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Abstract 

In search of modern ways to increase secondary metabolites production in plants, implement genetic engineering, and 

produce green pollution-free medicinal plants, modern computer-based techniques must be regarded. The introduction 

of Computer Aided Drug Discovery (CADD), in particular in-silico molecular modeling protocols have become 

indispensable for the study of macromolecular structures and interactions. In addition, the application of chemometric 

techniques allowed the analysis of multivariate data. Molecular pharmacognosy has been also introduced to carry the 

traditional pharmacognosy mission into a molecular level. 
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Abbreviations: CADD: Computer Aided Drug 
Discovery; QSAR: Quantitative Structure-Activity 
Relationship; CDK2: Cyclin-Dependent Kinase 2; PCA: 
Principal Component Analysis; ICS: International 
Chemometrics Society. 
 

Introduction 

The scientific significance of phytotherapy has 
elevated nowadays, being defined as the use of naturally-
originated extracts and its applicability in medical 
purposes. Yet, more attention has to be drawn on the 
safety, quality control and effectiveness of the used 
medicinal plants [1]. WHO published numerous 
recommendations and monographs [2-5] on the 
cultivation, efficacy and quality control procedures for 
selected medicinal plants that are considered essential 
parts of complementary and alternative medicines to be 
used instead or along with some well-established systems 
for health-care [6]. 

 

Pharmacognosy is a developing science that started by 
dealing with morphology and taxonomy of crude drugs, 
then it focused on isolation, quantification and structure 
elucidation of active compounds [7-9], these 
phytochemicals may have potential protective or disease 
preventive properties [10,11], essential oils 
characterization [12-14], and recently the term Reverse 
Pharmacognosy has evolved by concerning with the 
potential biological activity of a crude drug or its isolated 
compounds. This can result in the discovery of novel lead 
compounds or new biological activities [7,15].  

 
In the current review, we present herein some 

selected approaches of computer-based techniques that 
are widely used and applied nowadays to develop 
advanced phyto-therapeutic applications. 
 

Computer-Aided Drug Discovery 

Computer Aided Drug Discovery (CADD) forms the 
basis of Reverse Pharmacognosy, in which already 
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isolated lead compounds are searched in commercial 
databases, and then structure determination of target 
enzyme is performed by experimental methods, followed 
by design of inhibitor molecules [16]. There are two 
approaches for the virtual screening, the first is screening 
based on ligand properties, such as physicochemical 
properties and pharmacophores (3D data) which are 
techniques of quantitative structure-activity relationship 
(QSAR). The second approach is docking and in silico 
molecular modeling, which are performed by a variety of 
softwares [17].  
 

Docking Studies 

Docking studies have become indispensable for the 
study of macromolecular structures and interactions. 
Mechanical model construction requires heroic patience 
and endurance to complete a structure which may contain 
thousands of atoms while computer graphics can build 
and display in seconds [18]. Macromolecular modelling by 
docking studies provides detailed possible view of drug-
receptor interaction and has created a new rational 
approach to drug design. The structure of drug is 
designed based on its fit to 3D-structures of receptor site, 
rather than by analogy to other active structures or 
random leads [18,19]. 

 
An example of the application of in silico molecular 

modeling in pharmacognosy, is the isolation of a novel 
biflavonoid [kaempferol (6→8'') apigenin] from the leaves 
of Jacaranda acutifolia. The compound showed promising 
cytotoxic activity against breast cancer cell line MCF-7 
(IC50= 18.3 µg/mL). The anticancer activity was 
explained via virtual docking of the isolated compound to 
the main sites in the human cyclin-dependent kinase2 
(CDK2) crystal structure [19]. 
 

Chemometric Techniques 

Another computer-based technology is the application 
of chemometric techniques. In fact, chemometry provides 
a good opportunity for mining chemical information from 
the original data. Comprehensive methods and 
hyphenated techniques associated with chemometrics, 
used for extracting information and supplying various 
methods of data processing, are used in medicinal plants. 
Principal Component Analysis (PCA) is the most 
commonly used technique. It is usually used for handling 
the multivariate data without prior knowledge about 
studied samples [20]. 

 

Chemometrics is the application of both mathematical 
and statistical techniques in order to retrieve more 
information from different chromatographic data. The 
International Chemometrics Society (ICS) defines 
chemometrics as the science of relating measurements 
made on a chemical system or process to the state of the 
system via application of mathematical or statistical 
methods. Chemometrics methods become a leading tool 
towards faster analysis results and shorter product 
development time [21].  

 
There are various techniques that are used for this 

sort of determination such as HPLC, UHPLC, GC, TLC and 
FTIR. Moreover, hyphenated chromatography and 
spectroscopy like HPLC-DAD, GC-MS, CE-DAD, HPLC-MS 
and HPLC-NMR might give the additional spectral 
information which may be helpful for the qualitative and 
quantitative analysis [20].  
 

Molecular Pharmacognosy 

At the boundary between pharmacognosy and 
molecular biology, molecular pharmacognosy has 
developed as a new borderline discipline. It is a science 
dealing with the study of identification, classification, 
cultivation, protection of crude drugs, and production of 
effective element at a molecular level. This means that it 
carries the traditional mission of pharmacognosy, endows 
it with new tasks, challenges and deals with crude drugs 
at genetic level based on gene-molecular biology [22]. 

 
Techniques of molecular biology applied to 

pharmacognosy are various, of which, Random Amplified 
Polymorphic DNA (RAPD) analysis technique for plant 
genetic study, molecular markers, recombinant DNA, gene 
chip technique which is used for gene expression profiles 
and construction of genomic library, biotransformation 
and elicitors that stimulate plant defense and used to 
increase secondary metabolites production [23]. One of 
the main goals to achieve in molecular pharmacognosy is 
implementing genetic engineering, advocating green 
pollution-free medicinal plants, and controlling pesticides 
without farm chemical in the process of growing 
medicinal plants. Molecular pharmacognosy is concerned 
also with the gene regulation of metabolic pathway, as an 
attempt to improve the active constituents' content, and 
the quality of herbal drugs [24]. 
 

Conclusion  

The ultimate goal of this review is to highlight the role 
of computer-based technologies in the advance of 
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pharmacognosy, the development of the term of reverse 
pharmacognosy with the aid of computer aided drug 
design and in silico molecular modeling. New quality 
control terms through chemometrics by relating 
chromatographic measurements to statistical data, and 
new term of molecular pharmacognosy by introducing 
molecular biology techniques. Thus, pharmacognosy 
becomes more and more a developing science to help 
progress in all fields of life.  
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