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Summary

The booming of traditional medicine industries in India results an increasing demand on
medicinal plants. Being chemically diverse they are able to modulate several targets simultaneously in a
complex system. Analysis of gene expression by using modern technologies like genomics and
proteomics becomes necessary for the better understanding of molecular mechanisms. Conventional
strategies for gene expression have been optimized for single gene expression. Besides, DNA
microarray and 2D gel electrophoresis serves as suitable high throughput tools for simultaneous analysis
of multiple genes. This review highlights the applications of modern technologies for the development
of traditional medicines research in India.

Introduction

Plants occupy a unique position in this planet since they are the foundation to life on the earth.
They are the primary producers in all food chains. Plants directly supply 90% of human calorific intake
and 80% of proteins intake. Plants are being used as a potential source of medicine for time immemorial.
In India, 80% of the populations reside in small and often remote villages where per capita income is
very meager and cannot afford the expensive modern medicines. India is the source of wealth of a large
number of medicinal herbs and they are opting for the traditional medicine methods. Hence, it is
imperative that this great natural resource is augmented and utilized in accordance with the development
of technology and the needs of human beings.

The current millennium sets the goal of side effect free treatment by way of nutraceuticals. The
global interest on traditional medicine has gained importance as a number of plants have been cited in
curing diseases successfully. Medicinal plants are an integral part of the ethnobotanical aspects of the
people of Asia for centuries. The modern medicine has evolved from folk medicine and traditional
system only after thorough chemical and pharmaceutical screening. Advanced microbial and chemical
methods can synthesize medicinal and aromatic compounds, but the cost in many cases is expensive.
Nevertheless, the use of synthetic compounds leads to a decline in the use of plants in modern medicine.
However, synthetic medicine can cause side effects and as a result, people are more favourable to use
natural compounds obtained from plants. Penos' estimated that 20,000 plant species are used for
medicinal purposes. Farnsworth ez al.” recorded that 74% of 119 plant derived drugs were discovered as
a result of chemical studies to isolate the active substances responsible for their traditional use.
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The Asiatic flora includes tropical, subtropical and temperate species, which provide systems for
herbal based drugs and these systems play a major role in overall healthcare. Farnsworth et al.” has
reported that more than 80% of people in Asia are still depending on traditional and folk remedies for
day-to-day medical needs. More than 70% of India’s 1.1 billion populations still use the traditional
herbal medicine’. Scragg” has reported the use of phytochemical analysis of plants, used in folklore for
the treatment of cancer, yielding a number of compounds with antitumour activity. Plants from many
families have shown to accumulate alkaloids, which possess anti-HIV activity. Hussein’ reported several
plant-derived drugs and aromatic compounds. These include anti-malarial agent from Artemisia annua,
forskolin from roots of Coleus, which is used for preventing the clotting of blood in reducing intraocular
pressure in cases of glaucoma. Forskolin also acts as an aid to nerve regeneration following trauma.

The medicinally active organosulfur compounds of garlic and onions are also useful
cardiovascular agents, while ellagic acid is tested for its possible utility as a prototype anti-mutagen and
cancer-preventing agent. Other bioactive compounds discovered and commercially used in Europe and
Japan are herandulcin, an intensely sweet sesquiterpenoid, stevioside and glycorrhizin. The development
of bioassay techniques for the isolation of bioactive natural products should provide the means of
identifying new plant-derived antiviral, antitumour, immunostimulating and adaptogenic agents. Asiatic
ginseng is just one of the many species used for investigation as potential adaptogenic crude drug. Plants
have been used in the treatment of cancer for over 3500 years’. But it is only since 1959 that a
concentrated systematic effort has been made to screen crude plant extracts for their inhibitory activity
against tumour systems. Under the programme sponsored by the National Cancer Institute (NCI), USA,
around 2, 00,000 plant extracts from 2,500 genera of plants have been screened’.

Traditional medicines in India

In India about 7,300 plant species are used in traditional health care systems such as Ayurveda,
Siddha, Unani and folk healing practices. The booming of traditional medicine industry results in an
increasing demand on medicinal plant products. 90% of the medicinal plants come from natural habitats.
The declining availability of such plants and the fading of local traditional knowledge make the
sustainable management of natural habitats a crucial environmental issue in South India, concerning
biodiversity conservation and welfare of local communities.

Recognization of Herbal Drugs in India

India has a very long, safe and continuous usage of many herbal drugs in the officially recognized
alternative systems of health viz. Ayurveda, Yoga, Unani, Siddha, Homeopathy and Naturopathy. The
industry, the academia and the government research laboratories work in close collaboration for the
discovery of new herbal drugs. Millions of Indians use herbal drugs regularly, as spices, home-remedies,
health foods as well as over-the-counter (OTC) as self-medication or also as drugs prescribed in the non-
allopathic systemsg. More than 500,000 non-allopathic practitioners are trained in the medical colleges
(>400) of their respective systems of health and are registered with the official councils which monitor

professionalism.
Research approach to herbal Products

The path of reverse pharmacology, arising from Observational therapeutics is complementary to
other approaches for natural drug development (Fig. 1).
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Fig.1. Research Approach to herbal products (R&D Path for Natural Products).

The diversity of medical uses of plant is at times daunting for a new entrant to the field. But for a
multidisciplinary research and a development network the options of research approach provide deep
motivation for identification of new pharmacophores. Besides expanding the herbal therapeutic and
preventive armamentarium, new pharmacophores may help to evolve new targets of drug action as well
as a possibility for combinatorial chemistry on the novel pharmacophores. For example, curcumin has
been a target molecule for a significant endeavour for a large number of combinatorial compounds. The
Council of Scientific and Industrial Research (CSIR), in India has initiated sizeable and meaningful
efforts for the development of herbal-based formulations for diabetes, arthritis and hepatitis by a
national network programme’. Interesting and novel activities have been detected with the selected
plants and some of the active ingredients of therapeutically demonstrable effects e.g. glycaemic control
and inhibition of HbAlc (glycosylated haemoglobin) level coupled with a reduction in in vitro formation
of Amadori products. The diverse approaches to herbal drugs have led to interesting hits and novel
activities, which need further in depth drug development efforts, both as herbal as well as new single
molecule drugs.

Activity of interesting Ayurvedic Research findings/drug developments

There is a vast literature and research finding on Ayurveda in Sanskrit, Hindi and regional
languages that is often not accessible to the other language groups. The mongraphs and books in English
are also available. The diverse approach to herbal drugs have led to interesting hits and novel activities,
which need further in depth drug development efforts, both as herbal as well as new single molecule
drugs. Table 2 lists the activity of ten of interesting Ayurvedic drugs.
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S. No | Botanical name Activity Medline | Google hits | Key reference
hits
1 | Phyllanthus emblicd Antiaging 69 71000 10
2 | Withania somnifera| Phytoestrogen 176 162000 B
3 Mucuna pruriens | Parkinsonism 53 155000 2
4 Aegle marmelos Irritable Bowel 51 63300 B
5 | Centella asiatica | Cognition 136 478000 N
6 Berberis aristata Antimicrobial 15 58500 B
7 | Ricinus communis | Anti inflammatory | 2146 665000 10
8 | Azadirachta indica | Anti malarial 333 342000 "7
9 | Zingiber officinalis | Anti nausea 368 266000 8
10 | Glyeyrrhiza glabra | Anti ulcer 161 396000 "

Some important Herbal Research Institute / Centres in India

A large number of academic, industrial and government institutes are conducting research on the
medicinal plants of India. There has been no systemic review of the massive work that is available from
this nation. Many international data-bases and web-sites do not cover even the work published in the
Indian Journals. Hence, there is a global lack of awareness of the mass and nature of work carried out on
diverse aspects viz. ethnobotany, phytochemistry, pharmacognosy, pharmacology, clinical trials, safety
studies and formulation-research. A short list of some of the eminent institutes which are active in herbal
research and Ayurveda are given in Table 3.

Table 3. Important herbal research institute/ centres in India

S. No Name of the institute / centre Location

1 CCRAS (Central Council for Research in Ayurveda | New Delhi
and Siddha)

2 RRL (Regional Research Laboratory) (CSIR) Jammu-Tawi

3 NBRI (National Botanical research Institute) Lucknow
(CSIR)

4 Gujarat Ayurveda University Jamnagar

5 Bhavan’s SPARC Mumbai

6 National Institute of Ayurveda Jaipur

7 ACARTS Mumbai

8 Arya Vaidya Shala Kottakal

9 Interdisciplinary School of Health Sciences Pune

10 Banaras Hindu University Varanasi

11 CIMAP (Central Institute of Medicinal and Lucknow
Aromatic Plants)

12 ICMR (Indian Council for Medical Research) New Delhi

13 National Medicinal Plants Board New Delhi

14 Indian Drug Manufacturers Mumbai
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15 Regional Medical Research Centre (ICMR) Belgaum

16 PERD Centre (Pharmaceutical Education and Ahmedabad
Research Development)
17 CCRUM (Central Council for Research in Unani New Delhi

Medicine)

18 NISCOM (National Institute of Science New Delhi
Communication)

19 IMPCOPS (Indian Medicinal Practitioners Co- Chennai

operative Pharmacy and Stores Ltd.,)
20 | IHMMR (Indian Institute of history of Medicine New Delhi

and Medical Research)
21 Zandu Foundation Mumbai
22 Pharmexcil Hydrabad
23 Chemexcil Mumbai
24 CRDI (Central Drug Research Institute) (CSIP) Lucknow

25 IMPLANT Centre (Inter-University Medicinal Plant | Rajkot
Laboratory for Analysis, Nature and Therapeutics)
26 NIMHANS (National Institute for Mental health Bangalore
and Neurosciences)

27 Panjab University Chandigarh

28 LM College of Pharmacy Ahmedabad

29 NBPGR (National Bureau of Plant Genetic New Delhi
Resource)

30 NPRC (Nicolas Piramal Research Centre) Mumbai

31 NCL (National Chemical Laboratory) Pune

32 TBGRI (Tropical Botanical Garden & Research Thiruvanandapurum
Institute)

33 Podar Hospital Mumbai

34 BSI (Botanical Survey of India) Kolkata

35 FRHLT (Foundation for Revitalisation of Local Bangalore
Health Traditions)

36 IASTAM (International Association for the Study Mumbai
of Traditional Asian Medicine)
37 ADMA (Ayurvedic Drug Manufacturing Mumbai
Association)

Bio informatics on medicinal plants and traditional knowledge

New approaches could be used to study the resources of medicinal plants and the achievments
reported for recent several years in bioinformatics and genomics. Bioinformatics might give some ideas
that the diversity of medicinal plants in gene bank, in which we can selected some useful genes,
determined a combination of the number of medicinal plants and their relative abundance. More and
more problems might be discovered and solved in the research of medicinal plants with the tools of
bioinformatics.
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Different Databases used for Medicinal plants in India

a. Medicinal Plants Master Database

A comprehensive master database on medicinal plants of India has been systematically built up
at Foundation for Revitalisation of Local Health Traditions (FRLHT) over the last 8 years. Currently,
this database incorporates more than 7,500 botanical names which are linked to more than 1,40,500
vernacular names in 13 different languages like Tamil, Kannada, Malayalam, Hindi, Sanskrit, etc. Each
such correlation can be traced back to a published reference. This database also incorporates more than
10,000 authentic digital images of plants duly linked to their botanical names. An important feature of
this database is a fully-referenced distribution database which provides information on geographical
distribution of nearly 6,000 plant species. Through a system of assigning a unique ID number to each
botanical name and linking various aspects of information, for each species, to this unique ID, data
relating to several different aspects like propagation, trade, pharmacognosy etc can be quickly accessed
for a specific plant entity with search being initiated with the help of a botanical or vernacular name.
This multi-faceted database forms the backbone for undertaking and promoting sustainable use and
informed conservation action for native medicinal plant species and also acts as a platform for designing
various research projects relating to the management of this valuable natural resource. This database is
also linked to referenced information on the plant materia-medica of traditional systems of medicine as
well as to pharmacognosy and pharmacology of the plant entities.

b. Pharmacognosy database on Indian medicinal plants

A computerized database called Labguru has been created for storing and retrieving referenced
literature on pharmacognosy and pharmacology of medicinal plants. Labguru is a stand-alone database
with an easy-to-use interface, linked to the master database. This database is a valuable literature source
for researchers and industry alike. Data compilation is from published sources such as texts and on-line
databases. This is an ongoing evolving activity in the laboratory at FRLHT.

c. Database on metals and minerals used in Indian medicines

Mineral and metal medicine is used by traditional practitioners all over India. These are potent
medicinal materials which need accurate identification of materials and careful processing for their
proper use. Therefore it was decided to develop a user-friendly and easily retrievable database on
mineral and metal medicine by compilation of relevant references from authentic traditional texts of
Ayurveda that are difficult to procure at one place for most users. Correlating the traditional names of
metals minerals to modern geological entities helps to understand the identity of the minerals used.

d. AYUSH Databases

FRLHT in the last 10 years has been documenting and developing traditional knowledge
databases on the materia medica of Indian systems of medicine. Medicinal plant databases have been
already initiated on Ayurveda, Siddha, Unani system and Homoeopathy. The current FRLHT databases
have screened a limited number of the known medical texts written across the period 1500 BC to 1900
AD and therefore much work yet remains to be done. In the next 5 years AYUSH will initiate a new
database work on diagnostics and other speciality areas like panchakarma and rasayana, as these fields
are critical for effective application of Ayurveda and Siddha. The main goal of the databases is to serve
the needs of students and teachers of Indian systems of medicine, medical practitioners, researchers,
community enterprises, community health NGOs and pharmaceutical companies.
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e. Database of plants of Susruta Samhita

The database of plants of Susruta Sambhita has 9,650 references. This data has been converted
from the previous data environment to the present one to support access to various database tools. A
checklist of the plant names was prepared and a report is made available in Sanskrit and English scripts.

f. Database on plants of Siddha medicine

The bilingual database has an extensive collection of information pertaining to therapeutic
information of plants mentioned in 5 texts of 2,350 records, simple remedies mentioned in 6 texts of
1,800 records, formulation data of 3,013 records and 36,000 records of dictionary file which has Tamil
names of plants. A separate nighantu file in Tamil script and a glossary of the technical terms are also
incorporated in this database.

g. Database on plants of Homoeo medicine
This database could complete compilation of plants and products information of 80 plants
mentioned in Homoeo medicine from 15-20 sources as text document.

h. Database on plants of Unani medicine

A hard copy of the Arabic and Urdu names appearing in the classical texts of Unani medicine
was prepared from the FRLHT’s nomenclature database. Verification on botanical names and spellings
of Arabic names and Unani names were carried out.

i. Databases for assessment of local health traditions

The web-based Referral Browser basically aims to provide support for assessment of folk health
traditions. This will help to promote best health-related practices in a specific area for human, plant and
animal health care. The browser will procure references from Ayurveda, Siddha, Unani and modern
pharmacology for a resource used in folk health practice and is subjected to evaluation/assessment. The
web-based Referral Browser basically aims to provide support for assessment of folk health traditions.
This will help to promote best health-related practices in a specific area for human, plant and animal
health care. The browser will procure references from Ayurveda, Siddha, Unani and modern
pharmacology for a resource used in folk health practice and is subjected to evaluation / assessment.

Genomics of Phytomedicine Research

Microarray

DNA microarray is an orderly arrangement of thousands of oligonucleotides or identified
sequenced genes printed on an impermeable solid support, usually glass, silicon chips or nylon
membrane. A number of terms such as DNA arrays, gene chips and biochips are often used to describe
these devices. The DNA microarray field is a combination of several technologies, including automated
DNA sequencing, DNA amplification by PCR, oligonucleotide synthesis, nucleic acid labeling
chemistries and bioinformatics. Two most common types of DNA microarrays include one in which the
DNA (in the form of a single stranded short oligonucleotide) is synthesized in situ using
photolithographic or other techniques and another where the DNA (usually in the form of a cDNA or
full-length ORF) is post-synthetically attached to a solid support ** *'. Depending on the kind of probe
(immobilized DNA) used to generate the array and, ultimately, the information that is derived from it;
DNA microarrays are used for different applications **** . As a definition in the context of microarrays,
a ‘probe’ is the (partial) genomic sequence of a gene deposited and fixed on the Microarray, whereas the
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‘target’ is the biological sample material. Although there are many protocols and types of microarray
experiments, the basic steps involved in any microarray experiment are isolating RNA or mRNA from
appropriate biological samples; applying a fluorescent tag to the RNA or cDNA copy of it; hybridizing
the labeled RNA or cDNA (target) to a microarray (probe) for a period of time after which the excess is
washed off; scanning the microarray under laser light and data analysis using appropriate software. A
brief description of three basic types of DNA microarray experiments and their applications is provided
in Table 4.

Table. 4. Basic types of DNA microarray experiments

Microarray type Brief description Applications References
Comparative genomic Detect chromosomal | Tumor classification | **>"
hybridization (CGH) aberrations Disease diagnosis
Risk assessment
Expression analysis Analysis of gene | Drug development 17
expression levels Drug response
Tracking disease
progression
Therapy development
Drug mechanism of
action
Mutation/polymorphism | Detect Drug development 4
Analysis mutations/polymorph | Tracking disease
isms in gene | progression
sequence Disease risk
assessment
Genotyping
Species identification
Population genetics

Applications of DNA microarrays in Herbal Drug Research and Development

DNA microarrays may provide a suitable high-throughput platform for research and
development of drugs from natural products. In natural products a broad repertoire of chemical entities
acts together on multiple targets that make it necessary to study the changes in expression of multiple
genes simultaneously. Novel technologies such as SAGE and DNA microarrays allow rapid and detailed
analysis of thousands of transcripts, providing a revolutionary approach to the investigation of gene
expression. In this chapter, we discuss the applications of DNA microarray technology in herbal drug
research and development with suitable examples. There are three main applications of DNA
microarrays: first, in pharmacodynamics for discovery of new diagnostic and prognostic indicators and
biomarkers of therapeutic response; elucidation of molecular mechanism of action of a herb, its
formulations or its phytochemical components and identification and validation of new molecular targets
for herbal drug development. Second, in pharmacogenomics for prediction of potential side-effects of
the herbal drug during preclinical activity and safety studies; identification of genes involved in
conferring drug sensitivity or resistance and prediction of patients most likely to benefit from the drug
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and use in general pharmacogenomic studies. Third in pharmacognosy for correct botanical
identification and authentication of crude plant materials as part of standardization and quality control.
These applications are described here with some examples**™*’. Figure 2 shows applications of DNA
microarrays at various stages of a typical drug discovery pipeline.

Target Target HTS & Lead
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=Walidation of genes as = Tomicogenomics
therapeutic targets

Fig. 2. DNA Microarray: applications in natural product drug discovery and development.

Metabolomics of Phytomedicine Research

Metabolomics, including both targeted and global metabolite profiling strategies, is fast
becoming the approach of choice across a broad range of sciences including systems biology, drug
discovery, molecular and cell biology, and other medical and agricultural sciences ***°. New analytical
and bioinformatics technologies and techniques are continually being created or optimized, significantly
increasing the crossdisciplinary capabilities of this new biology. The metabolomes of medicinal plants
are particularly a valuable natural resource for the evidence-based development of new
phytotherapeutics and nutraceuticals. Comparative metabolomics platforms are evolving into novel
technologies for monitoring disease development, drug metabolism, and chemical toxicology. An
efficient multidisciplinary marriage of these emerging metabolomics techniques with agricultural
biotechnology will greatly benefit both basic and applied medical research. In the plant research field,
metabolite profiling was first used as a diagnostic technique to determine the mode of action of
herbicides on barley seedlings’'. The concept of the ‘metabolome’ was first reported in 1998 as a way to
quantitatively and qualitatively measure specific or defined phenotypes to assess gene function in yeast™>
and to discuss the interplay between the global metabolite pool and specific environmental conditions in
Escherichia coli’’. In the decade since these early beginnings, the use of metabolomics technologies in
biological research expanded exponentially. If one just looks quickly at PubMed literature search results,
metabolomics-related research articles have increased from some 40 published articles in 2002 to 100,
170, 200 and >250 articles in the years 2004, 2005, 2006 and 2007, respectively. Owing to its great
utility in a variety of basic and applied research fields, metabolomics has quickly become a universal
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tool and a key component for systems biology studies in medical research. Systems biology research
using genomics, proteomics, and metabolomics approaches is investigating characteristic molecular
signatures for disease diagnosis, prognosis, and therapeutics™. Recent developments in technology
platforms and experimental approaches for metabolomics studies in drug development are outlined in
this review. We also urge the greater use of metabolomics in the development of active secondary
metabolites from medicinal plants as novel or improved phytotherapeutic agents. Wang et al.,> pointed
out that metabolomics could provide the needed links between the complex chemical mixtures used in
TCM and molecular pharmacology. Phytocompound-specific signatures in gene and/or protein
expression profiles can also be highly useful in pharmacological standardization, such as their use in
‘biological fingerprinting’ of medicinal plant extracts (i.e. bioactivity spectra of phytoextracts or phyto-
compounds versus their medicinal efficacy in test animal or human systems)’®>’. Metabolomics
approaches using GC-MS, LC-MS, or 2D NMR are an effective tool for quality control of medicinal
plants or herb medicinal products’®®’. In addition, they may provide proof of the toxicology/safety
measures of specific phytopreparations after metabolism in test animals/humans®'. Some key aspects of
the technology used in a metabolomics approach to herbal medicine research are outlined in Figure 3.
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Fig.3. Key features of the technologies used in metabolomics for herbal medicine research.
Conclusion, future challenges and Perspectives

Herbal medicine, in addition to their traditional values, also hold great public and medical
interest worldwide as sources of nutraceuticals or novel lead compounds for drug development. It’s very
important that the herbal scientist should bring the traditional knowledge to use the modern technology
and to reach the modern knowledge such as allopathy medicine. A thorough integration of information
from genomics, proteomics, and metabolomics is expeted to provide solid evidence-based scientific
rationales for the development of modern phytomedicines. The search for active phytocompounds will

973



Pharmacologyonline 1: 964-978 (2010) Newsletter  Patharajan and Karthikeyan

be greatly advanced by the combination of various metabolomics approaches with an array of bioactivity
assays in mammalian systems to differentiate between plant species, tissues, or phytopreparations, and
to identify novel lead compound candidates for future development. In a complementary development,
the use of metabolome-refined herbal extracts with other biochemical components in combination,
rather than as isolated single compound(s), may prove to be very useful as broader and holistic
therapeutical or pharmacological agents for a variety of human health care applications.

10.

1.

12.

References

. Penos, G. 1983. Index Plantarum Medicinalium Totius Mundi Eorumque Synonymorum (Ed.). O. E.

M. F. Milan.

Farnsworth, N.R., O. Akerlee, A.S. Bingel, Z.G. Guo and D.D. Soejarto. 1985. Medicinal Plants in
Therapy. Bull World Health Organ. 63(6): 965-981.

. Vaidya, A.D.B. and T.P.A. Devasagayam. 2007. Current status of Herbal Drugs in India: An

Overview. J. Clin. Biochem. Nutr. 41: 1-11.

Scragg, A. 1991. Plant cell bioreactors. In: Plant Cell and Tissue cukture (Eds.). Stafford, A. and
G.Warren. Open University Press, Milton Keynes, London, pp, 220-234.

Hussein, A. 1993. Status Report on Medicinal Plants for NAM Countries. CSTDNADC, New Delhi.

Hartwell, J.L. 1967. Types of anticancer against isolated from plants. Cancer Treat. Rep., 60: 1035-
1067.

Cordell, G.A. 1977. Recent experimental and clinical data concerning antitumour and cytotoxic
agents from plants. In: New Natural Products and Plant Drugs with Pharmacological, Biological or
Therapeutical Activity, H.-Wanger and P. Wolff (Eds.), Springer-Verlag, Berlin, pp. 54-81.

Gautam, V., R.M.V. Raman, and K. Ashish. 2003. Exporting Indian healthcare (Export potential of
Ayurveda and Siddha products and services). Road Beyond Boundaries (The Case of Selected Indian
Healthcare Systems), Export-Import Bank of India, Mumbai, pp. 14-54.

. Patwardhan, B., A.D.B. Vaidya, and M. Chorghade. 2004. Ayurveda and natural products drug

discovery. Curr. Sci., 86, 789—799.

Rajka, K.S., S.K. Banerjee, S. Sood, A.K. Dinda, Y.K. Gupta, S.K. Gupta and S.K. Maulik. 2004.
Emblica officinalis causes myocardial adaptation and protects against oxidative stem in ischemic-
reproduction injury in rats. Phytother. Res., 18, 54—60.

Nagareddy, P.R. and M. Lakshmana. 2006. Withania somnifera improves bone calcification in
calcium-defecient ovariesctomized rats. J. Pharm. Pharmacol., 58, 513-519.

Manyam, B.V., M. Dhanasekaran, and T.A. Hare. 2004. Neuroprotective effects of the antiparkinson
drug Mucuna pruriens. Phytother. Res., 18, 706—712.

974



Pharmacologyonline 1: 964-978 (2010) Newsletter  Patharajan and Karthikeyan

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Mazumdar, R., S. Bhatacharya, A. Mazumdar, A.K. Pattnaik, P.M. Tiwary and S. Chaudhary. 2006.
Antidiarrhoeal evaluation of Aegle marmelos (Correa) Linn. root extract. Phytother. Res., 20, 82—84.

Russo, E. 2001. Handbook of psychotropic herbs, Haworth Herbal Press, New York, pp. 153—-157.

Dutta, N.K. and M. V. Pendse. 1962. Usefulness of Berberine (an alkaloid from Berberis aristata) in
the treatment of cholera (experimental). Indian J. Med. Res., 50, 1732—-1736.

Sharma, V.N. 1969. Antiinflammatory activity of Ricinus communis Linn. (Eranda) J. Res. Indian
Medicine, 4, 47-50.

Willcox, M. and J. Chamberlain. 2004. Neem (Azadirachta indica), in Traditional medicinal plants
and malaria, eds. By Willcox, M. Bodekar, G., and Rasovanaivo, P., CRC Press, New York, pp. 91—
115.

Kawai, T. 1990. Antiemetic principles of Magnolia ovata bark and Zingiber officinale rhizome.
Plants Med., 56, 17-20.

Takagi, K. and Y. Ishi. 1967. Peptic ulcer inhibiting properties of a new fraction from licorice root
(Fm100). I. Experimental peptic ulcer and general pharmacology. Arzneimittelforschung, 17, 1544—
1547.

Barret, J.C., E.S. Kawasaki. 2003. Microarrays: the use of oligonucleotides and cDNA for the
analysis of gene expression. Drug Discov Today 8: 134-41.

Sinibaldi, R. 2003. Gene expression analysis and drug R&D. Drug Discov World 5: 37-43.

Sheils, O., S. Finn, J. O’Leary. 2003. Nucleic acid microarrays: an overview. Curr Diagn Pathol
9:155-8.

Sauter, G., R. Simon. 2002. Predictive molecular pathology. N Engl ] Med 347: 1995-6.

Kallioniemi, A, O.P. Kallioniemi, D. Sudar, D. Rutovitz, J.W. Gray, F. Waldman. 1992.
Comparative genomic hybridization for molecular cytogenetic analysis of solid tumors. Science,
258: 818-21.

Yu, W., B.C. Ballif, C.D. Kashank, H.A. Heilstedt, L.A. Howard and W.W. Cai. 2003. Development
of a comparative genomic hybridization microarray and demonstration of its utility with 25 well-
charcterized 1p36 deletions. Hum Mol Genet 12:2145-52.

Pettus, J.A., B.C. Cowley, T. Maxwell, B. Milash, R.A. Stephenson, L.R. Rohr. 2004. Multiple
abnormalities detected by dye reversal genomic microarrays in prostate cancer: a much greater
sensitivity than conventional cytogenetics. Cancer Genet Cytogenet. 154: 110-18.

Shaw, C.J., C.A. Shaw, W. Yu, P. Stankiewicz, L.D. White, A.L. Beaudet. 2004. Comparative
genomic hybridisation using a proximal 17pBAC/PAC array detects rearrangements responsible for
four genomic disorders. J Med Genet 41:113-19.

975



Pharmacologyonline 1: 964-978 (2010) Newsletter  Patharajan and Karthikeyan

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Strohmeyer, D.M., A.P. Berger, D.H. Moore, G. Bartsch, H. Klocker, P.R. Carroll. 2004. Genetic
aberrations in prostate carcinoma detected by comparative genomic hybridization and microsatellite
analysis: association with progression and angiogenesis. Prostate 59: 43-58.

Roerig, P., M. Nessling, B. Radlwimmer, S. Joos, G. Wrobel, C. Schwaenen. 2005. Molecular
classification of human gliomas using matrix-based comparative genomic hybridization. Int J Cancer
117:95-103.

Oostlander, A., G. Meijer, B. Ylstra. 2004. Microarray-based comparative genomic hybridization
and its applications in human genetics. Clin Genet. 66:488-95.

Diosdado, B., M.C. Wapenaar, L. Franke, K.J. Duran, M.J. Goerres, M. Hadithi. 2004. A microarray
screen for novel candidate genes in coeliac disease pathogenesis. Gut. 53:944-51.

Kittleson, M.M., J.M. Hare. 2005. Molecular signature analysis: using the myocardial transcriptome
as a biomarker in cardiovascular disease. Trends Cardiovasc Med. 15:130-8.

Gunther, E.C., D.J. Stone, R.W. Gerwien, P. Bento, P.H. Melvyn. 2003. Prediction of clinical drug
efficacy by classification of drug-induced genomic expression profiles in vitro. Proc Natl Acad Sci
USA. 100: 9608-13.

Ganter, B., S. Tugendreich, C.I. Pearson, E. Ayangolu, S. Baumhueter, K.A. Bostian. 2005.
Development of a large-scale chemogenomics database to improve drug candidate selection and to
understand mechanisms of chemical toxicity and action. J Biotechnol 119: 219-44.

Villuendas, R., J.L. Steegmann, M. Pollan, L. Tracey, A. Granda and E. Fernandez-Ruiz. 2006.
Identification of genes involved in imatinib resistance in CML: a gene-expression profiling
approach. Leukemia 20: 1047-54.

Boyer, J., W.L. Allen, E.G. McLean, P.M. Wilson, A. McCulla and S. Moore. 2006.
Pharmacogenomic identification of novel determinants of response to chemotherapy in colon cancer.
Cancer Res 66:2765-77.

Tsai, M.F., C.C. Wang, G.C. Chang, C.Y. Chen, H.Y. Chen, C.L. Cheng. 2006. A new tumor
suppressor Dnal-like heat shock protein, HLJ1, and survival of patients with non-small-cell lung
carcinoma. J Natl Cancer Inst. 98:825-38.

Hacia, J. G. 1999. Resequencing and mutational analysis using oligonucleotide microarrays. Nat
Genet 21:42-7.

Lindroos, K., S. Sigurdsson, K. Johansson, L. Ronnblom, A.C. Syvanen. 2002. Multiplex SNP
genotyping in pooled DNA samples by a four-colour microarray system. Nucleic Acids Res 30: 70.

Shi, M.M. 2002. Technologies for individual genotyping: detection of genetic polymorphisms in
drug targets and disease genes. Am J Pharmacogenomics 2:197-205.

976



Pharmacologyonline 1: 964-978 (2010) Newsletter  Patharajan and Karthikeyan

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Irving, J.A., L. Bloodworth, N.P. Bown, M.C. Case, L.A. Hogarth, A.G. Hall. 2005. Loss of
heterozygosity in childhood acute lymphoblastic leukaemia detected by genome-wide microarray
single nucleotide polymorphism analysis. Cancer Res 65:3053-38.

Klevering, B.J., S. Yzer, K. Rohrschneider, M. Zonneveld, R. Allikmets, L.I. van den Born. 2004.
Microarray-based mutation analysis of the ABCA4 (ABCR) gene in autosomal recessive cone-rod
dystrophy and retinitis pigmentosa. Eur ] Hum Genet 12:1024-32.

Janecke, A. R., D.A. Thompson, G. Utermann, C. Becker, C.A. Hubner, E. Schmid. 2004. Mutations
in RDH12 encoding a photoreceptor cell retinol dehydrogenase cause childhood-onset severe retinal
dystrophy. Nat Genet 36:850—4.

Clarke, P.A., R. Poele, R. Wooster, P. Workman. 2001. Gene expression microarray analysis in
cancer biology, pharmacology, and drug development: progress and potential. Biochem Pharmacol
62: 1311-36.

Butte, A. 2002. The use and analysis of microarray data. Nat Rev Drug Discov 1:951-60.

Crowther, D.J. 2002. Applications of microarrays in the pharmaceutical industry. Curr Opin
Pharmacol 2:551-4.

Klapa, M.I., J. Quackenbush. 2003. The quest for the mechanisms of life. Biotechnol Bioeng. 84:
739-42.

Ellis, D.I, W.B. Dunn, J.L. Griffin, J.W. Allwood, R. Goodacre. 2007. Metabolic fingerprinting as a
diagnostic tool. Pharmacogenomics 8:1243-1266.

Lindon, J.C., Holmes, E., Nicholson, J.K. 2007. Metabonomics in pharmaceutical R&D. FEBS J.
274:1140-1151.

Kell, D.B. 2006. Systems biology, metabolic modelling and metabolomics in drug discovery and
development. Drug Discov Today 11:1085-1092.

Sauter, H., M. Lauer, H. Fritsch. 1991. Metabolic profiling of plant: a new diagnostic technique. In
Synthesis and Chemistry of Agrochemicals II. (Eds.). D.R. Baker, W.K. Moberg, J.G. Fenyes.
American Chemical Society Press; 288-299.

Oliver, S.G., M.K. Winson, D.B. Kell, F. Baganz. 1998. Systematic functional analysis of the yeast
genome. Trends Biotechnol 16:373- 378.

Tweeddale, H., L. Notley-McRobb, T. Ferenci. 1998. Effect of slow growth on metabolism of
Escherichia coli, as revealed by global metabolite pool (‘‘metabolome’’) analysis. J Bacteriol
180:5109-5116.

Malyankar, U.M. 2007. Tumor-associated antigens and biomarkers in cancer and immune therapy.
Int Rev Immunol 26: 223-247.

977



Pharmacologyonline 1: 964-978 (2010) Newsletter  Patharajan and Karthikeyan

55.

56.

57.

58.

59.

60.

61.

Wang, M., R.J. Lamers, H.A. Korthout, J.H. van Nesselrooij, R.F. Witkamp, R. van der Heijden, P.J.
Voshol, L.M. Havekes, R. Verpoorte, J. van der Greef. 2005. Metabolomics in the context of
systems biology: bridging traditional Chinese medicine and molecular pharmacology. Phytother Res,
19:173-182.

Wang, C.Y., M.T. Chiao, P.J. Yen, W.C. Huang, C.J. Hou, Chung SC, Yeh KC, Yang WC, Shyur
LF, Yang NS. 2006. Modulatory effects of Echinacea purpurea extracts on human dendritic cells: a
celland gene-based study. Genomics 2006, 88: 9801-9808.

Yang, N.S., L.F. Shyur, C.H. Chen, S.Y. Wang, C.M. Tzeng. 2004. Medicinal herb extract and a
single-compound drug confer similar complex pharmacogenomic activities in MCF-7 cells. J
Biomed Sci 11: 418-422.

Zeng, Z.D., Y.Z. Liang, F.T. Chau, S. Chen, M.K. Daniel, C.O. Chan. 2007. Mass spectral profiling:
an effective tool for quality control of herbal medicines. Anal Chim Acta, 604: 89-98.

Ye, M., S.H. Liu, Z. Jiang, Y. Lee, R. Tilton, Y.C. Cheng. 2007. Liquid chromatography/mass
spectrometry analysis of PHY906, a Chinese medicine formulation for cancer therapy. Rapid
Commun Mass Spectrom, 21:3593-3607.

Yang, S.Y., H.K. Kim, A.W.M. Lefeber, C. Erkelens, N. Angelova, Y.H. Choi, R. Verpoorte. 2006.
Application of two-dimensional nuclear magnetic resonance spectroscopy to quality control of
Ginseng commercial products. Planta Med 2006, 72:364-369.

Merzenich, U.G., H. Zeitler, D. Jobst, D. Panek, H. Vetter, H. Wagner. 2007. Application of the “*-
omic-"" technologies in phytomedicine. Phytomedicine, 14: 70-82.

978



