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ABSTRACT 

The approach to new drugs through natural products has proved to be the single most 

successful strategy for the discovery of new drugs, but in recent years its use has been 

deemphasized by many pharmaceutical companies in favor of approaches based on 

combinatorial chemistry and genomics, among others. Again with rapid industrialization 

of the planet and the loss of ethnic culture and customs, some of the information on 

ethnomedicine will no doubt disappear. An abundance of ethnomedical information on 

plant uses can be found in scientific literature but has not yet been compiled into a usable 

form. Collection of ethnomedical information especially in the developing countries 

remains primarily an academic endeavour of little interest to most industrial groups. This 

article reviews some of the past successes of the natural products approach and also 

explores some of the reasons why it has fallen out of favor among major pharmaceutical 

companies and the challenges in drug discovery from Natural Products especially Higher 

Plants. In this review we consider the past, present, and future value of employing 

information from plants used in traditional medical practices (ethnomedicine) for the 

discovery of new bioactive compounds.  
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INTRODUCTION 

Ayurveda is the most ancient health care 

system and is practiced widely in India, 

Srilanka and other countries1. Atharvveda 

(around 1200 BC), Charak Samhita and 

Sushrut Samhita (100 - 500 BC) are the 

main classics that given detailed 

descriptions of over 700 herbs 2. In the 

western world documentation of use of 

Natural substances for medicinal 

purposes can be found as far back as 78 

A.D., when Dioscorides wrote “De 

Materia Medica”, describing thousands 

of medicinal plants3. This treatise 

included descriptions of many medicinal 

plants that remain important in modern 
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medicine, not because they continue to 

be used as crude drug preparations, but 

because they serve as the source of 

important pure chemicals that have 

become mainstays of modern therapy. 

The term “materia medica” which 

means “Medical Materials”3 is no longer 

utilized routinely in Western medicine, 

the fact remains that the physicians of 

today continue to use many substances 

and products derived from natural sources, 

usually for the same therapeutic benefit as 

the crude drug. These single chemical 

entities, i.e., drugs, form the basis for 

much of our ability to control disease. 

In recent times, there have been 

increased waves of interest in the field 

of Research in Natural Products 

Chemistry. This level of interest can be 

attributed to several factors, including 

unmet therapeutic needs, the remarkable 

diversity of both chemical structure and 

biological activities of naturally 

occurring secondary metabolites, the 

utility of novel bioactive natural 

products as biochemical probes, the 

development of novel and sensitive 

techniques to detect biologically active 

natural products, improved techniques to 

isolate, purify, and structurally 

characterize these active constituents, 

and advances in solving the demand for 

supply of complex natural products 4. 

The R & D thrust in the pharmaceutical 

sector is focused on development of new 

innovative/indigenous plant based drugs 

through investigation of leads from the 

traditional system of medicine5. The 

World Heath Organization has also 

recognized the importance of traditional 

medicine and has created strategies, 

guidelines and standards for botanical 

medicines. Proven agro-industrial 

technologies need to be applied to the 

cultivation and processing of medicinal 

plants and the manufacture of herbal 

medicines 6. 

Over the past decade, there has been a 

resurgence of interest in the 

investigation of natural materials as a 

source of potential drug substance. This 

review is not intended to be an 

exhaustive review of natural product-

derived pharmaceuticals, but rather is 

aimed at highlighting the invaluable role 

that natural products have played, and 

continue to play, in the drug discovery 

process and its future perspectives. 

Background and issues 

Natural products have played an 

important role throughout the world in 

treating and preventing human diseases. 

Natural product medicines have come 

from various source materials including 

terrestrial plants, terrestrial 

microorganisms, marine organisms, and 

terrestrial vertebrates and invertebrates 7 

and its importance in modern medicine 
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has been discussed in different reviews 

and reports7-12. 

The value of natural products in this 

regard can be assessed from: (i) the rate 

of introduction of new chemical entities 

of wide structural diversity, including 

serving as templates for semisynthetic 

and total synthetic modification, (ii) the 

number of diseases treated or prevented 

by these substances, and (iii) their 

frequency of use in the treatment of 

disease. 

The large proportion of natural products 

in drug discovery has stemmed from the 

diverse structures and the intricate 

carbon skeletons of natural products. 

Since secondary metabolites from 

natural sources have been elaborated 

within living systems, they are often 

perceived as showing more “drug-

likeness and biological friendliness than 

totally synthetic molecules,”9 making 

them good candidates for drug 

development11,13. Analysis of the sources 

of new and approved drugs during the 

period 1981 to 2002 reveals that natural 

products play a highly significant role in 

the drug discovery and development 

process 12. Review of all approved 

agents during the time frame of more 

than 25 years from 01/1981 to 06/2006 

for all diseases worldwide and from 

1950 (earliest so far identified) to 

06/2006 for all approved antitumor 

drugs worldwide reveals the utility of 

natural products as sources of novel 

structures, but not necessarily the final 

drug entity, is still alive and well14.  

The development of high throughput 

screens based on molecular targets had 

led to a demand for the generation of 

large libraries of compounds to satisfy 

the enormous capacities of these screens 

and the shift away from large 

combinatorial libraries has continued, 

with the emphasis now being on small, 

focused (100 to ~ 3000) collections that 

contain much of the “structural aspects” 

of natural products8. Various names 

have been given to this process, 

including “Diversity Oriented Syntheses”, 

preferably can be termed as “more 

natural product-like”, in terms of their 

combinations of heteroatoms and 

significant numbers of chiral centers 

within a single molecule15, or even 

“natural product mimics” if they happen 

to be direct competitive inhibitors of the 

natural substrate. It should also be 

pointed out that Lipinski’s fifth rule 

effectively states that the first four rules 

do not apply to natural products or to 

any molecule that is recognized by an 

active transport system when considering 

“druggable chemical entities” 14. 

Although combinatorial chemistry in 

one or more of its manifestations has 

been used as a discovery source for 
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approximately 70% of the period 

01/1981 to 06/2006, only one new 

chemical entity (NCE) reported in the 

public domain as resulting from this 

method of chemical discovery and 

approved for drug use anywhere. This is 

the antitumor compound known as 

sorafenib from Bayer, approved by the 

FDA in 200514. Proudfoot also reported 

that 8 out of 29 small molecule drugs 

launched in 2000 were derived from 

Natural Products or hormones and 

concluded that HTS did not have a 

significant impact on the derivation of 

these drugs 16. Despite competition from 

other drug discovery methods, Natural 

Products are still providing their fair 

share of new clinical candidates and 

drugs and there is rapidly evolving 

recognition that a significant number of 

natural product drugs/leads are actually 

produced by microbes and/or microbial 

interactions with the “host from where it 

was isolated”, and therefore this area of 

natural product research should be 

expanded significantly 14. 

Importance of plants as a source of 

new drugs 

The development of traditional 

medicinal systems incorporating plants 

as means of therapy can be traced back 

to the Middle Paleolithic age some 

60,000 years ago as found from fossil 

studies17. In recent times, developed 

countries are turning to the use of 

traditional medicinal systems that 

involve the use of herbal drugs and 

remedies18 and according to the World 

Health Organization (WHO), almost 

65% of the world’s population has 

incorporated the value of plants as a 

methodology of medicinal agents into 

their primary modality of health care19. 

It is often noted that 25% of all drugs 

prescribed today come from plants20, 21. 

This estimate suggests that plant-derived 

drugs make up a significant segment of 

natural product– based pharmaceuticals. 

Out of many families of secondary 

metabolites, or compounds on which the 

growth of a plant is not dependent, 

nitrogen-containing alkaloids have 

contributed the largest number of drugs 

to the modern pharmacopoeia, ranging 

in effects from anticholinergics 

(atropine) to analgesics (opium alkaloids) 

and from antiparasitics (quinine) to 

anticholinesterases (galantamine) to 

antineoplastics (vinblastine/vincristine) 
22. Although not as plentiful as alkaloids 

in the modern pharmacopoeia, 

terpenoids (including steroids) have 

made an equally important contribution 

to human health. They range from 

Na+/K+ pump-inhibiting cardiac glycosides 

from Digitalis spp.23, to antineoplastic 

paclitaxel24 to antimalarial artemisinin25, 

to anti-inflammatory triptolide26, 27. It is 
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important to note that, the activity of 

some natural products has yet to be 

certified by extensive testing or clinical 

trials; as multicomponent botanical 

therapeutics (MCBTs). This 

overrepresentation of natural product– 

derived drugs begs the question of 

whether plant secondary metabolites and 

related synthetic compounds perform 

better as drugs than randomly 

synthesized compounds. Despite the 

increasing use of medicinal plants and 

their importance in drug discovery, their 

future, seemingly, is being threatened by 

complacency concerning their 

conservation. Reserves of herbs and 

stocks of medicinal plants in developing 

countries are diminishing and in danger 

of extinction as a result of growing 

industrialization. 

The goals of using plants as sources of 

therapeutic agents are, 

 a) to isolate bioactive compounds for 

direct use as drugs, e.g., digoxin, 

digitoxin, morphine, reserpine, taxol, 

vinblastine, vincristine; b) to produce 

bioactive compounds of novel or known 

structures as lead compounds for 

semisynthesis to produce patentable 

entities of higher activity and/or lower 

toxicity, e.g., metformin, nabilone, 

oxycodon (and other narcotic 

analgesics), taxotere, teniposide, 

verapamil, and amiodarone, which are 

based, respectively, on galegine, 

morphine, taxol, podophyllotoxin, 

khellin, and khellin; c) to use agents as 

pharmacologic tools, e.g., lysergic acid 

diethylamide, mescaline, yohimbine; 

and d) to use the whole plant or part of it 

as a herbal remedy, e.g., cranberry, 

echinacea, feverfew, garlic, ginkgo 

biloba, St. John’s wort, saw palmetto. 

The number of higher plant species 

(angiosperms and gymnosperms) on this 

planet is estimated at 250,00028, with a 

lower level at 215,00029, 30 and an upper 

level as high as 500,00031, 32 and only 

about 6% have been screened for 

biologic activity, and a reported 15% 

have been evaluated phytochemically33. 

With high throughput screening methods 

becoming more advanced and available, 

these numbers will change, but the 

primary discriminator in evaluating one 

plant species versus another is the matter 

of approach to finding leads. There are 

some broad starting points to selecting 

and obtaining plant material of potential 

therapeutic interest. However, the goals 

of such an endeavor are straightforward. 

Plants have an advantage in this area 

based on their long-term use by humans 

(often hundreds or thousands of years). 

One might expect any bioactive 

compounds obtained from such plants to 

have low human toxicity. Obviously, 

some of these plants may be toxic within 
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a given endemic culture that has no 

reporting system to document these 

effects. It is unlikely, however, that 

acute toxic effects following the use of a 

plant in these cultures would not be 

noticed, and the plant would then be 

used cautiously or not at all. Chronic 

toxic effects would be less likely to 

signal that the plant should not be used. 

In addition, chemical diversity of 

secondary plant metabolites those results 

from plant evolution may be equal or 

superior to that found in synthetic 

combinatorial chemical libraries.  

Approaches of drug discovery from 

higher plants 

Shaman Pharmaceuticals in South San 

Francisco, California is supposed to be 

the first company in United States to 

investigate plants through ethnomedical 

approach34 and SP-303, an oligomeric 

proanthocyanidin35 found in the process, 

was shown to be clinically efficacious 

and is currently marketed as a dietary 

supplement for diarrhea. In addition, a 

major effort was directed toward 

discovery of novel antidiabetic agents, 

which resulted in the discovery of 

several patented compounds: 

cryptolepine36-38, maprouneacin39, 3�,30-

dihydroxylupen-20(29)-en-2-one40, 

harunganin, vismin41, and quinines 

SP18904 and SP1890542. The most 

interesting discovery was 

nordihydroguaiaretic acid (ndga)43 

which, besides being active orally in 

db/db diabetic mice, also lowered 

cholesterol levels. 

Some examples of drugs from plants 

that served as models for the next 

generation of drugs are exemplified as 

follows: Khellin [from Ammi visnaga 

(L.) Lamk] was used as a bronchodilator 

in the United States until it was shown 

to produce nausea and vomiting after 

prolonged use. In 1955 a group of 

chemists in England set about to 

synthesize khellin analogs as potential 

bronchodilators with fewer side effects. 

This eventually led to the discovery of 

chromolyn (used as sodium chromoglycate), 

which stabilized cell membranes in the 

lungs to prevent the allergeninduced 

release of the substance ultimately 

causing bronchoconstriction in allergic 

asthma patients44. Further studies led to 

the synthesis of amiodarone, an useful 

antiarrythmia agent44. Papaverine, useful 

as a smooth muscle relaxant, provided 

the basic structure for verapamil,   a 

drug used to treat hypertension44. 

Galegine was isolated as an active 

antihyperglycemic agent from the plant 

Galega officinalis L. used ethnomedically 

for the treatment of diabetes. Galegine 

provided the template for the synthesis 

of metformin and opened up interest in 
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the synthesis of other biguanidine-type 

antidiabetic drugs44. 

It is always difficult to assess the value 

of any approach to the use of higher 

plants to develop new drugs. Artuso has 

outlined the entire process: formulating 

an appropriate strategy, obtaining 

biologic extracts, screening those 

extracts, isolating active compounds, 

conducting preclinical tests and 

chemical modification, submitting an 

Investigational New Drug Application, 

performing clinical trials, submitting a 

New Drug Application, and beginning 

commercial production. According to 

his estimation the entire process would 

take 10–20 years or more45. As it is 

improbable that one could collect all the 

250,000 higher plant species to screen 

for one or more biologic activities, and 

because the number of bioassays that 

one could screen these species for is 

unlimited, the species most likely to 

produce useful activity should be 

selected judiciously. In addition, the 

biologic targets must represent the 

activities that correlate best with the 

rationale for plant selection. It would 

appear that selection of plants based on 

long-term human use (ethnomedical) in 

conjunction with appropriate biologic 

assays that correlate with the 

ethnomedical uses would be most 

appropriate. 

A number of reviews relating to 

approaches for selecting plants as 

candidates for drug discovery programs 

have been published46,47-60 and these 

approaches can be briefly outlined as 

follows, 

• Random selection followed by 

chemical screening 

• Random selection followed by one 

or more biologic assays 

• Follow-up of biologic activity 

reports 

• Follow-up of ethnomedical (traditional 

medicine) uses of plants 

• Use of databases 

Challenges and opportunities 

In spite of the success of different drug 

discovery programmes from plants in 

the past 2–3 decades, future endeavours 

face many challenges. Natural products 

scientists and pharmaceutical industries 

will need to continuously improve the 

quality and quantity of compounds that 

enter the drug development phase to 

keep pace with other drug discovery 

efforts. The approach of herbal drug 

development is associated with several 

problems. 

• The advent of routine HTS has 

been one of the most important 

changes to the drug discovery 

process61-63. Screening of one 

hundred thousand samples in a 
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routine assay can now be 

completed in just over a week 

using 384-well formatting, a data 

handling system, and limited 

robotics. This screening time can 

be decreased further using higher 

density formats and advanced 

robotics61,64,65. Therefore, the 

number of compounds or 

extracts that can be screened for 

each drug target is generally not 

the rate-limiting step. 

• The decision when to screen 

Natural Product extracts 

compared to compound libraries 

is extremely important for the 

successful integration of Natural 

Product hits into a lead discovery 

program. This is because no 

matter how quickly the active 

compounds can be isolated and 

their structures identified, there 

will always be a lag time behind 

the evaluation of pure 

compounds whose structure and 

method of synthesis is known at 

the onset. In fact, screening of 

Natural Product extracts well 

before a synthetic library would 

be preferable, but in practice this 

rarely, if ever, happens. 

• The screening of Natural Product 

extract libraries is generally 

more problematic than screening 

compound libraries 61-63, 66-71. 

This is because Natural Product 

extracts contain complex mixtures 

of mostly uncharacterized 

compounds, some of which have 

undesirable properties. An added 

complication is that interfering 

compounds may be present in 

the extract in addition to 

compounds of interest, which 

may mask the biological effect. 

Compounds or families of 

compounds also may be present 

in an extract, which can interfere 

with the screen in a nonspecific 

manner72. 

• Traditionally, crude extracts 

have been used for screening, but 

the extra screening capacity 

available from HTS has enabled 

the possibility of economically 

screening prefractionated extracts. 

The prefractionation process can 

produce fractions that can range 

from relatively crude fractions to 

mixtures of only a few compounds. 

The advent of sophisticated 

separation and analytical 

instruments has enabled some 

companies to assemble large 

libraries of pure Natural 

Products, which can then be 
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screened in a manner analogous 

to pure compound libraries73-82. 

The advantage of these libraries 

is that no further purification is 

generally required, which 

enables active compounds to be 

evaluated on an equivalent basis 

to synthetic compound libraries. 

The disadvantages are that it is a 

time-consuming process and 

minor active components may be 

missed using an isolation 

strategy based solely on peak 

collection. There is also a 

significant cost involved in 

preparation and screening of the 

extra fractions generated by 

prefractionation. 

• Dereplication is the process of 

identifying known compounds 

that are responsible for the 

activity of an extract before 

bioassay-guided isolation has 

started69, 83-86. The dereplication 

process, which has been an 

ongoing concern in Natural 

Product chemistry since the 

beginning of antibiotic research, 

is used to eliminate, group, and/ 

or prioritize extracts for further 

study and can save considerable 

research time. The dereplication 

procedure also can be extended 

to group like-extracts that 

contain the same or similar 

unidentified compounds that are 

responsible for the biological 

activity. This grouping of 

extracts with like dereplication 

profiles significantly reduces the 

possibility of different chemists 

independently isolating and 

identifying the same active 

component. 

• The bioassay guided 

fractionation procedure used to 

identify bioactive natural 

products is often perceived as 

rate limiting and resource 

intensive. However, the rapid 

improvement of instrumentation 

and robotics used to 

revolutionize other aspects of 

drug discovery can also be used 

to improve the speed of the 

isolation and structure 

elucidation of Natural Products. 

The advent of new probe 

technology 87 and higher 

magnetic fields has led to a 

significant shortening in 

acquisition time for NMR data, 

and the structure elucidation of 

Natural Products can be achieved 

routinely on amounts less than 1 

mg. 88. Progress has also been 
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made in automated structure 

solving algorithms 89-91, but 

presently none can rival the 

structure elucidation skills of an 

experienced Natural Product 

chemist. However, these 

programs can be a valuable tool 

to search for alternative structures 

that fit the same NMR data. 

• The biggest obstacle to Natural 

Product chemistry is the 

continuous supply of large 

amounts of Natural Product 

required for further biological 

evaluation. The identification of 

a sustainable source of the 

Natural Product needs to be 

addressed if a semisynthesis or 

total synthesis is not available. 

This is not so much trouble if 

there is a microbial source of the 

compound. A systematic 

approach called OSMAC (one 

strain-many compounds) to 

increase the yield and diversity 

of compounds produced by 

microorganisms was proposed 

by Zeeck and co-workers92, 

while advances are being 

achieved rapidly in the area of 

microbial combinatorial 

biosynthesis93. 

• Crude herbs/plants (various plant 

parts and exudates) are mostly 

formulated as tablet and capsule 

and to some extent as oral liquid 

preparations. These dosage 

forms are not successful due to 

problems encountered in 

absorption, therapeutic efficacy 

and poor compliance. 

• Tablet or capsule dosage form 

requires powdering of crude 

herbs and particle size affects the 

process of blending, compression 

and filling. In addition, 

homogeneity is difficult to 

achieve due to the handling of 

large bulk quantities, high 

moisture content and inherent 

nature of raw materials (crude 

drug). Crude extracts are 

difficult to formulate in solid 

dosage forms due to their 

hygroscopic nature, poor solubility 

and stickiness. 

• As drug discovery from plants 

has traditionally been time-

consuming, faster and better 

methodologies for plant 

collection, bioassay screening, 

compound isolation and 

compound development must be 

employed 94. 
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• Innovative strategies to improve 

the process of plant collection 

are needed, especially with the 

legal and political issues 

surrounding benefit-sharing 

agreements95,96. 

• The design, determination and 

implementation of appropriate, 

clinically relevant, high-

throughput bioassays are difficult 

processes for all drug discovery 

programmes96, 97. Although the 

design of high-throughput screening 

assays can be challenging98, once 

a screening assay is in place, 

compound and extract libraries 

can be tested for biological 

activity. The common problem 

faced during screening of 

extracts is solubility and the 

screening of extract libraries is 

many times problematic, but new 

techniques including pre-

fractionation of extracts can alleviate 

some of these issues94, 100. 

• To get appropriate compound 

from screeing of Natural 

Products is to design a 

complementary orthogonal assay 

or assays to remove as many 

false positive hits as possible. 

Dereplication can then be used to 

remove nuisance compounds or 

group like-extracts. Some other 

new screening methods64 include 

the novel microarray compound 

screening (microARCS) technology, 

which utilizes agarose matrixes 

to introduce a majority of the 

reagents throughout the assay101, 

and on-line biochemical detection 

coupled to mass spectrometry, 

which already has been used for 

the screening of natural products 

extracts102. 

• Challenges in bioassay screening 

remain an important issue in the 

future of drug discovery from 

medicinal plants. The speed of 

active compound isolation can be 

increased using hyphenated 

techniques like LCNMR and LC-

MS. Development of drugs from 

lead compounds isolated from 

plants, faces unique challenges. 

Natural products, in general, are 

typically isolated in small 

quantities that are insufficient for 

lead optimization, lead development 

and clinical trials. Thus, there is 

a need to develop collaborations 

with synthetic and medicinal 

chemists to explore the 

possibilities of its semi-synthesis 

or total synthesis103,104,105. One 

can also improve the natural 
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products compound development 

by creating natural products 

libraries that combine the 

features of natural products with 

combinatorial chemistry. 

• With the dwindling population of 

taxonomists and rare introduction 

of youngsters in this field, it 

might take another 20–30 years 

with the current pace to survey 

the complete flora of the country. 

Now the question before us is, 

could we assess the 

pharmaceutical potential of all 

the floristic components that we 

know? The answer is no. 

Future perspectives 

Despite several problems, one cannot 

discount the past importance of plants as 

sources of structurally novel drugs and it 

provides a great opportunity to the 

scientists in the field of Natural Product 

Chemistry, Pharmacognosy, Pharmacology, 

Ethnobotany and other related fields of 

life science to come together and work 

in the direction of getting new drugs fro 

Natural Sources, especially from Plants 

for betterment of mankind. 

• The importance of natural products 

in the future of drug discovery is 

clear:  novel biologically active 

natural products will continue to 

serve as lead compounds for drug 

development and is biochemical 

probes for the discovery of 

pharmacological and biochemical 

process. 

• Combining the strengths of the 

knowledge base of traditional 

systems such as ayurveda with the 

dramatic power of combinatorial 

chemistry and HTS will help in the 

generation of structure–activity libraries. 

• Traditional knowledge and 

experiential database can provide 

new functional leads to reduce time, 

money and toxicity – the three main 

hurdles in drug development. These 

records are particularly valuable, 

since effectively these medicines 

have been tested for thousands of 

years on people106. 

• Bioprospecting demands a number 

of requirements which should be co-

coordinated, such as team of 

scientific experts along with 

expertise in a wide range of human 

endeavours, including international 

laws and legal understanding, social 

sciences, politics and anthropology. 

• Ayurveda and other traditional 

systems of medicine, rich genetic 

resources and associated 

ethnomedical knowledge are key 

components for sustainable 

bioprospecting and value-addition 
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processes. For drug-targeted 

bioprospecting an industrial partner 

is needed, which will be instrumental in 

converting the discovery into a 

commercial product. 

• Important in any bioprospecting is 

the drafting and signing of an 

agreement or Memorandum of 

Understanding that should cover 

issues on access to the genetic 

resources (biodiversity), on 

intellectual property related to 

discovery, on the sharing of benefits 

as part of the process (short term), 

and in the event of discovery and 

commercialization of a product (long 

term), as well as on the conservation 

of the biological resources for the 

future generations. 

• When ethnobotanical or 

ethnopharmacological approach is 

utilized, additional specific 

requirements that relate to prior 

informed consent, recognition of 

Indigenous Intellectual Property and 

Indigenous Intellectual Property 

Rights as well as short- and long-

term benefit sharing need to be taken 

into account107, 108. 

• In order to screen thousands of plant 

species at one go for as many 

bioassays as possible, we must have 

a collection of a large number of 

extracts. Globally, there is a need to 

build natural products extract 

libraries. The extract libraries offer 

various advantages, such as 

reduction in cost and time for repeat 

collection of plants and availability 

of properly encoded and preserved 

extracts in large numbers for 

biological screening in terms of 

high-throughput screenings and 

obtaining hits within a short period. 

• Innovation and creativity regarding 

the molecular scaffolds will be 

substantially enhanced with the 

discovery of relatively simple, small 

molecular weight bioactive natural 

products. Combinatorial approach 

with a nucleus that is already known 

to possess exciting biological 

activity will increase the likelihood 

of creating interesting drug 

candidate. Similarly, mixing of 

genetic information encoding for 

specific secondary metabolites may 

produce “unnatural” natural products 

with specific therapeutic activity 109. 

CONCLUSION 

Ethnomedicine may be defined broadly 

as the use of plants by humans as 

medicines where as Traditional 

medicine is a broad term used to define 

any non-Western medical practice. 

Ethnopharmacology is a highly 
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diversified approach to drug discovery 

involving the observation, description, 

and experimental investigation of 

indigenous drugs and their biologic 

activities. It is based on botany, 

chemistry, biochemistry, pharmacology, 

and many other disciplines 

(anthropology, archaeology, history, and 

linguistics) that contribute to the 

discovery of natural products with 

biologic activity. As evident from the 

above discussion, nature is the best 

combinatorial chemist and till now 

natural products compounds discovered 

from medicinal plants (and their 

analogues thereof) have provided 

numerous clinically useful drugs. In 

spite of the various challenges 

encountered in the medicinal plant-

based drug discovery, natural products 

isolated from plants will still remain an 

essential component in the search for 

new medicines. Proper utilization of 

these resources and tools in 

bioprospecting will certainly help in 

discovering novel lead molecules from 

plants by employing modern drug 

discovery techniques and the 

coordinated efforts of various 

disciplines. Key factors to remain 

competitive with the modern system of 

medicine includes continual 

improvements in the speed of 

dereplication, isolation, structure 

elucidation, and compound supply 

processes and prudent selection of drug 

targets for the screening of Natural 

Product libraries.  

REFERENCES  

1. Chopra A., Doiphode V. Ayurvedic 

medicine: Core concept, therapeutic 

principles and current relevance. 

Med. Chin. North Am. 2002; 86: 75-89. 

2. Dash B., Sharma B.K. Charak 

Samhita. 7th ed. Varanasi (India): 

Chaukhamba Sanskrit Series Office; 

2001. 

3. Tyler V. E., Brady L.R., Robbers J. 

E., Pharmacognosy. 9th ed.  

Philadelphia: Lea & Febiger; 1988. 

4. Clark A. M., Natural products as a 

source for New Drugs. 

Pharmaceutical Research 1996; 

13(8): 1133-1141. 

5. Patwardhan B., Vaidya A. D. B., 

Chorghade M. Ayurveda and 

Natural Products Drugs Discovery. 

Current Science, 2004; 86(6): 789-799. 

6. Akerele O. Nature's Medicinal 

Bounty: Don't throw it Away. World 

Health Forum 1993; 14: 390-95. 

7. Newman D. J., Cragg G. M., Snader 

K. M. The influence of natural 

products upon drug discovery. Nat. 

Prod Rep. 2000; 17: 215 - 234. 

8. Newman D. J., Cragg G. M., Snader 

K. M., Natural products as sources 



 15 

of new drugs over the period 1981-

2002. J Nat Prod. 2003; 66: 1022-1037. 

9. Koehn F. E., Carter G. T. The 

evolving role of natural products in 

drug discovery. Nat Rev Drug 

Discov  2005; 4: 206 - 220. 

10. Paterson I., Anderson E. A. The 

renaissance of natural products as 

drug candidates. Science 2005; 310: 

451 - 453. 

11. Balunas M. J., Kinghorn A. D. Drug 

discovery from medicinal plants. 

Life Sci. 2005; 78: 431 - 441. 

12. Jones W. P., Chin Y-W., Kinghorn 

A. D. The role of pharmacognosy in 

modern medicine and pharmacy. 

Curr Drug Targets 2006; 7: 247-264. 

13. Drahl C., Cravatt B. F., Sorensen E. 

J. Protein-reactive natural products. 

Angew Chem Int Ed Engl. 2005; 44: 

5788 - 5809. 

14. Newman D. J., Cragg G.M. Natural 

products as sources of new drugs 

over the last 25 years. J Nat Prod. 

2007; 70: 461-477. 

15. Reayi A., Arya P. Natural product-

like chemical space: search for 

chemical dissectors of 

macromolecular interactions. Curr. 

Opin. Chem. Biol. 2005; 9: 240-247. 

16. Proudfoot J. R. Drugs, Leads, and 

Drug-Likeness: An Analysis of 

Some Recently Launched Drugs. 

Bioorg. Med. Chem. Lett. 2002; 12: 

1647-1650. 

17. Solecki R. Shanidar IV, a 

Neanderthal flower burial in 

northern Iraq. Science 1975; 190 

(4217): 880–881. 

18. Lanfranco G. Popular Use of 

Medicinal Plants in the Maltese 

Islands. Insula 1992; 1: 34 – 35. 

19. Farnsworth N. R., Akerele O., 

Bingel A. S., Soejarto D. D., Guo Z. 

Medicinal plants in therapy. Bull W 

H O 1985; 63(6): 965–981. 

20. Farnsworth N. R., Morris R. W. 

Higher plants--the sleeping giant of 

drug development. Am. J. Pharm. 

Sci. Support. Public Health. 1976; 

148(2): 46–52. 

21. Raskin I., Ripoll C. Can an apple a 

day keep the doctor away? Curr. 

Pharm. Des. 2004; 10(27): 3419-

3429. 

22. Raskin I., Ribnicky D. M., 

Komarnytsky S., Ilic N., Poulev A., 

Borisjuk N. et al. Plants and human 

health in the twenty-first century. 

Trends Biotechnol. 2002; 20(12): 

522–531. 

23. Dewick P. M. Medicinal Natural 

Products: A Biosynthetic Approach. 

West Sussex (England): John Wiley 

& Sons; 2001. 

24. Cragg G. M. Paclitaxel (Taxol): a 

success story with valuable lessons 



 16 

for natural product drug discovery 

and development. Med. Res. Rev. 

1998; 18(5): 315–331. 

25. Abdin M. Z., Israr M., Rehman R. 

U., Jain S. K. Artemisinin, a novel 

antimalarial drug: biochemical and 

molecular approaches for enhanced 

production. Planta Med. 2003; 69(4): 

289–299. 

26. Goldbach-Mansky R. et al., in 

American College of Rheumatology 

Proceedings of 2006 Annual 

Meeting, Washington, DC, 

November 10–15, 2006, Lockshin 

M.D. (ed.). Overland Park, Kansas 

(USA): Tri-Star Publishing, Inc.; 2006. 

27. Kupchan S. M., Court W. A., Dailey 

R. G. Jr., Gilmore C. J, Bryan R. F. 

Triptolide and tripdiolide, novel 

antileukemic diterpenoid triepoxides 

from Tripterygium wilfordii. J. Am. 

Chem. Soc. 1972; 94(20): 7194-7195. 

28. Ayensu E. S., DeFilipps R. A. 

Endangered and Threatened Plants 

of the United States. Washington 

DC: Smithsonian Institution; 1978. 

29. Cronquist A. An Integrated System 

of Classification of Flowering 

Plants. New York: Columbia 

University Press; 1981. 

30. Cronquist A. The Evolution and 

Classification of Flowering Plants. 

Bronx NY: New York Botanical 

Garden; 1988. 

31. Tippo O., Stern W. L. Humanistic 

Botany. New York: W.W. Norton; 1977. 

32. Schultes R. E. The future of plants 

as sources of new biodynamic 

compounds. In: Plants in the 

Development of Modern Medicine 

(Swain T., ed). Cambridge MA: 

Harvard University Press; 1972: 

103–124. 

33. Verpoorte R. Pharmacognosy in the 

new millennium: leadfinding and 

biotechnology. J Pharm Pharmacol. 

2000; 52 (3): 253–262. 

34. Oubre AY, Carlson TJ, King SR, 

Reaven GM. From plant to patient: 

an ethnomedical approach to the 

identification of new drugs for the 

treatment of NIDDM. Diabetologia 

1997; 40:614–617. 

35. Sherman D. S., Fish D. N. 

Management of protease 

inhibitorassociated diarrhea. Clin 

Infect Dis. 2000; 30:908–914. 

36. Bierer D. E., Dubenko L. G., Zhang 

P., Lu Q., Imbach P. A., Garofalo A. 

W., Phuan P. W., Fort D. M., Litvak 

J., Gerber R. E. et al. 

Antihyperglycemic activities of 

cryptolepine analogues: an 

ethnobotanical lead structure 

isolated from Cryptolepis 

sanguinolenta. J Med Chem. 1998; 

41:2754–2764. 



 17 

37. Bierer D. E., Fort D. M., Mendez C. 

D., Luo J., Imbach P. A., Dubenko 

L. G., Jolad S. D., Gerber R. E., 

Litvak J., Lu Q. et al. 

Ethnobotanicaldirected discovery of 

the antihyperglycemic properties of 

cryptolepine: its isolation from 

Cryptolepis sanguinolenta, 

synthesis, and in vitro and in vivo 

activities. J Med Chem. 1998; 

41:894–901. 

38. Luo J., Fort D. M., Carlson T. J., 

Noamesi B. K., nii-Amon-Kotei D., 

King S. R., Tsai J., Quan J., 

Hobensack C., Lapresca P. et al. 

Cryptolepis sanguinolenta: an 

ethnobotanical approach to drug 

discovery and the isolation of a 

potentially useful new 

antihyperglycaemic agent. Diabet 

Med. 1998; 15:367–374. 

39. Carney J. R., Krenisky J. M., 

Williamson R. T., Luo J., Carlson T. 

J., Hsu V. L., Moswa J. L. 

Maprouneacin, a new daphnane 

diterpenoid with potent 

antihyperglycemic activity from 

Maprounea africana. J Nat Prod. 

1999; 62:345–347. 

40. Inman W. D., Reed M. J. 

Triterpenoid compound for the 

treatment of diabetes. In: U.S. 

Patent. South San Francisco CA: 

Shaman Pharmaceuticals; 1997. 

41. Inman W. D., Luo J. Hypoglycemic 

agents from Harungan or Vismia 

spp. WO 98 25,639. In: U.S. Patent. 

South San Francisco CA:Shaman 

Pharmaceuticals; 1998. 

42. Luo J., Cheung J., Yevich E. M., 

Clark J. P., Tsai J., Lapresca P., 

Ubillas R. P., Fort D. M., Carlson T. 

J., Hector R. F. et al. Novel 

terpenoid- type quinones isolated 

from Pycnanthus angolensis of 

potential utility in the treatment of 

type 2 diabetes. J Pharmacol Exp 

Ther. 1999; 288:529–534. 

43. Luo J., Chuang T, Cheung J., Quan 

J., Tsai J., Sullivan C., Hector R. F., 

Reed M. J., Meszaros K., King S. R. 

et al. Masoprocol 

(nordihydroguaiaretic acid): a new 

antihyperglycemic agent isolated 

from the creosote bush (Larrea 

tridentata). Eur J Pharmacol.1998; 

346:77–79. 

44. Sneader W. Drug Discovery: The 

Evolution of Modern Medicines. 

New York:Wiley; 1985. 

45. Artuso A. Drugs of Natural Origin: 

Economic and Policy Aspects of 

Discovery, Development, and 

Marketing. New York: 

Pharmaceutical Products Press; 

1997. 

46. Verpoorte R. Pharmacognosy in the 

new millennium: leadfinding and 



 18 

biotechnology. J Pharm Pharmacol. 

2000; 52:253–262. 

47. Phillipson J. D., Anderson L. A. 

Ethnopharmacology and Western 

medicine. J. Ethnopharmacol. 1989; 

25:61–72. 

48. Kinghorn A. D. The discovery of 

drugs from higher plants. 

Biotechnology 1994; 26:81–108. 

49. Vlietinck A. J., Vanden Berghe D. 

A. Can ethnopharmacology 

contribute to the development of 

antiviral drugs? J Ethnopharmacol. 

1991; 32:141–153. 

50. Farnsworth N. R. Biological and 

phytochemical screening of plants. J 

Pharm Sci. 1996; 55:225–276. 

51. Farnsworth N.R., Bingel A. S. 

Problems and prospects of 

discovering new drugs from higher 

plants by pharmacological screening. 

In: New Natural Products and Plant 

Drugs with Pharmacological, 

Biological or Therapeutical Activity 

(Wagner H, Wolff P, eds). 

Berlin:Springerp; 1977:1–22. 

52. Harvey A. Strategies for discovering 

drugs from previously unexplored 

natural products. Drug Discov 

Today 2000; 5:294–300. 

53. Farnsworth N. R. Screening plants 

for new medicines. In: Biodiversity 

(Wilson EO, ed). Washington 

DC:National Academy Press; 1988: 

83–97. 

54. Farnsworth N. R, Henry L. K., 

Svoboda G. H., Blomster R. N., 

Yates M. J., Euler K. L. Biological 

and phytochemical evaluation of 

plants. In: Biological test procedures 

and results from 200 accessions. 

Lloydia 1966; 29:101–122. 

55. Farnsworth N. R. The role of 

medicinal plants in drug 

development. In: Natural Products in 

Drug Development, Alfred Benzon 

Symposium, 20 August 1983, 

Copenhagen Denmark: Munksgaard; 

1984:17–30. 

56. Spjut R. W, Perdue R. E. Jr. Plant 

folklore: a tool for predicting sources 

of antitumor activity? Cancer Treat 

Rep. 1976; 60:979–985. 

57. Suffness M., Douros J. Current 

status of the NCI plant and animal 

product program. J Nat Prod. 1982; 

45:1–14. 

58. Turner D. M. Natural product source 

material use in the pharmaceutical 

industry: the Glaxo experience. J 

Ethnopharmacol. 1996; 51 

Discussion 44:39–43. 

59. Newman D. J., Cragg G. M., Snader 

K. M. The influence of natural 

products upon drug discovery. Nat 

Prod Rep. 2000; 17:215–234. 



 19 

60. Clark A. M. Natural products as a 

resource for new drugs. Pharm Res. 

1996; 13:1133–1144. 

61. Seethala R., Fernandes P. B. Eds. 

Handbook of Drug Screening; Drugs 

and the Pharmaceutical Sciences. 

New York: Marcel Dekker; 2001. 

Vol. 114. 

62. Carrano L., Donadio S. In: Miertus, 

S., Fassina, G., Eds. Combinatorial 

Chemistry and Technology: 

Principles, Methods, and 

Applications. New York: Marcel 

Dekker; 1999. Chapter 10. p. 233-250. 

63. Devlin, J. P., Ed. High Throughput 

Screening: The Discovery of 

Bioactive Substances. New York: 

Marcel Dekker; 1997. 

64. Vaschetto M., Weissbrod T., Brole 

D., Guner O., Enabling high-

throughput discovery. Curr. Opin. 

Drug. Discovery Dev. 2003; 

6(3):377-383. 

65. Entzeroth M., Emerging trends in 

high-throughput screening. Curr. 

Opin. Pharmacol. 2003; 3(5): 522-529. 

66. New D. C., Miller-Martini D. M., 

Wong Y. H., Reporter gene assays 

and their applications to bioassays of 

natural products. Phytother. Res. 

2003; 17(5): 439-448. 

67. Thiericke R., Grabley S., Geschwill 

K. In: Grabley, S., Thiericke, R., 

Eds. Drug Discovery from Nature 

Berlin: Springer; 2000. Chapter 4.p. 

56-71. 

68. Houghton P. J. Use of small scale 

bioassays in the discovery of novel 

drugs from natural sources. 

Phytother. Res. 2000; 14(6): 419-423. 

69. Bohlin L., Bruhn J. G., Eds. 

Bioassay Methods in Natural 

Product Research and Drug 

Development. Dordrecht (The 

Netherlands): Kluwer Academic 

Press; 1999. 

70. Hill, D. C. In: Harvey, A. L. Ed. 

Advances in Drug Discovery 

Techniques. Chichester (UK): John 

Wiley; 1998. Chapter 3. p 25-38. 

71. Sills, M. A. Strategic Decisions for 

Screening Natural Products; 

Network Science: Internet, 1996. 

http://www.netsci.org/Science/Scree

ning/feature10.html. 

72. VanMiddlesworth N., Cannell R. J. 

P. In: Cannell, R. J. P. Ed. Natural 

Product Isolation; Methods in 

Biotechnology. Vol. 4. Totowa, NJ: 

Humana Press; 1998. Chapter 10. p 

279-327. 

73. Stewart M., Nash R. J., Chicarelli-

Robinson M. I. In: Oleszek W., 

Marston, A. Eds. Saponins in Food, 

Feedstuffs and Medicinal Plants. 

Boston: Kluwer Academic 

Publishers; 2000. Chapter 8.p 73-77. 



 20 

74. Bindseil K. U., Jakupovic J., Wolf 

D., Lavayre J., Leboul J., Vander Pyl 

D. Pure compound libraries; a new 

perspective for natural product based 

drug discovery. Drug Discovery 

Today. 2001; 6: 840-847. 

75. Abel U., Koch C., Speitling M., 

Hansske F. G. Curr. Opin. Chem. 

Biol. 2002; 6: 453-457. 

76. Ovenden S. P. B., Cao S., Leong C., 

Flotow H., Gupta M. P., Buss A. D., 

Butler M. S. Spermine alkaloids 

from Albizia adinocephala with 

activity against Plasmodium 

falciparum plasmepsin II. 

Phytochemistry 2002; 60(2): 175-177. 

77. Eldridge G. R., Vervoort H. C., Lee 

C. M., Cremin P. A., Williams C. T., 

Hart S. M., Goering M. G., O’Neill-

Johnson M., Zeng L. High-

throughput method for the 

production and analysis of large 

natural product libraries for drug 

discovery. Anal. Chem. 2002; 

74(16): 3963-3971. 

78. Jia Q. In: Atta-ur-Rahman Ed. 

Studies in Natural Products 

Chemistry: Bioactive Natural 

Products (Part J). Amsterdam: 

Elsevier; 2003. p. 643-718. 

79. Koch C., Neumann T., Thiericke R., 

Grabley S. In: Grabley S., Thiericke 

R. Eds. Drug Discovery from 

Nature. Berlin: Springer; 2000. 

Chapter 3. p. 51-55. 

80. Schmid I., Sattler I., Grabley S., 

Thiericke R. Natural Products in 

High Throughput Screening: 

Automated High-Quality Sample 

Preparation. J. Biomol. Screening 

1999; 4(1): 15-25. 

81. (a) Alvi K. A. In: Cutler, S. J., Cutler 

H. G. Eds. Biologically Active 

Natural Products: Pharmaceuticals. 

New York : CRC Press; 2000. 

Chapter14. p. 185-195. (b) Alvi K. 

A., Peterson J., Hofmann B. Rapid 

identification of elaiophylin and 

geldanamycin in Streptomyces 

fermentation broths using CPC 

coupled with a photodiode array 

detector and LC-MS methodologies. 

J. Ind. Microbiol. 1995; 15(2): 80-84. 

82. Armbruster J. A., Borris  R. P., 

Jiminez Q., Zamora N., Tamayo-

Castillo G., Harris G. H. Separation 

Of Crude Plant Extracts With High 

Speed Ccc For Primary Screening In 

Drug Discovery. J. Liq. Chromatogr. 

Relat. Technol. 2001; 24:1827-1840. 

83. Ingkaninan K., Hazekamp A., Hoek 

A. C., Balconi S., Verpoorte R. 

Application Of Centrifugal Partition 

Chromatography. In: A General 

Separation and Dereplication 

Procedure For Plant Extracts. J. Liq. 



 21 

Chromatogr. Relat. Technol. 2000; 

23(14): 2195-2208. 

84. Cordell G. A., Shin Y. G. Finding 

the needle in the haystack. The 

dereplication of natural product 

extracts. Pure Appl. Chem.1999; 

71(6): 1089-1094. 

85. Cordell G. A., Beecher C. W. W., 

Kinghorn A. D., Pezzuto J. M., 

Constant H. L., Chai H. B., Fang L., 

Seo E.-K., Long L., Cui B., 

Slowing-Barillas K. In: Atta-ur-

Rahman, Ed. Studies in Natural 

Products Chemistry: Bioactive 

Natural Products, Vol. 19, Structure 

and Chemistry (Part E). Amsterdam: 

Elsevier; 1997. p. 749-791. 

86. Constant H. L., Beecher C. W. W. A 

method for the dereplication of 

natural product extracts using 

electrospray HPLC/MS. Nat. Prod. 

Lett. 1995; 6: 193-196. 

87. Cardellina J. H. 2nd., Munro M. H. 

G., Fuller R. W., Manfredi K. P., 

McKee T. C., Tischler M., Bokesch 

H. R., Gustafson K. R., Beutler J. A., 

Boyd M. R. A chemical screening 

strategy for the dereplication and 

prioritization of HIV-inhibitory 

aqueous natural products extracts. J. 

Nat. Prod. 1993; 56(7): 1123-1129. 

88. Keifer P. A. Flow NMR applications 

in combinatorial chemistry. Curr. 

Opin. Chem. Biol. 2003; 7(3): 388-394. 

89. (a) Reynolds W. F., Enriquez R. G. 

Choosing the Best Pulse Sequences, 

Acquisition Parameters, 

Postacquisition Processing Strategies, 

and Probes for Natural Product 

Structure Elucidation by NMR 

Spectroscopy. J. Nat. Prod. 2002; 

65(2): 221- 244.   (b) Neri P., 

Tringali C. In: Bioactive 

Compounds from Natural Sources: 

Isolation, Characterisation, and 

Biological Properties. Tringali, C. 

Ed. New York: Taylor & Francis; 

2000. Chapter 3, pp 69-127. (c) 

Crews P., Rodrıquez J., Jaspars M. 

Organic Structure Analysis; New 

York: Oxford University Press; 1998. 

90. Elyashberg M. E., Blinov K. A., 

Williams A. J., Molodtsov S. G., 

Martin G. E., Martirosian E. R. 

Structure Elucidator: a versatile 

expert system for molecular 

structure elucidation from 1D and 

2D NMR data and molecular 

fragments. J. Chem. Inf. Comput. 

Sci. 2004; 44(3): 771-792. 

91. (a) Lindel, T., Junker J., Kock M. 

2D-NMR-Guided Constitutional 

Analysis of Organic Compounds 

Employing the Computer Program 

COCON, Eur. J. Org. Chem. 1999;3: 

573-577. (b) Meiler J., Sanli E., 

Junker J., Meusinger R., Lindel T., 

Will M., Maier W., Kock M. 



 22 

Validation of structural proposals by 

substructure analysis and 13C NMR 

chemical shift prediction. J. Chem. 

Inf. Comput. Sci. 2002; 42(2): 241-248. 

92. Steinbeck C. SENECA: A platform-

independent, distributed, and parallel 

system for computer-assisted 

structure elucidation in organic 

chemistry. J. Chem. Inf. Comput. 

Sci. 2001; 41(6): 1500-1507. 

93. Bode H. B., Bethe B., Hofs R., 

Zeeke A. Big effects from small 

changes: possible ways to explore 

nature's chemical diversity. 

ChemBioChem. 2002; 3(7): 619-627. 

94. (a) Garcı´a-Junceda E., Garcia-

Garcia J. F., Bastida A., Ferna´ndez- 

Mayoralas A. Enzymes in the 

synthesis of bioactive compounds: 

the prodigious decades. Bioorg. 

Med. Chem. 2004; 12(8): 1817-

1834. (b) Mootz H. D., Schwarzer 

D., Marahiel M. A. Ways of 

assembling complex natural 

products on modular nonribosomal 

peptide synthetases. Chem Bio 

Chem. 2002; 3(6): 490-504. (c) 

Rodriguez E., McDaniel R. 

Combinatorial biosynthesis of 

antimicrobials and other natural 

products. Curr. Opin. Microbiol. 

2001; 4(5): 526-534. 

95. Koehn F. E., Carter G. T. The 

evolving role of natural products in 

drug discovery. Nature Rev. Drug 

Discov. 2005; 4: 206–220. 

96. Rosenthal J. Curtain has fallen on 

hopes of legal bioprospecting. 

Nature 2002; 416(6876): 15. 

97. Soejarto D. D., Gyllenhaal C., Fong 

H. H. S., Xuan L. T., Hiep N. T., 

Hung N. V., Bich T. Q., Southavong 

B., Sydara K., Pezzuto J. M. The 

UIC ICBG (University of Illinois at 

Chicago International Cooperative 

Biodiversity Group) Memorandum 

of Agreement: A model of benefit-

sharing arrangement in natural 

product drug discovery and 

development. J. Nat. Prod. 2004; 

67(2): 294–299. 

98. Knowles J., Gromo G. A guide to 

drug discovery: Target selection in 

drug discovery. Nature Rev. Drug 

Discov. 2003; 2: 63–69. 

99. Kramer R., Cohen D. Functional 

genomics to new drug targets. 

Nature Rev. Drug Discov. 2004; 

3(11): 965–972. 

100. Butler M. S. The role of natural 

product chemistry in drug discovery. 

J. Nat. Prod. 2004; 67: 2141–2153. 

101. (a) David C. A., Middleton T., 

Montgomery D., Lim H. B., Kati 

W., Molla A., Xuei X., Warrior U., 

Kofron J. L., Burns D. J., Microarray 

Compound Screening (µARCS) to 

Identify Inhibitors of HIV Integrase. 



 23 

J. Biomol. Screening. 2002; 7(3): 

259-266. (b) Hoever M., Zbinden P., 

The evolution of microarrayed 

compound screening. Drug 

Discovery Today 2004; 9(8): 358-365. 

102. (a) van Elswijk D. A., Schobel 

U. P., Lansky E. P., Irth H., van der 

Greef J., Rapid dereplication of 

estrogenic compounds in 

pomegranate (Punica granatum) 

using on-line biochemical detection 

coupled to mass spectrometry. 

Phytochemistry 2004; 65(2): 233-

241. (b) van Elswijk D. A., 

Diefenbach O., van der Berg S., Irth 

H., Tjaden U. R., van der Greef J., 

Rapid detection and identification of 

angiotensin-converting enzyme 

inhibitors by on-line liquid 

chromatography-biochemical 

detection, coupled to electrospray 

mass spectrometry. J. Chromatogr. 

A. 2003; 1020(1): 45-58. (c) Schenk 

T., Breel G. J., Koevoets  P., van den 

Berg S., Hogenboom A. C., Irth H., 

Tjaden U. R., van der Greef J., 

Screening of Natural Products 

Extracts for the Presence of 

Phosphodiesterase Inhibitors Using 

Liquid Chromatography Coupled 

Online to Parallel Biochemical 

Detection and Chemical 

Characterization. J. Biomol. 

Screenin. 2003; 8(4): 421-429. 

103. Lombardino J. G., Lowe III J. 

A., A guide to drug discovery: The 

role of the medicinal chemist in drug 

discovery – Then and now. Nature 

Rev. Drug Discov. 2004; 3(10): 

853–862. 
104. Ley S. V., Baxendale I. R., New 

tools and concepts for modern 

organic synthesis. Nature Rev. Drug 

Discov. 2002; 1(8): 573–586. 
105. Federsel H. J., A guide to drug 

discovery: Logistics of process 

R&D: Transforming laboratory 

methods to manufacturing scale. 

Nature Rev. Drug Discov. 2003; 

2(8): 654–664. 
106. Patwardhan B, Hooper M. 

Ayurveda and future drug 

development. Int. J. Alternative 

Complement. Med. 1992; 10: 9– 11. 
107. Patwardhan B. Ethnopharmacology 

and drug discovery. J. 

Ethnopharmacol. 2005; 100 (1-2): 

50–52. 
108. Soejarto D.D., Fong H.H.S., Tan 

G.T., Zhang H.J., Ma C.Y., 

Franzblau S.G. et al. 

Ethnobotany/ethnopharmacology 

and mass bioprospecting: Issues on 

intellectual property and benefit-

sharing, J. Ethnopharmacol. 2005; 

100(1-2): 15–22. 
109. L. Katz L., Donadio S. 

Polyketide Synthesis: Prospects for 

Hybrid Antibiotics. Annu. Rev. 

Microbiol. 1993; 47: 875-912. 


