (Southwick,
2007). The most frequently used diagnostic methods for TB are the tuberculin
skin test, acid-fast stain, and chest radiographs (Kassim and Ray, 2004). Cole et
al. (1998) and Camuset al, (2002) were well explained about the genomic
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sequencing of MTB. Strain variation and evolution was explained in detailed by

Gagneux (2009).
2.14 TARGET PROTEIN

An enzyme, Decaprenyl phosphoryl-B-D-ribose 2-Epimerase-1 (DprEIl),
has shown considerable promise as a drug target due to its vital importance in
mycobacterial cell wall biosynthesis (Crellin ef al., 2011; Caroll ef al., 2012).
Previous inhibition of DprE1 has induced cell death ((Neres et al., 2012). The
epimerization of Decaprenyl Phosphoryl Ribose (DPR) to Decaprenyl Phosphoryl
Arabinose (DPA) is initially catalysed by oxidoreductase DprE1 and subsequently
by reductase DprE2. The inhibition of DprE1 prevents the formation of DPA,
which is an essential donor substrate for M. tuberculosis’s cell wall biosynthesis.
There is no known alternative pathway for synthesis of DPA, thereby making
DprEl a promising drug target (Makarov et al., 2009). The enzyme can be
partitioned into two distinct domains; an FAD binding domain and substrate
binding domain. The two domains are situated face to face to facilitate the

interaction between the substrate and FAD.

DprEl was virtually screened against 4.1 million compounds from several
diverse libraries using the molecular docking program, AutoDockVina (Trott and
Olson, 2010; Franco et al., 2013). The recently solved co-crystal structure of
DprEl and CT319 (PDB ID: 4FDO) was adopted for the screening process (Batt
et al., 2012). This enzyme is emerging as one of the most vulnerable target in M.
Tuberculosis (Riccardi et al., 2013). The biosynthesis pathway of
decaprenylphosphoryl arabinose in mycobacteria was well explained by Wolucka
(2008).

2.15 RELEVANCE OF THE PRESENT STUDY

Following nearly three decades of neglect, there is now renewed interest in
the development of new drugs for the treatment and prevention of tuberculosis
(O'Brien and Nunn, 2001). Medicinal plant drug discovery continues to provide

new and important leads against various pharmacological targets including cancer,
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HIV/AIDS, Alzheimer’s, malaria, tuberculosis and pain (Balunas and Kinghorn,
2005). Drug discovery from medicinal plants continues to provide an important
source of new drug leads, numerous challenges are encountered including the
procurement of plant materials, the selection and implementation of appropriate
high-throughput screening bioassays, and the scale-up of active compounds
(Balunas and Kinghorn, 2005). Molecular docking has become an increasingly
important tool for drug discovery (Meng et al., 2011).



MATERIALS AND METHODS
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3. MATERIALS AND METHODS
3.1 PLANTS SELECTED FOR THE STUDY

To validate anti-tuberculosis activity and identification of lead compounds
most common vegetables with pulmonary protective activity such as Allium cepa
L.. Allium sativum L. and Moringa oleifera Lam. were selected for the study

(Figure-1.a-e).

Figure-1: Plant parts used: a. Moringa oleifera. b. Allium sativum bulbs, c.

Allium sativum plants, d. A. cepa bulbs, e. A. cepa plants
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3.2 IN SILICO SCREENING

3.2.1 Source of phytochemical structure

Information regarding the chemical molecules (phytochemicals) reported
in the selected spices were collected through extensive literature survey and from
‘Dr. Duke’s Phytochemical Database’. The canonical SMILES of these
phytochemicals were retrieved from chemical databases such as PubChem,
Chemspider and Dictionary of Natural Products. The three dimensional structures
(3D) of these phytochemicals were created using the online software CORINA.
The structures of phytochemicals which are not available on databases were

created using ChemSketch.

3.2.2 Dr. Duke's phytochemical and ethnobotanical databases

The Dr. Duke's Phytochemical and Ethnobotanical Database is an online
database developed by James A. Duke at the USDA which provides information
on species, phytochemicals, and biological activity, as well
as ethnobotanical uses. The current Phytochemi