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 Abstract: Background: One of the essential resources for developing new drugs are naturally de-
rived biologically active lead compounds. Biomedical researchers and pharmaceutical companies are 
highly interested in these plant-derived molecules to develop the new drug. In this process, collective 
information of the plants and their phytoconstituents with different properties and descriptors would 
greatly benefit the researchers to identify the hit, lead or drug-like compound.  
Aim and Objective: Therefore, the work intended to develop a unique and dynamic database Green-
MolBD to provide collective information regarding medicinal plants, such as their profile, chemical 
constituents, and pharmacological evidence. We also aimed to present information of phytoconstitu-
ents, such as in silico description, quantum, drugability and biological target information. 
Methods: For data mining, we covered all accessible literature and books, and for in silico analysis, 
we employed a variety of well-known software and servers. The database is integrated by MySQL, 
HTML, PHP and JavaScript. 
Results: GreenMolBD is a freely accessible database and searchable by keywords, plant name, syno-
nym, common name, family name, family synonym, compound name, IUPAC name, InChI Key, 
target name, and disease name. We have provided a complete profile of individual plants and each 
compound’s physical, quantum, drug likeliness, and toxicity properties (48 type’s descriptor) using 
in silico tools. A total of 1846 associated targets related to 6,864 compounds already explored in 
different studies are also incorporated and synchronized. 
Conclusion: This is the first evidence-based database of bioactive molecules from medicinal plants 
specially grown in Bangladesh, which may help explore and foster nature-inspired rational drug dis-
covery. 
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1. INTRODUCTION 

Numerous functionally significant plants have been 
widely explored and studied for human benefit. It has long 
been recognized that natural products (NPs) are a flourishing 
source of vast chemical diversity endowing the base for 
characterization of unique scaffold structures that function as 
initial points for influential drug design [1]. As biologically 
active NPs have a distinct selectivity towards cellular targets 
[2], they might offer selective ligands for disease-associated 
targets [3] and regulate the disease-associated pathways.  
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Advancement in large-scale network analysis enables re-
searchers to begin the exploration of the mode of action of 
bioactive compounds in the context of biological networks, 
e.g., protein-protein interaction network [4], drug-target net-
work (DTN) [3, 5], disease pathways [6] and metabolic net-
works [7, 8]. Nevertheless, maximum investigations until 
now have focused on a small number of molecules. Re-
searchers have investigated and statistically analyzed natural 
products under many categories, such as property distribu-
tion [9], chemical diversity [10-13], chemical space [14, 15], 
molecular scaffold [16-18], and contrast between NPs and 
other synthetic compound assemblies [18-20]. Yet, inclusive 
statistical analysis of natural products and contrast between 
NPs and other compounds have rarely been attempted as it 
was challenging to attain the large amount of data required 
(both annotations and structures). 



2    Medicinal Chemistry, XXXX, Vol. XX, No. XX Hosen et al. 

Such developmental efforts and investigations can be as-
sisted by the accessibility of data encompassing every plant’s 
combined activity, various targets of its constituents, the 
regulated biological processes, biological pathways, and dis-
eases for more varied classes of medicinal, and other func-
tionally important plants. Recognized plant databases (e.g. 
The Plant List (http:/ /www.theplantlist.org), Plants of the 
World Online (http:/ /www.plantsoftheworldonline.org), the 
Plant Trait Database (https://www.try-db.org/ TryWeb/ 
Home.php), the PLANTS database (https:/ /plants.sc.egov. 
usda.gov), etc. provide wide-ranging information regarding 
the taxonomy, physical and chemical features, and other 
properties of a large number of plants; however, information 
regarding the plant constituents and action mechanisms is 
not included. Particular databases deliver other information 
about medicinal plants (e.g., IMPPAT [21], KANpSAcK 
[22], NuBBE [23], BATMA-TCM [24], TCM @Taiwan 
[25], TM-MC [26], TCMSP [27], TCMID [28], TIPdb-3D 
[29], TCM-ID [30] and TCM Analyzer [31]). Among these 
databases, some of them provided information regarding the 
activities and targets of plant constituents. In specific, TCM 
Analyzer [31] and TCMSP [27] allow easy access to the in-
formation on various targets of every medicinal plant utilized 
in TCM and the associated diseases regulated by these 
plants. 

Bangladesh is blessed with a multitude of medicinal 
plants belonging to more than 500 species. These ethnic me-
dicinal plants have been extensively used in Ayurvedic, 
Unani, and Homeopathic medicine formulation in Bangla-
desh and have been playing a significant role by serving raw 
materials for contemporary medicinal preparations [32]. 

However, there is no detailed and classified data portal that 
organizes all the information of Bangladeshi plants as well 
as the information on a broad range of bioactive compounds, 
compound targets, ADME/T properties, drug-likeliness tests, 
and vendor names, etc. Hence, we developed a new database 
named GreenMolBD, which organized all the reported data 
regarding the Bangladeshi medicinal plants and in silico data 
regarding their phytochemical constituents. Although our 
data-portal is continuously updating, till now we have in-
cluded 145 plants with 6, 837 unique compounds and their 
detailed taxonomical classification, physical properties, 
quantum information (heat of formation, dipole moment, 
electronegativity, HOMO-LUMO, and hardness), compound 
reactivity (DLP, nRFG, nLMR), TOPKAT (toxicity) proper-
ties, drug-likeliness test values, synonyms, compound 
sources, targets, and chemical vendors. Facilities have been 
set up for convenient access to the GreenMolBD database by 
multiple search modes, including 1) plant by names, syno-
nym, common name or family, 2) compound by name, 
InChIkey, synonym, or IUPAC name, 3) targets of the com-
pound, and 4) disease (Fig. 1). 

2. MATERIALS AND METHODS 

2.1. Database Architecture and Web Interface 

The GreenMolBD database is integrated by MySQL, an 
open-source relational database management system and 
Nginx, a web server that can also be used as a reverse proxy, 
load balancer, mail proxy, and HTTP cache, which works at 
the back end, and its web interfaces are built using HTML, 
PHP, and JavaScript as the front end. The database is de-

 

Fig. (1). The content architecture of GreenMolBD database (A higher resolution / colour version of this figure is available in the electronic 
copy of the article). 
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signed to enable access to its entries by different keywords, 
including the name of the plant, compound, target, and dis-
ease by using multiple searches and browse facilities. 

2.2. Data Collection and Processing 

2.2.1. Plant Selection 

According to the National Encyclopedia of Bangladesh, 
more than 6,000 plant species are available in Bangladesh. 
From these, we have identified about 1000 Bangladeshi me-
dicinal plants reported by Professor Dr. Abdul Ghani in his 
book titled  “Medicinal plants of Bangladesh: chemical con-
stituents and uses” [32] and Dr. Shaikh Bokhtear Uddin’s 
database named “Medicinal plants of Bangladesh” (https:/ 
/mpbd.cu.ac.bd). Among these plants, some are only availa-
ble in Bangladesh. For the first phase of this database, we 
have reported 145 medicinal plants. A complete profile of 
each plant is created with useful information, such as com-
mon name, family, botanical description, availability, ethno-
botanical use, chemical constituents, and pharmacological 
activity. 
2.2.2. Plant Profile 

To find the plants’ common name, family name, botani-
cal descriptor, availability, and ethnobotanical use, Google 
Scholar, books and literature databases were searched using 
the keywords "common name," "family name," "availabil-
ity," and "ethnobotanical use" in combination with "plant 
name". Only reliable sources, such as scientific journals, 
credible databases, books, or official reports of government 
agencies, botanic gardens, international scientist networks, 
and charitable organizations, were selected. Information on 
pharmacological activities or diseases was acquired using the 
keywords "activity," "anticancer activity," "anti-diabetic ac-
tivity," "antibacterial activity," "antifungal activity," "cyto-
toxic activity," "diuretic," "anti-malarial activity," "hepato-
protective activity," "liver disease," "kidney disease," "CNS 
activity," and "screening" combined with "plant name." The 
searched articles were evaluated to find extract type, plant 
parts, and activity or diseases. A total of 1,156 research arti-
cles related to our listed plants were found. 
2.2.3. Compound Collection 

The research articles on selected plants were used to find 
all the chemical constituents. To begin with, we looked for 
articles on chemical constituents from Google scholar, ACS, 
Science Direct, and PubMed databases using keywords, such 
as  “plant name,” “chemical constituents,” “isolated compou-
nds,” “phytochemical constituents,” “GC-MS,” and “HPLC-
NMR” combined with “plant name.” From selected articles, 
we collected and enlisted all the chemical constituents and 
other information, like compound type and compound syno-
nyms. A total of 11, 537 compounds were reported from 145 
plants. These data were obtained from 1, 464 articles pub-
lished in several reputed journals. 
2.2.4. Compound Cross-Match 

The listed compounds were found in PubChem 
(https://pubchem.ncbi.nlm.nih.gov/), FooDB (https:// 
foodb.ca/), Chemspider (http://www.chemspider.com/), 
Spectrabase (https://spectrabase.com/) and Chembl 
(https://www. ebi.ac.uk/chembl/) databases using the com-

pound name or compound synonyms, and their InChI and 
InChI key were collected. Certain compounds were not 
found in these databases, but their structures were provided 
in the respective literature. The structures of such com-
pounds were drawn by the Chemdraw software, and the 2D 
or 3D structures were converted into the InChI key and In-
ChI, respectively. The generated InChI keys were then used 
to find these compounds from previous databases. Finally, 
duplicate compounds were removed based on InChI key 
strings and all the unique compounds were listed by a unique 
identifier (GreenMolBD_CID). From a batch of 11,537 
compounds, after removing duplicates, we enlisted 6,837 
unique compounds for further analysis. 
2.2.5. Compound Descriptors 

All compounds have been classified using the ClassyFire 
web server [33]. Some of these compounds were not found 
in ClassyFire, and we classified those compounds according 
to the articles. The 2D structure of each compound was used 
to generate molecular weight, molecular mass, molecular 
formula, and a table of physical properties, like hydrogen 
bond acceptor count, hydrogen bond donor count, number of 
aromatic atoms, number of heavy atoms, number of aromatic 
bonds, number of rotatable bonds, log octanol/water partition 
coefficient, molar refractivity, topological polar surface area, 
mass density, van der Waals surface area, and van der Waals 
volume by using MOE software [34]. Isomeric SMILES 
were generated from the ChemDB chemoinformatics portal, 
[35] and InChI Key, InChI, Canonical SMILES, and IUPAC 
names were collected either from databases that were linked 
up or from Chemdraw [36]. The quantum information of the 
compound, like HOMO, LUMO, dipole moment, electro-
negativity, hardness, and heat of formation, was analyzed by 
Schrodinger-2018, using PM3 basis set and semiempirical 
methods. Compound reactivity table consisting of delocal-
ized lone pair of electrons (DLP), number of reactive func-
tional groups (nRFG) and number of lightly metabolic reac-
tion (nLMR) along with two drug likeliness properties name-
ly, Lipinski's rules of five and Jorgensen's rule of three, were 
calculated by the QikProp module of Schrodinger-2018. 
Other drug likeliness properties, like the Goshe filter and 
Veber filter, were calculated by Drug Likeness Tool (Dru-
LiTo), whereas PAINS1, PAINS2, and PAINS3 were calcu-
lated by the Canvas module of Schrodinger-2018. Toxicity 
properties, like WOE prediction, Ames prediction, DTP pre-
diction, rat oral LD50, rat inhalational LC50, chronic 
LOAEL, skin irritancy, skin sensitization, ocular irritancy, 
aerobic biodegradability prediction, Fathead Minnow LC50, 
and Daphnia EC50 were calculated by the Discovery Studio 
Client 2016. 
2.2.6. Target Collection 

To identify the protein targets of our selected natural 
compounds with available experimentally-determined data, 
we searched the PubMed database (https://www.ncbi.nlm. 
nih.gov/pubmed/), ACS (https://www.acs.org/content/acs/ 
en.html), Science Direct (https://www.sciencedirect.com/), 
and Google Scholar (https://scholar.google.com/). We 
searched all articles studying the protein targets of collected 
compounds from these sites by using the combination of the 
keywords “plant name,” “compound name,” “activity,” “tar-
get,” and “activity of compound name.” The literature was 
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evaluated for finding the target name, organism, gene sym-
bol, half-maximal inhibition concentration IC50, equilibrium 
inhibition constant Ki, half-maximal effective concentration, 
and equilibrium binding constant Kd. Furthermore, we 
matched these data with BindingDB (https:/ /www. bind-
ingdb.org/ bind/ index.jsp) [37] and Pubchem Bioassay 
(https:/ /www.ncbi.nlm.nih.gov/ pcassay/) [38] to cross-
check. Finally, GreenMolBD target table was divided into 
the following columns, namely GreenMolBD target ID, Tar-
get Name, Gene Symbol, Organism, Protein Crystal Comp-
lex, Potency (nM), Ki (nM), IC50 (nM), Kd (50), EC50 
(nM), Kon (m-1, s-1), koff (s-1), Biological Assay, DOI Ar-
ticle, PMID, PubChem AID. 
2.2.7. Vendor Collection 

The chemical vendor table was obtained from PubChem 
by using the InChI key. 

3. RESULTS AND DISCUSSION  

3.1 Data Content 

GreenMolBD, freely accessible at https://greenmolbd. 
gov.bd, currently contains 145 plants’ profiles with their 6, 
837 unique compounds, 1, 846 target proteins, and 103 
pharmacological activities (Table S1). 
3.1.1. Plant Profile 

A complete profile of each plant was constructed with 
diverse information, such as plant name, plant synonyms, 
common names, family name, family synonyms, local avail-
ability, worldwide availability, botanical description, com-
mon ethnobotanical use, chemical constituents, pharmaco-
logical evidence, and references. The pharmacological evi-
dence table was organized with specific plant parts and ex-
tract types that were reportedly effective against several dis-
eases. This provides more helpful information for ligand 
isolation and identification of single compound activity. A 
bar diagram detailing compound distribution along the vari-
ous plant parts was designed and named “Compound in plant 
parts” (Fig. 2). 
3.1.2 Compound Profile 

There were 11,537 compounds reported from 145 plants, 
duplicates were removed based on InChI key strings, result-
ing in 6837 unique compounds, which were enlisted in the 
database. These data were found from 1,464 articles pub-
lished in reputed journals. Among them, 5,958 compounds 
were linked up with different databases, 5,868 with Pub-
chem, 63 with Chemspider, 22 with Spectrabase, 4 with 
FooDB, and 1 with ChEMBL whereas 879 compounds were 
not found in any database (up to December 31st, 2019). Their 
structures were generated using ChemDraw according to the 
literature. Target information of 1,316 compounds and ven-
dors’ information of 4,244 compounds were given. 
3.1.3. Compound Descriptor 

A total of 48 types of in silico descriptors are calculated 
using different computational platforms. There are 8 types of 
identifying properties in GreenMolBD CID and a reference 
in a compound webpage (Fig. 3a). All compounds are classi-
fied into different chemical superclasses and classes using 

the ClassyFire web server [33], including alkaloids and de-
rivatives, benzenoids, flavonoids, flavonoid glycosides, ter-
penoids, steroids and steroidal glycosides, benzenediols, 
coumarins and derivatives, indoles and derivatives, couma-
rinolignans, naphthalenes, lipids and lipid-like molecules, 
lignans, and related compounds, etc. A total of 5,801 com-
pounds are classified by the Classyfire web server (Fig. 3b). 
All in silico properties, like physical properties, quantum 
information, compound reactivity, toxicity properties, and 
drug-likeliness test tables are arranged with 12, 6, 3, 12, and 
6 types of properties, respectively (Fig. 3c). There are 5,715 
compounds with m/w <500, 5,360 compounds satisfied 
Lipinski’s rule of five, 5,515 satisfied Jorgensen’s rules of 
three, 3,978 compounds are non-carcinogenic in Weight of 
Evidence (WOE) carcinogenic prediction, 6,546 compounds 
are non-mutagenic in Ames mutagenicity prediction, and 
1,980 compounds are non-toxic in DTP prediction. Com-
pound synonyms are given for every compound. A total of 
2,16,280 compound synonyms are collected for 6,837 com-
pounds (Fig. 3d). For each compound, a table, entitled 
“compound in different plants,” consisting of a list of differ-
ent plants having the same compound with plant parts and 
references (Fig. 3e) is included. Users will be redirected to 
individual plants by clicking on a plant name from the table. 
3.1.4. Target Information 

About 1,846 targets, 1,134 from humans and 712 from 
other organisms, are correlated with 1,316 compounds. The 
target table provides target names with the gene symbol, 
organism name, Protein Crystal Complex ID, and PubChem 
AID, which helps users to access the bioactive compound. 
By clicking on a target name, users will find a list of com-
pounds associated with this target (Fig. 3f). 
3.1.5. Chemical Vendors 

A table of chemical vendors is given with the maximum 
available information; 4,244 compounds are available from 
different purchasable sources. 

3.2. Data Search and Browse 

GreenMolBD entries can be searched on the home page 
(Fig. 4a) by multiple search options, such as plant, com-
pound, target, and disease. In the “Plant” section, terms, such 
as plant name, synonym, common name, family name, and 
family synonym can be used to search for a plant. A list of 
relevant plants will appear upon searching. Clicking on a 
specific plant name leads to the plant profile webpage. From 
the plant profile webpage, we can access the compounds 
page by clicking on a specific compound name or download-
ing the SDF of the list (Fig. 4b). 

Users can query a compound by name, synonym, IUPAC 
name, and InChI Key. This will result in a list of compounds 
or, in the case of an exact match, one specific compound. 
Users can access the individual compound profile page by 
clicking on a compound name or can download the SDF of 
the list (Fig. 4c). A list of compounds will also appear upon 
entering specific target names on the target search panel. All 
these compounds are linked to their respective profiles with 
the option to download (Fig. 4d). The search results of a 
disease name will lead to a list of plants, for which different  
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Fig. (2). Ingredients of individual plants a) Plant profile with common ethnobotanical use, b) List of chemical constituents with plant parts 
and references; pharmacological evidence table describing activities of plant parts on the basis of extract type (A higher resolution / colour 
version of this figure is available in the electronic copy of the article). 
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Fig. (3). Specific compound profile and its ingredients, a) 2D description (e. g. molecular formula, weight, IUPAC name, InChI, InChI Key, 
and SMILES) of a specific compound with cross-reference, b) Classification of individual compounds by Classyfire web server. c) 3D infor-
mation (e. g. Physical properties, Quantum information, compound reactivity, toxicity properties, and drug-likeliness test) of specific com-
pounds, d) Synonyms of a specific compound, e) Table of different plants having the same compound, f) Target information regarding specif-
ic compound Target list with a gene symbol, organism name, and reference (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article) 

 
parts’ extracts are explored and reported for query disease by 
pharmacological screening (Fig. 4e). 

In the browse panel, compounds can be browsed using 
several filters, such as classification, molecular weight, exact 
molecular mass, drug-likeness test properties, quantum in-
formation (dipole moment), and TOPKAT properties. Com-
pounds, plants, or targets may also be browsed alphabetically 
(Fig. 5). 

The structure of chemical constituents can be download-
ed from the compound profile web page as a single file and 
batch file from the browsing list. GreenMolBD provides 4 
types of structures, such as Image, 2D, 3D (Molecular me-
chanics), and 3D (Semi-empirical). 

3.3. Advanced Search 

The incorporated advanced search option enables the user 
to select compounds based on their physicochemical proper-
ties, like molecular weight, XLogP, topological polar surface 
area, number of H-bond acceptor or donor, etc., quantum 
information, such as HOMO, LUMO, dipole moment, etc, 
drug-likeness test, including the rule of five, rule of three, 
Goshe filter and Veber filter. GreenMolBD also includes the 
“search by drawing” option in an advanced search (Fig. 6). 

CONCLUSION 

GreenMolBD is the first database in Bangladesh attempt-
ing to collect and correlate all the phytochemical and
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Fig. (4). Search by plant and schematic workflow of GreenMolBD, a) Home page selecting plant option in the search bar, b) Search results 
for plant search, showing a list of plants which matched with a searched hint, c) Showing the results of the searched compounds and their 
download bar, d) Showing list of compounds related to the searched target name, and e) Showing list of plants which have pharmacological 
evidence against the searched disease name (A higher resolution / colour version of this figure is available in the electronic copy of 
the article). 

 
Fig (5). Browse panel, a) Browse by plants panel arranged by alphabetical order showing bars, b) Browse by compounds panel where all 
compounds are arranged by compound name, molecular weight, exact molecular mass, drug-likeliness test, quantum information, and toxicity 
properties, c) Browse by targets, where all targets ordered alphabetically, and d) Browse by activity, where the user will find the list of plant 
against the specific disease (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
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Fig. (6). Advanced search panel, where user can search compounds by 1 to 3 parameters (2D and 3D information of compounds) or by draw-
ing a structure of the compound (A higher resolution / colour version of this figure is available in the electronic copy of the article). 

 
pharmacological information regarding Bangladeshi plants 
and other organisms. In this phase, we provided 6, 837 
unique, hit, and lead-like medicinal plants derived com-
pounds with their reported 1,846 target proteins of several 
diseases. Along with individual plant profiles, we reviewed 
and reported in vivo and in vitro study data of plant parts 
with their extract type and pharmacological activity. Then, 
we enlisted all the reported, isolated compounds from indi-
vidual plants along with the information regarding Plant 
parts from which they were isolated. We successfully de-
signed an individual compound profile with 48 types of de-
scriptors, based on which compound could be categorized 
and selected for further hit and lead optimization and devel-
opment research. Furthermore, we also correlated all the 
associated targets of these compounds which have been re-
ported in other studies as drug targets. Our data portal is con-
sciously updating, and it will include all the medicinal plants 
and other organisms found in Bangladesh. We will also in-
clude an individual profile of targets with biological path-
ways for all the reported compounds. This rich and integrat-
ed collection of the phytochemical, pharmacological, and 
molecular descriptors information regarding bioactive ingre-
dients in the GreenMolBD database will facilitate the dis-
covery of natural products with therapeutic benefits. 
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