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Abstract  
The demands for novel chemical compounds to be used as therapeutic agents are increasing 

every day. These demands have been motivated by many reasons such as the emerging of new 
diseases and infections, plus the advances in the instruments used for analysis. The increasing 
incidence of multi-drug resistant microbes, which cause deathly infections is one of these 

reasons that are boosting the field of discovering new chemical compounds that can 
overcome these infections. Furthermore, life-threatening diseases, such as cancer and 
microbial infections are playing important role on keeping drug discovery processes moving 

on. 

Drug discovery can be accomplished by three different pathways depending on the source, 
type and classes of compounds. The first pathway of discovering new bioactive compounds is 

by exploring various natural sources. These chemical compounds are produced by both macro 
and microorganisms through different biosynthetic routes. While the second pathway is by 
computer-based drug design (CBDD), where the chemical compound is designed in-silico by a 
computer software to fit and interact with a specific active site or receptor. Finally, there is the 

utilisation of combinatorial chemistry, where libraries are produced by large number of 
synthesised compounds to be tested against specific targets, then followed by data analysis 
for the most potent drugs between the various congeners. 
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Introduction  
Recently, pharmaceutical companies and 
research centres have been interested in 

employing the 2nd and the 3rd pathways (CBDD 
and combinatorial drug discovery) of drug 
discovery by involving new technologies such as 
3D X-ray crystallography, drug-docking, and 

computer-based tools in their favour 1. 
However, computer-based drug design and 
combinatorial drug discovery have been facing 

difficulties as well. These difficulties involve the 
need for knowledge on the mechanism of 
elucidating target receptors 2. In addition, most 

of these chemically-synthesised compounds 
pose many side effects and environmental 
concerns 3. Even more, the high cost to discover 

novel compounds and marketing them later are 
adding more pressure on these pathways of 
drug discovery 4. 

2 Natural source for drug discovery  

Natural products (NP) are chemical compounds 

produced by a living macro or microorganism, 
such as animals, plants, seaweeds, bacteria and 
fungi. Plants are the biggest source of natural 

compounds between all sources. Even though, 
marine sources, especially marine endophytes, 
have yielded many of the biologically active 
secondary metabolites 4-6.  

Natural products are divided into two groups of 
compounds that include primary and secondary 
metabolites. Primary metabolites such as 

glucose, amino acids and some fatty acids are 
compounds produced by living organisms and 
are essential for its life cycle and its physical 

activity. Whereas secondary metabolites are 
low or high molecular weight compounds that 
are produced by the organism to adapt to a 

specific situation or environment and are 
produced by a gene translation process. 7, 8. 

Records on the utilisation of natural products 

date back before 2600 BC by using oils of 
Cupressus sempervirens and Commiphora 

species (myrrh) 9. These oils were used by 
people in Mesopotamia for the treatments of 
cough and inflammation 9. The Eber papyrus 

from 2900 BC is an Egyptian pharmaceutical 
record of 700 plant-based drugs ranging from 
many drug formulation such as gargles, pills, 
infusions, to ointments 10. In addition, in 1100 

BC, the Chinese Materia Medica had 
documented 52 prescriptions. Furthermore, 
Shennong Herbalrom from 100 BC recorded 365 

drugs, and the Tang Herbal at 659 AD recorded 
850 drugs 9. All therapeutic preparations 
mentioned before were produced from a plant 

source. On the other hand, microorganisms 
have also been used before as a source of 
natural medicinal preparations. A first example 

is the fungus Piptoporus betulinus, which grows 
in birches, it was incorporated in charcoal to be 
used as an antiseptic and disinfectant 11. In 

addition, P. betulinus strips were earlier used as 
corn pads for staunching bleeding 12. A second 
example is Agaricus campestris found in the 
Caribbean, which was reported to be used for 

throat cancer by stewing the fungi in milk 13. 
Furthermore, lichens have also been utilised 
such as Usnea dillenius that was used for scalp 

diseases, and sold as an ingredient for anti-
dandruff shampoo while it was also described 
to treat sore eyes in Ireland 14. Many famous 

examples of medicines based on traditional 
basis or natural products are still being used 
nowadays. A famous example is the anti-

inflammatory agent, acetylsalicylic acid which 
was derived from the natural product salicin 
isolated from the willow tree 15. As well as, 
opium poppy which produced the commercially 

and clinically important analgesic drug 
morphine 15. Another example of a drug based 
from a natural source is the cardiotonic 

glycoside digitoxin isolated form Digitalis 
purpurea L., and it could be traced back to 
Europe in the 10th century, but was only 

discovered after 1700 to improve cardiac 
conditions, especially with patients facing heart 
failure 15. Likewise, quinine drugs isolated from 
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Cinchona succirubra Pav.  were used for many 
diseases such as malaria, fever, indigestion, 
mouth and throat diseases as well as cancer 15. 

Additionally, L-histidine derivative of pilocarpine 
isolated from Pilocarpus jaborandi have been 
used for the treatment of different glaucoma 
cases 15. Finally, the antibiotic penicillin isolated 

from Penicillium mould was the beginning of the 
golden era of antibiotics to treat microbial 
infections.  

Combinatorial drug discovery  

Combinatorial drug discovery involves the 
generation of huge numbers of structurally 
diverse compounds from different chemical 
groups, which are called compound libraries. 

Such libraries would catalogue compounds 
according to their physicochemical properties 
such as, solubility,  permeability, type of 

interaction, easiness of formulation and fitting 
with the binding cavity of the targeted enzymes 
16. Active chemical compounds would be 

categorised on their biological activ ity and 
mechanism of action 16. Combinatorial 
chemistry was introduced in the 1980’s during 

the invention of Geysen’s multi-pin 
technology17. The compounds in the libraries 
can be screened by two ways, as follows:  

Virtual screening is based on computer 

simulations, by predicting the interaction 
between compounds and a target 
receptor or structurally-related 

compounds 16. Virtual screening can be 
done by three methods that included 
molecular docking, pharmacopeia 

mapping and quantitative structure-
activity relationship 16. The major problem 
with virtual screening is the inability to 

exclude real biological activity testing of 
these compounds 16. Virtual screening is 
fundamentally done in a dry lab 

environment.  

Experimental screening is accomplished 
in a wet lab 16. The invention of the high-
throughput screening (THS) made the 

screening methodology easier and faster, 
in which hundreds of thousands of 
compounds coud be tested providing a 
real-time result in a short period with least 

effort 16. Even though, there is a time 
advantage through THS, it actually sti ll 
needs plenty of time to set-up and its 

considered to be more time consuming 
than virtual screening 16.   

Structural information provided by the different 

libraries on molecular binding between 
compounds and receptors guided the rational 
selection for the best compounds in the library, 

which lead also to affect the design of the 
library 18.  Many examples on combinatorial 
drug discovery were found to be successful. For 

instance, plasmid relaxation assay was used 
from a solution phase library 19. This afforded 
the discovery of an antiprotozoal compound 
(such as, fluorophenyl ethers) against 

Leishmania donovani with no toxicity to the 
normal mammalian cells 19. Another example is 
the OBOC peptidomimetic library 20, that 

utilised a cell binding assay for α4β1 integrin 
ligand screening and generated the 
development of the drug LLP2A-alendronate for 

the treatment of osteoporosis 20 

Computer-based drug discovery (CBDD) 

Computer-based drug discovery and 
development processes has been getting more 
implementable, extensive, and popular 21. Many 

names are used to describe computer-based 
drug discovery, such as computer-aided 
molecular design (CAMD), computer-aided 

molecular modelling (CAMM), rational drug 
design, in-silico drug design and computer-aided 
drug design 21. Computer-based drug discovery 

(CBDD) involves the following objectives: 
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1- To streamline drug discovery and 

development process using computing 
abilities 21.  

2- To provide a strong source of chemical 

and biological information about the 
legends and/or targets, which would aid 
in the identification and the optimisation 

of new drugs synthesis 21.  
3- To eliminate compounds with low 

interest for further drug development 

due to their inept physicochemical and 
biological properties, such as 
(absorption, distribution and 
metabolism) and (excretion, toxicity and 

biological activity) respectively 21.     

The increased interest in CBDD had pushed 
companies to upgrade the needed software to 

be specifically used for drug design and 
identification of molecular targets coupled to a 
publicly available database to target protein 

structure 21. Furthermore, this improvement in 
the software led computer companies to 
improve their hardware power and 

sophistication 21. Biological activity testing of 
the selected compounds would be done in two 
ways similar to combinatorial drug discovery, 
which would either be by virtual or real-time 

screening 21. CBDD has been enrolled in 
important pathways for drug discovery as 
presented in the workflow shown in Figure 1.2. 

The advantage of using CBDD over a natural 
source and combinatorial chemistry for drug 
discovery is the ability to increase the hit rates 

for novel compounds 22. In addition, CBDD has a 
higher capability to predict the biological 
activity on a molecular basis along with the 

plausible derivatives that would enhance the 
biological activity of the selected compounds 23. 

Many drugs and mechanisms of actions have 

been discovered using CADDD with potent 
bioactivity against specific target like the 

discovery of Tip60 24. Another example of 
CADDD was the using of virtual screening of 
thymidine monophosphate kinase inhibitor, as 

antitubercular agents by Gopalakrishnan et al., 
2005 25.  
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Figure 1.1: Important compounds isolated from natural sources. (1): acetylsalicylic acid, (2):  
salicin, (3): morphine, (4): digitoxin, (5): quinin, (6): pilocarpine and (7): penicillin.  
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Figure 1.2: CBDD position in drug discovery process flowchart25. 
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