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Abstract: A huge amount of data has been generated by decades of pharmacognosy supported by the rapid evolution of chemical, 
biological and computational techniques. How can we cope with this overwhelming mass of information? Reverse pharmacognosy was 

introduced with this aim in view. It proceeds from natural molecules to organisms that contain them via biological assays in order to 
identify an activity. In silico techniques and particularly inverse screening are key technologies to achieve this goal efficiently. Reverse 

pharmacognosy allows us to identify which molecule(s) from an organism is (are) responsible for the biological activity and the 
biological pathway(s) involved. An exciting outcome of this approach is that it not only provides evidence of the therapeutic properties of 

plants used in traditional medicine for instance, but may also position other plants containing the same active compounds for the same 
usage, thus increasing the curative arsenal e.g. development of new botanicals. This is particularly interesting in countries where western 

medicines are still not affordable. At the molecular level, in organisms, families of metabolites are synthesized and seldom have a single 
structure. Hence, when a natural compound has an interesting activity, it may be desirable to check whether there are more active and/or 

less toxic derivatives in organisms containing the hit – this corresponds to a kind of “natural combinatorial” chemistry. At a time when 
the pharmaceutical industry is lacking drug candidates in clinical trials, drug repositioning – i.e. exploiting existing knowledge for 

innovation – has never been so critical. Reverse pharmacognosy can contribute to addressing certain issues in current drug discovery – 
such as the lack of clinical candidates, toxicity - by exploiting existing data from pharmacognosy. This review will focus on recent 

advances in computer science applied to natural substance research that consolidate the new concept of reverse pharmacognosy. 
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INTRODUCTION 

 After decades of drug design focused on synthetic compounds, 
Nature is still a source of inspiration for researchers [1-5]. 
Combinatorial chemistry has not lived up to its goal to find robust 
leads [6,7]. Clinical attrition rates are still high and there has not 
been any drastic reduction in the drug discovery time delay. Among 
the factors contributing to this situation, two stand out. The first is 
that while new health threats have arisen due to our modern 
lifestyle (e.g. obesity, diabetes II, cardiovascular problems, new 
infectious disease etc.), the number of new chemical entities per 
year has remained unchanged over the last 25 years [8] and has 
even decreased during the past decade [9]. Secondly, some old 
threats, that were expected to disappear with progress in medicine 
(e.g. cancer, malaria, tuberculosis, etc.), still remain. Does it make 
sense to “oppose” synthetic and natural molecules [10], or to 
“disdain” traditional remedies, given that some populations rely on 
them? [11,12]  

 The need for new drugs in certain therapeutic areas e.g. anti-
biotics and oncology are obvious. Natural substances are still good 
sources for finding new active molecules [13,14]. Pharmacognostic 
field studies have led to many successes in identifying molecules of 
interest from living organisms such as plants [15,16]. The iden-
tification process goes through several steps: (i) organism selection 
- ethnopharmacology is helpful in pinpointing particular organisms 
used in traditional medicine; (ii) iterative activity-guided fractio-
nation and finally (iii) active molecule(s) purification, identification 
and characterisation. Thanks to the development of analytical 
chemistry, phytochemistry, computational chemistry and infor-
mation systems, the wealth of data on organisms, their traditional 
uses, their biological properties and the compounds they contain, 
open new horizons to cross-link, dissect and exploit this knowledge 
on a large scale in order to generate new research hypotheses to 
unveil Nature's hidden treasures [17]. In particular, methods 
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to exploit traditional know-ledge based on computational tech-
niques have demonstrated the utility of such strategies [18-21]. 

 Following this trend, new approaches inspired by pharmacog-
nosy have been introduced such as “reverse pharmacology” (RPL) 
or “reverse pharmacognosy” (RPG) [22-24]. Herein, we will define 
the latter concept and detail the data and tools needed to implement 
it. Finally, we will report applications of RPG and how it helps in 
identifying new leads and harnessing Nature's hidden treasures. 
RPG bridges the gap between traditional and modern medicines, 
thus enriching our knowledge. 

DEFINITIONS 

1. Pharmacognosy 

 The term pharmacognosy comes from the Greek pharmakon 
which means drug or recipe and gnosis which means knowledge. A 
simple definition could be: "Pharmacognosy is the science which 
studies natural compounds with therapeutic applications." [25] 

 Pharmacognosy is a multi-disciplinary science that covers a 
wide variety of disciplines: botany, pharmacology, chemistry and 
ethnopharmacology. As traditional medicines are mostly based on 
plants, most of the known natural compounds are extracted from 
plants. For several decades, other sources have been extensively 
explored such as fungi, microorganisms, marine organisms, etc. 
Only a small part of this biodiversity has been studied so far and 
many new original compounds remain to be discovered, especially 
from organisms such as insects which represent an extremely large 
and diverse population. 

 The scope of pharmacognosy is not limited to medicinal uses of 
natural resources but also includes applications in cosmetics, the 
food industry, agriculture (e.g. pesticides) and dyes etc. Moreover, 
various activities are linked to pharmacognosy such as the 
characterization of natural compounds (source localization and its 
concentration), the determination of chemical families, structures 
and their physico-chemical characteristics and of course the search 
for potential biological activities and therapeutic applications in 
drug discovery.  
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 In a drug discovery strategy, pharmacognosy is generally used 
as shown in Fig. (1), from living organism(s) to molecule(s) [3,4]. 
The purpose is to find new bioactive molecules from a natural 
source.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Pharmacognosy process Classical pharmacognosy approach 

proceeds from organisms to bioactive compounds. 

 

 The first step consists in selecting organisms from traditional 
uses. This can be accomplished by studying traditional well docu-
mented medicines such as Traditional Chinese Medicine (TCM) or 
Ayurvedic medicine in India. Ethnopharmacology field studies are 
most helpful in oral traditions (e.g. African or South-American 
medicines) which have no written record or long standardization 
process. Ethnopharmacologists try to relate western medicinal con-
cepts to traditional ones by questioning healers and shamans.  

 When organisms are selected from traditional uses, finding new 
active ingredients in the selected therapeutic areas under inves-
tigation is more likely than when using random trials [26]. 

 In the next step, the extraction of ingredients is conducted on 
the selected organisms. Then activity-guided fractionation or High-
Throughput Screening (HTS) retains only those extracts with the 
desired activity. Prior to determination of their structures by 
analytical chemistry e.g. HPLC (High-performance liquid chro-

matography), or NMR (Nuclear magnetic resonance), the com-
pounds have to be identified and isolated. As a final result, active 
molecules are obtained from the selected organisms. Bioassays are 
crucial. In vitro assays are generally used in activity-guided 
fractionations followed by toxicity tests and in vivo validations to 
rule out any doubt about the alleged activity. 

 Pharmacognosy is a discipline that calls on several fields of 
expertise, as shown in Fig. (2). The main areas are :  

- Ethnopharmacology to identify interesting organisms. 

- Chemistry to identify interesting compounds by extracting, 
purifying and analyzing them; sometimes chemical synthesis 
can be a good solution to optimize a natural compound. 

- Biology and biochemistry in order to evaluate biological 
activities, to search for targets and to understand the biological 
mechanisms which cause these activities. 

- Pharmacology is very important to evaluate the effects of a 
substance, and to detect potential toxicity and adverse effects. 
ADME properties are also crucial for the drug development 
process. 

- Information systems play an important role in collecting and 
formalizing heterogeneous data from other components of phar-
macognosy into databases, in order to record knowledge, 
facilitate cross-analysis of data and build new hypotheses. 

 In order to exploit data accumulated by a century of phar-
macognosy, new concepts have been introduced such as reverse 
pharmacognosy [22-24] and reverse pharmacology [27-30]. Before 
detailing reverse pharmacognosy, we will first define reverse 
pharmacology in order to avoid any confusion between the two 
concepts. 

 Reverse pharmacology (RPL) was established by Sir Ram Nath 
Chopra and Gananath Sen in the seventies and was subsequently 
developed by Indian scientists such as Patwardhan or Vaidya [29]. 
The main definition is: "Reverse pharmacology is a rigorous 
scientific approach of integrating documented clinical experiences 
and experiential observations into leads by transdisciplinary 
exploratory studies and further developing these into drug 
candidates or formulations through robust preclinical and clinical 
research. In this process 'safety' remains the most important 
starting point and the efficacy becomes a matter of validation. The 
novelty of this approach is the combination of living traditional 
knowledge such as Ayurveda and the application of modern 
technology and processes to provide better and safer leads." [30] 

 

 

 

 

 

 

 

 

 

Fig. (2). Main scientific disciplines involved in pharmacognosy Classical pharmacognosy calls on several diverse fields of expertise such as 

ethnopharmacology (organism selection), chemistry (molecule identification) and pharmacology (biological tests). 
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 RPL is an attractive new approach to promote the use of living 
organisms (mostly plants) and natural compounds by translating 
traditional medicine knowledge into western medicine standards. 
We now move on to the concept of reverse pharmacognosy. 

2. Reverse Pharmacognosy 

 The aim of reverse pharmacognosy is to exploit the 
overwhelming amount of data generated by pharmacognosy. It was 
recently introduced and proposes to find new therapeutic activities 
among natural products and their sources by means of database 
mining and computational tools. RPG is a complementary approach 
to pharmacognosy which makes it possible to find applications for 
living organisms based on the bioactive compounds they contain 
and the biological properties of these compounds. Inverse screening 
and natural compound/source databases are essential components of 
RPG. Fig.(3) summarizes the key steps in the process. 

1) Molecule Selection 

 RPG goes from molecules to organisms. Thus, the first step 
consists in selecting interesting natural compounds. Several criteria 
may be used. Compounds may be selected by structural criteria. For 
example, selections may include only molecules from the same 
chemical family (e.g. flavanols, triterpenoids...), and/or compounds 
with drug-like characteristics using derived Lipinski rules for 
natural compounds [31,32] and/or by selecting molecules by 
chemical diversity. 

 Another way to select these natural compounds is to consider 
their origins, using a natural compound/source database. For 
example, molecules from a particular plant could constitute a 
starting set of compounds. The organisms may be selected with 
regard to their cultivation conditions, biotopes, traditional uses or 
conservation status i.e. not on the IUCN (International Union for 
Conservation of Nature) Red List of endangered species [33]. 
Finally, economic and/or intellectual property parameters should 
also be considered. 

2) Target Identification 

 The second step of RPG is the identification of targets which 
may bind selected compounds. Ligands can have multiple targets 
[34] and be involved in different metabolic pathways. Thus, all 
these interactions could have synergistic therapeutic effects or on 
the contrary, induce undesirable adverse effects. 

 A classical docking approach aims at finding ligand(s) for an 
interesting target, by screening large compound databases. In RPG, 
we wish to identify new biological properties for a set of pre-
selected natural compounds by “inverse screening”. This method 
tries to find protein(s) from a target database, which potentially 

bind(s) the interesting molecules. After the inverse screening 
process, each natural compound will have putative interacting 
protein partners and is consequently linked to related metabolic 
pathways. Thus, potential selectivity and/or synergy between all 
these ligands and/or targets may be estimated. This cannot be 
achieved with “classical” docking. In summary, classical docking 
tries to find a molecule which binds a protein target whereas inverse 
screening tries to find a potential target that may interact with a 
molecule. 

3) Discovery of New Activities 

 Targets found in the previous step will allow molecule (re) 
positioning i.e. finding applications not yet known for the studied 
molecules. A target database with information on protein structures 
and protein biological properties is required for this purpose.  

4) Biological Assays 

 Although improving the accuracy of virtual screening 
predictions is a matter of developing of new software releases, only 
experimental validations with in vitro binding tests can truly 
validate the predicted interaction models. As an alternative to 
biological assays as the first step in RPG, initial virtual screening 
makes it possible to focus on the most probable hits, thus 
decreasing the attrition rate and increasing efficiency in terms of 
time and cost. 

5) Organisms Positioning 

 As biological activities can be ascribed to a certain molecule, 
organisms containing it – at a certain concentration – may possess 
the same biological property, provided that no toxicity or adverse 
effects are inherent to the organisms. Hence, instead of isolated 
molecules, we can limit our efforts to extracts to gain access to such 
organism-associated activities.  

6) Correlating Biological Activities and Traditional Uses 

 Western medicine and traditional medicines use different 
concepts/systems to describe symptoms. For instance, if you ask a 
traditional medicine man to show you plants to treat inflammation, 
it will not make any sense to him. Instead, inquiring about plants to 
heal snake bites or insect stings will be meaningful for him. 
Bernard et al. [21] have shown that it is statistically more likely that 
a plant with anti-inflammatory properties will be found when those 
with a traditional use for snake bites or insect stings are selected. 

 Once biological properties have been attributed to an organism 
according to the molecules it includes, one can find “bridges” 
between modern medicine and folk medicines, and hence provide a 
scientific rationale for traditional cures. 

 

 

 

 

 

 

 

Fig. (3). Reverse pharmacognosy key steps Schematic display of the main steps in RPG from molecule selection (step 1), target identification (step 2) to 

activity prediction (step 3). Targets are experimentally validated (step 4), and organisms are (re)positioned (step 5) possibly with validation with traditional 

uses (step 6). An “activity optimization” is possible through derivative compounds search (step 7). 
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7) Activity Optimization 

 As a natural compound is a metabolite produced by living 
organisms, there are likely other derivatives with similar properties 
either in the same organism or in other organisms. RPG databases 
enable such derivatives to be retrieved. Among these derivatives, 
there may be some that are more potent, less toxic, more easily 
accessible or with better pharmacological profiles than the initial 
molecule of interest. Our novel feature of “natural combinatorial” 
optimization is depicted with its work-flow in Fig. (4). 

RPG Scope 

 RPG may be applied for a variety of purposes: 

- Active extracts: Especially in cosmetics, companies often use 
extracts of entire organisms (mostly plants) instead of isolated 
compounds. With RPG, new active extracts can easily be iden-
tified starting from an interesting compound. Active extracts are 
also relevant in therapeutic (e.g. botanicals) or nutraceutic 
applications. 

- Traditional medicines: An estimated 65 to 80 percent of the 
world’s population still largely uses traditional medicine [35] 
because of its accessibility, cost or simply its efficiency. RPG 
helps to find new properties for organisms, especially plants. 
Hence, RPG can contribute new plants or new applications of 
medicinal plants to extend the traditional healing arsenal. RPG 
and RPL have a similar approach by going back and forth 
between traditional and scientific knowledge and by promoting 
medicinal herbs coupled to scientific rationalization. 

- Libraries for virtual screening in drug discovery: Natural 
compound or extract libraries can be generated by RPG, 
resulting in biofocused libraries. 

- Intellectual property: An organism can be patented for a 
specific application. With RPG, multiple sources can be 
positioned for the same biological property based on the active 
molecules they contain, thus allowing “patent navigation”. 
However, biopiracy problems of exploiting traditional know-
ledge should be carefully examined in order to equitably 
compensate all the actors of a valuable discovery in accordance 
with international treaties. RPG is less dependent on traditional 
knowledge than pharmacognosy because it starts from mole-
cules and not from organisms selected via an ethnophar-
macological process. Furthermore, once RPG has positioned an 
organism on a new activity, a partnership could be envisaged 
with the local population to develop the cultivation of the 
identified plant in a sustainable manner. 

 RPG is in need of multiple databases and a wide range of 
expertise. It involves new disciplines such as chemoinformatics, 
molecular modeling, information retrieval and management 
systems. Computer science is a key technology in RPG. Database 

and molecular modeling tools are compulsory in generating new 
research hypotheses from current knowledge, whether validated by 
experimental data or not. RPG does not replace pharmacognosy but 
proposes a new, original and complementary way to exploit 
traditional and scientific knowledge and ultimately bridges the gap 
between traditional knowledge and modern science. 

REVERSE PHARMACOGNOSY: TOOLS AND 
APPLICATIONS 

 In the previous sections, the RPG process has been detailed. 
Each step needs specific tools and data types. The following section 
will lend insight into RPG components and their tools, in particular, 
Greenpharma´s reverse pharmacognosy platform. 

1. General Cheminformatics Tools 

 They range from visualization, physico-chemical property 
calculation, and statistical tools, to chemical-oriented and simila-
rity/diversity selection/searching algorithms. Some are available 
from open source communities, others from commercial companies. 
For example, OpenBabel [36], Chemistry Development Kit (CDK) 
[37] or ScreeningAssistant [38] are free software. They calculate 
physico-chemical descriptors and/or search by different criteria 
(substructure, similarity) etc. Others are proprietary software like 
Sybyl from Tripos Inc. [39] with the Optisim algorithm for building 
a set of diverse molecules or Chemaxon tools [40] with its popular 
MarvinSketcher. 

2. Inverse Screening Tools and Target Database 

 In RPG, inverse screening is associated with a target database 
containing structural and activity data in such a way that potential 
target proteins become associated to a given natural compound of 
interest and its activity by what is called an inverse screening 
process, see Fig. (5). 

a. Inverse Screening Process 

 "Classical" docking looks for molecules which may interact 
with an interesting protein. It has proven its efficiency through 
many different studies [41,42]. Three dimensional protein structures 
are required: they can be obtained by X-Ray crystallography, NMR 
or homology. Furthermore, a high resolution and the presence of a 
co-crystallized ligand may enhance the quality of predictions. Three 
dimensional structures of molecules to be docked should be 
computed, using specialized software such as Concord [43] or 
Corina [44]. Ligand - protein affinities are assessed by a scoring 
function that takes into account the different physico-chemical 
parameters, e.g. ionic interactions, steric hindrance, hydrogen 
bonding etc. Certain docking software packages have become more 
popular than others: AutoDock [45], Dock [46], FlexX [47], Glide 
[48], Gold [49], Surflex [50].  

 

 

 

 

 

 

Fig. (4). The optimization step of reverse pharmacognosy Given a natural compound, its activities are predicted by inverse screening. Then in the following 

positioning step, organisms containing this compound or its molecular derivatives are located in association to the computed activities. The optimization step 

allows the search for less toxic and/or more potent representatives. 
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Fig. (5). Identification of new activities using inverse screening Given a 

compound of interest, inverse screening identifies proteins as potential 

target candidates. Additional bioassays are recommended to validate the 

predicted activities. 

 

 “Classical” screening consists of docking multiple compounds 
to a protein binding site. In inverse screening, the aim is to find 
which protein(s) can bind a particular compound. While there is no 
real inverse screening software available, docking tools adapted for 
this purpose exist, associated with a protein target database. Inverse 
screening software differ by their scoring function and the size of 
their target database. The crucial point is the scoring function which 
is computed for solutions containing many proteins as possible 
answers to docking studies with only a single compound. This is in 
stark contrast to “classical” docking questions where many new 
ligands are docked into just one receptor or enzyme protein. 
Ranking the solutions thereof becomes a tricky exercise. For 
instance, certain active site models do not discriminate between 
weak and strong binders, thus achieving high scores with any 
molecule. Several solutions have been envisaged to work around 
this problem such as consensus scoring i.e. using different types of 
scoring functions or their combinations to obtain a global robust 
one (e.g. Cscore [51]), MASC (Multiple active site corrections) 
procedure [52] or interaction fingerprints [53]. Another caveat is 
the size and the composition of the protein database in order to 
represent the underlying biological pathways satisfactorily. Recent 
developments in inverse screening follow in the next section. 

Invdock [54] 

 INVDOCK, developed by the Bioinformatics and Drug Design 
group from the University of Singapore, is one of the first inverse 
screening software tools. It uses a protein structures database from 
the Protein DataBank (PDB) [55] and is associated to a database of 
target activities called TTD. INVDOCK was validated against 
compounds from organisms used in Traditional Chinese Medicine.  

Tarfisdock [56] 

 Target Fishing Dock is an inverse screening platform freely 
accessible on the web at http://www.dddc.ac.cn/tarfisdock. Online  
 

users can directly forward a compound of interest to this interactive 
web site. The molecule is docked to proteins stemming from a 
remote database called Potential Drug Target Database. PDTD is 
constructed from PDB and other target databases. As a direct result, 
new target candidates are found (or fished) in the PDB pool, and 
then classified by their interaction energy score. TarFisDock is an 
extension to DOCK [46] 

Selnergy [23] 

 Selnergy is Greenpharma’s in-house inverse screening soft-
ware. It is based on FlexX. It uses a validated target database of 
7000 proteins of therapeutic interest. The features of Selnergy are 
detailed in part 4. 

b. Target Databases 

 Such databases include two types of data: molecules and their 
annotations. Concerning the biomolecules, their 3D structures are 
required along with their names and synonyms, EC number for 
enzymes [57] or membership of a protein family, their therapeutic 
classes (e.g. CNS, dermatology...), the applications that may result 
in modulating the targets, the source organisms the proteins come 
from and bibliographic references. This combination of structural 
and non-structural data is pivotal for retrieving a subset of the 
proteome to be screened. 

 Protein 3D coordinates can be determined with different 
methods such as X-Ray crystallography, Nuclear Magnetic Reso-
nance or homology modeling. RX and NMR are the best techniques 
to obtain suitable resolution whereas structures from homology 
modeling are less accurate. One major limit here is the lack of 
crystallized structures of some proteins and particularly of impor-
tant families such as GPCR and ion channels. The annotations 
should contain hints on observed active sites when co-crystallized 
ligands are available. Such complexes serve as validation in related 
cases of blind docking comparing docked conformations to 
experimental geometries.  

 Certain proteins bind different ligands just as, conversely, 
certain ligands could bind into various active sites. Due to the 
flexibility of proteins [58], their spatial arrangements may change 
upon ligand binding. However, 3D coordinates in structure files are 
static and do not reflect dynamic phenomena. To deal with this 
important issue, it is interesting to have more than one structure for 
the same protein (e.g. co-crystallized with different types of 
ligands) in order to apprehend its flexibility [59] or to predict the 
induced fit. Some docking algorithms (e.g. FlexE [60]) can handle 
these multiple structures and compute interaction energies accor-
dingly.  

 Nonstructural data provided with specific annotations about 
each target are found during reverse docking. When applied to an 
entire target database, however, this may often be time consuming 
and inefficient. For example, if compounds with cosmetic effects 
are sought, only targets that are expressed in the skin will be 
relevant, therefore it makes sense to focus only on them. Simulating 
the interaction of a ligand-protein pair can take several minutes so 
target filtering should not be neglected in order to gain time and 
above all to avoid analyzing a huge quantity of irrelevant results. 
Another useful filter is based on the source organism of the 
proteins. Thus, if the goal is to find antibacterial compounds, only 
bacterial targets will be selected, not plants' or mammals' ones. The 
protein family class (e.g. kinases, phosphodiesterases...) may be 
helpful in selectivity prediction for instance.  

 The biological properties linked to each target will allow the 
positioning of a predicted modulator for a given target to the related 
biological properties and consequently to the related applications. 
This RPG essential step of compound positioning should ultimately 
be validated with biological assays.  
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 Different target databases exist and are freely available on the 
Internet. All of them have advantages and drawbacks considered in 
the light of a RPG strategy (Table 1). 

 The Protein Data Bank [55, 61] at the Research Collaboratory 
for Structural Bioinformatics (RCSB-PDB) in the USA is the main 
reference database for three-dimensional structures in the field of 
proteins, nucleic acids and their complexes. The Web site offers 
tools for analysis and visualization. Structural data are stored in 
plain ASCII text file format with the extension dot-PDB, which is 
now widely used in the research community. A unique PDB code is 
attributed to each structure entry. 

 PDB structures are now only obtained with experimental 
methods such as X-ray crystallography, NMR or Electron Micro-
scopy. The essential data for RPG are hence present: 3D structures 
can be used for inverse screening steps and non-structural data are 
helpful for RPG filtering and positioning processes.  For historical 
reasons, there is a lack of information about biological activities, 
which is only accessible through personal examination of the 
literature whether referenced or not. This is the main limitation of 
the use of this database for RPG. 

 The Kyoto Encyclopedia of Genes and Genomes database [62] 
is another huge data repository, which contains useful information 
about proteins and their ligands from chemical structures to 
biological metabolic pathways, but also offers many search 
features, links to expert annotations and processed data focusing on 
specific issues such as genomes, species, mutations or associated 
diseases. KEGG has been maintained by the Bioinformatics Center 
of Kyoto University and the Human Genome Center at the 
University of Tokyo, Japan, since its creation in 1995. The main 
database contains several interconnected subdatabases such as 
KEGG PATHWAY, KEGG GENES and KEGG DISEASE or 
KEGG ENZYME [63]. The latter is particularly interesting for 
RPG with its 5000 enzymes. To each enzyme is associated a set of 
annotations dealing with coding genes in different species, its role 
in the metabolic pathways involved; products and subtracts or 
known ligands are some of the available data. The strength of this 
database is the amount of information and the dense relational links 
between data. 

 BRENDA is an acronym that stands for BRaunschweig 
ENzyme DAtabase [64]. Its strength is also its major drawback: an 
entirely enzyme-dedicated database omitting any other protein 
family. It was created in 1987 first in book version and then as a 
web database in 1998. Maintained by the Institute of Biochemistry 
and Bioinformatics at the Technical University of Braunschweig, 
Germany, this database embraces over 4800 enzyme entries as well 
as two data-mining tools called FRENDA and AMANDA [65].  

 Entries inform about nomenclature, enzyme classes, different 
enzymatic reactions, ligands, IC50 test values, host organisms and 
corresponding bibliographic references. Ligand - protein complexes 
retrieved under BRENDA can be compared to results of inverse 
screening for validation. 

 A disease section associates the enzymatic activities to their 
corresponding therapeutic applications and includes a bibliography 
for target filtering and positioning. 

 Like BRENDA, Therapeutic Target Database (TTD) [66] is a 
database focused on targets with therapeutic applications but unlike 
BRENDA, it includes drugs. It was created in 2001 by Dr Chen 
Yuzon from the Bioinformatics & Drug Design group (BIDD), a 
research group of the Department of Computational Science, at the 
National University of Singapore. In contrast to PDB-based data 
sets with added annotations, here general scientific literature, 
pharmacology books, reviews and original articles are the starting 
point of the collection, while links to PDB are added at the end. 
Focused on drugs, it delivers a vast number of ligands with  
 

references and details, e.g. 2D structures, CAS numbers, targets or 
biological properties. 

 BIDD has developed its own inverse screening software named 
INVOCK [54], which predicts protein-ligand interactions using 
data from the TTD and natural compounds contained in plants used 
in TCM. 

 The Potential Drug Target Database (PDTD) [67] was created 
in 2008 by the Drug Discovery and Design Center of Shanghai, 
China. PDTD belongs to the previously described inverse screening 
platform TarFisDock [56]. Targets included in PDTD are extracted 
from PDB and selected from entire and high-resolution structures, 
with a well-defined active site and the presence of co-crystallized 
ligands.  

 Though similar to TTD in its features, the main interest of 
PDTD is its integrated implementation with TarFisDock, offering 
some very useful tools for RPG. 

 The scope of this presentation was not to give an exhaustive 
description of existing databases but rather a selection of those that 
are compliant with and useful for RPG: PDB for 3D protein 
structures, KEGG and BRENDA for accessing biological pathways 
and relations, and finally, TDT and PDTD because of their similar 
approach with regard to ours.  

 Other databases containing rich and useful data on targets and 
ligands should also be mentioned here: sc-PDB [68], a processed 
PDB subset focused on druggable targets; DrugBank [69] for its 
contents of commercial drugs and their targets, mainly fed with 
FDA-approved (Food and Drug Administration) drugs and proteins; 
SuperTarget [70], a comprehensive drug-target relational database 
containing metabolic pathway data for different organisms. They 
are similar to those described above. For a detailed review of the 
open compound/activity databases, the reader is referred to the 
published literature [71]. The data mining tool STITCH [72] is 
described as “a resource to explore known and predicted 
interactions of chemicals and proteins. Chemicals are linked to 
other chemicals and proteins by evidence derived from experiments, 
databases and the literature” [73]. Though this is not a docking 
tool, it is a useful tool for drug positioning. 

3. Natural Compounds and Traditional Knowledge Databases 

 (Re-) positioning an organism into therapeutic or cosmetic 
indications based on the molecules contained in these sources is a 
crucial task in RPG. It is therefore necessary to look for natural 
compounds and their organisms. 

 A traditional knowledge database includes hints on uses of 
organisms in different folk medicines and populations in remote 
areas, and can also be used to validate computed hits (cf. Fig(3)) by 
considering whether there are correlations between a traditional 
usage and a predicted activity.  

a. Natural Compound/Source Databases 

 A desirable design for a natural compound/source database 
would enable the user to access organisms and their molecules with 
reference to organism names, families, genus, species and 
naturalist. For each hit combining molecules and organisms in a 
pair, information about the organ, the concentration and biblio-
graphic references is strongly recommended. Other data could also 
be very useful, e.g. physico-chemical characteristics of molecules, 
known activities and targets, and 3D coordinates. For organisms, 
agricultural information about soil, climate, sowing, growing 
seasons and harvesting conditions (e.g. place, period, GPS – Global 
Positioning System – coordinates) are a priceless asset in tackling 
the hitherto unresolved issue of variable phyto-chemical com-
positions when it comes to the industrial standardization of a 
preparation of biological origin, irrespective of genetic variations 
between individuals. 
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b. Traditional Knowledge Database 

 This database should contain data from a variety of sources, 
ranging from knowledge collected by ethnopharmacologists in 
Amazonian or African tribes, to the detailed writings of TCM or 
Ayurvedic medicine, compiled in many books. Such information on 
traditional usage makes it possible for the scientist not only to select 
organisms but also to validate RPG organism positioning once a 
correlation between predicted biological activities and known uses 
has been established Fig. (3).  

 Due to the nonscientific nature of the information, we face 
several complex issues: the rationalization and standardization of 
contents, diverse cultures, medicinal concepts and language 
translations, semantics of words and local terms. Keywords have to 
be devised for efficient queries and data cross-over. Given the com-

plexity, data types vary greatly. Certain data sets are specialized in 
ethnobotany [74] not only to exploit but also to preserve the 
ethnopharmacological heritage [75]. In this respect, the EbDB data-
base [76] is an attempt to provide open access to a multi-language 
repository.  

c. Existing Databases 

 Several databases are more or less suited to RPG. In this part, 
we will present generalist databases but there are many others, 
specialized in a specific medicine (e.g. Traditional Chinese 
Medicine Information Database [77]), a type of usage (e.g. plants 
used as food [78]), a biotope (e.g. databases about compounds from 
marine organisms [79,80]), geographic areas (e.g. Tropical plant 
database about plants of the Amazonian rainforest [81]), a type of 
chemical family [82], etc. Thus, all these databases should be 

Table 1. List of Target Databases Usable for a RPG Process 

Database name Accessibility Data types Advantages Drawbacks 

PDB [55] 
Freely accessible 

http://www.rcsb.org/pdb 

60 000 protein structures with 

unique PDB code 

Reference database 

Standard PDB format 

Lack of data about 

biological activities 

KEGG ENZYME 

[62] 

Freely accessible 

http://www.genome.jp/kegg 

5 000 enzymes 

Ligands 

Biological pathways 

Large amount and wide 

variety of data 

Dense relational links with 

other KEGG databases 

No structural data 

No link between target 

and activities 

Only enzymes 

BRENDA [64] 
Freely accessible 

http://www.brenda-enzymes.org 

4800 enzymes 

Ligands 

Organisms 

Biological activities 

Very comprehensive 

database 
Only enzymes 

TTD [66] 

Freely accessible 

http://bidd.nus.edu.sg/group/cjttd/TTD_

HOME.asp 

1900 targets 

5000 ligands 

Biological pathways and 

activities 

Patents 

Very useful for RPG 

Frequently updated 

Relatively small amount 

of data 

PDTD [67] 
Freely accessible 

http://www.dddc.ac.cn/pdtd/index.php 

1200 selected protein structures 

Biological activities 

Cross linked with other 

databases 

Link to TarFisDock, an 

inverse screening platform 

Relatively small amount 

of data 

 

Sc-PDB [68] 

Freely accessible 

http://bioinfo-pharma.u-

strasbg.fr/scPDB 

3D structures selected from 

PDB 

Useful to enrich a target 

database for inverse 

screening 

Only a subset of PDB 

DrugBank [69] 
Freely accessible 

http://www.drugbank.ca 

2500 proteins 

4800 drugs 

Pathways 

Important part of FDA-

approved drugs and 

proteins 

Lack of data about 

biological activities 

STITCH [73] 
Freely accessible 

http://stitch.embl.de 

Interaction between 74000 

molecules and 2,5 million 

proteins 

Data mining 

Interaction predictions 

Different approach 

Not really a target 

database 
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consulted for more specialized queries, because in these cases, they 
will certainly be more accurate than generalist databases. Some of 
these database characteristics are summarized in Table 2. In 1971 
James Duke created the platform hosted by the Agricultural 
Research Service of the U.S. Department of Agriculture, Dr. 
Duke’s phytochemical and ethnobotanical databases [83]. Its 
contents deliver phytochemical data with a list of compounds, their 
plant sources, their concentrations, biological activities and biblio-
graphic references. The usefulness of the database is unfortunately 
flawed by omitting molecular structures and naming without 
synonyms. The strength of Duke's database is the large amount of 
ethnobotanical data that it contains and the many different possible 
ways to query the database. However, access to the following fields 
is rather restricted: plants, compounds, acti-vities, traditional uses 
and references. Data are lacking about molecular properties and 
plant monographs describing biotopes, living conditions, crops, 
traditional administration and preparation modes concerning 
traditional medicine. Albeit time consuming, the linked references, 
however, enable the user to explore additional information. 

 The Dictionary of Natural Products (ChemNetBase) [84] (DnP) 
edited by Chapman & Hall, contains data on molecules, their names 
and synonyms, structures, characteristics and brief information on 

source organisms. DnP is a very comprehensive database of 
compounds, but unfortunately limited in organism information and 
molecular relations, which discourages its use in RPG. DnP is a 
commercial database with restricted access to the data (license or 
pay per view). 

 Napralert [85] is another relational database maintained by the 
University of Illinois at Chicago since 1975. The database 
documents organisms, natural compounds and biological activities. 
Access is free but only the number of hits appears on the screen. 
Once the fees have been paid, detailed results are sent in a summary 
with associated pharmacological and ethnopharmacological 
information and bibliographic references [86]. Napralert is a very 
exhaustive database and a reference in the field of natural products, 
but as it lacks molecular data it cannot be fully implemented in a 
RPG strategy.  

 The Plant for a future (Pfaf) database is maintained by the 
"Plant for a future" charity foundation. According to its founders: 
"20 species now provide 90% of our food" [87]. Starting from this 
fact, the Pfaf database proposes data about more than 7000 plants 
with reported traditional uses. Intriguingly, all the plants are quite 
original, seldom used and potentially edible. Furthermore, two 

Table 2. List of Databases with Information on Natural Compounds, Organisms or Traditional uses, Usable for a RPG Process 

Database Name Accessibility Data Types Advantages Drawbacks 

Dr Duke's database 

[83] 

Freely accessible 

http://www.ars-

grin.gov/duke 

2000 organisms 

7500 molecules 

2200 traditional uses 

Biological activities 

Many ways to query the 

database 

Huge amount of data 

Lack of molecule data 

(structures...) 

Not updated since 1998 

ChemNetBase [84] 

Searches are free, results 

browsing under license. 

http://dnp.chemnetbase.com 

170 000 natural compounds 

 

Very comprehensive 

Frequently updated 

Lack of organism data 

Commercial database 

Napralert [85] 

Searches are free, but not 

results report 

http://www.napralert.org 

200 000 publications annotated 

Organisms 

Molecules 

Biological activities 

Ethnopharmacological data 

Very comprehensive 

Frequently updated 

Lack of molecule data 

Commercial database 

Lack of flexibility in results 

presentation 

Pfaf [87] 
Freely accessible 

http://www.pfaf.org 

7000 plants 

Traditional uses 

Medical and edible quality scores 

Seldom used and original 

plants 

Highly suited to RPG 

No molecule data 

 

Supernatural [88] 

Freely accessible 

http://bioinformatics.charite.

de/supernatural 

> 45 000 natural  compounds 

Molecule characteristics 

Supplier data 

Similarity searches 

 

 

No organism data 

GPDB Greenpharma internal search 

> 140 000 compounds (>80 000 

naturals) 

> 160 000 organisms 

4360 targets 

> 10 000 activities 

> 1000 traditional uses 

Rich query system 

Structural searches 

Numerous links between 

data 

 

Suited to RPG 

Lack of data but very frequently 

updated 
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scores between 1 and 5 are attributed to each plant, according to 
their edible and medical qualities. Pfaf is very comprehensive and 
the originality of the recorded plants makes this database 
particularly interesting for RPG.  

 The Greenpharma RPG platform integrates a heterogeneous 
database which contains target, natural compound, organism and 
traditional usage data. GPDB is specially designed and optimized 
for RPG. This database is presented in more detail in part 4. 

 In addition to specialized databases, many natural compound 
suppliers provide information on source organisms or even acti-
vities of the proposed molecules. In this respect the Supernatural 
database [88] can be mentioned. It is a natural compound database 
which collects molecules from several suppliers. Several databases 
such as Pubchem (http://pubchem.ncbi.nlm. nih.gov) or Chembank 
(http://chembank.broadinstitute.org) focus on molecules and 
contain a large number of natural compounds. However, there are 
often no related organism data, which limits their interest for RPG. 

4. Greenpharma's Reverse Pharmacognosy Platform (GRPG 

Platform) 

 Reverse pharmacognosy requires several essential data types 
i.e. data on natural compounds, sources, traditional knowledge, 
protein targets and tools such as an inverse screening software and 
cheminformatics tools. These different types of data and tools are 
separately available online and may be used independently in a 
RPG approach. However in practice, it is inefficient and difficult to 
switch from one to another because of the lack of compatibility 
(e.g. input and output data have to be converted in multiple file 
formats) between tools.  

  The RPG concept was brought into practical existence by 
Greenpharma to support its research projects. A RPG-dedicated 
platform, see Fig. (6), was developed by integrating all the neces-
sary tools. Data are standardized and can easily be used from one 
step to another. Data access is thus optimized and all the processes 
are time and cost effective. The core of this platform is a large 
database integrating very heterogeneous data with a web interface 
(intranet) which provides multiple search capabilities and numerous 
features for results analysis.  

 Thus, the GPDB contains data on natural compounds, orga-
nisms, traditional knowledge, biological targets accessible via a 
single web interface presented on Fig. (7). Cross-over of data is 

straightforward and complex queries can easily be built. For 
example, it is possible to search a compound by its name or by its 
structure and to restrain the search on some physico-chemical 
parameters etc., then display related biological properties and 
targets involved, identify source organisms and list their traditional 
uses. It is easy to hop from one molecule M1 to an organism O and 
display all the compounds in O in order to hop to a derivative of 
M1. Chemoinformatic tools, such as Openbabel [36] or Jmol [89], 
are included to handle molecular diversity selection, compute 
physico-chemical properties, calculate and display compound 3D 
structures or search molecules by substructures or similarity. 

 The other important part of the platform is Selnergy, an in-
house inverse screening software. Selnergy is based on FlexX [47] 
and Sybyl [39] components and is linked to the target part of the 
GPDB. This represents about 7000 protein structures which have 
been mainly extracted from PDB (proteins of therapeutic interest 
and containing a co-crystallized ligand). A protein model is inclu-
ded in GPDB if Selnergy is able to simulate properly the binding 
mode of the co-crystallized ligand. A second validation step 
consists in mixing known active ligands with “decoy” molecules. 
Selnergy should be able to rank the active compounds on the top 
versus the inactive compounds according to the simulated inter-
action energy. Sometimes several structures are recorded for the 
same protein in order to take into account the flexibility of the 
protein. In GPDB, biological properties are linked to both targets 
and ligands. Upon inverse screening, activities can be inferred for 
docked compounds through annotated reports.  

 GPDB data come from 3 main sources: external databases (i.e. 
natural compound suppliers), input from the scientific literature, 
and internal experimental data. GPDB is constantly updated and 
currently contains almost 150,000 compounds, 160,000 organisms 
and more than 10,000 biological properties. Data mining and 
automatic data importing tools have been developed to facilitate 
GPDB updates.  

 Ultimately, the RPG platform will include a larger set of 
experimental evidence in order to enable the validation of new 
research ideas generated with GPDB via a network of partners for 
bioassays. Moreover, Greenpharma’s analytical chemistry lab can 
extract, purify and characterize new natural compounds and 
generate physico-chemical experimental data, subsequently enri-
ching the database. 

 

 

 

 

 

 

 

 

 

Fig. (6). The Greenpharma Reverse Pharmacognosy Platform The Greenpharma Database (GPDB) is the core of the platform. It links heterogeneous and 

multi-origin data required for RPG. A web interface allows advanced queries and proposes unique features to cross-reference data and efficiently exploit 

results. The inverse screening tool Selnergy predicts new applications for natural compounds and organisms. Activity positioning is confirmed by external 

validations through experiments. 
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5. RPG Applications 

  RPG is not an abstract concept. In years of practical work, it 
has evolved and proven its performance through several publi-
cations. In the following we present some case studies: 

a. -Viniferin [23] 

 The aim of this work was to find new cosmetic applications to 
-viniferin (1), a polyphenolic compound from Vitis vinifera L., 

already known, for instance, for anti-tumor [90] or antioxidant 
activities [91]. First, targets with possible cosmetic activities (i.e. 
400 proteins) were selected and an inverse screening with Selnergy 
was conducted. Phosphodiesterase 4 (PDE4) was selected as the 
best candidate with regard to interaction energies and therapeutic 
originality. Experimental tests were carried out. Indeed, it possesses 
anti-inflammatory effects, inhibiting the release of tumor necrosis 
factor alpha (TNF- ).  

 

 

 

 

 

 

 

 

 

-viniferin (1) 

 Firstly, -viniferin was tested in vitro on different PDE bovine 
subtypes.  Compound concentration in DMSO was 1%. At this 
concentration, DMSO did not affect the target activity. The IC50 

was calculated from concentration-response curves with 6 different 
concentrations of -viniferin. The results in Table 3 represent the 
mean value of 3 assays with an experimental error around 15%. 
Results show an IC50 of 4.6 M and a selectivity for the PDE4 
subtype (though the selectivity is not marked for PDE3). Indeed, 
only this PDE subtype was found by Selnergy, thus these tests 
confirm the prediction. Other assays on blood mononuclear cells 
showed a significant decrease in TNF-  release induced by -
viniferin with an IC50 between 10 and 100 M, see Fig. (8). Thus, 
anti-inflammatory activity could be attributed to the molecule and 
was validated at the cell level.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (8). Production of TNF-  measured in pg/mL. There is no effect of 

-viniferin at 1 and 10 μM. The reduction of TNF-  is significant at100μM 

and is not better at 1000μM. So 100μM is certainly the optimum 

concentration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (7). GPDB interface, molecule results page for -viniferin 
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 By querying the GPDB database, organisms containing -
viniferin may also be positioned with this new property (provided 
that there is no toxicity in the sources and that the molecule is in 
sufficient quantity). Cosmetics companies generally prefer plant 
extracts to molecules. Table 4 lists the different organisms con-
taining -viniferin. All these plants could therefore be positioned for 
an anti-inflammatory application. 

 Since a given metabolite rarely appears as a single unrelated 
structure, a search for its derivatives in the initial source or in 
another source containing -viniferin can be interesting for finding 
better candidates in terms of potency, toxicity and accessibility. 

b. Meranzin [24] 

 Meranzin (2) is a coumarin derivative and a major compound of 
Limnocitrus littoralis (Miq.) Swingle. This molecule was selected 
because it can be easily purified in huge quantities from available 
sources. Furthermore, the biological properties of meranzin were 
little known. Using Selnergy and the RPG platform, eight proteins 
were identified as potential interacting partners of meranzin. Upon 
post-processing of ligand-protein complexes, false positive hits 
were discarded from the protein hit list. As a direct result, three 
targets received highest scores when ranked by Selnergy: firstly 
COX1 and COX2 (anti-inflammatory activities [104]) then PPAR  
(anti-obesity and diabetes activities [105]). Inhibition of COX1 and 
COX2 on binding assays was measured and confirmed inverse 
screening predictions (Table 5) though the selectivity between both 
subtypes was not accessed by prediction. This is expected as the 
active sites of the enzymes only differ by a valine/leucine residue. 
The inhibition of COX2 is dose-dependent. For COX1, the results 
are less clear-cut. 

 

 

 

 

 

 

Meranzin (2) 

 At the request of the journal referees, PPAR  activation was 
determined. A negative control was also required for elastase as this 
enzyme had been discarded as a false positive hit. Due to the 
promiscuity of the active sites of COX and 5-lipoxygenase and 
because this enzyme was not selected by Selnergy, an additional 
negative control was carried out. 

 Binding assays showed no interaction of meranzin with elastase 
at millimolar concentrations nor with 5-lipoxygenase at 100 M, 
demonstrating the validity of Selnergy predictions. 

 A cellular based assay was performed to prove PPAR  acti-
vation (Table 6) by meranzin. The activation of the nuclear receptor 
is dose-dependent. The assay is performed with Rosiglitazone as 
the reference molecule. Meranzin possesses a similar activation rate 
at 100 M (tenfold the reference ligand concentration) as 
Rosiglitazone.  

 Meranzin constitutes a feasible starting point for finding new 
COX inhibitors or PPAR modulators either by finding natural deri-
vatives in the same and/or different sources (“natural combinatorial 
chemistry”). We may also apply medicinal chemistry to optimize 
 

Table 3. In Vitro Inhibition Tests of -viniferin on PDE Subtypes 

Target PDE1 PDE2  PDE3 PDE4 PDE5 PDE6 

% Inhibition 27% 30,9% 47,7% 68,3% 

IC50 = 4,6 M 

23,3% 16,7% 

According to Selnergy prediction, -viniferin inhibits Phosphodiesterase with a selectivity for subtype 4. 

Table 4. Organisms Containing -Viniferin 

Family Genus Species Naturalist Organ Reference 

Dipterocarpaceae Hopea parviflora Bedd Stem bark [92] 

Dipterocarpaceae Shorea seminis (De Vriese) Bark [93] 

Dipterocarpaceae Vateria indica L. Stem bark [90] 

Dipterocarpaceae Vatica rassak (Korth.) Blume Stem bark [94] 

Fabaceae Sophora davidii Skeels Root [95] 

Gnetaceae Gnetum hainanense Cheng Liane [96] 

Gnetaceae Gnetum klossii Markgraf Stem [97] 

Gnetaceae Gnetum latifolium Blume Stem [98] 

Vitaceae Vitis coignetiae Pulliat  [99] 

Vitaceae Vitis davidii Foex  [100] 

Vitaceae Vitis flexuosa Thunb Stem [101] 

Vitaceae Vitis thunbergii (Siebold Zucc.) Druce Root [102] 

Vitaceae Vitis vinifera L. Leaf [103]  

O

OOO
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Table 6. Activation Rate of PPAR  

Meranzin ( M) Activation Rate 

1 1.0 ± 0.1 

10 1.1 ± 0.0 

100 1.4 ± 0.2 

DMSO 1.0 ± 0.0 

Rosiglitazone 10 M 1.5 ± 0.0 

Activation rates are relative to DMSO concentration. Meranzin is significantly active at 

100 M on PPAR-gamma. The activity is dose-dependent. Rosiglitazone is the 

reference compound, meranzin is about 10 times less active.   

 

the molecule. To the best of our knowledge, this is the first time 
that a coumarin derivative has been described for its activity 
towards PPAR. Thanks to RPG, we may have found a new scaffold 
for PPAR. 

 Since biological tests are positive, meranzin and all the known 
sources could be positioned on these 3 new activities. Three 
organisms containing meranzin are recorded in GPDB (Table 7).  

 Obviously, plant tissues or organs in which compounds cumu-
late in a significant amount are preferred. Sometimes, inherent 
conflicts of ecological and economic interests can be avoided: thus, 
when the very same molecule is present in acceptable concen-
trations in leaves and roots, then using the leaves is the better 
choice because root sampling will kill the plants whereas leaf 
sampling will not. Besides, leaves can be cropped several times on 
the same plant and so have a better yield. Industrial interests must 
comply with the sustainable development of agricultural activity 
with an emphasis on local plant cultivation and biodiversity 
protection. Therefore, many different and complex criteria have to 
be considered: plant growing speed, raw material yield, intellectual 
property, biodiversity and positive returns for the local population. 

CONCLUSION 

 RPG is a highly valuable asset in attempts to discover new 
activities among natural compounds and organisms containing 

them. This method is not intended to replace pharmacognosy 
research methods but rather provides a complementary strategy as 
well as a new way to study natural compounds and their potential 
applications. Indeed, pharmacognosy goes from organisms to 
molecules while RPG reverses this direction, going from com-
pounds to organisms. 

 Different tools are required in a RPG process: chemoinformatic 
tools to handle molecules, an inverse screening software with a 
protein structure database to predict new therapeutic activities, and 
then a natural compound/source database to position organisms in 
new activities. Moreover, traditional medicine data help to correlate 
biological activities with traditional uses. These heterogeneous data 
are sparsely available on the Internet. We examined related 
databases, all of which are focused and found that - possessing their 
own purposes - they are unfortunately not amenable to RPG work. 
In practice, users would have to “manually” link tools and data, 
which all too often present incompatibilities with regard to input, 
processing and output requirements. This rather tedious and 
daunting task distracts the researchers who have to cope with 
heterogeneous data formats, not to mention the difficulties 
encountered during data analysis.  

 In order to solve such problems, the GRPG platform has been 
developed. It includes an appropriate database by integrating 
heterogeneous data with a unique user interface for an “all-in-one” 
study in search of molecules, organisms, biomolecular targets and 
biological activities coupled with collections about traditional uses. 
Selnergy, an inverse screening software, is included in the platform 
for target identification. Indeed, inverse screening associated to a 
target-focused database is a very powerful tool – not just an add-on 
for RPG. Many possible applications exist such as the creation of 
focused libraries containing modulators of targets with similar 
pharmacological effects or (re)positioning of natural products. 

 RPG users can not only save time and money, they can also 
concentrate more on the valorization of natural molecules and 
organisms. New applications identified for plant extracts by RPG 
may be of interest for the cosmetic and neutraceutic industries as 
demonstrated by our studies on meranzin and -viniferin. We may 
also end up with more pharmacologically interesting derivatives by 
searching through “natural sources of combinatorial chemistry”. 

 Other applications are under consideration. In countries with 
poor access to medication, RPG could search for new properties of 

Table 5. Inhibition Activity of Meranzin on COX1 and COX2 

Meranzin ( M) COX1 Inhibition (%) COX2 Inhibition (%) 

0.4 37.1 56.2 

4.0 19.1 71.1 

40 64.4 79.5 

This table shows the inhibition level of meranzin on 2 predicted targets. COX1 inhibition is weaker than COX2. Meranzin inhibits COX2 with a dose-dependent effect, from the very 

low concentration of 0.4 M. Selnergy predictions are validated. 

Table 7. Organisms Containing Meranzin 

Family Genus Species Naturalist Organ References 

Rutaceae Citrus maxima Merr. Fruit skin  [106] 

Rutaceae Murraya gleniei Thwaites ex Oliv Leaf  [107] 

Rutaceae Limnocitrus littoralis (Micq.) Swingle Leaf Internal data 
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local plants and thus provide reliable, validated and cost-cutting 
therapeutic solutions. The local population would be encouraged to 
cultivate endemic species. Besides the commercial opportunities, 
efforts in botanical standardization could strictly control the 
cultivation and the extraction conditions. The use of fertilizers, 
pesticides or insecticides has to be monitored and frequent quality 
controls performed to ensure that the quality of the product is 
unchanged [108]. 

 Alongside the aforementioned assets, RPG suffers from certain 
limitations, of which missing data are the most sensitive ones, 
especially regarding biological activities linked to targets. 
Collecting the knowledge for future investigation helps to fill in 
these gaps. To this end, the GRPG platform provides integrated 
data mining tools not only to enhance automatic data retrieval from 
diverse repositories of scientific publications and/or patents, but 
also to assist information management and retrieval. In the 
meantime, RPG has gained considerable importance as many 
natural sources and new biological processes have emerged. The 
larger the amount of data becomes, the more reverse pharmacog-
nosy will be accurately conducted with ever-growing efficiency. 

 Altogether, it can be safely said that RPG has become a mature 
concept. It has already arrived at the crossroads between traditional 
medicine, modern medicine and economic development, for it is 
now ready to harness the generosity of Nature and above all to 
gratefully restitute it.  

ABBREVIATIONS 

ADME = Absorption, Distribution, Metabolism and 
Excretion 

BRENDA = Braunschweig Enzyme Database 

CDK = Chemistry Development Kit 

COX-1 = Cyclooxygenase 1 

COX-2 = Cyclooxygenase 2 

DMSO = Dimethylsulfoxide 

DnP = Dictionary of Natural Products 

FDA = Food and Drug Administration 

GPCR = G protein-coupled receptor 

GPDB = Greenpharma Database 

GPS = Global Positioning System 

GRPG platform = Greenpharma Reverse Pharmacognosy 
platform 

HPLC = High-performance Liquid Chromatography 

HTS = High-Throughput Screening 

IUCN = International Union for Conservation of 
Nature 

KEGG = Kyoto Encyclopedia of Genes and Genomes 

MASC = Multiple Active Site Corrections 

NMR = Nuclear Magnetic Resonance 

PDB = Protein Data Bank 

PDE4 = Phosphodiesterase 4 

PDTD  = Potential Drug Target Database 

PPAR  = Peroxisome Proliferator-Activated Receptor 
gamma 

RPG = Reverse Pharmacognosy 

RPL = Reverse Pharmacology 

RCSB = Research Collaboratory for Structural 
Bioinformatics 

TCM = Traditional Chinese Medicine 

TNF-  = Tumor Necrosis Factor alpha 

TTD = Therapeutic Target Database 
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