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STUDIES ON BIOACTIVE COMPOUNDS FROM 
DIFFERENT MICROORGANISMS 
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Abstract— Natural products from microbial origin, either as pure compounds or as standardized extracts, provide unlimited opportunities 
for new drug leads because of the unmatched availability of chemical diversity and ease of simplicity. Due to an increasing demand for 
chemical diversity in screening programs, seeking therapeutic drugs from natural products, interest particularly by microbes has grown 
throughout the world. Botanicals and herbal preparations for medicinal usage contain various types of bioactive compounds. Bioactive 
compounds are synthesized by a number of microbial sources such as bacteria, fungi, actinomycetes, microscopic algae etc. Some of 
them are associated with antibacterial properties while some with antimicrobial properties. Apart from this some microbes showed broad 
range of action having properties of inhibiting bacteria, fungi, yeast etc. A few of the important sources of microbes for secretion of 
bioactive compounds are bacteria (Bacillus sp., Pseudomonas sp.), Actinomycetes (Streptomyces sp.), Fungi (Penicillium, Yeasts, Slime 
moulds), Microscopic algae (Seaweeds, dinoflagellates, diatoms etc.). A number of Carbon sources, Nitrogen sources and various 
environmental conditions are responsible for maximum production of bioactive compounds using different isolates. 

Index Terms— Anti bacterial Activity, Bioactive compounds, Bioactivity, Insecticidal Activity, Microbial Interactions, Natural Products, Stress 
conditions (Carbon, Nitrogen, pH, Bile salts).   

——————————      —————————— 

1     INTRODUCTION    
                                                                       

he broadest definition of bioactive compounds should in-
clude all microbial compounds exhibiting antimicrobial 
and/or antitumor and/or antiviral activities obtained ei-

ther from microbes or from any other living thing. Microor-
ganisms, including certain bacteria, fungi and algae, produce 
secondary metabolites which may have some degree of bioac-
tivity against other microorganism. These metabolites, other-
wise known as bioactive compounds.  
 
1.1 Properties of Bio Active Compounds 
The biological activity (antimicrobial, antitumor, antiviral, 
pharmacological, and similar activities) is the guiding line 
which connects the bioactive compounds, distinguishing them 
from the other “inactive” natural products. Several uncom-
mon, specific chemical structures, structural elements, and 
unique chemical groups, (macro lactone, cyclopeptide skele-
ton, unusual functional groups, etc.), are more frequently oc-
curring among bioactive compounds. It seems these unique 
structural features are rather belonging to the whole group of 
secondary microbial metabolites than specifically to the dis-
tinct groups of bioactive products. Interactions of microbes 
with other microbes and non-microbial systems higher plants, 
lower animals or mammalian systems, including humans and 
these interactions may be summarized as illustrated in Table 1  
covering the whole area of known biological activities of mi-
crobial metabolites, at the same time representing their possi-
ble practical applications.  

  
1.2 Biological Activities of Bioactive Compounds 
 
Bioactive compounds exhibit a great numbers of diverse and 
versatile biological effects, first of all antimicrobial activities. 
Different pathogenic and other microbes (Gram-positive, 
Gram-negative bacteria, fungi, yeasts, etc.) are described as test 
organisms in the direct activity-based screenings. The most 

frequent test organisms were Bacillus subtilis, Staphylococcus 
aureus, Micrococcus lutea, Escherichia coli, Pseudomonas aerugino-
sa, Saccharomyces cerevisiae, Candida albicans and others. Antivi-
ral Tests, Inhibition Of Viral Enzymes, Activities connecting 
with Neoplastic diseases from simple Cytotoxicity Assay 
methods (P-388, KB, L-1210 cell lines) to Angiogenesis Inhibi-
tion, etc., are used most frequently for detection of other, non- 
antimicrobial activities of metabolites.  

 
                                     Table 1 
                         Microbial Interactions 

 

 
The list of non-antibiotic biological activities used in the new 
screening projects presently covers more than one thousand 

T 

1.Microbe-Microbe  Antimicrobial antibiotics, 
microbial regulators, growth 
factors, signaling compounds, 
mating hormones, etc. 

2.Microbe-Lower Animals 
(Invertebrates) 

Insecticides, Miticides, An-
tiparasitic compounds, Al-
gaecides, Antifeedants, (in-
vertebrates) repellents, mol-
luscicides,anti-worm 
agents,etc. 

3.Microbe-Higher Plants Herbicides, phytotoxins, 
plant growth regulators, 
chlorosis inducers, phytoalex-
ins,etc 

4.Microbe-Mammalians 
(Humans) 

Antitumor antibiotics, phar-
macologically active agents, 
enzyme inhibitors, (humans) 
immunoactive, CNS-active 
agents, feed additives,etc. 
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different types of bioactivities; cell based receptor binding- or 
enzymatic assay methods and many other specific tests and 
targets.  Most of the presently known non-antibiotic bioactivi-
ties may be classified as: 
 

1) pharmacological-biochemical or medical activity, 
2) agricultural activity, 
3) regulatory, biophysical and other activities 

 
 
2      CHEMICAL STRUCTURES (CHEMICAL DIVERSITY) 
2.1 Increasing the Biosynthetic Diversity 
The wide range of specific and complex chemical structures, 
with fascinating array of diverse, unique functional groups 
occur, than in the group of antibiotics and other bioactive mi-
crobial secondary metabolites. 

Compounds in this group cover all types of organic com-
pounds from the simple acrylamidine (MW: 72) to the most 
complicated structures, such as the macrocyclic colubricidin 
(MW: 2154), which includes large glycosilated macrolactone 
ring, pyridine and pyrrole moieties. The polycyclic tetro-
petalone-A contains one of the most complicated heterocyclic 
ring systems with quinone and glycosidic functionalities or the 
macrocyclic versipelostatin also have fascinating new struc-
tures. The overwhelming majority of new compounds are 14 
composed of new variations and arrangement of the old 
known structural elements. It is true that the structural varia-
tions, the unique combinations of rare moieties and skeletons 
of natural products due to the extremely versatile biosynthetic 
capacity (extensive branching, series of alternative reactions, 
isomerization, condensations, polymerization, oxidation, al-
kylation, etc.) of the microbes, first of all actinomycetes, are 
inexhaustible. This specific nature of the microbial biosynthe-
sis, led to the isolation of a great number of analogs and a se-
ries of homologues, the so called minor components. A great 
part of “new” compounds discovered in the last decades 
(about 30%) were this kind of minor compounds. The reason of 
the declining effectivity to obtain new  chemical types, in gen-
eral may be the result of the 

1) Exhaustion of the biological sources  
2) Imperfect screening methodologies. 

 
Certainly the second reason is the critical one. Nature as a 
source of new chemicals is supposed to be almost inexhausti-
ble, but the classical screening methods used for long time do 
not meet the recent requirements of human therapy and agri-
culture. All chemotherapeutic agents used today belong to a 
limited number of chemical types (or close derivatives) discov-
ered in the past by the classical methods.   

 
2.2 Important   Bioactive   Compounds  Examples 
The first documented bioactive marine microbial metabolite 
was isolated by Burkholder and co-workers in 1966 from a 
marine Pseudomonas sp. (Burkholder 1966). The structure of 
this unique highly brominated pyrrole antibiotic. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
            Fig 1 Brominated Pyrrole is an antibiotic 

 
Fig 2 Bioactive compounds containing Chiral Amines 

a) Amikacin 
b) Sitagliptin 
c) Oseltamivir 
d) Chloroquine Intermediate 
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TABLE 2 

             DIFFERENT METABOLITES PRODUCED FROM STREPTOMYCES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3 The 
Structures of Bioactive Metabolites from New Marine Actinomycete Genera  

a) Salinosporamide A  b) Marinomycin A 
 

3       MECHANISM OF ACTION OF BIOACTIVE COMPOUNDS 
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Various antibacterial targets exist, in which antibiotics interfere 
with the essential pathways of the bacterial metabolism. These 
targets are the interaction with the cytoplasmic membrane, the 
inhibition of cell wall biosynthesis, or the inhibition of replica-
tional, transcriptional, and translational processes. Glycopep-
tide antibiotics also inhibit the cell wall biosynthesis. Glyco-
peptide antibiotics cannot cross the outer membrane of gram- 
negative bacteria because of their size and polarity, and thus, 
their antibiotic effects are restricted to gram-positive bacteria 
and so the most important bacterial strains, which are combat-
ed with glycopeptides, are gram-positive enterococci, staphy-
lococci, and streptococci. The primary antibiotic effect of gly-
copeptide antibiotics is based on the binding to the D-Ala-D-
Ala dipeptide motive of the bacterial cell wall biosynthesis. In 
contrast to penicillin, which covalently binds to an enzymatic 
target, glycopeptide antibiotics represent substrate binders 
that shield the substrate from transpeptidation but also from 
transglycosylation reactions. Varying antibiotic activities of 
these derivatives is based on the structural variations in the 
degree of glycosylation, N-terminal methylation, chlorination, 
and differences in the length of fatty acid side chains. Of some 
importance is the ability of most glycopeptides to form dimers 
(e.g., eremomycin) or to insert into bacterial membranes (e.g., 
teicoplanin). Dimer formation is strongly dependent on the 
nature of the carbohydrates attached to a glycon and on the 
attachment site of these residues. Chloroeremomycin, which 
contains the amino sugar 4-epi-vancosamine, forms dimers 
with six hydrogen bonds, whereas Vancomycin shows a weak 
dimerization tendency by the formation of only four hydrogen 
bonds. The dimerization behavior originally observed with 
NMR has also been confirmed by x-ray crystallography.  

 
3.1 Insecticidal Activity  
The insecticidal activity of bioactive compounds was first dis-
covered by Hamill et al. from B. bassiana against  salina, which 
was considered a model organism to study insecticidal activi-
ty.  Bioactive compounds are not applied directly as a com-
mercial insecticidal agent instead with the movement of insect, 
for example the entomopathogenic fungus could propagate in 
insect bodies and spread widely by insect movement. The en-
tomopathogenic fungus would give rise to a good control effi-
ciency of insects even if a small amount of the spores of the 
entomopathogenic fungus are used. The careful evaluation of 
bioactive compounds production should ensure that their does 
not increase above threshold limits  
 
Antitumor Activity 

 
The cytotoxicity of bioactive compounds (Beauvericin) to hu-
man leukemia cells has been frequently reported. Fig 4 shows 
the Antitumour activity of Beauvericin to human leukemia 
cells 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
          Fig 4 Mechanism of Beauvericin 
 
 Antibacterial Activity 

 
 A bioactive compound has a strong antibacterial activity 
against human, animal and plant pathogenic bacteria, with no 
selectively between Gram-positive and Gram-negative bacte-
ria. It is possible that other cell organelles or enzyme systems 
are the targets of bioactive compounds. Despite its broad-
spectrum antibacterial activity, the antifungal activity of bioac-
tive compounds as a single agent is rarely reported. Therefore, 
the target of bioactive compounds is different for bacteria and 
fungi and could include targets such as the ribosome or the cell 
nucleus. The activity of bioactive compounds should be inves-
tigated against drug resistant bacteria. Based on the antibacte-
rial activity against plant pathogens, bioactive compounds 
could be utilized in the control of non-food crop diseases, to 
solve the problems of drug resistance, deadly bacterial infec-
tions. 

 
Antifungal Activity 

 
The lack of antifungal activity of bioactive compounds as a 
single agent arises because many of them are fungal product. 
However, Zhang et al. and Fukuda et al.  reported the antifun-
gal activity of bioactive compounds in combination with Keto-
conazole or Miconazole. Bioactive compounds (0.5 mg/kg)  
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Combined with ketoconazole (0.5 mg/kg) had remarkable an-
tifungal activity against Candida parapsilosis, which can quickly 
cause high mortality rates, particularly in neonates. Both bioac-
tive compounds and ketoconazole alone have little to no effect 
on C. parapsilosis. If the antifungal mechanism of bioactive 
compounds is similar to the cytotoxic mechanism in leukemia 
cells, it would indicate that the fungus itself can inhibit the 
“unknown signal system” until another compound, such as 
ketoconazole, is added to unlock the signaling system. The 
method of combining bioactive compounds with another 
compound offers a new way to develop and utilize the bio-
logical activity of bioactive compounds.  

 
Antiviral Activity 

 
The antiviral activity of bioactive compounds has also been 
detected. According to Shank et al., bioactive compounds are 
the most effective inhibitor of the cyclic hexadepsipeptides that 
inhibit HIV-1 integrase. Enniatins have a comparatively weak 
activity despite having a similar structure, which implies that 
the activity of bioactive compounds could be due to the prima-
ry structural difference, N-methylation. Viral infections can 
result in fatal and epidemic diseases. Therefore, the antiviral 
activity of bioactive compounds should be investigated for its 
potential clinical effects and activity against other serious vi-
ruses, such as HBV, SARS, H1N1 and AIV.  
 
4   PRODUCTION OF BIO-ACTIVE COMPOUNDS 
 

Microorganisms as a whole are highly efficient in their abil-
ity to produce many kinds of antibiotics and other bioactive 
compound and appear to be very opportunistic wrt antibiotic 
production, respond differently to fermentation environments. 
Complexity is involved in the biosynthesis and biodegradation 
of these compounds. Effective suppression of diseases by 
many microorganisms is largely affected by environmental 
conditions and nutritional conditions (Hannusch & Boland, 
1996; Guetsky et al., 2001; Kurze & Bahl, 2001; Abdel-Gawad, 
2002). 

TABLE3 
 SALE VOLUMES OF FUNCTIONAL FOODS IN THE U.S DURING 2011 

AND 2012 
 
S.N
o. 

Products 2011 2012 Change 
(2011-2012) 

  $million % $million % % 

1
. 

Dairy & 
Marine 

1,459 71 1,959 74 34 

2
. 

Cereal 410 20 434 16 6 

3
. 

Bars & 
Snacks 

92 5 197 7 113 

4
. 

Bakery 79 4 56 2 -29 

 Total 2,041 100 2,646 10
0 

30 

            TABLE 5 
                    CLASSIFICATION OF BIOACTIVE COMPOUNDS 

 
                                                       TABLE 6  

TOTAL U.S SALES AND FORECAST OF FUNCTIONAL FOODS AT CUR-
RENT PRICE, 2002-2012 

 
S. 
No. 

Year $million %Change Index 
2002=100 

Index 
2012=100 

1. 2002 1,620 - 100 61 

2. 2003 1,666 2.8 103 63 

3. 2004 1,776 6.6 110 67 

4. 2005 2,041 14.9 126 77 

5. 2006 2,385 16.9 147 90 

6. 2007 2,646 10.9 163 100 

7. 2008 2,879 8.8 178 109 

8. 2009 3,117 8.3 192 118 

9. 2010 3,359 7.8 207 127 

10. 2011 3,611 7.5 223 136 

11. 2012 3,874 7.3 239 146 
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Globally, digestive health claims are leading functiobal foods. 
A report also showed that functional foods and beverages 
providing digestive health benefits are growing, both in the 
traditional categories where the claim emerged for yoghurt 
and dairy based beverages are new and unique. New catego-
ries such as prepared meals and snack mixes (Prepared foods 
2009). In coming years functional foods are expected to grow 
continuously. This trend stems from an ever growing number 
of products capitalizing on natural ingredients and providing 
health benefits. Table shows the top 10 U.S digestive health 
subcategories by number of new product introduction up to 
2012. 
 

TABLE 7  
TOP U.S DIGESTIVE HEALTH SUBCATEGORIES (BY NUMBER OF NEW 

PRODUCT INSTRUCTIONS) 
S. 
No. 

Category 2012 2011 2010 2009 

1. Spoonable 
yoghurt 

42 28 24 0 

2. Cheese 7 15 1 0 
3. Dairy prod-

ucts 
7 1 0 0 

4. Snack & bars 5 9 2 0 

5. Soy yoghurt 5 0 0 0 

6. Juice 4 2 0 1 
7. Prepared 

meals 
4 0 0 0 

8. Hot cereals 3 2 0 0 
9. Liquid cul-

tured milk 
2 6 1 1 

10. Cold  cereals 2 3 1 0 

11. Snack mixes 2 0 0 0 

 
 Source: Mintel GNDP (through May 2012); Prepared FOODS 
(2008). 
 
Although bioactive compounds in milk and dairy products 
have been extensively studied the last couple of decades, there 
are very few publications available for dairy animal species 
that provide valuable information especially in developing 
countries of Asia and Africa 
 
4.1 Effect of Carbon Sources 
Carbon compounds constitute the major requirement for 
growth as they enter in different metabolic process resulting in 
the production of bioactive compounds (Gebreel et al., 2008). 
The quantity of carbon source in the basal liquid medium af-
fects the production of antimicrobial substances against plants 
pathogenic fungi. Dikin et al. (2005) reported that the quantity 
of lactose in the basal liquid medium affected the production 
of antimicrobial substances by Burkholderia cepacia RB47 and  

Microbacterium testaceum RU7 against Schizophyllum commune. 
Wicklow et al. (1998) reported that optimal quality of antimi-
crobial substances very much affected by the quantity of Malt-
ose, Dextrose, Glucose, Starch etc as these in turn effect the 
density of bacterial cells. 

 
4.2 Effect of Metal Ions 
Several metal ions affect antibiotic production including both 
promotion and inhibition of antibiotic biosynthesis, which are 
caused at steps of transmethylation (Co2+), biodegradation 
(Cu2+ and Mg2+), and others. Zeolite, Kaoline, Celite, and oth-
er natural minerals interact with microbial cells to suppress 
pellet formation which leads to enhancement of antibiotic pro-
duction. Increased uptake of oxygen and nutrients, which if 
occurs along with suppressed pellet formation, favors second-
ary metabolite biosynthesis. Cyclodextrins form inclusion 
complexes with higher fatty acids, thereby rendering lipophilic 
compounds water soluble, volatile substances, non-volatile 
and unstable substances becomes more stable, and compounds 
that are susceptible to microbial attack become resistant (Os-
wada et al., 1987). 
 
4.3 Effect of Temperature 
The effect of temperature on antibiotic production is similar to 
that of pH. Cryophilic, Mesophilic, and Thermophilic microor-
ganisms must be cultivated under conditions of low (0˚- 15˚C), 
physiological (20˚- 40˚C), and high (>50˚C) temperatures, re-
spectively. Antibiotic production varies when growth tempera-
ture are varied within any one of the three temperature ranges. 
A cryophilic strain of Streptomyces produced an antibacterial 
antibiotic A-60 at 15˚C, but did not so at 28˚C (Ogata et 
al.,1977). 
 
4.4 Effect of Aeration, Agitation and Pellet Formation 
Oxygen, absolutely necessary for aerobic growth of microor-
ganisms, is dissolved into culture fluids by shaking culture 
flasks on a rotary (or reciprocal) shaking machine or by aera-
tion and agitation in a jar fermentor. Carbon dioxide is dis-
solved together with oxygen when air is used, and both of 
these gases affect antibiotic production. Dissolved oxygen ten-
sion decreases to its lowest level when growth rate is maxi-
mum. If the minimum level reaches zero, the antibiotic biosyn-
thetic machinery appears to be damaged in some organisms, 
and antibiotic production does not start when the normal pro-
duction phase is entered.  

 According to Arai et al., (1976), when a strain of Strep-
tomyces sp. was grown in a jar fermentor with agitation at 500 
rpm, the minimum oxygen tension was sufficiently high to 
allow later co production of mimosamycin and chlorocarcins 
A, B and C. When the agitation was reduced to 250 rpm, the 
minimum oxygen tension reached zero, and no production of 
these two antibiotics occurred, however, production of Strep-
tothricin did begin. Tetracycline production by S.aureofaciens 
was susceptible to low oxygen tension but was not to CO2. 

 
 

 
 
5   CONCLUSION 
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Natural products are a very important resource for the elabo-
ration of medicines. Although a big number of plants, mi-
crobes and marine resources have been evaluated in the search 
of new bioactive compounds, it turns out to be insufficient and 
it is necessary and important to continue with the search of 
new secondary metabolites, especially those that are associated 
with fruit salads and other edibles. Extensive exploration of 
antibiotics has lead to development of bacteria strains that are 
resistant to many of the known drugs apart from search for 
new antibiotic compounds. The treatment with chemotherapy 
for the diverse causes of different types of cancer that are pre-
sent today, appears effective, so the investigation becomes 
necessary in the chemistry of the natural products. The meth-
ods of bacterial culture and identification have become very 
promising especially, those done through molecular tech-
niques, by which it is possible to identify a strain up to species 
and sometimes at subspecies level. The diverse relationships 
that exist between microorganisms provoke that bacterial 
compounds can eventually be used for human well-being. 
 
 
6    FUTURE ASPECT 
 
The strategies for drug discovery has been evolving constantly, 
today researchers do not conform with the finding of new and 
potent metabolites, now and for future days it has become im-
portant to do phylogenetic studies, structure elucidation of 
chemical compounds, bioinformatics approaches, genomics, 
proteomics, reverse pharmacology and so on. One fundamen-
tal field that has to be developed is the improvement of more 
efficient culture media, because we need to culture all the 
strains of potential microorganism to be able to evaluate and 
separate its bioactive compounds. At the same time we can 
identify the genes of cultivable and non-cultivable bacteria by 
molecular techniques to compare and try to demonstrate that 
the strains of bacteria with very similar DNA sequences have 
equally similar metabolites and culture requirements, if this is 
true, we can further work on the properties exhibited by dif-
ferent bioactive compounds. Methodological improvements 
studies based on the characterization of the bioactive com-
pounds produced by microorganisms and a better understand-
ing of host-microbe interactions should be used to provide 
further insight into the adaptive strategies against microbial 
pathogens that is how secondary metabolites regulate microbi-
al interactions. The new soft ionization methods: Matrix-
Assisted Laser Desorption Ionization (MALDI) and Elec-
trospray Ionization (EI) are the recent approach used in a vari-
ety of new and innovative Mass Spectrometric (MS) applica-
tions. With them, is easier to analyze surfaces, they are tolerant 
to impurities and do not require extensive sample prepara-
tions. A sensitive and precise Mass Spectrometric approach 
like Desorption Electrospray Ionization (DESI) should be used 
to measure the physical location and quantities of natural 
products on biological tissue surfaces, cells or even complex 
mixed-species assemblages. These imaging techniques known 
as “molecular eyes” are very precise and represent the last 
technological advance used to locate natural products in bio-
logical tissues (Esquenazi et al., 2009) allowing the study of the 

interface between the confluence of natural products chemis-
try, biology and ecology. Bioinformatics is the part of molecu-
lar biology that involves working with biological data, typical-
ly using computers, with the goal of enabling and accelerating 
biological research. Bioinformatics comprises a wide range of 
activities: data capture, automated recording of experimental 
results; data storage and access, using a multitude of databases 
and query tools; data analysis; and visualization of raw data 
and analytical results (Pollock & Safer, 2001).Today, many re-
cently developed bioactive compunds with antibacterial and 
anticancer activity fail in clinical trials because of inefficiency 
for the anticipated indication or unexpected toxicity (Kola & 
Landis, 2004). Apparently, it remains hard to establish a clear 
link between antagonism or organism of a specific target and 
its influence in human illness and its target associated toxicity. 
A significant cause for these high attrition rates is the often 
misjudged complexity of protein function in higher order or-
ganisms, in which, abundant protein-protein interactions, 
feedback loops and redundancies play a role. The collection of 
recognized pathways that can be found in public databases 
and commercial tools do not effectively address these issues 
because they are mainly a reflection of experimental data that 
are obtained from isolated cell lines and tissues. They address 
typically, the signaling events that lead to binding of transcrip-
tion factors to the DNA, but do not detail the pleiotropic ef-
fects that arise downstream from the induced transcriptional 
program (Pollock & Safer, 2001). Most comparative genomics 
tools are intended at studying conservation of single genes or 
gene families, whereas computationally tools address ortholo-
gous biology, i.e.  Conservation of the entire pathways in 
which the target is involved, are unusual. This truly obstructs 
the output and success of translational investigation from pre-
clinical to clinical studies (Pollock & Safer, 2001). The develop-
ing of bioinformatics tools that addresses the above problems 
will allow for quicker and better experiments aimed at evaluat-
ing multiple targets and drugs for further clinical develop-
ment. This will be a first step to reduce the high attrition rates 
associated with drug development (Pollock & Safer, 2001). 
Clinical events or phenomena not reported previously follow-
ing the administration of a known or new drug can offer valu-
able perceptions for drug development. Natural products have 
provided many such unexpected bedside interpretations. Re-
searches in genomics, proteomics and metabolomics have 
stimulated the discovery of many new molecules, which are 
yet to be tracked for their drug-like activities. A new discipline 
called Reverse Pharmacology (RP) has been designed to de-
crease costs, time and toxicity. The scope of reverse pharma-
cology is to understand the mechanisms of action at multiple 
levels of biology and to optimize safety, efficacy and accepta-
bility of the leads in natural products based on relevant science 
in this approach, as the candidate travels a reverse path from 
‘clinics to laboratory’ rather than classical “laboratory to clin-
ics”. Actual humans are used as the ultimate model and in-
depth investigation of the effects of drugs and the nature of 
disease progression is becoming ever more feasible because of 
advances in clinical biomarkers and systems biology.  
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